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About the User’s Guide

The Mathcad User’s Guide is organized as follows:

¢ Getting Started

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 anew Mathcad user.

¢ Calculating with Mathcad

This section describes in more detail how to create and edit Mathcad worksheets.
It 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.

¢ Functions and Operators

This section lists and describes in detail all built-in functions, operators, and
symbolic keywords, including how to use them in your calculations.

Notations and Conventions
The User’s Guide uses the following notations and conventions:

Italics represent scalar variable names, function names, and error messages.
Bold Courier representskeysyou should type.

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

An arrow such asthat in “Graph=X-Y Plot” indicates a submenu command.

Function keys and other specia keys are enclosed in brackets. For example, [1], [{],

[«], and [-] are the arrow keys on the keyboard. [F1], [F2], etc., are function keys;

[BkSp] isthe Backspace key for backspacing over characters; [Del] isthe Delete key
for deleting characters to the right; [ I ns] isthe Insert key for inserting characters to

the left of the insertion point; [Tab] isthe Tab key; and [Space] is the space bar.

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

The symbol [J] and [Enter] refer to the same key.
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Additionally, in the Functions and Operators section of this book, the following
specific notation is used whenever possible:

e xandy represent real numbers.

» zand w represent either real or complex humbers.

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

» Sand any names beginning with Srepresent string expressions.
* U, V, and any names beginning with v represent vectors.

* A and B represent matrices or vectors.

* M and N represent square matrices.

» frepresents ascaar-vaued function.

» F represents a vector-valued function.

» fileisastring variable that correspondsto a filename or path.
» Xand Y represent variables or expressions of any type.

When spaces are shown in an equation, you need not type the spaces. Mathcad
automatically spaces equations correctly.
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Technical Support

What Is Mathcad?

Mathcad istheindustry standard technical cal culation tool for professionals, educators,
and college studentsworldwide. Mathcad isasversatileand powerful asaprogramming
language, yet it's as easy to learn as a spreadsheet. Plus, it isfully wired to take
advantage of the Internet and other applications you use every day.

Mathcad | ets 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 seeis a number.

In Mathcad, the same equation looks the way you might see

it on a blackboard or in areference book. And there is no _ b+ .Jbz -4-ac
difficult syntax tolearn; you simply point and click and your X 5. .a
equations appear.

But Mathcad equations do much more than look good. Y ou can use them to solve just
about any math problem you can think of, symbolically or numerically. Y ou can place
text anywhere around them to document your work. Y ou can show how they look with
Mathcad' s two- and three-dimensiona plots. Y ou can even illustrate your work with
graphics taken from another 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 online Tutorials; QuickSheetsto show you working examples of
Mathcad functions including working with other applications; and Reference Tables
with math, science, and engineering formulas all under the Help menu. Online Help
includes the Author’ s Reference and Devel oper’ s Reference for more advanced usage.
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Mathcad simplifies and streamlines documentation, critical to communicating and to
meeting business and quality assurance standards. By combining equations, text, and
graphicsinasingleworksheet, M athcad makesit easy to keep track of themost complex
calculations. By printing the worksheet exactly as it appears on the screen, Mathcad
lets you make a permanent and accurate record of your work.

Highlights of Mathcad 11 Release

Mathcad 11 features a number of improvements and added capabilities designed to
increase your productivity and Web connectivity. For more in-depth details and live
examples see New Features under Tutorialsin the Help menu.

Usability Features

Undo. Undoin Mathcad now extendsfar beyond thefacility that existed in previous
versions. Itisnow possibleto undo and redo editsto most actions and backtrack in
as many steps as you need.

Copy/Paste Tableswith Mixed Data For mat: Data copied and pasted into
matricesfrom tabular applications, such asExcel, or ASCII worksheetsthat contain
rows and columns, will preserve data characteristics, including text, numerics,
complex numbers, or empty cells.

Menusand Toolbar Changes: Mathcad menus and tool bars have been updated to
include new features and make existing features easier to find and use. Y ou can
now add additional buttons to the Standard toolbar by right clicking on it and
choosing Customize including new buttons for exchanging data. New Resources
and Controls toolbars have been added.

Interface Updates: Pressing [Ctr 1] F9 alows you to recalculate an entire
worksheet just as F9 recalculates a single region. Regions can be nudged into
alignment with arrow keys. The Formatting toolbar now includes subscript and
superscript buttons that work in both math and text regions.

SavetoWeb: Thereisnow asinglechoicefor saving Mathcad documentsasHTML
under the Save As... choice on the File menu and anew Save as Web Page Wizard.
All documents saved as HTML will always be readable back into Mathcad,
regardless of other choices made. This is accomplished by saving the Content
MathML required by Mathcad inside the HTML markup. Y ou can choose how to
saveyour equations, how to saveimages, and layout preferencesincluding whether
or not to use atemplate.

Save for Microsoft Word: Mathcad documents can now be saved or copied into
Microsoft Word through Rich Text Format (RTF) using positioning tablesto retain
all layout features, particul arly side-by-side positioning of regions. Microsoft Word
will need to bein the Print Layout view to see al the formatting. We'veincluded
anew template with margins set to match Microsoft Word’s margins.
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Data Input/Output

Data File Reading and Writing: Components for reading and writing data files
now preserve data characteristics, including strings, numerics, complex numbers,
and empty cells. Reading and writing support a variety of delimiters, including
commas, semicolons, tabs, and special characters.

Excel Data Exchange: When reading in from Excel you can now choose anamed
data range and a specific worksheet within thefile.

Binary File Reading and Writing: Two new functions have been introduced to
read and writebinary data, READBIN and WRITEBIN, allowing you to set various
parameters on your data.

Math Enhancements

1D Partial Differential Solve Blocks: One-dimensional parabolic and hyperbolic
Partia Differential Equations (PDESs) can now be solved inside solve blocks using
the new built-in function pdesolve() or with the new function numol(). Both the

wave equation and the heat equation, systems of PDES, and PDEs with algebraic

constraints, can be solved numerically in Mathcad, aslong asthey arelinear intheir
highest order time derivatives.

New Bessel Functions: The Bessel functions now accept complex arguments and
negative or fractiona order. Most Bessel functions now have an exponentially-
scaled counterpart, as does the Gamma function. This is useful when trying to
evaluate scaled Bessels for large arguments without generating overflow errors.

New Hankel Functions: The new Hankel functions evaluate following their
definition.

Thresholded Truncation: New, uppercase versions of the truncation functions
(floor, ceil, round, etc.) take asecond threshold argument and scal e by thethreshold
before performing the truncation, then rescal e after truncation. Thisisuseful if you
need to truncate without units. However, the lowercase version of these functions
no longer take arguments with units to avoid ambiguity when converting between
unit systems. Additionally, all truncation functions now accept complex arguments.

Sinc and Seed: A new function has been added for sin(x)/x and itsbehavior at x =
Ohasimproved. Thenew Seed function resetsthe seed val ue used in random number
and random di stribution functions dynamically in aMathcad worksheet. It can a so
be used in aprogram to set different seeds for different loops through arandom
generator call.

Error functions: Theerror function (erf) and complimentary error function (erfc)
now accept complex arguments.

Strict Boolean Comparison: When doing compari son operationson floating point
numbersthat vary beyond the cal cul ation preci sion of your machine, you may want
to implement strict Boolean comparison within your worksheet. If you check this
option, the two sides of a Boolean sentence will be compared exactly.
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Programming

Scriptable Object | mprovements: Mathcad Scriptable Object components can
now call other objectsand variablesin a Mathcad worksheet using the Automation
methods outlined in Help—=Developer’s Refer ence under Accessing Mathcad
from Another Application.

String Support in User EFIs: User-written functions for Mathcad may now be
programmed to pass strings asarguments and outputs. MCSTRING hasbeen added
to define a null-terminated character string pointer.

New Online Resources

New Tutorials: Getting Sarted Primers and In-depth Features are entirely new,
geared both for new users and users looking for help on more advanced features.
They are accessible from the Resources toolbar or directly from the Help menu.

QuickSheetsand Application Samples. QuickSheets provide live examples of
most Mathcad functions. They are now al linked from Help. In addition,
application samples are now included under Using Mathcad with Other
Applications in the QuickSheets. These example files are also accessible directly
from the Help menu.

Developer’s Reference: This online Help now provides more guidance and
examplesfor custom controls, creating scriptabl e objects, and Automation. Linked
sampl e files have been added to help you use these features.

Web Library: The E-booksin the Web Library at www.mathcad.com include
helpful resources for using Mathcad. If you are solving differential equations, we
recommend downloading Differential Equation Solve Blocks: ODEsand DAEsin
Mathcad.

If you are upgrading from aversion earlier than Mathcad 2001i, you will find many
more new features. Online Help, QuickSheets, Tutorials, and thisUser’ s Guidewill all
help orient you to the current featuresin Mathcad.

Mathcad Enterprise

Mathcad 11 Enterprise is designed for organizational use of Mathcad, with
additional capabilitiesto support networked or server-based deployment. Mathcad
Enterprise supports Microsoft Sharepoint, including networked accessibility,
check-in/check-out, version management, and access control.
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System Requirements

In order to run Mathcad 11, the following are recommended or required:

PC with Pentium/Celeron processor running at 233 MHz. 300 MHz or higher
recommended.

Windows 98 SE, Me, NT 4.0 SP6, 2000 SP2, XP or higher.
Minimum 96 MB of RAM. 256 MB or higher recommended.
SVGA or higher graphics card and monitor.

At least 150 MB disk space.

Internet Explorer, version 5.5 or higher isrequired for full functionality of the Help
system, accessing HTML content within the Resources window, the opening and
saving of web-based files, and automatic product activation. |E 6 can beinstalled
from the CD. |E does not need to be your default browser.

CD-ROM drive or DVD drive.
Keyboard and mouse or compatible pointing device.

Direct Internet connection or Internet access through a service provider is
recommended.

Installation

Note Theinstallation of Mathcad 11 requires the uninstallation of any previous versions of Mathcad
from your computer before installing the new version. We have found that running more than
one version of Mathcad from the same computer can lead to instability and unexpected
behaviors. To uninstall previous versions of Mathcad, use “ Add/Remove Programs’ from your
Windows Start menu under Settings=Control Panel.

Instructions in this section are intended for single-user editions of Mathcad 11.
Enterprise Edition users should refer to the I nstallation and License M anagement
Guideincluded with your copy of Mathcad for installation instructions.

To Install Mathcad

1

2.
3.
4.

Insert the Mathcad CD into your CD-ROM drive. Thefirst time you do this, the
CD will automatically start theinstallation program. I f theinstall ation program does
not start automatically, you can start it by choosing Run from the Start menu and
typing D:\SETUP (where“D:” isyour CR-ROM drive). Click “OK.”

Click the Mathcad button on the main installation page.
When prompted, enter your product code, located on the back of the CD envel ope.
Follow the remaining on-screen instructions.

Toinstall other items from the Mathcad CD, such as Internet Explorer or Acrobat
Reader, click the button for that item on the main installation page.
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Activating Your Installation

Whenyou finishinstalling Mathcad, you will be prompted to activate your installation.
If you opt to do so, Mathcad will belaunched to activate your installed copy. Activation
ensures that you have purchased a valid licensed copy of Mathcad and can be done
automatically if you have an active Internet connection. If you have Internet access on
your computer, but not an active Internet connection, you should initiate one before
attempting activation.

If you opt to activate Mathcad manually, you will need to provide the following
information to Mathsoft Engineering and Education, Inc. by using the form provided
in contact.txt, available from the Activation Wizard:

* Your email address.

» The product you are registering (in this case, Mathcad 11).
* Your License Number*.

* Your Product Code.

* Your Request Code*.

Entriesmarked withan“*” areavailable only fromthe Activation Wizard. Information
submitted during activation is used only to process your request, and is not stored or
used for any other purposes.

Onceyou fill out your copy of contact.txt, submit the information to Mathsoft. Users
in the US and Canada may do so by either:

» Faxing acopy of contact.txt to 1-617-444-8001.
» Emailing acopy of contact.txt to activation@mathsoft.com.

» Phoning 1-800-827-1263 and supplying the information from contact.txt when
prompted.

If you purchased Mathcad outside the U.S. and Canada, please contact your local
authorized Mathcad distributor for your activation code. Contact information for
Mathcad distributors is available at:

http://ww.mathcad.com/buy/International_Contacts.asp

If you do not have Web access you can contact M athsoft I nternational for assistance at:
* Email: activation@Mathsoft.co.uk

»  Fax: +44 (0)1276 475552

» Telephone: +44 (0)1276 450850

Once you receive your Activation Key, return to the Activation Wizard and attempt a
manual activation. Click “Next” until you reachthe Enter Your Activation K ey page,
then enter the Activation Key you received. Oncethe Activation Key isaccepted, your
installation of Mathcad will be activated and ready to use.
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Questions about Activation

Mathsoft hasimplemented activation to ensurethat you have purchased avalid licensed
copy of Mathcad.

Activation does not transfer any other personal information from your computer.
Mathsoft product activation is completely anonymous and is only used to authenticate
your license.

Activation allows you to install Mathcad on both your work computer and a home
computer used for work or laptop. Most hardware and software upgrades to your
computer will not require reactivation, and you can reinstall Mathcad on the same
machine without using up an additional activation.

Note ActivationinstallsaC_DILLA folder onyour C-drivewith your licensefor Mathcad use. If you
deletethe C_DILLA folder you may have to contact to Mathsoft to restore your activation.

If your computer’s hardware has changed substantially you may have to contact
Mathsoft to reactivate.

Technical Support

Mathsoft provides free technical support for individual users of Mathcad 11. Please
visitthe Support areaof www.mathcad.com for moreinformation regarding our support
policies as well as our searchable knowledge base.

U.S. and Canada

»  Weh: http://support.mathsoft.com

e e-mail: support@mathsoft.com

» automated solution center: 617-444-8102
*  FAX: 617-444-8101

I nternational

If you reside outside the US and Canada, please contact your local authorized Mathcad
distributor for technical support. Their contact details can be found at:
http://www.mathcad.com/buy/International_Contacts.asp.

If you do not have web access you can contact Mathsoft International direct
for assistance at:

» E-mail: help@Mathsoft.co.uk

*  Fax: +44 (0)1276 475552

» Telephone: +44 (0)1276 450850
Site Licenses

Contact Mathsoft or your local distributor for information about technical support plans
for site licenses.
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Saving, Printing, and Exiting

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

When you start Mathcad, you' |l seeawindow likethat shownin Figure 2-1. By default
the worksheet areais white.

- *Mathcad - [Untitled:2] P[] 9]
@ File Edit Yiew Insert Format Tools Symbolics  Window Help _|ﬁ||1|
|[D-ZE(ERY [(sBR|(oc|": (v =280 53]
J ¥ = 1 9 [ EE |J|Tut0rials j &Go
JINormaI jlnrial jllﬂ j| B 7 U | == §| = E| x X,
Calculator # j
sin cos tan In log Greek £
Wi M| @By 8 s ¢ | CETTE— A
gL () no8 v ok A M — — Madifiers
T 78 9 / ¥ E o® p g float complex  assume
245 B o U ¢ K W ow solve simplify  substitute
factar expand coefis
= 4 2 3 + A BT A E Z 1]
o 0 - = He I K A M collect series parfrac
N E OI F = faurier laplace Zrans
T Y & ¥ ¥ ¢ invfourier  invlaplace invatrans
(T ! — | —
i r
Inserting text in text region, type Chrl-Shift-Enter to exit, AUTO MUM [Page 1 v

Figure 2-1: Mathcad with various toolbars displayed.

11
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Tip

Tip

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

Button Opens math toolbar...

=] Calculator: Common arithmetic operators.

At Graph: Various two- and three-dimensional plot types and graph tools.

] Matrix: Matrix and vector operators.

Evaluation: Equal signs for evaluation and definition.

Ig Calculus: Derivatives, integrals, limits, and iterated sums and products.

< Boolean: Comparative and logical operators for Boolean expression.

E:I Programming: Programming constructs.

Greek: Greek letters.

- Symbolic: Symbolic keywords.

The Standard toolbar isthe strip of buttons shown just below the main menusin
Figure 2-1. Many menu commands can be accessed quickly by using these buttons.

|
D-2}dSRY| 28 o« | e = 20|l 7] @

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

Formatting |

I\n'ariables leimesNewRoman jllﬂ j| B I U | | x X,

1[G
iii
il

Tolearn what abutton on any toolbar does, let the mouse pointer rest on the button momentarily.
You'll see atooltip beside the pointer giving a brief description.

Y ou can choose to show or hide each toolbar from the View menu. To detach and drag
atoolbar around your window, placethe mouse pointer anywhere other than on abutton
or atext box. Then press and hold down the mouse button and drag.

Y ou can customize the Standard, Formatting, and Math toolbars. To add and remove buttons,
right click on the toolbar and choose Customize from the popup menu.




Regions / 13

Working with Worksheets

Tip

Tip

Regions

Tip

When you start Mathcad, you open up a Mathcad worksheet. Y ou can have as many
worksheets open as your available system resources allow.

There are timeswhen aMathcad worksheet cannot be displayed inits entirety because
the window istoo small. To bring unseen portions of aworksheet into view, you can:

» Expand the window as you do in other Windows applications.

« Choose Zoom from the View menu or click [ | on the Standard toolbar and
choose a number smaller than 100%.

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 “Appendix I: Arrow and Movement Keys” on page 445 in the Appendices for
keystrokes for moving the cursor. If you are working with alonger worksheet, use Go
to Page from the Edit menu to move quickly through the worksheet.

Mathcad supports standard Windows keystrokes for operations such as file opening, [Ctr1]O0,
saving, [Ctr1]S, printing, [Ctr1]P, copying, [Ctrl]C, and pasting, [Ctr1]V. Choose
Prefer ences from the Tools menu and uncheck “ Standard Windows shortcut keys’ in the
General tab to use shortcut keys supported in early versions of Mathcad.

Mathcad |ets you enter equations, text, and plots anywhere in the worksheet. Each
equation, piece of text, or other element is aregion. Mathcad creates an invisible
rectangleto hold each region. A Mathcad worksheet isa collection of such regions. To
start a new region in Mathcad:

1. Click anywhereinablank areaof theworksheet. Y ou seeasmall crosshair.

Anything you type appears at the crosshair.

2. If theregion you want to createisamath region, just start typing anywhere you put
the crosshair. By default Mathcad understands what you type as mathematics. See
“A Simple Calculation” on page 16 for an example.

3. Tocreate atext region, first choose Text Region from the Insert menu and then
start typing. See “Entering Text” on page 18 for an example.

In addition to equations and text, Mathcad supports a variety of plot regions. See
“Graphs’ on page 21.

Mathcad displaysabox around any region you are currently working in. When you click outside
theregion, the surrounding box disappears. To put a permanent box around aregion or regions,
select them, then right click and choose Pr oper ties from the popup menu. Click on the Display
tab and check the box next to “ Show Border.”
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Selecting Regions
To select asingleregion, smply click it. Mathcad shows arectangle 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 inside the selection rectangle.

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

Tip You can also select asingle region or disconnected regions anywhere in the worksheet by
holding down the [Ctr 1] key while clicking on each region. If you click one region and
[Shift]-click another, you select both regions and all regionsin between.

Region Properties

The Region Properties dialog box allows you to perform the following actions,
depending on the type of region you’ ve selected:

Highlight the region.

Display aborder around the region.
Assign atag to the region.

Restore the region to original size.
Widen aregion to the entire page width.

Automatically move everything down in the worksheet below the region when the
region wraps at the right margin.

Disable/enable evaluation of the region.
Optimize an equation.
Turn protection on/off for the region.

Y ou can change the properties of aregion or regions by right clicking and choosing
Properties from the menu.

Tip  You can change the properties for multiple regions by selecting the regions you want to change,
and either selecting Properties from the For mat menu or by right clicking on one of theregions
and choosing Properties from the menu.

Note When you select multiple regions, you may only change the properties common to the regions
selected. If you select both math and text regions, you will not be able to change text-only or
math-only options, such as “Occupy Page Width” or “ Disable/Enable Evaluation”.
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Moving and Copying Regions

Note

Tip

Once the regions are selected, you can move or copy them.
Moving regions

Y ou can move regions by dragging with the mouse, nudging with the arrow keys, or
by using Cut and Paste.

To drag regions with the mouse:
1. Select the regions.

2. Placethepointer onthe border of any selected region. Thepointer turnsinto asmall
hand.

3. Pressand 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.

Dragging regions. 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.

Nudging Regions.To nudge the regions, first select them to get a dotted line around
them. If you want to select asingle region, press [Ctr 1] and then click on the region.
Then you can use the arrows keys to nudge them in different directions.

To move the selected regions by using Cut and Paste:
1. Select the regions.

2. Choose Cut from the Edit menu, [Ctr 1] X, or click . 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. Make sure you' ve clicked
in an empty space.

4. ChoosePastefromtheEdit menu, [Ctr 1]V, or click & onthe Standard tool bar.

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

Copying Regions
To copy regions by using the Copy and Paste commands:
1. Select theregions.

2. Choose Copy fromthe Edit menu, [Ctr 1] C, or click on the Standard tool bar
to copy the selected regions to the Clipboard.

3. Clickthemousewherever youwant to placeacopy of theregions. Makesureyou' ve
clicked in an empty space and that you see the crosshair.

4. Choose Paste from the Edit menu, [Ctr ] V.

If the regions you want to copy are coming from alocked area (see“ Safeguarding an Area of the
Worksheet” on page 85) or an E-book, you can copy them simply by dragging them with the
mouse into your worksheet.
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Deleting Regions

To delete one or more regions:
1. Select theregions.
2. Choose Cut from the Edit menu, [Ctri] X.

Choosing Cut removesthe selected regions from your worksheet and puts them on the
Clipboard. If you don’t want to disturb the contents of your Clipboard, or if you don’t
want to save the selected regions, choose Delete from the Edit menu or press
[Ctr] D instead.

A Simple Calculation

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

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

+

2. Type 15-8/104 .5=. When you type the equal sign or

) _ 15-—> - 14923
click E on the Evaluation toolbar, Mathcad computes 1045

the result. +

This calculation demonstrates the way Mathcad works:

e Mathcad sizes fraction bars, brackets, and other symbols to display equations the
same way you might see them in abook or on a blackboard.

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

» Assoonasyoutypetheequal signor click| = |ontheEvaluationtoolbar, Mathcad
returnsthe result. Unless you specify otherwise, Mathcad processes each equation
asyou enter it. See the section “ Controlling Calculation” in Chapter 8 to learn how
to change this.

» Asyoutypeeach operator (inthiscase, — and /), Mathcad showsasmall rectangle
called aplacehol der. Placehol ders hold spaces open for numbersor expressionsnot
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. ltsuseisdiscussed in “Displaying Units of Results’ on page 115.

Once an equation is on the screen, you can edit it by clicking in the appropriate spot
and typing new letters, numbers, or operators. Y ou can type many operators and Greek
letters by clicking in the math toolbars introduced in “The Mathcad Workspace” on
page 11. Chapter 4, “Working with Math,” details how to edit Mathcad equations.
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Definitions and Variables

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

Defining Variables
To define avariablet, follow these steps:

1. Typet followed by acolon : or click | *= | on the Calculator t =

toolbar. Mathcad shows the colon as the definition symbol :=.

2. Type 10 in the empty placeholder to complete the definition
for t.

If you make amistake, click on the equation and press [Space]

until the entire expression is between the two editing lines, just asyou did earlier. Then
delete it by choosing Cut from the Edit menu ([Ctr1] X). See Chapter 4, “Working
with Math,” for other waysto edit an expression.

These steps show the form for typing any definition:
1. Type the variable name to be defined.

2. Typethecolonkey : or click on the Calculator toolbar to insert the definition

symbol.

3. Typethevalueto be assigned to the variable. The value can be asingle number or
amore complicated combination of numbers and previously defined variables.

Mathcad worksheets read from top to bottom and | eft to right. Once you have defined
avariableliket, you can computewithit anywherebelowandtotheright of theequation
that definesit.

Now enter another definition:

1. Press[J]. This movesthe crosshair below the first =10
eguation.

2. Todefineaccas—9.8,type: acc:—9.8. Thenpress[.]
again. Mathcad showsthecrosshair cursor bel ow thelast .

acc = -9.8

equation you entered.

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

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

t:
2. Typeacc/2[Space]*t"2. The caret symbol (")
represents raising to a power, the asterisk (*) is
multiplication, and the slash (/) represents division. acc .2 | 490,
2

3. Presstheequal sign[=].

acc = -9.8
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This eguation calculates the distance traveled by afalling body in timet with
acceleration acc. When you enter the equation and presstheequal 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 onthe
10 on your screen and change it to some other number, Mathcad changes the result as
soon as you press [Enter] or click outside of the equation.

Entering Text

Mathcad handles text as easily asit does equations, so you can make notes while
calculating.

Here' s how to enter text:

1. Click inthe blank space to the right of the equations you
entered. You'll see asmall crosshair.

+

2. Choose Text Region from the Insert menu, or press** (the | ]
double-quote key), totell 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 thisline. A box surrounds the insertion
point, indicating you are now in atext region. Thisbox iscalled atext box. It grows
asyou enter text.

3. TypeEquations of motion. Thetext appearsin the
worksheet.

Equations of motion|

Note If Ruler under the View menuischecked when the cursor isinside atext region, theruler resizes
to indicate the size of your text region. To use the ruler to set tab stops and indentsin a text
region, see “ Changing Paragraph Properties’ on page 69.

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 atext region when you press [Space].

To enter asecond line of text:
1. Press[d].
2. Thentype for falling body under gravity.

3. Clickinadifferent spot in the worksheet or press Eauati i
_ quations of motion
[CtrI][Shift][] to move out of the text for falling body under gravity.
region. The text box disappears and the cursor
appears as asmall crosshair. +

Note Use[Ctr1][Shift][.J] to move out of the text region to ablank space in your worksheet. If
you press [ ], Mathcad inserts aline break in the current text region instead.

Y ou can set the width of atext region and change the font, size, and style of thetext in
it. (See Chapter 6, “Working with Text.”)
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Iterative Calculations

Mathcad can do repeated or iterative calculations as easily as individual calculations
by using a special variable called arange variable.

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

Creating a Range Variable

To compute equationsfor arange of values, first create arangevariable. Inthe problem
shown in “Calculating Results” on page 17, for example, you can compute results for
arange of values of t from 10 to 20 in steps of 1.

To do so, follow these steps:

1. First, changet into arange variable by editing its definition.

Click on the 10 in the equation t:=10. The insertion point t =10
should be next to the 10 as shown.
2. Type,11.ThistellsMathcadthat thenext numberintherange T

will be 11.

3. Type ; for the range variable operator, or click E on the

Matrix toolbar, and then type the last number, 20. Thistells t=1011.20

Mathcad that thelast number in the range will be 20. Mathcad
shows the range variable operator as a pair of dots.

acc 2 _
2
4. Now click outside the equation for t. Mathcad beginsto compute _5';29;
with t defined as arange variable. Since t now takes on eleven 7056
different values, there must also be eleven different answers. -6281
These are displayed in an output table as shown at right. —
-1.254-102
-1.416102
-1.588102
-1.769-102
-1.96-102
Defining a Function
Here' s how to add a function definition to your worksheet:
1. First deletethetable if you are in the same worksheet.
Now define the function d(t) by typing d (t) : d(t) = s
2. Complete the definition by typing this expression: acc
1600+acc/2[Space]*t"2[.] d(t) = 1600 +—=-1

The definition you just typed defines afunction. The function nameisd, and the
argument of thefunctionist. Y ou can usethisfunctionto eval uatethe aboveexpression
for different values of t. To do so, smply replacet with an appropriate number. For
example:
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1. Toevauatethe function at a particular value, such as 3.5, 3
typed (3. 5)=. Mathcad returnsthe correct valueasshown | 4¢3 =1564x10
at right.

dit) =
111102
007103

2. Toevauatethefunctiononcefor eachvalueof therangevariable 1 00;9140_4
t you defined earlier, click below the other equations and type 771.9
d(t)=. Mathcad shows atable of values, as shown at right. B39.6

4975
345.6
18348
12.4
-168.49
-360

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

For example, in the example above, the first two values, 1.11 - 103 and 1.007 - 103,
arein exponential (powers of 10) notation. Here's how to change the table produced
above so that none of the numbersin it are displayed in exponentia notation:

1. Click anyWhere on thetablewith the

mouse.

2. Choose Result from the For mat
menu. Y ou see the Result Format
dialog box. Thisbox contains

Humber Farmat | Display Dptionsl Unit Displayl Tolerancel

HMurnber of decimal places |3 3:

™ Show trailing zeros

setti ngs that affect how results are Fraction ™ Shew exponents in engineering format
displayed, including the number of Evporentatreshod [ =]
decimal places, the use of
exponential notation, the radix, and
o on. QK I Cancel | Help |
3. Thedefault format schemeisGeneral which hasExponential Threshold [ () -
set to 3. Thismeansthat only numbers greater than or equal t0103 are 110
displayed in exponential notation. Click the arrowsto the right of the 3 ! 2311
to increase the Exponentia Threshold to 6. 15
4. Click “OK.” The table changes to reflect the new result format. 3332
(See" Formatting Results” on page 112.) TR E
18349
12.4
-168.9
-360

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

Mathcad provides two-dimensional Cartesian and polar graphs, contour plots, surface
plots, and a variety of other three-dimensional graphs. This section describes how to

create a simple two-dimensional graph showing the points calculated in the previous
section.

Creating a Basic Graph

To create an X-Y plot:
1. Click in your worksheet.
2. Choose Graph=X-Y Plot from the Insert menu

or click on the Graph toolbar. Alternatively,
type[Shift]2 or @. Mathcad inserts a blank
X-Y plot.

3. Fill in both the x-axis placeholder (bottom center)
and the y-axis placeholder (left center) with a al
function, expression, or variable.

4. Click outside the plot or press[Enter].

Mathcad automatically choosesaxislimitsfor you. If you want to specify theaxislimits
yourself, click in the plot and type over the numbersin the placehol ders at the ends of
the axes.

Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 168 for how to modify these defaults. For detailed information on
graphs, see Chapter 11, “2D Plots.”

Formatting a Graph

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

1. CI | Ck on the graph and ChOOSB Formatting Currently Selected X-Y Plot E
Graph=X-Y Plot from the Format % dwes Traces | Labels | Defauis |
menu, or double-click the graph to
bring up theformatting dialog box. To e R - =
learn more about these settings, see dt Bl nes

amn lines

]
Chapter 11, “2D Plots” Pt
2. Click the Traces tab. = e e
. ) ] . Itrace1 Inone j Isolid j Ired j IIines j IE

3. Click “trace 1" in the scrolling list

Under o Legend Label .H Mathcad ™ Hide Arguments [+ Hide Legend

placesthecurrent settingsfor tracelin

the boxes under the corresponding

columns of the scrolling list. |

egend Label Symbol  Line  Color  Tepe ‘'Weight

Cancel Lol Help
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4. Click thearrow under the“ Type”’ column 1500 .

to see adrop-down list of trace types.

Select “bar” from this drop-down list. 1000 .
5. Mathcad shows the graph as a bar chart

instead of connecting the pointswith | £ 5% H H ]

lines. Note that the sample line under the o H [

d(t) now has a bar on top of it. {
6. Click outside the graph to deselect it. S0 1'r "

t

Saving, Printing, and Exiting
Once you' ve created aworksheet, you will probably want to save or print it.

Saving a Worksheet
To save aworksheet:

1. Choose Save from the File menu (keystroke: [CErl] S) or click = onthe
Standard toolbar. If the file has never been saved before, the Save As dialog box
appears.

2. Typethename of thefilein thetext box provided. To saveto another folder, locate
the folder using the Save As... dialog box.

By default Mathcad saves the file in Mathcad (MCD) format, but you have the option
of saving in other formats, such as HTML, as RTF for Microsoft Word, as atemplate
for future Mathcad worksheets, or inaformat compatiblewith earlier Mathcad versions.
To save as HTML, choose Save as Web Page under the File menu. (See Chapter 7,
“Worksheet Management.”)

Printing

To print, choose Print from the File menu or click &} on the Standard toolbar. To

preview the printed page, choose Print Preview from the File menu or click | [ & on
the Standard toolbar.(See Chapter 7, “Worksheet Management.”)

Exiting Mathcad
To quit Mathcad choose Exit from the File menu. If you have moved any toolbars,
Mathcad remembers their locations for the next time you open the application.

Note To closeanindividual worksheet while keeping Mathcad open, choose Close from the
File menu.
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Online Resources
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Mathcad Resources

Resources Window and E-books
Help

Collaboratory User Forums
Other Resources

Mathcad Resources

Note Helpresourcesneed to beinstalled from your CD. If you chose Custom Install and did not install
all of these resources, you can find them on your Mathcad CD.

Help Menu Resources:

Tutorialsincludes both Getting Sarted Primers and Features In-depth.

Quick Sheetsarelive examplesthat you can manipulate to see how to use Mathcad
functions, graphs, and programming. Using Mathcad with Other Applicationshel ps
you connect Mathcad to other applications and use Mathcad custom controls.

Reference Tables provides you with physical constant tables, chemica and
physical data, and mathematical formulas.

Mathcad Help contains complete help on every feature of Mathcad with linksto
live examples.

The Author’s Refer ence covers creating E-books in Mathcad; and exporting
Mathcad filesin RTF for Microsoft Word and HTML formats for distribution to
non-Mathcad audiences.

The Developer’s Refer ence provides information about devel oping customized
Mathcad components, specialized OLE objects, and controls that allow you to
access functions from other applications and data from remote sources. The
Developer’ s Refer ence also documents Mathcad’ s Object Model, allowing you to
access Mathcad' s functionality from another application or an OLE container.

Resources Window and E-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 Web from within Mathcad,
open the Resour cestoolbar or open Tutorials, QuickSheets, or Reference Tablesfrom
the Help menu. The Resources window and Mathcad E-books appear as custom
windows with their own menus and toolbar, as shown in Figure 3-1.

23
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‘%3 ODE Solve Blocks: Differential Equation Solve Block (=] ]
File Edit Yiew Insert Format Tools Symbolics Book Help

@@= @ rNbR=EES 2

J | ° | Address: IH:'l,Handbook'l,ODEs'l,ODEbIock'l,splash.mcd j

Differential Equation Solve Blocks: fi
ODEs and DAEs in Mathcad

Mathsoft Engineering & Education, Inc.

A I I »
Press F1 for help. auTo [ [MUM 4

-

Figure 3-1: E-book window and toolbar.

Note A number of Mathcad E-books, which you can download and use, are available in the Web
Library on www.mathcad.com. In addition, avariety of Mathcad E-books are available from the
Mathsoft Webstore at http://www.webstore .mathsoft.com or your local distributor
or software reseller. To open an E-book, choose Open Book under E-booksin the Help menu
and browse to find the location of the E-book (HBK) file. E-books install to a Handbook folder
in the directory where you have installed Mathcad. Once you have restarted Mathcad, they will
be listed under E-booksin the Help menu. If you create your own E-books, you may have to
create a Handbook folder.

Finding Information in an E-book
Asin other hypertext systems, you move around aMathcad E-book simply by clicking
on icons or underlined text. Y ou can aso use the buttons on the toolbar at the top of
the E-book and Resources window to navigate within the E-book:
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Button Function
o Links to the home page or welcome page for the E-book.
Opens atoolbar for entering a Web address.
- Backtracks to whatever document was last viewed.
o Reverses the last backtrack.
(& Goes backward one section.
o Goes forward one section.
Displays alist of documents most recently viewed.
34 Searches the E-book for a particular term.
Copies selected regions to the Clipboard.
= Saves current section of the E-book.
=) Prints current section of the E-book.

Mathcad keeps a record of where you’ ve been in the E-book. When you click ,

=

Mathcad backtracks through your navigation history in the book. Backtracking is
especially useful when you have |eft the main navigation sequence of aworksheet to

look at a hyperlinked cross-reference.

If you don’t want to go back one section at atime, click

to open aHistory dialog

from which you can jump to any section you viewed sinceyou first opened the E-book.

E-book search

In addition to using hypertext links to
find topicsin an E-book, you can search
for topics or phrases. To do so:

#h

1. Click
box.

to open the Search dialog

2. Typeaword or phraseinthe" Search
for” text box. Select aword or phrase
and click “Search” to see alist of
topics containing that entry and the
number of timesit occursin each
topic.

: Search Book =
Search for
Idifferential algebraic equations
DAE., integration
DAES B GoTo |
difference equations, adjustable length sets  —!
differential algebraic equations et |
drift effect -
dynamic response, car sUspension Brevious |
ﬁr-nrdﬁr zustern nf NAF _ILI
| - Cloze |

Found 4 <differential algebraic equationss:
Ballin a Sink (1]

Introduction to DAE s - Simple Pendulum (1]
RL Circuit Mesh Analysiz (1)

Multibody Truck Dynamics (1]
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3. Chooseatopicand click “Go To.” Mathcad opens the section containing the entry
you want to search for. Click “Next” or “Previous’ to see the next or previous
occurrence of the entry.

Annotating an E-book

Tip

A Mathcad E-book ismade up of fully interactive Mathcad worksheets. Y ou can freely
edit any math region in an E-book to see the effects of changing a parameter or
modifying an equation. Y ou can al so enter text, math, or graphicsasannotationsin any
section of your E-book, using the menu commands on the E-book window and the
Mathcad toolbars.

By default any changes or annotations you make to the E-book are displayed in an annotation
highlight color. To change this color, choose Color=>Annotation from the Format menu. To
suppressthe highlighting of E-book annotations, remove the check from Highlight Changeson
the E-book’ s Book menu.

Saving annotations

Changes you make to an E-book are temporary by default: your edits disappear when
you close the E-book, and the E-book is restored to its original state. Y ou can choose
to save annotations in an E-book by checking Annotate Book on the Book menu or
by right clicking in the E-book window and selecting Annotate Book on the popup
menu. Y ou can also choose:

e Save Section from the Book menu to save annotations you made in the current
section, or choose Save All Changesto save al changes.

» View Original Section to see the E-book section in its original form or choose
View Edited Section to see your annotations again.

» Restore Section to revert to the original section or Restore All to delete all
annotations you have made to the E-book.

Copying Information from an E-book

There aretwo waysto copy information from an E-book into your Mathcad worksheet:
* You can usethe Clipboard. Select text or equationsin the E-book using one of the

methods described in “ Selecting Regions” on page 14, click on the E-book
toolbar or choose Copy from the Edit menu, click in your worksheet, and choose
Paste from the Edit menu.

* Youcandrag regionsfrom the E-book window and drop them into your worksheet.
Select the regions, then click and hold down the mouse button over one of the
regions while you drag the group into your worksheet. Rel ease the mouse button
to copy the regions into your worksheet.

Web Browsing

Y ou can al so use the Resourceswindow to browseto any location on the Web and open
Web pages, in addition to Mathcad worksheets and E-books posted on the Web. The
Mathcad Web Library contains a number of useful worksheets and e-books.
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Note

Note

Tip

When the Resourceswindow isin Web-browsing mode, Mathcad isusing aWeb-browsing OLE
control provided by Microsoft Internet Explorer. Web browsing in Mathcad requires Microsoft
Internet Explorer version 5.5 or higher to be installed on your system, but it does not heed to be
your default browser.

Microsoft Internet Explorer 6 is available for installation when you install Mathcad. Refer to
Microsoft Corporation’s Web site at http://www.microsoft.com/ for support
information and to download the latest version.

To browse to any Web page from within the Resources window:

1. Click | ¥ on the Resources toolbar. As shown bel ow, an additional toolbar with
an“Address’ box appears bel ow the Resourcestoolbar to indicate that you are now
in a Web-browsing mode:

8 Mathcad.com - Library -|0O] =
File Edit Yiew Insert Format Tools Symbolics Book Help

|@[€[e | EPMEBUS D
J| °| Address: i

thcad, comylibrary/|

2. Inthe“Address’ box type a Uniform Resource Locator (URL) for a document on
the Web. To visit the Mathsoft home page, for example, type
http://www._mathsoft.com/ and press[Enter]. If you have Internet
access and the server is available, the requested page is loaded in your Resources
window. If you do not have a supported version of Microsoft Internet Explorer
installed, you must launch a Web browser.

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

Button Function
Bookmarks current page.
Reloads the current page.
) Interrupts the current file transfer.

When you are in Web-browsing mode and right click on the Resources window, Mathcad
displays apopup menu with commands appropriate for viewing Web pages. Many of the buttons
on the Resources 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. Whenyou click fal , you return to the Home page for the Resources window or E-book
and disconnect from the Web.

Y ou can use the Resources window in Web-browsing mode to open Mathcad worksheets
anywhere on the Web. Simply type the URL of a Mathcad worksheet in the “ Address’ box in
the Web tool bar.
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Help

Note

Note

Mathcad provides several waysto get support on product featuresthrough an extensive
online Help system. To see Mathcad’ sonline Help at any time, choose Mathcad Help

fromtheHelp menu, click ® | on the Standard tool bar, or press[F1]. Mathcad' sHelp
system is delivered in Microsoft’sHTML Help environment, as shown in Figure 3-2.

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

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

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.
Layout tools
Waorksheet management While in either mode, you can turn specific equations

@ voctors and matrices on or off or interrupt a calculation in progress.

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

Figure 3-2: Mathcad online Help

Y ou can browse the Explorer view on the Contents tab, ook up terms or phrases on
thelndex tab, or searchthe entire Hel p system for akeyword or phrase on the Search tab.

To run Help, you must have Internet Explorer 5.5 or higher installed. However, | E does not need
to be set as your default browser.

To know what Mathcad menu commands do, hover over 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 atool tip.

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

Y ou can a'so get more detailed help on menu commands, toolbars, built-in functions
and operators, and error messages. To do so:

1. Click an error message, a built-in function or variable, or an operator.

2. Press[F1] to bring up the relevant Help screen.

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

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

2. Choose a command from the menu. Mathcad opens the relevant Help screen.

3. Click any toolbar button. Mathcad displays the operator’ s name and a keyboard
shortcut in the status bar.
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To resume editing, press [Esc]. The pointer turns back into an arrow.

Tip Choose Mathcad Tips from the Help menu for a series of helpful hints on using Mathcad.

Additional Mathcad help
Mathcad includes two other online help references:

» TheAuthor’'s Reference contains all the information needed to create a Mathcad
E-book or to save your filesin HTML for posting on the Web.

» The Developer’s Reference provides information for using Mathsoft custom
Scriptable Object components, Mathsoft Custom Controls, and the Data
Acquisition component. See Chapter 14, “Importing and Exporting Data,” for
details. It also guides advanced Mathcad users through Mathcad’ s Object Model,
which explainsthetool sneeded to access M athcad’ sfeature set from within another
application. Also included are instructions for using C or C++ to create your own
functions in Mathcad in the form of DLLs.

Collaboratory User Forums

Logging in

The Mathcad Collaboratory User Forums consist of a group of forumsthat allow you
to contribute Mathcad or other files, post messages, and download files and read
messages contributed by other Mathcad users. Y ou can search the User Forums for
messages containing a key word or phrase, be notified of new messages in specific
forums, and view only the messages you haven't yet read. You'll find that the User
Forumscombine someof thebest featuresof an onlinenewsgroup with the convenience
of sharing Mathcad worksheets.

To open the User Forums, choose User For ums from the Help menu, or you can open
an Internet browser and go directly to the Collaboratory User Forums:

http://collab._mathsoft.com/~mathcad2000/
You'll see the Collaboratory User Forums 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.
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Note

Tip

Note

The first time you come to the login screen of the Collaboratory User Forums, click
“New User.” Thisbringsyou to aform for entering required and optional information.

Mathsoft does not use thisinformation for any purposes other than for your participation in the
User Forums.

Click “Create” when you are finished filling out the form. Check your email for a
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 seethe
main page of the Collaboratory:

3| Collaboratory =10 x|

File Edit Yiew Insert Format Tools Symbolics Book Help
|Ge| e | @ VbHEBEHS R
J | 0 | Address: j

Post Refresh Search MarkRead More.. Help Logoff Mafhcadcc;llaboratory

Forums
All Messages | 32 Mew | 3 Attn

tEp: ficollab. mathsoft. comyf~mathc

-

Welcome to Mathcad Collaboratory,

[+ Announcements (14} Tao wiew topics within a forum, click a

[+ Astronomy & Navigation (35) plus symbol (#) next to a forum name
[+ Chemical Engineering (249} {or the forum name itself) in the frame
[+ Civil Engineering (1105) to the left.

[+ Earth Sciences (50)

& Economics & Finance (55) ¥ou have 32 new message(s).

[+ Educational Applications (54)
[+ Electrical Engineering (517, 4 New) BT
[+ Mechanical Engineering (379)
[+ Algebra & Geometry (526, 4 Mew) DD
[+ Calculus & DEs (509, 4 Mew, 1 Attn) 1 .
[+l Probability & Statistics (419, 2 New) IT The Collaboratory is a trademark of

Thank you for using the Collaboratory!
collabadmin@mathsoft. com

#| Puzzles & Games (59) —| MathSoft Engineering & Education, Inc.
[# Physics (765, 3 New) KX © 2001 MathSoft Engineering &
+ Other Suhieé:‘ls {792, 1 New) ITIm Education, Inc. All rights reserved.

[=] Mathcad Usage Chat (35850, 8 Mew) B8
Feduced Size Smith Chart Plot DETHR | ‘webBoard 5.0.201 @2001 ChatSpace, Inc.

¥ O0E Systerm 77 O 10M4:2002 4, 3 Hew | ‘webBoard is a rademark of ChatSpace, Inc.
Hard-disc formatted and Axurn (eastwe
# Help with programming 100 1/2002 (5, 3 ¢
# Wrapping Graph Argurnents @ 104020
# Table vs Array vs “ector B 1072002 (5)
Sokving systern of PDE's (EcoMan) 1os
Mathieu O (jmi) 102002 =
[l »

bute [ o [ 2

Figure 3-3: Opening the Collaboratory from the Resources window.

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

After logging in, you may want to change your password to one you will remember. To do so,
click More on the toolbar at the top of the window, then go to Edit User Profile.

Mathsoft maintainsthe User Forums asafree service, opento al inthe Mathcad community. Be
sure to read the Agreement posted in the top level of the Collaboratory User Forums for
important information and disclaimers.
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Reading Messages

When you enter the User Forums Collaboratory, you will see how many messages are
new and how many are addressed to your attention. To read any message in any forum:

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

2. Click on amessageto read it. Click the # to the left of a message to see replies

underneath it.

3. You can read the message and the replies in the right side of the window.

Messages that you have not yet read are shown initalics. You may also see a“new”

icon next to these messages.

Posting Messages
After you enter the User Forums, you can post a new message or reply to existing

Note

Searching

messages. To do so:

1. Choose Post from the toolbar to
post a new message. To reply to
amessage, click Reply at thetop
of themessageintheright side of
the window. You'll see the post/
reply pageintheright side of the
window. For example, if you post
anew topic messagein the
Biology forum, you see:

2. Click ontheboxesbhelow thetitle

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

to preview a message, spell check a message, or attach afile.
3. Typeyour text in the message field.

4. 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.

5. If you choose Attach File, anew page will appear. Specify thefiletype and browse
to thefile then click “Upload Now.”

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

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

Y ou can search the Collaboratory User Forumsfor messages containing specific words
or phrases, messages within a certain date range, or del ete messages posted to specific

forums.
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Changing Your User Information
Y ou may want to change your login name and password or hide your email address.
To update thisinformation or change the Collaboratory defaults, you need to edit your
profile:
1. Click More on the toolbar at the top of the window.

2. Click “Edit Your Profile” and fill out the changed information.

Other Features

To create an address book, mark messages as read, view certain messages, or request
automatic email announcements when specific forums have new messages, choose
Mor e from the toolbar.

The Collaboratory also supports participation viaemail or anews group. For more
information on these and other available features choose Help on the toolbar.

Other Resources

Web Library

Accessibleat http://www.mathcad.com/library,theMathcad WebLibrary
contains user-contributed documents, E-books, graphics, and animations created in
Mathcad. Thelibrary isdivided into several sections: E-books, Mathcad Files, Gallery,
and Puzzles. Files are further categorized as application files (professional problems),
education files, graphics, and animations. Y ou can choose alisting by discipline from
each section, or you can search for files by keyword or title.

If you wish to contribute files to the library, please email author @mathsoft.com.

Online Documentation

The Mathcad User’ s Guide and Installation Guide for Enterprise usersare availablein
PDF form from the Windows Start menu under Programs=M athcad.

Release Notes

Release notes are located in the DOC folder located in your Mathcad folder. They
contain the latest information on Mathcad, updates to the documentation, and
troubleshooting instructions.

Technical Support

The Technical Support Knowledge Base containsfrequently asked questions, samples
files, and support resources. These are posted on the Web at www.mathsoft.com/
support /

This page has links to past issues of the Mathcad Advisor Newsletter, which isfilled
with useful Mathcad tips.
Downloads on Mathcad.com

Registered users can download updates, Mathcad modules, and other useful toolsfrom
the http://www.mathcad.com/download/ site depending on your version of Mathcad.
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Inserting Math

Y ou can place math expressions anywhere you want in a Mathcad worksheet.

1. Click anywherein the worksheet. Anything you type
appears at the crosshair. +

2. Typenumbers, letters, and math operators, or insert them 8
by clicking buttons on Mathcad’ smath toolbars, to create | 1° ~75,5 = 14923

amath region.

You'll notice that unlike aword processor, Mathcad by default understands anything
you type at the crosshair cursor as math. If you want to create atext region instead, see
Chapter 6, “Working with Text.”

Y ou can also type math expressionsin any math placeholder that appears. See Chapter
17, “Operators’ for more on Mathcad’ s operators.

Numbers and Complex Numbers

Note

A single number in Mathcad is called ascalar. To enter groups of numbersin arrays,
see “Inserting an Operator” on page 38.

Types of numbers

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

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

» or appended as a suffix, one of the letters b, h, or o, for binary, hexadecimal, and
octal numbers, or i or j forimaginary numbers. These are discussed in more detail
below. See “Appendix G: Suffixes for Numbers’ on page 443 for additional
suffixes.

Mathcad uses the period ( - ) to signify the decimal point. The comma (, ) is used to separate
valuesin arange variable definition, as described in “ Range Variables’ on page 103. So when
you enter numbers greater than 999, do not use either acommaor a period to separate digitsinto
groups of three. Simply typethedigitsone after another. For example, to enter ten thousand, type
“10000".

33
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Note

Imaginary and complex numbers

To enter an imaginary number, follow it withi or j, asin 1i or 2_.5j.

You cannot usei or j alone to represent the imaginary unit. You must alwaystype 1i or 1j. If
you don’'t, Mathcad thinks you are referring to avariable named either i or j. When the cursor is
outside an equation that contains 1i or 1j, however, Mathcad hides the (superfluous) 1.

Although you can enter imaginary numbersfollowed by either i or j, Mathcad normally
displays them followed by i. To have Mathcad display imaginary numbers with j,
choose Result from the For mat menu, click on the Display Options tab, and set
“Imaginary value’ to “ j(J).” See“Formatting Results” on page 112 for afull
description.

Mathcad accepts complex numbers of theform a + bi (or a+ bj ), whereaand b are
ordinary numbers.

Binary numbers

To enter anumber in binary, follow it with the lowercase letter b. For example,
11110000b represents 240 in decimal. Binary numbers must be less than 231

Octal numbers
Toenter anumber in octal, follow it with thelowercaseletter 0. For example, 256360
represents 11166 in decimal. Octal numbers must be less than 231 .

Hexadecimal numbers

To enter anumber in hexadecimal, follow it with the lowercase letter h. For example,
2b9eh represents 11166 in decimal. To represent digits above 9, use the upper or
lowercaseletters A through F. To enter ahexadecimal number that beginswith aletter,
you must begin it with aleading zero. If you don’'t, Mathcad will think it'savariable
name. For example, use 0a3h (delete the implied multiplication symbol between O
and a) rather than a3h to represent the decimal number 163 in hexadecimal.

Hexadecimal numbers must be less than 231 .

Exponential notation
To enter very large or very small numbers in exponential notation, just multiply a
number by apower of 10. For example, to represent the number 3 - 108 , type 3*10/8.

Vectors and Matrices

Tip

In Mathcad acolumn of numbersisavector and arectangular array of numbersiscalled
amatrix. The general term for avector or matrix isan array. Theterm “vector” refers
to acolumn vector. A column vector issimply amatrix with one column. Y ou can aso
create arow vector by creating a matrix with one row and many columns. Therearea
number of waysto create an array in Mathcad. See Chapter 5, “Vectors, Matrices, and
Data Arrays’ for more information.

Y ou may wish to distinguish between the names of matrices, vectors, and scalars by font. Names
of vectors could be set in bold while setting scalarsin italic. See “Math Styles’ on page 50.
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Strings

Note

Tip

Although in most cases the math expressions or variables you work with in Mathcad
are numbers or arrays, you can aso work with strings (also called string literals or
string variables). Strings can include any character you can type at the keyboard,
including letters, numbers, punctuation, and spacing, aswell as avariety of special
symbols aslisted in “ Appendix K: ASCII codes’” on page 447. Strings differ from
variable names or numbers because Mathcad always displays them between double
guotes. Y ou can assign astring to avariable name, use astring as an element of avector
or matrix, or use a string as the argument to a function.

To create astring:

1. Click on an empty math placeholder usually on the
right-hand side of a variable definition.

2. Typethedouble-quote(**) key to get apair of quotes

& =
with an insertion line between them.

3. Typeany combination of letters, numbers,
punctuation, or spaces. Click outside the expression
or presstheright arrow key (—) twicewhen you are
finished.

To enter aspecial character corresponding to one of the ASCII codes:

‘s = "The result 5 is valid]" ‘

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

2. Hold down the [Alt] key, and type the number “0” followed immediately by the
number of the ASCII code using the numeric keypad in number-entry mode.

3. Releasethe[Alt] key to see the symbol in the string.

For example, to enter the degree symbol (°) in astring, press[Alt] and type “0176”
using the numeric keypad.

Thedouble-quote key (**) hasavariety of meaningsin Mathcad, depending on the exact location
of the cursor in your worksheet. When you want to enter a string, you must always have ablank
placehol der selected.

Valid strings include expressions such as “Invalid input: try a number lessthan -5,”
and“Meetsstressrequirements.” A stringin Mathcad, while not limited in size, always
appearsasasinglelineof text. Notethat astring such as” 123” isunderstood by Mathcad
to be astring of characters rather than the number 123.

Strings are especially useful for generating custom error messagesin programs, as described in
Chapter 15, “ Extending and Automating Mathcad.” Other string handling functionsarelisted in
“String Functions’ on page 256. Y ou can use strings to specify system paths for arguments to
some Mathcad built-in functions. (See “File Access Functions’ on page 250.)
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Names

A namein Mathcad issimply a sequence of charactersyou type referring to avariable
or function used in computations. Mathcad distingui shes between two kinds of names:

* Built-in names.

*  User-defined names.

Built-in names

Mathcad'’ s built-in names include built-in variables and built-in functions.

» Some predefined or built-in variables either have a conventional value, like
(3.14159...) or e (2.71828...), or are used as system variables to control how
Mathcad performs calculations. (See “Built-in Variables’ on page 100.)

» Inaddition to these predefined variables, Mathcad treats the names of all built-in
units as predefined variables. For example, Mathcad recognizes the name“A” as
the ampere, “m” asthe meter, “s’ as the second, and so on. Choose Unit from the

Insert menu or click | E? | on the Standard toolbar to insert one of Mathcad's
predefined units. (See “ Units and Dimensions’ on page 109.)

+  Choose Function from the I nsert menu or click | f# | on the Standard toolbar to
insert one of Mathcad’ s built-in functions. (See“Built-in Functions’ on page 249.)

User-defined variable and function names

Names in Mathcad can contain any of the following characters:
» Uppercase and lowercase | etters.

» Thedigits O through 9.

e Theunderscore ().

» Theprime symbol (*). Notethat thisis not the same as an apostrophe. The prime
symbol is on the same key asthetilde (~) or press[Ctr1][F7] toinsert it.

*  The percent symbol (%).

» Greek letters. Toinsert a Greek |etter, click a button on the Greek toolbar or type
the equivalent roman letter and press [CEr1]G. (See “ Greek letters’ on page 37.)

« Theinfinity symbol o isinserted by clicking| % | on the Calculus toolbar or by
typing [Ctr1][Shift]Z.

» Thefollowing are examples of valid names:

alpha b
Xxyz700 Al B2 C3_D4%%%
F1- a%%

The following restrictions apply to variable names:

» A namecannot start with one of the digits 0 through 9. Mathcad interprets anything
beginning with adigit as either an imaginary number (2i or 3j), abinary, octal,
or hexadecimal number (e.g., 50, 7h), or as anumber times avariable (3 - x).
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Note

Tip

Note

Tip

* Theinfinity symbol oo can only appear as the first character in a name.

» Any characters you type after aperiod (.) appear as a subscript. (See “Literal
subscripts’ on page 37.)

» All charactersin aname 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 50.)

e Mathcad does not distinguish between variable names and function names. Thus,
if youdefinef(x), and later on you definethevariablef, youwill find that you cannot
use f(x) anywhere below the definition for f.

» 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 avariable mean, Mathcad’ s built-in function
mean(v) can no longer be used.

Mathcad di stingui shes between uppercase and lowercase l etters. For example, diamisadifferent
variable from DIAM. Mathcad al so distinguishes between namesin different fonts, as discussed
in“Math Styles’” on page 50. Thus, Diamis also adifferent variable from Diam.

To type symbols such as $in aname, press[Ctr][Shi Ft]K, type the symbol(s), and type
[Cer][Shift]K again.

Greek letters
There are two ways to enter a Greek variable name;

» Click the letter on the Greek toolbar. To see thistoolbar, click |28 | on the Math
toolbar or choose Toolbar s=Greek from the View menu.

» Typethe Roman equivalent of the Greek symbol and then press [Ctr1]G. For
example, to enter ¢, press F[Ctr1]G. See“Appendix H: Greek Letters’ on page
444 in the Appendices for atable of Greek letters and their Roman equivalents.

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

The Greek letter n can also be typed by pressing [Ctr1][Shi ft]P.

Literal subscripts

If you include a period in avariable name, Mathcad displays whatever follows the
period asasubscript. Y ou can usetheseliteral subscriptsto create variableswith names

like vel, ., and ug;, .

To create aliteral subscript:

1. Typethetext that appears before the subscript.

2. Typeaperiod (.) followed by text that isto become the subscript.
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Note

Inserting an

Note

Tip

Do not confuse literal subscriptswith array subscripts, which are generated with the left bracket

key () or by clicking| * | on the Calculator toolbar. Although they appear similar—a literal
subscript appears below the ling, like an array subscript, but with a slight space before the
subscript—they behave quite differently in computations. A literal subscript issimply a
cosmetic part of avariable name. An array subscript represents areference to an array element.
See Chapter 5, “Vectors, Matrices, and Data Arrays’.

Operators

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

axty
the operandsfor the“+” are x and y. The operands for the exponent operator are a and

the expression x +y.

Operator

Insert arithmetic operatorsin Mathcad using standard keystrokes, like * and +, that you
useinother applications. Alternatively, all of Mathcad’ soperators can beinserted from

the math toolbars. For example, insert a derivative operator by clicking E onthe
Calculustoolbar, or by typing ?. Choose T oolbar sfrom the View menu to seethemath
toolbars. See Chapter 17, “ Operators’ for acompletelist of operators, their keystrokes,
and descriptions.

To use operatorsin text, first click in the text and choose M ath Region from the I nsert menu.

Y ou can find the keyboard shortcut for an operator by hovering the mouse pointer over abutton
in amath toolbar and reading the tooltip.

When you insert a Mathcad operator into a blank space in your worksheet, a
mathematical symbol with empty placeholders appears. Y ou must enter avalid math
expression in each placeholder of an operator in order to calculate a result.

Here isavery ssimple example involving Mathcad' s addition operator:

1. Click inablank spacein your worksheet and click T onthe |[[s + =

Calculator toolbar, or smply type +. The addition operator with
two placeholders appears.

2. Enter 2 inthefirst placeholder.

3. Click in the second placeholder, or press [Tab] to move the 2+ g
cursor, and enter 6. =

4. Press=, orclick| = | on the Evaluation toolbar, to see the 2+6=8 a

numerical result.
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Building Expressions

Y ou can create many mathematical expressions by simply typing. 3
= 0.103
For example, you type these characters: 3/4+5"2= 4+52

to get the result at the right.

Mathcad’ s equation editor is designed to work within the structure of a mathematical
expression so that expressions are not so much typed as they are built.

Mathcad assembl es the parts that make up an expression using the rules of precedence
plus some additional rulesto simplify entering denominators, exponents, and

expressionsin radicals. For example, when you type / or click on the Calculator

toolbar to create afraction, Mathcad staysin the denominator until you press[Space]
to select the entire expression.

Typing in Names and Numbers

When you typein names or numbers, Mathcad behavesvery much likeastandard word
processor. Asyou type, you seethe charactersyou type appear behind avertical editing
line. The left and right arrow keys move this vertical editing line to the left or to the
right a character at atime. There are, however, two important differences:

« Asit movesto theright, the vertical editing line leaves behind a
trail. This trail is a*horizontal editing line.” |abede]

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

Typing in Operators
Thekey to working with operatorsislearning to specify what variable or expressionis
to become an operand. There are two waysto do this:
* You can type the operator first, then fill in the placehol ders with operands, or
* You can use the editing lines to specify what variable or expression you want to
select.

Thefirst method islike building a skeleton and filling in the detail s later. This method
may be easier to use for 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 ismorelike straight typing so can be much faster when expressions
are simple. You may find yourself switching back and forth as the need arises.

Here' s how to create the expression aX*Y using the first method:

1. Press” to create the exponent operator, or click | x| on the o

Calculator toolbar. Y ou see two placeholders. The editing lines
“hold” the exponent placehol der.

2. Click inthe lower placeholder and type a.
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Multiplication

3. Click in the upper placeholder. o
d

4. Type+. e

5. Click inthe remaining placeholders and type x and y.

To use the editing lines to create the expression a**Y proceed as follows:

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

2. Press” to create the exponent operator. a becomesthe first operand

of the exponent. The editing lines now hold another placehol der. a®
3. Type x+y in this placeholder to complete the expression. +yl
d

Note that you can type the expression the same way you' d say it out loud. However,
even thissimple example already containsan ambiguity. When you say “atothex plus
y" there’sno way to tell if you mean aX*Y or aX +y. For more complicated
expressions, the number of ambiguities increases dramatically.

Although you can always resolve ambiguities by using parentheses, doing so can
quickly become cumbersome. A better way is to use the editing lines to specify the
operands of whatever operator you type. The following example illustrates this by

describing how to create the expression aX +y instead of a**V.

1. Enter a”x asyou did in the previous example. Note how the editing
lines hold the x between them. If you were to type + at this point, the| |2~

x would become the first operand of the plus.

2. Press[Space]. The editing lines now hold the entire expression aX. g

3. Now type +. Whatever was held between the editing lines now
becomes the first operand of the plus. a* +

4. Intheremaining placeholder, typey.

When writing, expressionslike ax or a(x +y) are easily understood to mean “atimes
X" and “a times the quantity x 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 mean “atimesx” or “the variable
named ax.” Similarly, when you type a(x+y), Mathcad cannot tell if you mean
“atimesthe quantity x plusy” or whether you mean “the function a applied to the
argument x +y.”
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To avoid ambiguity in math expressions, we recommend that you always press *
explicitly to indicate multiplication, as shown in the following example:

1. Typeafollowed by *. Mathcad inserts a small dot after the“a” to
indicate multiplication. ay
2. Inthe placeholder, type the second factor, x.
d X

Note Inthe specia case when you type anumerical constant followed immediately by avariable
name, such as 4X, 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 isimplied. This enables you to produce math notation that closely
approximates the notation in textbooks. However, Mathcad reserves certain letters, such as“i”
for theimaginary unit and “0” 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 asasingle
number with a suffix.

Tip You can change the display of the multiplication operator to an X, athin space, or alarge dot.
To do so, click on the multiplication operator with the right mouse button and choose View
Multiplication As... Or to change all the multiplication operators in a worksheet, choose
Worksheet Options from the T ools menu, click on the Display tab, and choose from the
selections next to “Multiplication.” See* Changing the Display of an Operator” on page 391.

An Annotated Example

An eguation is really two-dimensional, with a structure more like a tree with branches
thanlikealineof text. Asaresult, Mathcad hasto use atwo-dimensional editing cursor.
That’s why there are two editing lines: avertical line and a horizontal line.

Suppose, for example, that you want to type the slightly more complicated expression

x—3-a?
-4+ Jy+1l+n

Watch what happens to the editing linesin the following steps:

1. Typex-3*a”2. Sincethe editing lines contain just the “2,”
only the“2” becomesthe numerator when you pressthe/. To | |[x -3-a

make the whole expression, x— 3 - a2, be the numerator, you
need the editing lines to hold the entire expression.

2. Press[Space]. Eachtimeyoupress[Space], theeditinglines
hold more of the expression. Y ou need to press[Space] three | |x-3 &
times to enclose the entire expression.

3. Now press/ to create adivision bar. Note that the numerator
is whatever was enclosed between the editing lineswhenyou | | X-8'3
pressed /. L

4. Now type -4+ and click | {" | on the Calculator toolbar. Then X-3-a
type y+1 under the radical to complete the denominator. 4+ fy o1
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Editing Expressions

5. To add something outside the radical sign, press[Space] 3. a
twice to make the editing lines hold the radical. For example, 2-°a
to add the number & to the denominator, press [Space] twice, || -4+ 4y +1

6. Press+. Since the editing lines are holding the entire radical, 3.
itistheentireradical that becomesthefirst operand when you

press +. 4yl

7. ClickontheCaIcuIatortooIbaror press[CtrI][Shift]P. %x-3 a°

-4+J;+m

Changing a Name or Number

To edit a name or number:
1. Click on it with the mouse. The vertical editing line appears.
2. Movethe vertical editing line by pressing the [-] and [«] keys.

3. If youtypeacharacter, it appearsjust to theleft of thevertical editing line. Pressing
[Bksp] removesthecharacter totheleft. Pressing [De 1 ete] removesthe character
to theright.

Choose Replace from the Edit menu to change several occurrences of the same name
or number. To search for a sequence of characters, choose Find from the Edit menu.
See “Text Tools” on page 73.

Inserting an Operator

Note

The easiest place to insert an operator is between two charactersin a name or two
numbersin a constant. For example, here's how to insert a plus sign between two
characters:

1. Placethe editing lines where you want the plus sign to be.
2. Pressthe+ key, or click | + | on the Calculator toolbar.

Mathcad inserts spaces automatically around operators wherever doing so is appropriate. If you
do try to insert a space, Mathcad assumes you meant to type text rather than math and converts
your math region into atext region.

When you insert adivision sign, Mathcad moves everything that comes after the
division sign into the denominator. Here' s how you insert a division sign:

1. Placethe editing lines where you want the division sign.

2. Pressthe / key or click on the Cal culator toolbar. Mathcad b
reformats the expression. b
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Someoperatorsrequire only oneoperand. Examplesarethe squareroot, absoluteval ue,
and complex conjugate operators. Toinsert oneof these, placetheeditinglineson either
side of the operand and press the appropriate keystroke. Many of these operators are

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

1. Placetheediting linesaround the“x,” either preceding or following
the character.

2. Press\ to insert the square root operator, or click |1~ |on the
Calculator toolbar.

Applying an Operator to an Expression
If you want to apply an operator to an entire expression:
»  Surround the expression in parentheses, or
» Usethe editing lines to specify the expression.
Although the first method may be moreintuitive, it is slower since you need to type a

pair of parentheses. The more efficient, second method is described below. “Inserting
Parentheses’” on page 46 describes working with parentheses.

The editing lines consist of a horizontal line and avertical line that moves |eft 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 exampl es show
how typing *c resultsin completely different expressions depending on what was

selected.
» Thetwo editing lines hold only the numerator. Any operator b
you type will apply only to the numerator. %
o+
e Typing *c applies the operation to the numerator only. (a+b)d
x+d -
» Theeditinglineshold theentirefraction. Any operator youtype b
will apply to the entire fraction. 4
» Typing *c appliesto the whole fraction. S
¥+ d.EI
» Theediting lines hold the entire fraction. However, thistime b
thevertical editing lineisontheleft sideinstead of on theright g
side.
* Typing*c resultsinthisexpression. Thecisbeforethefraction. 5
becausethe vertical editing linewas on theleft siderather than || c} ar p
the right side. X
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Tip

Note

Controlling the editing lines

Use the following techniques to control what’ s between the editing lines:

Click on an operator. To move the vertical editing line from one side to the other
of the expression, press[Insert].

Usethe left and right arrow keys to move the vertical editing line one character at
atime. Thehorizontal editing line selectsan operand of the nearest operator. If your

expression contains built-up fractions, you can al so usethe up and down arrow keys
to move the editing lines.

Press[Space] to select larger parts of the expression. Each time you press
[Space], the editing lines enclose more and more of the expression, until they
enclose the entire expression. Pressing [Space] one more time brings the editing
lines back to where they started.

Y ou can drag-select parts of an expression to hold it between the editing lines. The selected

expression is highlighted in reverse video. Whatever you type next overwrites the highlighted
expression.

The following example walks you through a short cycle of using [Space]:

1

Thisisthe starting position. The two editing lines hold just the b
single variable “d.” ax
X + g|
Pressing [Space] makes the editing lines grow so that they now
hold the entire denominator. a+b
X + d
Pressing [Space] again makes the editing lines grow again so 5
that they now hold the entire expression. i ’ p
At this point, the editing lines can’t become any longer. Pressing 5
[Space] brings the editing lines back to the starting point of the ar
cycle. x + d

Y ou'll notice 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 the a or
just the b in the numerator. The sequence of steps the editing lines go through as you
press [Space] depends on the starting point of the cycle.

Thearrow keyswalk the editing linesthrough the expression in theindicated direction.
Keep in mind that the idea of “up” and “down” or “left” and “right” may not always
beobvious, particularly when the expression becomesvery complicated or if itinvolves
summations, integrals, and other advanced operators.

Editing of strings differsfrom editing of other math expressions because you must use the arrow
keys or click outside the string to move out of a string. Pressing [Space], which can be used

in other expressions to change the position of the editing lines, isinterpreted as just another
character in astring.




Editing Expressions / 45

Deleting an Operator
To delete an operator connecting two variable names or constants:

1. Placethe vertical editing line after the operator.

d + E
d
Now you can insert a new operator to replace the one you deleted just
by typing it in.

Tip  You can place the editing lines before an operator and press [Delete].

In these examples, it is easy to see what “before” and “ after” mean because the
expressionsinvolved naturally flow from left to right, the sameway weread. Fractions
behavethe sameway. Sincewe naturally say “aover b,” putting theediting lines* after”
thedivision bar means putting them just beforetheb. Similarly, putting theeditinglines
“before” the division bar means putting them immediately after the a. The following
exampleillustratesthis:

1. Placethe vertica editing lines after the division bar.

2. Press[BKkSp].

To delete an operator having only one operand
(for example, /X, |x| or x!):

1. Position the editing lines just after the operator.
K

2. Press[BKSp].

For certain operators, it may not be clear whereto put the editing lines.
For example, it is not clear when looking at |x| or X what “before” and “ after” mean.
When this happens, Mathcad resolves the ambiguity by referring to the spoken form
of the expression. For example, sinceyou read X as*“x conjugate,” the bar istreated as
being after the x.

Replacing an Operator
To replace an operator after deleting it, simply type the new operator after pressing
[BkSp].

To replace an operator between two expressions: = le
1. Position the editing lines just after the operator. b'ld
2. Press[BKkSp]. An operator placeholder appears. c
aqc

d

3. Typethe new operator. = I
b |d




46 | Chapter 4

Inserting a Minus Sign

The minus sign that means “ negation” uses the same keystroke as the one that means
“subtract.” To determine which oneto insert, Mathcad |ooks at where the vertical
editing lineis. If it's on the left, Mathcad inserts the “negation” minus sign. If it'son
the right, Mathcad inserts the “ subtract” minus sign. To move the vertical editing line
from one side to the other, use [Insert].

The following example shows how to insert aminus sign in front of “sin(a).”

1. Click onthesin(a). If necessary, press[Space] to select the entire -
expression. sin(a)
2. If necessary, press [ Insert] to move the vertical editing line all -
the way to the left. in(a)
3. Type-,orcli ckE|on theCal culator tool bar, toinsertaminussign. sin(a)

Inserting Parentheses

Mathcad places parentheses automatically to maintain the precedence of operations.
Y ou may want to place parenthesesto clarify an expression or to change the overall
structure of the expression. Y ou can either insert a matched pair of parenthesesall at
once or insert the parentheses one at atime. We recommend you insert amatched pair
since this avoids the possibility of unmatched parentheses.

To enclose an expression with a matched pair of parentheses:

1. Selecttheexpressionby placing it betweentheeditinglines. Do
thisby clicking on the expression and pressing [Space] oneor
more times.

C

2. Typethesingle-quote key (<), or click on the Calculator a+b
toolbar. The selected expression is now enclosed by ( )
parentheses.

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

1. Movethe editing linesjust to the left of the b. Make sure the
vertical editing lineison the left as shown. Press[Insert] if

necessary to move it over.

2. Type (and click to the right of the c. Make sure the vertical
editing line isto the right as shown. Press[Insert] if m

necessary to moveit over.

3. Type ).

a-(b+c
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Deleting Parentheses

Whenever you delete one parenthesis, Mathcad del etes the matched parenthesis. This
preventsyou from inadvertently creating an expression having unmatched parentheses.

To delete amatched pair of parentheses:
1. Movetheediting linesto theright of the“ (".

2. Press[BkSp]. Notethat you could aso begin with the editing

linesto the left of the “)”and press [De lete] instead.

Insert Function

To see an aphabetical or category listing of available built-in functions or to insert a
functiontogether with placeholdersfor itsarguments, choose Function fromthel nsert
menu. The dialog box lists all functions.

1. Click in ablank area of your worksheet or on a placeholder.

2. Choose Function from the

Insert menu or click | & | onthe

Standardtoolbar. Mathcad opens
the Insert Function dialog box.

3. Choose a Function Category or
click “All” to see al functions
sorted alphabetically.

4. Double-click the name of the

function you want to insert from theright-hand list, or click “Insert.”
Thefunction and placeholdersfor itsarguments are inserted into the

worksheet.
5. Fill in the placeholders.

To apply afunction to an expression you have aready entered, select the

Insert Function

Function Category:

Bessel
Complex Mumbers
Differential Equation Saolving
Expression Type

File Access

Fourier Transform

Function MName:

Hyperboli |
el ] ke =
Iacos[z]
Fieturns the angle [in radians] whose cogine iz 2. Principal value for ;I
complex z.
I
Help | Insert I Cancel |

acos(.868)

expression and follow the steps given above. See Chapter 4, “Working with Math.”

Y ou can a so type the name of abuilt-in function directly into amath placeholder or in

amath 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 asit appears in the tables in Chapter 16, “Functions: :
uppercase, lowercase, or mixed, as indicated.

Note Brackets, [ ], around an argument indicate that the argument is optional.
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Assistance for Using Built-in Functions
Mathcad includes several sources of assistance for using built-in functions:

Chapter 16, “ Functions’ providesdetailson the syntax, arguments, algorithms, and
behavior of all of Mathcad’ s built-in functions, operators, and keywords.

The Insert Function dialog box gives you a convenient way to look up afunction
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.

Online Help or clicking ® on the Standard toolbar provides both overview and
detailed help on functions and function categories.

QuickSheets under the Help menu include working examples of most functions.

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

1

Click in the expression and press [Space] until the entire
expression, w-t—Kk - z, is held between the editing lines.

wtl- kz

£
—_
l
=
'}

Typethesingle-quotekey (<), or click { ] lontheCalculator
toolbar. The selected expression is enclosed by parentheses.

Press [Space]. The editing lines now hold the parentheses

aswell. (wt-kz)

)

If necessary, pressthe [Insert] key so that the vertical
editing line switches to the | eft side.

£
~+
I
=
N

L )

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

4 e ) i cosliwt - k-z)
to useisabuilt-in function, you can also choose Function —

from the Insert menu or click | ff&| on the Standard tool bar
and double-click the name of the function.

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

Cut deletes whatever is between the editing lines and copiesit to the Clipboard.
Copy takes whatever is between the editing lines and copies it to the Clipboard.

Paste takes whatever is on the Clipboard and placesit into your worksheet, either
into a placeholder or into blank space.

The Copy and Paste commands use the Clipboard to move expressions from one place
toanother. Y ou can, however, bypassthe Clipboard by using Mathcad’ sequation drag
and drop feature.
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Tip

Suppose you want to build the expression

cos(wt + X) + sin(wt + x)

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

2. Pressand hold down [Ctr 1] and the mouse RN in(a)
button. The pointer changesto indicatethat it | °°° L@;—XD *sinta
carries the selected expression with it.

3. With the mouse button still held down, drag
the pointer over the placeholder. -

4. Release the mouse button. The pointer drops :
the expression into the placehol der and cos(w t +x] + sin(wt +x) ‘
recoversits original form.

Y ou can drag and drop expressions, or even entire math regions, into placeholdersin other
expressions or into any blank space. 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 expressioninto a
placeholder, be sure to position the pointer carefully over the placeholder.

Deleting Parts of an Expression

Note

Y ou can del ete part of an expression by using either the [De I ete] key or the [BKkSp]
key. If you use this method, whatever you delete is not placed on the Clipboard. This
isuseful when you intend to replace whatever you del ete with whatever is currently on
the Clipboard.

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

1. Drag-select the part of the expression (in this case, the

numerator) so that it is highlighted in reverse video. cos ()
2. Press[Delete]or [BkSp]. Thisremovesthe numerator and
leaves behind a placeholder. cos (g)

If you select an expression with the editing linesinstead of drag-selecting as shown above, you
must press[Bksp] or [Delete] twiceto removeit. Inthiscase, [Bksp] removesthe expression
to the left of the editing lines, and [De lete] removes to the right.
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Math Styles

By making changesto text stylesrather than to individual text elements, you can make
uniform changes across your files. (See Chapter 6, “Working with Text”.) Y ou can get
this same kind of leverage by using math stylesto assign particular fonts, font sizes,
font styles and affects, and colors to your math expressions.

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

Mathcad’ s predefined math styles are:

e Variables: dl variables, letters, and operators in math regions.
» Constants: all numbersin math regions.

Whenever you type a variable name, Mathcad:

* Assignstoit amath style named “Variables.”

» Displaysthevariablename using the characteristi csassociated with the stylenamed
“Variables.”

Similarly, when you type a number or when aresult is calculated, Mathcad:
» Assignstoit amath style named “Constants.”

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

Editing Math Styles

To change Mathcad’ s default style for all variables and plots:
1. Click on avariable name in your worksheet.

2. Choose Equation from the Format menu. Equation Format =]
The style name “Variables’ is selected. Math Style

3. Click “Modify” to change the font associated os._|
withthe“ Variables’ style. You'll seeadialog | e suie ame —
box for changing fonts. [Variatles

4. Make any changes using the dialog box. B e Bl ok |
Mathcad changes the font of all variablesin [k = Corcel_|
the worksheet.

If you change the Variables style, you may aso
want to change the style used for numbers so that the two go together.

1. Click on anumber.

2. Choose Equation from the For mat menu to see the Equation Format dialog box.
The style name “ Constants’ is now selected.

3. Follow the procedure given above for modifying the Variables style.
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Y ou can also use the Formatting toolbar to change the font, font size, or font style
associated with amath style. For example, click on avariable, 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

[Mermal = |[eial - FBzu|=

— 1—
= i—
= i—

Note Mathcad’s line-and-character grid does not respond automatically to changes in the font sizes
used in text and math. Changing font characteristics, particularly font sizes, may cause regions
to overlap. Y ou can separate these regions by choosing Separ ate Regions from the For mat
menu.

Y ou may wish to have your equationsdisplay in adifferent color than your default text
regionsto avoid confusing thetwo. To changethe default color of all equationsin your
worksheet:

1. Choose Equation from the Format menu.
2. Select acolor in the “Default Equation Color” drop-down list.

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. Y ou may, however, create
and apply additional math styles.

To seewhat math styleis currently assigned to aname or number, simply click on the
name or number, and look at the style window on the Formatting toolbar.

Alternatively, click the name or number and T — ]
choose Equation from the For mat menu. The Math Style
math style associated with whatever you clicked <tyle Name
on appearsin the drop-down list in the Equation el
Format dialog box.

Todify... |

Mew Style Mame
' ariables

If you click on the button to the right of _
“Variables’ ineither the Formatting toolbar or the lge—;“':::kat'm ol r o]
Equation Format dialog box, you'll see a drop- _ Coredl |
down list of available math styles. If you now
choose “User 1" and click “OK,” anew math style is applied to the selected element
and its appearance changes accordingly.

Y ou can apply avariety of math stylesto:
» individual variable namesin an expression, or

* individua numbersinamath expression (but not in computed results, which always
display in the “ Constants’ style).

For example, you may want to show vectorsin abold, underlined font:
1. Choose Equation from the Format menu.

2. Click thedown arrow besidethe name of the current math stylesto seeadrop-down
list of available math styles.
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Note

3. Click on an unused math style namelike “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 nameto “Vectors.”

4. Click “Modify” to change this style to a bold, underlined font.
This creates a math style called “Vectors’” with the desired appearance.

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

All names, whether function names or variable names, are font sensitive. This means that x and
x refer to different variables, and f(x) and f(x) refer to different functions. In deciding whether
two variable names are the same, Mathcad actually checks math styles rather than fonts. To
avoid having distinct variables that |ook identical, don't create a math style with exactly the
same font, size, and other characteristics as another math style.

Saving Math Styles

Y ou can reuse math style information by saving aworksheet as atemplate. Choose
Save As from the File menu and select Mathcad Template (*.mct) asthefiletypein
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. See “Worksheets
and Templates’ on page 77.
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Vectors, Matrices, and Data Arrays
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Creating Arrays
Accessing Array Elements
Displaying Arrays
Working with Arrays
Nested Arrays

Creating Arrays

This section describes creating and working with arrays of numbers and math
expressions. The procedures listed below can be used only for creating arrays of
numbers, as opposed to arbitrary math expressions.

Using range variables to fill in the elements. This technique is useful when you
have some explicit formulafor the array elementsin terms of their indices.

Using the File Input and Output componentsto import datafrom external filesin a
variety of formats.

Entering numbers manually in a spreadsheet-like input table.

Note Theeffectivearray sizelimit dependson 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 avector or matrix in Mathcad, follow these steps:

53

1

4.

Click in either ablank space or on amath
placeholder.

Insert Matrix

Blows: |3
Lolumns: |3 Inzert

Delete

e
ams

Choose M atrix fromthel nsert menu, or click 3
on the Matrix toolbar. A dialog box appears

s

Cancel

Enter the appropriate number of elementsin thetext
boxesfor “Rows’ and “ Columns.” For example, to create athree-element o

vector, enter 3 and 1. u

An array with blank placeholders appears in your worksheet.

Next, fill in the array elements. Y ou can enter any math expression into the
placeholders of an array created in thisway. Simply click in a placeholder and type a
number or expression. Use the [Tab] key to move from placeholder to placeholder.

Note Arrays created using the Matrix command on the | nsert menu are limited to 100 elements.
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Note

Changing the size of a vector or matrix

Y ou can change the size of amatrix by inserting and deleting rows and columns:

1. Click on one of the matrix elementsto place it between the
editing lines. Mathcad beginsinserting or deleting with this [ 2 5 17 ]
element. 3539 -129

rowsand/or columnsyou want to insert or delete. Then press

either “Insert” or “Delete.” For example, to delete the 89 -129

2. Choose Matrix from the Insert menu. Type the number of [5 17 ]

column that holds the selected element, type 1 in the box
next to “Columns,” O in the box next to “Rows,” and press “Delete.”

If you insert rows or columns, Mathcad inserts rows below the selected element and inserts
columnsto theright of the selected element. If you del ete rows or columns, Mathcad beginswith
the row or column occupied by the selected element and deletes rows from that element
downward and columns from that element rightward. To insert arow above the top row or a
column to the left of the first column, first place the entire matrix between the editing lines.

Creating Arrays with Range Variables

Asintroduced in “Range Variables’ on page 103, you can use one or more range
variablestofill uptheelementsof anarray. If you usetwo rangevariablesinan equation,
for example, Mathcad runs through each value of each range variable. Thisis useful

for defining matrices. For example, to definea 5 x 5 matrix whose i,jth element is
i + ], enter the equations shown in Figure 5-1.

i:: 04 ii= 04
Xi'i':i+i
01 2 3 4
1 2 3 45
x=12 38 45 6
3 45 6 7
4 5 6 7 8

Figure 5-1: Defining a matrix using range variables.

Recall that you enter the range variable operator by pressing the semicolon key (;) or
clicking @ on the Calculator toolbar. Y ou enter the subscript operator by clicking

on the Matrix toolbar.

The X | equation is evaluated for each value of each range variable, for atotal of 25

evaluations. The result isthe matrix shown at the bottom of Figure 5-1, with 5 rows
and 5 columns. The element in the ith row and jth column of thismatrix isi +j .
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Note To be used to define an array element, arange variable can take on only whole-number values.

Tip You can also defineindividual array elements using the subscript operator, as described in
“Accessing Array Elements’ on page 56.

Entering a Matrix as a Data Table
To get the convenience of aspreadsheet-likeinterface for entering data, you can create
an array using a Data Table:

1. Clickinablank spot in your worksheet and choose Data=Table from the I nsert
menul.

2. Enter the name of the Mathcad variable to which the data will be assigned in the
placeholder that appears.

3. Click inthe component and enter datainto the cells. Each row must have the same
number of datavalues. If you do not enter anumber into acell, Mathcad inserts 0
into the cell.

Figure 5-2 shows two data tables. Notice that when you create a data 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
542 132.00
5.50 123.00
4.90 110.00
5.20 1146.00

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 5-2: Using data tables to create arrays of data.

When you click the table, you can edit the valuesin it using the scroll bars. To resize
the table, move the cursor to one of these handles along the sides of the region so that
it changesto adouble-headed arrow. Then press and hold down the mouse button and
drag the cursor to change the table’ s dimensions.



56 / Chapter 5

Note A component isa speciaized 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. To
see how to create matriceswith datafrom external filesusing Data Tablesand other components,
see Chapter 14, “Importing and Exporting Data.”

Y ou can copy data from a data table as follows: first select some data, then click with the right
mouse button on the component and choose Copy from the popup menu. Y ou can paste asingle
number from the Clipboard into the table by selecting acell and choosing Paste from the popup
menu. Choosing Paste T able from the popup menu overwritesthe entire table with valuesin the
Clipboard.

Accessing Array Elements

Subscripts

Y ou can access al the elements of an array ssimply by using its variable name, or you
can access the elementsindividually or in groups.

You access individual elements of avector or matrix by using the subscript operator.

Insert the subscript operator by clicking *1 | on the Matrix toolbar or by typing [. To

access an element of avector, enter one number in the subscript. To access a matrix
element, enter two numbers separated by a comma. To refer to the ith element of a
vector, typeVv[ 1. Ingenera, to refer to the element in theith row, jth column of matrix
M, typeM[1i,].

Figure 5-3 shows examples of how to define individual matrix elements and how to
view them.

Mg, g = 1 Mg, 4 = 3

Mig=2 My 2= 6

Now show the values of the elements of M . . .

1356
M =
206
My 2=6 My =0
M2.2 = <— Since the array ORIGIN is zero, there

is a zeroth row and a first row...but no
second row.

Walue of subscript or superscript iz too
big [or too zmall] for this array.

Figure 5-3: Defining and viewing matrix elements.
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Note When you define vector or matrix elements, you may leave gaps in the vector or matrix. For
example, if v is undefined and you define v5 as 10, then v, V4, and v, areall undefined.

Mathcad fills these gaps with zeros until you enter specific values for them, as shown in Figure
5-3. 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 57).

Y ou can use thiskind of subscript notation in Mathcad to perform parallel calculations
on the elements of an array. See “Performing Calculationsin Parallel” on page 61.

Tip If you want to define or access a group of array elements at once, you can use arange variable
in a subscript.

Accessing Rows and Columns
Although you can use arange variable to access all the elementsin arow or column of
an array, Mathcad provides a column operator for quickly accessing all the elements

inacolumn. Click ontheMatrix toolbar for the column operator. Figure 5-4 shows
how to extract the third column of the matrix M.

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.

Figure 5-4; Extracting a column from a matrix.

Toextract asinglerow from amatrix, transpose the matrix using the transpose operator

(click on the Matrix toolbar) and then extract acolumn using the column operator.
Thisis shown on the right-hand side of Figure 5-4.

Changing the Array Origin

When you use subscriptsto refer to array elements, Mathcad assumes the array begins
at the current value of the built-in variable ORIGIN. By default, ORIGIN is 0, but you
can change its value. See “Built-in Variables’ on page 100 for details.

Figure 5-5 shows aworksheet with the ORIGIN set to 1. If you try to refer to the zeroth
element of an array in this case, Mathcad displays an error message.
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ORIGIN =1 1.2 7
Matrices: M=-|2 4 6
6 9
Mia=1 M33=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 o= 1 Yo = 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 5-5: Arrays beginning at element one instead of at element zero.

Displaying Arrays

Mathcad automatically displays matrices and vectors having more than nine rows or
columnsasoutput tablesrather than asmatricesor vectors. Smaller arraysaredisplayed
by default in traditional matrix notation. Figure 5-6 shows an example.

i-0.2 j=0.2 Ai,j:=8in(i)+%—j

1671 0571 -0429
A-l2412 1412 0412 <-- Array displayed as a matrix.
248 148 048

0 1 2
A |0 1571 0.571|-0.429 <-- Array displayed as an
1| 2412 1412 0412 output table.
2| 248 148] 048

Figure 5-6: Display results as a matrix or in an output table.

Note An output table displays a portion of an array. To the left of each row and at the top of each
column, thereis anumber indicating the index of the row or column. Click with the right mouse
button on the output table and select Properties from the popup 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, you can scroll through the table using scroll bars.

To resize an output table;
1. Click the output table. You'll see handles aong the sides of the table.
2. Movethecursor to one of these handles so that it changesto adouble-headed arrow.



Displaying Arrays / 59

Tip

3. Pressand hold down the mouse button and drag the cursor in the direction you want
the table’ s dimensions to change.

Y ou can change the alignment of the table with respect to the expression on the left-hand side of
theequal sign. Click with theright mouse button on the table, then choose one of the Alignment
options from the popup 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 output tables, you can have Mathcad display them as matrices. You
can also change matrices to output tables. To do so:

1. Click onthe output table.

2. Choose Result from the Format menu.

3. Click on the Display Optionstab.

4. Choose Matrix or Tablein the “Matrix display style” drop-down box.

To display all theresultsin your worksheet as matrices or as tables regardless of their
size, click “ Set as Default” in the Result Format dialog box rather than “OK.”

Mathcad cannot display extremely large arraysin matrix form. Y ou should display alarge array
as an output table.

Changing the Format of Displayed Elements

Copying and

Y ou format the numbersin the array the same way you format other numerical results,
asdescribed in“ Formatting Results’ on page 112. Just click on the displayed array and
choose Result from the For mat menu, and modify the settings there. When you click
“OK,” Mathcad applies the selected format to all the numbersin the table, vector, or
matrix. It is not possible to format the numbersindividually.

Pasting Arrays

Y ou can copy an array of numbers directly from atabular application, such as Excel,
or an ASCI| file that contains rows and columns, into a Mathcad. All data
characteristics, including text, numerics, complex numbers, or empty cellsare
preserved. Onceyou’ ve performed computations or manipulations on the data, you can
paste or export the resulting array of numbers back to its source or into another
application.

To copy just one number from aresult array, click the number and choose Copy from

the Edit menu, or click on the Standard toolbar. Copying multiple numbersfrom
avector or matrix result differsdepending on whether the array isdisplayed asamatrix
or asan output table. See“Displaying Arrays’ on page 58 for moreinformation on how
vector and matrix results are displayed.

To copy aresult array displayed as a matrix:

1. Drag-select thearray to theright of the equal sign to placethe entire array between
the editing lines.

2. Choose Copy from the Edit menu. This places the entire array on the Clipboard.
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Tip

3. Click wherever you want to paste the result. If you’ re pasting into another
application, choose Paste from that application’ sEdit menu. If you' re pasting into
aMathcad worksheet, choose Paste from Mathcad' s Edit menu.

Y ou may only paste an array into amath placeholder or into ablank spaceinaMathcad
worksheet.

When you display array results as atable, 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. Dragthemouseinthedirection of the other values you want to copy while holding
the mouse button down.

3. Right click on the selected values then choose Copy Selection from the popup
menu.

To copy al the valuesin arow or column, click on the column or row number shown
to the left of the row or at the top of the column. All the values in the row or column
are selected. Then choose Copy from the Edit menu.

After you have copied one or more humbers from an output table, you can paste them
into another part of your worksheet or into another application. Figure 5-7 shows an
exampl e of anew matrix created by copying and pasting numbersfrom an output table.

<— Column numbers

<— Copy numbers from the table.

|
Row numbers

8 10 12 a colon. Then choose

6 8 10
( ) <— Type y followed by
0 12 14 Paste from the Edit

Figure 5-7: Copying and pasting results from an output table.

When you display an array as an output table, you can export data directly from the table. Right
click on the output table, choose Export from the popup menu, and enter the name of the file,
the format, and the columns and rows to export.
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Working with Arrays

There are many operators and functions designed for use with vectors and matrices.
See “Vector and Matrix Operators’ on page 398 and “Vector and Matrix Functions’
on page 256 for an overview. This section highlights the vectorize operator, which
permits efficient parallel calculations on the elements of arrays. Y ou can also display
the values of an array graphically or export them to a datafile or another application.

Performing 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:

» lterateover each element using range variables. For example, see” Creating Arrays
with Range Variables’ on page 54.

* Usethe vectorize operator, which allows Mathcad to perform the same operation
efficiently on each element of a vector or matrix.

Mathematical notation often shows repeated operations with subscripts. For example,
to define amatrix P by multiplying corresponding elements of the matricesM and N,
you would write:

Pi

j = M Nij

>

Note that thisis not matrix multiplication, but multiplication element by element. Itis
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 expression like M - N :

1. Select the whole expression by clicking inside it and pressing
[Space] until the right-hand sideis surrounded by the editing P=MN
lines.

2. Click ontheMatrix toolbar to apply thevectorize operator. L
Mathcad puts an arrow over the top of the selected expression. '

Properties of the vectorize operator

» The vectorize operator changes the meaning of the other operators and functions
towhichit 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. Y ou can use this arrow for
only cosmetic purposesif you like.

» Since operations between two arrays are performed element by element, all arrays
under avectorize operator must be the same size. Operations between an array and
ascalar are performed by applying the scalar to each element of the array.

* Youcan useany of thefollowing matrix operations under avectorize operator: dot
product, matrix multiplication, matrix powers, matrix inverse, determinant, or
magnitude of avector. The vectorize operator transforms these operations into
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element-by-element scalar multiplication, exponentiation, or absolute value, as
appropriate.

Tip A number of Mathcad' s built-in functions and operators ordinarily take scalar arguments but

implicitly vectorize argumentsthat are vectors (one-column arrays): they automatically compute
aresult element by element, whether you apply the vectorize operator or not. Functions that
implicitly vectorize vector arguments include the trigonometric, logarithmic, Bessel, and
probability distribution functions. Operators that implicitly vectorize vector arguments include
the factorial, square and nth root, and relational operators. Y ou 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 formulato three vectors
containing coefficients a, b, and c. Figure 5-8 shows how to do this with the vectorize
operator.

1 3 2

1 2 1
Coefficients as follows . . . a = b = c =

2 1 1

2 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 5-8: Quadratic formula with vectors and the vectorize operator.

The vectorize operator, appearing as an arrow above the quadratic formulain Figure
5-8, isessential inthiscalculation. Without it, Mathcad wouldinterpret a - ¢ asavector
dot product and also flag the square root of avector asillegal. But with the vectorize
operator, both a - ¢ and the square root are performed element by element.

Graphical Display of Arrays

In addition to looking at the actual numbers making up an array, you can also seea
graphical representation of those same numbers. There are several waysto do this:

» For an arbitrary array, you can use the various three-dimensiona plot types
discussed in Chapter 12, “3D Plots.”

» For an array of integers between 0 and 255, you can look at a grayscale image by
choosing Picture from the I nsert menu and entering the array’ s name in the
placeholder.
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» Forthreearraysof integers between 0 and 255 representing thered, green, and blue
componentsof animage, choose Picturefromthel nsert menu and enter thearrays
names, separated by commas, in the placeholder.

See Chapter 10, “Inserting Graphicsand Other Objects,” for more on viewing a matrix
(or three matrices, in the case of a color image) in the picture operator.

Nested Arrays

Note

An array element need not be ascalar. It s possible to make an array element itself be
another array. This allows you to create arrays within arrays.

These arrays behave very much like arrays whose elements are all scalars. However,
there are some distinctions, as described below.

Most of Mathcad’ s operators and functions do not work with nested arrays, since thereisno
universally accepted definition of what constitutes correct behavior in this context. Certain
operators and functions are neverthel ess useful and appropriate for nested arrays. Functionsthat
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.

Defining a Nested Array

Note

Y ou define anested array in much the same way you would define any array. Theonly
differenceisthat you cannot use the M atrix command from the I nsert menu when
you' ve selected a placeholder within an existing array. Y ou can, however, click on a
placeholder in an array and type the name of another array. Figure 5-9 shows several
waysto define anested array. Additional methods include using afile access function
such as READPRN in the array of placeholders created using the Insert Matrix
command, and using the programming operatorsin Mathcad to build up an array whose
elements are themselves arrays.

Thedisplay of anested array is controlled by Display Styles settingsin the Result Format dialog
(see page 112). Y ou can expand a nested array when the array is displayed in matrix form;
otherwise, whenever an array element isitself an array, you see bracket notation showing the
number of rows and columns rather than the array itself. If the nested array is displayed as an
output table, you can see the underlying array temporarily. Click on the array element, then right
click and choose Down OneL evel from the popup menu. Choose Up OneL evel from the popup
menu to restore the array element to non-expanded form.




64 / Chapter 5

Three ways to define nested arrays...

Using range variables Using the Matrices c Defining el t by el
m:=0.3 o B o1
n=0.3 ! 0
B, = identity(2)
vi=(2 1)
Mm.n:: identity(m + 1) : B, == (Bu 2 “')
Vo= ( )
v
- Displaying the el t
My o= (1 Vu=(1) By =1
w10 2 10
1.1 01 B, =
v, =(2 4) 1 %0 1
100 1
- A
Myp=i0 10 V=[{2 }] B-@2)
' 001 {1.2} ’
{1.3}

Figure 5-9: Defining nested arrays.




Chapter 6
Working with Text

Inserting Text

Text and Paragraph Properties
Text Styles

Equations in Text

* & & o o

Text Tools

Inserting Text

This section describes how to add text to your worksheets. Mathcad ignores text when
it performs calculations, but you can insert working math equations into text regions
as described in “Equationsin Text” on page 72.

Creating a Text Region

Tocreateatext region, follow these steps. First, click inablank spaceinyour worksheet
to position the crosshair where you want the text region to begin. Then:

1. Choose Text Region from the Insert menu, or press the

double-quote (**) key. Y ou can also just start typing and once ]

you type a space Mathcad begins atext region. The crosshair
changes into an insertion point and atext box appears.

2. Now begin typing some text. Mathcad displays the text and
surroundsit with atext box. Asyou type, the insertion point

Fluid flow example|

moves and the text box grows.

3. Whenyoufinishtyping thetext, click outsidethetext region. [ gyig flow example
The text box disappears. +

Note You cannot leave atext region simply by pressing [d]. Y ou must leave the text region by
clicking outside the region, by pressing [Ctr1][Shift][], or by repeatedly pressing one of
the arrow keys until the cursor leaves the region.

To insert text into an existing text region:

» Click anywherein atext region. A text box now surroundsyour 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. Press[BkSp] to delete the character to the | eft of the insertion point, or
2. Press[Delete] to delete the character to the right of the insertion point.

65
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Tip

To overtype text:
1. Placetheinsertion point to the left of the first character you want to overtype.

2. Press[Insert] to begin typing in overtype mode. To return to the default insert
mode, press[Insert] again.

Y ou can also overtype text by first selecting it (see “ Selecting Text” on page 66).
Whatever you type next replaces your selection.

To break aline or start anew linein atext region, press []. Mathcad inserts a hard return and
movestheinsertion point down to the next line. Press[Shi Ft][.J] to start anew linein the same
paragraph. When you rewrap the text by changing the width of the text region, Mathcad
maintains line breaks at these spots in the text. We recommend adjusting the width of the text
box rather than using returns to shorten atext region.

Moving the Insertion Point

Click with the mouse wherever you want to put theinsertion point. Thearrow keyscan
be used to move the insertion point character by character or line by line. Ways of
moving the insertion point are summarized below.

Key Action

=Y Move right one character.

[«] Move |eft one character.

1] Move up to the previous line.

[¥] Move down to the next line.

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

[Ctr][«] Move to the beginning of the current word. If the insertion point is
aready there, move to the beginning of the previous word.

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

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

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

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

Selecting Text

One way to select text within atext regionis:

1. Click inthetext region so that the text box appears. E quations pf mation
2. Drag across the text holding the mouse button down. for a falling body under gravity.

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

for a falling body unden gravity..
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Online Help  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 online Help.

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

To select and move an entiretext region or group of regions, follow the same stepsthat
you would use with math regions, described on “Moving and Copying Regions’ on

page 15.

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

» Click onthe appropriate | etter on the Greek toolbar. To see thistoolbar, click aff
on the Math toolbar, or choose Toolbar s=Greek from the View menu, or

» Typethe Roman equivalent of the Greek symbol and then press [Ctr1]G. For
example, to enter ¢, press F[Ctr1]G. See“Appendix H: Greek Letters’ on page
444 in the Appendices for atable of Greek letters and their Roman equivalents.

Tip Typing [CEtrl]G after aletter in amath region also convertsit to its Greek equivaent. In
addition, [Ctr1]G converts a non alphabetic character to its Greek symbol equivalent. For

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

1. Choose Text from the Format menu.

2. From the Font list select the Symbol font.

Y ou can also change the font of atext selection by using the Formatting toolbar.

Changing the Width of a Text Region
When you start typing in atext region, the region grows as you type, wrapping only
when you reach the right margin or page boundary. (The location of the right margin
is determined by the settings in the Page Setup dia og box, which you can modify by
choosing Page Setup from the File menu.) To set awidth for your whole text region
and have lines wrap to stay within that width as you type:

1. Typenormaly until the first line reaches the width you want.
2. Typeaspace and press[Ctr][.].

All other linesbreak to stay within thiswidth. When you add to or edit thetext, Mathcad
rewraps the text according to the width set by the line at the end of which you pressed
[CEr][4].
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Tip

Text and Paragraph Properties

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

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

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

Y ou can specify that atext region or regions occupy the full page width by selecting them and
choosing Properties from the Format menu. Click the Text tab and check “Occupy Page

Width.” Asyou enter more lines of text into afull-width text region, any regions that are below
are automatically pushed down in the worksheet.

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

Changing Text Properties

Tip

To change the font, size, style,
position, or color of a portion of
the text within atext region, first
select the text. Then choose Text
from the Format menu to access
the Text Format dialog box or
right click and choose Font from
the popup menu.

Many of the options of the Text
Format dialog box are also
availableviathe buttonsand drop-
down lists on the For matting
toolbar:

Text Format

FEont:

Font Style:

[ ]
Size:

oo

Avial Black
T Avial Marmow
T Arial Rounded MT Be
B Baskervile BE HeguI-LI

-

i |

— Effect:

IHeguIar

Italic
EBold
Bald Italic

=
o - Cancel |

1
12 o

14
=l hs =

[ Stikeout
™ Underline
™ Subscript

Sample

AaBbYyiz

™ Superscript

Lolor:

I-Black VI

Thiz iz a TrueType font. This same font will be
uzed on both your screen and your printer.

LI IAriaI

|Normal

>l ~|/B 7 ©

|
i
[l

111
xw
X
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When you first insert text, its properties are determined by the defaults for the style
called“Normal.” See“ Text Styles’ on page 71 tofind out about creating and modifying
text styles. Any properties that you change for selected text override the properties
associated with the style for that text region.

If you place the insertion point in text and then change the text properties, any new text you type
at that insertion point will have the new properties.
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Tip

Tip

Y ou can change the following properties of selected text:

* Font

* Font style

* Fontsize

» Effects such as subscripts and superscripts
» Calor

Font sizes are in points. Remember that if you choose a bigger font, the text region
you're in may grow and overlap nearby regions. Choose Separ ate Regions from the
Format menu if necessary.

Y ou can specify that atext region or regions automatically push down following regions as they
grow by selecting them and choosing Properties from the For mat menu. Click the “ Text” tab
and select “Push Regions Down As You Type.”

Asashortcut for creating subscripts and superscriptsin text, usethe Subscript and Super script
button on the Formatting toolbar. pop upThese work in both math and text regions.

Changing Paragraph Properties

Note

A paragraphinatext regionisany stream of charactersfollowed by ahard return, which
is created when you type [ 1] . Y ou can assign distinct propertiesto each paragraphin
atext region, including alignment, indenting for either the first or all linesin the
paragraph, tab stops, and bullets or sequential numbering to begin the paragraph.

Text paragraph properties are determined by the defaultsfor the style called “Normal.”
See“Text Styles’ on page 71. Any paragraph properties that you change as described
below override the Normal style for that text region.

When you type[Shi Ft][] Mathcad insertsanew line within the current paragraph; it does not
create anew paragraph.

To change the properties for a paragraph

within atext region: i el ox |

1. Select theparagraph by clickinginit | | tet [ Speciel | frorel 7] Cancel |
to place the insertion point, by drag- Right: [0 By |

selecting it, or by triple-clicking it.

2. ChoosePar agraph from the For mat
menu, or right click on it and choose
Par agraph from the popup menu.
Mathcad displays the Paragraph
Format dialog box.

Bullets: I[none] 'l Tabs... |

— Alignment
& Left " Right ' Center
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Tip

Y ou can change the following paragraph properties:
Indent

Toindent every linein the paragraph the same amount, enter numbersin the“Left” and
“Right” text boxes. To indent thefirst line of the paragraph adifferent amount than the
rest of the lines, asfor a conventional or hanging indent, select “First Line” or
“Hanging” from the “Specia” drop-down list and enter a value below.

Y ou can also set indents using the text ruler. Click in a paragraph and choose Ruler
fromthe View menu. Movethetop or bottom arrow intheruler to set adifferent 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 abullet, select “Bullets’ from the “Bullets’ drop-down
list. Select “Numbers’ from the drop-down list to have Mathcad number successive

41—
-

paragraphs in the region automatically. Alternatively, click = or|i—=|onthe
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 Paragraph Format
dialog box. Alternatively, click one of the three alignment buttons on the Formatting

toolbar: I ,or

Tab stops

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

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

To change the measurement system used in the Paragraph Format dialog box or in thetext ruler,
choose Ruler from the View menu to show the text ruler. Then right click on the ruler and
choose I nches, Centimeters, Points, or Picas from the popup menu.
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Text Styles

Text styles give you an easy way to create aconsistent appearancein your worksheets.
Rather than choosing particular text and paragraph properties for each individual
region, you can apply an available text style.

Every worksheet has a default “Normal” text style with a particular choice of text and
paragraph properties. Y ou can also modify existing text styles, create new ones of your
own, and delete ones you no longer need.

Applying a Text Style to a Paragraph in a Text Region

Tip

When you create atext region in your worksheet, the region is tagged by default with
the“Normal” style. Y ou can, however, apply adifferent styleto each paragraph—each
stream of characters followed by a hard return—within the text region:

1. Click in the text region of the paragraph where
you want to change the style. Styles:

2. Choose Style from the Format menu, or right
click onthe paragraph and choose Stylefromthe  [indte ssegesh _ MNow. |
popup menu, to see alist of the available text Homl Modiy... |
styles. Available text styles depend on the Delete |

worksheet template used. Ckse |

3. Selectatext styleandclick “Apply.” Thedefault
text in your paragraph acquires the text and
paragraph properties associated with that style.

Y ou can apply atext styleto atext paragraph simply by clicking in the paragraph and choosing
astyle from the left-most drop-down list in the Formatting toolbar. To apply atext style to an
entiretext region, first select all the text in the region. For information on selecting text, refer to
“Selecting Text” on page 66.

Modifying an Existing Text Style

Y ou can change the definition of atext style by modifying it:

1. Choose Style from the Format 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. TheDefine Style dialog
bo>§ c#;playsthe Nome: [l = o |
definitions of that text
Sty|e Based On: I[none] j Paragraph...l Cancel |

4. Click “Font” to modify DA
Font: Times New Roman, Size: 12, Left Indent: 0.00" , First Line
text formats such as the Indent; 0.00" , Left Justified
font, font size, font
styling, special effects,
and color. Click

“Paragraph” to modify the indenting, alignment and other paragraph properties.
Any text regions previously created with the text style will be modified accordingly.
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Creating and Deleting Text Styles

Note

Equations

Y ou can create new text styles or delete ones you no longer use; any text style changes
are saved with your worksheet. A new text style can be based on an existing text style,
such that it inherits text or paragraph properties. For example, you may want to base a
new “ Subheading” style on an existing“Heading” style, but choose asmaller font size,
keeping other text and paragraph properties the same.

Creating a text style

To create anew text style:

1. Choose StylefromtheFor mat menu. Mathcad bringsupthe Text Stylesdialog box.
2. Click “New” to bring up the Define Style dialog box.

3. Enter anamefor the new styleinthe“Name” text box. If you want to base the new
styleon oneof theexisting styles, select astylefromthe*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.

Y our new style now appearsin the Text Styles dialog box and can be applied to any
text region. When you save the worksheet, the new text styleis saved with it. To use
the new text stylein future worksheets, save your worksheet as atempl ate as described
in Chapter 7, “Worksheet Management.” Y ou may also copy thetext styleinto another
worksheet simply by copying and pasting a styled region into the new worksheet.

If you base anew text style on an existing text style, any changes you later make to the original
text style will be reflected in the new text style aswell.

Deleting a text style
To delete atext style:

1. Choose Style from the Format 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 and click “Delete.”

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

in Text

Thissection describeshow toinsert equationsinto your text regions. Equationsinserted
into text have the same properties as those in the rest of your worksheet.

Inserting an Equation into Text

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

To add anew equation into text: The universal gravitational constant, G, has the

: : : . value |and can be used to determine the
1. Clickto pI ace the insertion point acceleration of a less massive object toward a

where you want the equation to start. | more massive object.
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Text Tools

2. Choose Math Region from the
Insert menu or press
[Ctri][Shift]A. A math
placeholder appears.

The universal gravitational constant, G, has the
value [ and can be used to determine the
acceleration of a less massive object toward a
more massive object.

3. Typeinthe equation just as you would in a math region.

4. When you've finished typing in the
equation, click on any text to return
tothetext region. Mathcad adjuststhe
line spacing in the text region to
accommodate the embedded math
region.

The universal gravitational constant, G, has the

3

value G = 667259107 .—™_ and can be used
kg-32

to determine the acceleration of aless

massive object toward a more massive object.

To paste an existing equation into atext region, follow these steps:

1. Select the equation you want to paste into the text.

w N

start.

Choose Copy from the Edit menu, or click on the Standard tool bar.

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

4. Choose Paste from the Edit menu, or click B2 | on the Standard tool bar.

Mathcad' s text tools are similar to those in word processors.

Find and Replace

Mathcad' s Find and Replace commands on the Edit menu are capable of working in
both text and math regions. By default, however, Mathcad finds and replacestext in

Online Help

text regions only.

Searching for text
To find a sequence of characters:

1. Choose Find from the Edit menu.
Mathcad brings up the Find dialog.

2. Enter the sequence of charactersyou
want to find.

3. Click “Find Next” to find the next

Find | ]

Eird et |
Direction
C Up ' Down

Find what: ||

Cancel |

™ Match whole word anly
™ Match case

¥ Find in Text Flegions
[ Find in Math Fiegions

occurrenceof thecharactersafter the current insertion point. Y ou can search upward
or downward in the worksheet, match whole words only, match the case exactly of
the characters you entered, and specify whether Mathcad should search in text or

math regions or both.

The Help topic “ Characters Y ou 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.
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Replacing characters
To search and replace text:

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

2. Enter the character string you want to
find in the “Find what” box.

3. Enter the string you want to replaceit
with in the “ Replace with” box. You

Eird et |
FEeplace |

Ereplace Al |
Cancel |

Find what: I

Fieplace with: I

™ Match whole word anly
™ Match case

¥ Find in Text Flegions
[ Find in Math Fiegions

can match whole words only, match the case exactly of the charactersyou entered,
or specify whether Mathcad should search in text or math regions or both.

Y ou now have the following options:

e Click “Find Next” to find and select the next instance of your character string.
» Click “Replace” to replace the currently selected instance of the string.
» Click “Replace All” to replace all instances of the string.

Spell-Checking
Mathcad can search the text for misspelled words and suggest replacements. Y ou can
also add commonly used words to your personal dictionary.

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

To begin spell-checking:

» 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. Y ou can then
either continue the spell-check from the beginning of the worksheet or quit.

e Alternatively, select the text you want to spell-check.

Once you' ve defined a range over which to check spelling:

1. Choose Spelling from the Tools

ﬁ:}/

on the Standard

menu, or click
toolbar.

2. When Mathcad finds a misspelled
word, it opens the Check Spelling
dialog box. The misspelled word is
shown aong with a suggested
replacement(s). If Mathcad does not
have a suggestion, it shows only the
misspelled word.

Check Spelling E

Mot Found:

Iradias

Change To:

lgnare I

Lhange |
Add |

Suggest

Cancel |

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

» Click“Change” to changetheword to the suggested replacement or to another word
you select from the list of possible replacements.

» Click “Suggest” to seeadditional but lesslikely replacements. If Mathcad can offer
no additional suggestions, “Suggest” is grayed.

e Click “Change” and type the replacement into the “ Change to” box to change the
word to one not listed

» Click “Ignore” or “Add” to leave theword asis. If you click “Ignore,” Mathcad
leavestheword a one, continues spell-checking, and ignores all future occurrences
of theword. If you click “Add,” the word is added to your personal dictionary.

Note To choose adialect associated with the English dictionary, choose Pr efer ences from the Tools
menu, click on the Language tab, and choose an option below “ Spell Check Dialect.”
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Distributing Your Worksheets

Worksheets and Templates

AsyouuseMathcad you createaworksheet file. Mathcad usesMCD asthefileextension
for worksheets.

When you create a new worksheet in Mathcad, you can start with Mathcad’ s default
choices, or you can use atemplate that contains customized formats. Mathcad comes
with avariety of predefined templates. Y ou can extend this set by saving any of your
Mathcad worksheets as a new template. Mathcad uses MCT as the file extension for
templates.

Y ou can save aworksheet in Hypertext Markup Language (HTML), so that thefile can
be viewed through aWeb browser, or in rich-text format (RTF), so that it can be opened
by most word processors. Y ou can also save aworksheet in a previous version of
Mathcad.

Creating a New Worksheet

77

When you first open Mathcad or click [ | on the Standard toolbar, you see an empty
worksheet based on aworksheet template (NORMAL.MCT). Y ou can enter and format
equations, graphs, text, and graphicsin this space, as well as modify worksheet
attributes such as numerical format, headers and footers, and text and math styles. The
normal template is only one of the built-in templates Mathcad provides.
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To create anew worksheet based on atemplate:

1. Choose New from the File menu. Mathcad _
displaysalist of available worksheet

templates. The exact templates available 0l _
glff;r dee%end| ng on the templates you have Electric Book S |
™ op . E;epcozi[ftication Form Browse... |

2. Choose atemplate other than “Blank Tableof gCeontents

Worksheet.” By default Mathcad displays
worksheet templates saved in the

TEMPLATE folder of the directory you used
toinstall Mathcad. Click “Browse” tofind a
template in another directory or on another drive.

Opening a Worksheet

Note

Open an existing worksheet by choosing Open... [Ctr 1]0 from the File menu. You
will be able to browse for files anywhere on your desktop or network. Y ou can type a
path directly into the File Name box, including URLSs, e.g.

http://www.mathcad.com/librarycontent/convol.mcd

If you openfilesonline, youwill createatemporary filelocally on your machine, but the original
URL will still be displayed in the Title bar. Y ou may get awarning that the file is Read-only,
depending on the permissions of the directory from which you read it.

If you are running Windows 2000 or X P, you can set up aWeb directory as one of your
Network Places (if you have permission to write to that directory), and you'll be able
to browse directories online within Mathcad.

Saving Your Worksheet

To save aworksheet, choose either Save or Save As... from the File menu and enter a
file name with the extension MCD. After the first time you save the worksheet, smply

choose Save from the File menu or click | [g | on the Standard toolbar.

Saving your worksheet in an earlier format

Worksheets created in an earlier version of Mathcad will open in the current version,
but files in the current version of Mathcad will not open in earlier versions. Mathcad
doesallow you to saveaworksheet asapreviousversion. Regionsor featuresthat won't
work in an earlier version appear as bitmap images.

To save aworksheet that can be read by an earlier version of Mathcad:
1. Choose Save Asfrom the File menu.

2. Inthe“Saveastype” drop-down list, select the earlier version and provide afile
name.



Worksheets and Templates / 79

Creating a New Template

When you create a worksheet based on atemplate, all of the formatting information
and any text, math, and graphic regions from the template are copied to the new
worksheet. Templates allow you to maintain consistency across multiple worksheets.

The template specifies:

» Definitions of all math styles (Chapter 4).

» Definitions of all text styles (Chapter 6).

e Marginsfor 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 80).
To create anew template, first create a new worksheet setting the options listed above

the way you want. The worksheet can also contain any equations, text, and graphics
that you want repeated in new files. Then save this worksheet as atemplate. To do so:

1. Choose Save As from the File menu.

2. Browsetothe TEMPLATE folder within the directory whereyou installed Mathcad.
3. Inthe“Save astype” drop-down list, select “Mathcad Templates (*.mct).”

4. Typeanameinthe“File name’ box.”

Y our templatewill be added to thelist of templatesthat appears when you choose New
from the File menu. To make anew worksheet based on atemplate, choose New from
the File menu and select atemplate from the list. If you did not save your template to
the TEMPLATE folder, you will need to browse to find the template.

Modifying a Template

Tip

To modify an existing worksheet template:

1. Choose Open from the File menu or click |2 | on the Standard tool bar.

2. Inthe“Filesof type’ drop-down list, select “All Files.”

3. Typethe name of the templatein the “File name”’ box or browseto locateit in the
dialog box. Worksheet templates are saved by default in the TEMPLATE folder.

4. Click “Open.” The template opens in the Mathcad window.

Y ou may now edit the template as you would modify any Mathcad worksheet. If you
want to give anew nameto the modified template, choose Save Asfrom the Filemenu
and enter anew name for the template.

Tomodify the default template for ablank worksheet, modify thetemplatefileNORMAL.MCT.
Y ou may want to save the original NORMAL.MCT elsewherein case you need to retrieveit.
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Note When you modify atemplate, your changes affect only new files created from the modified
template. The changes do not affect any worksheets created with the template before the
template was modified.

Rearranging Your Worksheet

This section describes how to rearrange math, graphics, and text in your worksheets.
Seethe section “Regions’ on page 13 for the basics on selecting, copying, moving, and
deleting regions.

Note You can get an overall view of how your worksheet |ooks by choosing Zoom from the View

menu or clicking [ 100% "I on the Standard tool bar and choosing a magnification. Or you can
use the Print Preview command.

Aligning Regions
Once you' ve inserted regionsinto your worksheet, you can align them vertically or
horizontally using menu commands, nudging with the arrow keys, or by using the
worksheet ruler.
Using commands
To align regions horizontally or vertically using commands:
1. Select regions as described on page 14.

2. Choose Align Regions=Across (to align horizontally) or Align Regions=Down
(toalign vertically) from the Format menu. Or choose these commands by clicking

DI]D

and|& |on the Standard toolbar.

When you align the regions down, Mathcad moves selected regions so that their left
edgesareaigned verticaly. Aligning regions across moves all selected regions so that
their top edges are aligned horizontally.

Note Aligning regions may inadvertently cause regionsto overlap. Mathcad warns you when thiswill
occur. See “ Separating Regions’ on page 82.

Nudging Regions with Arrow Keys

To “nudge,” or move, aregion or regions with the arrow keys, the regions must be
dotted-line selected. Dotted-line selection can be achieved in two ways:

» Multipleregions:. Click and drag over multipleregionsto select all dragged regions
with a dotted line.

» Singleregions: Press[Ctr 1] or [Shift] and then click on the region to get a
dotted line selection box.

Once selected, theregion(s) can be moved an arbitrary number of grid spacesup, down,
right, or left using the arrow keys. Pressing an arrow once will move the regions one
grid space in that direction. Clicking and holding a key will move repeatedly until the
key isreleased.
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Note

Hovering the mouse over the edge of the selected region(s) resultsin the grabbing hand
icon. Clicking and holding allows the region(s) to be dragged freely.

Using the worksheet ruler

Choosing Ruler from the View menu while the cursor isin ablank spot or in amath
region, opens the worksheet ruler at the top of the window. Y ou can use alignment
guidelineson theruler to align regions at particular measurements along the worksheet.

To set alignment guidelines on the ruler:

1. Click ontheruler 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 choose Show
Guideline from the popup menu. A check appears next to the command. Y ou can
add as many guidelines as you need.

Y ou can a so set Tabs and Guidelines by selecting Tabs from the For mat menu. Type
thelocationfor any tabsor guidesyou’ dliketo place, then check the* Show Guidelines’
checkbox. Y ou must be viewing the Ruler for guidelines to show up.

The alignment guideline appears as a green vertical line. Select and move regionsto
the guideline. Figure 7-1 shows how you can use an alignment guideline to align math
regions.

ﬁEile Edit Wiew Inzet Fomat Math Symbolics ‘Window Help
RN TR 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 atab stop, click onits symbol, hold the mouse button down, and drag the
the stop off the ruler.

To move a guideline, click on the tab stop on the ruler and drag it. To remove an
alignment guideline, click on theruler with the right mouse button where the guideline
islocated and uncheck Show Guideline in the dialog.

To automatically place the next region you create on aguide, pressthe [TAB] key ina
blank region of the worksheet. The red crosshair will move to the next tab/guideline.
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Tip  You can change the measurement system used in the ruler by clicking on the ruler with the right
mouse button, and choosing Inches, Centimeter s, Points, or Picas from the popup menu. To
change the ruler measurement for all documents, make this change to NORMAL.MCT.

Inserting or Deleting Blank Lines
Y ou can easily insert one or more blank lines into your worksheet:

1. Clickinblank space below which you want to insert one or more blank lines. Make
sure the cursor looks like a crosshair.

2. Press[Enter] toinsert ablank line and move the cursor to the left margin.
To delete one or more blank lines from your worksheet:

1. Click above the blank space 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. Press[Delete]. Mathcad deletes blank lines below your cursor. Alternatively,
press [BkSp] to remove blank lines above your cursor.

If you press either [De lete] or [BkSp] and nothing seems to be happening, check to
makesurethat thecursorisonalineall by itself. If any regioninyour worksheet extends
into the line you are trying to delete, Mathcad won't be able to delete that line.

Tip Toquickly insert or delete a specific number of linesfrom your worksheet, right click in ablank
part of the worksheet, choose Insert Lines or Delete Linesfrom the popup menu, and enter the
number of linesin the dialog box.

Separating Regions
Asyoumoveand edit theregionsin aM athcad worksheet, they may end up overlapping
one another. Overlapping regions don’t interfere with each other’ s calculations, but
they may make your worksheet hard to read.

A goodway to determinewhether regions
overlap isto choose Regions from the
View menu. As shown at right, Mathcad
displays blank space in gray and leaves
the regions in your default background
color. Toreturntothedefault background
color, choose Regions from the View
menu again.

Use the Moody method to compute a
good first approximation

To separate al overlapping regions,
choose Separ ate Regions from the

For mat menu. Wherever regionsoverlap
this command moves the regionsin such
away asto avoid overlaps.
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Note Be careful with the Separ ate Regions command since moving regions can change the order of
caculation. Y ou can also drag regionsindividually, add lines by pressing [Enter], or cut and
paste the regions so they don't overlap.

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

To apply ahighlight color to aregion:

1. Click inthe region or select multiple regions.
2. Choose Properties from the Format menu.
3. Click the Display tab.
4

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

Mathcad colors the region with the color you chose. Thisisapurely cosmetic change
with no effect on any math regions.

Note Theappearance of ahighlighted region when printed depends on the capabilities of your printer
and the choice of highlight color. Some black and white printers render a color as black,
obscuring the equation or text. Othersrender just theright gray to highlight the equation without
obscuring it. Still other printers will disregard the background highlight color.

Changing the worksheet background color
To change the color of the background of your worksheet:

1. Choose Color from the Format menu.

2. Pull right and choose Background to see a palette of colors. Click the appropriate
color, then click “OK.”

Layout

Before printing aworksheet, you may need to adjust the margins, paper options, page
breaks, and headersand footers so that pages of theworksheet are printed appropriately.

Setting Margins, Paper Size, Source, and Orientation

Mathcad worksheets have user-specifiable margins at the left, right, top, and bottom of
the worksheet. To set these margins, choose Page Setup from the File menu.

Use the four text boxes in the lower right of the Page Setup dialog to specify the
distances from the margin to the corresponding edge of the actual sheet of paper on
which you are printing.

Y ou can also use Page Setup settings to change the size, source, or orientation of the
paper on which you print your worksheet. See “Printing” on page 91 for more about
printing your Mathcad worksheets.
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Tip Tousethemarginand other page setup settingsin the current worksheet in new worksheets, save
the worksheet as atemplate as described in “Creating a New Template” on page 79.

Page Breaks
Mathcad provides two kinds of page breaks:
» Soft page breaks. Mathcad uses your default printer settings and your top and
bottom marginsto insert these page breaks automatically. These show up as dotted

horizontal lines, which you see asyou scroll down in your worksheet. Y ou cannot
add or remove soft page breaks.

» Hard page breaks. You can insert a hard page break by placing the cursor at a
place in your worksheet and choosing Page Break from the Insert menu. Hard
page breaks display as solid horizontal linesin your worksheets.

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. Choose Delete from the Edit menu or pressthe [Del ete] key.

Tip Because Mathcad isaWY SIWY G environment, any region that overlaps a soft or hard page
break prints by default in pieces on successive pages. To separate aregion from a hard page
break, choose Separ ate Regions from the For mat menu. However, this command does not
separate regions from any overlapping soft page breaks. Choose Repaginate Now from the
Format menu to force Mathcad to insert a soft page break above any region that otherwise
would print in pieces on successive pages.

Headers and Footers

To add aheader or afooter to every printed page, to create a different header or footer
for the first page of aworksheet, or to modify an existing header or footer, choose
Header and Footer from the View menu.:

i
Header | Footer ]
Left Center Bight

™ Use full width for each section

~ Tools -~ Options = 1~ Frame-
B G| @ @] _Foma | Statt at page number [1~ = oo
™ Header

B BB O _mme. ||| Hemmseedienn || -
,TI Cancel
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To add or edit aheader or footer:

1. Click the Header or Footer tab to modify the header or footer for theworksheet. 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. Typethe header or footer information into 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 boxesto extend beyond the width of that third of the worksheet.

3. Click the buttons in the Tools group to insert items such as the file name, page
number, current date, or timeautomatically wherever theinsertionpointis. Toinsert
an image, click “Image” in the Tools group and browse to locate a bitmap (.BMP
format) file.

Tip Mathcad by default begins numbering at page 1. Y ou can set adifferent starting page number in
the Options group in the Header and Footer dialog box.

Safeguarding an Area of the Worksheet

Sometimes you want to protect areas of your worksheet. For example, if you've
devel oped 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 areaof your worksheet by locking it such that you can still edit it even though nobody
else can.

Oncearegionissafely insidealocked area, nobody can editit. Any math regionsinside
alocked area continue, however, to affect other equationsin the document. For
example, if you define afunction inside alocked area, you can still use that function
anywhere below and to the right of its definition. Y ou cannot, however, change the
function’s definition unless you unlock the areafirst.

Inserting an Area
Toinsert alockable areainto your worksheet:

1. Choose Area from the I nsert menu.

Mathcad inserts a pair of linesinto the
worksheet. These mark the boundariesof [

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. Now you can drag the boundary lineto increase or decrease the area or select both
to move the entire area.

Y ou should position the boundaries so that there’ s enough space between them for
whatever regionsyou want to lock. Y ou can have any number of lockable areasin your
worksheet. Theonly restrictionisthat you cannot have onelockable areainside another.
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Tip

To name an areain your workshest, click on an area boundary, choose Properties from the
Format menu, and enter aname on the Areatab. The Areatab al so letsyou modify other display
attributes of an area, such as whether a border or icon appears.

Locking and Collapsing an Area

Note

Y ou can lock the areato preserve what’ sinside of it. Y ou can chooseto use apassword
to prevent unauthorized editing of the regionsin alocked area. Y ou can also collapse
the area, either with or without locking it, so that the regions are hidden from view.

Tolock an area:
1. Clickinthearea. s
2. Choose Area=L ock from the Format Password (optional] =

]
menu f
' _ Corcel_|

Cancel

Beenter password:

3. Inthe Lock Areadialog box, enter a
password if youwantto lock theareawith
apassword. Type any combination of
letters, numbers, and other characters.

Y ou must re-enter the password to
confirm it.

4. Check “Collapsewhenlocked” to hidethelocked regionsfrom view. Check “ Show
lock timestamp” to display the date and time the area was last locked above and
below the boundary lines.

5. Tohidethe collapsed area, right click on it and choose Properties, then the Area
tab. Y ou can uncheck all theboxestototally hidethe area. If you drag over ahidden
area, you will see two dashed lines above and below it.

™ Collapse when locked
V' Show lock timestamp

The areais now locked and by default shows padlocks on the boundaries and a
timestamp.

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 areawithout locking it first:

1. Clickinthearea

2. Choose Area=Collapse from the Format menu.

A collapsed area appears by default asasingle line in your worksheet.

Unlocking and Expanding an Area

If you want to make changesto aregion inside alocked area, you have to unlock it. If
the areais collapsed, you must also expand it.

To unlock alocked area:

1. Click inthe areayou want to unlock.

2. Choose Area=Unlock from the For mat menu.

3. If apassword isrequired, you are prompted for the password.



Safeguarding an Entire Worksheet / 87

Tip

To expand a collapsed area:
1. Click onthe boundary line.
2. Choose Area=Expand from the Format menu.

Once an areais unlocked and expanded, you can make whatever changes you want to
just as freely as you would elsewhere in your worksheet.

When you lock an area without a password, anyone can unlock it by simply choosing
Area=Unlock from the Format menu.

Deleting an Area

Y ou can delete an area just as you would any other region. To do so:
1. Make sure the areais unlocked. Y ou cannot delete alocked area

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

3. Choose Cut from the Edit menu or click | % |on the Standard toolbar.

Safeguarding an Entire Worksheet

Worksheet Protection

Note

When distributing a worksheet, you may wish to restrict user access to most regions.
Rather than locking an area, you may opt instead to protect your worksheet.

Mathcad provides three levels of worksheet protection:

* File. The worksheet can only be saved as either a Mathcad file or an HTML file.
No restrictions are placed on any regions.

» Content. The worksheet can only be saved as either aMathcad file or an HTML
file. Existing regions cannot be changed. New regions can be created and protected
regions can be copied.

» Editing. The worksheet can only be saved as either a Mathcad file or an HTML
file. Existing regions cannot be changed. Protected regions cannot be edited or
copied. No new regions can be created in the worksheet.

To protect your worksheet, choose Protect Worksheet from the Tools menu; to turn
off Worksheet Protection, choose Unprotect Worksheet from the Tools menu. To
disable protection for aspecific region when therest of theworksheet isprotected, right
click on the region, choose Properties from the dialog, and deselect “ Protect region
from editing” on the Protect tab before protecting the worksheet.

When enabled and set at the content or editing level, worksheet protection prohibits
access to any region not explicitly left unprotected; by default, aregion isflagged for
protection.

Regions added while worksheet protection is enabled (content level) cannot be flagged for
protection until the worksheet is unprotected.
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Tip

Disabling protection for an area, when the rest of the worksheet is protected, can be set either
before or after the areaiis collapsed. Right click either of the area boundaries when expanded or
right click the collapsed area; then choose Properties from the dialog, and uncheck region
protection on the Protect tab. Y our setting will be preserved when the areais either collapsed or
expanded. Once you' ve enabled Worksheet Protection, areas cannot be expanded or collapsed.

Worksheet References

Tip

There may betimeswhen you want to useformul as and cal cul ationsfrom one Mathcad
worksheet inside another. Y ou may have calculations and definitions that you re-use
frequently. Y ou can, of course, simply use Copy and Pastefromthe Edit menuto 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 cumber-
some.

Mathcad allows you to reference one worksheet from another—that is, to access the
computations in aworksheet without opening it. When you insert areferenceto 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 isto create a
collapsible area to hide calculations in your worksheet. This method, while it does not let you
re-use calculations in the same way as a worksheet reference, does give you the option of
password protecting or locking an area of calculations.

To insert areference to a worksheet:

1. Click the mouse wherever you want to insert the reference. Make sureyou click in
empty space and not in an existing region. The cursor should look like a crosshair.

2. ChOOSe Refer ence Insert Reference | ]
from the Insert
Inzert reference to a file:
menu.
I Browse... I
3' CI ! Ck BrOW% to Enter or locate the path to the document you want ta reference. This can be a document on
|Ocate and Sel eCt a your hard drive, or a document on your company's network.
WorkSh%t. YOU can ™ Use relative path for reference
alsoenter anInternet — i ro—

address (URL) to
insert areference to
aMathcad file that is located on the Web.

To indicate that a reference has been
inserted, Mathcad pastes a small icon
wherever you had the crosshair. The path to the referenced worksheet isto the right of
theicon. All definitionsin the referenced worksheet are avail able below or to theright
of theicon. If you double-click theicon, Mathcad opens the referenced worksheet in
its own window for editing. Y ou can move or delete the icon just as you would any
other Mathcad region.

[*] Reference:http://www. mathsoft.com/mcad60/ug/




Hyperlinks / 89

Note By default, the location of the referenced file is stored in the worksheet as an absolute system

path or URL. Thismeansthat if you move the main worksheet or the referenced worksheet to a
different location, Mathcad cannot locate the referenced file. If you want the location of the
referenced file to be stored relative to the Mathcad worksheet containing the reference, click
“Userelative path for reference” in the Insert Reference dialog box. The reference isthen valid
even if you move the referenced file and the main worksheet to a different drive but keep the
relative directory structure intact. To use arelative path, you must first save the file containing
the reference.

To update aworksheet containing a reference, make the change on the referenced
worksheet, save the sheet, return to the referencing worksheet, click on the reference
and pressthe [F9] key (“Calculate”). The calculation will then incorporate the change.

Hyperlinks

Mathcad allows you to create hyperlinks in your Mathcad worksheets that, when
double-clicked, open Mathcad worksheets, jump to other regions of a Mathcad
worksheet, or link to other files.

Creating Hyperlinks Between Worksheets

Tip

Y ou can create a hyperlink from any Mathcad region, such as atext region or image,
to any other Mathcad region, either within the same worksheet or in another worksheet.
Hyperlinksallow youto connect groupsof worksheetsor simply cross-referencerel ated
areas of aworksheet or worksheets.

Creating hyperlinks from worksheet to worksheet
When you create a hyperlink from one worksheet to another you have two options:

» Thetarget worksheet can open in afull-sized Mathcad worksheet window that
alows you to edit its contents.

» Thetarget worksheet can open in asmall popup window that displays the contents
of the worksheet, but does not allow you to edit its contents.

Mathcad can follow ahyperlink to any worksheet, whether it is stored on alocal drive,
anetwork file system, or the internet.

To create a hyperlink from one worksheet to another, first specify the hyperlink by:
1. Selecting apiece of text, or

2. Clicking anywherein image, or

3. Placing the insertion point anywhere within an entire text region.

When you select text, Mathcad underlines the text to show a hyperlink. The arrow cursor
changes to a hand cursor when you hover over any hyperlink.
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Note

Note

The next step is to specify the target worksheet:

1. Choose Hyperlink from the I nsert menu. Mathcad opens the Insert Hyperlink
dialog box.

2. Click “Browse” to Insert Hyperlink [x]
locate and select the Link to fle or IR
target worksheet. | Browss.._ |
YOU can enter an Enter or locate the path to the document pou want to link to. Thiz can be an Internet address
I nternet ajdre$ [URL]. a document on vour hard drive, or a document on your company's network.
(U RL) to create a ™ Use relative path for hyperlink " Display as pop-up document

hyperl | nk to afl | eon Meszage that appears on the status line when mousze iz over link:
the Internet.

3. Check “Userelative
pathfor 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 popup document” if you want the target worksheet to openin a
small popup window.

5. Enter amessage to appear on the statusline at the bottom of the window when the
mouse hovers over the hyperlink.

To revise a hyperlink—for example, if you move the target worksheet and still want
the hyperlink to work—click the hyperlinked item and choose Hyperlink from the
Insert menu. Make any changes you wish in the Edit Hyperlink dialog box.

To remove a hyperlink, click the hyperlink and choose Hyperlink from the Insert
menu. Click “Remove Link” in the dialog box. Mathcad removes the link.

Creating hyperlinks from region to region

Before you can link to aspecific region in aworksheet, you must mark it with atag. A
tag can be any collection of words, numbers, or spaces, but not symbols.

To create aregion tag:
1. Right click on the region and select Properties.

2. Inthe Properties dialog box, under the Display tab, type atag in the text box
provided.

Y ou can not include a period in the tag name such as Sectionl.3, you must write Sectionl1-3.
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Note

To create ahyperlink to aregion that has been tagged:

1. Click aregion or select wordsin your worksheet and choose Hyperlink from the
Insert menu.

2. Click“Browse” tolocateand select thetarget worksheet or enter an Internet address
(URL). Y ou must enter the name of the target worksheet even if you are creating a
hyperlink to aregion within the same worksheet.

At the end of the worksheet path type “#” followed by the region tag. The complete
path for your target region will look something like this: C:\filename#region tag.

When you link from region to region within or between M athcad worksheets, you cannot usethe
popup window option.

Creating Hyperlinks to Other Files

Note

Y ou can create a hyperlink not only from one Mathcad worksheet to another, but also
fromaMathcad worksheet to any other filetype, either onalocal or network file system
or onthelnternet. Usethisfeatureto create E-books, asdescribed in“ Distributing Y our
Worksheets,” or compound documents that contain not only Mathcad worksheets but
word processing files, animation files, web pages—any file type that you want.

When you double-click a hyperlink to afile other than a Mathcad worksheet, you launch either
the application that created the file or an application associated with afile of that typein the
Windows Registry. Y ou cannot display such hyperlinked files within a popup window.

Distributing Your Worksheets

Printing

Mathcad worksheets can be distributed in a variety of mediaincluding the Internet,
throughemail, inMicrosoft Word, in print format, and, of course, asindividual Mathcad
documents or asaMathcad E-book. Y ou can print Mathcad worksheetsto PDF filesif
you have the appropriate applications on your computer.

To print aMathcad worksheet, choose Print from the File menu. The Print dialog box
lets you control whether to print the entire worksheet, selected pages, or selected
regions. The particular dialog box you see depends on the printer you' ve selected.

Printing Wide Worksheets

Mathcad worksheets can be wider than a sheet of paper, since you can scroll asfar to
theright as you like in a Mathcad worksheet and place equations, text, and graphics
wherever you like. Asyou scroll horizontally, however, you see dashed vertical lines
appearing to indicate the right margins of successive “pages’ corresponding to the
settingsfor your printer. The sections of the worksheet separated by the dashed vertical
linesprint on separate sheetsof paper, yet the page number at the bottom of theMathcad
window does not change as you scroll to the right.
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Tip

Tip
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Y ou can think of the worksheet as being divided into vertical strips. Mathcad begins
printing at thetop of each strip and continues until it reachesthelast regioninthisstrip.
It prints successive strips | eft to right. Note that certain layouts will produce one or
more blank pages.

Y ou can control whether awide worksheet is printed inits entirety or in asingle page width. To
do so, choose Page Setup from the File menu to open the Page Setup dialog box. Then, to
suppress printing of anything to the right of the right margin, check “Print single page width.”

Mathcad allows you to change the display of some operators including the: =, the bold equals,
the derivative operator, and the multiplication operator. Before you print, you can choose
Worksheet Optionsfrom the T ools menu and click on the Display tab to change the appearance
of these operators. This can make your printout clearer to someone unfamiliar with Mathcad
notation.

Print Preview

To check your worksheet’ slayout before printing, choose Print Preview fromtheFile

menu or click Ef‘p, on the Standard toolbar. The Mathcad window shows the current

section of your worksheet in miniature, asit will appear when printed, with a strip of
buttons across the top of the window:

MNext Page | Prev Page | TwoFage Zoom |n Zoom Out LCloze

Tip

Note

Click “Close” to go back to the main worksheet screen. The remaining buttons give
you more control over the preview.

You can use the “Zoom In” and “Zoom Out” buttons to magnify the worksheet or you can
magnify the worksheet by moving the cursor onto the previewed page so that the cursor changes
to amagnifying glass. T hen click the mouse. Click again to magnify your worksheet even more.
Once you're at the maximum magnification, clicking on the page de-magnifiesit.

Y ou 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.”
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Creating PDF Files

If you wish to distribute your documents electronically in aformat which mimics the
original exactly, but without requiring Mathcad to open it, you can save documentsin
Adobe’ sPortable Document Format (PDF). Y ou can purchase Acrobat Profrom Adobe
or useoneof thevarious PDFtoolsonthe market. OnceaPDF printer driverisinstalled,
you can choose Print and select the PDF driver from your list of printers. Then choose
Print to Filein the print dialog box to create a PDF file that can be distributed as s, or
further manipulated in Acrobat Ditiller.

Creating E-books

Asdescribed in Chapter 3, “Online Resources,” an E-book is ahyperlinked collection
of Mathcad worksheets. When you open an E-book in Mathcad, it opensinits own
window. An E-book has a table of contents, an index, and search features accessible
through buttons on the toolbar in the book window. The worksheetsin an E-book are
live, so areader can experiment directly within the book.

If you have several Mathcad worksheets that you want to collect together, you can
create your own E-book. There are several stepsto creating an E-book:

Creating individual Mathcad files

Preparing a Table of Contents

Adding hyperlinks between appropriate files

Creating an HBK file to specify the order of the files in the book
Developing an index (optional)

Checking the index, HBK file, and worksheets for errors.

© gk~ 0D

For more details about each step of this process, see the online Author’s Reference
under the Help menu in Mathcad. There you will find tips and techniques for creating
E-books, aswell asother details associated with turning acollection of worksheetsinto
anavigable book.

After you have created an E-book, others can open it in Mathcad and navigate through
it using the toolbar buttons of the E-book window. For more information on E-books
and the navigation tools, refer to Chapter 3, “Online Resources.”

Creating Web Pages and Sites

Mathcad worksheets can be output as HTML filesfor viewing in aWeb browser. Any
HTML file created by Mathcad 11 can be read back into Mathcad 11, then can be
calculated like a native Mathcad worksheet. The only exception to thisis protected
documents, which will only be saved as flat HTML filesthat will not calculate.

Thereare avariety of optionsfor specifying how worksheet regions are represented in
HTML files. All Mathcad text regions are output as standard HTML, but you must
choosetheformat in which youwould like equations, graphs, and other types of regions
to be stored on aweb page.

Choose Save asWeb Page... from the File menu to save afilein HTML format. Once
you have chosen afile name and location to store your file, click Save, and you will be
presented with a set of options for saving your file:
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Note

Preferences for Web page output

Y Ou Ccan save equa“ onsas Save as Web Page Options LI
images or in Mathematical - Display option:

M arkup Language (M thM L) If Save equations as: (% |mages  MathiL

you select images, then all Display using: [|rline Ml =
equation regionswill beinserted Saveimagesas ) PNG " JFEG Quaity [5 =
inthe HTML document using Save lapout a5 & Fixed " Relative

<|IM G> tws If yOU %I ect Use web page template:

MathML, equation regions will [Eowe |
be encoded as presentation ~Fage Optian

MathML, and you'll be ableto Tite

selectfromavariety of supported | [Maihin HTHL Document

renderers from the dropdown File:  C:\Program Files'h athS oft\Mathcad 11%Handbook\ODE block oo htre

menu.
gl v View saved page in browser QK I Cancel |
Y ou can save equations as images or presentation MathML. This choice does not affect

Mathcad’ s ability to read the document for live calculation, only how the Web browser will
display equations. Presentation MathML display typically requires a plug-in. For pages that
reguire only a Web browser for display, save your egquations as images. Mathcad region
information is simultaneously stored as content MathML for subsequent rendering and
calculation back into Mathcad.

Choose aformat for image export, either JPEG or PNG. PNG isalossess format so
may result in clearer images for graphs and drawings, while JPEG images may be
smaller or compatible with older browser versions. All graphs, embedded images, and
tableswill be displayed asimagesin the output HTML document, aswell asequations,
if you have chosen this method of export.

Fixed or relative positioning and templates

Choose whether adocument will use relative or fixed layout when exported to HTML.
When the Save L ayout Asradio button is set to Relative, regionswill be stored in an
HTML table that attempts to retain the relative horizontal and vertical placement of
your regions. This arrangement makes it possible to edit the Web page outside of
Mathcad to include additional HTML — navigation links, images, etc. This attribute
must selected to use HTML templates.

When the Relative button is selected, you can browse for an HTML templatefile.
Templates are used to wrap HTML content exported from aMathcad file. Y ou can use
them to add headers, footers, navigation links, and images, creating a uniform layout
for many files. Thisfacilitateslarge Web site production. Template filesmust be saved
with MLT extensions and use the same structure asthe HTML template. MLT sample
inyour Templatesfolder within the Mathcad directory. Notethat these MLT templates
are output templates, not input templates like those used to format Mathcad document
stylesfor display in Mathcad.
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If you check the Fixed radio button, each Mathcad region image or block of text will
be precisely positioned on aweb page, mimicking the original Mathcad document as
closely as possible, but making it difficult to add new items to the page outside of
Mathcad. For further instructions and tips on publishing Web sites with Mathcad, see
the online Author’s Refer ence under the Help menu in Mathcad.

Tip Relative positioning creates amuch more flexible MathML document, but it does require some
thought about region layout to be effective. Keeping your Mathcad regions aligned horizontally
and vertically will result in a much better-displaying file. See “ Aligning Regions’ on page 80
for ways to make this easier.

Finally, you can choose anew title for your page, and choose, if you wish, to open the
page immediately in your default Web browser.

Y ou can also save Mathcad documentsin HTML by choosing Save As... from the File
menu, and selecting “HTML/MathML File” from the “ Save as type” drop-down list.
Thiswill not display the special properties dialog shown above. Options for HTML
can be set by choosing Prefer ences from the T ools menu, and modifying choices on
the “HTML Options’ tab.

Round-Trip HTML/MathML

Using Microsoft’ s Internet Explorer, you can activate Mathcad to edit worksheets that
have been savedinHTML/MathML format. To edit HTML filesgenerated by Mathcad
through the Internet Explorer browser:

1. Load aMathcad worksheet that has been saved in HTML/MathML format into
Internet Explorer.

2. Select Edit with Mathcad Application under the File menu.
Edityour fileasusual andthen saveit. Thefilewill besavedinHTML/MathML format.

Note When you save a Mathcad worksheet in HTML/MathML format, an HTM fileis created and a
subdirectory with the name “(filename)_images” is also created to contain all the associated
image files. When copying files to your server, don’t forget to include the associated image
directory.

Saving Your Worksheet to Microsoft Word
To save aworksheet so you can distribute it in Microsoft Word:

1. Scroll to the bottom of your worksheet to update all calculated results.
2. Choose Save As from the File menu.

3. Inthe Save Asdiaog box, choose “Rich Text Format File” (.rtf) from the* Save as
type”’ drop-down list.

4, Enter afile name and then click “Save.”

Regions that are past the right margin will not be visible in Word. When you open an
RTF file with Microsoft Word, you will be able to edit the text. However, you'll no
longer beableto edit math regionsand graphs, which have becomepictures. Theregions
will not appear intheir correct position acrossthe page unlessyou choose Print L ayout
from Word’s View menu.
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Tip Any regionsthat are to theright of the right margin in Mathcad will not be visible in Microsoft

Word. For optimal conversion to Word, you should set your marginsin Mathcad to the same
defaults as Word (1.25” on |eft and right, and 1” top and bottom) or start with the Mathcad
template, “Microsoft Word.mct,” from File=New.

Drag and dropping aregion(s) from Mathcad to Microsoft Word inserts aMathcad
object into Word. See “Inserting Objects’ on page 155.

You canalsojust simply select text in aMathcad text region, copy thetext by choosing

Copy from the Edit menu or clicking on the Standard toolbar, and choose Paste
from the Edit menu in Microsoft Word to move your text to Word.

Storing Worksheets in a SharePoint Repository

Tip

SharePoint is a document storage and management system from Microsoft, which
grants you control over the dissemination and modification of files stored within a
repository. Mathcad Enterprise customers who have access to a SharePoint server can
access worksheets directly from a SharePoint repository.

Y ou can open worksheets from the repository just as you would any other location, by
navigating to the filein the Open dialog and clicking “OK,” or typing its URL,, if you
know it. When you open aworksheet from a SharePoint Repository, you will havethe
option to either open the file on a Read Only or Check Out basis.

* Read Only. You will notice an extraitem in the File menu, called Check Out.
Until you check out your worksheet, it will behave just like any worksheet opened
from your hard drive, and you will not be able to save it to the repository.

* Check Out. If you have checked your worksheet out, Mathcad adds an additional
entry to the File menu, Check In, which alows you to update the version in your
repository.

When you Check In aworksheet, you will have the option to publish your worksheet.

Publishing your worksheet makes it visible to users with Reader access. Only users
with Author or higher access can see unpublished worksheets.

Closing a checked out worksheet will prompt you to:
» Check thefile back into the repository, thereby saving your edits, or

» Discard your changes and undo the check out, thus allowing another user to check
out the worksheet, or

e Closethe worksheet and keep it checked out. In thislast case, the file will reopen
with al your editsintact, but SharePoint still considersit to be one checkout so that
discarding changes the next time you edit the worksheet will discard any changes
made in any session since you checked the file out.

File functions such asREADBIN can read from datafiles stored in a SharePoint Repository, as
long as you use either the full URL to thefile or arelative path in the function call. Functions
that write data files, such as WRITEBIN, will only work if you have checked out the datafile.
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Mailing

Tip

If you' re connected to amail system that’s compatible with Microsoft's Mail API
(MAPI), you can use Mathcad to direct that system to send an el ectronic mail message
and your current Mathcad worksheet.

The settingsin your mail system determine how Mathcad worksheets are attached to or encoded
in the mail message. We recommend that you use a compression method such as ZIP to attach
Mathcad worksheets to mail messages.

To send aMathcad worksheet by electronic mail, :
1. Open the worksheet you want to send.
2. Choose Send from the File menu.

Y our mail system will launch and creates a new message with your worksheet as an
attachment.
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Controlling Calculation

Animation

Error Messages

Defining and Evaluating Variables

When you type an expression into aworksheet, you are usually doing one of two things:

Typing avariable or function name and assigning some valueto it.
Typing an equation and asking Mathcad to solve it.

These topics are discussed in the next two sections.

Defining a Variable

A variable definition defines the value of avariable everywhere below and to the right
of the definition. To define avariable:

99

1

Type the variable name. Chapter 4, “Working with Math”
contains a description of valid variable names. e

Pressthe colon (:) key, or click | i= | onthe Calculator toolbar. | [KE = 4f

The definition symbol (:=) appearswith ablank placeholder to
theright.

Type an expression to complete the definition. Thisexpression ]
can include numbers and any previously defined variablesand || KE = 7 0.98
functions.

The left-hand side of a“:=" can contain any of the following:

A simple variable name like x.
A subscripted variable name like v; .

A matrix whose el ements are either of theabove. For example, {X} . Thistechnique
Y1

allowsyou 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.
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« A function name with an argument list of simple variable names. For example,
f(x, y, 2 . Thisisdescribed further in the next section.

» A superscripted variable name like M 2

Built-in Variables

Note

Note

Built-in variables can have a conventional value, like and e, or be used as system
variablesto control how Mathcad works. See“ Appendix F: Predefined Variables” on
page 442 for alist of built-in variables in Mathcad.

Mathcad treats the names of all built-in units as predefined variables. See “Units and
Dimensions’ on page 1009.

Although Mathcad’ s predefined variabl es already have valueswhen you start Mathcad,
you can still redefine them. For example, if you want to use avariable called e with a
value other than the one Mathcad provides, enter a new definition, like e:=2. The
variable e takes on the new value everywhere in the worksheet below and to the right
of the new definition. Or create a global definition for the variable as described in
“Global Definitions’ on page 102.

Mathcad’ s predefined variables are defined for all fonts, sizes, and styles. Thismeansthat if you
redefine eas described above, you can still use e, for example, asthebase for natural logarithms.
Note, however, that Greek letters are not included.

Y ou can modify many of Mathcad's x|
built-in variables without having to

explicitly define them in your
worksheet. To do so, choose

Wor ksheet Options from the Tools
menu, and click the Built-In Variables

Built-InVariables | 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 [0.001)

Seed value for random numbers |1 11

tab. o

FRHM File Setting
Y ou can enter new values for any of Precision (PRNPRECISION] [+ = @
these variables. Then choose Column width (PRNCOLWIDTH) = ®

Calculate=>Worksheet from the
Tools menu to ensure that all existing Bestore Defauls |

equations use the new values.
QK I Cancel | Help |

The numbersin bracketsto the right of
thevariablenamesrepresent thedefault
valuesfor thosevariables. Torestorethesedefault valuesfor thebuilt-invariableslisted
in the dialog box, click “Restore Defaults.”

Evaluating Expressions Numerically

To evaluate an expression humerically:

1. Typean expression containing any valid combination of
numbers, variables, and functions. Any variables or —-m-vE
functions should be defined earlier in the worksheet. 2
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Tip

2. Pressthe®“="key, or clickEontheCaIcuIatortooIbar. Y8 s67108 o
Mathcad computesthevalue of the expressionand shows || 2 ’

it after the equal sign.

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 “Waorking with
Results’” on page 112. As soon as you click outside the region, Mathcad hides the placehol der.

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

Motion at Constant Speed
t=1156
s = 100
5
Y 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.

How Mathcad Scans a Worksheet

Note

Mathcad scans a worksheet the same way you read it: |eft 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 seethe placement of regions more clearly in your worksheet, choose Regionsfrom
the View menu. Mathcad displays blank space in gray and leaves regionsin your
background color.

Figure 8-2 shows examples of how placement of equations in aworksheet affects the
evaluation of results. In the first evaluation, both x and y are highlighted (Mathcad
shows them in red on screen) to indicate that they are undefined. This is because the
definitionsfor x and y lie below where they are used. Because M athcad scans from top
to bottom, when it getsto the first equation, it doesn’t know the values of x and y.

The second evaluation, on the other hand, is below the definitions of x and y. By the
time Mathcad gets to this equation, it has already assigned valuesto both x and y.

Y ou can define a variable more than once in the same worksheet. Mathcad simply uses the first
definition for all expressions until the variable is redefined, then uses the new definition.
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fou must define
variabhles ahove the This 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 bottomin a worksheet.
Undefined variables are highlighted.

Global Definitions

Note

Global definitionswork exactly like local definitions except that they are evaluated
beforeany local definitions. If you defineavariableor functionwith aglobal definition,
that variableor functionisavailabletoall local definitionsinyour worksheet, regardless
of whether the local definition appears above or below the global definition.

To type aglobal definition, follow these steps:

1. Typeavariable name or function.

2. Pressthetilde(~) key, or ClickBon theEvaluationtoolbar. The | |R =
global definition symbol appears.

3. Typean expression. The expression can involve numbersor other

globally defined variables and functions. R = 0820662

Y ou can use global definitions for functions, subscripted variables, and anything else
that normally uses the definition symbol “:=".

Thisisthe algorithm that Mathcad uses to evaluate al definitions:

1. First, Mathcad takes one pass through the entire worksheet from top to bottom.
During thisfirst pass, Mathcad evaluates global definitions only.

2. Mathcad then makes a second pass through the worksheet from top to bottom. This
time, Mathcad evaluates al definitions made with “:=" aswell as all equations

containing “=" and “=". Note that during this pass, global definitions do not use
any local definitions.

A global definition of avariable can be overridden by alocal definition of the same variable
name with the definition symbol “:=".

Figure 8-3 shows the results of aglobal definition for the variable R which appears at
the bottom of the figure.

Although global definitions are evaluated before any local definitions, Mathcad
evaluates global definitions the same way it evaluates |ocal definitions: top to bottom

and left to right. This means that whenever you use avariable to theright of a“=":
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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 - 0.159
v

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

R = .0820562

Figure 8-3: Using the global definition symbal.

» that variable must also have been defined with a“=,” and
» thevariable must have been defined above the place where you are trying to useit.
Otherwise, the variable is marked in red to indicate that it is undefined.

Tip Itisgood practice to alow only one definition for each global variable. Although you can do
thingslike defineavariable with two different global definitionsor with oneglobal and onelocal
definition, this may make your worksheet difficult to revise or understand in the future.

Range Variables
Iterative processesin Mathcad worksheetsdepend on rangevariables. A rangevariable
looksjust like a conventional variable. The differenceisthat a conventional variable
takes on only one value while arange variable takes on arange of values.

Range variables are crucial to exploiting Mathcad’ s capabilities to their fullest. This
section shows how to define and use range variables to perform iteration. For a
description of more advanced iterative operations made possible by the programming
operators in Mathcad, turn to Chapter 15, “ Extending and Automating Mathcad.”

Defining and using range variables
To define arange variable, type the variable name followed by a colon and a range of

values. For example, here’ s how to define the variable j ranging from 0 to 15 in steps
of 1:

1. Type j and then pressthe colon key (:), or click | "= |on the =1

Calculator toolbar. The empty placeholder indicates that Mathcad
expects adefinition for j. At this point, Mathcad does not know whether j isto be
aconventional variable or arange variable.
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Note

=

2. TypeO. Thenpressthesemicolonkey (), or click|{m-n jontheMatrix ||j = 0 . 15|

toolbar. Thistells Mathcad that you are defining a range variable. —

Mathcad displays the semicolon as two periods “..” to indicate arange. Complete
the range variable definition by typing 15 in the remaining placeholder.

Thisdefinition indicatesthat j now takesonthevalues 0, 1, 2...15. To definearange
variable that changesin steps other than 1, see the section “Types of ranges’ on page
105.

Once you define arange variable, it takes on its complete range of values every time
you use it. If you use arange variable in an equation, for example, Mathcad evaluates
that equation once for each value of the range variable.

Y ou must define arange variable exactly as shown above.

Y ou cannot define avariable in terms of arange variable. For example, if after having defined |

as shown you now define i :=j + 1, Mathcad assumes you are trying to set ascalar variable
equal to arange variable and marks the equation with an appropriate error message.

One application of range variablesisto fill up the elements of avector or matrix. You
can define vector elements by using arange variable as a subscript. For example, to

defi nex for each value of j:

« Typex[j:j~2[Space]+1. X =07+ 1

Figure 8-4 shows the vector of values computed by this equation. Sincej isarange
variable, the entire equation is evaluated once for each value of j. This defines X, for

each value of j from 0 to 15.

j=0.15b
X; —j2+1
W
1
2
= | Xg = 1
5 0
10 Xy =2
17
1 ¥q = 10
26 3
537 X? = 50
50
65 | Xy = 122
82 Xqg = 226
101
122
145
170

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

Note

To understand how Mathcad computes with range variables, keep in mind this
fundamental principle:

If you use a range variable in an expression, Mathcad eval uates the expression once
for each value of the range variable.

If you use two or more range variablesin an equation, Mathcad 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 changesits
appearance. See “Interrupting Calculations’ on page 120.

Types of ranges

The definition of j in the previous section, ranging from 0 to 15, is an example of the
simplest type of range definition. But Mathcad permits range variables with values
ranging from any valueto any other value, using any constant increment or decrement.

To define arange variable with a step size other than 1, type an equation of this form:
k:1,1.1;2
This appears in your worksheet window as:

ki=1,11.2
In this range definition:
e Thevariable k isthe name of the range variable itself.
» Thenumber 1isthefirst value taken by the range variable k.

* Thenumber 1.1 isthe second value in the range. Note that thisis not the step size.
The step sizein this exampleis 0.1, the difference between 1.1 and 1. If you omit
the commaand the 1.1, Mathcad assumes a step size of one in whatever direction
(up or down) is appropriate.

e Thenumber 2 isthelast value in the range. In this example, the range values are

constantly increasing. If instead you had defined k := 10 .. 1, then k would count
downfrom 10to 1. If thethird number in the range definition isnot an even number
of incrementsfrom the starting value, the range will not go beyond it. For example,

if you define k := 10, 20 .. 65 then k takes values 10, 20, 30, . . ., 60.

You can use arbitrary scalar expressionsin range definitions. However, these values must
alwaysbereal numbers. Also notethat if you use afractional increment for arange variable, you
will not be able to use that range variable as a subscript because subscripts must be integers.
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Defining and Evaluating Functions

Note

Note

Although Mathcad has an extensive set of built-in functions (see Chapter 16,
“Functions’) you may want to define your own functions.

Define afunction in much the same way as you define a variable. The name goes on
the left, followed by a definition symbol, then an expression on the right. The main
difference isthat the name includes an argument list. The example below shows how
to define afunction called dist(x, y) that returns the distance between the point (x, y)
and the origin.

To make afunction definition:

1. Type thefunction name. dist
2. Typealeft parenthesisfollowed by one or more names separated by ; (x.y)
commas. Complete this argument list by typing aright parenthesis. X

It makes no difference whether or not the namesin the argument list have been defined or used
elsewhere in the worksheet. What isimportant is that these arguments must be names. They
cannot be more complicated expressions.

» Pressthecolon (:)key,orclick| *= |ontheCalculator | |dist{x.y) = i

toolbar to enter the definition symbol (:=).

» Type an expression to define the function. The
expression can contain a name or any previously dist(x, y) = fxZ +y?
defined functions and variabledl.

Once you have defined a function, you can use it anywhere below and to the right of
the definition, just as you would use avariable.

When you evaluate an expression containing a function, as shown in Figure 8-5,
Mathcad:

3. evaluates the arguments you place between the parentheses,

4. replacesthe dummy argumentsin the function definition with the actual arguments
you place between the parentheses,

5. performs whatever arithmetic is specified by the function definition,
6. returnsthe result asthe value of the function.

AsshowninFigure 8-5, if you type only the name of afunction 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 function as dist(v) := 502+ v2. Thisis

an exampleof afunction that acceptsavector asan argument and returnsascalar resullt.
See Chapter 5, “Vectors, Matrices, and Data Arrays’ for more information.
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Computing distances between points
X1 =0 y] =15b
X2 =3 y2 = 4

x3 = -1 ¥3 = 1 dist(x, y) = Jx2+y2

Compute distance from origin:
dist(x1,y1) =15
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 User-defined function names are font and case sensitive. The function f(x) is different from the
function f(x) and SIN(X) is different from sin(x). Mathcad' s built-in functions, however, are
defined for all fonts (except the Symbol font), sizes, and styles. This means that sin(x), sin(x),
and sin(x) al refer to the same function.

Variables in User-Defined Functions
When you define afunction, you don’t have to define any of the namesin the argument
list since you are telling Mathcad what to do with the arguments, not what they are.
When you define a function, Mathcad doesn’t even have to know the types of the
arguments—whether the arguments are scalars, vectors, matrices, and so on. Itisonly
when Mathcad evaluates a function that it needs to know the argument types.

However, if in defining afunction you use a variable name that is not in the argument
list, you must define that variable name above the function definition. The value of that
variable at the time you make the function definition then becomes a permanent part

of the function. Thisisillustrated in Figure 8-6.

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.
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If you want a function to depend on the value of a variable, you must include that
variableasan argument. If not, Mathcad just usesthat variabl e’ sfixed valueat the point
in the worksheet where the function is defined.

Recursive Function Definitions
Mathcad supports recursive function definitions—you may define the value of a
functionintermsof apreviousvalue of the function. Asshownin 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:
* Aninitia condition that prevents the recursion from going forever.
» A definition of the function in terms of some previous value(s) of the function.

A simple recursive function definition.
factorial(n} = f{n=0 1 n-factorial{n - 1}

factorial( 5) = 120

Using recursion to define a periodic sawtooth wave.

Fix) = 2x period = 2

Gi(x) = if(x< period, F{x). G(x - period)})

Figure 8-7: Mathcad allows recursive function definitions.

Note [f you do not specify an initial condition that stops the recursion, Mathcad generates a “ stack
overflow” error message when you try to evauate the function.

The programming operators in Mathcad also support recursion. See the section
“Programming within Mathcad” in Chapter 15.
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Units and Dimensions

Tip

Mathcad includesacomplete set of unitsfor your cal culations. Y ou 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
Mathcad’ s built-in unitsin several systems of units arein the Appendices. By default
Mathcad uses unitsfrom the SI unit system (also known asthe International System of
Units) in the results of any cal culations, but you may use any supported unitsyou wish
in creating your expressions. See “Displaying Units of Results’ on page 115 for how
to set 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_Q)

Figure 8-8 shows how these equations appear in a worksheet.

mass = 75 kg

m

52

acc = 100
acc_gq = Q_S-Lz
5

F = mass (acc + acc_g)

F = 823bx 103N

mass = 7bkg <-Mathcad treats the multiplication as implied when you type
an expression like mass:75kyg

mass = 7bkg

Figure 8-8: Equations using units.

If you define a variable which consists of a number followed immediately by a unit name, you
can omit the multiplication symbol; Mathcad inserts avery small space and treats the
multiplication asimplied. See the definition of mass at the bottom of Figure 8-8.
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Note

Y ou can a'so use the Insert Unit dialog box to insert one of Mathcad’ s built-in units

into any placeholder.
To usethe Insert Unit dialog box:

1. Clickintheempty placeholder and choose Unit fromthel nsert menu, or click

on the Standard toolbar. Mathcad opens the Insert Unit dialog box.

2. Thelist at the bottom shows built-in
units, along withtheir Mathcad names,
corresponding to the physical quantity
selected in the top list. When
“Dimensionless’ is selected, alist of
al availablebuilt-in unitsshowsonthe
bottom.

3. Youcanusethetoplisttodisplay only
those units corresponding to a
particular physical quantity to seewhat
choices are appropriate.

i i System
.
Activity |
Angular Insert
Alea
Capacitance =l ﬂl
Lrit
Accel. due to gravity [g] ﬂ
Acres [acre]
Ampere [4]
Ampsz [amp]
Atmozpheres [atm]
Becquerel [Bq]
BTU's-15C(BTU1S] =

4. Inthe 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 placehol der.

Mathcad performs some dimensional analysisby trying to match the dimensions of your selected
result with one of the common physical quantitiesin thetop list. If it finds a match, you'll see
all the built-in units corresponding to the highlighted physical quantity in the bottom list. If
nothing matches, Mathcad simply lists all available built-in units on the bottom.

Dimensional Checking
Whenever you enter an expression involving units, Mathcad checksit for dimensional
consistency. If you add or subtract values with incompatible units, or violate other
principles of dimensional analysis, Mathcad displays an appropriate error message.

For exampl e, supposeyou had defined acc

as 100 - m/s instead of 100 - m/s? as
shown at right. Since acc isin units of
velocity and acc_g isin units of
acceleration, it isinappropriate to add
them together. When you attempt to do so,
Mathcad displays an error message.

Other unit errorsareusually caused by one
of the following:

e Anincorrect unit conversion.
* A variable with the wrong units.

mass = 75 kg
acc = 100-m
s

m
acc_g = 9.8 >
s

F - mass (acc| + acc_g) ‘

The units in this expression
di ot match.

«  Unitsin exponents or subscripts (for example v5 ., or 23 ™).

» Units as arguments to inappropriate functions (for example, sin(0 - henry)).
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Tip

If you want to temporarily remove units from an argument, x, divide x by UnitsOf(x). For

example, if p isdefined as 2 ft then sin(p) gives an error but Sin(mFsé)Lf(p—))

= 0.573.

Defining 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 absol ute temperature units are built into Mathcad, the Fahrenheit and Celsius
temperature units are not. See the QuickSheet “ Temperature Conversions’ under theHelp menu

for samples of defining these temperature scales and converting between them.

Y ou defineyour own unitsin termsof existing unitsin exactly the sameway youwould
defineavariablein 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

Iafanlt

Results are displayed by 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 variable min your worksheet, you won't be able to use the built-in unit mfor
meters anywhere below that definition. However, Mathcad automatically displaysthe unit min
any results involving meters, as described in “Displaying Units of Results’ on page 115.
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Working with Results

Formatting Results

Note

Theway that Mathcad displays numbers (the number of decimal places, whether to use
i orj for imaginary numbers, and so on) is called the result format. Y ou 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. To modify the format for
asingle result

1. Click anywherein the equation.

‘n- 10% - [3.142 x10% 4

2. Choose Result from the For mat
menu or double-click theresult. The

Result Format dialog box appears.

Humber Farmat | Display Dptionsl Unit Displayl Tolerancel

HMurnber of decimal places |3 3:

™ Show trailing zeros

Format

™ Show exponents in engineering format

Exponential threshold |3 3:

QK I Cancel | Help |

3. Change the desired settings. See below for the . .
varioussettingsinthedialogbox. Todisplay aresult ||® 10~ = 8.141593 X107 4

with six decimal places, you would increase
“Number of decimal places’ from 3 to 6.

To redisplay aresult using the worksheet default result format settings, click on the
result to enclose the result between the editing lines, delete the equal sign, and press=
to replace the equal sign. The result is now restored to the default worksheet settings.

When the format of aresult is changed, only the appearance of the result changesin the
worksheet. Mathcad continues to maintain full precision internally for that result. To see a
number asit is stored internally, click on theresult, press [Ctr 1][Shi Ft]N, and look at the
message line at the bottom of the Mathcad window. If you copy aresult, however, Mathcad
copies the number only to the precision displayed.

Setting worksheet default format

To change the default display of numerical results:

1. Clickinablank part of your worksheet.

2. Choose Result from the Format menu.

3. Change the desired settings in the Result Format dialog box.

Mathcad changes the display of all results whose formats have not been explicitly
specified.
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Tip

Note

Online Help

Alternatively, you can change the worksheet default by clicking on a particular result,
choosing Result from the For mat 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 thetime retain their own default result
formats. If you want to re-use your default result formatsin other Mathcad worksheets, save your
worksheet as atemplate as described in Chapter 7, “Worksheet Management.”

The Result Format dialog box

TheNumber For mat pageletsyou control thenumber of decimal places, trailing zeros,
and other options. Depending on the format scheme you choose under the Format
section, you see different options.

» General letsyou control the number of digitsto the right of the decimal point,
trailing zeros, and exponential threshold. A result is displayed in exponential
notation or engineering format when the exponential threshold is exceeded. You
can display trailing zerosto theright of the decimal until you exceed 15 digitstotal.

» Decimal letsyou control the number of digitsto the right of the decimal point and
never display the resultsin exponential notation. Y ou can display trailing zerosto
the right of the decimal point beyond 15 digitstotal, but only thefirst 15 digitsare
accurate.

» Scientific or Engineering lets you control the number of digitsto the right of the
decimal point and always display resultsin exponential notation. For Engineering,
the exponents are displayed in multiples of three. Y ou can use E-notation for the
exponentsby choosing “ Show exponentsas+ E 000.” Y ou candisplay trailing zeros
to the right of the decimal point beyond 15 digits total, but only the first 15 digits
are accurate.

e Fractional letsyou display results as fractions or mixed numbers. Use the level of
accuracy setting to control the number of decimal places of accuracy of thefraction
displayed. You can display afraction that is accurate to up to 15 decimal places.

Settings that are grayed can only be changed for the entire worksheet, as described in “ Setting
worksheet default format” on page 112.

The Display Options page lets you control whether arrays are displayed as tables or
matrices, whether nested arrays are expanded, and whether i or j is used to indicated
imaginary. You can also specify another radix such as Binary or Octal.

The Unit Display page givesyou optionsto format units (as fractions) or simplify the
units to derived units.

The Tolerance page allows you to specify when to hide area or imaginary part of a
result and how small a number hasto befor it to display as zero.

Click the Help button at the bottom of the dialog box to see more details of optionsin the Resullt.
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Figure 8-10 shows some examples of formatting options.

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.

Complex Results
Results can have complex numbersif you enter an expression that contains acomplex
number. Even a Mathcad expression that involves only real numbers can have a
complex value. For example, if you evaluate ,/~1, Mathcad returnsi. See Figure 8-11
for examples.

3|'_ 1--1 +— nth root operator always
returns a real valued root.

. - 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.

w| =

+—Returns "principal value” of cube root. the one

(=1)7 = 0.5+ 0.866i corresponding to n=1 in the above list.

Figure 8-11: Examples of complex results.

Note When complex numbers are available, many functions and operators we think of as returning
unique results become multivalued. In general, when a function or operator is multivalued,
Mathcad returnsthe principal value: the value making the smallest positive angle relative to the
positivereal axisinthe complex plane. For example, when it evaluates (—1)1/3, Mathcad returns
.5+ .866i despite the fact that we commonly think of the cube root of —1 asbeing —1. Thisis
because the number .5 + .866i makes an angle of only 60 degrees from the positive real axis.
The number —1, on the other hand, is 180 degrees from the positivereal 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 displaysresultsin the fundamental units of the unit system you're
working with.

Check “Simplify units when possible” in the Result Format dialog box (see page 112) to see
unitsin aresult expressed in terms of derived units rather than in base units. Check “Format
units’ to see unitsin aresult displayed as a built-up fraction containing terms with positive
exponents only rather than as a product of units with positive and negative exponents.

Y ou can have Mathcad redisplay a particular result in terms of any of Mathcad' s built-
in units. To do so:

1. Clickintheresult. You'll see an empty placeholder to itsright. Thisisthe units
placeholder.

2. Click the units placeholder and choose Unit from the Insert menu, or click Ef
onthe Standard tool bar. Mathcad opensthe Insert Unit dialog box. Thisisdescribed
in “Units and Dimensions’ on page 109.

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—such as hp, cal, BTU, and Hz—M athcad adopts one common
definition for the unit name but allows you to insert one of several aternative unit names,
corresponding to alternative definitions of that unit, in your results. In the case of horsepower,
for example, Mathcad usesthe U.K. definition of the unit hp but givesyou severa variants, such
as water horsepower, metric horsepower, boiler horsepower, and electric horsepower.

Another way toinsert aunit isto typeits name directly into the units placeholder. This
method worksfor built-in units, for unitsyou’ ve defined yourself, and for combinations
of units.

Unit systems

Mathcad' s uses Sl as the default unit system. When you use the equal sign to display
aresult having units, Mathcad automatically displaysthe unitsin theresult in terms of
base or derived S units.

Y ou can have Mathcad display resultsin terms of the units of any of the other built-in
unit systemsin Mathcad: CGS, US customary, MKS, or no unit system at all. To do so,
choose Worksheet Options from the Tools menu and click the Unit System tab.

Select the default unit system in which you want to display results. The Sl unit system
providestwo additional base unitsover the other systems, onefor luminosity (candela)
and one for substance (mole), and the base SI electrical unit (ampere) differs from the
base electrical unit in the other systems (coulomb).
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Tip

The following table summarizes the base units available in Mathcad:

Unit System Base Units
Sl m, kg, s, A, K, cd, and mole
MKS m, kg, sec, coul, and K
CGS cm, gm, sec, coul, and K
u.s. ft, Ib, sec, coul, and K
None Displays results in terms of fundamental dimensions of length, mass,

time, charge, and absolute temperature. All built-in units are disabled.

The standard SI unit names—such as A for ampere, L for liter, sfor second, and Sfor
siemens—are generally available only inthe Sl unit system. Many other unit namesare
availablein al the available systems of units. For alisting of which unitsare available
in each system, seethe Appendices. Mathcad includes most units common to scientific
and engineering practice. Where conventional unit prefixes such asm- for milli-, n- for
nano-, etc. are not understood by Mathcad, you can easily define custom units such as
um as described in “Defining Y our Own Units’ on page 111.

For examples of units with prefixes not already built into Mathcad, see the Unit QuickSheets
under the Help menu.

If you click “None” in the Unit System tab of the Worksheet Options dialog box,
Mathcad doesn’t understand any built-in units and displays answers in terms of the
fundamental dimensions of length, mass, time, charge, and temperature. However,
even if you are working in one of Mathcad’ s built-in unit systems, you can always
choose to see results in your worksheet displayed in terms of fundamental dimension
names rather than the base units of the unit system. To do so:

1. Choose Worksheet Options from the Tools menu.

2. Click the Dimensions tab.

3. Check “Display dimensions’ and click “OK.”

Unit conversions

There are two ways to convert from one set of unitsto another:

» By using the Insert Unit dialog box, or

» By typing the new unitsin the units placeholder itself.

To convert units using the Insert Unit dialog box:

1. Click the unit you want to replace.

2. Choose Unit from the Insert menu, or click | £? | on the Standard toolbar.
3. Double-click the unit in which you want to display the resullt.

Asaaquick shortcut, or if you want to display theresult in terms of aunit 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 shows F displayed both in terms of fundamental SI units and in terms of
several combinations of units.
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Note

Tip

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 8-12, kW - s isnot a unit of force. Mathcad
therefore inserts m—1 to cancel the extralength dimension.

mass = 75kg acc =100.m.s 2 acc_g =98 m-. s?

F = mass . (acc+ acc_g)

3 ) <— Default display using fundamental
F=8.235x10" kg mls “a Sl units. Click on result to see the
"units placeholder”

F =8235x10°N

«— Type desired unit in the units
placeholder.

F = 8.235 x 10% dyne

J
F= 8235'% <— You can type combinations of
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 inthe unitsplaceholder. Thisensuresthat the complete
displayed result—the number times the expression you entered for the placehol der—
isacorrect value for the equation.

Conversions involving an offset in addition to a multiplication, for example gauge pressure to
absolute pressure, or degrees Fahrenheit to Celsius, cannot be performed directly with
Mathcad’ s unit conversion mechanism. Y ou can, however, perform conversions of thistype by
defining suitable functions. See the QuickSheet “Temperature Conversions’ under the Help
menu.

Y ou can enter any variable, constant, or expression in a units placeholder. Mathcad
then redisplays the result in terms of the value contained in the units placeholder. For
example, you can use the units placeholder to display aresult asamultiple of = or in
engineering notation (as amultiple of 103, 106, etc.).

Y ou can a so use the units placehol der for dimensionless unitslike degreesand radians. Mathcad
treats the unit rad as a constant equal to 1, so if you have anumber or an expression in radians,
you can type deg into the units placeholder to convert the result from radians to degrees.
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Copying and Pasting Numerical Results

Note

Y ou can copy anumerical result and pasteit either el sewherein your worksheet or into
anew application.

To copy asingle number appearing to the right of an equal sign:

1. Click ontheresulttotheright of theequal sign putting theresult betweentheediting
lines.

2. Choose Copy from the Edit menu.

3. Click wherever you want to paste the result. If you’ re pasting into another
application, choose Paste from that application’ sEdit menu. If you’ re pasting into
aMathcad worksheet, choose Paste from Mathcad’ s Edit menu.

When you paste a numerical result into a Mathcad worksheet, it appears as:
* A math region consisting of a number if you paste it into empty space.
e A number if you paste it into a placeholder in a math region.

* A number if you pasteit directly into text or into a placeholder in text created using
the Math Region command on the I nsert menu.

To copy more than one number, follow the steps for copying from an array. See
“Displaying Arrays’ on page 58.

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 box. Copy does not copy units and dimensions from a numerical result.

Controlling Calculation

Tip

Mathcad startsin automatic mode meaning results are updated automatically. Y ou can
tell you' rein automatic mode because the word “ Auto” appears in the message line at
the bottom of the window.

Y ou can disable automatic mode by choosing Calculate=>Automatic Calculation
fromthe T oolsmenu. Theword “Auto” disappearsfrom the messagelineand the check
beside Automatic Calculation disappears. Y ou are now in manual mode.

The cal culation mode—either manual or automatic—is a property saved in your Mathcad
worksheet. Asdescribed in Chapter 7, “Worksheet Management” the calculation modeisalso a
property saved in Mathcad template (MCT) files.

Calculating in Automatic Mode

Hereis how Mathcad works in automatic mode:
» Assoon asyou press the equal sign, Mathcad displays aresult.

e Assoon asyou click outside of an equation having a“:=" or a“=,” Mathcad
performs all calculations necessary to make the assignment statement.
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Note

When you process a definition in automatic mode by clicking outside the equation
region, thisiswhat happens.

e Mathcad evaluates the expression on the right side of the definition and assignsiit
to the name on the | eft.

» Mathcad then takes note of all other equationsin the worksheet that arein any way
affected by the definition.

» Finally, Mathcad updates any of the affected equationsthat are currently visiblein
the worksheet window.

Although the equation you altered may affect equations throughout your worksheet, Mathcad
performsonly those cal cul ations necessary to guarantee that whatever you can seein thewindow
is up-to-date. This optimization ensures you don’'t have to wait for Mathcad to evaluate
expressions that are not visible. If you print or move to the end of the worksheet, however,
Mathcad automatically updates the whole worksheet.

Whenever Mathcad needs time to complete computations, the mouse pointer changes
its appearance and theword “WAIT” appearson the message line. This can occur when
you enter or calculate an equation, when you scroll, during printing, or when you
enlarge awindow to reveal additional equations. In all these cases, Mathcad evaluates
pending calculations from earlier changes.

AsMathcad evaluates an expression, it surroundsit with agreen rectangle. Thismakes
it easy to follow the progress of a calculation.

Calculating in Manual Mode

Note

In manual mode, Mathcad does not compute equations or display results until you
specifically request it to recal culate. Thismeansthat you don’t havetowait for Mathcad
to calculate as you enter equations or scroll around a worksheet.

Mathcad keepstrack 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. Thisisto remind you that the results you see in the window are not up-
to-date and that you must recal cul ate them before you can be sure they are updated.

Y ou can update the screen by choosing Calculate Now from the T ools menu, clicking

E on the Standard toolbar, or pressing [F9]. Mathcad performs whatever
computationsare necessary to updateall resultsvisiblein theworksheet window. When
you movedownto seemoreof theworksheet, theword*“ Calc” reappearson themessage
line to indicate that you must recal culate to see up-to-date results.

Toforce Mathcad to recal culate all equationsthroughout the whole worksheet, choose
Calculate Worksheet from the Tools menu or press[Ctr1] [F9].

When you print aworksheet in manual calculation mode, the results on the printout are not
necessarily up-to-date. In this case, make sure to choose Calculate Wor ksheet from the Tools
menu before you print.
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Interrupting Calculations

Tip

To interrupt a computation in progress:

1. Press[Esc]. Thedialog box shown at right appears.

2. Click “OK" to stop the calculationsor “Cancel” to resume @ et procesing
calculations.

Cancel |

If youclick “OK,” theequation that was being processed when
you pressed [Esc] ismarked with an error message (see” Error
Messages’ on page 123) indicating that cal cul ation has been interrupted. To resume an
interrupted calculation, first click in the equation having the error message, then press
[F9] or click[ =] 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 should switch to manual mode.

Disabling Equations

Tip

Y oucandisableasingleequation sothat it nolonger cal culatesal ong 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. Choose Properties from the Format menu, and click the Calculation tab.
3. Under “Calculation Options’ check “Disable Evaluation.”
4

Mathcad shows a small rectangle after the equation to

indicate that it is disabled. An exampleis shown at right. KE := 21

My

N | =

An easy shortcut for disabling evaluation is to right click on an equation and select Disable
Evaluation from the popup menu.

To re-enable calculation for a disabled equation:

1. Click onthe equation to select it.

2. Choose Properties from the Format menu, and click the Calculation tab.
3. Remove the check from “ Disable Evaluation.”
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Animation

Y ou can use Mathcad to create and play short animation clips by using the built-in
variable FRAME. Anything that can be madeto depend on thisvariable can be animated.
Thisincludes not only plots but numerical results as well. Y ou can play back the
animation clips at different speeds or save them for use by other applications.

Creating an Animation Clip

Mathcad comes with a predefined constant called FRAME whose sole purposeisto
drive animations. The stepsin creating any animation are as follows:

Tip

1

Create an expression or plot, or a x
group of expressions, whose  For FRAME s |
appearance ultimately dependsonthe o I
value of FRAME. This expression e J5 _ Concel |
need not beagraph. It canbeanything At [10 Save s |
at aI I . Fiames/Sec Optiong... |
Choose Animation=> Record from k=
theTOOI smenuto bl'l ng Upthe ReCOI’d Select an area of your workshest whose contents are based on

. . . the FRAME wvariable, enter starting and ending FRAME walues,
Animation d| al Og bOX. and choose Animate.

Drag-select the portion of your
worksheet you want to animate as shown in Figure 8-13. Draw arectangle around
as many regions as you want to appear in the animation

Set the upper and lower limits for FRAME in the dialog box. When you record the
animation, the FRAME variable increments by one as it proceeds from the lower
limit to the upper limit.

Enter the playback speed in the Frames/Sec. box.

Click“Animate.” Y ou’ ll seeaminiaturerendition of your selectioninsidethedialog
box. Mathcad redraws this once for each value of FRAME. Thiswon't necessarily
match the playback speed since at this point you're just creating the animation.

To save your animation clip asaWindows AV file, suitable for viewing in other
Windows applications, click “Save As’ in the dialog box. .

Since animation clips can take considerable disk space, Mathcad saves them in compressed
format. Before creating the animation, you can choose what compression method to use or
whether to compress at all. To do so, click “Options’ in the Animate dialog box.
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x=0,01.30 |
— For FRAME
¥ = x+ FRAME Animate
@ Fromm: ID _I
E E T I_S Cancel |
H H Lol
i i At I‘ID - Save bz... |
Frames/Sec
Options... |
Do) FRAME= 9
Select an area of your worksheet whose contents are bazed on
the FRAME wvariable, enter starting and ending FRAME walues,
and choose Animate.
x

Figure8-13: Selecting an area for animation and seeing the animationinside
the dialog box.

Playing an Animation Clip

Assoon asyou'’ ve created an animation clip as described
in the previous section, Mathcad opens a Playback
window:

[ loy amimotion “SNNRITEY

The first frame of the animation clip you just created is

already in the window. To play back the animation clip, o)
click the arrow at the lower left corner of the window.
Y ou can also play back the animation clip on aframe by
frame basis, either forward or backward. To do so, drag *

the slider below the animated picture to the | eft or right. riE —

Tip You can control the playback speed by clicking the button to
the right of the play button, which then opens a popup menu. Choose “ Speed” from the menu
and adjust the dlider control.

Playing a Previously Saved Animation
If you have an existing Windows AV file, you can play it within Mathcad. To do so:

1. Choose Animation=Playback from the

Toolsmenuto bring upthe Playback dialog
box. The window is collapsed since no =gy

animation clip has been opened.

2. Click on the button to the right of the play button and choose “Open” from the
menu. Usethe Open File dialog box tolocateand openthe AV fileyou want to play.

Tip Tolaunch an animation directly from your worksheet, you can insert ahyperlink to an AV file
by choosing Hyper link from the I nsert menu. Y ou can a so embed a shortcut to the AV filein
your worksheet by dragging the icon for the AV 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 155.)
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Error Messages

If Mathcad encounters an error when evaluating an expression, it marksthe expression
with an error message and highlights the offending name or operator in red.

An error message is visible only when you click on the
associated expression, as shown to the right.

Mathcad cannot process an expression containing an error.
If the expression is a definition, the variable or function it
is supposed to define remains undefined. Any expressions

that reference that variable will be undefined as well.

g =3
X

f(x) = gi(x) 10

f(0) = ufn

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.

Tip  You can get online help about many error messages by clicking on them and pressing [F1].

Finding the Source of an Error

When working with an expression dependent upon one or more existing definitions, an
€rror you receive in your expression may actually originate in one of those definitions.

For example, in the figure above, the error appears on the third region, f(0). However,

f(x) isbased on thedefinition of g(x). When x iszero, g(x) is
the error.

thefirst regionthat exhibits

Y ou cantry to find the source of an error yourself simply by examining your worksheet
to see where the error began, or you can use Mathcad to trace the error back through
your worksheet. To find the source of an error using Mathcad:

1. Rightclick ontheregion showingthe

error and choose Trace Error fromthe

popup menu or you can click on the e st |

Hext > | Last »3| | Il Cloze |

regionand chooseTraceError from

the Tools menu. The Trace Error

dialog box appears.

2. Usethe buttonsin the dialog box to e
navigate through the regions associated 90 =
with the region showing the error. For 1x) = lgx) - 10

example, click “Previous’ to step back to | 557,
the previous dependent region.

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.

Or click “First” to jump to the region
causing the error. gix) = ﬂ

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.

f(0) =

f(x) = gi(x) 10
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Fixing Errors

Once you have determined which expression caused the error, edit that expression to
fix the error or change the variable definitions that led to the error. When you click in
the expression and begin editing, Mathcad removesthe error message. When you click
outside the equation Mathcad recomputes the expression. Then Mathcad recomputes
any expressions affected by the fixed expression.

Note When you define afunction, Mathcad does not try to evaluate it until you subsequently useitin
theworksheet. If thereisan error, the use of the function ismarked in error, even though thereal
problem may lie in the definition of the function itself, possibly much earlier in the workshest.




Chapter 9
Solving and Data Analysis

4 Solving and Optimization Functions
¢ Differential Equation Solvers
¢ Data Fitting

This chapter shows methods for solving equations and mapping data to equations.
Mathcad supportsmany functionsfor solving asingleequation in oneunknown through
large systems of linear, nonlinear, and differential equations, with multiple unknowns.
There are also a host of fitting and interpolation routines to generate functions and
approximations to data. The techniques described here generate numeric solutions.
Chapter 13, “Symbolic Calculation,” describes avariety of techniques for solving
equations symbolically.

Solving and Optimization Functions

Finding Roots

Tip

Note

Finding a Single Root

Theroot function solvesasingle equation in asingle unknown, given aguessvaluefor
the unknown. Alternatively, root can take arange [a,b] in which the solution lies, and
no guessisrequired. Thefunction returnsthe value of the unknown variabl e that makes
the equation equal zero, and liesin the specified range, by making successive estimates
of the variable and cal culating the value of the equation.

The guess value you supply for x becomes the starting point for successive
approximations to the root value. If you wish to find acomplex-valued root, start with
acomplex guess. When the magnitude of f(x) eval uated at the proposed root islessthan
the value of the tolerance parameter, TOL, aresult isreturned. If you increase TOL, the
function will converge more quickly, but the answer will be less accurate, and vice
versa. Plotting thefunctionisagood way to determine how many rootsthereare, where
they are, and what initial guesses are likely to find them.

Asdescribedin“Built-in Variables” on page 100, you can change the value of thetolerance, and
hence the accuracy of the solution found by root, by including definitions for TOL in your
worksheet. Y ou can also change the tolerance by using the Built-in Variables tab when you
choose Worksheet Options from the T ools menu.

When you specify the optional arguments a and b for the root function, Mathcad will only find
aroot for the function f if f(a) is positive and f(b) is negative or vice versa. (See Figure 9-1.)

If, after many approximations, Mathcad still cannot find an acceptable answer, it marks
the root function with an error message indicating its inability to convergeto aresult.
This error can be caused by any of the following:

125
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flu) = W3 10wz

50

root{f{x),%,-5,4) =-3.258

fx)

root{f{x),x,-2,3)=0.201

2

1 -3.258 =0
coef = polyroots{coef) =| 0.201
u]

3.057
1

Figure 9-1: Finding roots with root and polyroots.

The expression has no roots.

The roots of the expression are far from the initial guess.

The expression haslocal maximaor minimabetween theinitial guess and theroots.
The expression has discontinuities between the initial guess and the roots.

The expression has a complex root but the initial guess was real (or vice versa).

To find the cause of the error, try plotting the expression. Thiswill help determine
whether or not the expression crossesthe x-axis and if so, approximately where. In
general, the closer your initial guessisto where the expression crosses the x-axis,
the more quickly the root function will converge on an acceptable result.

Here are some more tips on root-finding:

Solving an equation of theform f(x) = g(x) isequivalent to using root asfollows:
root(f(x) —g(x), x)

If two roots are close together, you may have to reduce TOL to distinguish between
them.

If f(X) hasasmall slope near itsroot, then root(f(x), X) may convergeto avalue

r that isrelatively far from the actual root. In such cases, even though |f(r)| < TOL ,
r may befar from the point where f(r) = 0. Tofind amore accurate root, decrease

the value of TOL. Or, try finding root(g(x), X) , where g(x) = —diLl-
—f(x)
dx

For an expression f(x) with aknown root r, solving for additional roots of f(x) is
equivalent to solving for roots of h(x) = (f(x))/(x-r). Dividing out known roots
likethisisuseful for resolving two rootsthat may be closetogether. It's often easier
to solve for roots of h(x) as defined here than it isto try to find other roots for f(x)
with different guesses.

Theroot function can solve only one equation in one unknown. To solve several
equations simultaneously, use Find or Minerr, described below.
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Finding all Roots
To find the roots of a polynomial or an expression having the form:

n 2
VnX + ... +V2X +V1X+VO

you can use polyroots rather than root. polyroots does not require a guess value, and
polyroots returns al roots at once, whether real or complex. It does reguire that you
type the coefficients of the polynomial into a separate vector. Figure 9-1 shows an
example.

By default, polyroots uses a LaGuerre method of finding roots. If you want to use the
companion matrix method instead, click on the polyrootsfunction with theright mouse
button and choose Companion Matrix from the popup menu.

Note root and polyroots can solve only one eguation in one unknown, and they always return
numerical answers. To solve several equations simultaneously, use the techniques described in
the next section. To solve an equation symbolically, or to find an exact numerical answer in
terms of elementary functions, choose Variable=Solve from the Symbolics menu or use the
solve keyword. See Chapter 13, “Symbolic Calculation.”

Linear/Nonlinear System Solving and Optimization

Mathcad includes numerical solving functions that solve problems such as:

e Linear systems of equations with constraints (equalities or inequalities).

» Nonlinear systems of equations with constraints.

e 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 functionsto constants and the objective functionis of theform:

CoXpt+ CiXg + ... +C X,

* If you have the Solving and Optimization Extention Pack installed, you can also
use Quadratic programming, in which all constraints are linear but the objective
function contains linear terms and quadratic terms, and Mixed Integer
Programming, in which variables are further constrained to be integers, floating
point numbers, or boolean values.

Solving a Linear System of Equations

Use the Isolve function to solve alinear system of equations whose coefficients are
arranged in amatrix M. The argument M for |solve must be a matrix that is neither
singular nor nearly singular. An alternativeto Isolveisto solvealinear system by using
matrix inversion.

Solve Blocks

The general form for using system solving functionsin Mathcad is within the body of
a solve block. There are four general steps to creating a solve block. These are:
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1. Provideaninitial guess (definition) for each of the unknowns. Mathcad solves
eguations by making iterative calculations that ultimately converge on avalid
solution. The initial guesses you provide give Mathcad a place to start searching
for solutions. If you expect your solutions to be complex, provide complex guess
values. Guess values are required for most systems.

2. Typetheword Given in aseparate 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 atext region.

3. Now enter the constraints (equalities and inequalities) in any order below the word

Given. Make sureyou usethe bold equal symbol (click E on the Boolean tool bar

or press [Ctr1]=) for any equality. Y ou can separate the |eft and right sides of an
inequality with any of the symbols <, >, <, and >.

4. Enter any equation that involvesone of the functions Find, Maximize, Minimize, or
Minerr below the constraints.

Tip  Solveblocks cannot be nested inside each other—each solve block can have only one Given and
one Find (or Maximize, Minimize, or Minerr). Y ou can, however, define afunction like
f(x) := Find(x) at the end of one solve block and refer to this function in another solve block.

Solve Blocks Functions

Figure 9-2 shows asolve block with several kinds of constraints and ending with acall
to the Find function. There aretwo unknowns. Asaresult, the Find function heretakes
two arguments, x and y, and returns a vector with two elements.

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 9-2: A solve block with both equalities and inequalities.

Note Unlike most Mathcad functions, the solving functions Find, Maximize, Minerr, and Minimize
can be entered in math regions with either an initial lowercase or an initial capital letter.
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Solve blocks can be used to solve parametric systems. In Figure 9-3, the solution is cast
in terms of several parameters in the solve block besides the unknown variable.

=002
Given
1

gD
]—= -2.0 log + 251

X SR

FricFac{ & D, R) = Find(f
i=0.19
Same problem, D :=25"in R; := 10000 + 10000 - i

solved for a vector _ i .
of answers . . . £ := 00085 in ff; := FricFac(s, D, R;)

0.04 | ff;
0.031
L -! 0.027
i 0.024
ooz - 0.023
vor | 0 022
o 1-10°  2-10 0021

R

Figure 9-3: Solving an equation parametrically.

Solve blocks can al so take matrices as unknowns, and solve matrix equations. (See
Figure 9-4 and Figure 9-5.)

Two methods for computing a matrix square root

13 4 4 {nonunigue).

+ -3 Using eigenanalysis:

Wec = eigenvecs{M) Vals = diag{eigenvals{M))
. T
S = Wec/ vals-vec

3.528 0.639 0.38 13 4 4
S=|0639 2915 -0.31 52= 4 9 -3
038 -0.31 7.534 4 -3 E7

Using a solve block:
w=M initial quess

Given +
%Z = M
S1 = Find(x)
2,095 2.867 0.623 13 4 4
S1=|2.867 -0.55 -0.69 512= 4 9 -3
0.623 -0.69 7.492 4 -3 &7

Figure 9-4: A solve block for computing the square root of a matrix.
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Note

State matrices:

0o o1 10 o
b= B= C= P =identity(2)  initial guess
01 0 -1 oo

Given
-PAP+PB+ BT P+ C=0 The Riccati Equation from control theory,

1,732 1
1 0,732

Find(P) =(

Figure 9-5: A solve block for computing the solution of a matrix equation.

Mathcad Solve Blocks can solve linear and nonlinear systems of up to 400 variables. Adding the
Solving and Optimization Extension Pack increases this number to linear systems of up t01000
variables, nonlinear systems of up to 250 variables, and quadratic systems of up to 1000
variables.

Thetable below lists the kinds of constraints that can appear in a solve block between
the keyword Given and one of the functions Find, Maximize, Minerr, and Minimize. In
the table, x and y represent real-valued expressions, and z and w represent arbitrary

expressions. The Boolean constraintsareinserted using buttonson the Boolean tool bar.

Constraints are often scalar expressions but can aso be vector or array expressions.

Condition Button Description

W=z E Constrained to be equal .
X>y Greater than.

X<y L ess than.

X>y Greater than or equal to.
X<y Lessthan or equal to.
XAY And

XVYy Or

X®y Xor (Exclusive Or)

—X Not

Mathcad does not allow the following between the Given and Find in a solve block:

» Constraintswith “=.”

* Range variables or expressionsinvolving range variables of any kind.
» Assignment statements (statements like x:=1).
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Note

Tip

Y ou can, however, include compound statementssuchas 1 <x< 3.

Mathcad returns only one solution for a solve block. There may, however, be multiple solutions
toaset of equations. To find adifferent solution, try different guess values or enter an additional
inequality constraint that the current solution does not satisfy.

Tolerances for solving

Mathcad’ s numerical solvers make use of two tolerance parametersin calculating
solutionsin solve blocks:

» Convergencetolerance. The solvers calculate successive estimates of the values
of the solutions and return values when the two most recent estimates differ by less
than the value of the built-in variable TOL. A smaller value of TOL often resultsin
amore accurate solution, but the solution may take longer to calculate.

» Constraint tolerance. This parameter, determined by the value of the built-in
variable CTOL, 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
as x < 2 would beconsidered satisfiedif, in fact, thevalue of x satisfied x < 2.0001.

Procedures for modifying the values of these tolerances are described in “Built-in
Variables’ on page 100.

If you use Minerr in a solve block, you should always include additional checks on the
reasonableness of the results. The built-in variable ERR returns the size of the error vector for
the approximate solution returned by Minerr. Thereis no built-in variable for determining the
size of the error for individual solutions to the unknowns.

Getting past errors

If the solver cannot make any further improvements to the solution but the constraints
are not all satisfied, then the solver stops and marks Find with an error message. This
happenswhenever the difference between successive approximationsto the solutionis
greater than TOL and:

» The solver reaches a point where it cannot reduce the error any further.

e The solver reaches a point from which there is no preferred direction. Because of
this, the solver has no basis on which to make further iterations.

» Thesolver reachesthe limit of itsaccuracy. Round-off errors make it unlikely that
further computation would increase accuracy of the solution. This often happensif

you set TOL to avalue below 10715,
The following problems may cause this sort of failure:
» There may actually be no solution.

* You may have given real guesses for an equation with no real solution. If the
solution for avariableiscomplex, the solver will not find it unlessthe starting value
for that variable is also complex.

» The solver may have become trapped in alocal minimum for the error values. To
find the actual solution, try using different starting values or add an inequality to
keep Mathcad from being trapped in the local minimum.
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» The solver may have become trapped on a point that is not aloca minimum, but
from which it cannot determine where to go next. Again, try changing theinitial
guesses or adding an inequality to avoid the undesirable stopping point.

If you can not solve the constraints to within the desired tolerance, try defining TOL
with alarger value somewhere above the solve block. Increasing the tol erance changes
what Mathcad considers close enough to call a solution.

Solving algorithms and AutoSelect

When you solve an equation, by default Mathcad uses an AutoSelect procedure to
choose an appropriate solving algorithm. Y ou can override Mathcad’ s choice of
algorithm and select another available a gorithm yourself.

Here are the available solving methods:
Linear

Appliesalinear programming al gorithmto the problem. Guessval uesfor theunknowns
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.
Choose Nonlinear=>Advanced Options from the popup menu to control settings for
the conjugate gradient and quasi-Newton solvers.

Note The Levenberg-Marquardt method is not available for the Maximize and Minimize functions.

Y ou can override Mathcad’ s default choice of solving algorithm as follows:

1. Createand evaluate asolveblock, allowing
Mathcad to AutoSelect an agorithm.

AutoSelect

Linear

2. Click with the right mouse button on the R oniear 3] Corigate Gradiert
. . Buadratic Levenberg-tarquardt
name of the function that terminates the . Gussitestn
ut e
solve block, and remove the check from Copy idvanced Optians...
AutoSelect on the popup menu. Baste

Dizable Evaluation
Optimize

3. Check one of the available solving methods
on the popup menu. Mathcad recalculates
the solution using the method you selected.

Solving and Optimization Extension Pack
If you have the SOEP installed, the following options are also available:

e Quadratic: Applies aquadratic programming algorithm to the problem. Guess
values for the unknowns are not required.

* Reports: Generates sensitivity analysis reports for linear optimization problems.

* Mixed integer programming : Forcesthe solution for an unknown variable to be
abinary number (1 or 0) or an integer. For more information refer to online Help.
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Differential EqQuation Solvers

In solving differential equations, you solve for an unknown function rather than a
variable. Inordinary differential equations (ODEs), the unknown functionisafunction
of onevariable. In partial differential equations (PDESs) the unknown functionisa
function of two or more variables. All Mathcad differential equations solvers can be
used to solve first-order or higher-order derivative functions or systems of functions.

Theeasiest way to solve differential equationsisto use a Solve Block and thefunctions
Odesolve or Pdesolve. If you need to solve ODEs or PDEs in programs, or have
specialized boundary value problems, you can use the command-line differential
equation solvers detailed on subsequent pages.

Solving an ODE Using a Solve Block

Odesolve([vf], X, Returns afunction (or vector of functions vf) of the variable x
vb/b, [step]) which solve an ODE or system of ODEs, subject to either initial

value or boundary value constraints. vf isonly required when a
system of ODEsis being solved, to specify order of solutions. vb
is atwo-element column vector that specifies the initial and
terminal points of the integration interval; alternatively, b isthe
terminal point of the integration interval, assumed to start at O.
step (optional) isthe number of steps.

There are three steps to creating a differential equation solve block:

1. Typethekeyword Given. You cantypeeither Given or given, and it must be
amath region, not atext region.

2. Typethe ODE and constraintsin any order below the word Given. Use the bold

equal sign (click E onthe Boolean or Evaluation toolbars or press[Ctr 1]=) for
an equality. The independent variable x must be explicitly indicated throughout,
that is, use y(x) or y* (X) when specifying the unknown function and its derivatives,
not justyory'. A typica initial value or boundary value constraint might be y(0)=c
or y'(a)=d. Mathcad also alows algebraic constraints, such asy(x) + z(X) = w(x);
Mathcad does not allow more complicated constraints like y(a)+y* (a)=d. ODEs
can be written using either the derivative operators d/dx, d%/dx?, d%/dx? , ... (press
? or[Ctrl]? toinsert thederivative or nth derivative operators), or using prime
notation y* (), y** (X), ¥*** (), .... (Press[Ctr 1][F7] for the prime symbal.) Initial
and boundary conditions must be specified using prime notation.

3. Finaly, type the Odesolve function. The terminal point b must be larger than the
starting point for the ODE variable x, asimplied by the initial conditions, or you
can set the range of integration explicitly by using a two-element column vector.
The entire process is demonstrated in Figure 9-6.

Tip Primenotation is only allowed inside a solve block. If you use it outside of a solve block, you
See an error.
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Note

Given
d2 d H
100 ——=y(x®) =-10-| ——y{x) | - 101-y(x) + 50-cos| —
dx? dx 4

y(0)=1 yi(h=1

y = Odesaolve{x, 150) y(0)=1 y(3.4)=-0.255

2 T T T T

yix) 0 7

u] 20 40 60 a0 100

Figure 9-6: Solving a single differential equation.

The output of Odesolve is afunction, or vector of

functions, of x, interpolated from atable of values. The || * e
algorithm isthe fixed-step method employed by rkfixed, E - od Fixed
described on page 137. If you prefer to use an adaptive v g;;"”"e

step or stiff method, click on Odesolve with the right =

mouse button and make your choice from the menu that Ez;y

appears. More information on the available algorithms & paste

and the types of systemsfor which they are best used is
available in the section on “ Speciadized Initial-Vaue Disable Evalition
Differential Equation Solvers’ on page 140: Optimize

Mathcad is very specific about the types of expressions

that can appear between Given and Odesolve. The lower derivative terms can appear
nonlinearly in the differentia 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.

Boundary val ue problems can be solved for asingle equation, but for systems of equations, only
initial value constraints are accepted.

Therules of mathematicsfor solving these systems must befollowed, or Odesolve will
produce errors:

» There must be nindependent equality constraints for an nth order differential
equation.

e For aninitia value problem, the values for y(x) and itsfirst n—1 derivatives at a
singleinitia point a are required.

» For aboundary value problem, the n equality constraints should prescribe values
for y(x) and certain derivatives at exactly two pointsa and b.
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4n algebraic constraint,

y(0)=-L y'(0)=0

)

| F{Dy = 10.81
0
X(t) [\N\A/\/\]W\/k F(1I5)=9I205

Figure 9-7: Solving a system of differential equations with an algebraic

constraint.

Solving a PDE using a Solve Block

Pdesolve([vf], X, vb, t,
ve, [xstep], [tstep])

Returnsafunction (or vector of functions vf) of the variables
xandtwhich solveaPDE or system of PDEs, subject to either
initial value or boundary value congtraints. vb isatwo-
element column vector that specifies theinitial and terminal
points of the spatial integration interval; vc is atwo-element
column vector that specifiestheinitial and terminal points of
the temporal integration interval; xstep (optional) isthe
number of spatial steps. tstep (optional) is the number of
temporal steps.

Aswith Odesolve, are three stepsto creating a PDE solve block:

1. Typethekeyword Given. You cantypeeither Given or given, and it must be
amath region, not atext region.

2. Typethe PDE and constraintsin any order below the word Given. Use the bold

equal sign (click E onthe Boolean or Evaluation toolbars or press[Ctr1]=) for

an equality. Use subscript notation to indicate the partial derivativein either x or t,
and explicitly specify the independent variables throughout, that is, use y(xt) or
YiX1), Not just y or . Either Dirichlet (y(O,t) = &) or Neumann (y,(0,t) = a)
boundary conditions are accepted. Mathcad al so allows algebraic constraints, such

asy(x,t) + z(x,t) = 2

3. Finally, type the Pdesolve function. The two-element column vectors vb and vc,
ranges over x and t, respectively, must agree with values assigned in the boundary
conditions. (See Figure 9-8.)
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Note

Tip

Given

w(s,t) = az-uxx(x LAY up(e ) = (x,t)

u(x,D):sin[LLx] v(x,00=0

u(0,th=0 ulL,ty=0

(u]. [(u] (D] (D ]:| o —

= pdesalve LK, .t

v ¥ L 2., M= CreateMesh{u,0,L,0,2 %)
u(x,0) 0 / b

Figure 9-8: Solving the wave eguation.

Mathcad uses the numerical method of linesto compute PDEs. This method allows the solution
of parabolic (heat), hyperbolic (wave), and parabolic-hyperbolic (advection) equations. It does
not accommodate el li ptic equations, such as Poisson’ s equation. To solve other types of systems,
try the relax function (described on page 145) and the multigrid function (described on

page 145).

The output of Pdesolve isafunction, or vector of functions, of x and t, interpolated
from atable of values. The algorithm isthe numerical method of linesemployed by the
function numol, described on page 139.

To view each solution in x over time, create a graph of the function u(x,FRAME) vs. x, and use
Mathcad’ s animation tool s to capture images of the graph for FRAME = 0 to the maximum
calculated value of t.

Command-line Differential Equation Solvers

If you wish to include a differential equation solver within another construct, such as
aprogram loop, you can use the command-line differential equation solvers: rkfixed,
rkadapt, numol, etc. A complete list can be found in Chapter 16, “Functions,” in the

reference section of thisbook. The general use of the differential functionsisthe same.
Each one uses a different algorithm, so some may be better suited to your application
or system of eguations than others.

Runge-Kutta initial-value solver for ODEs

rkfixed uses the fourth order Runge-Kutta method to solve afirst order differential
equation and return a two-column matrix in which:

» Theleft-hand column contains the points at which the solution to the differential
eguation is evaluated.

e Theright-hand column contains the corresponding values of the solution.
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Note

rkfixed(yO, x1, X2, npoints, D)

yO0 = real vector of initial values, whose length depends on the order of the
DE or the size of the system of DEs. For afirst order DE, the vector
degenerates to one point, y(0) = y(x1) . For higher order DESs, the
vector has n elements for specifying initial conditions of y,
Y.y, ...y~ For afirst order system, the vector contains initial
valuesfor each unknown function. For higher order systems, the vector
contains initial values for the n—1 derivatives of each unknown
function in addition to initial values for the functions themselves.

x1, X2 = The endpoints of the integration region.
npoints = Number of solution points between the endpoints (the grid).

D(x, y) = real vector-valued function containing derivatives of the unknown functions.
This vector will be of the same length asy, and follow similar rules.

The complicated step in this process is creating the vector of derivatives for each
unknown function. Thisisthe step which is transparent in ODE solve blocks. The
derivative vector isthe way in which each differential equation is specified to rkfixed.

Examine the example in Figure 9-9 comparing a system of linear second-order
equations solved by a Solve Block vs. rkfixed. The part of the setup processwhichis
not explicit isthe creation of avector y of all unknown functions and their derivatives
in the system. For the case shown, y hasfour elements: u, u‘, v, v'. So, when referring
to the first derivative of u, which is the first element of D, the value y, isused. The
ODEsin the original problem appear as the 2nd and 4th elementsin the vector D,
specifying the second derivatives of u(x) and v(x) interms of elements of y. At no point
in this process do we specifically create a vector y.

The subscripts on elements of y in the definition of D are vector subscripts, that is, they are
created with the [ key.The derivative vector must be defined as afunction of x and y, since we
don’t have specific values for these until the solution is created.
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Given
W' = 2ow(H) + v = 4w (n) - 2uix)
u(0y=1.5 u'{0y=1.5

vi0)=1 vi{0)=1

3ol

For rkfixed, the initial condition vector and derivitive vectaors are given by

1.5% u(d)=1.5 ¥1 u'
1.5 | w(0j=1.5 Zoyo+x | U
Ic = D,y = .
1 vi0)=1 (%) v W

1 w()=1 4.0 - 2.yg

SOLM = rkfixed(IC,0,1,100,D0)

] ulx) (s wix) ()
1] 1.4 1.4 1 1

0011815 1582 1.01( 1.01

0.02) 15315841 1.02( 1.02

0.03)|1.546 |1.561 | 1.03 | 1.03

Compare the Odesolve

SOLM = solution with rkfized:
0.0411.562 (1.5982 (1.041 |1.041
0.05)1.578 [1.604 (1.0581 |1.051 u(0.05)=1,578
0.06 [1.594 [1.625 [1.062 [1.062 v{0.08) = 1.062

0.07( 1.681 [1.647|1.073|1.072

Figure 9-9: Solving a second-order system of differential equationswith both
Odesolve and rkfixed.

Thefirst row of the solution matrix, SOLN, isidentical to theinitial conditions. The
results given by Odesolve areidentical to those in the matrix, since they use the same
agorithm, but the Odesolve results are functions, while rkfixed provides a grid of
solution points. The functionsreturned by Odesolve arereally just interpol ations of the
same matrix of solutions. One by-product of using rkfixed is that the values of the
derivatives are also returned.

Method of Lines Solver for PDEs

Just asinitial-value ODE problems can be solved at the command line using rkfixed,
(or other specialized functions described below) one-dimensional PDESs can be solved
using numol. numol usesthe numerical method of linesto solve hyperbolic or parabolic
partia differential equations or systems of equations, and returns amatrix of solutions
where each column represents a solution over 1-D space at a single solution time.
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Note

numol (x_endpts, xpoints, t_endpts, tpoints, num_pde, num_pae, pfunc, pinit,
bc_func))

x_endpts=the column vector (x1, x2) giving the start and end of the
spatial integration region.

xpoints= number of spatial discretization points.

t_endpts= the column vector (t1,t2) giving the start and end of the
spatial integration region.

tpoints= number of temporal discretization points.
num_pde= number of PDEsin the system (at least 1)

num pae= number of Partial Algebraic Equations (algebraic
constraints, e.g.,

0 =u(x)+Vv(x)-w(x) for al x. Can be 0.

pfunc = vector function of x, t, u, Uy, Uy, of length num_pde +

num_pae for evaluating right-hand sides (rhs) of the
PDES/PAEs. The unknown solution matrix u isassumed
to contain solutions for all unknown functions, so
systems of equations should be cast in terms of vector-
index subscripts, Ug, Uyg, Uyyg, Uz, Uyq, @nd SO on.

pinit = vector function of x of length num_pde + num_pae for
evaluating initial conditions

bc func= The boundary condition (BC) matrix bc_funcisa
num_pde x 3 matrix function. If the PDE for arow
contains 2nd-order spatial derivatives, specify

(left_cond(t) right_cond(t) "D") (for Dirichlet), or
(left_cond(t) right_cond(t) "N") (for Neumann).

If the PDE contains only first order spatial derivatives,
use “NA” for either the right or left BC. If no spatial
derivatives are present, use “NA” for both BCs (the row
will beignored).

numol returns an xpoints by tpoints matrix for asingle PDE, or, in the case of asystem
of equations, an xpoints by tpoints* (num_pde+num_pae) matrix. That is, each column
of thematrix represents a snapshot of the solution over all x at aparticular point intime.
If you want to graph multiple sol ution functionsfrom asystem of equations, add tpoints
to the index of the column for each successive solution function. (See Figure 9-10.)

At most, two boundary functions per PDE must be declared, based on the order of spatial
derivativesin the PDE, so the correct number of conditions to guarantee unique solutionsis
always met.

The numol function requires that the time derivative on the left-hand side of the PDEs
isalwaysof first order. If you have equations of second order in time (such asthewave
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Figure 9-10: Solving the wave equation with numol.

equation), you' |l need to recast them as a system of equations, introducing dummy variablesto
stand in for first-order time derivatives.

Specialized Initial-Value Differential Equation Solvers

Tip

Mathcad includes several specialized functions for solving differential equations,
which you may want to use rather than the general-purpose rkfixed. If your system is
stiff, smooth, or has both high and low rates of change over the solution interval, one
of these specialized solversmay yeild faster or more accurate resultsthan rkfixed. Each
of these functions returns amatrix containing the values of the function evaluated over
aset of points.

When solving a differential equation it isagood ideato try more than one differential equation
solver because one method might suit your differential equation better than another method.

Smooth systems

When you know the solution is smooth, use Bulstoer, which uses the Bulirsch-Stoer
method rather than the Runge-K utta method used by rkfixed.

Bulstoer(y, X1, X2, npoints, D)
The argument list and the matrix returned by Bulstoer are identical to that for rkfixed.
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Note

Systems with varying rates of change

Given afixed number of points, you can approximate afunction moreaccurately if you
evaluate it frequently wherever it's changing fast and infrequently wherever it's
changing more slowly.

Rkadapt(y, x1, x2, npoints, D)

The argument list and the matrix returned by Rkadapt are identical in form to that for
rkfixed.

If you know that the solution has this property, you may be better off using Rkadapt.
Unlike rkfixed, Rkadapt examines how quickly the solution is changing and adaptsits
step size accordingly.

Although Rkadapt uses nonuniform step sizesinternally when it solvesthe differential equation,
it nevertheless returns the solution at equally spaced points.

Stiff systems

A system of differential equationsexpressedintheform y = A - x isastiff systemif
thematrix A isnearly singular. Under these conditions, the sol ution returned by rkfixed
may oscillate or be unstable. When solving a stiff system, you should use one of the
three differential equation solvers specifically designed for tiff systems, Radau, Stiffb
and Siffr, which use the implicit Runge-Kutta RADAUS5 method, the Bulirsch-Stoer
method and the Rosenbrock method, respectively. They take the same arguments as
rkfixed. Siffb and Stiffr each have one additional argument.

Radau(y, x1, x2, npoints, D)
Stiffb(y, x1, x2, npoints, D, J)
Stiffr(y, x1, X2, npoints, D, J)

J(X,¥)= A function you define that returnsthe n x (n + 1) matrix whose
first column containsthe derivatives 0D /0x and whose remaining
rows and columns form the Jacobian matrix (6D / dy, ) for the
system of differential equations. For example, if:

X X
Dixy)=| 7| then Jixy) = |72
_2.y1.y0 0_2.y1_2.y0

See rkfixed for a description of other parameters.

Evaluating only the final value

If you only care about the value of the solution at the endpoint, y(x2), rather than over
anumber of uniformly spaced x values in the integration interval, 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 bel ow:
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bulstoer(y, x1, X2, acc, D, kmax, save)
rkadapt(y, x1, x2, acc, D, kmax, save)
radau(y, x1, X2, acc, D, kmax, save)

stiffb(y, x1, X2, acc, D, J, kmax, save)
stiffr(y, x1, X2, acc, D, J, kmax, save)

acc = Controls the accuracy of the solution. A small value of acc forces
the algorithm to take smaller steps along the trgjectory, thereby
increasing the accuracy of the solution. Values of acc around 0.001
generally yield accurate solutions.

kmax = The maximum number of intermediate points at which the solution
will be approximated. The value of kmax places an upper bound on
the number of rows of the matrix returned by these functions.

save = The smallest alowable spacing between the values at which the
solutions are to be approximated. This places alower bound on the
difference between any two numbersin the first column of the
matrix returned by the function.

Boundary Value Problems

The specialized differential equation solvers discussed above are useful for solving
initial value problems. In some cases, however, you may know the value taken by the
solution at the endpoints of the interval of integration, which is a boundary value
problem.

To solve boundary value problems in Mathcad, use Odesolve, described in “ Solving
an ODE Using a Solve Block ,” or sbval or bvalfit as described here.

Two-point ODE 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 use sbval in the following case:

* You have an nth order differential equation.
* You know some, but not all, of the values of the solution and itsfirst n—1

derivatives at the beginning of the interval of integration, x1, and at the end of the
interval of integration, x2.

» Betweenwhat youknow about the solution at x1 and at X2, you have n known val ues.

sbval returnsavector containing thoseinitial valuesleft unspecified at thefirst endpoint
of theinterval. Onceyou know themissing initial valuesat x1, you haveaninitial value
problem that can be solved using any of the functions discussed earlier in this section.
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sbval(v, x1, x2, D, load, score€)

v= Vector of guessesfor initial values left unspecified at x1.

x1, X2 = The endpoints of the interval on which the solution to the
differential equationswill be evaluated.

D(x, y) = Ann-element vector-valued function containing thefirst derivatives
of the unknown functions.

load(x1, v) = A vector-val ued function whose n elements correspond to the values

of the n unknown functions at x1. Some of these values will be
constants specified by your initial conditions. Others will be
unknown at the outset but will be found by sbval. If avaueis
unknown, you should use the corresponding guess value from v.

scor e(x2, y) = A vector-valued function having the same number of elementsasv.

Each element isthe difference between an initial condition at x2, as
originally specified, and the corresponding estimate from the
solution. The score vector measures how closely the proposed
solution matches the initial conditions at x2. A value of 0 for any
element indicates aperfect match between the corresponding initial
condition and that returned by sbval.

Note Asshown in Figure 9-11, sbval does not actually return a solution to a differential equation. It
merely computes the initial values the solution must have in order for the solution to match the
final values you specify. Y ou must then take the initial values returned by sbval and solve the
resulting initial value problem using a function such as rkfixed.

Convert to initial value problem:

yOBl+y=0 with w0)=0 y(0)=7

y()=1 y'(1)=10 y"(1)=5

1

1 y'(0)
v o= |1 «— quess value for y''(0)

yv{0) 7

0 <— known yw(0)

<— known y'(0)

load( x1.wv) := < N
¥q Unknown initial
Y1 |« conditions. To be
Y
2 <— D vector for the differential Vo solved for by sbval.
Dix.y)] = | ¥3 equation: y(5) + y =0
¥4 vg - 1
<— Difference between
~¥o score(x2.y) = |¥q - 10 computed and given
values of y
S = sbval(v.0.1.D. load. score) ¥y - 5
-85.014 «— y"'(0)
_ o Missing initial conditions,
S = | 348307 < y_ ® to be used with rkfixed.
-516.257 «—y" ()

Figure9-11: Using shval to obtaininitial values corresponding to given final

values of a solution to a differential equation.
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Tip

It'salso possible that you don’t have al the information you need to use sbval but you
do know something about the solution and itsfirst n—1 derivatives at some
intermediate value, Xf. In this case, the function bvalfit solves a two-point boundary
value problem by shooting from the endpoints and matching the trajectories of the
solution and its derivatives at an intermediate point. This method becomes especially
useful when the derivative has a discontinuity somewhere in the integration interval.

bvafit(vl, v2, x1, x2, xf, D, load1, load2, scor€)

v1, v2 = Vector v1 contains guessesfor initial valuesleft unspecified at x1.
Vector v2 contains guesses for initial valuesleft unspecified at x2.

x1, X2 = The endpoints of the interval on which the solution to the
differential equationswill be evaluated.

xf = A point between x1 and X2 at which thetrajectories of the solutions
beginning at x1 and those beginning at x2 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 whose n elements correspond to the
values of the n unknown functions at x1. Some of these valueswill
be constants specified by your initial conditions. If avalueis
unknown, you should use the corresponding guess value from v1.

load2(x2, v2) = Analogous to loadl but for values taken by the n unknown
functions at x2.

scor e(xf, y) = An n element vector valued function that specifies how the
solutions match at xf. Y ou'll usually want to define score(xf, y) :=
y to make the solutions to all unknown functions match up at xf.

Elliptic PDEs with boundary values

A second type of boundary val ue problem ariseswhen you are solving Poisson’ s PDE.
Rather than being fixed at two points, the solution isfixed at a whole continuum of
points representing some boundary.
Poisson’s Equation is given by:

2 2
du,ou
ox2  oy?

These solvers al so address the homogeneous form, Laplace’ s equation, where
p(xy) = 0.

= p(X%Y)

To type apartial differential equation symbol such as % , insert the derivative operator % by

typing ?, click on the derivative operator with the right mouse button, and choose View
Derivative As = Partial Derivative from the popup menu.
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Mathcad has two functions for solving these equations over a square boundary. Y ou
should use relax if you know the value taken by the unknown function u(x, y) onall
four sides of a square region.

If u(x, y) iszero on all four sides of the square, you can use multigrid, which often
solvesthe problem faster than relax. Notethat if the boundary condition isthe sameon

all four sides, you can simply transform the equation to an equivalent one in which the
valueis zero on al four sides.

relax returns a square matrix in which:

» Aneement’slocation in the matrix corresponds to its location within the square
region, and

» Itsvalue approximates the value of the solution at that point.

Thisfunction usestherelaxation method to convergeto the sol ution. Poisson’ sequation
on asquare domain is represented by:
3 1+ 1,1 Oy -t G e 1 -1 8k T Tk

s

relax(a, b, ¢, d, e f, u, rjac)

a...e= Square matricesall 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 val ues along the edges of theregion
and initial guesses for the solution inside the region.

rjac = Spectral radius of the Jacobi iteration. This number between 0 and 1
controls the convergence of the relaxation agorithm. Its optimal value
depends on the details of your problem.

multigrid(M, ncycle)

M = (1+2") row square matrix whose elements correspond to the
source term at the corresponding point in the square domain.

ncycle = The number of cycles at each level of the multigrid iteration. A
value of 2 generally gives a good approximation of the solution.

Data Fitting

Interpolation

Interpolation involves using existing data points to predict values between these data
points. Mathcad allows you to connect the data points either with straight lines (linear
interpolation) or with sections of a cubic polynomial (cubic spline interpolation).
Unlike the regression functions discussed in the next section, these interpolation
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Tip

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 147).

Cubic splineinterpolation passes a curve through a set of pointsin such away that the
first and second derivatives of the curve are continuous across each point. This curve
is assembled by taking three adjacent points and constructing a cubic polynomial
passing through those points. These cubic 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 function bspline) join the polynomials at arbitrary points.

Linear prediction involves using existing data values to predict values beyond the
existing ones.

The coefficientsreturned by the splineinterpolation functions bspline, cspline, Ispline,
and pspline and the regression functionsregress and loess described in the next section
are designed to be passed to Mathcad’ s interp function. interp returns asingle
interpolated y value for agiven x value, but as a practical matter you' Il probably be
evaluating interp for many different points, as shown in Figure 9-12. Store the
coefficients returned by the spline or regression functionsin a vector (such asvsin
Figure 9-12) that can be passed to interp for 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, v, vy x) from data.
w, 05 - .
L+
0 1 1
0 2 4 =
X, v

Figure9-12: Spline curvefor the pointsstored in vx and vy. Sncetherandom
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 use the interp function on values of x far from
the fitted points. Splines are intended for interpolation, not extrapolation.




Data Fitting / 147

Note

Mathcad handles two-dimensional cubic spline interpolation in much the same way as the one-
dimensional caseillustrated: in this case the spline function takes two matrix arguments, M xy
and Mz. Thefirstisan n x 2 matrix specifying the points along the diagonal of a rectangular
grid, and the second isan n x n matrix of z-values representing the surface to be interpolated.
Mathcad passes a surface through the grid of points. This surface corresponds to a cubic
polynomial in x and y in which the first and second partial derivatives are continuous in the
corresponding direction across each grid point. For an example see the “Data Analysis’
QuickSheets from the Help menu.

Regression and Smoothing Functions

Note

Mathcad includes a number of functions for performing regression. Typicaly, these
functions generate a curve or surface of a specified type in some sense minimizes the
error between itself and the datayou supply. The functions differ primarily in thetype
of curve or surface they use to fit the data. Unlike interpolation functions, these
functionsdo not require that the fitted curve or surface pass through pointsyou supply,
and they are therefore less sensitive to spurious data.

Smoothing involvestaking aset of y (and possibly x) values and returning anew set of
y valuesthat is smoother than the original set. Unlike the regression and interpolation
functions, smoothing resultsin anew set of y val ues, not afunction that can beevaluated
between the data points you specify. Thus, if you areinterested in y val ues between the
y values you specify, you should use aregression or interpolation function.

Polynomial functions are useful when you have a set of measured y values
corresponding to x values (or possibly multiple x values) and you want to fit a
polynomia through those y values.

Use regress when you want to use a single polynomial to fit all your datavalues. The
regress function letsyou fit apolynomial of any order. However as apractical matter,
you rarely should go beyond n = 4.

Theloessfunction performsamorelocalized regression. Instead of generating asingle
polynomial the way regress does, |0ess generates a different second order polynomial
depending on where you are on the curve. It does this by examining the datain asmall
neighborhood of a point you're interested in.

Asinthe case of Mathcad’ s splineinterpolation functions, the coefficients returned by
regressand |loess are designed to be passed to Mathcad’ sinterp function. interp returns
asingleinterpolated y valuefor agiven x value, but asapractical matter you' Il probably
be evaluating interp for many different points.

Mathcad also allows multivariate polynomial regression with regress or loess to fit y values
corresponding to two or more independent variables. In this case, the regression function’ sfirst
two argumentsare M x and vy: thefirstisan n x m matrix specifying themvalues of n predictor
variables, and the second is avector of response data corresponding to the factorsin M x. For an
example seethe“Data Analysis’ Quick Sheets under the Help menu. Y ou can add independent
variables by simply adding columnsto the M x array and a corresponding number of rowsto the
vector you pass to the interp function.
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Specialized regression

expfit(vx, vy, vg) vg, the guess value for expfit, is optional.
[gsfit(vx, vy, vg)

Infit(vx, vy)

logfit(vx, vy, vg)

pwrfit(vx, vy, vg)

sinfit(vx, vy, vg)

Usethesefunctionswhen you have aset of measured y values corresponding to x values
and you want to fit a special type of curve through those y values. Although you can
use the genfit function described on page 148 to perform a curve fit on any function,
the functions outlined above are designed for ease of use. Use them if they addressthe
particular function curve to which you are fitting your data.

0
4
! 1
uess =
13 2 g
1
19 3
Yy = VX =
Y 28 4 5687
40 5 ep = expfitivx, vy, guess; ep =|0.397
. 0.308
61 6| efitix) =epg- g (P epz
90 7

100 T

WK % R0 b 4
efit(vx)

0 |
0 5 10

VK

Figure 9-13: Using the specialized regression function expfit.

Generalized regression

linfit(vx, vy, F)

genfit(vx, vy, vg, F)

linfit is designed to model your data by alinear combination of arbitrary functions:
y =ay fo(x)+a; - f,(x)+... +a, - f,(x)

genfit is designed to model your data by some arbitrary (possibly nonlinear) function
whose parameters must be chosen. For example, if your dataisto be modeled by the sum

f(x) = 2-sin(a;x) + 3 - tanh(a,x)
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and you wish to solve for the unknown parameters a; and a, , you would use genfit.
An example of using genfit is given in Figure 9-14.

up+uqgz +U2-22 <— The first element 9.4
e contains the function K| 11.2
2 to be fitted.
ug + Uz +lyz . 5
e X = vy =
Fiz.u) == <— The others 1.4 3
ug+ugz +u2-22 contain the partial 6
ze derivatives.
2 1]
2 ot lrErup?

; = 0. :
vg:=| 0 20 T T T
-1

P = genfit{ wvx. vy vg. F) o 10 | -

air)
g(r) = F(r.P)g - e
0 | |
2.573 0 1 2 3 1
P = [-0.814 o Data T
0.05 Best fitting curve

Figure 9-14: Using genfit for finding the parameters of a function so that it
best fits the data.

Anything you can do with linfit you can also do, albeit less conveniently, with genfit.
The difference between these two functionsisthe difference between solving asystem
of linear equations and solving a system of nonlinear equations. The latter generally
must be solved by iteration, which explains why genfit needs a vector of guess values
as an argument and linfit does not.

Smoothing functions
medsmooth(vy, n)
ksmooth(vx,vy, b)
supsmooth(vx,vy)

medsmooth is the most robust of the three smoothing functions since it isleast likely
to be affected by spurious data points. This function uses a running median smoother,
computes the residual's, smooths the residual's the same way, and adds these two
smoothed vectors together. Note that medsmooth leaves the first and last (n—1)/2
points unchanged. In practice, the length of the smoothing window, n, should be small
compared to the length of the data set.

ksmooth uses a Gaussian kernel to compute local weighted averages of theinput vector
vy. Thissmoother ismost useful when your dataliesaong aband of relatively constant
width. If your datalies scattered along aband whosewidth fluctuates considerably, you
should use an adaptive smoother like supsmooth. supsmooth usesasymmetric k nearest
neighbor linear | east-squaresfitting procedureto makeaseries of line segmentsthrough
your data. Unlike ksmooth which uses a fixed bandwidth for al your data, supsmooth
adaptively chooses different bandwidths for different portions of your data.
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Overview

Overview
Inserting Pictures
Inserting Objects

Inserting Graphics Computationally Linked to Your Worksheet

Toillustrateyour Mathcad cal culationsvisually, you many want to add graphs, pictures,
or other objects. Y ou can include the following in your Mathcad workshest:

2D graphs
3D graphs

Pictures based on valuesin amatrix, pasted from another application, or based on
animagefile

Objects created by another application (.AVI files, .DOC files, .MDI files, etc.)
Graphics computationally linked to your calculations

Thischapter describeshow toinsert pictures and objectsinto aMathcad worksheet and
format them. Thelast section introduces how to insert agraphic that iscomputationally
linked to your calculations. See also Chapter 14, “Importing and Exporting Data.”

Inserting Pictures

Thissection describestechniquesfor creating and formatting pictures—staticimages—
in your worksheet.

Creating a Picture
Y ou can create a picture in aworksheet by:

Creating a picture region and supplying either the name of a Mathcad matrix (or
matrices) or the name of an external image file.

Importing an image from another application via the Clipboard.

Creating pictures from matrices

You can view as agrayscale picture any single matrix by creating a picture region:;

1
2.

Click in ablank space in your worksheet.

. = .
Choose Pictur e from the Insert menu or click on the Matrix toolbar.

3. Typethe name of amatrix in the placeholder at the bottom of the picture region.

151
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Note

Mathcad creates a 256-shade grayscale representation of the datain the matrix, with
each matrix element corresponding to a pixel in the picture.

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

To create acolor picture in Mathcad, you must define three matrices of the same size

that describe either:

» Thered, green, and blue (RGB) components,

» Thehue, saturation, and value (Smith’s HSV color model) components, or

» Thehue, lightness, and saturation (Otswald’s HL'S color model) components of
each pixel in the picture.

To view asacolor picturein Mathcad any three same-size matrices:

1. Click inablank space and choose Picture from the Insert menu.

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

By default, Mathcad creates a 3-layer, 256-color, or RGB, representation of the datain
the matrices. This setting can be changed, however, through the Properties dialog box
and the Picture toolbar. See “Modifying a picture” on page 153.

Since the matrices used in picture rendering are usually quite large, this technique of
creating a picture is most useful when you import graphicsfilesinto Mathcad as
matrices as described in “File Access Functions’ on page 250. For example, you can
use the READBMP function to read an external graphics file into amatrix, and then
view it asapicture in Mathcad.

Creating a picture by reference to an image file

Mathcad can create apicture directly from an external imagefilein anumber of image
file formats, including BMP, JPEG, GIF, TGA, PCX, and more. To do so, click ina
blank space and then:

1. Choose Picturefrom thelnsert menu, or click

on the Matrix toolbar, to insert a picture.

2. Inthe placeholder, type a string containing the
name of an image filein the current directory,
or type afull path to an imagefile. Y ou create
astring in the placeholder by first typing the
double-quote (**) key.

"C:Itemgl‘;eriesnetwnrk.bmﬂ"
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Note

Note

3. Click outside the picture region. The T

bitmap appearsin your worksheet. * I- 1a
Each time you open theworksheet or calculate N | | : M
the worksheet, the image file is read into the mc‘) 1 i $:0
picture region. fe 1.

!

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

Modifying a picture

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

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

2. ThePicturetoolbar will pop up. To find out what operation
each tool performs, hover over it briefly to seeitstooltip.

w

For example, tozoominonthepicture, click @, | onthePicture
toolbar and then repeatedly click the picture until you reach the desired resolution. To

zoom out, zoom to window, or reset the zoom factor, click the toolbar buttons G% \

,and Q , respectively, to activate those commands.

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

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

1. Right click on the picture and select Properties from the popup menu.

2. Under theInput and Output tab of the Propertiesdial og box, makeyour adjustments
in the Input and Output panels.

For example, you can send the color map information for a selected rectangle of the
pictureto avariable. Y ou might do thisif you want to create another picture that only
captures part of thewholeimage. In the Properties dialog box, check “ Output Selected
Rectangle” in the output pane and sel ect acolor map option. Onceyou click “ OK,” you
need to type a variable name in the placeholder at the left of the picture region.

Creating a picture by importing from another application

Y ou can copy animagefrom another application and pasteit into Mathcad. Thissection
describes using the Paste Special command on the Edit menu to paste an image into
Mathcad in anoneditable format: as ametafile or bitmap. A metafile, whichis strictly
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Note

Note

Note

aWindowsgraphic format, can beresized in Mathcad without undueloss of resolution,
whereas abitmap isusually viewed best only at itsoriginal size. A device-independent
bitmap, or DIB, is stored in abitmap format that is portabl e to other operating systems.

If you use the Paste command on Mathcad’ s Edit menu to paste in an image or use drag-and-
drop from another application, you are pasting a linked OLE object into your Mathcad
worksheet, (“Inserting Objects’ on page 155.) When you double-click alinked OLE object, you
activate the application that created the object and are able to edit the object directly in your
Mathcad worksheet.

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

1. Opentheapplication and select and Copy it. Many Windows applicationshavethis
feature.

2. Click the mouse in your Mathcad worksheet.

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

4. Mathcad creates a picture region and puts the image into it.

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

Mathcad stores the color depth—the number of colorsin the image—at the time you
paste it into a worksheet. This means that you can safely resave any worksheets that
contain color imageson systemsthat 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 by pasting, the picture information is stored as part of the Mathcad
worksheet. This makesthefile size larger. It also means that when you copy the worksheet, the
picture information travels along with it.

Toavoid making your Mathcad filetoo large, paste bitmapsthat have been saved in asfew colors
aspossible such as 16 or 256 colors and crop them as close as possibl e to the actual image rather
than importing white space.

Formatting a Picture

This section describes options for formatting a picture.
Resizing a picture

To resize a picture region, do the following:

1. Click the mouseinside the picture region to select it.

2. Movethemouse pointer to one of the handlesa ong the edge of region. The pointer
changes to a double-headed arrow.

3. Pressand hold downtheleft mousebutton. With thebutton still held, drag themouse
in the direction you want the picture region to be stretched.
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Tip  When you changethe size of the picture region, the pictureinside may bedistorted. If youresize
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 choose Pr opertiesfrom the For mat 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 around a picture region. To do so:

1. Double-click the picture, or choose Propertiesfrom the For mat menu to bring up
the Properties dialog box.

2. Click “Show Border.”
3. 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 usesasingle256-color paletteto display all thebitmaps
in your worksheets. Thisisthe 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 bitmapsin
aworksheet were designed to use. To improve the appearance of bitmapsin your
worksheet, you can tell Mathcad to optimizeits default color palette so that it chooses
the best possible 256 colors to display bitmaps in the worksheet. To do so:

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

2. Makesurethat Color=Use Default Palettein the For mat menuischecked. Then
Mathcad uses the new default palette it generates.

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

Inserting Objects

This section describes inserting and editing objects created by other applications into
Mathcad. OLE (Object Linking and Embedding) technology in Microsoft Windows

makes it possible to insert static pictures of objectsinto Mathcad (or Mathcad objects
into other applications), so that they can befully edited in their originating applications.

An object can be either embedded in or linked to a Mathcad worksheet. An object that
islinked must exist in an external saved file. An object that you embed may be created
at the time of insertion. When you edit alinked object, any changes you make to the
object also update the original file containing the object. When you edit an embedded
object, any changes you make to the object affect it only in the Mathcad workshest.
The original object in the source application is unchanged.
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Tip

Inserting an

Tip

For information about components to import and export data, as well as setting dynamic
connections between Mathcad and other applications see Chapter 14, “Importing and Exporting
Data.”

Object into a Worksheet

Y ouinsert an object into Mathcad, which isan OLE 2—compatible application, by using
the Object command from the Insert menu, by copying and pasting, or by dragging
and dropping. Themethod you choose dependson whether you want to createthe object
on the fly, whether the object has already been created, or whether you want the object
to be an entire file. You can edit objects in aMathcad worksheet simply by double-
clicking them, causing in-place activation of the originating application in most cases.

Y ou use the same methods to insert a Mathcad object into 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 M athcad object supports OLE 2. Once
you've inserted a Mathcad object into a compatible application, you can edit it by double-
clickingit. If the application supportsin-place activation, as current releases of Microsoft Office
applications do, the menus and toolbars will change to Mathcad's.

Insert Object command

The Object command from the Insert menu allows you to insert an object that you
create at the time of insertion or an existing file.

Toinsert an object or asaved file:
1. First click in your worksheet so that you see the crosshair.

2. Choose Object fromthe |y BE
Insert menu to bring up
the Insert Object dialog & Create New
box. By default “ Create € Creats fiom il
New” is selected: ;

3. Check " Display As|con” R pewe =)
if you want anicon to
appear I n your Workmeet. et Inzerts a new 1-2-3 Worksheet object inta your
Theiconistypically the document,
iconof theapplicationthat
created the object.

To create anew object:

™ Display A2 lcon

1. Selectanapplicationfromthe” Object Type” list, which dependsontheapplications
you have installed.

2. The source application opens so that you can create the object. When you are
finished, exit the source application. The object you created is then embedded in
your Mathcad worksheet.



Inserting Objects / 157

If you want to insert a Insert Dbject HE
previously created file:
1. Click“Createfrom File” = © Cestelien o Concel |

inthelnsertObjectdialog | & Ereate fomFie
box. The dialog box then

I Link
™ Display &z lcon

changes appearance.
2. Typethe path to the ot
Obj ect f| I eor CI | Ck Inzerts the contents of the file az an object inta
“ Ul H T . d h i i i
BroW% tO |Ocate |t. fﬁ:LrS;ngESLisc:Dhtc?;;Delé ?an activate it using

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

Pasting an object into a worksheet

Y ou can copy an object from a source application 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 aworksheet by copying:
1. Open the source application containing the object.

2. Copy the object from the source application. Y ou typically do this by choosing
Copy from the Edit menu or by pressing [Ctr1]C.

3. Click inthe Mathcad worksheet.

4. Choose Paste or Paste Special from Mathcad’ s Edit menu.

If you choose Paste, the object is pasted in your Mathcad worksheet in aformat that
depends on what the source application has placed on the Clipboard. The behavior
differs depending on whether you have sel ected amath placeholder or are pasting into
ablank space in the worksheet. Mathcad creates one of the following:

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

» Atextregion, if you are pasting text that does not contain numeric dataexclusively.
* A bitmap or picture (metafile), if the originating application generates graphics.

» Anembedded object, if the originating application supports OLE.

If you choose Paste Special, you have the option of pasting the object in one of the
several formats. Y ou can choose to paste the object as an embedded or linked OLE
object (if the object was stored in asaved filein an OL E-compatible source application),
apicture (metafile), or a bitmap. See “ Creating a picture by importing from another
application” on page 153 for pasting metafiles and bitmaps.

Dragging and dropping an object into a worksheet

A third way to insert an OLE object into a Mathcad worksheet isto drag it from the
source application and drop it into the worksheet. Thisisvery similar to copying and
pasting, but doesnot allow youto createalink to an object. To do so, open both Mathcad
and the source application and arrange the two windows side by side on the screen.
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Then select the object in the source application and drag it with the mouse into your
Mathcad worksheet. The object appears when you rel ease the mouse button.

Editing an Object

Toeditanembedded object inaMathcad 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. This OLE editing mechanismis called in-
place activation. For example, you can use in-place activation to edit objects created
by Microsoft applications such as Excel and Word inside Mathcad.

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

Editing a Link

Online Help

If you'veinserted a Links [Z1x]
linked object into a _
Mathcadworksheet, you | e e Upsee cese |

Update Mow |
Open Source |
LChange Source. .. |

Break Link

can update the link,
eliminate it, or change
the source file to which
the object islinked. To
do so, choose Links

from the Edit menu. Souce: T MSOFFICESWINWORD Metter dociOLE_LINK3
Type: Microsoft Waord Document

Choose the link you
want to edit fromthelist
of links. Then make
changes using the available options.

Update: & Automatic ' Manual

See the online Help topic “Links dialog box” for information on each option in the dialog box.

Inserting Graphics Computationally Linked to Your Worksheet

If you want to insert adrawing or other kind of graphic that is computationally linked
to your Mathcad worksheet, you can insert acomponent. A component isaspecialized
OLE object. Unlike other kinds of OLE objects you can insert into aworksheet, a
component can receive datafrom Mathcad, return datato Mathcad, or both, linking the
object dynamically to your Mathcad computations.

The SmartSketch component, for example, alowsyou to insert SmartSketch drawings
whose dimensions are computationally linked to your Mathcad cal culations.

An example using the SmartSketch component is shown in Figure 10-1. In addition to
the SmartSketch component, Mathcad includes several components for exchanging
data with applications such as Excel, MATLAB, and ODBC databases. For more
information see Chapter 14, “Importing and Exporting Data.”
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Depth =6 Amount of water in the ditch Roughness = 0.013 Roughness coefficient

Bottom = 10  Width of the ditch at the hottom Slope = 0.01 Slope of the ditch
SideAngle = 120 Side angle of the ditch
( W ) ~

SLength

(Depth Bottom SideAngle)

Figure 10-1: The SmartSketch component inserted into a Mathcad wor ksheet.
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2D Plots

Overview of 2D Plotting

Plotting Vectors of Data
Formatting a 2D Plot
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Overview of 2D Plotting

To visually represent afunction or expression of asingle variable or X-Y datain
Mathcad, you can create either aCartesian X-Y plot or apolar plot. A typical polar plot
shows angular values, 0, versus radial values, r. Figure 11-1 shows several examples

of 2D plots.

Graphing Functions and Expressions

Modifying a 2D Plot’s Perspective

XY plot of a function

2
fiyy =y +y
10
H]
fiyr
5 1] H]
¥
Polar plot
2
rie=3.-90
90
120 60
150 30
rigl 180
0. 501
210 330
240 300
270
]

XY plot of data vectors

i=0.51

Xi= sin[2n : L] Yi= cos(Gn : L]
50 50

2

I,
=
=
-

Parametric plot

YN
N

sin(x) 0

-1
0 1

cosix)

Figure 11-1: Examples of 2D plots.




162 / Chapter 11

Creating an X-Y Plot

Note

Note

To create an X-Y plot:
1. Click inyour worksheet.
2. Choose Graph=X-Y Plot fromthelnsert menu

or click M: on the Graph toolbar. Alternatively,
type [Shift]2 or @. Mathcad inserts ablank X- .
Y plot.

3. Fill inboththex-axis placeholder (bottom center)
and the y-axis placeholder (left center) with a L
function, expression, or variable. -

4. Click outside the plot or press[Enter].

Mathcad automatically choosesaxislimitsfor you. If youwant to specify theaxislimits
yoursdlf, click in the plot and type over the numbersin the placehol ders at the ends of
the axes.

Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 168 for how to modify these defaults.

Resizing a graphf

Toresize aplot, click in the plot to select it. Then move the cursor to a handle along
the edge of the plot until the cursor changesto adouble-headed arrow. Hold the mouse
button down and drag the mouse in the direction that you want the plot’s dimension
to change.

If apoint is complex, Mathcad does not graph it. To graph the rea or imaginary part of a point
or expression, use the Re and Im functions to extract the real and imaginary parts, respectively.

Toresize aplot, click in the plot to select it. Then move the cursor to a handle along
the right or bottom edge of the plot until the cursor changes to a double-headed arrow.
Hold the mouse button down and drag the mouse in the direction that you want the
plot’s dimension to change.

If some pointsin afunction or expression are valid and others are not, Mathcad plots only the
valid ones. If the points are not contiguous, M athcad does not connect themwith aline. Y ou may
therefore see ablank 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 168.

Creating a polar plot

To create apolar plot: a
120 60

1. ChooseGraph=Polar Plot fromthelnsert menuor 9
150 30
sin(g)

click @ on the Graph toolbar.

2. Fill in both the angular-axis placehol der (bottom
center) and the radial-axis placeholder (left center)
with afunction, expression, or variable. 27

]

180 0

20 330
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3. Click outsidethe plot or press [Enter].
Mathcad creates the plot over a default range using default limits.

Graphing Functions and Expressions

2D QuickPlots

A 2D QuickPlot isaplot created from an expression or function which represents the
y-coordinates of the plot. With aQuickPlot, thereis no need to define the independent
or x-axis variable.

To create an X-Y plot of asingle expression or function:

1. Typethe expression or function of asingle variable you want .
to plot. Make sure the editing lines remain in the expression.

2. Choose Graph=X-Y Plot from the Insert 1

menu or click M\: on the Graph tool bar.
3. Click outside the graph or press[Enter].

Mathcad automatically produces a plot over a
default domain for the independent variable, -10 0 10
from —10 to 10. X

To change the default domain for the
independent variablein a2D QuickPlot, change the axis limits on the plot.

Defining an independent variable

If you don’t want Mathcad to use adefault range for the independent variable, you can
define the independent variable as a range variable before creating the plot. For

example:

1. Definearange variable, such asx, that takes on the values you ‘ =0 01 9 ‘
want to graph. See “Range Variables’ on page 103. B A

2. Enter an expression or function you want to plot using that -
variable. Make sure the editing lines remain in the expression.

3. Choose Graph=X-Y Plot from the Insert menu

4. Typethename of thevariableinto the x-axis 1 :
placeholder.

5. Click outside the graph or press[Enter]. sin(x) ol i

Mathcad graphs one point for every value of the /

range variable, and, unless you specify »

otherwise, connects each pair of pointswith a 0 5 10

straight line. z

Tip To override Mathcad' s choices for the axis limits on aplot, click in the plot and type over the
limitsin the placeholders at the ends of the axes (see “ Setting Axis Limits’ on page 169).
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Plotting Multiple 2D Curves

Note

Y ou can graph several traces on the same X-Y or polar plot. A graph can show severa
y-axis(or radial) expressionsagai nst the samex-axis(or angular) expression. SeeFigure
11-3. Or it can match up several y-axis (or radial) expressions with the corresponding
number of x-axis (or angular) expressions. See Figure 11-2.

To create a QuickPlot containing more than one trace;

1. Enter theexpressionsor functions of asinglevariable
you want to plot, separated by commas. Makesurethe | |sin(x) . sin(2x) « 2.2
editing lines remain in the expression. 4

2. Choose Graph=>X-Y Plot from the 4 .
Insert menu or click {2 on the Graph ain ) , ][\/\/W\ /\\}L
tool bar. - v

ﬂ(z- X+ 2 o /\

3. Click outsidethegraph or press[Enter]. 7

X
Mathcad produces asingle graph containing | # -2
plots of al the expressions or functions, over |
adefault range for the independent 10 0 10
variable(s), from —10 to 10. XXX

In aQuickPlot with multipletraces, you need

not use the same independent variablein every y-axis (or radial-axis) expression.
Mathcad will provide the appropriate corresponding variablein the x-axis (or angul ar-
axis) placeholder.

To create a graph containing several independent curves:
1. Choose Graph=X-Y Plot from the I nsert menu.
2. Enter two or more expressions separated by commas in the y-axis placehol der.

3. Enter the same number of expressions separated by commas in the x-axis
placeholder.

Mathcad matches up the expressions in pairs—the first x-axis expression with first y-
axis expression, the second with the second, and so on. It then draws a trace for each
pair. Figure 11-2 shows an example.

All traces on agraph 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 afunction or expression is plotted against another
function or expression that uses the same independent variable. Y ou can create either
an X-Y or polar parametric plot.

To create an X-Y parametric plot:

1. Choose Graph=X-Y Plot from the I nsert menu.

2. Inboth the x-axis and y-axis placeholders, enter afunction or expression.
3. Press[Enter].
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Figure 11-2: Graph with multiple expressions on both axes.

j=0.80

w R .
X, ::_4.ﬂ+ﬁ.l ¥ _:x--sm(xj)

20

20

Figure 11-3: Graph with multiple y-axis expressions.

Mathcad producesaQuickPlot over adefault rangefor theindependent variable. Figure
11-1 shows an example of a parametric plot.

If you don’t want Mathcad to use a default range for the plot, define the independent
variableasarange variable before creating the plot. Mathcad graphs one point for each
value of theindependent variable and connects each pair of pointswith astraight line.
Figure 11-4 shows two functions of 6 plotted against each other. The range variable 6
was previously defined. See “Range Variables’ on page 103.
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N = 40 6:=0, == 2n  Forthe XY 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
72 20
y(®) 180 7
210 330
240 300
270
E41L:)] a

Figure 11-4: Graphing one function against ancther.

Plotting Vectors of Data

To graph a vector of data, you can create either an X-Y plot or apolar plot. Y ou need
to use the vector subscript (see“Vector and Matrix Operators’ on page 398) to specify
which elementsto plot. Some graphs of data vectors are shown in Figure 11-5.

Plotting a single vector of data
To create an X-Y plot of asingle vector of data:

1. Definearange variable, such asi, that references the subscript of each element of
the vector you want to plot. For example, for avector with 10 elements, your
subscript range variablewould bei :=0.. 9.

2. Choose Graph=X-Y Plot from the Insert menu.

3. Enter i in the bottom placeholder and the vector name with the subscript (y; for
example) inthe placeholder on theleft. Type [ asashortcut to create the subscript.

Note Subscripts must be integers greater than or equal to ORIGIN. This means that the x-axis or
angular variable used in the graphs in Figure 11-5 can run through whole number values only.
If you want to graph fractional or negative values on the x-axis, graph a function or graph one
vector against another, as described in the next section.

Tip If you have a handful of data points, you can use a data table to create a vector as shown in the
second graph in Figure 11-5 or Figure 11-7. See“ Entering aMatrix asaData Table” on page 55.

Plotting one data vector against another

To graph al the elements of one data vector against al the elementsin another, enter
the names of the vectorsin the axis placeholders of an X-Y plot or polar plot.

To create an X-Y plot of two datavectorsx and y:
1. Definethevectorsxandy.
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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 11-5: Graphing a vector.

2. Choose Graph=X-Y Plot from the Insert menu.
3. Enter yin they-axis placeholder and xin the x-axis placeholder.
Mathcad plots the elements in the vector x against the elements in the vector y.

expxi)

i=0.50 Xi=1+01-i Vi = 2
(Xi)

Figure 11-6: Graphing two vectors.

Note If thevectorshbeing plotted are not the same length, Mathcad plots the number of elementsin the
shorter vector.

If you want to plot only certain vector el ements, define arange variable and useit asa
subscript on the vector names. In the example above, to plot the fifth through tenth
elements of x and y against each other:

1. Definearangevariable, such ask, going from 4 to 9 inincrements of 1. (Note that
the first elements of the vectorsx andy are x, and y, by default.)

2. Enter y, and x, in the axis placeholders.
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Note If you have a set of data values to graph, create avector by reading in data from adatafile, by
pasting in the data from the Clipboard, or by typing data directly into a data table. See Chapter
5, “Vectors, Matrices, and Data Arrays.” See Figure 11-7 for an example showing the use of a

datatable.
- 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 11-7: Plotting vectors from a data table.

Formatting a 2D Plot

Y ou can override Mathcad’ sdefault settingsfor axesand traces. Y ou can also add titles
and labels and control the default settings of the graph.

To format a 2D graph:

1. Double-click the graph. Or click once
onthegraphand choose Graph=X-Y
Plot or Graph=Polar Plot from the
Format menu. You'll seethe dialog
box for formatting a selected graph.

2. Usethe Axestab to determine the
appearance of the axes and grid lines.
Use the Traces tab to set the color,
type, and width of the traces. Use the
Labelstab to insert |abels on the axes.
Use the Defaults tab to specify the
default appearance of your graphs.

Make the appropriate changes in the
dialog box.

Formatting Currently Selected X-¥ x|
R Aes | Tracesl Labelsl Defaultsl
P -
[ LogScale [ LogScale
I™ Grid Lines I™ Grid Lines
¥ Murbered ¥ Murbered
¥ Autoscale ¥ Autoscale
[ Show Markers [ Show Markers
IV futa Grid IV futa Grid
Mumber of Grids: |2 Mumber of Grids: |2
Az Style -
& Bowed [ Equal Scales Cirid Caller...
7 Crossed
" None
QK I Cancel | Apply | Help |

4. Click Apply to see the effect of your changes without closing the dialog box.

Note Inthe X-Y Axes page, make sureyou turn options on and off in the appropriate axis column. In
the Traces page, click on atrace’snamein the Legend Label column and change characteristics

by clicking on the arrow beside each of the drop-down options.
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Tip If you double-click an axis on agraph, you'll see aformatting dialog box for that axis alone.

Online Help  Click Help in the dialog box for details on particular formatting options.

Setting Axis Limits

When you create a 2D graph, the Autoscale option isturned on. Use the Axes page of
the plot formatting dialog box to turn Autoscale on or off:

» With Autoscale on, Mathcad automatically sets each axis limit to the first major
tick mark beyond the end of the data. Thisis areasonably 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

Y ou can override Mathcad' s automatic limits by entering limits directly on the graph.

To do so:

1. Click thegraphto selectit. Mathcad displaysfour additional numbers, one by each
axislimit. These numbers are enclosed within corner symbols, asillustrated in the

selected plot in Figure 11-8.

2. Click on each of these numbers and type a number to replace it.

. Click outsidethe graph. Mathcad redrawsit using the new axislimitsyou specified.
The corner symbols below the limits you changed disappear. Figure 11-8 shows
the effect of manually setting limits on a graph.

#=1,1.1. 9.4 fx)=sin{2-x)+ 1.5
3 . o
2,498, ¥-axis data limits
automatically generated by
2 Mathcad: 0.5 and 2,499,
) when the graph is
1 selected, note that the
data limits appear enclosed
05 within the corner brackets,
o 5 10
1. b 9.4,
2 P
Y-axis limits manually
1.65 set at:0.8 and 2.0,
flx) 1.3
0.95
ue o 25 5 75 10

Figure 11-8: Data limits set automatically and manually.
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Setting Default Formats
Mathcad uses default settings to format the axes and traces of new graphs you create.

Copying Defaults from an Existing Graph

One Wa.y to create anew set Of defau“:s Formatting Currently Selected X-Y Plot [X]
isto usetheformat settingsof an existing ¥ Aves | Traces | Labels Defauls |
graph TO dO So: Changes all plat settings to
1. Double-click the graph, or click in [ Eubmts | ot st
the gl’aph and Choose Gr aphZ>X 'Y Uze the current plot settings

az the default zettings for thiz

Plot (or Graph=Polar Plat) from ey
the For mat 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 ok |
click OK, to close the dialog box,
Mathcad saves these settings as your
default settings.

Cancel Lol Help

Setting Defaults Without Using a Graph

Y ou can use the Setting Default Formats dialog box to change default plot settings.
To do so:

1. Make sure that you don’'t have any graphs selected.

2. Choose Graph= X-Y Plot (or Graph=Polar Plot) from the Format menu.
You'll seethe Setting Default Formats dial og box.

3. Change the appropriate settings on the Axes and Traces pages.
4. Click OK to accept your changes and close the dialog box.

Adding Custom Titles, Labels, and Other Annotations

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, aswell 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. Createatext region, or insert agraphic object in your worksheet by pasting it in or
by choosing Object from the I nsert menu.

2. Dragthetext or object onto your 2D graph and position it appropriately.

Figure 11-9 shows agraph containing both atext region (“inflection pt”) and agraphic
object (an arrow).

Note If you choose Separate Regions from the Format menu, all overlapping regionsin your
worksheet will separate. In the case of annotated graph, such as the one shown above, al
annotations move bel ow the graph when you separate regions.
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sin(x)

14

inflection pt

.

-1+

Figure 11-9: Mathcad graph with annotations.

Modifying a 2D Plot’s Perspective

Mathcad provides zoom and trace on 2D plots.

Zooming in on a Plot
To zoom in on a portion of a graph, follow these steps:

Tip

1

Click in the graph and choose Graph=Zoom from
b3 A

the Format menu, or click -ﬁ% ontheGraphtoolbar. | i [7:7027 G

TheZoom dialog box appears. The X-Y Zoomdialog | max [283784 [0266667

box is shown to the right. Zoom | Unaoom | EullVew |

If necessary, reposition the Zoom dialog box so that Carcel |

you can see the entire region of the graph you want

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
themouse 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 inthe Zoom dial og box. To makethese axislimitspermanent,
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 i J o max[od [0275
H ' Zoom | anooml Fulligw

07 g5l 1 |
0 0.5 1 Qk
1} X 1
T
<_- Zoomed in region redisplayed
fix) 0 - as entire plot after clicking the
OK button.
|
1] 0.2 04

X

Figure 11-10: A zoomed-in region of an X-Y plot.

Getting a Readout of Plot Coordinates
To seeareadout of coordinates of the specific pointsthat make up atrace, follow these
steps:

Tip

1.

Click inthegraphand choose Graph=Tracefrom

KA alue I

the Format menu, or click ig’ on the Graph -
toolbar. The X-Y Trace dialog box appears as ale | Coppy |
shown. Check Track Data Pointsif itisn'taready | 1ok pataFains Close_|
checked. If necessary, reposition the Trace dialog
box so that you can see the entire graph.

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.

If you release the mouse button, you can use the left and right arrows to move to
the previousand next datapoints. Usethe up and down arrowsto select other traces.

Asthe pointer reaches each point on the trace, Mathcad displays the values of that
point in the X-Value and Y -Va ue boxes (or the Radius and Angle boxes in the
Polar Trace dialog box).

The values of thelast 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 areadout of

coordinates for any location in agraph, not just the data points that created an individual plot.
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Figure 11-11 shows an example of a plot whose coordinates are being read.

fix) = xsin[L] x:=0,.001.1
(+)

X

08man, 1 T

|

05

fix) [N <Y Trace E
Xalue 0444
]
: Y4 alue ID.34484 Copy'y |
0217226, ¢ i | | [V Track Data Paints Cloze |
] 0.5 1 T
LA ® 1

Figure 11-11: Reading coordinates froma graph.

To copy and paste a coordinate:

1
2.

Click Copy X or Copy Y (or Copy Radiusor Copy Angleinthe caseof apolar plot).

Y ou can then pastethat valueinto amath or text region in your M athcad worksheet,
into a spreadsheet, or into any other application that allows pasting from the
Clipboard.
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3D Plots
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Overview of 3D Plotting

Creating 3D Plots of Functions
Creating 3D Plots of Data
Formatting a 3D Plot

Rotating and Zooming on 3D Plots

Overview of 3D Plotting

To visualy represent in three dimensions a function of one or two variables or to plot
datain the form of x-, y-, and z-coordinates, you can create a surface plot, a contour
plot, a3D bar plot, a 3D scatter plot, or avector field plot. Mathcad renders 3D plots
with sophisticated, high performance OpenGL graphics.

Inserting a 3D Plot
To create athree-dimensional plot:

1
2.

For example, the surface plot shown below was
created in Mathcad from the function:

When you createa3D plot fromafunction, it’scalled
aQuickPlot. A QuickPlot uses default ranges and
grids for the independent variables. To change these
settings, double-click on the graph and use the
QuickPlot Data page of the 3D Plot Format dialog.
(See“Formatting a 3D Plot” on page 184.)

Tolearn how to create aplot from amatrix of values,
see Figure 12-2 on page 179.

3D Plot Wizard
The 3D Plot Wizard gives you more control over the

Define a function of two variables or amatrix of data.

Choose Graph from the I nsert menu and select a3D plot. Alternatively, click one
of the 3D graph buttons on the Graph toolbar. Mathcad inserts ablank 3D plot with
axes and an empty placeholder.

Enter the name of the function or matrix in the placeholder.

Click outsidethe plot or press[Enter]. Mathcad creates the plot according to the
function or matrix of data.

Fix,¥) = sin(x) + cos(y)

format settings of the plot asyou insert it. To use the Wizard:

1

Choose Graph=3D Plot Wizard from the | nsert menu.

175
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2. Select the type of three-dimensional graph you want to see and click “Next.”

3. Make your selections for the appearance and coloring of the plot on subsequent
pages of the Wizard. Click “Finish” and a graph region with ablank placeholder
appesars.

4. Enter appropriate arguments (a function name, data vectors, etc.) for the 3D plot
into the placeholder.

5. Click outside the plot or press[Enter].

The plot is created using the settings you specified in the Wizard. (See “ Formatting a
3D Plot” on page 184.)

Creating 3D Plots of Functions

Tip

This section describes how to create various 3D plots from functionsin Mathcad, also
known asQuickPlots. Althoughtheinstructionsfocuson using commandsonthel nsert
menu and changing settings through the 3D Plot Format dialog box, you can also use
the 3D Plot Wizard, as described above.

To see avariety of two- and three-dimensional functions and data sets visualized in plots, visit
the Graphics Gallery section of the Mathcad Web Library at http://www.mathcad.com.

Creating a Surface, Bar, Contour, or Scatter Plot

Y ou can visualize any function of two variables as a surface, bar, contour, or scatter
plot in three dimensions.

Step 1: Define a function or set of functions
First, define the function in your worksheet in any one of the following forms:

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) isafunction of two variables. In this type of function, the x- and y-coordinates
of the plot vary, by default, from -5 to 5 with a step size of 0.5. Each z-coordinateis
determined by the function using these x- and y-values.

G(u,v) isavector-valued function of two variables. In this type of function, the
independent variablesu and v vary, by default, from -5 to 5 with astep size of 0.5. The
x-, Y-, and z-coordinates are plotted parametrically according to the definitions in the
three elements of the vector using these u- and v-values.

X(u,v), Y(u,v), and Z(u,v) are functions of two variables. In thistype of function triple,
the independent variables u and v vary, by default, from -5 to 5 with astep size of 0.5.
Thex-, y-, and z-coordinates are plotted parametrically according to the three function
definitions using these u- and v-values.
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Note The function descriptions above assume that you are working in Cartesian coordinates. If your
function represents spherical or cylindrical coordinates, you can automatically convert the
function to Cartesian coordinates. Double-click on the plot, go to the QuickPlot Data page of the
3D Plot Format dialog box, and click “Spherical” or “Cylindrical” under Coordinate System.

Step 2: Insert a 3D plot

After you define afunction or set of functionsto plot, choose Graph from the Insert
menu and select a 3D plot type.

For example, to create a surface plot from the functions X, Y, and Z, defined above:

1. Choose Graph=Surface Plot from the I nsert menu. Mathcad inserts a blank
3D plat.

2. Enter the name of the functionsin the
placeholder. When you have more than one
function definitionfor asingle surface, separate
the function names by commas and enclose the
function names in parentheses. For this

example, type:

3. Press[Enter]. \ 4

To change your plot to a different plot type: X.Y.3

1. Double-click on the graph to bring up the 3D
Plot Format dialog box.

2. IntheDisplay Assection onthe General tab, select Bar Plot, Contour Plot, or Data
Points from the array of plot types.

Figure 12-1 shows a 3D scatter plot created from the function G, and a contour plot
created from the function F, both defined above:

Figure 12-1: A scatter plot and a contour plot created from functions of two
variables.
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Note

All 3D QuickPlots are parametric curves or surfaces. In other words, all QuickPlots are created
from three vectors or matrices of datarepresenting the x-, y-, and z-coordinates of the plot. In the
case of asingle function of two variables, Mathcad internally creates two matrices of x- and y-
data over the default range -5 to 5 with a step size of 0.5, and then generates z-data using these
x- and y-coordinates.

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. (See
“Formatting a 3D Plot” on page 184.)

Creating a Space Curve

Note

Y ou 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, definethefunctioninyour worksheet

in one of the following forms: sin(w Riw = 22' u
H(u) isavector-valued function of one ~ |HW=|  cos® S -u
variable. In thistype of function, the sinu) - cos(u) Tiu = cosw)

independent variable u varies, by defaullt,
from -5 to 5 with a step size of 0.5. The x-, y-, and z-coordinates of the plot are
determined by the functions in each element of the vector using these u-values.

R(u), S(u), and T(u) are functions of one variable. In this type of function triple, the
independent variable u varies, by default, from -5 to 5 with a step size of 0.5. The x-,
y-, and z-coordinates are plotted according to the function definitions using these u-
values.

A space curve often represents the path of a particle in motion through space where u isatime
parameter.

Step 2: Insert a 3D scatter plot
To create a space curve from a single function or set of functions:

1. Choose Graph=3D Scatter Plot from the Insert menu. Mathcad inserts a blank
3D plot.

2. Enter the name of function or functionsin the
placeholder. When you have more than one
function definition, separate thefunction names
by commas and enclose the function namesin
parentheses. To create a space curve from the
functions R, S, and T, defined above, type (R,
S T).

For specific information on formatting a scatter
plot, refer to “ Scatter Plots” in online Help.

(R.5.T)
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Creating 3D Plots of Data

Y oucanalso createvarious3D plotsfromdatain Mathcad. Althoughthesesinstructions

focus on using commands on the I nsert menu and changing settings through the 3D

Plot Format dialog, you can also use the 3D Plot Wizard, as described on page 175.
Creating a Surface, Bar, or Scatter Plot

Surface, bar, and scatter plotsare useful for visualizing two-dimensional datacontained
inan array aseither aconnected surface, bars above and below the zero plane, or points
in space.

For example, to create a surface plot from data:

1. Createor import amatrix of valuesto plot. The row and column numbersrepresent
thex- and y-coordinate values. Thematrix elementsthemselvesarethe z-coordinate
values plotted as heights above and below the xy-plane (at z = 0).

2. Choose Graph=Surface Plot from the Insert menu.
3. Enter the name of the matrix in the placeholder.
Figure 12-2 shows a 3D bar plot created from a matrix, M:

i=0.4 j=0.4
Xj=-5+015i ¥j=-1+015 ]

Hix,y) = sin <—2x2+y2> M;i j = Hixi, ¥

Figure 12-2: Defining a matrix of data and plotting it asa 3D bar plot.

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 a3D Plot” on page 184 to changethisdefault view.
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Creating a Parametric Surface Plot

Note

A parametric surface plot is created by passing three matrices representing the x-, y-,
and z- coordinates of your pointsin space to the surface plot.

To create a parametric surface plot:
1. Create or import three matrices having the same number of rows and columns.
2. Choose Graph==Surface Plot from the Insert menu.

3. Typethe names of the three matrices separated by commas and enclosed in
parentheses in the placeholder.

Figure 12-3 shows a parametric surface plot created from the matrices, X, Y, and Z,
defined above the plot.

numpts = 20
m = 0. numpts n:=0. numpts r=2 R=6
2am 2xn
m= Q=
numpts numpts

o= (R+71-cos(®.)) - cosy.)

Y= (R+71- cos(0.)) - sin($,) o, n=r-sin(@;)

(X.Y.4)

Figure 12-3: Defining data for a parametric surface plot.

The underlying parameter spaceis arectangular sheet covered by a uniform mesh. The three
matrices map this sheet into three-dimensional space. For example, the matrices X, Y, and Z
defined in Figure 12-3 carry out amapping that rollsthe sheet into atube and then joins the ends
of the tubeto form atorus.

For specific information on formatting a parametric surface plot, refer to the topic
“Surface Plots” in online Help.
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Creating a Three-dimensional Parametric Curve

A three-dimensional parametric curveis created by passing three vectors representing
the x-, y-, and z-coordinates of your points in space to the surface plot.

To create athree-dimensional parametric curve:
1. Create or import three vectors having the same number of rows.
2. Choose Graph=Scatter Plot from the Insert menu.

3. Typethe names of the three vectors separated by commas and enclosed in
parentheses in the placeholder.

Figure 12-4 shows a three-dimensional parametric curve created from the vectors, P,
Q, and R, defined above the plot:

i=-5,-49.5 x(i)=i 10+50

Py = cos(i) Quiiy = sin2-0) Ry iy = cos() +sin(2 .0

P,Q,R;

Figure 12-4: Defining data for a space curve.

For specific information on formatting a scatter plot, see“ Scatter Plots’ in online Help.

Creating a Contour Plot

To view three-dimensional data as atwo-dimensional contour map, you can create a
contour plot;

1. Define or import a matrix of valuesto plot.

2. Choose Graph=Contour Plot fromthelnsert menu. Mathcad showsablank plot
with asingle placeholder.

3. Typethe name of the matrix in the placeholder.
Figure 12-5 shows a contour plot created from the matrix, C, defined above the plot:
The contour plot isavisual representation of the matrix’s level curves. Mathcad

assumes that the rows and columns represent equally spaced intervals on the axes, and
then linearly interpolates the values of this matrix to form level curves or contours.
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Figure 12-5: Defining data for a contour plot.

Each level curveisformed such that no two cross. By default, the z-contours are shown
on the x-y plane. Mathcad plots the matrix such that the element in row 0 and column
Oisinthelower left corner. Thusthe rows of the matrix correspond to values on the x-
axis, increasing to the right, and the columns correspond to values along the y-axis,
increasing toward the top.

For information on formatting a contour plot, see “ Contour Plots’ in online Help.

Note If you create a contour plot of afunction as described above, the positive x-axis of the plot
extends to the right and the positive y-axis extends toward the top of the plot.

Creating a Vector Field Plot

Inavector field plot, each point in the x-y planeis assigned atwo-dimensional vector.
There are two ways to set up the data needed for a vector field plot:

1.

Create amatrix of complex numbers in which the following conditions exist:
e Therow and column numbers represent the x- and y-coordinates

» Thereal part of each matrix element isthe x-component of the vector associated
with that row and column

« Theimaginary part of each element is the y-component of the vector associated
with that row and column.

Create two matrices having the same number of rowsand columns. Thefirst matrix
should have the x-components of the vectors, the second the y-components.
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Once you have defined your datato create avector field plot:
1. Choose Graph=Vector Field Plot from the Insert menu.

2. Typethe name(s) of the matrix or matricesin the placeholder. If you have more
than one matrix for avector field plot, separate the matrix names by commas and
enclose the matrix name set in parentheses.

Figure 12-6 showsavector field plot created from the matrix, Q, defined abovetheplot:

m=0.1M1 n=0.11
22
Qm n=02i (M-5-01-01i gz =
’ 0.1+ |z|
—
M = g(Q)
T W Y - w e wa
L1
s T .
T T
e o = =
L N v e e mma
o
e P =
L P
T e N ¢ a die
T e s v
I
0 5 10
M

Figure 12-6: Defining data for a vector field plot.

For specific information on formatting a vector field plot, see “Vector field plots’ in
online Help.

Graphing Polyhedra

The uniform polyhedra are regular polyhedra whose
vertices are congruent. Each hasaname, anumber, a
dual (the name of another polyhedron), and aWythoff
symbol associated with it. To look up the hame,
Wythoff symbol, and dual name of apolyhedron, use
PolyLookup.

To graph auniform polyhedron:

1. Click inablank spot of your worksheet. Choose
Graph=Surface Plot from the I nsert menu.

2. Intheplaceholder, enter the Polyhedron function
with an appropriate string argument.

Polyhedron( "tetrahedron™ )

3. Click outside the plot or press[Enter].
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Graphing Multiple 3D Plots

Just as you can plot more than one trace on atwo-dimensional graph, you can place
more than one surface, curve, contour, bar, or scatter plot on athree-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.).

Choose Graph=-Contour Plot from the Insert menu.

Enter the name of the function or matrix for the contour plot into the placeholder.
Then type , (acomma).

Enter the name of the function or matrix for the surface plot.
Press[Enter]. Y ou see two contour plots.

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.”

Both the contour plot and the surface plot, with default format settings, appear in a
single graph.

Figure 12-7: Two plots, one contour and one surface, shown on the same graph.

Tip Asageneral rule, you will not want to create a 3D graph with more than two or three plots
together since they may obscure each other and make the graph difficult to interpret.

Formatting a 3D Plot

A three-dimensional plot’ sdefault appearance depends on how you insert it. When you
choose Graph=-3D Plot Wizard from the I nsert menu, you make selectionsin the
pages of the Wizard that determine aplot’s appearance. When you insert a plot by
choosing a plot type from the I nsert menu, however, the plot acquires default
characteristics.
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Y ou can change the appearance of any 3D plot by using the many options availablein
the 3D Plot Format dial og box. For example, you can usethe optionsto changeaplot’s
color, format the axes, add backplanes, and format the lines or points.

To bring up the 3D Plot Format dialog box:

1. Click once on the plot to select
it and choose Graph=-3D Plot

Backplanes I Special I Advanced I GuickPlot Data I
from the For mat menu. General | Ares I Appearance I Lighting I Title
Alternatively, double-click the e T =] e Sl
plot itself. Mathcad brings up N = (R P

. L - ¥ Comer
the 3D Plot Format dialog box. Twet [T =| | None & e Boger B
The General pwe iSShOWh a[ Zoarm: |1 [ Egual Scales I~ ShowBox [
right. Plot1 |
2. C||Ck thetabStO gO to eaCh pwe Bt & Suiface Plot € Data Pojnts " Bar Plot
. . " Contour Plot € Wector Figld Plat ¢ Patch Plot
3. Maketheappropriatechangesin s e

the dialog box. ok | Cancel topy | Hep |

4. Click Apply to seethe effect of
your changes without closing the dialog box.

5. Closethediaog by clicking OK.

The 3D Plot Format Dialog Box

Some options available on certain pagesin the dialog box depend on the kind of plot
you are formatting. Options on other pages are available for any three-dimensional

graph.
» The General page options control the overall appearance of the graph. Y ou can

control the position of a plot, set the axis style, draw aborder or abox, or convert
aplot to another type.

* The Axes page options control exactly how each axislooks. Y ou can specify the
weight of each axisand whether it has numbersor tick marks. Y ou can a so specify
the axislimits and label each axis with text. Use the tabs at the top of the pageto
format the x-, y-, or z-axis.

» The Backplanes page options specify 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 pageto
format the xy-, yz-, or xz-backplane.

Note 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.

» Usethe options on the Appear ance page to format the surfaces, lines, and points
that make up a plot. For example, you can apply color directly to aplot’s surface,
its contours, or its lines and points.

» TheLighting page options control both the overall lighting of the plot aswell as
individual lights directed onto it. See “Lighting” on page 190.
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Online Help

Note

Fill Color

» TheTitle page provides atext box for entering atitle for the graph and optionsfor
specifying the location of the title on the graph.

» The Special page allows you to control options related to specific kinds of plots.
For example, the Bar Plot Layout options let you specify the way the bars are
arranged in a3D bar plot.

» The Advanced page is used only when you need very fine control over the
appearance of a plot, such as the vertical scale.

» TheQuickPlot Data page containsthe range and grid settings for the independent
variablesthat control a 3D QuickPlot. Additionally, you can specify whether your
function(s) arein Cartesian, spherical, or cylindrical coordinates.

For details on the options available on a particul ar page in the 3D Plot Format dialog box, click
the Help button at the bottom of the dialog box.

Someoptionsinthe 3D Plot Format dial og box work together to control the appearance
of aplot. For example, the choices on the Appearance page, the Lighting page, and the
Specia and Advanced pages together control the color of aplot.

When you format a graph containing more than one plot, 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 asawhole: 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 befilled with its own color, haveits
own linesdrawn, etc. Thetabslabeled Plot 1, Plot 2, etc. control the settings for individual plots.

The color of aplotis primarily determined by itsfill color. This section describes the
ways to apply color to aplot by filling its surfaces or contours. A plot’s color and
shading are also affected by lighting, as described on page 190.

Mathcad allowsyouto apply either asolid color or acolormap to the surfaceor contours
of aplot. 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 aplot according to its coordinates.

Note

Mathcad comeswith avariety of colormapsfor applying rainbow colorsand shades of gray, red,
green, and blue. Y ou can also create and load custom colormaps in Mathcad by using the
SaveColormap function (page 308) and LoadColormap function (page 368). By default, a
colormap is applied in the direction of the z-values, or according to the height of the plot. Y ou
can apply the colormap in the direction of the x-values or y-values by clicking the Advanced tab
and choosing a direction in the Colormap section. For more information, see online Help.
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Filling the Surface

The options on the Appearance page of the 3D Plot Format dialog box allow you tofill
the plot’s surface with a solid color or acolormap. For example, to color thebarsin a
3D bar plot according to a colormap:

1. Double-clickthegraph tq bring ey =]
Up the 3D PIOt Format dlalog Backplanes I Special | Advanced I GuickPlot Data I
bOX. General I Ares Appearance | Lighting I Title

2. Click the Appearance tab. Pt | S —

Fill Options Line Option Faint Option

3. Click both Fill Surface in Fill € Elsums | |CVastame || T DienEons
Optionsand ColormapinColor € NoFil ; I—_I”m °
O t| ons. ™ Altenate Mesh I | Hide Lifies: s 2

p : V' Smooth Shading |1 3: \waight |1 3: Size
4. Click App|y to prane[v the Color Options Color Optiory Color Optiory
' Colomap ) Colomap ) Colomap
plot. =) Solid Calor [ | | | Sofid Gofbr | | | Sl ol
Figure 12-8 shows an example. [0k | cocel | e | Heb |

Miu,v) = sin{u) + cos(v)

Figure 12-8: 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 acolor.

Filling Contours

When you format a surface plot, you can choose Fill Contoursinstead of Fill Surface
inthe Fill Options section of the Appearance page. If you fill the contours of asurface
plot, the plot isfilled according to its contours rather than directly by itsdata. Y ou can
fill according to the x-, y-, or z-contours or two at the same time. For a contour plot,
you must choose Fill Contoursinstead of Fill Surfaceto fill the contours of the plot.
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For example, to fill acontour plot with color:

1. Double-click the graph to bring up the tabbed dialog box.
2. Click the Appearance tab.

3. IntheFill Options section, click Fill Contours.

4. Click Apply to preview the plot.

Theplotisshaded using thedefault colormap Rainbow. To chooseadifferent colormap,
click the Advanced tab of the 3D Plot Format dialog box and select a colormap from
the Choose Colormap drop-down menu.

Note If you have acontour plot projected on a plane other than the x-y plane, you can fill the contour
using options on the Specia page of the 3D Plot Format dialog box. To do so, click the Special
tab, then choose a contour direction from the drop-down menu. Click Fill for each contour you
want to color. For example, if you have Fill checked for the z-contours and x-contours, you will
see contour color on both the x-y backplane and the y-z backplane.

Lines
Mathcad provides many ways to control the appearance of the lines on athree-
dimensional plot. Y ou can draw the lines so they form awireframe, or you can draw
only the contour lines. Y ou can a so control the weight and color of thelines on aplot.
Drawing a Wireframe

To control whether linesform awireframe on aplot, usethe 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 12-9;

1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.

3. IntheLine Options section, click No Lines.

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 Wireframein the
Line Options section of the Appearance page. Contour lines are those drawn according
to the contours of a surface. Y ou can draw either the x-, y-, or z- contour lines, two of
these contourslines, or all three.

Note For contour plots, Mathcad always chooses Contour instead of Wireframeto draw contour lines.

For example, to draw lines showing the x-contours of a surface plot:
1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.

3. Click Contour in the Line Options section.

4. Click the Special tab.



Formatting a 3D Plot / 189

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. Thisturns
lines off for the z-contours.

6. Choose Z-Contours from the drop-down menu on the Special page.
7. Check Draw Lines.
The surface plot is drawn with contour lines perpendicular to the z-axis, as shown in

Figure 12-9.
n:=20 i=0.n j=0.n
o= -18 4 080y o164+ .15

flx,y) = Sin(x2 + yz)

m, = 1. )

ey
K 'f‘? 5

‘ " .
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Figure 12-9: A wireframe vs. contour lines on a surface plot.

Note When you format a contour plot on a multi-plot graph (see page 176), the optionsin 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 for the z-contours and x-contours, you will see contour
lines on both the x-y backplane and the y-z backplane.

Line Color

Y ou can control thecolor of thelinesin aplot using thecolor optionsintheLine Options
section of the Appearance page. Just asyou can fill aplot’s surface with acolormap or
asolid color, described on page 187, you can a so apply acolormap or solid color to
thelinesin aplot.

For example, to make the lines of a contour plot orange:

1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.

3. Inthe Line Options section, click Contour to draw contour lines and Solid Color.
4. Click the color box next to Solid Color, click the orange box, and click OK.



190 / Chapter 12

Points

Y ou can draw and format points on most three-dimensional plots, since all 3D plots
areconstructed from discrete datapoints. (Theexceptionsarevector field plots, contour
plots, bar plots, and patch plots.) Points are most useful, however, on a 3D scatter plot
inwhich pointsarethemainfocusof the plot. Mathcad allowsyou to control the symbol
used for the pointsin a plot as well asthe 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. Inthe Points Options section, check (or uncheck) Draw Paints.

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.

» Usethearrows 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.

Lighting
Thecolor of athree-dimensional plotisaresult of color you usetofill itssurface, lines,
and pointsaswell asthe color of any ambient light or directed lights shining onit. This
behavior isidentica to the affect of light on object color in the real world. Objects
reflect and absorb light depending on their color. For example, ayellow ball reflects
mostly yellow light and absorbs others, and it can look grayish under dim lighting,
green under blue lighting, and bright yellow in bright lighting.

Light iscontrolled using the options on the Lighting page of the 3D Plot Format dialog
box. If you are content to fill aplot 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.

Note If your 3D graph contains multiple plots, lighting affects all the plotsin agraph, but you canfill
individual plots with color independently.

A white surface plot
under black ambient
light, and a single
directed light at 1,1,0
consisting of only white
light.
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Figure 12-10: A white surface plot with lighting enabled.
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Note

Online Help

If you want lighting to be the sole determinant of the color of a plot, use the Appearance page
optionsin the 3D Plot Format dialog box to fill the plot with solid white.

To enable lighting:

1. Double-click the plot to open the tabbed dialog box.
2. Click the Lighting tab.

3. Check Enable Lighting in the Lighting section.

4

. Click theoptionsontabslabeled Light 1, Light 2, etc. to enable adirected light and
set its color and location. Mathcad lets you set up to eight directed lights.

5. Click the Ambient Light Color box to set the ambient light color. Note that black
corresponds to no ambient light.

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 online Help.

Changing One 3D Plot to Another

Note

Note

Tip

Y ou can change almost any three-dimensional plot into another kind of three-dimensional plot
by using the Display As options on the General tab in the 3D Plot Format dialog box. Simply
select another available 3D plot type and click Apply or OK to change the plot instantaneously
to another type. Figure 12-11 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 avector field plot into any other kind of plot. If a plot cannot be converted to another
kind of plot, that plot typeis grayed in the 3D Plot Format dialog box.

Annotations

To add atext annotation to athree-dimensional plot, just drag text or bitmaps directly
onto the plot.

Y ou can select the text annotation on your plot to repositionit. To edit atext annotation
on aplot, select the text and drag it off the plot to your worksheet. Y ou can now edit
the text region. Then drag the text region back onto the plot.

To place abitmap you created in another application onto athree-dimensional plot, copy the
bitmap from the other application to the Clipboard, right click on the plot and choose Paste
Special from the popup menu.

Modifying 3D QuickPlot Data

When you create a 3D QuickPlot 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 preview.
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Figure 12-11: The same data displayed in several different 3D plots.

To change the step size, the number of grids generated along each variable’ s axis
between the start and end values:

1. Usethearrows next to # of Grids for each range to increase or decrease the grid
value. Alternatively, you can type in avalue in the text box.

2. Click Apply to preview your changes.

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 asingle function
of two variablesin Cartesian coordinates. In al other cases, the axislimits are
determined by the x-, y-, and z-data generated for the QuickPlot by your function(s).

To perform automatic coordinate system conversions on your QuickPlot data:

1. Clicktheradiobuttonunder the Coordinate System corresponding to the coordinate
system of the function you are plotting.

2. Click Apply to preview your changes.
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Rotating and Zooming on 3D Plots

Y ou can resize athree-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.
* Youcan set the plotin motion about an axis of rotation so that it spinscontinuously.
* You can zoom in or out on a portion of the plot.

Note When you rotate, spin, or zoom athree-dimensional plot, any visible axes move or resize
themselves with the plot. Text or graphic annotations you add to the plot (see page 191) remain
anchored at their original sizes and positions.

Rotating a Plot

Y ou can rotate a plot interactively with the mouse or by specifying parametersin the
3D Plot Format dialog box.

To rotate athree-dimensional plot interactively by using the mouse:

1. Click inthe plot, and hold the mouse button down.

2. Drag the mouse in the direction you want the plot to turn.

3. Release the mouse button when the plot isin the desired position.

To rotate athree-dimensional plot by using the 3D Plot Format dialog box:

1. Click once on the plot to select it and choose Graph=3D Plot from the For mat
menu.

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.
Spinning a Plot
You can set aplot in motion so that it spins continuously about an axis of rotation:
1. Clickinthe plot, and hold the [Shi Ft] key and the mouse button down.
2. Drag the mouse in the direction you want the plot to spin.
3. Release the mouse button to set the plot in motion.
The plot spins continuoudly until you click again inside the plot.

Note If youmake changesto equationsthat affect aplot, the plot recomputes even when it is spinning!

Tip Tocreate an AVI file of aspinning plot, see “Animation” on page 121.
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Zooming a Plot

Y ou can zoom in or out of aplot interactively or by specifying azoom factor in the 3D
Plot Format dialog box.

To zoom in on athree-dimensional plot by using the mouse:
1. Clickinthe plot, and hold the [Ctr 1] key and the mouse button down.

2. Drag the mouse toward the top of the plot to zoom out, or drag the mouse toward
the bottom to zoom in.

3. Release the mouse button when the plot is at the desired zoom factor.

Tip If you use an IntelliM ouse-compatible mouse with a center wheel, you can rotate the wheel to
zoom in or out of athree-dimensional plot.

To zoomin or out of athree-dimensional plot by using the 3D Plot Format dial og box:

1. Click once on the plot to select it and choose Graph—=3D Plot from the For mat
menu.

2. Click the General tab.
3. Edit the Zoom setting in the View options.
4. Click Apply to preview the plot.
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Symbolic Calculation

Overview of Symbolic Math
Live Symbolic Evaluation
Using the Symbolics Menu

Examples of Symbolic Calculation
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Symbolic Optimization

Overview of Symbolic Math

Whenever you evaluate an expression numerically, Mathcad returns one or more
numbers, as shown at the top of Figure 13-1. When Mathcad cal culates symbolically,
however, the result of evaluating an expression is generally another expression, as
shown in the bottom of Figure 13-1.

A numerical calculation gives nothing but numbers:

3

_ 3! XK p 8-k
Fx) = ZO NS 2
F(2) - 64
F(-5) = -27

But a symbolic transformation can yield insight into the underlying expression:

FOx) = 8+ 12X + 6% + x°

Figure 13-1: 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 Evauation”
on page 196. This method feels very much asif you' re engaging in numeric math.
If you need more control over the symbolic transformation, you can use keywords
with the symbolic equal sign.

* You can use commands from the Symbolics menu. See “Using the Symbolics
Menu” on page 201.

* 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. Thisis discussed in “ Symbolic Optimization” on page 212.

195
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Note For acomputer, symbolic operationsare, in general, much more difficult than the corresponding

numeric operations. In fact, many complicated functions and deceptively simple-looking
functions have no closed-forms as integrals or roots.

Live Symbolic Evaluation

Note

Tip

The symbolic equal sign provides away to extend Mathcad’ s live document interface
beyond the numeric evaluation of expressions. Y ou 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 returning expressions. Y ou
can useit to symbolically evaluate expressions, variables, functions, or programs.

To use the symbolic equal sign:

Make sure that Calculate=>Automatic Calculation on the Tools menu has a check
besideit. If it doesn’t, choose it from the menu.

1. Enter the expression you want to evaluate. 4 s
= -2y-x)
dx

2. Clickon the Symbolic toolbar or press[Ctr1]. 40 2.y
dx

(the Control key followed by a period). Mathcad

displays a symbolic equal sign, “—”"

3. Click outside the expression. Mathcad displays a q . ;
simplified version of the original expression. If an S T2y =3 0-2y

expression cannot be simplified further, Mathcad
simply repeatsit to the right of the symbolic equal sign.

The symbolic equal sign isalive operator just like any Mathcad operator. When you
make a change anywhere above or to the left of it, Mathcad updates the result. The
symbolicequal sign“knows’ about previously defined functionsand variablesand uses
them wherever appropriate. Y ou 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 13-6 on page 201.

Figure 13-2 shows some examples of how to use the symbolic equal sign, “—”"

The symbolic equal sign, “—,” appliesto an entire expression. Y ou cannot use the symbolic
equal sign to transform only part of an expression.

Figure 13-2 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 pointsto 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
1.3

X - — b - 3
3

1
~.a
Ja 3

The symbolic equal sign uses previous definitions:

X =8

¥+2X ¥+ 16

If the expression cannot be simplified further, the symbolic equal sign does

nothing.
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 approximation

J; = J; J17.0 = 4.1231056256176605498

Figure 13-2: Using the symbolic equal sign.

Using Keywords
The“—" takestheleft-hand side and placesasimplified version of it on theright-hand
side. Of course, exactly what “simplify” meansis a matter of opinion. You can, to a
limited extent, control how the “—" transforms the expression by using one of the

Tip

symbolic keywords.

To do so:
1. Enter the expression you want to evaluate. ey
2. Click on the Symbolic toolbar or press [Ctr1] ey >

[Shift]. (Pressthe Control and Shift keysand type a
period.) Mathcad displaysaplaceholder to theleft of the symbolic equal sign, “ —.

3. Click ontheplaceholder to theleft of the symbolic equal sign
and type any of the keywordsfrom thefollowing table. If the
keyword requires any additional arguments, separate the
arguments from the keyword with commas.

4. Press[Enter] to seetheresult.

(x + y)s expand — ‘

(x + y)s expand — x3 + 3-x2-y + 3-x-y2 + ys

Another way to use akeyword isto enter the expression you want to evaluate and click on a
keyword button from the Symbolic toolbar. This inserts the keyword, placeholders for any
additional arguments, and the symbolic equal sign, “—.” Just press[Enter] to see the result.

Chapter 18, “Symbolic Keywords,” lists and describes all the symbolic keywords
accessible from the Symbolics and Modifier toolbars.
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Many of the keywords take at |east one additional argument, typically the name of a
variable with respect to which you are performing the symbolic operation. Some of the
arguments are optional. See Figure 13-3 and Figure 13-4 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
exp(-a-t) laplace,t - ———
(s +a)

Figure 13-3: Using keywords with a symbolic evaluation sign.

Symbolic evaluation Complex evaluation
@ 1 R 0
2 12 e' ™Y complex - cos(n-8) +i -sintn-6
{ e dx = — = P ( ) * ( )
Jo 2
Floating point luati

2
{ e " dx float,10 — 8862269255

Constrained evaluation

( "o" is constrained to be
greater than 1)

X { e *'dt assume,a>1 - &
J0 o

Figure 13-4: Evaluating expressions symbolically.

Note Keywords are case sensitive and must therefore be typed exactly as shown. Unlike variables,
however, they are not font sensitive.
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Keyword modifiers

Some keywordstake additional modifiersthat specify the kind of symbolic evaluation
even further.

To useamodifier, separateit from its keyword with acomma. For example, to use the
“assume=rea” modifier with the simpl i fy keyword on an expression:

1. Enter the expression to simplify.

2. Click | ® = | on the Symbolic toolbar or press[Ctr 1] [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. Enter simplify,assume=real into the placeholder (press[Ctr1]= for the
equal sign).

4. Press[Enter] to seetheresult.

The Modifiers keyword button corresponds to symbolic modifiers. Modifiers for

“assume” are detailed on page 422, and modifiers for “simplify” are described on

page 428.

Figure 13-5 shows some examples using the simp 1 i fy keyword with and without
additional modifiers.

fra File Edit “iew |nsert Format Math Symbolics Window Help

X _3x-4
X- 4

+2X - 5 simplify - 3x-4

o2 In(a) simplify — a2

sin(In(a-b))% simplity —~ 1 - cos(In(a b))?

¢ ¢
(2b) simplify — (2b)
b C
(2 ) simplify, assume=real — (€ <. Press [Ctr] = for the
equal sign.

J); simplify — cegn(x)-x

Figure 13-5: Modifiers such as* assume=real” allow you to control
simplification.

Using More Than One Keyword

In some cases, you may want to perform two or more types of symbolic evaluation
consecutively on an expression. Mathcad allows you to apply several symbolic
keywordsto 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
keyword or only the final result.
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To apply several keywords and see the results from each:

1

Enter the expression you want to evaluate.

¥

n—

Press on the Symboalic toolbar or type

fu

[Ctr 1] [Shift]. (Hold down the Control and

Shift keys and type a period.) Mathcad displays a placeholder to the left of the

symbolic equal sign, “—."

Enter the first keyword into the placeholder to
the left of the symbolic equal sign, including

%
€

series, x .3 —

any comma-delimited arguments the keyword
takes.

Press [Enter] to see the result from the first
keyword.

%
€

. 1
serles, X,3 - 1+ X + E'K

2

Clickontheresultandpress[Ctr 1] [Shift].
again. The first result disappears temporarily.

%
€

series, x,3 —float, 1>

Enter asecond keyword and any modifiersinto
the placeholder.

Press[Enter] to see

the result from the e”

series, Xx,3 — 1 4+ x + 1-x2
2

float,1 = 1. + x + .5-x2

second keyword.

Continue applying keywords to the intermediate results in this manner.

To apply severa keywords and see only the final result:

1.

Enter the expression you want to evaluate.

n—*

Click on the Symbolic toolbar or press
[Ctrl] [Shift]. sothat Mathcad displaysa

placeholder to the left of the symbolic equal sign

Enter the first keyword into the placeholder,
including any comma-delimited arguments it
takes.

Press[Ctrl] [Shift]. againand enter a
second keyword into the placeholder. The
second keyword is placed immediately below
the first keyword.

e series, x, 3 =

e

series, x,3
float, 1

Continue adding keywords by pressing [Ctr1]
[Shift]. after each one. Press[Enter] to see
thefinal result.

series, x,3
float, 1

=1+ X+.5%
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Ignoring 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 seeif they’ ve been defined
earlier intheworksheet. If Mathcad doesfind adefinition, it usesit. 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, Mathcad ignores prior definitions when the variable
has been defined recursively.

Thisexception isillustrated in Figure 13-6.

=13 Mathcad substitutes the value of
3 for % before evaluating this

(#+1){z-1) expand — 4.z2- 4 expression,

W= recursive definition Although = is defined to be 3,
Mathcad ignores that definition] for a
symbolic evaluation because of the
{2+ 1)-(x+ 1) expand — w242+ 1 |recursive deﬂnition_.

Figure 13-6: Defining a variable in terms of itself makes the symbolic
processor ignore previous definitions of that variable.

Using the Symbolics Menu

One advantage to using the symbolic equal sign, sometimes together with keywords
and modifiers as discussed in the last section, isthat itis“live,” just like the numeric
processing in Mathcad. That is, Mathcad checksall the variables and functions making
up theexpression being eval uated to seeif they’ vebeen defined earlier intheworksheet.
If Mathcad does find a definition, it usesit. Any other variables and functions are
evaluated symbolically. Later on, whenever you make a change to the worksheet, the
results automatically update. Thisis 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 betied to any previous definitions. In these
cases, you can use commands from the Symbolics menu. These commandsarenot 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 the Symbolics menu perform the same manipulations as many of
the keywords listed on page 421. For example, the Symbolics menu command
Polynomial Coefficients evaluates an expression just as the keyword coeffs does.
The only differences are that the menu command does not recognize previous
definitions and does not automatically update.
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Tip

The basic stepsfor using the Symbolics menu arethe samefor all the menu commands:

1. Placewhatever math expression you want to eval uate between thetwo editing lines.
Y ou can drag-select a part of the expression to place it between the editing lines.

2. Choose the appropriate command from the Symbolics menu. Mathcad then places
the evaluated expression into your document.

For exampl e, to evaluate an expression symbolically using the Symbolics menu, follow
these steps:

1. Enter the expression you want to evaluate. [
x
2. Surround the expression with the editing lines. % (& _2yx)
3. Choose Evaluate=Symbolically from the Symbolics menu. a2y
Mathcad placesthe eval uated expressioninto your worksheet. The

location of theresult inrelation to theoriginal expression dependsonthe Evaluation
Style you've selected (see “ Displaying Symbolic Results’ on page 202).
Some commands on the Symbolicsmenu requirethat you click on or select thevariable

of interest rather than select the entire expression. If amenu command is unavailable,
try selecting a single variable rather than an entire expression.

Since the commands on the Symbolics menu operate only on the part of the expression currently
selected by the editing lines, they are useful when you want to address parts of an expression.
For example, if evaluating or simplifying the entire expression doesn’t give the answer you
want, try selecting a subexpression and choose a command from the Symbolics menu.

Long Results

Symbolic calculationscan easily produceresultsso long that they don’t fit conveniently
in your window. If you obtain a symbolic result consisting of several terms by using
commands on the Symbolics menu, you can reformat such aresult by using Mathcad' s
“Addition with line break” operator (see “ Operators’ on page 391).

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' Il see aresult written
in aFortran-like syntax. See the topic “ Special functions and syntax used in Symbolic
results’ in the online Help for more information on this syntax.

Displaying Symbolic Results

If you're using the symbolic equal sign, “—,” the result of a symbolic transformation
alwaysgoesto theright of the“ —.” However, when you use the Symbolics menu, you
can tell Mathcad to place the symbolic resultsin one of the following ways:

» The symbolic result can go below the original expression.
» Thesymbolic result can go to the right of the original expression.
* The symbolic result can simply replace the original expression.
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Inaddition, you can choose whether you want M athcad to generate text describing what
had to be doneto get from the original expression to the symbolic result. Thistext goes
between the original expression and the symbolic result, creating a narrative for the
symbolic evaluation. These text regions are referred to as “ evaluation comments.”

To control both the placement of the symbolic result and the presence of narrativetext,
choose Evaluation Stylefrom the Symbolics menu to bring up the“ Evaluation Style”
dialog box.

Examples of Symbolic Calculation

Just as you can carry out avariety of numeric calculations in Mathcad, you can carry
out al kinds of symbolic calculations. As ageneral 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.

Tip  When deciding whether to use the symbolic equal sign or menu commands from the Symbolics
menu, remember that unlike the keyword-modified expressions, expressions modified by
commands from the Symbolics menu do not update automatically.

Note Functionsand variablesyou define yourself are recognized by the symbalic processor when you
use the symbolic equal sign. They are not, however, recognized when you use the Symbolics
menu commands. Figure 13-7 shows the difference.

Mathcad's symbaolic processor recognizes many of its built-in
math functions and constants:

1 =
eln(x)—>x sin z —>—-22
4 2

but not the ones that don't have a commonly accepted meaning:

rnd () = rnd{x)

Functions and wvariables you define yourself are recognized
where you use the symbolic equal sign:

F s :=@ a=3

1
U2 2% sin(a) - 9-sin(3)

but not when you use commands from the Symbolics menu:

eF(><) a2-sin(a)
simplifies to simplifies to
exp(F{x)) a2-sin(a)

Figure 13-7: The symbolic processor recognizes certain built-in functions.
Functions and variables you define yourself are only recognized when you
use the symbolic equal sign.
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Derivatives

To evaluate aderivative symbolically, you can use Mathcad’ s derivative operator and
the live symbolic equal sign as shown in Figure 13-8:

Some integrals luated symbolically using the symbolic equal sign ([Ctr]] + Period)

c
3 4 1 .
X dx — ;-c - ; <- Press & for definite integral

21
1 2
e dx - E | <~ Press [Ctrl][Shift]Z for "=" in upper limit

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 13-8: Evaluating integrals and derivatives symbolically.

1. Click | #= | on the Calculus toolbar or type ? to insert the derivative operator.

dI'l

Alternatively, click | === | on the Cal culustoolbar or type [Ctr 1]? to insert the nth
order derivative operator.

2. Enter theexpressionyouwant to differentiate and the variablewith respect towhich
you are differentiating in the placeholders.

3. Click| = |onthe Symbolictoolbar or press[Ctr1] . (the Control key followed by
aperiod). Mathcad displays a symbolic equal sign, “—.”

4. Press[Enter] to seetheresult.

Figure 13-9 showsyou how to differentiate an expression without using the derivative
operator. The Symbolics menu command Variable=Differ entiate differentiates an

expression with respect to a selected variable. For example, to differentiate 2 - x2 +y

with respect to x:

1. Enter the expression.

2. Click onthe x to select it.

3. ChooseVariable=Differentiatefrom the Symbolicsmenu. Mathcad displaysthe
derivative, 4 - x. Note that y istreated as a constant.

If theexpressioninwhichyou’ veselected avariableisoneelement of anarray, Mathcad
differentiatesonly that array element. To differentiatean entirearray, differentiate each
element individually: select avariablein that element and choose
Variable=Differentiate from the Symbolics menu.
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Tip

Integrals

2
X

2
X

Click on "=" and choose Variable = Differentiate from the Symbolics menu.

2-)(2 + ¥ by differentiation, yields

cosh(x)
Click on "=" and choose Variable = Integrate from the Symbolics menu.

X
e

X+ 4a

+b

4-x

=

by differentiation, yields - -sinh({x)
cosh(x)  cosh(x)

xZexp(X) - 2.x-exp(x) + 2 exp(X)

|

by integration, yields

by integration, yields

%-In<x2+b>+ a1 - atan x1
© 7.0

Figure 13-9: Differentiating and integrating with menu commands.

Be sure to select avariable in an expression before choosing from the Symbolics menu.
Otherwise, the Variable=Differentiate menu command is not available.

To symbolically evaluate a definite or indefinite integral:

1. Click

P

or.[

onthe Calculustoolbar toinsert the definite or indefiniteintegral

operator.

2. Fill inthe placeholder for theintegrand and, if applicable, the placeholdersfor the
limits of integration.

3. Placetheintegration variable in the placeholder next to the “d.” This can be any
variable name.

4. Click

—

onthe Symbolictoolbar or press[Ctr1] . (the Control key followed by

aperiod). Mathcad displays a symbolic equal sign, “—."
5. Press[Enter] to seetheresult.

See Figure 13-8 for examples of integrals evaluated symbolically.

When evaluating a definite integral, the symbolic processor attemptsto 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 constantsliker, you get an exact valuefor your integral. If the symbolic processor
can’t find aclosed form for the integral, you'll see an appropriate error message.

Another way to integrate an expression indefinitely isto enter the expression and click
on the variable of integration. Then choose Variable=Integr ate from the Symbolics
menu. See Figure 13-9 for an example.
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Tip  When you apply the Variable=Integrate command on the Symbolics menu, the expression
you select should not usually include theintegral operator. Y ou should select only an expression
to integrate. If you include the integral operator in the selected expression, you are taking a

double integral.

Limits

Mathcad providesthree limit operators. These can only be evaluated symbolicaly. To
use the limit operators:

1

6.

Click

inserttheoperator for alimitfromtheleft or right, click

lim
—=+a

onthe Calculustoolbar or press[Ctr 1]L toinsert thelimit operator. To

N
,or _3."2+

Tlim
—a-

ontheCalculus

toolbar or press[Ctr1][ShiFft]B or [CtrI][ShiFt]A.

Enter the expression in the placeholder to the right of the “lim.”

Enter the limiting variable in the |eft-hand placeholder below the “lim.”
Enter the limiting value in the right-hand placehol der below the “lim.”

Click

—

on the Symbolic toolbar or press[Ctr 1] . (the Control key followed by

aperiod). Mathcad displays a symbolic equal sign, “—.”

Press[Enter] to seethe result.

Mathcad returns aresult for the limit. If the limit does not exist, Mathcad returns an
error message. Figure 13-10 shows some exampl es of evaluating limits.

Using the limit operators and the live symbolics equal sign {[Ctrl]] + Period)

lim

H—on

A limit from the right:

A limit from the left:

lim 5
X—a + X a
lim SN _ 4
x—0 " X

2
X" +2 _)1

3-%x+6 3

<- Press [Ctrl] [Shiff] Z for =

3. x+b _)(3-a+b)

Figure 13-10: Evaluating limits.

Solving an Equation for a Variable
To solve an equation symbolically for avariable, use the keyword solve:

1. Type the equation. Make sure you click E on the Boolean toolbar or type
[Ctr1]=to create the bold equal sign.
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Note When solving for the root of an expression, there is no need to set the expression equal to zero.
See Figure 13-11 for an example.

2. Click

n—*

on the Symbolic toolbar or type [Ctr 1] [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 inthe placeholder, followed by a comma and the variable for which
to solve.

4. Press[Enter] to seetheresult.

Mathcad solvesfor the variable and inserts the result to the right of the“—.” Note that
if the variable was squared in the original equation, you may get two results back when
you solve. Mathcad displays these in avector. Figure 13-11 shows an example.

3 2

L
Alz — +2.C solve,r —

1 64 .
—-H+H=-2+ 3 solve,x = — Use [Ctrl]= for equal sign
2 3

® -G-8 -4 %+ 2050 solve, s —

et+ 1 solve,t —ix You don't need =0

1

! -[-(-A1+:2-c:)-|_]E

(-41+2.C)
1

1 cai+z00?

(-41+2.C)

|:(—2<><)-(><<2):|

Eawu

when finding roots.

Figure 13-11: Solving equations, solving inequalities, and finding roots.

Tip Another way to solve for avariable is to enter the equation, click on the variable you want to
solve for in the equation, and choose Variable= Solve from the Symbolics menu.

Solving a System of Equations Symbolically: “Solve” Keyword

Oneway to symbolically solve asystem of equationsisto use the same solve keyword
used to solve one equation in one unknown. To solve a system of n equationsfor n

unknowns:
1. Press| E#l| on the Matrix toolbar or type [Ctr1]M toinsert avector having n rows
and 1 column.

2. Fill in each placeholder of the vector with one of the n equations making up the

system. Make sureyou click E on the Boolean toolbar or type [Ctr 1]=to enter
the bold equal sign.
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6.

n—

Press on the Symbolic toolbar or type [Ctr 1] [Shift]. (hold down the
Control and Shift keys and type a period). Mathcad displays a placeholder to the
left of the symbolic equal sign, “—.”

Type solve followed by acommain the placeholder.

Type[Ctr M or press il onthe Matrix toolbar to create avector having n rows
and 1 column. Then enter the variables you are solving for.

Press[Enter] to seethe result.

Mathcad displaysthe n solutionsto the system of eguationsto theright of the symbolic
equal sign. Figure 13-12 shows an example.

Use the solve keyword by pressing [Ctri][Shift][.] (period)

Using a solve block:

(4a-h) }

(x+2-n-y=a] (x] |:—(—2-‘n-b+a)
solve , —
4-x+y=h W (-1+8-m) (-1+8-=a)

Given

X+ 2ny=a Use [Ctrl] = to type the equal signs
4-x+y=h
(2-m-b-a)
. (-1+8-=a)
Findix,y) =
{4-a-h
(-1+8-x) +

Figure 13-12: Two methods for solving a system of equations symbolically.

Solving a System of Equations Symbolically: Solve Block

Another way to solve asystem of equations symbolically isto useasolveblock, similar
tothenumeric solveblocksdescribedin“ Solving and Optimization Functions” on page
125:

1

Typetheword Given. ThistellsMathcad that what followsisasystem of equations.
Y ou can type Given in any combination of upper- and lowercase letters and in any
font. Just be sure you don’t type it while in atext region.

Now enter the equations in any order below the word Given. Make sure that for
every eguation you click E onthe Boolean toolbar or type [Ctr1]=toinsert the
bold equal sign for each equation.

Enter the Find function with arguments appropriate for your system of eguations.
Thisfunctionisdescribed in“Linear/Nonlinear System Solving and Optimization”
on page 127.

—

Click on the Symbolic toolbar or press[Ctr1]. (the Control key followed by
aperiod). Mathcad displays the symbolic equal sign.
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5. Click outside the Find function or press[Enter].

Mathcad displays the solutions to the system of equations to the right of the symbolic
equal sign. Figure 13-12 shows an example.

Most of the guidelinesfor solve blocksdescribedin“Linear/Nonlinear System Solving
and Optimization” on page 127 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 Manipulation

Y ou can use Mathcad to find the symbolic transpose, inverse, or determinant of amatrix
using abuilt-in operator and the symbolic equal sign. To find the transpose of amatrix,

for example:

1. Placethe entire matrix between the two editing lines by clicking [Space] one or
more times.

2. Click | M | on the Matrix toolbar or press [Ctrl] | to insert the matrix transpose
operator.

3. Click| " jon the Symbolic toolbar or press[Ctr 1] . (the Control key followed by

aperiod). Mathcad displays the symbolic equal sign, “—.”
4. Press[Enter] to seetheresult.
Mathcad returnstheresult to theright of the“ —.” Figure 13-13 shows some examples.

Transposing a matrix
T

#= 1 a ¥ o-bo1 Producing [Ctrl]M to create a matrix,
R B Press [Ctrl]. for the symbaolic equal sign.
1 b ¥ a —a xS

Finding the inverse
3 02 1-3y 1 -4 24 A-5
-1 2
o1 -z — = o -a =Y
oo - A u] u] A
Finding the determinant

-b %% -3 —>><6+x-a-b+b-x3—a-b2—a—a-x2

Figure 13-13: Symbolic matrix operations.
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Another way to find the transpose, inverse, or determinant of a matrix isto use the
Matrix commands on the Symbolics menu. For example, to find the transpose of a
matrix:

1. Placethe entire matrix between the two editing lines by pressing [Space] one or
more times.

2. Choose M atrix=Transpose from the Symbolics menu.

Unlike matrices evaluated with the symbolic equal sign, matrices modified by
commands from the Symbolics menu do not update automatically, as described in the
section “Using the Symbolics Menu” on page 201.

Transformations

Note

Y ou can use symbolic keywords to eva uate the Fourier, Laplace, or z- transform of a
expression and to evaluate the inverse transform. For example, to evaluate the Fourier
transform of an expression:

1. Enter the expression you want to transform.

2. Click|® = | on the Symbolic toolbar or type [Ctr 1] [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. Type fourier inthe placeholder, followed by a comma and the name of the
transform variable.

4. Press[Enter] to seetheresult.

Mathcad returns afunction in a variable commonly used for the transform you perform. If the
expression you are transforming already contains this variable, Mathcad avoids ambiguity by
returning afunction of adoublevariable. For example, Mathcad returnsafunctioninthevariable
o whenyou perform aFourier transform. If the expression you aretransforming aready contains
an o, Mathcad returns afunction of the variable oo instead.

The Fourier transform result is afunction of o given by:
+ o0

j_oo f(t)e"otdt

Use the keyword invFfourier to return the inverse Fourier transform as a function
given by:

1 + 0
= iot
27:.[ F(w)e'*ldn

where f(t) and F(w) are the expressions to be transformed.

Usethekeywords laplace, invlaplace, ztrans, and invztrans to perform
alLaplace or z-transform or their inverses.

The Laplace transform result isafunction of s given by:

+ o0

j o, flhestd
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Tip

Note

Itsinverseis given by:
1
2n
where f(t) and F(s) are the expressions to be transformed. All singularities of F(s) are
to the left of theline Re(s) = o.

c+iow
j  F(s)estdt
o —lx©

The z-transform result is a function of z given by:

+ o0

Z f(mz™"

n=0

Itsinverseis given by:
i n—1
2ni.[C F(z)z"~+dz

wheref(n) and F(2) are the expressionsto be transformed and C isa contour enclosing
al singularities of the integrand.

Y ou can substitute a different variable for the one Mathcad returns from atransform or its
inverse by using the substitute keyword.

Another way to evaluate the Fourier, Laplace, or z- transform or their inverses on an
expression is to use commands on the Symbolics menu. For example, to find the
Laplace transform of an expression:

* Enter the expression.
» Click on the transform variable.
e Choose Transfor m=L aplace from the Symbolics menu.

Keep in mind that, unlike keyword-modified expressions, expressions modified by
commands from the Symbolics menu do not update automatically, as described in the
section “Using the Symbolics Menu” on page 201.

Results from symbolic transformations may contain functionsthat are recognized by Mathcad' s
symbolic processor but not by its numeric processor. An example is the function Dirac shown
inthe middle of Figure 13-14. You'll find numeric definitions for this and other such functions
in“Appendix A: Special Functions’ on page 432, aswell asin the QuickSheet titled “ Specia
Functions.”
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. . 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"

Figure 13-14: Performing symbolic transforms.

Symbolic Optimization

In general, Mathcad’ s symbolic and numeric processors don’t communicate with one
another. Y ou 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:

J;JJ';/.[;NXZ +y2 + Z2dx dy dz

Mathcad would undertake the task of eval uating a numeric approximation of thetriple
integral even though one could arrive at an exact solution by first performing afew
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, thesetwo processorsdo not consult with
each other, although for certain definitions, it would be helpful. To make these two
processors talk to each other for a particular definition click on a definition with the
right mouse button and choose Optimize from the popup menu.

Onceyou’ vedonethis, Mathcad’ slive symbolic processor simplifiesthe expressionto
theright of a“:=" before the numeric processor beginsits 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 findsasimpler form for the expression, it responds by doing the following:
* It marksthe region with ared asterisk.
» Itinternally replaces what you' ve typed with a simplified form.
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» Theequivalent 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 unableto find asimpler form for the expression, it places ablue asterisk
next to it.

In the previous example, the symbolic processor would examine thetripleintegral and
return the equivalent, but much simpler expression:

%(W3VU +wv3u +wvud)

Then it uses any definitions that exist in your worksheet and simplifies the expression
further. To seethis expression in a popup window, click the red asterisk with the right
mouse button and choose Show Popup from the popup menu (see Figure 13-15).

Click on an expression with the right mouse button
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 13-15: A popup window showing the equivalent expression that
Mathcad actually evaluates.

To enable optimization for an entire worksheet, choose Optimize=W orksheet from
the Tools menu. To disable optimization for an expression, right click it and uncheck
Optimizeonthepopup menu. Mathcad eval uatesthe expression exactly asyoutypedit.

To disable optimization for all expressions, remove the check from
Optimize=Worksheet on the Tools menu.
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Application Components

In this chapter, you will learn how to extend Mathcad’ s functionality by bringing the
feature setsand data of other applicationsinto your Mathcad worksheet. Likewise, you
can expand the usefulness of other programsby interfacing them with Mathcad. In both
cases, you take advantage of Mathcad's Object Linking and Embedding (OLE)
capabilities.

Functions for Reading and Writing Files
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Mathcad comes with a set of built-in functions for reading and writing filesin various
formats. Whilethe File Input/Output and Data Table components discussed later inthis
chapter arefairly flexiblein allowing you to access datafiles, you will need to use these
command linefunctionsin program, for reading imagesand WAV s, and when reading
afilewith global definitions.

Mathcad’ s built-in file access functions can be broken down into four categories:

» ASCII Data File functions, which alow you to create, modify, and access
structured datafiles. Mathcad containsthree built-in functionsfor accessing ASCI|
datafiles: READPRN, WRITEPRN, and APPENDPRN.

» Binary DataFilefunctions, which allow you to create and access binary datafiles.
Mathcad contains two built-in functionsfor accessing binary datafiles: READBIN
and WRITEBIN.

» Image functions, which allow you to create and access file formats designed to
store image data. Mathcad contains eighteen built-in functions specifically for
accessing image files. See “Image Processing Functions’ on page 253 for a
complete list.

WAV functions, which alow you to create and edit pulse-code-modulated files
stored in Microsoft's WAV format. Mathcad contains three built-in functions

specifically for accessing WAV files: READWAV, WRITEWAYV, and
GETWAVINFO.

See Chapter 16, “Functions,” and on-line Help for more information.
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Exchanging Data with Other Applications

Mathcad components are specialized OLE objectsin your Mathcad worksheet. They
allow you to exchange datawith other applicationsor sources. Application components
allow you to access functions and data from other computational applications such as
Excel, SmartSketch, and MATLAB. Unlike other kinds of OLE objectsdescribed in the
section “Inserting Objects’ in Chapter 10, acomponent can receive datafrom Mathcad,
return data to Mathcad, or do both, dynamically linking the object to your Mathcad
computations.

Components that connect Mathcad to other applications include:

* FileInput and Output components for reading and writing datafiles.

* Axum, for creating highly customizable Axum graphs

» Excel, for accessing cells and formulas in a Microsoft Excel spreadsheet.

e MATLAB, for accessing the programming environment of MATLAB.

» ODBC Input for retrieving data from an ODBC-compliant database that supports
SQL.

»  SmartSketch, for creating 2D drawings and designs.

* SPLUS Graph, for creating S-PLUS graphs.

e SPLUS Script, for accessing the programming environment of S-PLUS.

Note To use an application component, you must have the application for that component installed,
but not necessarily running, on your system.

Other built-in components that may be customized using scripting:
» DataAcquisition, for sending data to or getting data from a measurement device

» Mathsoft Controls, for creating custom forms controls such as buttons and text
boxes

For linking dynamically to an object for which Mathcad does not have a dedicated
component, see “ Scripting Custom OLE Automation Objects’ on page 243.

Tip See“Using Mathcad with Other Applications’ in Quick Sheets under the Help menu for a
variety of examplefiles.

How to Use Components
In general, components receive input from one or more Mathcad variables, perform
operations on the data you specify, and return output to other Mathcad variables. An
“input variable” is a scalar, vector, matrix, or, in some cases, a string, that you have
already defined in your Mathcad worksheet. It contains the data that is passed into a
component. Output from acomponent (again, either ascalar, vector, matrix, or string)
isthen assigned to a Mathcad variable. This variable isreferred to as an “ output
variable.”
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Note

The basic steps for using a component are as follows:

1. Insert the component.

2. Specify the input variable(s) and output variable(s).

3. Configure the component to handle inputs from and return outputs to Mathcad.

Since some components only take input or only send output, these steps differ slightly
for each component. The ideas presented in the steps that follow provide an overview
of the process.

Y ou cannot insert a component into an existing variable definition. Y ou must click in a blank
area of the worksheet, insert the component, then fill in the variable name after the component
is created.

Step 1: Inserting a component
To insert acomponent into a Mathcad worksheet:

1. Clickinablank area of your Mathcad worksheet. Click below or to the right of
definitions for any variables that will become inputs to the component.

2. Choose Data, Controls, or Component from the Insert menu. This launchesthe
Component Wizard for the component type you are trying to insert.

3. Choose acomponent from thelist and click “Next” or “Finish,” depending on the
component you choose. Y ou may see additional dialog boxes that let you specify
properties of the component before it isinserted. When you click “Finish,” the
component isinserted into your worksheet.

If you don't see a Wizard when you choose one of the components from the Insert
Component dialog box, you'll immediately see the component inserted into your
worksheet with some default properties.

Each component has its own particular appearance, but all components have one or
more placeholdersto theleft of the :=, if it returnsdatato Mathcad, and/or at the bottom
of the component, if it receives datafrom Mathcad. For example, the Excel component
(with one input and two outputs) looks like this when inserted into your workshest:

The placeholder(s) at the bottom of the component are for the names of previously
definedinput variables. The placeholder(s) you seeto theleft of the ;= arefor the output
variables.
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Tip

Note

Tip

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 choosing Hide
Arguments from the pop up menu.

When you insert an application component, you see a small window on that
application’s environment embedded in your Mathcad worksheet. When you double-
click the component, the component is in-place activated, and Mathcad' s menus and
toolbars change to those of the other application. This gives you access to the features
of that application without leaving the Mathcad environment.

Step 2: Configuring a component

Once you' ve inserted a component, you can configure its properties so that the
component knows how to handle any inputsit receivesfrom Mathcad and what to send
as output. To configure the properties for a component:

1. Click on the component once to select it.
2. Right click on the component to see a pop up menu.
3. Choose Properties from the pop up menu.

The settings in the Properties dialog box differ for each component. For example, the
Properties dialog box for the Excel component lets you specify the starting cellsin
which the input values are stored and the cell range from which the output is sent.

Toadd aninput or output variable, right click on the component and choose Add I nput
Variable or Add Output Variable from the pop up menu. To eliminate an input or
output, choose Removel nput Variable or Remove Output Variable from the menu.
Some componentslimit you to afinite number of inputs and outputsin which case Add
Input Variable or Add Output Variable is grayed out on the pop up menu.

Y ou can hide theinput and output variablesfor acomponent by right clicking on the component
and choosing Hide Arguments from the pop up menu.

Some components require you to use certain variables within the component itself in order to
exchange data with Mathcad

Step 3: Exchanging data

Once you' ve configured the component, click outside it elsewhere in the worksheet.
At that point, the region recal culates and data exchange takes place: data passes from
the input variable(s) into the component, the component processes the data, and the
output variable(s) receive output from the component. This exchange happens
whenever:

* Youclick on the component and press [F9] to recal culate the region.
» Theinput variables change and Automatic Calculation is turned on.
* You choose Calculate=Calculate Wor ksheet from the T ools menu.

Some components alow you to save the file with which the component exchanges data as a
separate file. Click on acomponent with the right mouse button and choose Save As... from the
pop up menu.
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Data Input and Output Components

File Input and File Output

Tip

Note

File Input, File Output, and Data Tables can be found under Data in the I nsert menu.
UseFilelnput/Output to link aparticul ar datafile dynamically to aMathcad worksheet.
For File Input, when the data source is updated, so are calculations dependent on it in
the worksheet. For File Output, the datafile is updated whenever calculationsin the
worksheet change. Use Data Tablesto copy datafrom the clipboard or adatafile or to
enter data by hand into atable in your worksheet.

Mathcad also provides a number of built-in functions for importing ASCII datafiles, binary
files, and image files. These are useful inside program loops and in global assignments, where
components cannot be used. See “File Access Functions’ on page 250.

Whenyou useFilelnput or FileOutput fromthel nsert =Data
menu pick, you'll see an icon and the path to the datafile with
an assignment operator (:=) and an empty placeholder. Enter

=
¢ windows'data bt

the name of a Mathcad variable in the placeholder. When you

click outside this new equation region, the datafileisread, and the dataiis assigned to
the Mathcad array variable entered in the placeholder. The data can now be used like
any other Mathcad array or matrix.

Mathcad File Input and Output components can import and export real numbers,
complex numbers, numberswith exponential notation, and stringsfrom thevariousfile
formats. File Input and File Output also accept avariety of delimeters between data
fieldsintext files, including tabs, semicolons, spaces, and commas. The delimeter must
be consistent throughout the file. Mathcad triesto determine if data entries are strings
automatically by comparing against various standard number formats.

If adatafile has alphabetic charactersin some cells, or a space between characters when spaces
are not the data delimeter, then data are imported as a string variable, and display in quotes.
Empty cells are imported as 0.

Each time you calcul ate the worksheet, Mathcad re-reads the data from the file you
have specified. Figure 14-1 shows an example. If you want to import data from afile
just once into Mathcad using a Data Table, see “Importing Once from aData File” on
page 220.

Toread in adifferent datafile or adifferent type of datafile:

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

2. OntheFile Options tab, select your file type from the dropdown list, and browse
or type the name of the file you'd like to open.

3. If desired, click the “Data Range” tab and select a subset of the rows, columns or
cellsin your datafile.

4. OntheFile Optionstab, click “Open.”
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Tip

ODBC Input
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data := 0> 2 7.3
clipolypm | X = data <- These statements 3 22
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Y = data columns of the data 4.6
matrix. --» 5 4.8
X= Y =
& 2.9
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Polynomial fitting: a a3
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z = regress (X, Y k)
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fit(x) := interp(z, X, Y, x)
e
Coefficients: Y or
coeffs = submatrix(z,3, length(z) - 1,0,0) **~
T 0 '
coeffs’ = [ 20.327 -5.962 0.515 | 0 5 10
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1

Figure 14-1: Reading in data from a data file. Whenever you calculate the
worksheet, the data fileisread in.

All file reading and writing components described in this section can be created using buttons
on the Standar d toolbar in Mathcad. To add these buttons to your toolbar, right click on the
toolbar and add the desired buttonsto the list.

Importing Once from a Data File

File Input and Output components read the contents of their associated datafile every
timetheir regionsare calculated. Y ou can use a Data Table component to import adata
file only once.

1. Insert an Data Table by selecting Data=Table from the I nsert menu.

2. Intheplaceholder that appearsto theleft of thetabl e, enter the name of the Mathcad
variable to which this data will be assigned.

3. Click onthetableto select it. Thenright click on thetable and choose | mport from
the popup menu.

4. TheReadfromFilediaogbox appears. Inthe“Filesof type” dropdownlist, choose
the type of file you'd like to import. If desired, click the data range tab and select
asubset of therows, columnsor cellsinyour datafile. Usethedialog box to browse
to the datafile and click “ Open.”

The data from the data file appears in your worksheet in the table.

The Open Database Connectivity (ODBC) Input component allows you to retrieve
information from a database that supports SQL in its ODBC driver, like Microsoft
Access or FoxPro. There are some programs that have SQL support within their
application, but do not support SQL in their ODBC driver, such as Microsoft Excel.



Data Input and Output Components / 221

Note

In order to establish alink to adatabase on your system or network, in Start=Settings
open Administrative Tools=Data Sources (ODBC) control panel (Windows 2000

or XP) or ODBC Data Sources control in Windows 98 and NT. For more information
about ODBC and SQL support, check the documentation that comeswith your database
application.

Inserting an ODBC Input component

Whenyouinsert an ODBC | nput component, the Component Wizard presentsyou with
the following options:

» Select ODBC Data Sour ce. Specifiesthe datasourceto accesswith the component.

» Username/Passwor d. If the data source you are attempting to accessis password-
protected, you will need to enter ausername and password. If the data sourceisnot
password protected, these fields must be left blank.

» Select Table. Selectsthetableto access. Y ou can only access onetable per ODBC
Input component.

» Select Fields. Selects the fieldsto access and pass to Mathcad. By default, only
field types supported by Mathcad are shown.

» Show fieldswith unsupported data types. Displaysthose fields Mathcad cannot
read.

Once alink to a particular database has been established, you may want to change the
datasource, thetable, or the columnsof datato beimported to your M athcad worksheet.

To change the dataimported from an ODBC Input component:
1. Right click the component and select Properties from the pop up menu.

2. On the Data Source tab, change the database, table, and columns of data as
necessary. If required, specify avalid username and password.

3. Click “OK" to close the dialog box and update your workshest.

Y ou can change the order in which the fields of your database are stored in the columns of the
output matrix in Mathcad. To do so, right click the ODBC Input component and choose
Propertiesfrom the pop up menu. Navigate to the Advanced tab, and rearrange the order of the
fieldsin the columns of the matrix using the “move up” and “move down” buttons.

To filter your data before bringing it into a Mathcad output variable, you can query
your database directly through the ODBC Input component using a SQL “where’
Statement.

To filter your data through the ODBC Input component:
1. Right click the component and select Properties from the pop up menu.

2. Onthe Advanced tab, check “ Select data rows using a SQL ‘where’ clause” and
type a“where” statement in the text box.

3. Click “OK" to close the dialog box and update your workshest.
Figure 14-2 shows the use of a SQL “where” statement.



222 | Chapter 14

Properties 21=]
db =
ODBC Read Data Source  Advanced |
Mathcad Sample Database
SOLWHERE Clause
"Longlnt"  "NumFieldl" "NumField10" ILongInt »2
133 % 103 1 10
1 0 0 ¥ Label Colurnrs
dh = 5 a a
Field order
7 a 445
Longlnt
3 MHumField1
1.234 = 10 a 0 MumField10
43 a a

Move Down

Move Up |
EEEE

QK I Cancel | Help |

Figure14-2: Usinga SQL “ where” statementtofilter datathroughthe ODBC
component.

Tip Checking the “ Show fields with unsupported data types’ option in the ODBC Input component
Wizard or on the Data Source page of the Properties dialog box displays all data fields, even
those not supported by Mathcad variables. For example, Mathcad does not support any time data

types, but you can select and display time indices from your database in a Mathcad output
variable.

Application Components

Application components allow you to exchange data between Mathcad and another
application viaan ActiveX control. When you insert an application component, a
document object for the application is created in your worksheet. If the component
wizard allowsyou to create thisobject from an existing file, acopy of thefileisinserted
into your worksheet. Changing the document will not change the original file. If you
want your component to access and update afile on your system, use the File Input/

Output components discussed previoudly in the section “Data I nput and Output
Components” on page 219.

Excel Component

The Excel component allows you to exchange data with and access the functions of
Microsoft Excel (version 7 or higher), if it isinstalled on your system.

Note The Excel component accepts scalars, vectors, two-dimensional matrices, and strings as input
and output.
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Tip

Tip

Note

If you only need to import or export astatic datafilein Excel format, use File Input and Output
described above.

Inserting an Excel component

When you insert an Excel component, the Component Wizard offersyou thefollowing
options:

e Createan empty Excel Worksheet. Creates your component using a blank file
based on the Excel worksheet template.

» Createfrom file. Createsyour component using aspecific Excel worksheet. If you
already have an Excel worksheet and want to supply input datato it from Mathcad,
or want to use its results in your Mathcad worksheet, use this option.

» Display as|con. Inserts your Excel component inicon form. Thisis particularly
useful if your worksheet isfairly large, or if viewing the resultsin Excel is not
important.

* Thenumber of input and output variables. Control sthe number of multipleinput
and output variables your component is inserted with. 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. Thereis no set limit.

* Input ranges. Specifiesthe cellsin which the values of each input variable from
Mathcad will be stored. Enter the starting cell, which isthe cell that will hold the
element inthe upper left corner of aninput array. For example, for aninput variable
containing a 3 x 3 matrix of values, you can specify Al asthe starting cell, and the
valueswill be placed in cells Al through C3.

» Output ranges. Specifiesthe cellswhose val uesyou want to pass back to Mathcad.
For example, enter C2:L 11 to extract the valuesin cells C2 through L 11 and create
a 10 x 10 matrix.

Y ou can specify aparticular Excel worksheet and cell range using standard Excel notation such
as Sheet2!B2:C2. Y ou can also specify named cells and cell ranges.

When you finish using the Wizard, the Excel component appears in your worksheet
with placehol dersfor theinput and output variables. Enter the names of input variables
inthe bottom placeholders. Enter the namesof the output variablesinto the placehol ders
to the left of the :=. When you click outside the component, input variables are sent to
Excel from Mathcad and arange of cells are returned to Mathcad.

Figure 14-3 shows an example of an Excel component in a Mathcad worksheet.

By default, the Excel component displays only some of the rows and columns of the underlying
spreadsheet object. To see more or fewer rows and columns, click the component so that you see
handles along its sides. Resize the component by dragging a handle. To see different rows or
columns than the ones shown in the view, double-click the component and use the scroll barsto
find the rows or columns of interest.
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Figure 14-3: An Excel spreadsheet object in a Mathcad worksheet.

Changing the inputs and outputs

If you add input or output variables, you will need to specify which cellsin the
component will store the new input and which will provide the new output. Y ou can
do so in the Excel component’s Properties dialog on either the Inputs or Outputs tab.
From here, you can al so change the cell rangesfor inputsand outputsinitially specified
in the Setup Wizard.

Axum/S-PLUS Graph and Script Components

The Axum/S-PLUS Graph and Script components allow you to access the advanced
charting capabilities of Insightful’s Axum and S-PLUS programs. Y ou must have
Axum 5 or higher, or S PLUS 4.5 or higher installed on your system in order to insert
an Axum/S-PLUS Graph component.

Inserting an Axum or S-PLUS Graph component
The Component Wizard offers you the following options:
e Axisand Plot Type. Allows you to customize the graph displayed.

* Thenumber of input variables. Controls the number of input variablesto insert
the component. The maximum number of input variables for Axum and S-PLUS
componentsisfour.

* Uselast Input for Conditioning Variables. Defines a conditioning variable for
creating a Trellis graph.

Whenyou click outsidethe component, input variablesfrom Mathcad are sent to Axum/
S-PLUS and the graph updates.



Application Components / 225

Note If you want to create an Axum graph component with two independent traces, define x- and y-

Tip

vectors for each plot. Then, choose the plot type “ Scatter Plots of XY Pairs’ from the Axum
Graph dialog and specify the input variables corresponding to your vectors of data. Enter the
vector names in the placeholdersin xy-pairs, i.e., (X1 y1 x2 y2).

If you change the vectors of data upon which your Axum graph component is
dependent, your graph updates automatically. Figure 14-4 shows an Axum graph that
has been customized with axes |abels, atitle, and text and graphic annotations.
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Figure 14-4: An Axum graph in a Mathcad workshest.

Inserting an Axum or S-PLUS Script Component

When you insert an Axum or S-PLUS Script component in your worksheet, the
Component Wizard offers you the following options:

 SPLUSScript Text. You can enter your S-PLUS Script into the component
wizard. If you have an S-PLUS script (*.ssC) file, you can leave this blank.

» Thenumber of input and output variables. Controls the number of input and
output variables your component isinserted with. The Axum/S-PLUS Script
component is limited to four inputs and four outputs.

To import an S-PLUS script file into your component, right click the component and choose
Edit Script... from the popup menu to access the script editor. In the script editor, import your
script by choosing Import from the File menu.

Whenyou click outsidethe component, input variablesfrom Mathcad are sent to Axum/
S-PLUS and values from Axum/S-PLUS are assigned to output variables in Mathcad.

By default, the Mathcad input variables will be sent into the component as variables
namedinO, inl,in2, and in3. The Axum/S-PLUS variables out0, out1, out2, and out3
will definethe output variablesto be created in Mathcad. Y ou can change these names
on the Input Variable Names and Output Variable Names tabs of the component’s
Properties dialog.
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MATLAB Component

Tip

Note

SmartSketch

The MATLAB component allows you to exchange data with and access the
programming environment of The MathWorks' MATLAB Professional 4.2c or higher,
if itisinstaled on your system.

If you only need to import or export astatic datafilein MATLAB format, use the File Input/
Output component as described previously under “ Data | nput and Output Components’ on page
219.

Someversionsof MATLAB support multidimensional arraysand other complex data structures.
Whileyou may usethese structureswithinthe MATLAB component, you may passonly scalars,
vectors, and two-dimensional arrays from Mathcad to the MATLAB component and vice versa.

Inserting a MATLAB component

Inserting aMATLAB component from the Component Wizard places the component
into your worksheet with no options. However, before you can actually use your
MATLAB component, you must first edit the component’s script.

To use the MATLAB component to perform calculationsin MATLAB:

1. Right click the MATLAB component in your Mathcad worksheet and select Edit
Script from the pop up menu. This action opens a text window for entering
MATLAB commands.

2. EdittheMATLAB scripttoyour liking. Besureto useappropriate MATLAB variable
namesto take input from Mathcad and provide output. If you haveaMATLAB .m
file, you can import it into the component as well, by choosing Import from the
File menu in the Script Editor window.

When you click outside the component, input variables from Mathcad are sent to
MATLAB, and arrays from MATLAB are assigned to output variables in Mathcad.

By default, the datain the Mathcad input variables are sent into MATLAB variables
named in0, Inl, in2, and in3. The MATLAB variablesoutO, outl, out2, and
out3 define the data to be passed to the Mathcad output variables. To change these
names, choose Properties from the component’ s pop up menu and type in new names
in the Inputs and Outputs tabs.

SmartSketch isa 2D drawing and design tool developed by Intergraph. The
SmartSketch 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
illustrationsand specification-driven designs. Y ou can use the SmartSketch component
if you have SmartSketch 3 or higher, Imagination Engineer, or Imagineer Technical 2.
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Note

Tip

Inserting a SmartSketch drawing

When you insert a SmartSketch component, the Component Wizard offers you the
following options:

» New SmartSketch Document. Createsyour component with ablank SmartSketch
drawing file.

» FromExistingFile. Createsyour component using aspecific SmartSketch drawing
file. If you already have a drawing file and want to supply input datato it from
Mathcad or want to use its results in your Mathcad worksheet, use this option.

» Thenumber of input and output variables. Controls the number of input and
output variables your component isinserted with. The number of input and output
variables you can pass between Mathcad and SmartSketch is only limited by the
memory and speed of your computer. Thereis no set limit.

* Input and Output Variable names. If you are creating your component with an
existing drawing file, specify the SmartSketch variable corresponding to each input
or output variable.

Whenyou click “Finish,” the SmartSketch component appearsin your worksheet with
placeholders for the input and output variables. Enter the names of Mathcad input
variablesin the bottom placeholders. Enter the output variables in the placeholdersto
the left of the :=.

Next, you need to bind variables, dimensions, or symbolsin your drawing to theinputs
or outputs. Each SmartSketch drawing containsaVariable Table whereyou can define
variablesand edit dimensions. The SmartSketch component bindsthese entriesto your
worksheet inputs and outputs. Right click on the component in Mathcad and choose
Properties from the pop up menu, where you can specify:

* Input names. The dimension, symbol, or variable names used in the SmartSketch
drawing that are controlled by theinputs to the SmartSketch component. Choose a
dimension or variable name from the drop-down list.

*  Output names. Thedimension, symbol, or variable names used in the SmartSketch
drawing that definethe output variablesin Mathcad. Chooseadimensionor 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.

Input values that do not have units attached are passed in Sl units. For example, if you send 2.0
asinput for alength, it is assumed to be 2.0 meters. SmartSketch, by default, convertsthisto the
display units (inches by default) and creates the drawing.

If the drawing is so large that it extends beyond the component window, right click on the
component, choose Pr operties from the pop up menu, and click the box next to Automatic
Resizing.




228 |/ Chapter 14

Figure 14-5 shows a SmartSketch drawing inserted into a Mathcad worksheet. The
values from the variables RadiusA, RadiusB, and Distance are sent to SmartSketch as
input and used to create the drawing. The variables WrapB, BLength, and Betal are
output variables.

RadiusA = .5 Torgue = 700
RadiusB = .3 Friction = .4
Distance = 2.2

WrapB
[BLength] =

Beta1l R 500

R 300

{RadiusA RadiusB Distance)

Figure 14-5: Integrating a SmartSketch drawing into a Mathcad wor ksheet

Changing the inputs and outputs

If you add input or output variables, you will need to specify which variablesin your
drawing will store the new input and which will provide the new output. Y ou can do
so in the component’ s Properties dialog, on either the Inputs or Outputs tab. Y ou can
also change the variables mapped to inputs and outputs initially specified in the Setup
Wizard.

Note In order for the dimensionsin a drawing to resize relative to any changes to the dimensions,
check the box next to M aintain Relationships under the T ools menu in SmartSketch. To verify
this setting, double-click on the component and choose T ools from the menu bar.

For more information on SmartSketch, refer to the tutorials and documentation
available from the Help menu in SmartSketch. Example Mathcad files containing
SmartSketch components can be found in “ Using Mathcad with Other Applications”
in Quick Sheets under the Help menu.
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The Data Acquisition Control

Note

Tip

Note

Note

The DataAcquisition Control (DAC) allowsyou to read datadirectly from or send data
directly to ameasurement deviceinstalled inyour system. The DAC eliminatesthe step
of saving datato an external file before importing your datainto Mathcad for display
and analysis, and to some degree allowsfor “real time” datalogging and analysis. The
current version of the DAC supports National Instruments E-series and Measurement
Computing (formerly Computerboards) data acquisition cards and boards. A complete
list of supported devicesis available in the online Developer’s Refer ence.

If you are using the DAC control to bring analog waveform datainto Mathcad for “real time”
analysis, be sure that Automatic Calculation, under the T ools menu, isturned on. The degree to
which “real time” datalogging and analysis is possible depends on the size of the data being
transferred, the complexity of the cal culations being performed, and the speed of your computer.
If at some point Mathcad is unable to keep up with the data transfer or calculations, real-time
analysisisno longer possible.

Y ou can simulate a waveform in Mathcad and use the DAC to send it out to atest device, and
then have the results returned to Mathcad via another DAC.

The DAC is not a native component, but rather is embedded in a scriptable object component.
As such, some scripting may be necessary for your DAC to work as desired. If you plan to use
the DAC in your worksheet, you should first read the section on “ Scripting Custom OLE
Automation Objects’ on page 243.

Inserting a Data Acquisition control

Inserting aDA C from the Component Wizard placesthe component into your Mathcad
worksheet with no options.

The Data Acquisition component isonly visiblein the Components Wizard dial og box when you
have a supported data device attached.

The DAC isinserted into the worksheet with default properties, namely, one output
and single point anal og data collection. These propertiesare easily modified, however,
using either the object’s Properties dialog box, the Script Editor, or the user interface
for the control, shown in Figure 14-6.
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Note

v
[M] " [Mathcad Data Acquizition Control
Device =1 PCIB024E
Input Dutput Type Function
" Single Point {* Waveform| IV(: Input ¢ Output |

Channel String: ID

Channel Yoltage Gain Fate Mum. 5amples

=0 o Jn Jtooo0 oo

V' Show Eror Messages IV “wiait for trigger
Trigger P

Source

& Digital @ PFI0 € Chanpel 0

] Sralog e —
* Rising { Falling |D

- Status:

Figure 14-6: User Interface of the Data Acquisition Control (DAC).

Customizing a Data Acquisition Control
Onceyou've inserted a DAC, you can modify it in several ways:

» TheDAC User Interface. The DAC isinserted with avisible user interface, where
you can tailor the data stream to or from the attached measurement device.

e Adding or Removing I nputsand Outputs. The DAC supports up to four inputs
and four outputs. The number of inputs and outputs can be specified by right
clicking on the DAC and selecting Add or Remove Input Variable or Output
Variable from the pop up menu or by selecting Properties from the pop up menu.

» TheDAC Script. In addition to changing the DAC' s user interface, you can also
changeitsfunctionality programmatically. The function of the DAC isdriven by a
Visual Basic script, which you can edit by right clicking on the DAC and choosing
Edit Script from the pop up menu.

For more information about the properties and methods associated with the DAC and other
Scriptable Object components, see the Developer’s Reference under the Help menu.

Example worksheets under “Using Mathcad with Other Applications’ in the

Quick Sheets under the Help menu show usage of the DAC for single point and analog
waveform input and output. Context sensitive help is available for all methods,
properties, and events associated with the Mathcad Data Acquisition control. Y ou can
access context sensitive help by looking at the Analogl O object in the Visual Basic
object browser and clicking on the help button.
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Extending and Automating Mathcad

Overview

Overview

Programming within Mathcad
Building Function DLLs

Creating Your Own Components

* & & o o

Accessing Mathcad from Within Another Application

Mathcad comes with functions and operators spanning mathematical disciplines from
simple arithmetic to trigonometry to calculus and beyond. Even so, you may find that
the basic functionality is not enough to meet your needs. With that in mind, Mathcad
can be extended in several ways, outlined in this section.

Programming within Mathcad

Note

A Mathcad program isaspecial kind of expression made up of @ s

sequence of statements created using programming operators, Ml |
available on the Programming toolbar. Y ou can open the 0
Programming toolbar from the View menu.

otherwise

for while

Y ou can think of a program as a compound expression that break  continue
involves potentially many programming operators. Like any W e

expression, a program returns a value — a scalar, vector, array,
nested array, or string — when evaluated either numerically or
symbolically. Just as you can define a variable or function in terms of an expression,
you can aso define them in terms of a program.

The symbolic processor treats any units it encountersin a program as undefined variables. To
avoid problems — especially with unit conversions — make sure any program you evaluate
symbolically does not involve units.

Defining a Program
The following example shows how to make a simple program to define the function:

f(x,w) = Iog(\—l)sv)

Although the example chosen is simple enough not to require programming, it
illustrates how to separate the statements that make up a program and how to use the
local assignment operator, “<«.”

231
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Note

Tip

Note

Note

A program can have any number of statements. To add a statement, click on the
Programming toolbar or press [. Mathcad inserts a placeholder below whatever statement
you've selected. To delete the placeholder, click on it and press [Bksp].

You can usethe Add Line operator in any placeholder in a program, including those associated
with other programming operators such asif, for, and while.

1. Typetheleft side of the function definition, followed by a :
“-=", Make sure the placeholder is selected. flx.w) =l

2. Click on the Programming toolbar or press]. You'll
see avertical bar with two placeholders, which will hold the
statements that comprise your program.

¥
2

|=_

3. Click in the top placeholder and type z. Click on the
Programming toolbar. Alternatively, press{ toinsert a“<«,”
the local definition symbol.

fix w) = ze 1

4. Typex/w inthe placeholder to theright of thelocal definition
symbol. Press [Tab] to move to the bottom placeholder. fixw) = 20

5. Enter the value to be returned by the program, in this case _ %
1og(2). ' w
Y ou can how usethisfunction just asyou would any other function

in your worksheet.

Y ou cannot use Mathcad’ s usual assignment operator, “:=,” inside aprogram. Y ou must use the
local assignment operator, represented by “<«,” instead. Variablesdefined inside aprogramwith
the local assignment operator, such as z in the 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.

Certain operators on the Programming toolbar insert with visible text. When inserting afor,

while, if, otherwise, break, continue, return, or on error operator, you must use the toolbar
button or keystroke. Typing in the word “break,”for example, is not the same asinserting the

break operator.

Figure 15-1 showsamore complex exampleinvolving 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.

Aswith any expression, a Mathcad program must have avalue. Thisvaueis simply

the value of the last statement executed by the program. It can be a string expression,
asingle number, or an array of numbers. It can even be an array of arrays (see“ Nested
Arrays’ on page 63).
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Note

Online Help

2
b+ -dac Although you can define complicated

gla,b,c):=

7 a functions all on one line...
ria, b, c) = |discr— IJ2 -4ac ...it's sometimes easier to break them up
nume-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.

Y ou can also write a Mathcad program to return a symbolic expression. When you
evaluate a program using the symbolic equal sign, “—,” described in Chapter 13,
“Symbolic Calculation,” Mathcad passes the expression to its symbolic processor and,
when possible, returnsasimplified symbolic expression. Y ou can use Mathcad’ sability
to evaluate programs symbolically to generate complicated symbolic expressions,
polynomials, and matrices. Figure 15-2 shows a function that, when evaluated
symbolicaly, generates symbolic polynomials.

A function to generate a polynomial.

fin) = |a—0
i—0
while izn
ac [a {1+ x)i] <-- Mathcad can evaluate
it 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+ 6x + 4+ x°

Figure 15-2: Using a Mathcad program to generate a symbolic expression.

Programs that include the return and on error statements, described on page 238 and
page 239, cannot be evaluated symbolically since the symbolic processor does not recognize
these operators.

The “Programming” section in the Quick Sheets under the Help menu provides examples you
can modify. Y ou can aso download the module “Programming in Mathcad” from
www.mathcad.com for more detailed examples and explanations.
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Conditional Statements
Ingeneral, Mathcad eval uates each statement inyour program fromthetop down. There
may be times, however, when you want Mathcad to evaluate a statement only when a
particular condition is met. Y ou can do this by including an if operator.

For example, suppose you want to define afunction that forms asemicircle around the
origin but is otherwise constant. To do this:

1. Typetheleft sideof thefunction definition, followed by
a“:=". Make sure the placeholder is selected.

2. Click on the Programming toolbar.
Alternatively, press]. You'll seeavertical bar withtwo
placeholders. These placeholders will hold the
statements making up your program.

3. Click on the Programming toolbar in the top
placeholder. Alternatively, press }. Do not type “if.”

4. Enter aBoolean expression in the right placeholder
using one of the relational operators on the Boolean
toolbar. In the left placeholder, type the value you want

f(x) ::ﬂ
fix):= |
al
f(x) = |. if
f{x) = |u if |x|>2
al

the program to return whenever the expression in the
right placeholder istrue. If necessary, add more placeholders

5. Select the remaining placeholder and click | athemwise| on
the Programming toolbar or press[Ctr1] 3.

6. Typethe value you want the program to return if the
condition in the first statement is false.

Figure 15-3 shows a plot of this function.

by clicking [#ddLine |

f(x)

= |u if |x|=2

1| otherwise

fi=):

0 if |x|=2

4 - x2 otherwise

fix)= |0 if || >2

4 - x* otherwise

5

M

Axis limits on this plot were set
< manually. This plot has a slightly

i3 0

limits are used.

-5
=10

o

gix) = ifC|x >2,0,/4 - &)

You can also use the "if" function to define this
function, although what you gain in conciseness, you

lose in clarity.

different appearance when default axis

Figure 15-3: Using the if operator to define a piecewise continuous function.
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Looping

Note

Note

Tip

The if operator in aMathcad program is not the same as the if function (see “ Piecewise
Continuous Functions’ on page 254). Although it is not hard to define a simple program using
theif function, as shown in Figure 15-3, theif function can become unwieldy when the number
of branches exceeds two.

When using a block of conditional statementsin a program, you should always end the block
with an other wise operator. Failing to do so may cause an error when your program is eval uated.

One of the greatest strengths of programmability isthe ability to execute a sequence of
statements repeatedly in aloop. Mathcad provides two loop structures. The choice of
which loop to use depends on how you plan to tell the loop to stop executing.

» If you know exactly how many times you want aloop to execute, use afor loop.

« If you want the loop to stop when a condition has been met, but you don’t know
how many loops will be required, use awhile loop.

See “Controlling Program Execution” on page 237 for methods to interrupt cal culation within
the body of aloop.

For Loops

A for loop terminates after a predetermined number of iterations. Iterationiscontrolled
by an iteration variable defined at the top of the loop. The definition of theiteration
variableislocal to the program.

To create afor loop:

1. Click on the Programming toolbar or press[Ctr 1] ““. Do

for ule s
not type the word “for.”

2. Typethe name of theiteration variable in the placeholder to the
left of the“e.”

3. Enter the range of values theiteration variable should take in the
placeholder to theright of the“ .” Y ou usually specify thisrange
the same way you would for arange variable (see page 103).

for iel.n

1

4. Typethe expression you want to evaluate in the remaining
placeholder. This expression generally involves the iteration

variable. If necessary, add placeholdersby clicking onthe

for iel.n

S—S+1

Programming toolbar.
The upper half of Figure 15-4 shows thisfor loop being used to add a sequence of integers.
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Note

Although the expression to the right of the[_©r | isusually arange, it can also be a vector or
alist 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

—— "" is undefined anywhere outside the
— — program.
This wariable ar function
is not defined above.

join(r,s) == |m<0
for xer.s
v o—X
m
m—m+1
v
100
100 1 101
e B P join(r,s) = | 102
102 1

Figure 15-4: Using a for loop with two different kinds of iteration variables.

While Loops

A while loop isdriven by the truth of some condition. Because of this, you don’t need
to know in advance how many timesthe loop will execute. It isimportant, however, to
have astatement somewhere, withintheloop, that eventually makesthe condition fal se.
Otherwise, the loop executes indefinitely.

To create awhile loop:

1. Click[whie_]| on the Programming toolbar or press[Ctrl] ]. while
Do not type the word “while.”

2. Click inthetop placeholder and type a condition. Thisis
typically a Boolean expression like the one shown.

while |vj| zthres

1

3. Typethe expression you want evaluated in the remaining
placeholder. If necessary, add placeholders by clicking

. ' i
[AddLine | on the Programming toolbar. T

while |vj| zthres

Figure 15-5 showsalarger program incorporating the aboveloop.

Upon encountering awhile loop, Mathcad checksthe condition. If the conditionistrue,
Mathcad executes the body of the loop and checksthe condition again. If the condition
isfalse, Mathcad exits the loop.
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Finding the first el t of a vector that exceeds a specified value.

m:=0.2500 +«——Create a vector.

v _=1+sin{m] " 0
0 1
1 1.841
2 1.909
3 1.141
. I 4 0.243
t(v, thres) = |j—0 «— Initialize counter. 5 0041
while vjithres B 0.7
jej+1 7 1.657
. g 1.989
1 +———Return counter. g 1412
10 0.456
11|9.79310 8
tiv,1.98) =8 «——— The first eler_nent to exceed 1.98 is the 12 0.463
8th element in the vector.
13 1.42
14 1.991
15 1.65

Figure 15-5: Using a while loop to find the first occurrence of a particular
number in a matrix.

Controlling Program Execution

The Programming tool bar in Mathcad includesthree oper ator sfor controlling program
execution:

» Break. Usedwithinafor or while loop tointerrupt theloop when acondition occurs
and move execution to the next statement outside the loop.

e Continue: Used withinafor or while loop tointerrupt the current iteration and force
program execution to continue with the next iteration of the loop.

* Return: Stops a program and returns a particular value from within the program
rather than from the last statement evaluated.

Break and Continue

It is often useful to ignoreiterations of aloop upon the occurrence of some condition.
Mathcad offerstwo programming operatorsfor this purpose: break, if you want to exit
the loop completely, thereby ignoring al further iterations; and continue if you want
toignorethe current iteration and proceed to the next one.To insert the break operator,
click on aplaceholder inside aloop and click on the Programming toolbar or
press[Ctr1] {. Do not typetheword “break.” Y ou typicaly insert break into the | eft-
hand placeholder of an if operator. The break is evaluated only when the right-hand
side of the if istrue.

Toinsert the continue operator, click on aplaceholder inside aloop and click
on the Programming toolbar or press[Ctr 1] [. Do not type the word “continue.” As
with break, you typically insert continue into the left-hand placeholder of an if
operator. The continue statement is evaluated only when the right-hand side of the if
istrue.
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In Figure 15-6, break is used to stop aloop when anegative number is encountered in
an input vector and return the result to that point, while continue is used to ignore non-
positive numbers in an input vector, returning a vector of al positive numbersinv.

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
v o= PElemb (v} = PElemc (v} = |27
- 16
16

Figure 15-6: Using break statement halts the loop. Program execution resumes
on the next iteration when continue is used instead.

Return

A Mathcad program returns the value of the last expression evaluated in the program.
In simple programs, the last expression evaluated isin the last line of the program. As
you create more complicated programs, you may need moreflexibility. Return alows
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.
Aswith break and continue, you typically usereturn on the left-hand side of an if

operator, and the return statement is evaluated only when the right-hand side is true.

Thefollowing program fragment showshow areturn statementisused toreturn astring
upon the occurrence of a particular condition:

1. Click on the Programming toolbar. i

2. Now click on the Programming toolbar or

return o if u

press[Ctr1]]. Do not type “return.”

3. Create a string by typing the double-quote key (**)

on the placeholder to the right of return. Then type return it if

the string to be returned by the program. Mathcad
displays the string between a pair of quotes.

4. Typeaconditionintheright placeholder of if. This

istypically aBool ean expression liketheoneshown. it floor () =x

return "int"

(Type [Ctr1]= for the bold equal sign.)
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Inthisexample, the program returnsthestring “int” when theexpression floor (x) = x
istrue.

Tip  You can add more lines to the expression to the right of return by clicking onthe
Programming toolbar.

Error Handling
Errors may occur during program execution, causing Mathcad to stop calculating the
program. For example, because of aparticular input, a program may attempt to divide
by 0 in an expression and therefore encounter a singularity. In these cases Mathcad
treats the program as it does any math expression: it marks the offending expression
withan error messageand highlightsthe offending name or operator in adifferent color,
as described in Chapter 8, “Calculating in Mathcad.”

Mathcad gives you two features to improve error handling in programs:;

» Theon error operator on the Programming toolbar allows you to trap anumerical
error that would otherwise force Mathcad to stop calculating the program.

» Theerror function givesyou accessto Mathcad’ serror tip mechanism and letsyou
customize error messages issued by your program.

On Error

In some cases you may be able to anticipate program inputs that lead to a numerical
error (such asasingularity, an overflow, or afailure to converge) that would force
Mathcad to stop cal culating the program. In more complicated cases, especially when
your programs rely heavily on Mathcad’ s numerical operators or built-in function set,
you may not be ableto anticipate all of the possible numerical errorsthat can occur in
aprogram. The on error statement is designed as a general-purpose error trap to
compute an alternative expression a program encounters a numerical error that would
otherwise stop calculation.

To useon error, click on the Programming toolbar or type [Ctr1] “. Do not
type “on error.” In the placeholder to the right of on error, enter the program
statement(s) you ordinarily expect to evaluate but in which you wish to trap any
numerical errors. In the placeholder to the left of on error, enter the program
statement(s) you want to evaluate should the default expression on the right-hand side
fail. Figure 15-7 showson error operating in aprogram to find aroot of an expression.

Issuing Error Messages

Just as Mathcad automatically stops further evaluation and produces an appropriate
“error tip” on an expression that generates an error (see the bottom of Figure 15-7 for
an example), you can use the error function to stop evaluation and create customized
error tips that appear when your programs or other expressions are used improperly or
cannot return answers.

Typically you usethe error function in the placeholder on theleft-hand side of anif or
on error operator so that an error tip is generated when a particular condition is
encountered. Figure 15-8 showshow custom errorscan beused eveninasmall program.
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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 error” the second example RF(f2,0) =
cannot converge: -

Can't converge to a solution. Try a
different guess value or check that
a solution really exists.

Figure 15-7: The on error statement traps numerical errorsin a 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

H (n%u-‘l) on error(#!_k)!)

1

k
i=

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) = wu ‘ 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 errorsvia the error string function.

Tip For moreinformation on the error function, see “ String Functions” on page 256.

Note Someerror strings are automatically translated to aMathcad error message that is similar to the
error string. For example “must bereal” istrandated to “This value must be redl. Itsimaginary
part must be zero.”
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Programs Within Programs

Tip

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 structuresinsideoneanother. InMathcad, you can dothisinthefollowing
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 asif it were a
subroutine.

* You can define afunction recursively.
Subroutines

In Figure 15-9 both programs contain a statement, which itself isa program. In
principle, there is no limit to how deeply you can nest a program.

n:=1.6

Newton's method g—1 if n=1

otherwise

ﬂ h—1

df( %)
while |xx - x|>TOL

nroot(f df x) = |xx—xn-

g—1

for keZ2..n
K HX
f(x) tmp—h+yg
dfi =)
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.

HE— XK - heg

o
=
1]

fix) =% -4
dfi=) =2-x
nroot(f df 1) =2

i e el

ey
o

Figure 15-9: Programs in which statements are themsel ves programs.

One way many programmers avoid overly complicated programsisto bury the
complexity in subroutines. Figure 15-10 shows an example of this technique.

Breaking up long programs with subroutines is good programming practice. Long programs,
especially those containing deeply nested statements can become difficult for other usersto
understand at a glance. They are also more cumbersome to edit and debug.

In Figure 15-10, the function adapt carries out an adaptive quadrature or integration
routine by using intsimp to approximate the areain each subinterval. By defining
intsimp el sewhere and using it within adapt, the program used to define adapt becomes
considerably simpler.
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Tip

INTEGRATION IN WHICH WIDTHS OF INTERVALS ARE CHOSEN ADAPTIVELY
intsimp(f,a b N) =

fla+(i-1)w) +4-f(a—g+i-w)

+fla+iw)

S—S+wW
6

5

adapt(f,a,b) = |x—intsimp(f,a b 10)
x if |x - intsimp(f a b 4)|=TOL

a+h

a ; h) + adapt(f,

adapt(f,a, ,h) otherwise

adapt{log,107"% 1) = -0.434958018397141

Figure 15-10: Using a subroutine to manage complexity.

Recursion

Recursion is a powerful programming technique where afunction is defined in terms
of itself, aswas done with the definition of adapt in Figure 15-10. Recursionissimilar
to mathematical induction: if you can determine f(n+ 1) from f(n), and you know
f(0), then you know all thereisto know about f. Recursive definitions have two parts:
e A definition, written in terms of a previous evaluation of the function.
Aninitial condition, which prevents the recursion from continuing forever.

Some mathematical examples of arecursive function are the factorial, where the
factorial of nisntimesthefactorial of n—1, and the compounding of interest. Mathcad
implementations of these examples as recursive programs are shown in Figure 15-11.

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

Pin-1,iPo){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.

Recursive function definitions, while appearing elegant and concise, are not always
computationally efficient. Y ou may find that an equivalent definition using one of the iterative
loops evaluates more quickly.
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Building Function DLLs

If your program is complex enough, you may benefit by implementingitasaDLL. The
UserEFI interface allows you to access a function you compile asif it were built into
Mathcad. Compiling afunction into DLL form will speed up its execution and allow
for greater reusability between worksheets. The UserEFI directory of your Mathcad
installation containsheader and library files necessary for creating your own DLLsand
instructions for creating Mathcad DLLs with several different C++ compilers. Check
the environment information in your compiler’s documentation before attempting to
compile your own DLLs.

Mathcad' s UserEFI interface allows you to pass scalars, vectors, two-dimensional
arrays, and stringsto and from any DL L you create. Nested matrices are not supported
by the UserEFI interface.

Once you create your DLL, you can add it to Mathcad’ s Insert Function dialog by
creating afunction entry in the file USER. XML, located in the Doc\Funcdoc
directory of your Mathcad installation. USER. XML contains a template you can copy
and fill out with the pertinent information for your function.

Tip For moreinformation on creating your own DLLSs, please consult the “ Creating a User DLL”
section of the Developer’s Refer ence, available from the Help.

Creating Your Own Components

Scripting Custom OLE Automation Objects

Asdescribed in the previous chapter, Mathcad has several specialized componentsfor
accessing the functionality of other applications within your Mathcad workshest.
However, it is possible to dynamically exchange data between a Mathcad worksheet
and any other application that supports OLE Automation, even if Mathcad does not
have a specific component for that application. To do so, you must use the Scriptable
Object component (SOC).

In addition to programming the SOC to interface with other OL E applications, you can
build customized Controlsthat respond to user input in the worksheet, such as buttons
and text boxes. Also, you can use the SOC to retrieve data from measurement devices
attached to your system. Scripted objectsto perform thesetaskscome pre-installed with
Mathcad. Brief descriptions of their use appear under “ Customizing and Redistributing
Components’ on page 247 and “ The Data Acquisition Control” on page 229. These
components appear in the Insert Component list, but they may need to be customized
through modifications to their scriptsin your worksheet.

How to Use Scriptable Object Components

In general, you can create a custom scriptabl e object from any object you can insert
into aMathcad worksheet aswell asany ActiveX controlsinstalled on your computer.
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Tip

To create a Scriptable Object component, you must:

1. Beproficient in a supported scripting language installed on your system, such as
Microsoft VBScript or JScript.

2. Befamiliar with the Object Model of the application you are scripting.
3. Havethe application or control installed on your system.

Scripting Languages

To use a Scriptable Object component, you must have a supported scripting language
installed onyour system. Two scripting languagesare supported by Mathcad: Microsoft
VBScript (Visua Basic Scripting Edition) and Microsoft JScript (an implementation
of JavaScript). Other languages may be available on your system and usable for
scripting; however, Mathcad will not automatically generate an appropriate script
template for your component, and there is no assurance that acomponent scripted with
another scripting language will work properly.

VBScript and JScript are included with Microsoft Internet Explorer, which can be
installed from the Mathcad CD. These scripting languages can also be downloaded at
no charge as part of the Microsoft Windows Script package. at:

http://msdn._microsoft.com/scripting

For more information on scripting languages and syntax associated with their usage,
see the Developer’ s Refer ence under the Mathcad Help menu.

Inserting a Scriptable Object

When you sel ect the Scriptable Object component inthe Component Wizard, Mathcad,
launchesthe Scripting Wizard. The* Object to Script” scrolling list showstheavailable
server applications on your system. Choose an application that supports the OLE 2
automation interface (consult documentation for the application for details).

Y ou must specify:
»  Whether the component is anew 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: thetype of object you want to script,
the scripting language you are using, the name of the object, and the number of inputs
and outputs the object will accept and provide.

A Scriptable Object component appears in your worksheet with placeholders for the
input and output variables. Enter the input variables in the bottom placehol ders. Enter
the output variables into the placeholders to the left of the :=.

If you want to set a Mathcad variable using multiple controls, you can use a Frame Object asa
container object. For more information, consult the Developer’s Reference.
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Note There are two Properties dialog boxes for any customized Scripted Object component, one for

the object and one for the embedded control. Access the one for the object by right clicking on
the object and choosing Pr oper ties from the popup menu. This dialog box allowsyou to specify
the number of inputs and outputs and the name of the object. Access the one for the underlying
control by right clicking on the object and choosing [Control Name] Object—=Properties. This
dialog box allows you to modify the settings for the embedded control. For example, inthe Data
Acquisition Control (see page 229), you use it to change the data collection mode from single
point to waveform.

Mathsoft Controls

Note

Tip

The Mathsoft Controls allow you to insert buttons, text boxes, list boxes, and sliders
into your Mathcad worksheet. These components operate in a fashion similar to
Microsoft Forms Controls, which you can insert as Scripted Object components.

Mathsoft Controls provide you, as an author, a means of entering information into a
worksheet other than the standard variable mechanism. Thisisparticularly useful if the
end user isanovice user of Mathcad, or if you want to streamline an oft-repeated
process. These controls are also useful for expanding the degree to which worksheets
can be used as templates for processes. For example, a set of controls can alow the
user to specify quickly and easily various parameters used to compute a series of
calculations. Inthisway, controlsfurther facilitate your design of asolution rather than
just aworksheet.

For more information about the properties and methods associated with Mathsoft Controls and
other Scriptable Object components, see the Developer’s Refer ence under the Help menu in
Mathcad.

Inserting a Mathsoft Control
To insert a Mathsoft Control into a Mathcad worksheet:

1. Clickinablank spotinyour worksheet. If youwant to send val uesto the component
from aMathcad variable, click below or to the right of the variable definition.

2. Choose Control from the I nsert menu or the Controls toolbar. Select the control
you want from the submenu.

3. Inthe placeholder that appears to the left of the component, enter the name of the
Mathcad variable to be defined.

To add input or output variablesto your component, right click the embedded control

(i.e., thebutton, list box, text box, etc.) and select Add I nput Variableor Add Output
Variable from the popup menu. If you add or remove input or output variables from

the component, you must make changes to the script. To edit the script, right click the
embedded control and select Edit Script... from the popup menu.

Y ou are allowed amaximum of four inputs and four outputsfor any Mathsoft Control.
For information on inputs, outputs, and scripting a control see the Developer’s
Reference under Help in Mathcad.

For most Mathsoft Controls, you specify outputs only. For example, for a TextBox control you
will get 0 inputs and 1 output, the output being based on the text entered in the text box.
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Tip

Note

Note

To change the appearance of a Mathsoft Control:

1. Right click onthe component and select M athsoft [Control] Object=Properties
from the popup menu.

2. Inthe Propertiesdiaog box

you will see various options
that let you change the appear- e o
tyle
ance of the control. For exam- € Push-Button ¥ AutoSize [ Pushike [ Flat
% CheckB [ Lefttest [~ Bitmap
ple, you can changethe Button Pt ot el
control from a checkbox to a

Faonts I Pictures I

Fadio Group Alignment
push button within this dialog F,oup D ButtonID | Harartal [Defautt v Vettical [Defautt x]
box. Make your selections. [ |
3. Click “Apply” to keep the Copiion [vote yes!
Propertiesdialogbox openand
preview the changesin your oK | concal gl

worksheet. Click “OK” to
close the dialog box and return to the worksheet.

To customize a button quickly with a specific graphic image, create an image and copy it into
your clipboard. Right click on the button and select M athsoft [Control] Object=Paste
Bitmap from the popup menu. Alternatively, you can browse for a bitmap or icon file through
the Pictures tab in the Properties dialog box.

The properties of a control are not preserved if you change them through the control’ s interface
— only if they are changed programmatically, in the script associated with the control. For
example, if you want a checkbox to be checked by default when you open your worksheet, you
should set the checked state in the script, rather than by clicking on the checkbox, and saving the
worksheet.

To edit the script of a Mathsoft Control:

1. Right click on the component and select M athsoft [Control] Object=Edit
Script... from the popup menu.

2. Make your changes and close the Script Editor.

3. Toupdatethecomponent inyour Mathcad worksheet, select Calculate=Calculate
Worksheet from the Tools menu or click on the component and press [F9].

Y ou cannot send a string as input to any Mathsoft Control component. The only types of input
variables allowed are scalars, vectors, and matrices. However, you can define an output variable
as astring in a Mathsoft Control component. See CONTROLS.MCD in the
QSHEET\SAMPLES\CONTROL S directory for examples of Mathsoft Controls.
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Customizing and Redistributing Components
Once you have scripted a scripted object or control to your liking, you can saveit asa
customized Scripted Object component for future use. This creates an ActiveX object
on your system that you can insert into your worksheet from the I nsert Component
dialog box. Y ou can also redistribute your component to other users of Mathcad
(version 2001 or later), so that they can useit aswell. For example, you could create
components to set various Mathcad built-in variables (TOL, ORIGIN, etc.) within a
worksheet you distribute to others, rather than relying on them to know Mathcad
interface well enough to change the variables on their own.

To export a Scripted Object as a component:

1. Right click on the customized control or control that you wish to save. Choose
Export as Component from the popup menu.

2. Inthedialog, specify the name of your component, asit will appear in the Insert
Component dialog box, (e.g., My Listbox) and where you would like to save it.
Click “Next.”

3. If youwant to protect the script and settings of your component, specify and verify
apassword. Otherwise, leave these fields blank. Click “Finish.”

The component will be saved asan MCM file and registered, making it appear in the
Insert Component dialog box and ready to use.

If you want to share your component with another Mathcad user, you need only supply
them with a copy of the MCM file. To use a component you have received:

1. Copy the MCM fileto the MCM folder of your Mathcad installation.
2. Double-click the MCM file to register the component.
3. Start Mathcad. The component will be available in the Insert Component dialog.

Deleting an Exported Component
To remove an MCM file from your system, perform the following steps:
1. Open the Start menu in Windows, and click Run.
2. Click the Browse button. Navigate to your Mathcad program directory, and select
the file mcmreg.exe and click “OK.”

3. Inthe Run dialog, add the following command-line arguments:
/u mem\control.mcm, where control.mcm isthe MCM file you want to delete; for
example, itislocated inthe MCM directory of your Mathcad installation. The“/u”
removes information on the MCM file from the Windows Registry.

4. Once you have unregistered the component, it will no longer appear in the
Component Wizard and you can delete the MCM file from your system.

These steps will only work for components exported as MCMfiles, and not for
components shipped with Mathcad.
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Opening a W

orksheet Containing a Scripted Component

Mathcad can protect you from potentially damaging code within certain types of
scriptable components. By default, Mathcad will prompt you to enable or disable
evaluation of scriptable components upon opening aworksheet containing them. If you
elect to disable evaluation of ascriptable component when opening the worksheet, you
may re-enable evaluation by right clicking on the component and choosing Enable
Evaluation.

Y ou can adjust thelevel of security for Mathcad on the Security tab in the Prefer ences
dialog under the T ools menu. There are three settings:
» High Security. All scripted components are disabled when you open aworksheet.

» Medium Security (default setting). Y ou are notified of the presence of oneor more
scripted components when opening your worksheet and given the choiceto disable
them or not.

» Low Security. No precautions are taken when opening a worksheet containing
scripted components.

Script Security affects the Scriptable Object component, the Mathsoft Controls, and
any scripted components you export as MCM files.

Accessing Mathcad from Within Another Application

The previous sections have described how to extend the functionality of Mathcad.
Mathcad' s OL E automation interface grants the complementary ability to extend

the functionality of other Windows applications by alowing them to access the
computational features of Mathcad. Using Mathcad' s OLE automation interface, you
can send data dynamically to Mathcad from another application, use Mathcad to
perform calculations or other data manipulations, and send results back to the original
application

Mathcad Add-ins

Note

There are several applications for which specialized Mathcad Add-ins have been
created. An Add-inalowsyoutoinsert aMathcad object into another application. Visit
the Download area of the Mathcad web siteat http://www.mathcad.com/ for a
complete list of available Mathcad Add-ins and information about how to download
them for use.

The OLE automation interfaceis supported in Mathcad 7.02 and higher and supersedesthe DDE
interface supported in Mathcad 5 and 6. For information on the interface, see the Developer’s
Reference under the Help menu in Mathcad. For specific examples, see TRAJECTORY .XLS
in the QSHEET\SAMPLES\EXCEL and DOUGHNUT.EXE in the
QSHEET\SAMPLES\VBASIC in your Mathcad installation.
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Built-in Functions

Mathcad provides aset of built-in functions, which you can expand by installing
additional Extension Packs or writing your own built-in functions. The core set of
Mathcad functionsis accessible by choosing Function from the I nsert menu.

Mathcad Extension Packs
An Extension Pack consists of advanced functions geared to a particular area of
application. Available Extension Packsinclude Sgnal Processing, Image Processing,
Wavel ets, Communications System Design, and Solving and Optimization. To find out
more about Mathcad Extension Packs, contact Mathsoft or your local distributor, or
visit Mathsoft’ s Web site at:

http://www.mathcad.com/
After you install an Extension Pack, the additional functionswill appear in the Insert
Function dialog box.

Built-in functions you write yourself in C

If you have a supported 32-bit C/C++ compiler, you can write your own built-in
functions for Mathcad. For details see the Developer’s Reference under Help.

Function Categories

Bessel Functions

Ai(2) bei(n, x) ber(n, x) Bi(2)

H(m, X) H1.sc(m, X) H2(m, x) H2.sc(m, X)
10(2) 10.sc(X) 11(2) 11.sc(x)
In(m, 2 In.sc(m, x) JO(2) J0.sc(X)
J1(2) J1.sc(X) Jn(m, 2) Jn.sc(m, X)
js(n, 2 KO0(2) K0.sc(x) K1(2)
YO0(2) Y1(z)

Y n(m, 2) ys(n, 2) Kn(m. 2
Kl.sc(x) Kn.sc(m, X) Y 0.s¢(X) Y 1.sc(X)

Y n.sc(m, X)

The sc versions are scaled.

Complex Numbers Functions

249

arg(2) csgn(2) Im(2) Re(2)
signum(2)
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Curve Fitting and Smoothing Functions

expfit(vx, vy, [va]) genfit(vx, vy, vg, F) intercept(vx, vy)
ksmooth(vx,vy, b) Igsfit(vx, vy, vg) line(vx, vy)
linfit(vx, vy, F) Infit(vx, vy) loess(vx, vy, span)
logfit(vx, vy, vg) medfit(vx, vy) medsmooth(vy, n)
pwrfit(vx, vy, vg) regress(vx, vy, n) sinfit(vx, vy, vg)
slope(vx, vy) stderr(vx, vy) supsmooth(vx,vy)

See Chapter 9, “Solving and Data Analysis,” and online Tutorials on Data Analysis
under the Help menu.

Differential Equation Solving Functions

Bulstoer(y, x1, X2, npoints, D) bulstoer(y, x1, X2, acc, D, kmax, save)

bvalfit(vl, v2, x1, x2, xf, D, load1, load?2, scor €) multigrid(M, ncycle)

numol (x_endpts, xpts, t_endpts, tpts, num_pde, num_pae, pde_func, pinit, bc_codes,
bc_func)

Odesolve(Vf, X, b, [step])

Pdesolve(u, x, X-range, t, trange, [xpts], [tpts])

Radau(y, x1, X2, npoints, D) radau(y, x1, X2, acc, D, kmax, save)
relax(a, b, ¢, d, g f, u, rjac) Rkadapt(y, x1, X2, npaints, D)
rkadapt(y, x1, x2, acc, D, kmax, save) rkfixed(y, x1, x2, npoints, D)
shval(v, x1, x2, D, load, scor€) Stiffb(y, x1, x2, npoints, D, J)

stiffb(y, x1, X2, acc, D, J, kmax, save)  Stiffr(y, x1, X2, npoints, D, J)

stiffr(y, x4, X2, acc, D, J, kmax, save)

See Chapter 9, “Solving and Data Analysis,” for more information on differential
equation solving in Mathcad.

Expression Type Functions

File Access F

These functionsidentify if an expression isamatrix or vector, real or complex, string,
or units of x. They are most useful inside programs.

IsArray(X) IsScalar(x) IsString(x) UnitsOf(x)

unctions

Thefileargument you supply to aMathcad file accessfunctionisastring—or avariable
to which a string is assigned—that corresponds either to:

» Thename of adata or imagefilein the folder of the Mathcad worksheet you're
currently working on.

» Thenameof acolormap file (see page 308) inthe CMAP subfolder of your Mathcad
installation folder.

« Afull or relative path to adata, image, or colormap filelocated el sewhere on alocal
or network file system.

Reading and writing ASCII1 data files
APPENDPRN(file) WRITEPRN(file) READPRN(file)
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Tip

Filesin plain ASCII format consist only of numbers separated by commas, spaces, or
carriage returns. The numbers in the datafiles can be integers like 3 or —1, floating-

point numbers like 2 . 54, or E-format numbers like 4 .51E-4 (for 4.51-1074).

These ASCII data file access functions are provided mainly for compatibility with worksheets
created in earlier versions of Mathcad. The Data Table and File Input/Output components
provide more general methods of importing and exporting data in a variety of formats. See
Chapter 14, “Importing and Exporting Data.”

Reading and writing WAV files

GETWAVINFQO(file) READWAV (file) WRITEWAV (file, r, b)
Reading and writing binary (BIN) files

READBIN(file, type, [[endian], [cols], [skip], [maxrows]])

WRITEBIN(file, type, endian)

Loading and saving colormaps

LoadColormap(file) SaveColormap(file, M)

Reading and Writing Image Files

See “Image Processing Functions’ on page 253.

Finance Functions

Note

cnper(rate, pv, fv) crate(nper, pv, fv)

cumint(rate, nper, pv, start, end, [type]) cumprn(rate, nper, pv, start, end, [type])
eff(rate, nper) fv(rate, nper, pmt, [[pv], [typel])
fvadj(prin, v) fvc(rate, v)

ipmt(rate, per, nper, pv, [[fv], [type]]) irr(v, [guess])

mirr(v, fin_rate, rein_rate) nom(rate, nper)

nper(rate, pmt, pv, [[fV], [type]]) npv(rate, v)

pmt(rate, nper, pv, [[fv], [type]]) ppmt(rate, per, nper, pv, [[fv], [type]])
pv(rate, nper, pmt, [[fv] [type]]) rate(nper, pmt, pv, [[fv], [type], [guess]])

All financefunctionstake only real values. Payments made must be entered asnegative
numbers. Cash received must be entered as 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, typeisO.

When using functionsthat require information about rates and periods, use the same unit of time
for each. For example, if you make monthly payments on afour-year loan at an annual interest
rate of 12%, use 1% astheinterest rate per period (one month) and 48 months as the number of
periods.

Fourier Transforms on Real and Complex Data

CFFT(A) cfft(A) FFT(V) fft(v)
ICFFT(A) icfft(A) IFFT(V) ifft(v)
All Fourier transform functions require vectors as arguments.
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Graph

Note

Note

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:

rate = 8%
12

nper =10 pv = 10000 per =5
pmtirate , nper, pv) = —1037.03

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 16-1: Using the pmt, ipmt, and ppmt functions.

When you define a vector v for use with Fourier or wavelet transforms, Mathcad indexes the
vector beginning at 0, by default, unless you have set the value of the built-in variable ORIGIN
to avalue other than O (see page 100). If you do not define v,y , Mathcad automatically setsit to

zero. This can distort the results of the transform functions.

Mathcad comes with two types of Fourier transform pairs: fft / ifft (or the alternative
FFT/IFFT) and cfft/ icfft (or the alternative CFFT/ICFFT). Thesefunctionsarediscrete:
they apply to and return vectors and matrices only. Y ou cannot use them with other
functions.

Use the fft and ifft (or FFT / IFFT) functionsif:

» thedatavaluesin the time domain arereal, and

» thedatavector has2™ elements.

Use the cfft and icfft (or CFFT / ICFFT) functionsin all other cases.

Be sure to use these functions in pairs. For example, if you used CFFT to go from the
time domain to the frequency domain, you must use ICFFT to transform back to the
time domain. See Figure 16-2 for an example.

Different sources use different conventions concerning theinitial factor of the Fourier transform
and whether to conjugate the results of either the transform or the inverse transform. The
functions fft, ifft, cfft, and icfft usel//N asanormdlizi ng factor and a positive exponent in
going from the time to the frequency domain. The functions FFT, IFFT, CFFT, and ICFFT
usel/N asanormalizing factor and anegative exponent in going from thetimeto the frequency
domain.

CreateMesh(F, <0, s1, t0, t1, sgrid, tgrid, fmap)
CreateSpace(F, t0, t1, tgrid, fmap)

Hyperbolic Functions

Polyhedron(S) PolyL ookup(n)
acosh(2) acoth(2) acsch(2) asech(2)
asinh(2) atanh(2) cosh(2) coth(2)

csch(2) sech(2) sinh(@) tanh(2)
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] ] i

i =083 X = sm[ﬂ-ﬁJﬂndh)—_ﬁ Signal

Take complex transform :

¢ = fit(x) |
N = last(c) N = 32

j=0._N

J 80
Take inverse transform :

z = ifft{c)

N2 = last{z) N2 = &3

40

Figure 16-2: Use of fast Fourier transformsin Mathcad. Since the random
number generator gives different numbers every time, you may not be ableto
recreate this example exactly as you see it.

Image Processing Functions

READ_BLUE(file) READBMP(file) READ_GREEN(file)
READ_HL S(file) READ_HLS HUE(file) READ_HLS LIGHT(file)
READ_HLS SAT(file) READ_HSV (file) READ_HSV_HUE(file)
READ_HSV_SAT(file) READ_HSV_VALUE(file) READ_IMAGE(file)
READ_RED(file) READRGB(file) WRITEBMP(file)
WRITE_HLS(file) WRITE_HSV/(file) WRITERGB(file)
Interpolation and Prediction Functions
bspline(vx, vy, u, n) cspline(vx, vy) interp(vs, vx, vy, X)
linterp(vx, vy, X) Ispline(vx, vy) predict(v, m, n)
pspline(vx, vy)
Log and Exponential Functions
exp(2 In(2) InGamma(2) log(z, b)

Mathcad’ s exponential and logarithmic functions can accept and return complex
arguments. In returns the principal branch of the natural log function.

Lookup Functions
hlookup(z, A, r) lookup(z, A, B) match(z, A) viookup(z, A, 1)

Number Theory/Combinatorics
combin(n, k) gcd(A, B, C, ..) lem(A, B, C, ...)
mod(X, y) permut(n, k)
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Piecewise Continuous Functions

€ antisymmetric tensor(i, j, k) if(cond, tvl, fvl) d Kronecker delta(m, n)
e(i, ], K @ heaviside step(x) sign(x)
Probability Densities and Probability Distributions
cnorm(Xx) dbeta(x, sy, S,) dbinom(k, n, p)
dcauchy(x, |, s) dchisq(x, d) dexp(x, r)
dF(x, dq, d,) dgamma(x, s) dgeom(k, p)
dhypergeom(M, a, b, n) dinorm(x, pw, o) dliogis(x, I, s)
dnbinom(k, n, p) dnorm(x, p, ) dpois(k, 1)
dt(x, d) dunif(x, a, b) dweibull(x, s)
poeta(x, s, S,) pbinom(k, n, p) pcauchy(x, 1, s)
pchisg(x, d) pexp(X, ) pF(X, dy, dy)
pgamma(x, s) pgeom(k, p) phypergeom(M, &, b, n)
plnorm(x, u, ) plogis(x, I, s) pnbinom(k, n, p)
pnorm(x, ., o) ppois(k, 1) pt(x, d)
punif(x, a, b) pweibull(X, S) gbeta(p, sy, S,)
gbinom(p, n, r) gcauchy(p, I, 9) qgchisq(p, d)
aexp(p, ) qF(p, dy, dy) ggamma(p, s)
qgeom(p, r) ghypergeom(p, a, b, n) ginorm(p, w, c)
glogis(p, I, s) gnbinom(p, n, r) gnorm(p, 1, )
gpois(p, 1) at(p, d) qunif(p, a, b)
gweibull(p, s)

Tip

Mathcad includes functions for working with several common probability densities.
These functions fall into four classes:

» Probability densities, beginning with the letter “d,” give the likelihood that a
random variable will take on a particular value.

» Cumulative probability distributions, beginning with the letter “p,” give the
probability that a random variable will take on avalue less than or equal to a
specified value. These are obtained by simply integrating (or summing when

appropriate) the corresponding probability density from —o to a specified value.

» Inversecumulativeprobability distributions, beginning with theletter “q,” take
aprobability p between 0 and 1 as an argument and return a value such that the
probability that a random variable will be less than or equal to that valueis p.

» Random number generators, beginning with the letter “r,” return avector of m
elements drawn from the corresponding probability distribution. Each time you
recal culate an equation containing one of these functions, Mathcad generates new
random numbers.

Two additional functions that are useful for common probability calculations are rnd(x), which
isequivalent to runif(1, 0, X), and cnorm(x), which is equivalent to pnorm(x, 0, 1).
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Tip Mathcad's random number generators have a“seed value” associated with them. A given seed
value always generates the same sequence of random numbers, and choosing Cal culate from the
Tools 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, choose Worksheet Options from the Tools menu and enter avalue on the Built-in
Variables tab.

Random Numbers

rbeta(m, sy, ) rbinom(m, n, p) rcauchy(m, I, s)
rchisg(m, d) rexp(m, r) rE(m, dy, dy)
rgamma(m, s) rgeom(m, p) rhypergeom(M, a, b, n)
rinorm(m, u, c) rlogis(m, I, s) rnbinom(m, n, p)
rnd(x) rnorm(m, pu, c) rpois(m, 1)

rt(m, d) runif(m, a, b) rweibull(m, s)

Solving Functions
Finding Roots

polyroots(v) root(f(var), var, [a b]) root(f(2), z, a, b)
Solve Blocks

find(varl, var2, ...) maximize(f, varl, var2, ...)

minerr(varl, var2, ...) minimize(f, varl, var2, ...)

Solving a Linear System of Equations
Isolve(M, v)

Sorting Functions
Csort(A, n) reverse(A) rsort(A, n) sort(v)

Tip Unlessyou change the value of ORIGIN, matrices are numbered by default starting with row
zero and column zero. To sort on the first column of amatrix, for example, use csort(A, 0).

Special Functions

erf(x) erfc(x) fhyper(a, b, c, X) '
r'(xy) Her(n, X) ibeta(a, x, y) Jac(n, a, b, x)
Lag(n, X) Leg(n, x) InGamma(z)
mhyper(a, b, X) Tcheb(n, X) zUcheb(n, x)

Statistical Functions
corr(A, B) cvar(A, B) gmean(A, B, C, ...)
hist(int, A) histogram(int, A) hmean(A, B, C, ...)
kurt(A, B, C, ...) mean(A, B, C, ...) median(A, B, C, ...)
mode(A, B, C, ...) skew(A, B, C, ...) stderr(vx, vy)
Stdev(A, B, C, ...) stdev(A, B, C, ...) Va(A,B,C,..)

var(A, B, C, ..)
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If you are interested in graphing the result of afrequency analysisin a2D bar plot
showing the distribution of data across the bins, use the function histogram rather than
hist, and plot the first column of the result against the second column of the result.

String Functions

concat(Sl, 2, S3, ...) error(S) IsString(x)
numa2str(z) search(S, S1, m) str2num(S)
str2vec(S) strien(S) substr(S, m, n)
vec2str(v)

Thestringsused and returned by most of thesefunctionsaretypedinamath placehol der
by pressing the double-quotekey (**) and 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.

Trigonometric Functions

acos(2) acot(2) acsc(2) angle(x, y)
asec(2) asin(2) atan(2) atan2(x, y)
cos(2) cot(2) csc(2) sec(2)
sin(2) sinc(z) tan(2)

Mathcad’ strig functions and their inverses accept any scalar argument: real, complex,
or imaginary. They also return complex numbers wherever appropriate.

Trigonometric functions expect their argumentsin radians. To pass an argument in
degrees, use the built-in unit deg. For example, to evaluate the sine of 45 degrees, type
sin(45*degq). Likewise, to convert aresult into degrees, either divide the result by
the built-in unit deg or type deg in the units placehol der.

In Mathcad you enter powers of trig functions such sin?(x) as sin(x)2. Alternatively,

you can use the prefix operator described in “ Defining a Custom Operator” on page

392. For example, to type sin?(x) , click on the Evaluation toolbar, enter sin?in

the left-hand placeholder and enter (X) in the right-hand placehol der.
Truncation and Round-off Functions

Ceil(x, y) ceil(x) Floor(x, y) floor(x)

Round(x, y) round(x, n) Trunc(X, ) trunc(x)
User-defined Functions

kronecker(m, n) Psi(2)
Vector and Matrix Functions

Definition

IsArray(x) IsScalar(x)
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Forming New Matrices

augment(A, B, C, ...)

CreateMesh(F, [[s0], [s1], [tO], [t1], [sgrid], [tgrid], [fmap]])

CreateSpace(F,[[t0], [t1], [tgrid], [fmap]])

matrix(m, n, f) stack(A, B, C, ...) submatrix(A, ir, jr,ic,jc)
Size and Scope of an Array

cols(A) last(v) length(v) max(A, B, C, ...)
min(A, B, C, ...) rows(A)

Solving a Linear System of Equations

Isolve(m, v)

Special Characteristics of a Matrix

cond1l(M) cond2(M) conde(M) condi(M)
norm1(M) norm2(M) norme(M) normi(M)
rank(A) tr(M)

Special Types of Matrices

diag(v) geninv(A) identity(n) rref(A)

Note that functions that expect vectors always expect column vectors rather than row
vectors. To change arow vector into acolumn vector, use the transpose operator (click

on the Matrix toolbar).

2 2000
v |8 _ 08 0 0
g diag(v) = <— A diagonal matrix
00 9 0 formed from a vector.
7 000 7 (Mathcad Professional)
2 4 6 1 0 -
- <— The reduced-row echelon
A=145 6 mef(A) = 0 1 2 form of a matrix.
12 0 0 0
b + 2i 2
B = 2b4 - 3i Im(B) = |-3 <— The imaginary part of a
8+ (4+ 8)i 48 et

Figure 16-3: Functions for transforming arrays.
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Note

For the functions CreateMesh and CreateSpace, instead of using a vector-valued function, F,
you can use three functions, f1, f2, and f3, representing the x-, y-, and z-coordinates of the
parametric surface or space curve. Y our call to one of these functions might ook something like

this: CreateMesh(f1, f2, f3) . Alternatively, for CreateM esh, you can use asingle function

of two variablessuch as F(X, y) = w_

Figure 16-4 shows examples of using stack and augment.

1.01 204 30 50
M1 := identity( 3 M2 = | 98 196 M3 = |20 10
87 2.03 60 80
Use "augment” to place one matrix . . .
beside another. Use "stack” to place one matrix
above another.
1 0 0 1.1 204 1.01 204
augment( M1 ,M2) = |0 1 0 098 1.96 098 1.96
0 0 1 0897 203 097 2.03
stack( M2, M3 ) =
2 30 50
stack(2,5,9,12.3) - 3 20 10
9 60 80
12.3

Figure 16-4: Joining matrices with the augment and stack functions.

Mapping Functions
cyl2xyz(r, 0, 2) pol 2xy(r, 0) sph2xyz(r, 6, ¢)
xy2pol (X, y) xyz2cyl(x, Y, 2) xyz2sph(x, y, 2)

Use any of the 3D mapping functions as the fmap argument for the CreateSpace and
CreateMesh functions.

Lookup Functions

Wavelet Transforms

lookup(z, A, B) hlookup(z, A, r) vlookup(z, A, r) match(z, A)
Eigenvalues and Eigenvectors

eigenvas(M) eigenvec(M, 2) eigenvecs(M) genvas(M, N)
genvecs(M, N)

Figure 16-5 shows how some of these functions are used.

Decomposition

cholesky(M) lu(M) gr(A) svd(A)
svds(A)

wave(v) iwave(V)
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Finding eigenvalues and eigenvectors of a real matrix . .

1 -2 6 0.10b
A=13 0 10 c = eigenvals(A) ¢ = | 7497
2 b -1 -7.602

To find all the corresponding eigenvectors at once:
0.873 0.244 0554

v = eigenvecs| A) v = |-0408 081 -0574
-0.266 0534 0603

The first column of v is the eigenvector corresponding to 0.105, the first
element of c. Similarly. the second column of v is the eigenvector
corresponding to 7.497, the second element of c.

Figure 16-5: Eigenvalues and eigenvectorsin Mathcad.
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Mathcad Functions Listed Alphabetically

Notes on the

Function Listings

Many functions described as accepting scalar arguments will, in fact, accept vector
arguments. For example, while the input z for the acos function is specified asa“rea
or complex number,” acos will in fact evaluate correctly at each of avector input of
real or complex numbers.

Other functions may possess optional arguments, for example, cumint or fv. For such
functions f and g, the notation f(x,[y]) means that y can be omitted, while the notation
0(x,[[V],[Z]]) means that both y and z can be omitted (but not just y or just 2).

Somefunctionsdon’t accept input argumentswith units. For such afunction, f, an error
message “must be dimensionless’ will arise when evaluating f(x), if x has units.

About the References

References are provided in the Appendices for you to learn more about the numerical
algorithm underlying agiven Mathcad function or operator. Referencesarenot intended
to give adescription of the actual underlying source code. The references are cited for
background information only.

Functions
acos Trigonometric
Syntax acos(2)
Description Returns the inverse cosine of z (in radians). Theresult isbetweenOand wt if —1<z<1. For
complex z, the result is the principal value.
Arguments
z real or complex number
acosh Hyperbolic
Syntax acosh(2)
Description Returns the inverse hyperbolic cosine of z. The result is the principal value for complex z
Arguments
z real or complex number
acot Trigonometric
Syntax acot(2)
Description Returns the inverse cotangent of z (in radians). The result is between O and =t if zisreal. For
complex z, the result is the principal value.
Arguments

z

real or complex number
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acoth Hyperbolic
Syntax acoth(2)
Description Returns the inverse hyperbolic cotangent of z. The result isthe principal value for complex z.
Arguments
z real or complex number
acsc Trigonometric
Syntax acsc(2)
Description Returns the inverse cosecant of z (in radians). The result is the principal value for complex z
Arguments
z real or complex number
acsch Hyperbolic
Syntax acsch(2)
Description Returns the inverse hyperbolic cosecant of z. The result is the principal value for complex z.
Arguments
z real or complex number
Ai Bessel
Syntax Ai(X)
Description Returns the value of the Airy function of the first kind.
Arguments
X real number
Example Ai(0) = 0.35502805388782 Bi(0) = 0.614926627446
2 ! iz !
(33 T @)) = 0.35502805388782 3* -(33 T @)) = 0.614926627446
1 T 4 T
oL -
Eifx) P _
B g 1
D—-\, /-"\ ,_"\I"I\T
- I P S
o ) 10 o ) 10
42
Comments Thisfunction is a solution of the differential equation: d—Zy—x -y = 0.
X
Algorithm Asymptotic expansion (Abramowitz and Stegun, 1972)
See also Bi
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angle Trigonometric
Syntax angle(X, y)
Description Returnstheangle(inradians) from positivex-axisto point (x, y) inx-y plane. Theresult isbetween
0 and 2n.
Arguments
X, Y real numbers
See also arg, atan, atan2
APPENDPRN File Access
Syntax APPENDPRN(file) := A
Description Appends amatrix A to an existing structured ASCI| datafile. Each row in the matrix becomes
anew lineinthe datafile. Existing data must have as many columns as A. The function must
appear alone on the left side of a definition.
Arguments
file string variable corresponding to structured ASCII data filename or path
See also WRITEPRN for more details
arg Complex Numbers
Syntax arg(2)
Description Returns the angle (in radians) from the positive real axis to point zin the complex plane. The
result is between —n and n. Returns the same value as that of  when ziswrittenasr - e "9,
Arguments
z real or complex number
See also angle, atan, atan2
asec Trigonometric
Syntax asec(2)
Description Returns the inverse secant of z (in radians). The result is the principal value for complex z
Arguments
z real or complex number
asech Hyperbolic
Syntax asech(2)
Description Returns the inverse hyperbolic secant of z. The result is the principal value for complex z
Arguments
z real or complex number
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asin Trigonometric
Syntax asin(2)
Description Returnsthe inverse sine of z (in radians). The result isbetween —/2 and n/2 if -1<z<1.For
complex z, the result is the principal vaue.
Arguments
z real or complex number
asinh Hyperbolic
Syntax asinh(2)
Description Returns the inverse hyperbolic sine of z. The result isthe principal value for complex z
Arguments
z real or complex number
atan Trigonometric
Syntax atan(2)
Description Returns the inverse tangent of z (in radians). Theresult is between —n/2 and n/2 if zisrea. For
complex z, the result is the principal value.
Arguments
z real or complex number
See also angle, arg, atan2
atan2 Trigonometric
Syntax atan2(x, y)
Description Returnstheangle(inradians) from positivex-axisto point (x, y) inx-y plane. Theresultisbetween
—n and 7.
Arguments
X, Y real numbers
See also angle, arg, atan
atanh Hyperbolic
Syntax atanh(2)
Description Returns the inverse hyperbolic tangent of z The result is the principal value for complex z.
Arguments
z real or complex number
augment Vector and Matrix
Syntax augment(A, B, C, ..)
Description Returns a matrix formed by placing the matrices A, B, C, ... left to right.
Arguments
A,B,C, .. at least two matrices or vectors; A, B, C, ... must have the same number of rows
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Example
2 100
A=, B = identity(3) B=|0 10 augment(3,5.7)=(3 5 7}
- 001
141421 2.71828 3.14159
141421 1 0 0
T 1 0 0
augment(A,B) =| 271828 0 1 0 stack(A ,B): 0 1 0
314159 0 0 1
0 0 1
See also stack
bei Bessel
Syntax bei(n, X)
Description Returns the value of the imaginary Bessel Kelvin function of order n.
Arguments
n integer,n>0
X real number
Comments The function ber(n, x) +i - bei(n, X) isasolution of the differential equation:
2
2d d 2.2
—~ V+X-—VvV—(| - + . = .
dezy dey (i-x"+n7)-y=0
Algorithm Series expansion (Abramowitz and Stegun, 1972)
See also ber
ber Bessel
Syntax ber(n, X)
Description Returns the value of the real Bessel Kelvin function of order n.
Arguments
n integer,n>0
X real number
Comments The function ber(n, x) +i - bei(n, X) isasolution of the differential equation:
2
2d d .22
—V+ . —_—\— . + . = .
dezy dey (i-x+n7)-y=0
Algorithm Series expansion (Abramowitz and Stegun, 1972)
See also bei
Bi Bessel
Syntax Bi(X)
Description Returns the value of the Airy function of the second kind.
Arguments
X real number



Functions / 265

Comments This function is a solution of the differential equation:
2
d
— v—-Xx-v=0.
2 y y
Algorithm Asymptotic expansion (Abramowitz and Stegun, 1972)
See also Ai for example
bspline Interpolation and Prediction
Syntax bspline(vx, vy, u, n)
Description Returns the vector of coefficients of a B-spline of degree n, given the knot locations indicated
by the valuesin u. The output vector becomes the first argument of the interp function.
Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order
u real vector with n—1 fewer elements than vx; elements of u must be in ascending order; first
element of vx is > first element of u; last element of vx is< last el ement of u
n integer equal to 1, 2, or 3; represents the degree of the individual piecewise linear, quadratic, or
cubic polynomial fits
Comments The knots, those values where the piecesfit together, are contained in the input vector u. Thisis
unlike traditional splines (Ispline, cspline, and pspline) where the knots are forced to be the
values contained in the vector vx. The fact that knots are chosen or modified by the user gives
bspline more flexibility than the other splines.
See also Ispline for more details
bulstoer Differential Equation Solving
Syntax bulstoer(y, X1, X2, acc, D, kmax, save)
Description Solves adifferential equation using the smooth Bulirsch-Stoer method. Provides DE solution
estimate at x2.
Arguments Several arguments for this function are the same as described for rkfixed.
y real vector of initial values
x1, x2 real endpoints of the solution interval
acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Values
of acc around 0.001 will generally yield accurate solutions.
D(x, y) real vector-valued function containing the derivatives of the unknown functions
kmax integer kmax > 0 specifies maximum number of intermediate points at which the solution is
approximated; places an upper bound on the number of rows of the matrix returned by these
functions
save real save > 0 specifies the smallest allowable spacing between values at which the solutions are

approximated; places alower bound on the difference between any two numbersin the first
column of the matrix returned by the function
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Comments The speciaized DE solvers Bulstoer, Rkadapt, Radau, Stiffb, and Stiffr provide the solution
y(x) over anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and
x2. When you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt,
radau, stiffb, and stiffr instead.

Algorithm Adaptive step Bulirsch-Stoer method (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments.
Bulstoer Differential Equation Solving
Syntax Bulstoer(y, X1, X2, npts, D)
Description Solves adifferential equation using the smooth Bulirsch-Stoer method. Provides DE solution at
equally spaced x-values by repeated callsto bulstoer.
Arguments All arguments for this function are the same as described for rkfixed.
y real vector of initial values
X1, X2 real endpoints of the solution interval
npts integer npts> 0 specifies the number of points beyond initial point at which the solution isto be
approximated; controls the number of rowsin the matrix output
D(x.y) real vector-valued function containing the derivatives of the unknown functions

Comments When you know the solution is smooth, use the Bulstoer function instead of rkfixed. The
Bulstoer function uses the Bulirsch-Stoer method which is dightly more accurate under these
circumstances than the Runge-K utta method used by rkfixed.

Algorithm Fixed step Bulirsch-Stoer method with adaptive intermediate steps (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments.
bvalfit Differential Equation Solving
Syntax bvalfit(vl, v2, X1, x2, xf, D, load1, load2, scor €)
Description Convertsaboundary value differential equation to initial/terminal value problems. Useful when
derivatives have a single discontinuity at an intermediate point xf.
Arguments
vl real vector containing guesses for initial values left unspecified at x1
v2 real vector containing guesses for initial values left unspecified at x2
x1, x2 real endpoints of the interval on which the solution to the DEs are evaluated
xf point between x1 and x2 at which the trgjectories of the solutions beginning at x1 and those
beginning at x2 are constrained to be equal
D(x,y) real n-element vector-valued function containing the derivatives of the unknown functions

load1(x1, v1)

load2(x2, v2)
scor e(xf, y)

real vector-val ued functionwhose n elementscorrespondto theval uesof then unknown functions
at x1. Some of these values are constants specified by your initial conditions. If avalueis
unknown, you should use the corresponding guess value from v1

analogous to load1 but for values taken by the n unknown functions at x2

real n-element vector-valued function used to specify how you want the solutions to match at xf
Oneusually defines score(xf, y) :=y to makethe solutionsto all unknown functions match up at xf



Functions / 267

Example
Solve y"= (_yy ) :2: i (2 ||]] where y(-1)=1 and y(1)=2
D 7
(x-¥) = (%< 0)-yg + (x20)-yg
vig =1 <— guess value for y'(-1)
vi =1 <— guess value for y'(1) xf = 0 <— point of discontinuity
( 1 ) < y(1)
loadl (x1.v1) =
vig ) « guess value for y'(-1)
( 2 ) <« y(1)
load2(x2.v2) =
v2g ) «— guess value for y'(1)
score( xf, y) = y <—tells Mathcad to match the two halves of the solution at x=xf
S = bvalfit{vl w2 -1.1.0.D. loadl. load?. score)
§ = ( 0.092 -0.678) <—contains ( Y1) y'(1))
Comments If you haveinformation at theinitial and terminal points, usesbval. If you know something about
the solution and itsfirst n—1 derivatives at some intermediate value xf, use bvalfit.
bvalfit solves atwo-point boundary value problem of this type by shooting from the endpoints
and matching the trajectories of the solution and its derivatives at the intermediate point. bvalfit
isespecially useful when a derivative has a discontinuity somewhere in theintegration interval,
as the above exampleillustrates. bvalfit does not return a solution to a differential equation. It
merely computes the initial values the solution must have in order for the solution to match the
final valuesyou specify. Y ou must then take theinitial values returned by bvalfit and solve the
resulting initial value problem using rkfixed or any of the other more specialized DE solvers.
Algorithm Shooting method with 4th order Runge-Kutta method (Press et al., 1992)
See also rkfixed, for more information on output and arguments.
ceil Truncation and Round-off
Syntax ceil(®
Description Returnsthe least integer > z
Arguments
z complex number
Comments ceil no longer takes arguments with units.

See also

Ceil(x, y) Returnsthesmallest multiple of y greater than or equal tox. y must bereal and nonzero.
Ceil scales by the threshold before performing the truncation, then rescal es after truncation.

floor for more details, round, trunc
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cfft
Syntax

Description
Arguments
A

Example

Comments

Algorithm

See also

cfft(A)

Fourier Transform

Returnsthefast discrete Fourier transform of compl ex data(representing measurementsat regular
intervalsin the time domain). Returns an array of the same size asits argument.

real or complex matrix or vector

0.388
N=24  k=O0._N-1 Signal 0.433
Fourier transform: : : 0.633
¥ = offt( %) ) 1.028
= = - 1.16
0.487
0.059+0.15i , | | 0.059
0.38+2.729i v Wk 20 -0.653
0.247+0.129i Fourier Transform -0.455
0.083+0.144i e T T -1.132
0.26 0.154i _1.155
0.397.0.01i %] ° 095
0.0450.014i ’ K= _0.251
Inverse transform: o 0.145
z = icfft(y) 0 1°k 20 0.974
Inverse Fourier Transform 0.697
2 I I 1.128
0.636
*  of i -0.326
-0.037
| | -1.168
-2
o 18 20 -1.453
k

-1.33
-0.918

1 k 1 k

cfft(x) =— - exp|2-m-i —- icfft(y), =— - -exp|-2-m-i —-

(%), J_an exp( i Nn) icfft(y), J_Zyn exp( x-i Nn)
N N n

There are two reasons why you may not be able to use the fft/ifft Fourier transform pair:

¢ Thedatamay be complex-valued, hence Mathcad can nolonger exploit the symmetry present
in the real-valued case.

¢ Thedatavector might not have exactly 2" data pointsin it, hence Mathcad cannot take
advantage of the efficient FFT algorithm used by the fft/ifft pair.

Although the cfft/icfft pair works on arrays of any size, the functions work significantly faster

when the number of rows and columns contains many smaller factors. Vectors with length2"

fall into this category, as do vectors having lengths like 100 or 120. Conversely, a vector whose

length is alarge prime number slows down the Fourier transform algorithm.

Singleton method (Singleton, 1986)

fft for more details
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CFFT Fourier Transform
Syntax CFFT(A)
Description Returnsthefast discrete Fourier transform of compl ex data(representing measurementsat regular
intervalsin the time domain). Returns an array of the same size as its argument.
Identical tocfft(A), except usesadifferent normalizing factor and sign convention (seeexample).
Arguments
A real or complex matrix or vector
Example 0.388
N=24  k=D_N-1 Signal 0.433
Fourier transform: T T 0.633
Y = CFFT(x) 1.028
* ol 4 1.16
0.487
0.012-0.031i -2 L L 0.059
00770557 ° " = -0.653
Fourier Transform -0.435
Inverse transform: o3 T T -1.132
Z = ICFFT(Y) -1.155
04
|l -0.95
Compare Y with y: X=
- cfft(x) 02 -0.251
v o | 0.145
The normalization are ] 5 " ” 0974
different by .JE=.J2_4 i.e. K ’
| ¥ | Inverse Fourier Transform 0.697
31 _ 4899 2 T T 1.128
]Y_e:‘ 0.636
The exponents have % ol i -0.326
different signs, e.q. -
- 0482 -0.037
arg (Yg) . . | | 1168
arg (Ya) =-0.482 o 10k 20 -1.453
-1.33
-0.918
1 " _ ) .k
CFFT(x)k—ﬁ-Z xn-exp(—Z-n-l -ﬁ-n) ICFFT(Y)k—ZYn exp(Z i n)
n n
Algorithm Singleton method (Singleton, 1986)
See also fft for more details
cholesky Vector and Matrix
Syntax cholesky(M)
Description Returns alower triangular matrix L satisfying theequation L - LT = M.
Arguments
M real, symmetric, positive definite, square matrix
Comments cholesky takes M to be symmetric, in the sense that it uses only the upper triangular part of M

and assumes it to match the lower triangular part.
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chorm Probability Distribution
Syntax cnorm(X)
Description Returns the cumulative standard normal distribution. Same as pnorm(x, 0, 1).
Arguments
X real number
Comments cnorm is provided mainly for compatibility with documents created in earlier versions of
Mathcad.
cnper Finance
Syntax cnper(rate, pv, fv)
Description Returnsthe number of compounding periodsrequired for aninvestment toyield aspecified future
value, fv, given a present value, pv, and an interest rate period, rate.
Arguments
rate red rate, rate > -1
pv real present value, pv >0
fv real future value, fv>0
Comments If you know the annual interest rate for theinvestment, ann_rate, you must calculate theinterest
rate per period asrate = ann_rate/nper.
See also crate, nper
cols Vector and Matrix
Syntax cols(A)
Description Returns the number of columnsin array A.
Arguments
A matrix or vector
Example Matrix M . . .
0 1
M:=|b 3 cols(M) = 2 <— Return no. of rows and
columns in M
6 -2/ rows(M) =3
See also rows
combin Number Theory/Combinatorics
Syntax combin(n, k)
Description Returns the number of subsets each of size k that can be formed from n objects.
Arguments
n, k integers, 0<k<n
. _— o ]
Comments Each such subset isknown asacombination. The number of combinationsisC : = m .
See also permut ' .
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concat String
Syntax concat(Sl, &, S3, ...)
Description Appends string 2 to the end of string SL, string S3 to the end of string &, and so on.
Arguments
S, R, S5, ... string expressions
condl Vector and Matrix
Syntax cond1(M)
Description Returns the condition number of the matrix M based on the L; norm.
Arguments
M real or complex square matrix
cond2 Vector and Matrix
Syntax cond2(M)
Description Returns the condition number of the matrix M based on the L, norm.
Arguments
M real or complex square matrix
Algorithm Singular value computation (Wilkinson and Reinsch, 1971)
conde Vector and Matrix
Syntax conde(M)
Description Returns the condition number of the matrix M based on the Euclidean norm.
Arguments
M real or complex square matrix
condi Vector and Matrix
Syntax condi(M)
Description Returns the condition number of the matrix M based on the infinity norm.
Arguments
M real or complex square matrix
corr Statistics
Syntax corr(A, B)
Description Returns the Pearson correlation coefficient for the elementsintwomx n arrays A and B:
corr(A.B) = stde\(;zl:;(éi[(?év(B)
Arguments
A, B real or complex mx n matrices or vectors of the same size
See also cvar
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CcOos Trigonometric

Syntax cos(2), for zin radians;
cos(z-deg), for zin degrees

Description Returns the cosine of z

Arguments
z real or complex number

cosh Hyperbolic
Syntax cosh(2)

Description Returns the hyperbolic cosine of z.

Arguments
z real or complex number

cot Trigonometric

Syntax cot(2), for zin radians;
cot(zdeg), for zin degrees

Description Returns the cotangent of z

Arguments
z real or complex number; zis not amultiple of ©

coth Hyperbolic
Syntax coth(2)

Description Returns the hyperbolic cotangent of z.

Arguments
z real or complex number

crate Finance
Syntax crate(nper, pv, fv)
Description Returnsthefixed interest rate required for an investment at present value, pv, to yield aspecified
future value, fv, over a given number of compounding periods, nper.

Arguments
nper integer number of compounding periods, nper > 1

pv real present value, pv >0
fv real future value, fv >0

See also cnper, rate
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CreateMesh Vector and Matrix
Syntax CreateMesh(F, 0, s1, t0, t1, sgrid, tgrid, fmap)
Description Returns a nested array containing points on the parametric surface in 3D space defined by F.
Arguments
F real three-dimensional vector-valued function of two variables s and t; defines a parametric
surface in (u,v,w)-space
0, s1 (optional) real endpoints for the domain for s, SO < s1
to, t1 (optional) real endpoints for the domain for t, t0 <t1
sgrid (optional) integer number of gridpointsin s, sgrid >0
tgrid (optional) integer number of gridpointsint, tgrid >0
fmap (optional) real three-dimensional vector-valued function of three variables u, v and w; defines
Cartesian coordinates (x,y,2) in terms of (u,v,w)

Comments CreateMesh isusedinternally by Mathcad when making 3D QuickPlotsof surfaces. Thedefault
valuefor D and t0is-5, for sl and tlitis5, for sgrid and tgrid it is 20, and for fmap it isthe
identity mapping. If sO and s1 are explicitly specified, then t0 and t1 must also be specified. The
number of cellsin the grid determined by sgrid and tgrid is (sgrid-1)(tgrid-1).
Thereisflexibility in specifying the function F. Calls to CreateMesh might look like
CreateMesh(G), where G isareal scalar-valued function of u and v (and w=G(u,v)); or
CreateMesh(h1,h2,h3), where hl, h2, and h3 arereal scalar-valued functions of sandt (and
u=hl(st), v=h2(st), w=h3(st)).

Also, the mapping fmap may be defined to be sph2xyz, a Mathcad built-in function which
converts spherical coordinates (r,0,¢) to Cartesian coordinates (x,y,2):
X = usin(w) cos(v) = r sin(¢$) cos(6)
y =usin(w) sin(v) =r sin(¢) sin(6)
z=ucos(w) =r cos(¢)
or cyl2xyz, which converts cylindrical coordinates (r,0,2) to (x,y,2) :
X =ucos(V) =r cos(0)
y=usin(v) =r sin(0)
Z=w=2z
CreateSpace Vector and Matrix
Syntax CreateSpace(F, t0, t1, tgrid, fmap)
Description Returns a nested array containing points on the parametric curve in 3D space defined by F.
Arguments
F real three-dimensional vector-valued function of one variable t; defines a parametric curvein
(u,v,w)-space
to, t1 (optional) real endpoints for the domain for t, t0 <t1
torid (optional) integer number of gridpointsint, tgrid >0
fmap (optional) real three-dimensional vector-valued function of three variables u, v and w; defines
Cartesian coordinates (x,y,2) in terms of (u,v,w)
Comments CreateSpace isused internally by Mathcad when making 3D QuickPlotsof curves. The default

valuefortOis-5, fortlitis5, for tgrid it is 20, and for fmap it is the identity mapping. The
number of cellsin the grid determined by tgrid istgrid-1.
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Thereisflexibility in specifying the function F. Calls to CreateSpace might look like
CreateSpace(g1,92,93), where g1, g2, and g3 arereal scalar-valued functions of t and u=gi(t),
v=02(t), w=g3(t).

See also CreateMesh for information about the mapping fmap.
CSC Trigonometric
Syntax csc(2), for zinradians;
csc(z-deg), for zin degrees
Description Returns the cosecant of z.
Arguments
z real or complex number; zis not amultiple of
csch Hyperbolic
Syntax csch(2)
Description Returns the hyperbolic cosecant of z
Arguments
z real or complex number
csgn Complex Numbers
Syntax csgn(2)
Description Returns 0 if z=0, 1 if Re(2)>0 or (Re(2)=0 and Im(2)>0), —1 otherwise.
Arguments
z real or complex number
See also sign, signum
csort Sorting
Syntax csort(A, j)
Description Sortsthe rows of the matrix A by placing the elementsin columnj in ascending order. Theresult
isthesamesizeasA.
Arguments
A mx n matrix or vector
] integer, 0<j<n-1
Algorithm Heap sort (Press et al., 1992)
See also sort for more details, rsort
cspline Interpolation and Prediction
One-dimensional Case
Syntax cspline(vx, vy)
Description Returnsthe vector of coefficients of acubic splinewith cubic ends. Thisvector becomesthefirst
argument of the interp function.
Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order
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Two-dimensional Case

Syntax cspline(Mxy, Mz)

Description Returns the vector of coefficients of atwo-dimensional cubic spline, constrained to be cubic at
region boundaries spanned by M xy. This vector becomes the first argument of interp.

Arguments

Mxy nx 2 matrix whose elements,Mxy; 5 and MXy; 1., , specify the x- and y-coordinates along the
diagonal of arectangular grid. This matrix plays exactly the samerole asvx in the one-
dimensional case described above. Since these points describe a diagonal, the elementsin each
column of M xy must be in ascending order (Mxyi, K< Mxyj) x Whenever i <j).

Mz nx n matrix whoseijth element isthe z-coordinate corresponding tothepoint x = Mxy; , and
y = Mxyj’ 1 - Mz plays exactly the same role as vy doesin the one-dimensional case above.
Algorithm Tridiagonal system solving (Presset al., 1992; Lorczak)
See also Ispline for more details
cumint Finance
Syntax cumint(rate, nper, pv, start, end, [type])

Description Returns the cumulative interest paid on aloan between a starting period, start, and an ending
period, end, given afixed interest rate, rate, the total number of compounding periods, nper, and
the present value of the loan, pv.

Arguments

rate real rate, rate> 0
nper integer number of compounding periods, nper > 1
pv real present value
start integer starting period of the accumulation, start > 1
end integer ending period of the accumulation, end > 1, start < end, end < nper

type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

Comments If you know the annual interest rate for the loan, ann_rate, you must calculate the interest rate
per period asrate = ann_rate/nper.

A home mortgage has the following terms:
Interest rate: 9%  {annually) Term: 30yrs
Present value:  $125,000

Calculate the total {cumulative) interest paid in the

10th year of payments (payments 121 through 132):
rate — % nper = 30 - 12 pv - 125000
start = 120 end = 132
cumint(rate nper, pv,start, end) = -10815.54

Figure 16-6: Using the cumint function.
See also cumprn, ipmt, pmt
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cumprn Finance
Syntax cumprn(rate, nper, pv, start, end, [type])

Description Returns the cumulative principal paid on aloan between a starting period, start, and an ending
period, end, given afixed interest rate, rate, the total number of compounding periods, nper, and
the present value of the loan, pv.

Arguments

rate red rate, rate> 0
nper integer number of compounding periods, nper > 1
pv real present value
start integer starting period of the accumulation, start > 1
end integer ending period of the accumulation, end > 1, start < end, end < nper
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

Comments If you know the annual interest rate for the loan, ann_rate, you must calculate the interest rate

per period asrate = ann_rate/nper.
See also cumint, pmt, ppmt
cvar Statistics
Syntax cvar(A, B)
Description Returns the covariance of the elementsintwomx n arrays A and B:
1 m-1n-1
cvar(A,B) = — z z [A; j—mean(A)][B; j;—mean(B)], where the bar indicates
i=0j=0
complex conjugation.
Arguments
A, B real or complexm x n matrices or vectors
See also corr
cyl2xyz Vector and Matrix
Syntax cyl2xyz(r, 6, 2) or cyl2xyz(V)
Description Convertsthe cylindrical coordinates of apoint in 3D space to rectangular coordinates.
Arguments
r,o,z real numbers P
Comments x=rcos0),y=rsin0),z=z v = |9
See also xyz2cyl z
dbeta Probability Density
Syntax dbeta(x, sl, s2)
.. . . . I F(S1+52) s, —1 32—1

Description Returns the probability density for a beta distribution: W X1 T (1=-X%) .

1) 15

Arguments

X real number, 0<x<1
s, S,  real shape parameters, s; >0,s,>0
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dbinom Probability Density
Syntax dbinom(k, n, p)
Description Returns Pr(X = k) when the random variable X has the binomial distribution:
TESRTLACE AN
Arguments
k, n integers, 0<k<n
p real number, 0<p<1
dcauchy Probability Density
Syntax dcauchy(x, |, s)
Description Returns the probability density for the Cauchy distribution: (ns(1+ ((x—1)/s)2))™1.
Arguments
X real number
I real location parameter
S real scale parameter, s> 0
dchisq Probability Density
Syntax dchisq(x, d)

o . ] ) R eX/2 y\(d/2-1)
Description Returns the probability density for the chi-squared distribution: m(é) .
Arguments

X real number,x> 0
d integer degrees of freedom, d >0
dexp Probability Density
Syntax dexp(X, r)
Description Returns the probability density for the exponential distribution: re="*.
Arguments
X real number,x> 0
r rea rate, r >0
dF Probability Density
Syntax dF(x, d1, d2)
Description Returns the probability density for the F distribution:
A% 242221 ((d, + dy)/2) (d1-2)/2
r(d,/2)r(d,/2) (d, + dlx)(d1+d2)/2'
Arguments
X real number,x >0
di, d;  integer degrees of freedom, d; >0, d, >0
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dgamma Probability Density
Syntax dgamma(x, s)
s—1a—X
Description Returns the probability density for the gamma distribution: X T (Se)
Arguments
X real number,x > 0
S real shape parameter, s> 0
dgeom Probability Density
Syntax dgeom(k, p)
Description Returns Pr(X = k) when the random variable X has the geometric distribution: p(1—p)k.
Arguments
k integer, k>0
p real number,0<p<1
dhype rgeom Probability Density
Syntax dhypergeom(m, a, b, n)
Description Returns Pr(X = m) when the random variable X has the hypergeometric distribution:
a b a+b ; .
(m) . (n—m)/( n ) where max{0, n—b} <m<min{n, a} ; 0 for melsewhere.
Arguments
m, a, b, n integers, 0<m<a,0<n-m<b,0<n<a+b
diag Vector and Matrix
Syntax diag(v)
Description Returns a diagonal matrix containing, on its diagonal, the elements of v.
Arguments
v real or complex vector
dinorm Probability Density
Syntax dinorm(X, u, ©)
Description Returnsthe probability density for thelognormal distribution: exp(—i(ln(x) - p.)z) .
2noX 262
Arguments
X real number, x>0
n real logmean
c real logdeviation, o >0
dlogis Probability Density
Syntax dlogis(x, I, 9
Description Returns the probability density for the logistic distribution: xXp((x=1)/s) .
S(1+ exp(—=(x—1)/s))?
Arguments
X real number
I real location parameter
s real scale parameter,s> 0
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dnbinom Probability Density
Syntax dnbinom(k, n, p)
Description Returns Pr(X = k) when the random variable X has the negative binomial distribution:
n+k-1 K
(" era-p)
Arguments
k,n integers,n>0 and k>0
p real number, O0<p<1
dnorm Probability Density
Syntax dnorm(X, p, o)
Description Returns the probability density for the normal distribution: 21 exp(—zi2 (x— p)z) .
no (o}
Arguments
X real number
n real mean
c real standard deviation, ¢ >0
Example
x = -10.-98.10
1 T T T
pnom(x.2.1] /
B 05 —
_d_n?lm[x,2,1]
0 I I
-4 -2 2 4
The "dnorm” function generates the familiar bell curve, here shown with mean = 2.
The "pnorm” function is the running area under the "dnorm” curve.
dpois Probability Density
Syntax dpois(k, 1) )
Description Returns Pr(X = k) when the random variable X has the Poisson distribution: %e—k .
Arguments
k integer, k>0
A real mean, A >0.
dt Probability Density
Syntax dt(x, d) @+ 12
—(d+
Description Returns the probability density for Student’ st distribution: H@+1)/2 (1 + )-(—Z) .
r(d/2)./nd d
Arguments
X real number
d integer degrees of freedom, d>0.
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dunif Probability Density
Syntax dunif(x, a, b)
Description Returns the probability density for the uniform distribution: % .
Arguments
X real number, a<x<b
a, b real numbers, a<b
dweibull Probability Density
Syntax dweibull(X, S)
Description Returns the probability density for the Weibull distribution: sxS—1exp(—xS) .
Arguments
X real number, x>0
S real shape parameter, s> 0
eff Finance
Syntax eff(rate, nper)
Description Returnsthe effective annual interest rate given the nominal interest rate, rate, and the number of
compounding periods per year, nper.
Arguments
rate rea rate
nper real number of compounding periods, nper > 1
Comments Effective annual interest rate is also known as annual percentage rate (APR).
See also nom
eigenvals Vector and Matrix
Syntax eigenvals(M)
Description Returns a vector of eigenvalues for the matrix M.
Arguments
M real or complex square matrix
Example
1 -7 6 3.805 + 1.194i
A=13 0 10 c = eigenvals( A) c = | 3.805 - 1.194i
2 5 -1 -7.609
Algorithm Reduction to Hessenberg form coupled with QR decomposition (Press et al., 1992)
See also eigenvec, eigenvecs
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eigenvec Vector and Matrix
Syntax eigenvec(M, 2)

Description Returns avector containing the normalized eigenvector corresponding to the eigenvalue z of the
square matrix M.

Arguments

M real or complex square matrix
z real or complex number
Algorithm Inverseiteration (Press et al., 1992; Lorczak)
See also eigenvals, eigenvecs
eigenvecs Vector and Matrix
Syntax eigenvecs(M)

Description Returnsamatrix containing the normalized el genvectors corresponding to the eigenvalues of the
matrix M. The nth column of the matrix is the eigenvector corresponding to the nth eigenvalue
returned by eigenvals.

Arguments

M real or complex square matrix
Algorithm Reduction to Hessenberg form coupled with QR decomposition (Press et al., 1992)
See also eigenvals, eigenvec
Example Finding eigenvalues and eigenvectors of a real matrix . .
1 -2 6 0.105
A=13 0 10 c = eigenvals(A) ¢ =| 7.497
2 b -1 -7.602
To find all the corresponding eigenvectors at once
(Mathcad Professional)
0873 0244 -05b4
¥ = eigenvecs|A) v = |-0408 081 -0574
-0266 05b34 0603
The first column of v is the eigenvector corresponding to 0.105, the first
element of c. Similarly. the second column of v is the eigenvector
corresponding to 7.497, the second element of c.
erf Special
Syntax erf(2)
X
Description Returns the error function erf(x) = J. ie—tzdt .
0/n
Arguments
z real or complex number
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972; L orczak)
See also erfc
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erfc Special
Syntax erfc(2)
Description Returns the complementary error function erfc(x) := 1 —erf(x) .
Arguments
z complex or negative number
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972; L orczak)
See also erf
error String
Syntax error(S)
Description Returns the string S as an error message.
Arguments
S  string
Example
fx) = if(x(ﬁ,x-g,error(“x should be less than 5))
n
) =0d
Comments Mathcad’ s built-in error messages appear as “ error tips’ when a built-in function is used
incorrectly or could not return aresult.
Use the string function error to define specialized error messages that will appear when your
user-defined functions are used improperly or cannot return answers.This function is especially
useful for trapping erroneous inputs to Mathcad programs you write.
When Mathcad encounters the error function in an expression, it highlights the expressionin
red. When you click on the expression, the error message appears in atooltip that hovers over
the expression. The text of the message is the string argument you supply to the error function.
exp Log and Exponential
Syntax exp(2)
Description Returns the value of the exponential function e?.
Arguments
z real or complex number
expfit Curve Fitting and Smoothing
Syntax expfit(vx, vy, [vg])
Description Returns a vector containing the parameters (a, b, ¢) that make the function a-eP *+c¢ best
approximate the datain vx and vy.
Arguments
VX, VY real vectors of the same size

vg

real vector of guessvaluesfor (a, b, c) (optional)



Functions / 283

Comments Thisisaspecial case of the genfit function. A vector of guess values may be used for
initialization. If noguessvaluesareprovided, thefunctionwill generateitsown set. By decreasing
the value of the built-in TOL variable, higher accuracy in expfit might be achieved.

See Also line, linfit, genfit, logfit, Infit, pwrfit, Igsfit, sinfit, medfit
fft Fourier Transform
Syntax fft(v)
Description Returns the fast discrete Fourier transform of real data. Returns avector of size 2"-1+1.
Arguments _ ) ) _ ) )
v real vector with 2" elements(representing measurementsat regular intervalsinthetimedomain),
wherenisaninteger, n> 0.
Example 0.482
0.38
N 0.819
N=32 k=D..HN-1 jEl]..E 0.67
0.328
) | S'Q“a'l | 0.402
Fourier transform:
() -0.185
= ®
y % W1 -1.31
-1.279
0.247
-0.312
0.254.0.263i S ! ! !
0.056+0.712i o o a0 -0.289
1.526+1.877i ) 0.092
Fourier Transform
0.384.0.635i 3 | | 0.565
0.031.0.414i 0.762
0.002.0.277i ¥ 0.126
0.046+0.158i -0.31
=
-0.934
Inverse transform: 0.566
7 = ifft i 5 10 15 e
) i -1.255
2In\nrerse Flourler 'Il'ransfolrm 0442
0.409
3 W1 1.009
0.602
1.021
- L L |
u} 10 20 20 1.031
K 0.079
-0.832
-1.10
-0.656
-1.017
0.091
0.285
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Comments

Algorithm

When you define avector v for use with Fourier or wavelet transforms, be sure to start with Vo
(or changethevalue of ORIGIN). If you do not define v, , Mathcad automatically setsit to zero.
This can distort the results of the transform functions.

Mathcad comeswith two typesof Fourier transform pairs: fft/ifft and cfft/icfft. Thesefunctions
can be applied only to discrete data (i.e., the inputs and outputs are vectors and matrices only).
Y ou cannot apply them to continuous data.

Use the fft and ifft functionsif:

¢ thedatavaluesin thetime domain arereal, and
¢ thedatavector has 2" elements.
Use the cfft and icfft functionsin all other cases.

Thefirst condition is required because the fft/ifft pair takes advantage of the fact that, for real
data, the second half of the transform is just the conjugate of the first. Mathcad discards the
second half of the result vector to save time and memory. The cfft/icfft pair does not assume
symmetry in the transform; therefore you must use this pair for complex valued data. Because
thereal numbersarejust asubset of the complex numbers, you can use the cfft/icfft pair for real
numbers as well.

The second condition is required because the fft/ifft transform pair uses a highly efficient fast
Fourier transform algorithm. In order to do so, the vector you use with fft must have 2" elements.
The cfft/icfft Fourier transform pair uses an algorithm that permits vectors as well as matrices
of arbitrary size. When you use thistransform pair with amatrix, you get back atwo-dimensional
Fourier transform.

If you used fft to get to the frequency domain, you must use ifft to get back to the time domain.
Similarly, if you used cfft to get to the frequency domain, you must use icfft to get back to the
time domain.

Different sources use different conventions concerning theinitial factor of the Fourier transform
and whether to conjugatetheresultsof either thetransformor theinversetransform. Thefunctions
fft, ifft, cfft, and icfft use asanormalizing factor and a positive exponent in going from thetime
to the frequency domain. The functions FFT, IFFT, CFFT, and ICFFT use 1/n asanormalizing
factor and a negative exponent in going from the time to the frequency domain. Be sure to use
these functions in pairs. For example, if you used CFFT to go from the time domain to the
frequency domain, you must use ICFFT to transform back to the time domain.

The elements of the vector returned by fft satisfy the following equation:

n—a

= _1 2 : 27i (j/n)k
C] Vke

k=0
In thisformula, nisthe number of elementsinv and i isthe imaginary unit.
The elements in the vector returned by the fft function correspond to different frequencies. To
recover the actual frequency, you must know the sampling frequency of the original signal. If v
isan n-element vector passed to thefft function, and the sampling frequency is f, , the frequency
corresponding to ¢, is

Therefore, itisimpossibleto detect frequenciesabovethe sampling frequency. Thisisalimitation
not of Mathcad, but of the underlying mathematics itself. In order to correctly recover asignal
fromthe Fourier transform of its samples, you must samplethe signal with afrequency of at least
twice its bandwidth. A thorough discussion of this phenomenon is outside the scope of this
manual but within that of any textbook on digital signal processing.

Cooley-Tukey (Presset al., 1992)
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FFT Fourier Transform
Syntax FFT(V)
Description Identical to fft(v), except uses a different normalizing factor and sign convention. Returns a
vector of size 2"~1+1,
Arguments
v real vector with 2" elements(representing measurementsat regular intervalsinthetimedomain),
wherenisaninteger, n> 0.
Comments The definitions for the Fourier transform discussed in the fft entry are not the only ones used.
For example, the following definitions for the discrete Fourier transform and itsinverse appear
in Ronald Bracewell’s The Fourier Transform and Its Applications (McGraw-Hill, 1986):
_1 ~2i(v/n) - 2ri(t/n)
F(v) = - z f(r)e2m/MT f(1) = z F(v)esmi(t/nv
t=1 v=1
These definitions are very common in engineering literature. To use these definitionsrather than
those presented in the last section, use the functions FFT, IFFT, CFFT, and ICFFT. These differ
from those discussed in the last section as follows:
« Instead of afactor of 1/./n infront of both forms, there is afactor of 1/n in front of the
transform and no factor in front of the inverse.
e Theminus sign appearsin the exponent of the transform instead of in itsinverse.
ThefunctionsFFT, IFFT, CFFT, and ICFFT areused in exactly the same way asthe functionsfft,
ifft, cfft, and icfft.
Algorithm Cooley-Tukey (Presset al., 1992)
See also fft for more details
fhyper Special
Syntax fhyper(a, b, ¢, X)
Description Returns the value of the Gauss hypergeometric function ,F,(a, b;c;x)
Arguments
a, b, c x real numbers, -1 <x< 1
Comments The hypergeometric function is a solution of the differential equation
X (1—x)-i2y+(c—(a+ b+1)-x)-Sy—a.-b.y= 0.
dx2 dx
Many functions are special cases of the hypergeometric function, e.g., elementary ones like
_ . _ 113 2
In(1+x) = x-fhyper(1, 1,2, —x) , asin(x) = x- fhyper > 2> X
and more complicated ones like Legendre functions.
Algorithm Series expansion (Abramowitz and Stegun, 1972)
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Find
Syntax

Description

Arguments
varl, var2, ...

Examples

Comments

Solving
Find(varl, var2, ...)

Returns values of varl, var2, ... which solve a prescribed system of equations, subject to
prescribed inequalities. The number of arguments matches the number of unknowns. Output is
ascalar if only one argument; otherwiseit is a vector of answers.

real or complex variables; varl, var2,.. must be assigned guess values before using Find.

Intersection of Circle and line:
Guess values: ¥ =1
y =1
Given
X2+y2=6 Circle
X+y=2 Line
x<1 Inequality
y>»2 constraints
xval )
= Find(x. ¥
yval
Results: xval = -0.414
yval = 2.414
Check that point is an actual solution:
)(\.r'alz+wal:2 =B xval +yval = 2

A solve block with both equations and inequalities.

Mathcad |ets you numerically solve a system of up to 200 simultaneous equations in 200
unknowns. If you aren’t sure that a given system possesses a solution but need an approximate
answer which minimizes error, use Minerr instead. To solve an equation symbolically, that is,
to find an exact answer in terms of elementary functions, choose Variable=Solve from the
Symbolics menu or use the solve keyword.

There are four steps to solving a system of simultaneous equations:

1. Provideinitial guessesfor all the unknowns you intend to solve for. These give Mathcad a
place to start searching for solutions. Use complex guess values if you anticipate complex
solutions; use real guess valuesif you anticipate real solutions.

2. Typetheword Given. Thistells Mathcad that what follows is a system of equality or
inequality constraints. Y ou can type Given or given in any style. Just don't type it whilein
atext region.

3. Typethe equations and inequalitiesin any order below the word Given. Use [Ctrl]=to
type“=."

4. Finally, type the Find function with your list of unknowns. Y ou can’t put numerical values
in thelist of unknowns: for example, Find(2) in Example 1isn’t permitted. Like given, you
can type Find or find in any style.
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The word Given, the equations and inequalities that follow, and the Find function form a solve
block.

Thetypesof alowable constraintsare z=w, x>y, x<y, x>y and x<y. Mathcad does not allow the
following inside a solve block:

e Constraintswith “#"
e Range variables or expressions involving range variables of any kind
e Any kind of assignment statement (statements like x - =1)

The popup menu (right mouse click) associated with Find contains the following options:

e AutoSelect

¢ Linear—appliesthelinear Simplex method; guessvaluesfor varl, var2,... are not required.

¢ Nonlinear—applies one of the following to the problem: the conjugate gradient solver; if
that failsto converge, the L evenberg-Marquardt solver; if that fails, the quasi-Newton solver;
guess valuesfor varl, var2,... markedly affect the solution

¢ Quadratic—applies a quadratic simplex method; guess values for varl, var2,... are not
required

« Advanced options—appliesonly to the nonlinear conjugate gradient and the quasi-Newton
solvers

Y ou may also adjust the values of the built-in variables cToL and TOL. The constraint
tolerance cToL controls how closely a constraint must be met for a solution to be

acceptable; TOL is the convergence tolerance . The default value for cToL is 10°S.
For more information and examples, see Chapter 9, “ Solving and Data Analysis.”

Algorithm For the non-linear case: Levenberg-Marquardt, Quasi-Newton, Conjugate Gradient. For the
linear case: simplex method with branch/bound techniques (Press et al., 1992; Polak, 1997,
Winston, 1994)
See also Minerr, Maximize, Minimize
floor Truncation and Round-off
Syntax floor(2)
Description Returns the greatest integer < z.
Arguments
z complex number
Example )
ceil(3.25) = 4 floor(3.25) = 3
mantissa(x)] = x - floor(x)
mantissa( 3.45) = 0.45
Comments Can be used to define the positive fractional part of anumber: mantissa(x) := X - floor(x). When
a complex number is used as the argument, floor returns floor(Re) + floor(Im).
floor no longer takes arguments with units.
Floor(x, y) Returns the greatest multiple of y less than or equal to x. y must be real and
nonzero.Floor scales by the threshold before performing the truncation, then rescales after
truncation.
See also ceil, round, trunc
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fv Finance
Syntax  fv(rate, nper, pmt, [[pv], [type]])
Description Returns the future value of an investment or loan over a specified number of compounding
periods, nper, given a periodic, constant payment, pmt, and a fixed interest rate, rate.
Arguments
rate rea rate
nper integer number of compounding periods, nper > 1
pmt real payment
pv (optional) real present value, defaultispv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, defaultistype=0
Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.
Payments you make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.
See also fvadj, fvc, nper, pmt, pv, rate
fvadj Finance
Syntax fvadj(prin, v)
Description Returnsthefuture value of aninitial principal, prin, after applying aseries of compound interest
rates stored in a vector, v.
Arguments
prin real principal
v real vector of interest rates
Comments Usefvadij to calculate thefuture value of aninvestment with avariable or adjustableinterest rate.
See also fv, fvc
fvc Finance
Syntax fvc(rate, v)
Description Returnsthefuturevalueof alist of cash flowsoccurring at regular intervals, v, earning aspecified
interest rate, rate.
Arguments
rate real rate
v real vector of cash flows
Comments In v, payments must be entered as negative numbers and income must be entered as positive
numbers.
fvc assumes that the payment is made at the end of the period.
See also fv, fvadj
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gcd Number Theory/Combinatorics
Syntax gcd(A)
Description Returns the largest positive integer that isadivisor of all thevaluesin the array A. Thisinteger
is known as the greatest common divisor of the elementsin A.
Arguments
A integer matrix or vector; all elements of A are greater than zero
Comments gcd(A, B, C, ...) isaso permissible and returns the greatest common divisor of the elements of
A,B,C, ..
Algorithm Euclid's algorithm (Niven and Zuckerman, 1972)
See also lcm
genfit Curve Fitting and Smoothing
Syntax genfit(vx, vy, vg, F)
Description Returns a vector containing the parameters that make a function f of x and n parameters
Ug> Uy, -.-, U, best approximate the datain vx and vy.
Arguments
VX, VY real vectors of the same size
vg real vector of guess values for the n parameters
F afunction that returns an n+1 element vector containing f and its partial derivatives with respect
to its n parameters
Example
0 0
B-UD I'Si“ (“1 -x) <-- function to he fitted ! 0.47
e 2 0.395
Flx.u)=l-xe 7 sin (u1 -x) <. partial derivatives with 3 0.01
S respect to u, and u, 4 0182
xe ° cos(u, x) i=0.10 r=0,00.10 |, <|-0.079
. 6 -0.064
vgs| 7 0.02
8 0.038
P = genfit{ vz, vy, vy, F) 9 0.004
10 -0.003
g(r)=F{r, P},
[ 0.448 }
p-=
0.997
ooo Data
Best fitting curve
Comments The functionslinfit and genfit are closely related. Anything you can do with linfit you can also

do, abeitlessconveniently, with genfit. Thedifference between thesetwo functionsisanal ogous
to the difference between solving a system of linear equations and solving a system of nonlinear
equations. The former is easily done using the methods of linear algebra. The latter isfar more
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difficult and generally must be solved by iteration. This explains why genfit heeds a vector of
guess values as an argument and linfit does not.

The example above uses genfit to find the exponent that best fits aset of data. By decreasing the
value of the built-in TOL variable, higher accuracy in genfit might be achieved.

Algorithm Levenberg-Marquardt (Press et al., 1992)
See also line, linfit, expfit, lodfit, Infit, pwrfit, Igsfit, sinfit, medfit
geninv Vector and Matrix
Syntax geninv(A)
Description Returns the left inverse of amatrix A.
Arguments
A real mx n matrix, where m>n.
Comments If L denotestheleftinverse, then L - A = | wherel istheidentity matrix with cols(l)=cols(A).
Algorithm SVD-based construction (Nash, 1979)
genvals Vector and Matrix
Syntax genvals(M, N)
Description Returns a vector v of eigenvalues each of which satisfies the generalized eigenvalue equation
M.-x = v - N - x for nonzero eigenvectors x.
Arguments
M, N real square matrices of the same size
Example
36 0 -5 9 -1
M={3 0 -4 N=|0 4 -7
6 6 -5 -3 10 4
Vector of generalized eigenvalues: 2177
v = genvals(M,N) v = | 0.803
Matrix of generalized eigenvectors 0.285
which correspond to the generalized
eigenvalues in vector v:
% = genvecs(M, N) 0.839 0562 -0.597 %0 := submatrix{x,0,2,0,0)
®x=| 0415 0725 0.1 %1 := submatrix{x,0,2,1,1)
0.175 0397 0.774 %2 = submatrix(x,0,2,2,2)
Compare:
0.571 2.666 0.534
M-x0 = | 1.818 M-x1=|041 M-x2 = | 1.306
7.25 5.744 -0.969
0.571 2.666 0.534
v (NxD) = | 1818 | v, (N-x1)=|04 v, (N-x2) = | 1.306
7.25 5.744 -0.969
Comments To compute the eigenvectors, use genvecs.
Algorithm Stable QZ method (Golub and VVan Loan, 1989)
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genvecs Vector and Matrix
Syntax genvecs(M, N)

Description Returns amatrix of normalized eigenvectors corresponding to the eigenvaluesin v, the vector
returned by genvals. Thejth column of thismatrix i sthe eigenvector x satisfying thegeneralized
eigenvalue problem M - x = v - N-x.

Arguments

M, N real square matrices of the same size
Algorithm Stable QZ method (Golub and VVan Loan, 1989)
See also genvals for example
GETWAVINFO File Access
Syntax GETWAVINFO(file)

Description Creates avector with four elements containing information about file. The elements corresponds
tothenumber of channel s, the samplerate, the number of bitsper sample(resolution), and average
number of bytes per second, respectively.

Arguments

file string variable corresponding to pulse code modulated (PCM) Microsoft WAV filename or path
Comments Datafrom aWAYV fileisnot scaled.
See also READWAYV and WRITEWAV
gmean Statistics
Syntax gmean(A) m-1n-1 1/(mn)

Description Returns the geometric mean of the elements of A: gmean(A) = [ H H A, j] .

Arguments i=0j=0

A real mx n matrix or vector with all elements greater than zero
Comments gmean(A, B, C, ...) isalso permissible and returns the geometric mean of the elementsof A, B,
C, ...
See also hmean, mean, median, mode
H1 Bessel
Syntax H1(m, 2
Description Returns the value of the Hankel function H1(2) of the first kind.
Arguments
m non-negative real number
z real or complex number

Comments Hankel functions are Bessel functions of the third kind. H1(m,2) = J,(m,2) + iY,(m,2).
H1.sc(2),wheresc meansscaled andisaliteral subscript, givesexp(-zi)H1(2) . Scaled functions
are useful for calculating large arguments without overflow.

Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
See also Jn, Yn, H2
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H2 Bessel
Syntax H2(m, 2)
Description Returns the value of the Hankel function H2(2) of the second kind.

Arguments
m non-negative real number

z real or complex number

Comments Hankel functions are Bessel functions of the third kind. H2(m,2) = J,(m,2) - iY,(m,2).
H2.sc(2),where sc means scaled and isaliteral subscript, gives exp(zi)H2(2). Scaled functions
are useful for calculating large arguments without overflow.

Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.

See also Jn, Yn, H1

Her Special
Syntax Her(n, X)
Description Returns the value of the Hermite polynomial of degree n at x.
Arguments

n integer,n>0
X real number
Comments The nth degree Hermite polynomial is a solution of the differential equation:
2

d d _
X-Wy—Z-x-dxy+2-n-y =0.

Algorithm Recurrence relation (Abramowitz and Stegun, 1972)

hist Statistics
Uniform Bin Case
Syntax hist(n, A)
Description Returns a vector containing the frequencies with which valuesin A fall in n subintervals of the

range min(A) <value<max(A) of equal length. The resulting histogram vector has n
elements.

Arguments
n integer,n>0

A real matrix
Comments Thisisidentical tohist(intervals, A)with intervals;, = min(A)+MA;min&~i and
0<i<n (seebelow).
Non-uniform Bin Case
Syntax hist(intervals, A)

Description Returnsavector containing thefrequencieswithwhichvaluesin A fall intheinterval srepresented
by the intervals vector. The resulting histogram vector is one e ement shorter than intervals.
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Arguments
intervals real vector with elementsin ascending order
A real matrix
Example
i:=0,1.200 data, = 4 (3fsin(i))”
n=16 j:=01.n ' ' '
4 P P ><>< >3< 3 ><><><><—
k=0,1.n-1 XXXX N ;
. * #
intervals = -4 + 2 i Xxx&xxxxxx
i 2 2 X Xy X xx A
f := hist{ intervals, data) s * W % PR
HE Xxxx "o g
20 T dats, Ui%%&ﬁ&ﬁ&ﬁ?
KKK * % o THow om
* % How WX
* % >><< Hoowox
20 - - N S e Xx «X
X oy X
£ w K ><>< e
X X
* 10 - - - ><X><><>S<>2<>§<XX>3<>§< >3<><>< R
1 1 1
HHHHHH HHHHH u} S0 100 150 200
u} i
-8 u} 5
intervslak

Comments The intervals vector contains the endpoints of subintervals constituting a partition of the data.
The result of the hist function isavector f, in whichf; is the number of valuesin A satisfying
the condition intervals, < value<intervals, , ;.

Mathcad ignores data points less than thefirst valuein intervals or greater than the last valuein
intervals.
See also histogram
histog ram Statistics
Uniform Bin Case
Syntax histogram(n, A)

Description Returnsamatrix with two columns. The first column contains midpoints of the n subintervals of
therange min(A) < value< max(A) of equal length. The second columnisidentical to
hist(n, A), and hence the resulting matrix has n rows.

Arguments

n integer,n>0
A real matrix
Comments Using histogram rather than hist saves you the additional step of defining horizontal axis data

when plotting.

Non-uniform Bin Case

Syntax

Description

histogram(intervals, A)

Returns a matrix with two columns. The first column contains midpoints of the intervals
represented by the intervals vector. The second column isidentical to hist(intervals, A),
and hence the resulting matrix has one lessrow than intervals.
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Arguments
intervals real vector with elementsin ascending order
A real matrix
See also hist
hlookup Vector and Matrix
Syntax hlookup(z A, r)
Description Looksin thefirst row of amatrix, A, for agiven value, z, and returns the value(s) in the same
column(s) in the row specified, r. When multiple values are returned, they appear in a vector.
Arguments
z real or complex number, or string
A real, complex or stringmx n matrix
r integer, ORIGIN<r<ORIGIN+m-1
Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.
See Also lookup, vlookup, match
hmean Statistics
Syntax hmean(A) m-1n-1 -1
Description Returns the harmonic mean of the elements of A: hmean(A) = L Z z 1 .
mn A, i
Arguments i=0j=0 ~
A real mx n matrix or vector with all elements greater than zero
Comments hmean(A, B, C, ...) isaso permissible and returns the harmonic mean of the elements of A, B,
C, ...
See also gmean, mean, median, mode
10 Bessel
Syntax 10(29
Description Returns the value of the modified Bessel function 14(2) of thefirst kind. Same as In(0, 2).
Arguments
z real or complex number
Comments 10.sc(2),where sc means scaled and is aliteral subscript, gives exp(-|Re(2)|)10(2) . Scaled
functions are useful for calculating large arguments without overflow.
Algorithm Small order approximation (Abramowitz and Stegun, 1972)
See also In
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11 Bessel
Syntax 11(2
Description Returns the value of the modified Bessel functionl ;(2) of thefirst kind. Same asIn(1, 2).
Arguments
z real or complex number
Comments 11.sc(2),where sc means scaled and is aliteral subscript, gives exp(-|Re(2)|)11(2) . Scaled
functions are useful for calculating large arguments without overflow.
Algorithm Small order approximation (Abramowitz and Stegun, 1972)
ibeta Special
Syntax ibeta(a, X, )
Description Returns the value of the incomplete beta function with parameter a, at (X, y).
Arguments
a real number, 0<a<1
X,y real numbers, x>0,y >0
Comments The incomplete beta function often arises in probabilistic applications. It is defined by the
following formula:
. I'(x+ a
ibeta(a, x,y) = TXTY)  Cox-1 1y -1t
A&XY) = gy [T A
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
icfft Fourier Transform
Syntax icfft(A)
Description Returns the inverse Fourier transform corresponding to cfft. Returns an array of the same size
asits argument.
Arguments
A real or complex matrix or vector
Comments The cfft and icfft functions are exact inverses; icfft(cfft(A)) = A.
Algorithm Singleton method (Singleton, 1986)
See also fft for more details and cfft for example
1CFFT Fourier Transform
Syntax ICFFT(A)
Description Returns the inverse Fourier transform corresponding to CFFT. Returns an array of the same size
asits argument.
Arguments
A real or complex matrix or vector
Comments The CFFT and ICFFT functions are exact inverses, ICFFT(CFFT(A)) = A.
Algorithm Singleton method (Singleton, 1986)
See also fft for more details and CFFT for example
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identity Vector and Matrix
Syntax identity(n)
Description Returnsthe n x n identity matrix.
Arguments
n integer,n>0
if Piecewise Continuous
Syntax if(cond, X, y)
Description Returns x or y depending on the value of cond.
If cond istrue (non-zero), returns x. If cond is false (zero), returnsy.
Arguments
cond arbitrary expression (usually a Boolean expression)
XY arbitrary real or complex numbers, arrays, or strings
Example - — -
Using conditionals in Mathcad 1 T
X =-2,-18.2  f(x):=x>-1
10 o - -
gix) =if(f(x)=0. f(x) 0) o |
g0 is f(x) when f()>0. 0 otherwise 2 0 2
xX
4 T
, /| hix) = if(x z1. f(x) -f(x))
g_(x) h{x) is f>) when x>=1, -f{3] otherwise
0 5 |
-2
I o
§ o
53 I|] 2
xX
Comments Use if to define afunction that behaves one way below a certain number and a different way

above that number. That point of discontinuity is specified by itsfirst argument, cond. The
remaining two arguments let you specify the behavior of the function on either side of that
discontinuity. The argument cond is usually a Boolean expression that relates two math
expressionswith aBoolean operator from the Boolean toolbar (=, >, <,>, <, # A, V, ®, or —).
(See “Boolean Operators’ on page 415.)

To save time, Mathcad evaluates only the necessary arguments. For example, if cond isfalse,
there is no need to evaluate x because it will not be returned anyway. Therefore, errorsin the
uneval uated argument can escape detection. For example, Mathcad will never detect the fact that
In(0) is undefined in the expression if(|z] < 0, In(0), In(2)).

Y ou can combine Boolean operators to create more complicated conditions. For example, the
condition (x < 1) A (x> 0) actslikean “and” gate, returning 1 if and only if x is between
Oand 1. Similarly, the expression (x < 1) Vv (x> 0) actslike an “or” gate, returning alif and
only if x>1 or x<0.
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ifft Fourier Transform
Syntax ifft(v)
Description Returns the inverse Fourier transform corresponding to fft. Returns areal vector of size 2".
Arguments
v real or complex vector of size 1+ 2"~1 wherenisan integer.

Comments The argument v isavector similar to those generated by the fft function. To compute the resullt,
Mathcad first createsanew vector w by taking the conjugates of the elements of v and appending
them to the vector v. Then Mathcad computes a vector d whose elements satisfy this formula:

n—-1
d = W, e=2ni(j/mk
R z
Thisis the same formula as the fft formula, except for the minus sign in the exponent. The fft
and ifft functions are exact inverses. For al real v, ifft(fft(v)) = v .
Algorithm Cooley-Tukey (Presset al., 1992)

See also fft for more details

1FFT Fourier Transform
Syntax IFFT(V)
Description Returns the inverse transform corresponding to FFT. Returns areal vector of size 2".
Arguments
v real or complex vector of size 1+ 2"—1 where nisan integer.
Algorithm Cooley-Tukey (Presset al., 1992)

See also fft for more details

Im Complex Numbers
Syntax Im(2)
Description Returns the imaginary part of z.
Arguments
z real or complex number
See also Re
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In Bessel
Syntax In(m, 2)
Description Returns the value of the modified Bessel functionl (2) of thefirst kind.
Arguments
m real number, —100 < m< 100
z complex number G d
. : . X2y Xy —(x2+m?) -y = 0
Comments  Solutionof thedifferential equation  dx? dx . In.sc(m,2),where
sc meansscaled and isaliteral subscript, givesexp(-|Re(2)|)In(m,2) . Scaled functions are useful
for calculating large arguments without overflow.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
See also Kn
intercept Curve Fitting and Smoothing
Syntax intercept(vx, vy)
Description Returns the y-intercept of the least-squares regression line.
Arguments
VX, VY real vectors of the same size
See also slope for more details, line, stderr, medfit
interp Interpolation and Prediction
One-dimensional Case
Syntax interp(vs, vX, vy, X)
Description Interpol ates the value from spline coefficients or regression coefficients. Takes three vector
argumentsvx, vy (of the samesize) and vs. Returnstheinterpolated y val ue corresponding to the
point x.
Arguments
VS real vector output from interpolation routine bspline, cspline, Ispline, or pspline or regression
routine regress or loess
VX, VY real vectors of the same size
X real number
Comments Let usfirst discuss interp on the output of cubic spline routines. To find the interpolated value

for aparticular x, Mathcad finds the two points which x falls between. It then returnsthey value
on the cubic section enclosed by these two points. For x values|essthan the smallest pointin vx,
Mathcad extrapolates the cubic section connecting the smallest two points of vx. Similarly, for
x values greater than the largest point in vx, Mathcad extrapol ates the cubic section connecting
the largest two points of vx.

For best results, do not use the interp function on values of x far from the fitted points. Splines
areintendedfor interpolation, not extrapol ation. Consequently, computed val uesfor such x values
are unlikely to be useful. See predict for an alternative.

Inthe regress case, interp simply computes the value of the regression polynomial; for loess,
interp usesthe local |east-squares polynomial on the interval.
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Two-dimensional Case

Syntax interp(vs, Mxy, Mz, v)

Description Interpol ates the value from spline coefficients or regression coefficients. Takes two matrix
arguments Mxy and Mz (with the same number of rows) and one vector argument vs. Returns
the interpolated z value corresponding to the point X = vy and 'y = v, .

Arguments

Vs real vector output from interpolation routine bspline, cspline, Ispline, or pspline or regression
routine regress or loess
Mxy, Mz real matrices (with the same number of rows)
v real two-dimensional vector

Comments For best results, do not use the interp function on values of x and y far from the grid points.
Splinesareintended for interpolation, not extrapol ation. Consequently, computed valuesfor such
x and y values are unlikely to be useful. See predict for an aternative.

See also Ispline for example, bspline, cspline, pspline, regress, loess
ipmt Finance
Syntax  ipmt(rate, per, nper, pv, [[fV], [type]l])

Description Returns the interest payment of an investment or loan for agiven period, per, based on periodic
constant payments over a given number of compounding periods, nper, using afixed interest
rate, rate, and a specified present value, pv.

Arguments

rate real rate
per integer period number, per > 1
nper integer number of compounding periods, 1< per < nper
pv real present value
fv (optional) real future value, default isfv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as

rate = ann_rate/nper.
Payments you make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.
See also cumint, pmt, ppmt
irr Finance
Syntax irr(v, [guess])
Description Returns the internal rate of return for a series of cash flows, v, occurring at regular intervals.
Arguments
v real vector of cash flows
guess (optional) real guess value, default is guess = 0.1 (10%)
Comments In v, payments must be entered as negative numbers and income must be entered as positive

numbers. There must be at least one negative value and one positive value in v.
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Note

If irr cannot find aresult that is accurate towithinl - 10> percent after 20 iterations, it returns
an error. In such a case, a different guess value should be tried, although it will not guarantee a
solution. In most casesirr convergesif guessis between 0 and 1.

irr and npv are related functions. Theinternal rate of return (irr) isthe rate for which the net
present value (npv) is zero.

See also mirr, npv
IsArray Expression Type
Syntax IsArray(X)
Description Returns 1 if x isamatrix or vector; O otherwise.
Arguments
X arbitrary real or complex number, array, or string
IsScalar Expression Type
Syntax IsScalar(x)
Description Returns 1 if x isareal or complex number; O otherwise.
Arguments
X arbitrary real or complex number, array, or string
IsString Expression Type
Syntax IsString(X)
Description Returns 1 if x isastring; 0 otherwise.
Arguments
X arbitrary real or complex number, array, or string
iwave Wavelet Transform
Syntax iwave (V)
Description Returns the inverse wavelet transform corresponding to wave.
Arguments
v real vector of 2" elements, wherenisan integer, n> 0.
Algorithm Pyramidal Daubechies 4-coefficient wavelet filter (Press et al., 1992)
See also wave for example
JO Bessel
Syntax JO(2
Description Returns the value of the Bessel functionJy(2) of thefirst kind. Same asJn(0, 2).
Arguments
z real or complex number
Comments JO.sc(2), where sc means scaled and is aliteral subscript, gives J0(2) multiplied by

Algorithm

exp(-]Im(2)]). Scaled functions are useful for calculating large arguments without overflow.
SLATEC Common Mathematical Library; ACM TOMS 21 (1995) 388-393
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J1 Bessel
Syntax J1(2
Description Returns the value of the Bessel functionJ;(2) of thefirst kind. Same as Jn(1, 2).
Arguments
z real or complex number
Comments J1.sc(2), where sc means scaled and is aliteral subscript, gives J1(2) multiplied by
exp(-]Im(2)]). Scaled functions are useful for calculating large arguments without overflow.
Algorithm SLATEC Common Mathematical Library; ACM TOMS 21 (1995) 388-393
Jac Special
Syntax Jac(n, a, b, X)
Description Returns the value of the Jacobi polynomial of degree n with parametersa and b, at x.
Arguments
n integer, n>0
ab real numbers, a>-1,b>-1
X real number
Comments The Jacobi polynomials are solutions of the differential equation:
2 d? d
(1-x")-—y+(b-a-(a+b+2)-x)- —=y+n-(n+a+b+1)-y =0
dx2 dx
and include the Chebyshev and Legendre polynomials as special cases.
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
Jn Bessel
Syntax Jn(m, 2)
Description Returns the value of the Bessel functionJ,(2) of the first kind.
Arguments
m real number, —100< m< 100
z real or complex number d? d
. . . X2y x-Sy (X2 -m?) -y = 0
Comments  Solution of the differential equation =~ dx? dx .
Jn.sc(m, 2),where sc means scaled and is aliteral subscript, gives JO(m,2) multiplied by
exp(-|Im(z)]). Scaled functions are useful for calculating large arguments without overflow.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
See also Yn, H1, H2
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js Bessel
Syntax js(n,x)
Description Returns the value of the spherical Bessel function of the first kind, of order n, at x.
Arguments
n integer, —200<n
X real number, x > 0; x = 0 is permitted for js i; n>0
Comments Solution of the differential equation: X %y +2X- ag)-(y + (x2 -n-(n+1)y = 0.
X
Algorithm Small order approximation, upward recurrence relation (Abramowitz and Stegun, 1972; Presset
al., 1992)
See also ys
KO Bessel
Syntax KO(2)
Description Returns the value of the modified Bessel function K(x) of the second kind. Same as Kn(0, ).
Arguments
z real or complex number
Comments K0.sc(2),where sc means scaled and is a literal subscript, gives KO(2) multiplied by exp(z).
Scaled functions are useful for calculating large arguments with adeguate resolution.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
K1 Bessel
Syntax K1(2)
Description Returns the value of the modified Bessel function K(X) of the second kind. Same as Kn(1, X).
Arguments
z real or complex number
Comments K1.sc(2), where sc means scaled and isaliteral subscript, givesK1(2) multiplied by exp(z).
Scaled functions are useful for calculating large arguments with adequate resolution.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
Kn Bessel
Syntax Kn(m, 2)
Description Returns the value of the modified Bessel functionK(x) of the second kind.
Arguments
m real number
z real or complex number 2
d —y+X- dy (x2+m2).y =0
Comments Solution of the differential equati on dx2
Kn.sc(2),where sc means scaled and isaliteral subscript, giveskn(m, 2) multlplled by exp(z).
Scaled functions are useful for calculating large arguments with adeguate resolution.
See also In

Algorithm

AMOSLIB; ACM TOMS 12 (1986) 265-273.
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ksmooth Curve Fitting and Smoothing
Syntax ksmooth(Vvx, vy, b)
Description Creates a new vector, of the same size as vy, by using a Gaussian kernel to return weighted
averages of vy.
Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order
b real bandwidth b> 0; control sthe smoothing window and should be set to afew timesthe spacing
between your data points on the x-axis, depending on how big of awindow you want to usewhen
smoothing
Comments The ksmooth function uses a Gaussian kernel to compute local weighted averages of the input
vector vy. This smoother is most useful when your datalies along aband of relatively constant
width. If your data lies scattered along a band whose width fluctuates considerably, you should
use an adaptive smoother like supsmooth.
For eachvy; in the n-element vector vy, the ksmooth function returnsanew vy'; given by:
"X — VX
7]
2 K( b )Vyi ,
j=1 . 1 t
vy = where: K(t) = . exp( J
' N X —vx 21 - (037) 2-(037)
> (=5
= b
and b is a bandwidth which you supply to the ksmooth function. The bandwidth is usually set
to afew times the spacing between data points on the x axis, depending on how big a window
you want to use when smoathing.
Algorithm Moving window Gaussian kernel smoothing (Lorczak)
See also “medsmooth” on page 318 for more details, “supsmooth” on page 378.
kurt Statistics
Syntax kurt(A)
Description Returns the kurtosis of the elements of A:
m-1n-1 _ 4
Kurt(A) = mmh) g (BTN o)
(mn-=21)(mn—-2)(mn-23) <020 Stdev(A) (mn—-2)(mn-23)
Arguments
A real or complex mx n matrix or vector; m-n>4
Comments kurt(A, B, C, ...) isalso permissible and returns the kurtosis of the elements of A, B, C, ....
Lag Special
Syntax Lag(n, X)
Description Returns the value of the Laguerre polynomial of degreen at x.
Arguments
n integer, >0
X real number
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Comments The Laguerre polynomials are solutions of the differential equation
2
x-c;j?y+(1—x)~dg)-(y+n-y =0.
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
last Vector and Matrix
Syntax last(Vv)
Description Returns the index of the last element in vector v.
Arguments
v vector
Comments last(v) = length(v) — 1 + ORIGIN
See also rows
Icm Number Theory/Combinatorics
Syntax lcm(A)
Description Returnsthe smallest positiveinteger that isamultiple of al thevaluesinthearray A. Thisinteger
is known as the least common multiple of the elementsin A.
Arguments
A integer matrix or vector; all elements of A are greater than zero
Comments lcm(A, B, C, ...) isalso permissible and returns the least common multiple of the elements of A,
B,C,...
Algorithm Euclid’ s algorithm (Niven and Zuckerman, 1972)
See also gcd
Leg Special
Syntax Leg(n, X)
Description Returns the value of the Legendre polynomial of degreen at x.
Arguments
n integer, n>0
X real number
Comments The Legendre polynomials are solution of the differential equation
(1—x2)~dixzy—2-x-ad;(y+n~(n+1)-y =0.
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
length Vector and Matrix
Syntax length(V)
Description Returns the number of elementsin vector v.
Arguments
vV vector
Comments Same as rows(Vv)
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Igsfit Curve Fitting and Smoothing
Syntax Igsfit(vX, vy, vg)
Description Returnsavector containing the parameters (a, b, ¢) that makethefunctiona - (1 + bexp(—cx))~*
best approximate the datain vx and vy.
Arguments
VX, VY real vectors of the same size
vg real vector of guessvaluesfor (a, b, )
Comments Thisisaspecia case of thegenfit function. A vector of guessvaluesis needed for initialization.
By decreasing thevaueof thebuilt-in TOL variable, higher accuracy inlgsfit might be achieved.
See Also line, linfit, genfit, expfit, logfit, Infit, pwrfit, sinfit, medfit
line Curve Fitting and Smoothing
Syntax line(vx, vy)
Description Returns a vector containing the y-intercept and the slope of the least-squares regression line.
Arguments
VX, VY real vectors of the same size
See Also slope for more details, intercept, stderr, medfit
linfit Curve Fitting and Smoothing
Syntax linfit(vx, vy, F)
Description Returns a vector containing the coefficients used to create alinear combination of the functions
in F which best approximates the datain vx and vy. See genfit for amore general technique.
Arguments
VX, VY real vectors of the same size; elements of vx should be in ascending order
F afunction of asingle variable that returns a vector of functions
Example

0 43 <2
5 29 . j=0.5
4 5 Fix) = 1 S = linfit(vx. vy. F)
Y¥ = Vy = -
o | 7| r=0025 1
8 1
T T
1 2 2r .
\J’y’.
g(t) = F(1)'S L |
3.087 aln :
S = |-1.475 o Lt s
1] 1
0515 et

Best fit is given by 3_I]B?x2— 1.475x + 0515 <
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Comments Not all datasetscan bemodeled by linesor polynomials. Therearetimeswhen you need to model
your datawith alinear combination of arbitrary functions, none of which represent terms of a
polynomial. For example, in a Fourier seriesyou try to approximate data using alinear
combination of complex exponentials. Or you may believe your data can be modeled by a
weighted combination of Legendre polynomials, but you just don't know what weightsto assign.
The linfit function is designed to solve these kinds of problems. If you believe your data could
be modeled by alinear combination of arbitrary functions:

y = ag-fo(x) +a, - f(X) + ... +a, - f,(X), you should use linfit to evaluate the &, . The
example above shows a linear combination of three functions x, x2, and (x + 1)1 to model
some data.
There are times however when the flexibility of linfit is still not enough. Y our data may have to
be modeled not by alinear combination of data but by some function whose parameters must be
chosen. For example, if your data can be modeled by the
sum:f(x) = a, - sin(2x) + a, - tanh(3x) and all you need to do is solve for the unknown
weights a; and a, , then the linfit function is sufficient. By contrast, if instead your dataisto
be modeled by the sum:f(x) = 2- sin(a;x) + 3 - tanh(a,x) and you now haveto solvefor the
unknown parametersa; and a, , you should use the genfit function.
Algorithm SVD-based least squares minimization (Press et al., 1992)
See also line, genfit
linterp Interpolation and Prediction
Syntax linterp(vx, vy, X)
Description Returns a linearly interpolated value at x.
Arguments
VX, VY real vectors of the same size; elements of vx should be in ascending order
X real number at which to interpolate
Example data pair
1 4
i=0.6 2 4.55
3 39
¥ =i+1 =4 y:=|4.0 linterp(x,y,3.5) = 3.95
5 43
6 183 linterp( x,y,6.2) = 3.684
7 3.10
fine_i :=1,1.05. 7
B T T T
45 —
%
o L _
linterp(x, v, fina_i)
38 - —
3 1 1 1
o 2 & E a
% Jine_i
< Data points
Linear interpolation




Functions / 307

Comments

Interpolation involves using existing data points to predict val ues between these data points.
Mathcad allows you to either connect the data points with straight lines (linear interpolation, as
with linterp) or to connect them with sections of a cubic polynomial (cubic splineinterpolation,
aswith Ispline, pspline, cspline, bspline and interp).

Unliketheregression functions discussed el sewhere, theseinterpol ation functionsreturn acurve
which must passthrough the pointsyou specify. Therefore, theresulting functionisvery sensitive
to spurious data points. If your datais noisy, you should consider using the regression functions
instead.

Be surethat every element in the vx and vy arrays contains a data value. Because every element
inan array must haveavalue, Mathcad assigns 0 to any elementsyou have not explicitly assigned.

To find the interpolated value for a particular x, linterp finds the two points between which the
value falls and returns the corresponding y value on the straight line between the two points.

For x values before the first point in vx, linterp extrapolates the straight line between the first
two data points. For x values beyond the last point in vx, linterp extrapolates the straight line
between the | ast two data points.

For best results, the value of x should be between the largest and smallest values in the vector

vX. Thelinterp functionisintended for interpol ation, not extrapol ation. Consequently, computed
values for x outside this range are unlikely to be useful. See predict for an aternative.

In
Syntax

Description

Arguments
z

Example

Comments

See also

Log and Exponential
In(2)

Returns the natural logarithm of nonzero z (to base €). It isthe principal value (imaginary part
between r and —rt) for complex z

real or complex nonzero number

Inf(2) = 0693 <> ef®B.

In{-2) = 0.693 + 3.142i <— Log of a negative number is always
log of the magnitude plus i

Inf0} = <— Since anything raised to the 0 is 1.
_ you can never have a log of zero.
domain error

Inf1) =0 <> e =1

In general, acomplex argument to the natural log function returns:
In(x+i-y) = In|x+i-yl+aan(y/x)-i+2-n-m-i

Mathcad's In function returns the value correspondingto n = 0,
namely: In(x+i-y) = In|x+i -yl + atan(y/x) -i (principa branch of the natural log
function).

log
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Infit
Syntax

Description
Arguments
VX, VY

Comments

See Also

Curve Fitting and Smoothing
Infit(vX, vy)

Returns a vector containing the parameters (a, b) that make the function a- In(x) + b best
approximate the datain vx and vy.

real vectors of the same size

Thisisatwo-parameter alternativeto thethree-parameter logfit function. It useslinear regression
to perform the curve fit (by taking the logarithm of y-values), hence thereisno need for aguess
values vector.

line, linfit, genfit, expfit, pwrfit, logfit, Igsfit, sinfit, medfit

LoadColormap

File Access

Syntax LoadColormap(file)
Description Returns an array containing the values in the colormap file.
Arguments
file string variable corresponding to CMP filename
Comments Thefilefileis the name of a colormap located in the CMAPS subdirectory of your Mathcad
directory. The function LoadColormap is useful when you want to edit a colormap or useit to
create anew colormap. See online Help for more information.
See also SaveColormap
loess Curve Fitting and Smoothing
One-dimensional Case
Syntax loess(VvX, vy, span)
Description Returns the vector required by the interp function to find the set of second order polynomials
that best fit particular neighborhoods of data points specified in arrays vx and vy.
Arguments
VX, VY real vectors of the same size
span real span> 0 specifies how large a neighborhood loess will consider in performing this local

regression
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Example

Comments

i=0.39 x:=i-10 y:=stack(P, Q) -35 1.99
-1 2.4
y1 = loess(%,y,09) < using span=0.9 0.9 2.89
2 =1 ( 0.3) . 03 2.1 3.59
= loess(x,y,0. <. using span=0.
Y Y g 2.78 4.39
34 4.7
Smaller span causes loess to consider a smaller 3.65 5.12
ighborhood, resulting in a bumpy regr
curve that more closely tracks the data. 3.63 5.25
3.79 5.39
353 5.16
P= Q=
3.55 4.9
295 44
¥, 2.54 37
o 2 2.89
intarp (y1 L, xi:]
— - 1.49 2.1
intem(ﬂ,x,y,xi:] 12 181
141 1.77
1.18 2
" | | |
-10 i 10 20 30 1.29 24
K 1.64 34

Instead of generating a single polynomial the way regress does, loess generates a different
second order polynomia depending on where you are on the curve. It does this by examining
the datain asmall neighborhood of the point you're interested in. The argument span controls
the size of this neighborhood. As span gets larger, loess becomes equivalent to regress with
n = 2. A good default valueis span = 0.75.

The example above shows how span affects the fit generated by the loess function. A smaller

value of span makes the fitted curve track fluctuations in data more effectively. A larger value
of span tends to smear out fluctuationsin data and thereby generates a smoother fit.

Two-dimensional Case

Syntax

Description

Arguments
Mxy

vz
span

Comments

Algorithm

See also

loess(Mxy, vz, span)

Returns the vector required by the interp function to find the set of second order polynomials
that best fit particular neighborhoods of data points specified in arrays Mxy and vz.

realm x 2 matrix containing x-y coordinates of the m data points

real m-element vector containing the z coordinates corresponding to the points specified in M xy
real span > 0 specifies how large a neighborhood loess will consider in performing this local
regression

Canbeextended naturally to thethree- and four-dimensional cases(that is, up tofour independent
variables).

Local polynomial estimation (Cleveland and Devlin, 1988)

“regress” on page 354 for more details.
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log

Log and Exponential

Classical Definition

Syntax

Description

Arguments
z

log(2)

Returns the common logarithm of nonzero z to base 10. The result is the principal value
(imaginary part between = and —rt) for complex z

real or complex nonzero number

Extended Definition

Syntax log(z, b)

Description Returns the logarithm of nonzero zto base b. The result is the principal value (imaginary part
between rt and —rt) for complex z.

Arguments

z real or complex nonzero number
b real number,b>0,b# 1
See also In
logfit Curve Fitting and Smoothing
Syntax logfit(vx, vy, vg)

Description Returns avector containing the parameters (a, b, c) that makethefunction a - In(x + b) + ¢ best
approximate the datain vx and vy.

Arguments

VX, VY real vectors of the same size
vg real vector of guessvaluesfor (a, b, €)
Comments Thisisaspecia case of thegenfit function. A vector of guessvaluesisneeded for initialization.
By decreasing thevalue of the built-in TOL variable, higher accuracy in logfit might be achieved.
See Also line, linfit, genfit, expfit, pwrfit, Infit, Igsfit, sinfit, medfit
lookup Vector and Matrix
Syntax lookup(z A, B)

Description Looksinavector or matrix, A, for agivenvalue, z, and returnsthe value(s) in the same position(s)
(i.e., with the same row and column numbers) in another matrix, B. When multiple values are
returned, they appear in avector in row-wise order, starting with the top left corner of B and
sweeping to the right.

Arguments

z real or complex humber, or string
A, B real, complex or stringm x n matrices or vectors

Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.

See Also hlookup, vlookup, match
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Isolve
Syntax Isolve(M, V)

Vector and Matrix

Description Returns a solution vector x suchthat M - x = v.

Arguments
M real or complex square matrix that is neither singular nor nearly singular
v real or complex vector

Example

3x+6y=9
Y <— System of equations to be solved.

2%+ bdy=4

3 6 9
M = ¥ o= <— Create your matrix and vector.
2 b4 4

1.844% < Yalue for x satisfying the system of equations.
Isolve (M. v) = ( )

0578

<— Value for y satisfying the system of equations.

Mote: The "Isolve" function is only available with Mathcad Professional.

Comments A matrixissingular if itsdeterminant iszero; itisnearly singular if it hasahigh condition number.

Alternatively, you can solve a system of linear equations by using matrix inversion, vianumeric
or symbolic solve blocks.

Algorithm LU decomposition and forward/backward substitution (Press et al., 1992)

Ispline Interpolation and Prediction
One-dimensional Case

Syntax Ispline(vx, vy)

Description Returnsthe vector of coefficients of acubic splinewith linear ends. Thisvector becomesthefirst
argument of the interp function.

Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order
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Example

Comments

data pair
1 49
i=0.6 2 1.85
3 5.9
t=i+1 t=|4 v = |3.42 vl = Ispline(t, v)
5 03 | nterpivt, €, v, 4.5) = 2.854
6 8.23
7 3.04 interp{v1,t,v,6.5) = 6.996
fine_i:=1,105.7
10 T T T
Yi
o L _
intarp( vt t, v fine_i)
0 1 1 1
il 2 4 & 8
tl,ﬁne_i
< Data points
Cubic spline interpolated curve

Cubic splineinterpolation letsyou passacurvethrough a set of points so that thefirst and second
derivativesof the curve are continuous across each point. Thiscurveisassembled by taking three
adjacent points and constructing a cubic polynomial passing through those points. These cubic
polynomials are then strung together to form the completed curve.

To fit acubic spline curve through a set of points:

1

Create the vectors vx and vy containing the x and y coordinates through which you want the
cubic splineto pass. The elements of vx should bein ascending order. (Although we use the
names vx, vy, and vs, there is nothing special about these variable names; you can use
whatever names you prefer.)

Generatethe vector vs:=Ispline(vx, vy) . Thevector vsisavector of intermediate results
designed to be used with interp. 1t contains, among other things, the second derivativesfor
the spline curve used to fit the pointsin vx and vy.

To evaluate the cubic spline at an arbitrary point, say x0, evaluateinterp(vs, vx, vy, X0)
herevs, vx, and vy are the vectors described earlier. Y ou could have accomplished the same
task by evaluating: interp(lspline(vx, vy), vx, vy, x0) . Asapractical matter, though,
you'll probably be evaluating interp for many different points.

Thecall toIspline can betime-consuming and the result won't change from one point to the next,
S0 it makes sense to do it just once and store the outcome in the vs array.

Be sure that every element in the input arrays contains a data value. Because every element in a
array must have avalue, Mathcad assigns 0 to any elements you have not explicitly assigned.

In addition to Ispline, Mathcad comes with three other cubic spline functions: pspline, cspline,
and bspline. The pspline function generates a spline curve that approaches a parabola at the
endpoints, while the cspline function generates a spline curve that can be fully cubic at the
endpoints. bspline, on the other hand, allows the interpolation knots to be chosen by the user.
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For Ispline, the first three components of the output vector vs are vs,=0 (a code telling interp

that vsis the output of a spline function as opposed to a regression function), vs;=3 (the index

within vs where the second derivative coefficients begin) and vs,=0 (a code denoting Ispline).
Thefirst three componentsfor pspline and cspline areidentical except vs,=1 (the code denoting
pspline) and vs,=2 (the code denoting cspline), respectively.

Two-dimensional Case

Syntax

Description

Arguments
Mxy

Mz

Comments

Ispline(Mxy, Mz)

Returns the vector of coefficients of atwo-dimensional cubic spline, constrained to be linear at
region boundaries spanned by M xy. This vector becomes the first argument of the interp
function.

nx 2 matrix whose elements, Mxy; 5 and MXy; 1., , specify the x- and y-coordinates along the
diagonal of arectangular grid. This matrix plays exactly the samerole asvx in the one-
dimensional case described earlier. Since these points describe adiagonal, the elementsin each
column of Mxy must be in ascending order (Mxyi, K< Mxyj) x Whenever i <j).

nx n matrix whoseijth element isthe z-coordinate corresponding to the pointx = Mxy; , and
y = Mxyj’ 1 - Mz plays exactly the same role as vy doesin the one-dimensional case above.

Mathcad handles two-dimensional cubic spline interpolation in much the same way as the one-
dimensional case. Instead of passing a curve through a set of points so that the first and second
derivatives of the curve are continuous across each point, Mathcad passes a surface through a

grid of points. This surface corresponds to a cubic polynomial in x and y in which the first and
second partial derivatives are continuous in the corresponding direction across each grid point.

Thefirst step in two-dimensiona spline interpolation is exactly the same as that in the one-
dimensional case: specify the points through which the surface is to pass. The procedure,
however, is more complicated because you now have to specify agrid of points.

To perform two-dimensional spline interpolation, follow these steps:
1. Create Mxy.
2. CreateMz.

3. Generate the vector vs:=Ispline(M xy, M z) . The vector vsisavector of intermediate
results designed to be used with interp.
To evaluate the cubic spline at an arbitrary point, say (x0, y0) , evaluate

interp(vs, Mxy, Mz, {XSB , where vs, Mxy, and Mz are as described earlier.
y

The result is the value of the interpolating surface corresponding to the arbitrary point
(x0, y0) . You could have accomplished exactly the same task by evaluating:

interp[lspl ine(Mxy, Mz), Mxy, Mz, {Xg}] .
Y!

Asapractical matter though, you'll probably be evaluating interp for many different points. The
call toIspline can be time-consuming, and the result won't change from one point to the next, so
do it just once and store the outcome in the vs array.
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In addition to Ispline, Mathcad comes with two other cubic spline functions for the two-
dimensional case: pspline and cspline. The pspline function generates a spline curve that
approachesasecond degreepolynomial inxandy along theedges. Thecspline function generates
aspline curve that approaches a third degree polynomial in x and y along the edges.

Algorithm Tridiagonal system solving (Presset al., 1992; Lorczak)
lu Vector and Matrix
Syntax lu(M)

Description Returnsan n x (3 - n) matrix whose first n columns contain an n x n permutation matrix P,
whose next n columns contain an n x n lower triangular matrix L, and whose remaining n
columns contain an n x n upper triangular matrix U. These matrices satisfy the equation
P-M=1L-U.

Arguments

M real or complex n x n matrix
Comments Thisis known asthe LU decomposition (or factorization) of the matrix M, permuted by P.
Algorithm Crout’s method with partial pivoting (Press et al., 1992; Golub and Van Loan, 1989)
match Vector and Matrix
Syntax match(z A)

Description Looksinavector or matrix, A, for agivenvalue, z, and returnstheindex (indices) of itspositions
in A. When multiplevaluesarereturned, they appear in anested array in row-wise order, starting
with the top left corner of A and sweeping to the right.

Arguments

z real or complex humber, or string
A real, complex or string m x n matrix or vector
Comments The degree of precision to which the comparison adheresis determined by the TOL setting of
the workshest.
See Also lookup, hlookup, vlookup
matrix Vector and Matrix
Syntax matrix(m, n, f)

Description Creates amatrix in which theijth element is the value f(i, j), wherei = 0,1, ..., m—1 and
j=01..,n-1.

Arguments

m, n integers

f

scalar-valued function
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Vector and Matrix

max
Syntax max(A)
Description Returnsthe largest element in A. If A is complex, returns max(Re(A)) + i max(Im(A)).
Arguments
A real or complexm x n matrix or vector, or string
Comments max(A, B, C, ...) isalso permissible and returns the largest elementin A, B, C, ....
See also min
Maximize Solving
Syntax Maximize(f, varl, var2,...)

Description Returns values of varl, var2,... which solve a prescribed system of equations, subject to
prescribed inequalities, and which make the function f take on its largest value. The number of
arguments matches the number of unknowns, plus one. Output isa scalar if only one unknown;
otherwiseit is a vector of answers.

Arguments

f real-valued objective function
varl, var2, ... real or complex variables; varl, var2, ... must be assigned guess values before using Maximize
Examples
flx) =3x +2:x objective function
11 2000
M=l 3 1 v = | 3000 constraint coefficients
10 1 1000 3000l:lJnstraint Set I?Iuoundary
®:=0 initialization 2000 - t
Given fast component ofx) 3000 - 34
2000 —
. 1000 4 10-¢
M-x=v finear .
programming
%20 solve block
- 1000 ! !
o 200 400 B00
Maximize(f x1 = | 220 ) !
aximize(f, ) = 1500 solution
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Comments

2,y =2+28+2y-8 -y N =10 i=0,1.2N j=0,1.2N

Constraint Set Boundary
10 T

Given

%20 y=0 ys9-x
{one maximum point
1 } within the interior of

Maximize(f, x,y) = [1 the triangle)

There are five steps to solving a maximization problem:
1. Definethe objective function f.

2. Provideaninitial guessfor al the unknowns you intend to solve for. This gives Mathcad a
place to start searching for solutions.

3. Typetheword given. Thistells Mathcad that what followsis a system of equality or
inequality constraints. Y ou cantypegiven or Given in any style. Just be sure you don't type
it whilein atext region.

4. Now type the equations and inequalities in any order below the word given. Use [Ctr1]=
to type“=."

5. Finaly, type the Maximize function with f and your list of unknowns. Y ou can’t put
numerical valuesin the list of unknowns; for example, Maximize(f, 2) isn’'t permitted. Like
given, you can type maximize or Maximize in any style.

The Maximize function returns values as follows:

¢ If thereisone unknown, Maximize returns a scalar value that optimizesf.

¢ If there is more than one unknown, Maximize returns a vector of answers; for example,
Maximize(f, var1, var2) returns avector containing values of var1 and var2 that satisfy the
constraints and optimize f.

The word Given, the equations and inequalities that follow, and the Maximize function form a

solve block.

By default, Mathcad examines your objective function and the constraints, and solves using an
appropriate method. If you want to try different algorithms for testing and comparison, you can
choose optionsfrom the popup menu associated with Maximize (avail ableviaright mouseclick),
which include:
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¢ AutoSel ect—chooses an appropriate algorithm for you

¢ Linear option—indicates that the problem is linear (and thus applies linear programming
methods to the problem) — guess valuesfor varl, var2,... areimmaterial (can all be zero)

* Nonlinear option—indicates that the problem is nonlinear (and thus applies these general
methods to the problem: the conjugate gradient solver; if that fails to converge, the quasi-
Newton solver)—guess values for varl, var2,... greatly affect the solution

¢ Quadratic option—indicates that the problem is quadratic (and thus applies quadratic
programming methods to the problem)—qguess values for varl, var2,... areimmateria (can
all be zero)

¢ Advanced options—applies only to the nonlinear conjugate gradient and the quasi-Newton
solvers

These options providemore control for youtotry different algorithmsfor testing and comparison.

Y ou may al so adjust thevaluesof thebuilt-in variablesCTOL and TOL . Theconstraint tolerance

CTOL controlshow closely aconstraint must bemet for asolutionto beacceptable, e.g., if CTOL

were0.001, then aconstraint such asx < 2would be considered satisfied if thevalue of x satisfied

X < 2.001. This can be defined or changed in the same way as the convergence tolerance TOL,

which is discussed further in connection with the Find function. Since Maximize can be used

without constraints, the value of CTOL will sometimes be irrelevant. Its default valueis 1073,

For an unconstrained maximization problem, the word Given and constraints are unnecessary.

Algorithm For the non-linear case: quasi-Newton, conjugate gradient
For the linear case: simplex method with branch/bound techniques (Press et al., 1992; Polak,
1997; Winston, 1994)
See also Find for more details about solve blocks; Minerr, Minimize
mean Statistics
Syntax mean(A) m-1n—1
. . . ] _ 1
Description Returns the arithmetic mean of the elements of A: mean(A) = mn Z Z Ai,j .
Arguments i=0j=0
A real or complexm x n matrix or vector
Comments mean(A, B, C, ...) isalso permissible and returns the arithmetic mean of the elements of
A,B,C, ...
See also gmean, hmean, median, mode
medfit Curve Fitting and Smoothing
Syntax medfit(vX, vy)
Description Returns a vector containing the y-intercept and the slope of the median-median regression line.
Arguments
VX, VY real vectors of the same size
Comments medfit provides alinear fit which is more robust (less sensitive to data outliers) than line. The
datais divided into three sets, the median of the first and last subsets are calculated, and the
intercept and slope of the line connecting those two medians comprises the fit.
See Also line, linfit, genfit, expfit, logdfit, Infit, pwrfit, Igsfit, sinfit
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median Statistics
Syntax median(A)

Description Returns the median of the elements of A. The median isthe value above and below which there
are an equal number of values. If A has an even number of elements, median is the arithmetic
mean of the two central values.

Arguments

A real mx n matrix or vector
Comments median(A, B, C, ...) isaso permissible and returns the median of the elementsof A, B, C, ....
See also gmean, mean, median, mode
medsmooth Curve Fitting and Smoothing
Syntax medsmooth(Vvy, n)
Description Creates a new vector, of the same size as vy, by smoothing vy with running medians.
Arguments
vy real vector
n odd integer, n > 0, the size of smoothing window
Example
¥ = stack( P, Q) <-- raw data 0.41 a.67
0.53 4.96
i=0.43 ch =13 +i <. corresponding channel 0.99 433
number {or x value) 0.79 478
0.99 5.07
ys .= medsmooth(y,7) <- smoothed data 1.14 14
1.54 4.28
1.59 3.79
2.19 3.85
2.1 3.19
i 2.1 2.92
% P= Q=
o000 2.7 2.7
i i 2.98 2.74
431 2.1
3.55 1.88
=10
3.89 1.39
2o Data points 459 1.07
Smoothed data 14 1.22
4.69 0.89
4.88 0.79
4.79 0.89
4.25 0.53
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Comments

Algorithm

See also

Smoothing involvestaking aset of y (and possibly x) values and returning a new set of y values
that issmoother thanthe original set. Unliketheinterpolation functionsispline, pspline, cspline
or bspline or regression functionsregress or loess, smoothing resultsin anew set of y values,
not afunction that can be evaluated between the data points you specify. If you areinterested in
y values between the y values you specify, use an interpolation or regression function.
Whenever you use vectorsin any of the functions described in this section, be sure that every
element in the vector contains adatavalue. Because every element in avector must haveavalue,
Mathcad assigns 0 to any elements you have not explicitly assigned.

The medsmooth function is the most robust of Mathcad’ s three smoothing functions because
itisleast likely to be affected by spurious data points. This function uses a running median
smoother, computes the residual's, smooths the residual s the same way, and adds these two
smoothed vectors together.

medsmooth performs these steps:

1. Findsthe running medians of the input vector vy. We'll cal this vy’ . Theith element is
givenby: vy'; = median(vyi_(n_l/z), s VY, ...,vyi+(n_1/2)).

2. Bvauatestheresiduals: vr = vy —vy'.

3. Smooths the residual vector, vr, using the same procedure described in step 1, to create a
smoothed residual vector, vr'.

4. Returnsthe sum of these two smoothed vectors. medsmooth(vy, n) = vy’ +vr’.

medsmooth will leave thefirst and last(n—1)/2 points unchanged. In practice, the length of
the smoothing window, n, should be small compared to the length of the data set.

Moving window median method (L orczak)

ksmooth and supsmooth

mhyper
Syntax

Description

Arguments
a, b, x

Comments

Algorithm

Special
mhyper(a, b, X)

Returns the value of the confluent hypergeometric function, ;F;(a;b;x) or M(a;b;x) .

real numbers

The confluent hypergeometric function is a solution of the differential equation:
2
X- (;lzy+ (b=x)- d—d)—(y—a~ y= 0 and is also known as the Kummer function.
X
Many functions are special cases of this, e.g., elementary oneslike
exp(x) = mhyper(1, 1, x) exp(x) - sinh(x) = x- mhyper(1,2,2-Xx)
and more complicated ones like Hermite functions.

Series expansion, asymptotic approximations (Abramowitz and Stegun, 1972)
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min Vector and Matrix
Syntax min(A)
Description Returns the smallest element in A. If A iscomplex, returns min(Re(A)) + i min(Im(A)).
Arguments
A real or complexm x n matrix or vector, or string
Comments min(A, B, C, ...) isalso permissible and returns the smallest elementin A, B, C, ....
See also max
Minerr Solving
Syntax Minerr(varl, var2,...)
Description Returnsvalues of var1, var2, ... which come closest to solving a prescribed system of equations,
subject to prescribed inequalities. The number of arguments matches the number of unknowns.
Output isascaar if only one argument; otherwise it is avector of answers.
Arguments
varl, var2, ... real or complex variables; varl, var2, ... must be assigned guess values before using Minerr
Example
n = length{y) - 1 32 A
322 258
Fix,a,8) = r.x-B-xp '1-exp (—a-xp) Fitting function F 511 543
an 506
i=1.n SSE(a,B) = ) (¥ - F(x.x.8)) 891 606
i 1.081 £22
®= ¥=
o = 0.8 B=1 = Initial guess for parameters 127 -369
1.46 453
Given SSE(e.8)=0 1.65 438
a 1.839 316
= Minerr{ &, 8) a = 0.4507 B8 =1979 2.029 29
2.219 195
z:=0,01.4
%y data and best Weibull fit
SSE(a.8] _ o0z T T T
— =
F(z,x ,B)
Mean squared error ¥, a5 = a
(this would be zero R
if a true solution
existed)
0 1 1
o 1 2 3 &
Comments The Minerr functionisvery similar to Find and uses exactly the same algorithm. The difference

isthat even if asystem has no solutions, Minerr will attempt to find values which come closest
to solving the system. The Find function, on the other hand, will return an error message
indicating that it could not find a solution. Y ou use Minerr exactly the way you use Find.

Like Find, typethe Minerr function with your list of unknowns. Y ou can’t put numerical values
in the list of unknowns; e.g., in the example above, Minerr(0.8, 1) isn't permitted. Like Find,
you can type Minerr or minerr in any style.
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Minerr usually returns an answer that minimizesthe errorsin the constraints. However, Minerr
cannot verify that its answers represent an absolute minimum for the errorsin the constraints.

If you use Minerr in a solve block, you should always include additional checks on the
reasonabl eness of the results. The built-in variable ERR givesthe size of the error vector for the
approximate solution returned by Minerr. Thereis no built-in variable for determining the size
of the error for individual solutions to the unknowns.

Minerr isparticularly useful for solving certain nonlinear | east-squares problems. Intheexample,
Minerr is used to obtain the unknown parametersin aWeibull distribution. The function genfit
isalso useful for solving nonlinear |east-squares problems.

The popup menu (available viaright mouse click) associated with Minerr contains options that
are further described in the entry on the Maximize function, aswell as the built-in variables
CTOL and TOL.

Algorithm Levenberg-Marquardt, quasi-Newton, conjugate gradient
See also Find for more details about solve blocks; Maximize, Minimize
Minimize Solving
Syntax Minimize(f, varl, var2,...)

Description Returns values of varl, var2,... which solve a prescribed system of equations, subject to
prescribed inequalities, and which make the function f take on its smallest value. The number
of arguments matchesthe number of unknowns, plusone. Outputisascalar if only oneunknown;
otherwise it is avector of answers.

Arguments

f real-valued function
varl, var2, ... real or complex variables; varl, var2, ... must be assigned guess values before using Minimize.
Examples
fi=) = 3"‘0 + 1I]-:n:1 + ?-x2 + ﬁ-:n:3 + 11-:::‘1 + 9-x5 objective function
12 9 25 20 17 13 60
M:=|35 42 18 31 56 49 v = | 150 constraint coefficients
37 53 28 24 29 20 125
%= 100 initialization
fast component ofx)
Given
Mxzv . .
linear programming
x=1 solve block
x =0
1
0.623
o _|0343
Minimize(f, z) = 1 solution
0.048
1
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2,y =2+28+2y-8 -y N =10 i=0,1.2N j=0,1.2N

M..::f(ﬂ—g,ﬂ—g) ®x:=0.9 y=0.9
i N N

Objective Function Plot

Constraint Set Boundary
T T

{
I_: 9-=x

s o 5 10
\‘«. x,0,x
®x=4 y=5
M
Given
%20 y=0 ys9-x
0 " . .
Minimize(f, x,y) = (first minimum point on the
9 uppermost triangle vertex)
®x:=5 yi=4
Given
%20 y=0 ys9-x
Minimize(f, x,y) = 9 {second minimum point on the
o 0 rightmost triangle vertex)

Comment For information about the Minimize function, see the entry on the Maximize function.
See also Find for more detail s about solve blocks; Maximize, Minerr
mirr Finance
Syntax mirr(v, fin_rate, rein_rate)

Description Returnsthemodifiedinternal rate of returnfor aseriesof cash flowsoccurring at regular intervals,
v, given afinance rate payable on the cash flows you borrow, fin_rate, and areinvestment rate
earned on the cash flows as you reinvest them, rein_rate.

Arguments

% real vector of cash flows
fin_rate real finance rate
rein_rate real reinvestment rate

Comments In v, payments must be entered as negative numbers and income must be entered as positive
numbers. There must be at least one positive value and one negative value inv.

See also irr
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mod Number Theory/Combinatorics
Syntax mod(n, K)
Description Returns the remainder of n when divided by k. The result has the same sign asn.
Arguments
n, k integers, k=0
mode Statistics
Syntax mode(A)
Description Returns the value in A that occurs most often.
Arguments
A real or complex mx n matrix or vector
Comments mode(A, B, C, ...) isalso permissibleand returnsthevaluein A, B, C, ... that occurs most often.
See also gmean, hmean, mean, median
multigrid Differential Equation Solving
Syntax multigrid(M, ncycle)

Description Solvesthe Poisson partial differential equation over aplanar squareregion. The n x n matrix M
gives source function values, where n—1 isapower of 2 and zero boundary conditions on all
four edges are assumed. multigrid uses a different algorithm and is faster than relax, which is
more general.

Arguments

M (1+2%) x (1 + 2K) real square matrix containing the source term at each point in the region in
which the solution is sought (for example, the right-hand side of equation below)
ncycle positive integer specifying number of cycles at each level of the multigrid iteration; avalue of
2 generally gives a good approximation of the solution
Example

R = 32 MHH::l] MFI
n

8 = multigrid( M. 2)
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Comments Two partia differential equationsthat arise oftenintheanalysisof physical systemsare Poisson's
equation:
2 2
ou, ou _ o(x, y) and its homogeneous form, Laplace's equation.
2 2
Ox4 oy
Mathcad hastwo functionsfor solving these equations over asguare region, assuming the values
taken by the unknown function u(x, y) on al four sides of the boundary are known. The most
general solver isthe relax function. In the special case where u(x, y) is known to be zero on all
four sides of the boundary, you can usethe multigrid function instead. Thisfunction often solves
the problem faster than relax. If the boundary condition is the same on all four sides, you can
simply transform the equation to an equivalent one in which the valueis zero on al four sides.
The multigrid function returns a square matrix in which:
« aneement'slocation in the matrix corresponds to itslocation within the square region, and
« itsvalue approximates the value of the solution at that point.
Algorithm Full multigrid algorithm (Press et al., 1992)
See also relax
nom Finance
Syntax nom(rate, nper)
Description Returnsthe nominal interest rate given the effective annual interest rate, rate, and the number of
compounding periods per year, nper.
Arguments
rate red rate, rate > -1
nper real number of compounding periods, nper > 1
Comments Effective annual interest rate is also known as annual percentage rate (APR).
See also eff
norml Vector and Matrix
Syntax norm1(M)
Description Returnsthe L; norm of the matrix M.
Arguments
M real or complex square matrix
norm?2 Vector and Matrix
Syntax norm2(M)
Description Returnsthe L, norm of the matrix M.
Arguments
M real or complex square matrix
Algorithm Singular value computation (Wilkinson and Reinsch, 1971)
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norme Vector and Matrix
Syntax norme(M)
Description Returns the Euclidean norm of the matrix M.
Arguments
M real or complex square matrix
normi Vector and Matrix
Syntax normi(M)
Description Returns the infinity norm of the matrix M.
Arguments
M real or complex square matrix
nper Finance
Syntax  nper(rate, pmt, pv, [[fV], [type]])
Description Returnsthe number of compounding periodsfor aninvestment or |oan based on periodi ¢, constant
payments, pmt, using afixed interest rate, rate, and a specified present value, pv.
Arguments
rate rea rate
pmt real payment
pv real present value
fv (optional) real future value, default isfv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype =0
Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.
Payments you make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers. Specific to nper, if pmt > 0, rate and pv must be opposite signs.
See also cnper, fv, pmt, pv, rate
npv Finance
Syntax npv(rate, v)
Description Returns the net present value of an investment given a discount rate, rate, and a series of cash
flows occurring at regular intervals, v.
Arguments
rate rea rate
v real vector of cash flows
Comments npv assumes that the payment is made as the end of the period.
In v, payments must be entered as negative numbers and income must be entered as positive
numbers.
The npv investment begins one period before the date of the first cash flow and ends with the
last cash flow in the vector. If your first cash flow occurs at the beginning of thefirst period, the
first value must be added to the npv result, not included in the vector of cash flows.
See also irr, pv
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num?2str String
Syntax numz2str(2)
Description Returns the string whose characters correspond to the decimal value of z.
Arguments
z real or complex number
See also str2num
numol Differential Equation Solving
Syntax numol(X_endpts, xpts, t_endpts, tpts, num_pde, num_pae, pfunc, pinit_func,
bc func)
Description Solves aone-dimensional partial differential equation (PDE) or system of PDEs using the
numerical method of lines at equally spaced x and t values.
Arguments
x_endpts real column vector (x1 x2) giving the endpoints of the integration interval in x.
Xpts integer xpts > 0 specifies the number of points between x_endpts at which the solution isto be
approximated; controls the number of rows in the matrix output
t_endpts real column vector (t1 t2) giving the endpoints of the integration interval in t.
tpts integer tpts > 0 specifies the number of points between t_endpts at which the solution isto be
approximated; controls the number of columnsin the matrix output
num_pde integer > 0 specifies the number of first-order, one-dimensional partial differential equationsto
solve
num_pae integer > 0 specifies the number of one-dimensional partial algebraic equations to solve
pfunc real vector-valued function containing the right-hand-sides (rhs) of the PDEs and PAEs
« For single PDE, the vector degeneratesto a scalar function
rhs(x, t, u, ux, uxx) = au+ bux + cuxx
« For asystem of PDEs, the vector contains the rhs of each PDE and PAE, cast in terms of
unknown solution vectorsu, uy, and uy, (notethe combination of literal and vector subscripts
used here):
Aug + B-u,,=1
Cup + Dugy
1]
rhs[x,t,u,ux,uxx] =
Huy+ ¥u
n xxn
pinit_func real vector-valued function containing the initial condition functions of the PDEs

» For single PDE, the vector degenerates to ascaar function, pinit(x) = y(x)
* For asystem of PDEs, the vector containsinitial value functions for each equation, interms
of x.
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bc_func

Comments

Algorithm

See also

num_pde x 3 matrix of boundary condition functions. If the PDE for arow contains 2nd-order
spatial derivatives, specify the row

e (left_cond(t) right_cond(t) "D") (for Dirichlet), or

e (left_cond(t) right_cond(t) "N") (for Neumann).

If the PDE containsonly first order spatial derivatives, use“NA” for either theright or
left boundary condition. If no spatial derivatives are present, use “NA” for both BCs
(the row will be ignored).

numol can be used to solve one-dimensional hyperbolic and parabolic partial differential
equations, or systemsof such equations. Theleft hand sideisassumed to containfirst order partial
derivatives of time only. For amore compl ete discussion and examples, see Chapter 9, “ Solving
and Data Analysis.”

For asingle PDE , the output of numol is axpts by tpts matrix in which each column contains
the solution to the PDE at xpts for asingle point in time. For a system of PDEs, numol returns
an xpts by tpts* (num_pde+num_pae) matrix, placing each subsequent solution u,, side-
by-side. Thefunction numol the numerical method of lines, which allowsit to solve hyperbolic
and parabolic PDEs.

Numerical Method of Lines (Schittkowski, 2002)

Mathcad QuickSheets and Differential Equations tutorial; also Pdesolve, for a solve block
approach.

Odesolve

Differential Equation Solving

Case of a Single Differential Equation

Syntax

Description

Arguments
X
b

nstep

Odesolve(x, b, [nstep])

Solves asingle ordinary differential equation, subject to either initial value or boundary value
constraints. The DE must be linear in the highest order derivative term, and the number of
conditions must be equal to the order of the DE. The output isafunction of x, interpolated from
atable of values computed by fixed step, adaptive or stiff DE solvers.

variable of integration, real
terminal point of integration interval, real
(optional) integer number of steps, nstep > 0
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Example

Comments

Given

100 -y (x) + 10 - y*(x) + 101 - y(x) = 50 - cnse : )

¥ =0
¥ = Odesobve (x, 150)

¥i0=1

2 T T

¥ix) U i

Given

4. izf(t) +f{t) =t £(0) = 4 £i5) = 135
df

f:= Odesohe(t.5)

30 T T T T

20
fit)

10

There are three steps to solving a DE using Odesolve:

1

Typetheword Given. Thistells Mathcad that what followsisaDE, along with initial value
or boundary value constraints. Y ou can type Given or given in any style. Just don't type it
whilein atext region.

Typethe DE and constraintsin any order below the word Given. Use [Ctr1]=totype“=
and [Ctr1]F7 totypeaprime . The DE can be written using the derivative operators d/dx,
d/dx?, d/dx3, ... or using prime notation y* (x), y** (X), ¥ *“ (X), .... Note that the independent
variable x must be explicitly indicated throughout. A typical initial value constraint might
be y(a)=c or y* (a)=d; Mathcad does not allow more complicated constraints like

y(@+y (a)=e.

Finaly, type the Odesolve function. You can't put anumerica value in place of x: for
example, Odesolve(2, 150) in the Example isn't permitted. Like given, you can type
Odesolve or odesolve in any style.

The word Given, the equations that follow, and the Odesolve function form asolve block. This
is similar to the solve block described with the Find function, except here no guess values are
needed.

The following types of expressions and restrictions apply:

Lower-order derivative terms can appear nonlinearly in the DE (e.g., they can be multiplied
together or raised to powers), but the highest-order derivative term must appear linearly. |
Inequality constraints are not allowed.

There must be n independent equality constraints for an nth order DE. For an initial value
problem, thevaluesfor y(x) anditsfirst n—1 derivativesat asingleinitial point aarerequired.
For aboundary value problem, the n equality constraints should prescribe valuesfor y(x) and
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certain derivatives at exactly two pointsa and b. Mathcad will check for the correct type and
number of conditions. Constraints on derivatives must be specified with prime [Ctrl-F7]
notation.

e Algebraic constraints are allowed, e.g. y(x) + z(x) = a.

For initial valueproblems, thedefault routineemployed by Odesolve isrkfixed. Fixed, adaptive,

and stiff methods are available on the right click menu.

Internally, the output of each of these DE solversisatable of values, which Mathcad interpol ates
using Ispline followed by interp. Notein the Example that, although y and f are defined to be
output of Odesolve (no independent variableisindicated), y(x) and f(t) are functions which can
be plotted, etc., like any other function.

The default value for nsteps isten times the length of theinterval [a, b] (truncated to an integer).

Case of a System of Differential Equations

Syntax

Description

Arguments
vf

nstep

Odesolve(Vf, X, b, [nstep])

Solves a system of ordinary differential equations, subject to initial value constraints (boundary
values not alowed for systems). The DEs must each be linear in their highest order derivative
terms, and the number of conditions must beequal to the sum of the orders of the DEs. The output
isavector of functions of x, interpolated from atable of values computed via either fixed step,
adaptive or stiff DE solvers.

explicit vector of function names (with no variable names included) precisely as named in the
solve block, real

variable of integration, real

terminal point of integration interval, real

(optional) integer number of steps, nstep > 0

Thefirst argument vf is optional in the event of single ordinary differential equation (since
ordering of thefunction solutionsisanissueonly if the numbers of DEsexceeds 1). For example,

if theunknown functionsaref, g, and h (asnamed in the solve block), then vf should be explicitly
given in the Odesolve call as the column vector:

f f(x)
g| . Only the function names should appear; do not give the vector as| 9(X)| .
h h(x)

Array subscripts may not be used when naming functions, but literal subscripts are fine. The
comments for the single ODE case apply in the multiple ODEs case as well, suitably extended.

Odesolve can also solvedifferential algebraic equations (DAES), for example, systemsof ODES
involving unknown functions f, g, and h with the additional algebraic constraint that
f(x)2+g(x)>=h(x) for all x.
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Example
Given
z'(x) = wix) Z(X) + wi(x) =0 =1 wil) =-1
() w2} =
= Odesolve Jx, 4
w w
1 T T T
x) \
I
a1 T 1 1 1
I} 1 2 3 4
See also rkfixed, Rkadapt, Radau, sbval, Ispline, interp
pbeta Probability Distribution
Syntax pbeta(x, sl, s2)
Description Returns the cumulative beta distribution with shape parameters s1 and s2.
Arguments
X real number, 0<x<1
SL S real shape parameters, s; >0, s, >0
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
pbinom Probability Distribution
Syntax pbinom(k, n, p)
Description Returns Pr(X < k) when the random variable X has the binomial distribution with parametersn
and p.
Arguments
k,n integers, 0<k<n
p real numbers, 0<p<1
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
pcauchy Probability Distribution
Syntax pcauchy(x, |, s)
Description Returns the cumulative Cauchy distribution.
Arguments
X real number
I real location parameter
s real scale parameter, s> 0



Functions / 331

pchisq Probability Distribution
Syntax pchisq(x, d)
Description Returns the cumulative chi-squared distribution.

Arguments
X real number, x>0
d integer degrees of freedom, d >0

Algorithm Continued fraction and asymptotic expansions (Abramowitz and Stegun, 1972)
Pdesolve Differential Equation Solving

Case of a Single Partial Differential Equation

Syntax

Description

Arguments
u
X

xrange

t

trange

xstep, tstep

Pdesolve(u, X, Xrange, t, trange, [xstep, tstep])

Solvesasingle 1-D hyperbolic or parabolic partial differential equation, or system of equations,
subject to initial value and either Dirichlet or Neumann boundary value constraints. The PDE
must be linear in the highest order derivative term, and the number of conditions must be equal
to the order of the PDE. The output is afunction of x and t, interpolated from atable of values
computed by the method of lines.

function of x and t, as specified in the PDE solve block
spatial variable of integration, real

Lstart| two-element, real-valued column vector specifying the endpoints of the spatial
Lend integration range.
temporal variable of integration, rea
Tstart] two-element, real-valued column vector specifying the endpoints of the temporal
Tend integration range.

(optional) integer number of steps over each integration range, greater than 0.
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Example
Given Initial condition:
1 1 1
up(s,t) = e [P o 5 I EIRS] uix,0) = sin[n- E] + 5 sin[S-n- E]
Dirichlet bondary conditions:
u(0,th=0 ulL,ty=0
u] u]
U= pdesolve[u,x,( ] ,t,( ] ,50,30:|
L T
This creates a function u that can
now be evaluated at any value of » u(.1,.2)=0.08
and t in the specifed ranges.
#w=0,2.L t0=1.8 Try changing the value of t0.
Compare the exact solution with the numerical solver,
1 T T
ulx, td)
ot 7
oo
u]
b
Using PDESolve for the 1-D heat equation with convection.
Comments There are three steps to solving a PDE using Pdesolve:

1

Typetheword Given. Thistells Mathcad that what followsisaDE solve block, along with
initial value or boundary value constraints. Y ou must type Given asamath region, not atext
region.

Type the PDE and constraints in any order below the word Given. Use the bold/symbolic
equal sign [Ctr 1] = for equality. Use subscript notation to indicate the partial derivativein
either x or t, and explicitly specify the independent variables throughout, that is, use y(x,t)
or Yy (X,t), Not just y or y,,.. Eeither Dirichlet (y(O,t) = a) or Neumann (y,(0,t) = &) boundary
conditionsare accepted. Mathcad al so allows algebraic constraints, such asy(xt) + z(x,t) = 2.

Finally, type the Pdesolve function. The two-element column vectors xrange and trange,
rangesover x andt, respectively, must agree with values assigned in the boundary conditions.

The word Given, the equations that follow, and the Odesolve function form asolve block. The
following types of expressions and restrictions apply:

Lower-order derivative terms can appear nonlinearly in the DE (e.g., they can be multiplied
together or raised to powers), but the highest-order derivative term must appear linearly. |
Inequality constraints are not allowed.

There must be n independent boundary conditions, either Dirichlet or Neumann, for an nth
order PDE, and there must alwaysbe an initial value valuefor u(x,t). Mathcad will check for
the correct type and number of conditions. Constraints on derivatives must be specified with
prime [Ctrl-F7] notation.

Algebraic constraints are allowed, e.g. y(x,t) + z(x,t) = f(xt).

Internally, the output of each of pdesolve isatable of values, which Mathcad interpolates using
Ispline followed by interp. Note in the Example that, although u is defined to be the output of
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the call to Pdesolve (no independent variable isindicated), u(x, t) is afunction which can be
plotted, etc., like any other function.

In the case of asystem of PDES, the first argument of Pdesolve, u, isnow avector of functions
used within the solve block, and will specify order of output, that is

u u(x)

V| . Only the function names should appear; do not give the vector as:| V(X) | .
W W(X)

Array subscriptsmay not be used when naming functions, but literal subscriptsarefine. Pdesolve
can solve partial differential algebraic equations (DAES), for example, systems of PDES
involving unknown functions u, v, and h with the additional algebraic constraint that
u(xt)%+v(x,t)>=h(x) for al x.

Mathcad uses the numerical method of linesto compute PDEs. This method allows the solution
of parabolic (heat), hyperbolic (wave), and mixed parabolic-hyperbolic equations. It does not
accommodate elliptic equations, such as Poisson’ s equation. To solve other types of PDEs, try
the relax function (page 356) and multigrid function (page 323).

See also numol, relax, multigrid
permut Number Theory/Combinatorics
Syntax permut(n, k)
Description Returns the number of ways of ordering n distinct objects taken k at atime.
Arguments
n, k integers, 0<k<n
Comments Each such ordered arrangement is known as a permutation. The number of permutationsis
n I
P~ o = k!
See also combin
pexp Probability Distribution
Syntax pexp(X, )
Description Returns the cumulative exponential distribution.
Arguments
X real number,x > 0
r real rate,r >0
pF Probability Distribution
Syntax pF(X, d1, d2)
Description Returns the cumulative F distribution.
Arguments
X real number, x>0
di,d,  integer degreesof freedom, d; >0,d, >0
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
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pgamma Probability Distribution
Syntax pgamma(x, s)
Description Returns the cumulative gamma distribution.
Arguments
X real number, x>0
S real shape parameter,s> 0
Algorithm Continued fraction and asymptotic expansion (Abramowitz and Stegun, 1972)
pgeom Probability Distribution
Syntax pgeom(k, p)
Description Returns Pr(X < k) when the random variable X has the geometric distribution with parameter p.
Arguments
k integer, k>0
p real number,0<p<1
phypergeom Probability Distribution
Syntax phypergeom(m, a, b, n)
Description Returns Pr(X < m) when the random variable X has the hypergeometric distribution with
parameters a, b and n.
Arguments
m, a, b, n integers 0<m<a, 0<n-m<b,0<n<a+b
plnorm Probability Distribution
Syntax plnorm(X, W, ©)
Description Returns the cumulative lognormal distribution.
Arguments
real number, x>0
p  rea logmean
e real logdeviation,c > 0
plogis Probability Distribution
Syntax plogis(x, |, 9
Description Returns the cumulative logistic distribution.
Arguments
X real number
I real location parameter
S real scale parameter,s> 0
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pmt Finance
Syntax  pmt(rate, nper, pv, [[V], [type]])

Description Returnsthe payment for an investment or |oan based on periodic, constant paymentsover agiven
number of compounding periods, nper, using afixed interest rate, rate, and a specified present
value, pv.

Arguments

rate rea rate
nper integer number of compounding periods, nper > 1
pv real present value
fv (optional) real future value, default isfv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype =0

Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as

rate = ann_rate/nper.
Payments you make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.
See also cumint, cumprn, fv, ipmt, nper, ppmt, pv, rate
pnbinom Probability Distribution
Syntax pnbinom(k, n, p)
Description Returns the cumulative negative binomial distribution with parameters n and p.
Arguments
k, n integers,n>0 and k>0
p real number, O<p<1
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
pnorm Probability Distribution
Syntax pnorm(X, W, ©)
Description Returns the cumulative normal distribution.
Arguments
X real number
i real mean
c real standard deviation,c > 0
Polyhedron Vector and Matrix
Syntax Polyhedron(S)
Description Generates the uniform polyhedron whose name, number code, or Wythoff symbol isS.
Arguments
S string expression containing the name of a polyhedron, its number code, or its Wythoff symbol
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Example

Polyhedron( 49" ) Polyhedron( “cube™ )
“tetrahemihexahedron” ‘cube
[PolyLookup( 9) = | “teirahemihexacron” PolyLookup( 111 = | “octahedron™
"3/232" "3[2 4"

Comments The uniform polyhedron are regular polyhedra whose vertices are congruent. The Polyhedron
function can construct 80 examples of these, and is used with the 3D surface plot tool as
illustrated. Its argument is either a name (“cube”), the # symbol followed by a number (“#6"),
or a Wythoff symbol (“3|2 4”). To look up these items use PolyLookup.

To graph auniform polyhedron:

1. Click in ablank spot of your worksheet. Choose
Graph=-Surface Plot from the I nsert menu.

2. Inthe placeholder, enter the Polyhedron function
with an appropriate string argument.

3. Click outside the plot or press [Enter].

Polyhedron( "tetrahedron™ )

PolyLookup Vector and Matrix
Syntax PolyLookup(n)

Description Returnsavector containing the name, thedual name, and the Wythoff symbol for the polyhedron
indicated by n.

Arguments
n integer, isthe code for a polyhedron; alternatively, a string expression containing the

polyhedron’s number code, name, or Wythoff symbol

See also Polyhedron for example
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polyroots Solving
Syntax polyroots(V)
Description Returns the roots of an nth degree polynomial whose coefficients are in v. Output is a vector of
length n.
Arguments
v real or complex vector of length n+ 1
Example
X3 - 10 x + 2 <— Polynomial
2
-10 <— A wvector of the coefficients. begin
¥ o= with the constant term. Be sure to
0 include all coefficients, even if
1 they are zero.
-3.2b8
<— Returns all roots at once.
polyroots{ v) = | 0.201
3.067
Comments To find the roots of an expression having the form: an” + ...+ v2x2 +ViX+v,
you can use the polyroots function rather than the root function. Unlike root, polyroots does
not requireaguessvalue. Moreover, polyroots returnsall rootsat once, whether real or complex.
The polyroots function can solve only one polynomial equation in one unknown. See root for
amore general equation solver. To solve several equations simultaneously, use solve blocks
(Find or Minerr). To solve an equation symbolically—that is, to find an exact numerical answer
in terms of elementary functions—choose Solve for Variable from the Symbolics menu or use
the solve keyword.

Algorithm Laguerrewith deflation and polishing (L orczak) i sthedefault method; acompani on matrix-based
method (using Mathcad' s eigenvals function) is available if you right click on the word
polyroots and change the selection on a popup menu.

See also See coeff keyword for away to create the coefficient vector vimmediately, given apolynomial.
pol2xy Vector and Matrix
Syntax pol2xy(r, 0) or pol2xy(Vv)
Description Converts the polar coordinates of a point in 2D space to rectangular coordinates.
Arguments
r,o real numbers
Comments X=rcos(0),y=rsin®), v = @
See also xy2pol
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ppmt Finance
Syntax  ppmt(rate, per, nper, pv, [[fv], [type]])

Description Returns the payment on the principal, of an investment or loan, for agiven period, per, based on
periodic, constant payments over a given number of compounding periods, nper, using a fixed
interest rate, rate, and a specified present value, pv.

Arguments

rate rea rate
per integer period number, per > 1
nper integer number of compounding periods, 1 < per < nper
pv real present value
fv (optional) real future value, default isfv=0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype =0

Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as

rate = ann_rate/nper.
Payments you make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.
See also cumprn, ipmt, pmt
ppois Probability Distribution
Syntax ppois(k, 1)
Description Returns the cumulative Poisson distribution.
Arguments
k integer, k>0
A real mean, A >0
Algorithm Continued fraction and asymptotic expansions (Abramowitz and Stegun, 1972)
predict Interpolation and Prediction
Syntax predict(v, m, n)

Description Returns n predicted val ues based on m consecutive values from the data vector v. Elementsin v
should represent samples taken at equal intervals.

Arguments

v real vector
m, n integers, m>0,n>0
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Example
k . k
k:=0.99 data, = exp|-——|sin|—
100 10
p = predict{ data. 6. 100) i=0.5.99
T T T
05 .
datak o
P, ok xx xxxxxxxx—:
_|]5 — | | -
0 50 100 150
k.i + 100
— existing data values
*  predicted values
Comments Interpolation functions such as cspline, Ispline, or pspline, coupled with interp, alow you to
find data points lying between existing data points. However, you may need to find data points
that lie beyond your existing ones. Mathcad provides the function predict which uses some of
your existing data to predict data points lying beyond existing ones. This function uses alinear
prediction algorithm which is useful when your datais smooth and oscillatory, although not
necessarily periodic. This algorithm can be seen as a kind of extrapolation method but should
not be confused with linear or polynomial extrapolation.
The predict function usesthelast mof theoriginal dataval uesto compute prediction coefficients.
After it has these coefficients, it uses the last m points to predict the coordinates of the (m+1)%
point, in effect creating a moving window that is m points wide.
Algorithm Burg's method (Press et al., 1992)
pspline Interpolation and Prediction
One-dimensional Case
Syntax pspline(VvX, vy)
Description Returnsthe vector of coefficients of acubic splinewith parabolic ends. This vector becomesthe
first argument of the interp function.
Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order

Two-dimensional Case

Syntax

Description

pspline(Mxy, Mz)

Returnsthe vector of coefficients of atwo-dimensional cubic spline, constrained to be parabolic
at region boundaries spanned by Mxy. This vector becomes the first argument of the interp
function.
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Arguments
Mxy N x 2 matrix whose elements, Mxy, 0 and MxyI 1 » Specify the x- and y-coordinates along the
diagonal of arectangular grid. ThIS matrix plays exactly the same role asvx in the one-
dimensional case described earlier. Since these points describe adiagonal, the elementsin each
column of Mxy must be in ascending order (Mxy, k< Mxy- K whenever i <j).
Mz nx n matrix whose ijth element is the z-coordi nar[e correspondmg to the point x = MxyI
andy = M XY; 1- Mz plays exactly the samerole as vy in the one-dimensional case above
Algorithm Tridiagonal system solving (Press et al., 1992; Lorczak)
See also Ispline for more details
pt Probability Distribution
Syntax pt(x, d)
Description Returns the cumulative Student'st distribution.
Arguments
X real number, x>0
d integer degrees of freedom,d > 0
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972).
pun if Probability Distribution
Syntax punif(x, a, b)
Description Returns the cumulative uniform distribution.
Arguments
X real number
a, b real numbers,a<b
pv Finance
Syntax  pv(rate, nper, pmt, [[fV], [type]])

Description Returns the present value of an investment or loan based on periodic, constant payments over a
given number of compounding periods, nper, using afixed interest rate, rate, and a specified
payment, pmt.

Arguments

rate real rate
nper integer number of compounding periods, nper > 1
pmt real payment
fv (optional) real future value, default isfv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype =0

Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.

Payments you make, such asdepositsinto a savings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.

See also fv, nper, pmt, rate
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pweibull Probability Distribution
Syntax pweibull(x, s)
Description Returns the cumulative Weibull distribution.
Arguments
X real number, x>0
S real shape parameter,s> 0
pwrfit Curve Fitting and Smoothing
Syntax pwrfit(vx, vy, vg)
Description Returns a vector containing the parameters (a, b, ¢) that make the function a - xP + ¢ best
approximate the datain vx and vy.
Arguments
VX, VY real vectors of the same size
vg real vector of guessvaluesfor (a, b, )
Comments Thisisaspecial case of thegenfit function. A vector of guessvaluesis needed for initialization.
By decreasing thevalueof the built-in TOL variable, higher accuracy in pwrfit might beachieved.
See Also line, linfit, genfit, expfit, lodfit, Infit, Igsfit, sinfit, medfit
qbeta Probability Distribution
Syntax gbeta(p, sl, s2)
Description Returns the inverse beta distribution with shape parameters s1 and s2.
Arguments
p real number, 0<p<1
SL'S real shape parameters, s, >0, s,>0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)
gbinom Probability Distribution
Syntax gbinom(p, n, Q)
Description Returns the inverse binomial distribution function, that is, the smallest integer k so that
pbinom(k, n, q) > p.
Arguments
n integer,n>0
p. q real numbers, 0<p<1,0<q<1
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the

Algorithm

binomial distribution with parameters n and g. Thisis the meaning of “inverse” binomial
distribution function.

Discrete bisection method (Press et al., 1992)
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gcauchy Probability Distribution
Syntax gcauchy(p, |, s)
Description Returns the inverse Cauchy distribution function.
Arguments
p real number, O<p<1
I real |ocation parameter
s real scale parameter,s> 0
qchisq Probability Distribution
Syntax gchisq(p, d)
Description Returns the inverse chi-squared distribution.
Arguments
p real number, 0<p<1
d integer degrees of freedom,d > 0
Algorithm Root finding (bisection and secant methods) (Presset al., 1992)
Rational function approximations (Abramowitz and Stegun, 1972)
gexp Probability Distribution
Syntax gexp(p, r)
Description Returns the inverse exponential distribution.
Arguments
p real number, 0<p<1
r red rate,;r >0
qF Probability Distribution
Syntax gF(p, d1, d2)
Description Returns the inverse F distribution.
Arguments
p real number, 0<p<1
dq, do integer degrees of freedom, d; > 0,d, >0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)
ggamma Probability Distribution
Syntax ggamma(p, S)
Description Returns the inverse gamma distribution.
Arguments
p real number, 0<p<1
S real shape parameter,s> 0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)

Rational function approximations (Abramowitz and Stegun, 1972)
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ggeom Probability Distribution
Syntax  ggeom(p, O)
Description Returnstheinverse geometric distribution, that is, the smallest integer k so that pgeom(k, q) > p.
Arguments
p.q real numbers, 0<p<1,0<qg<1
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
geometric distribution with parameter g. Thisisthe meaning of “inverse” geometric distribution
function.
ghypergeom Probability Distribution
Syntax ghypergeom(p, &, b, n)
Description Returns the inverse hypergeometric distribution, that is, the smallest integer k so that
phypergeom(k, a, b, n) > p.
Arguments
p real number, 0<p<1
a, b,n integers, 0<a, 0<b,0<n<a+b
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
hypergeometric distribution with parameters a, b and n. Thisis the meaning of “inverse”
hypergeometric distribution function.
Algorithm Discrete bisection method (Press et al., 1992)
glnorm Probability Distribution
Syntax glnorm(p, W, ©)
Description Returns the inverse log normal distribution.
Arguments
p real number; 0<p<1
u logmean
c logdeviation; o >0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)
qlogis Probability Distribution
Syntax glogis(p, I, S)
Description Returns the inverse logistic distribution.
Arguments
p real number, O<p<1
I real location parameter
S real scale parameter,s> 0
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qnbinom Probability Distribution
Syntax gnbinom(p, n, Q)
Description Returnstheinverse negative binomial distribution function, that is, the smallest integer k so that
pnbinom(k, n, g) > p.
Arguments
n integer,n>0
P, q real numbers, 0<p<1,0<qg<1
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
negative binomial distributionwith parametersnand g. Thisisthemeaning of “inverse” negative
binomial distribution function.
Algorithm Discrete bisection method (Press et al., 1992)
gnorm Probability Distribution
Syntax gnorm(p, W, G)
Description Returns the inverse normal distribution.
Arguments
p real number, O<p<1
m real mean
S standard deviation, o >0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)
qpois Probability Distribution
Syntax gpois(p, A)
Description Returns the inverse Poisson distribution, that is, the smallest integer k so that ppois(k, A) > p.
Arguments
p real number,
A real mean, A >0
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
Poisson distribution with parameter A.. Thisis the meaning of “inverse” Poisson distribution
function.
Algorithm Discrete bisection method (Press et al., 1992)
qr Vector and Matrix
Syntax ar(A)
Description Returnsanm x (m+ n) matrix whosefirst mcolumns contain them x m orthonormal matrix Q,
and whose remaining n columns contain them x n upper triangular matrix R. These satisfy the
matrix equation A = Q - R.
Arguments
A realm x n matrix
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Example
1 2 -1
23 4 4
A -
-2 51 1 M = qr( A)
0 8 6
0312 0279 -0.411 -0.81 3.208 0312 1933
\ o | 0717 0553 0117 0.407 0 6.823 3.415
-0.623 0776 -0.072 0.064 0 0 6.213
0 0117 0901 -0.417 0 0 0
Q := submatrix(M.0.3.0. 3) R := submatrix(M.0.3.4.6)
1000 1 2 A
T 01 00 23 4 14
Qa-Q = OB -
00 10 2 51 1
00 0 1 0 08 6
qt Probability Distribution
Syntax qt(p, d)
Description Returns the inverse Student's t distribution.
Arguments
p real number, O<p<1
d integer degrees of freedom,d > 0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992).
qunif Probability Distribution
Syntax qunif(p, a, b)
Description Returns the inverse uniform distribution.
Arguments
p real number, 0<p<1
ab real numbers,a<b
gweibull Probability Distribution
Syntax gweibull(p, S)
Description Returns the inverse Weibull distribution.
Arguments
p real number,
s real shape parameter,s> 0
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radau
Syntax

Description
Arguments

y
X1, x2
acc

D(x,y)
kmax

save

Comments

Algorithm
See also

Differential Equation Solving
radau(y, x1, X2, acc, D, kmax, save)
Solvesadifferential equationusing astiff RADAUS5 method. Provides DE sol ution estimate at x2.

Several arguments for this function are the same as described for rkfixed.
real vector of initial values
real endpoints of the solution interval

real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Values
of acc around 0.001 will generally yield accurate solutions.

real vector-valued function containing the derivatives of the unknown functions

integer kmax > 0 specifies the maximum number of intermediate points at which the solution
will be approximated. The value of kmax places an upper bound on the number of rows of the
matrix returned by these functions.

real save > 0 specifies the smallest allowable spacing between the values at which the solutions
are to be approximated. save places alower bound on the difference between any two numbers
in the first column of the matrix returned by the function.

The specialized DE solvers Bulstoer, Rkadapt, Radau, Stiffb, and Stiffr provide the solution
y(X) over anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and
x2. When you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt,
radau, stiffb, and stiffr instead.

Implicit Runge-Kutta RADAUS method (Hairer and Wanner, 1996)

rkfixed, amore general differential equation solver, for information on output and arguments;
Radau.
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Radau Differential Equation Solving
Syntax Radau(y, x1, X2, npts, D)

Description Solves adifferential equation using a stiff RADAUS method; provides DE solution at equally
spaced x values by repeated callsto radau.

Arguments All arguments for this function are the same as described for rkfixed.

y real vector of initial values
x1, x2 real endpoints of the solution interval
npts integer npts> 0 specifies the number of points beyond initia point at which the solution isto be
approximated; controls the number of rowsin the matrix output
D(x,Y) real vector-valued function containing the derivatives of the unknown functions

Comments Radau and radau are especially intended for stiff ODES. They have one advantage over Stiffb,
Stiffr, stiffb and stiffr: the (Symbolic) Jacobian matrix input Jis not needed. (Of course, thisis
adisadvantageif Jisreadily available, because having J will tend to increase accuracy.)
Radau takes the same arguments as rkfixed, and the matrix returned by Radau isidentical in
form to that returned by rkfixed.

Algorithm Implicit Runge-Kutta RADAUS method (Hairer and Wanner, 1996)
See also rkfixed, amore general differential equation solver, for information on output and arguments;
also Odesolve, for a solve block approach.
rank Vector and Matrix
Syntax rank(A)
Description Returnstherank of amatrix A, i.e., the maximum number of linearly independent columnsin A.
Arguments
A realmx n matrix
Algorithm Singular value computation (Wilkinson and Reinsch, 1971)
rate Finance
Syntax rate(nper, pmt, pv, [[fv], [typel, [guess]])

Description Returns the interest rate per period of an investment or loan over a specified number of
compounding periods, nper, given a periodic, constant payment, pmt, and a specified present
value, pv.

Arguments

nper integer number of compounding periods, nper > 1
pmt real payment
pv real present value
fv (optional) real future value, default isfv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0
guess (optional) real guess, default is guess = 0.1 (10%)
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Comments Payments made must be entered as negative numbers. Cash received must be entered as positive
numbers.
If rate cannot find aresult that isaccuratetowithinl - 10~/ percent after 20 iterations, it returns
anerror. Insuch acase, adifferent guessvalue should betried, but it will not guarantee asol ution.
In most cases rate converges if guessis between 0 and 1.
See also crate, fv, nper, pmt, pv
rbeta Random Numbers
Syntax rbeta(m, sl, s2)
Description Returns a vector of m random numbers having the beta distribution.
Arguments
m integer, m>0
SLS real shape parameters, s; > 0,s,> 0
Algorithm Best's XG agorithm, Johnk’s generator (Devroye, 1986)
See also rnd
rbinom Random Numbers
Syntax rbinom(m, n, p)
Description Returns a vector of m random numbers having the binomial distribution.
Arguments
m, n integers, m>0,n>0
p real number, 0<p<1
Algorithm Waiting time and rejection algorithms (Devroye, 1986)
See also rnd
rcauchy Random Numbers
Syntax rcauchy(m, |, s)
Description Returns a vector of m random numbers having the Cauchy distribution.
Arguments
m integer, m>0
I real location parameter
s real scale parameter, s> 0
Algorithm Inverse cumulative density method (Press et al., 1992)

See also

rnd
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rchisq Random Numbers
Syntax rchisq(m, d)
Description Returns avector of m random numbers having the chi-sgquared distribution.
Arguments
m integer, m>0
d integer degrees of freedom, d >0
Algorithm Best’'s XG agorithm, Johnk’ s generator (Devroye, 1986)
See also rnd
Re Complex Numbers
Syntax Re(2)
Description Returns the real part of z.
Arguments
z real or complex number
See also Im
READBIN File Access
Syntax READBIN(file, type, [[endian], [cols], [skip], [maxrows]])
Description Reads afile of binary data and returns a matrix. Used asfollows: A := READBIN(file, type).
Arguments
file String variable corresponding to the binary datafilename, including path. If no path is provided,
the current working directory is assumed.
type String argument specifying the data type used in the file. Must be one of the following: double
(64 hit floating point), float (32 bit floating point), byte (8 bit unsigned integer), uint16 (16 bit
unsigned integer), uint32 (32 bit unsigned integer), int16 (16 bit signed integer), or int32 (32
bit signed integer).
endian (optional) Indicates whether dataformat is big-endian (high bytefirst) or little-endian (low byte
first). Big-endian is represented by a 1, and little-endian by 0. Defaultsto 0.
cols (optional) Number of columns per row in the input file, cols> 1. Defaultsto 1.
skip (optional) Number of bytesto skip at the beginning of the file before reading data, skip > 0.
Defaultsto O.
maxrows (optional) Number of rows to limit input to, maxrows > 0. Defaults to 0.
See also WRITEBIN
READ_BLUE File Access
Syntax READ_BLUEC(file)
Description Extracts only the blue component from file of acolor imagein BMP, JPG, GIF, TGA, and PCX
format. Theresult is a matrix with one-third as many columns as the matrix returned by
READRGB.
Arguments
file string variable corresponding to color image filename or path
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READBMP File Access
Syntax READBMP(file)
Description Creates amatrix containing agrayscal e representation of the bitmap imageinfile. Each element
in the matrix correspondsto apixel. The value of amatrix element determines the shade of gray
associated with the corresponding pixel. Each element is an integer between O (black) and 255
(white).
Arguments
file string variable corresponding to grayscale image BMP filename or path
Comments Picture viewer will display the matrix.
The function READ_IMAGE which reads not only BMPfiles but also JPG, GIF, TGA and PCX
files.
See also For color images, see READRGB.
READ_GREEN File Access
Syntax READ_GREEN(file)
Description Extractsonly the green component from file of acolor imagein BMP, JPG, GIF, TGA, and PCX
format. Theresult is a matrix with one-third as many columns as the matrix returned by
READRGB.
Arguments
file string variable corresponding to color image filename or path
READ_HLS File Access
Syntax READ_HLS(file)
Description Creates amatrix in which the color information in file is represented by the appropriate values
of hue, lightness, and saturation. fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to color image filename or path
See also See READRGB for an overview.
READ_HLS HUE File Access
Syntax READ_HLS_HUE(file)
Description Extracts only the hue component from file of a color image in BMP, JPG, GIF, TGA, or PCX
format. Theresult is a matrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
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READ_HLS LIGHT File Access
Syntax READ_HLS_LIGHT(file)
Description Extracts only the lightness component from file of a color imagein BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
READ_HLS_ SAT File Access
Syntax READ_HLS_SAT(file)
Description Extracts only the saturation component from file of a color imagein BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
READ_HSV File Access
Syntax READ_HSV(file)
Description Creates amatrix in which the color information in file is represented by the appropriate values
of hue, saturation and value. fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to color image filename or path
See also See READRGB for an overview of reading color datafiles.
READ_HSV_HUE File Access
Syntax READ_HSV_HUE(file)
Description Extracts only the hue component from file of a color image in BMP, JPG, GIF, TGA, or PCX
format. Theresult is a matrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path
READ_HSV_SAT File Access
Syntax READ_HSV_SAT(file)
Description Extracts only the saturation component from file of a color imagein BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path



352 / Chapter 16 Functions

READ_HSV_VALUE File Access
Syntax READ_HSV_VALUE(file)
Description Extracts only the value component from file of a color imagein BMP, JPG, GIF, TGA, or PCX
format. Theresult is a matrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path
READ_IMAGE File Access
Syntax READ_IMAGE(file)
Description Creates amatrix containing a grayscal e representation of the imagein file. Each element in the
matrix correspondsto a pixel. The value of a matrix element determines the shade of gray
associated with the corresponding pixel. Each element is an integer between 0 (black) and 255
(white). fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to grayscale image filename or path
See also For color images, see READRGB.
READPRN File Access
Syntax READPRN(file)
Description Reads astructured ASCI| datafile and returns amatrix. Each linein the data file becomesarow
in the matrix. The number of elements in each row must be the same. Used as follows:
A := READPRN(file).
Arguments
file string variable corresponding to structured ASCII data filename or path
Comments The READPRN function reads an entire data file, determines the number of rows and columns,

and creates a matrix out of the data.
When Mathcad reads data with the READPRN function:

e Eachinstance of the READPRN function reads an entire datafile.

¢ All linesin the data file must have the same number of values. (Mathcad ignores lines with
no values.) If thelinesin the file have differing numbers of values, Mathcad marks the
READPRN equation with an error message. Use atext editor to replace the missing values
with zeros before you use READPRN.

* TheREADPRN function ignores text in the datafile.

e Theresult of reading the data file is an m-by-n matrix A, where mis the number of lines
containing datain the file and n is the number of values per line.

WRITEPRN and READPRN allow you to write out and read in nested arrays created in Mathcad.
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READ_ RED File Access
Syntax READ_RED(file)
Description Extracts only the red component from file of acolor image in BMP, JPG, GIF, TGA, or PCX

format. The result is a matrix with one-third as many columns as the matrix returned by
READRGB.

Arguments
file string variable corresponding to color image filename or path
READRGB File Access
Syntax READRGB(file)

Description Creates amatrix in which the color information in the BMP file file is represented by the
appropriate values of red, green, and blue. This matrix consists of three submatrices, each with
the same number of columns and rows. Three matrix elements, rather than one, correspond to
each pixel. Each element is an integer between 0 and 255. The three corresponding elements,
when taken together, establish the color of the pixel.

Arguments

file string variable corresponding to color image filename or path
Example - -
color := "c\images\monalisa.bmp®
gray ;= READBMP{color)
packed := READRGB(color)
r .= rows( packed) - 1 c o= cmls(paﬂ
red = submatrix( packed. 0. r. 0. c - 1)
green = submatrix( packed. 0. r.c. 2 ¢c - 1)
blue = submatrix( packed. 0.r. 2 c.3 c - 1)
Comments To partition the matrix for acolor image into its red, green, and blue components, use the

submatrix function formulas shown in the example above. In thisexample, the color bitmapfile
monal isa.bmp isread into a grayscale matrix gray, as well as the packed RGB matrix
packed, and then converted into three submatrices called red, green, and blue.

Picture viewer will display the matrix.

Mathcad includes several specialized functions for reading color images or image components,
including functions for reading imagesin GIF, JPG, TGA and PCX formats.
Consult the following table to decide which function to use:

To separate a file into these
components: Use these functions:

red, green, and blue (RGB) READ_RED, READ_GREEN, READ_BLUE

hue, lightness, and saturation (HLS) | READ_HLS, READ_HLS HUE,
READ_HLS_LIGHT, READ_HLS_SAT,

hue, saturation, and value (HSV) READ_HSV, READ_HSV_HUE,
READ_HSV_SAT, READ_HSV_VAL
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Note READ_HLS and READ_HSV work in exactly the same way as READRGB. All the otherswork
in exactly the same way as READBMP.
See also For grayscale images, see READBMP.
READWAV File Access
Syntax READWAV(file)
Description Createsamatrix containing signal amplitudesin file. Each column represents a separate channel
of data. Each row corresponds to a moment in time.
Arguments
file  string variable corresponding to pulse code modulated (PCM) Microsoft WAV filename or path
Comments Datafrom aWAYV fileisnot scaled.
See also WRITEWAV and GETWAVINFO
regress Curve Fitting and Smoothing
One-dimensional Case
Syntax regress(Vx, vy, n)
Description Returnsthe vector required by the interp function to find the nth order polynomial that best fits
dataarraysvx and vy.
Arguments
VX, VY real vectors of the same size
n integer,n>0
Example
i=0.39 x=i-10 y=stack(P,Q) -3a 1.99
4 1 ing 4th order polynomial ! 224
= L.
¥ regress(x,y,4) using order polynomia 0.9 289
y6 = regress{ %,y 6] <-- using 6th order polynomial 2.11 3.59
2.78 4.39
3.41 47
3.65 5.12
v 3.65 525
000 3.79 5.39
|ntem(y4,x,y,xi)
— - p.|353 0- 5.16
it (46,5, 3. %) Tlass || 4
2.95 44
2.54 37
" L L |
-10 o 10 20 a0 2 2.89
i 1.49 21
12 1.81
11 177
1.18 2
1.29 24
1.64 34
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Comments

Theregression functionsregress and loess are useful when you have aset of measured y values
corresponding to x values and you want to fit a polynomial of degree n through those y values.
(For asimple linear fit, that is, n=1, you may as well use the line function.)

Useregress when you want to use asingle polynomid to fit all your datavalues. Theregress
function letsyou fit a polynomial of any order. However asa practical matter, you would rarely
needtogobeyond n = 6.

Since regress tries to accommodate all your data points using a single polynomial, it will not
work well when your data does not behave like a single polynomial. For example, suppose you
expect your y; tobelinear from x; to x;, and to behave like a cubic equation from x;; to
Xy - If you useregress with n = 3 (acubic), you may get agood fit for the second half but a
poor fit for the first half.

Theloess function alleviatesthese kinds of problemsby performing amorelocalized regression.

For regress, thefirst three components of theoutput vector vr :=regress(vx, vy, n) arevry=3
(acodetelling interp that vr isthe output of regress as opposed to a spline function or loess),
vr1=3 (theindex within vr where the polynomial coefficientsbegin), and vr ,=n (the order of the
fit). Theremaining n + 1 componentsarethe coefficients of thefitting polynomial fromthelowest
degree term to the highest degree term.

Two-dimensional Case

Syntax

Description

Arguments
Mxy

\'74
n

Comments

regress(Mxy, vz, n)

Returns the vector required by the interp function to find the nth order polynomial that best fits
dataarraysMxy andvz. Mxy isan mx 2 matrix containing x-y coordinates. vz is an m-element
vector containing the z coordinates corresponding to the m points specified in M xy.

real mx 2 matrix containing x-y coordinates of the m data points
real m-element vector containing the z coordinates corresponding to the points specified in M xy
integer, n> 0

Assume, for example, that you have a set of measured z values corresponding to x and y values
and you want to fit a polynomial surface through those z values. The meanings of the input
arguments are more general than in the one-dimensional case:

¢ Theargument vx, which was an m-element vector of x values, becomesan m x 2 matrix,
Mxy. Each row of Mxy contains an x in the first column and a corresponding y value in the
second column.

e Theargument x for the interp function becomes a 2-element vector v whose elements are
thex andy values at which you want to eval uate the polynomial surface representing the best
fit to the data pointsin M xy and vz.

Thisdiscussion can be extended naturally to higher dimensional cases. Y ou can add independent
variables by simply adding columns to the M xy array. Y ou would then add a corresponding
number of rows to the vector v that you pass to the interp function. The regress function can
have as many independent variables as you want. However, regress will calculate more slowly
and require more memory when the number of independent variables and the degree are greater
than four. The loess function isrestricted to at most four independent variables.

Keepinmindthat for regress, the number of dataval ues, mmust satisfy m> (n * rﬁ_ 1) . %( ,
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wherek isthe number of independent variables (hence the number of columnsin Mxy), nisthe
degree of the desired polynomial, and misthe number of data val ues (hence the number of rows
invz). For example, if you have five explanatory variables and afourth degree polynomial, you
will need more than 126 observations.

The loess function works better than regress when your data does not behave like asingle
polynomial.

Algorithm Normal equation solution through Gauss-Jordan elimination (Press et al., 1992)
relax Differential Equation Solving
Syntax relax(A, B, C, D, E, F, U, rjac)
Description Returnsamatrix of solution valuesfor aPoisson partial differential equation over aplanar square
region. More general than multigrid, which is faster.
Arguments
A/B,CD,E real square matrices all of the same size containing coefficients of the discretized Laplacian (for
example, the left-hand side of equations below).
F real square matrix containing the source term at each point in the region in which the solutionis
sought (for example, the right-hand side of equations below).
U real square matrix containing boundary values along the edges of the region and initial guesses
for the solution inside the region.
rjac spectral radius of the Jacobi iteration, 0 < rjac < 1, which controls the convergence of the
relaxation algorithm. Its optimal value depends on the details of your problem.
Example
j=0.32 k=0.32
a =1 b = a cC = a d =a e = -4a
vig = I f =M «—Mis defined as in multigrid ex.
51 =relaxia.b.c.d. e f v 95
S1
Comments Two partia differential equationsthat ariseofteninthe analysisof physica systemsare Poisson's

equation:

o’ + o _ ) )

e o2 P(XY) and its homogeneous form, Laplace's equation.

Mathcad hastwo functionsfor solving these equations over asguare region, assuming the values

taken by the unknown function u(x, y) on all four sides of the boundary are known. The most
genera solver isthe relax function. In the specia case when u(x, y) is known to be zero on all
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four sides of the boundary, you can use the multigrid function instead. This function will often
solve the problem faster than relax. If the boundary condition is the same on all four sides, you
can simply transform the equation to an equivalent onein whichthevalueiszeroonall four sides.
The relax function returns a square matrix in which:

« aneement'slocation in the matrix corresponds to itslocation within the square region, and
« itsvalue 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:

USRS U R N IR IR = T IR (S

Algorithm Gauss-Seidel with successive overrelaxation (Press et al., 1992)
See also multigrid
reverse Sorting
One-dimensional Case
Syntax reverse(V)
Description Reverses the order of the elements of vector v.
Arguments
v vector

Two-dimensional Case

Syntax reverse(A)
Description Reverses the order of the rows of matrix A.
Arguments .
A matrix
See also See sort for sample application.
rexp Random Numbers
Syntax rexp(m, r)
Description Returns a vector of m random numbers having the exponential distribution.
Arguments
m integer, m>0
r rea rate, r >0
See also rnd
Algorithm Inverse cumulative density method (Press et al., 1992)
rF Random Numbers
Syntax rF(m, di, d2)
Description Returns a vector of m random numbers having the F distribution.
Arguments
m integer, m>0
di, d2 integer degrees of freedom, d1>0, d2>0
Algorithm Best's XG agorithm, Johnk’s generator (Devroye, 1986)

See also

rnd
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Returns a vector of m random numbers having the gamma distribution.

Best’'s XG agorithm, Johnk’ s generator (Devroye, 1986)

Random Numbers

Random Numbers

Returns a vector of m random numbers having the geometric distribution.

Inverse cumulative density method (Press et al., 1992)

Random Numbers

Returns a vector of m random numbers having the hypergeometric distribution.

Uniform sampling methods (Devroye, 1986)

rgamma
Syntax rgamma(m, S)
Description
Arguments
m integer, m>0
s real shape parameter, s> 0
Algorithm
See also rnd
rgeom
Syntax rgeom(m, p)
Description
Arguments
m integer, m> 0
p real number, O<p<1
Algorithm
See also rnd
rhypergeom
Syntax rhypergeom(m, &, b, n)
Description
Arguments
m integer, m>0
a, b,n integers, 0<a, 0<b,0<n<a+b
Algorithm
See also rnd
rkadapt
Syntax rkadapt(y, X1, X2, acc, D, kmax, save)
Description
estimate at x2.
Arguments
y real vector of initial values
X1, X2 real endpoints of the solution interval
acc

D(xy)

Differential Equation Solving

Solvesadifferential equation using aslowly varying Runge-K uttamethod. Provides DE solution

Several arguments for this function are the same as described for rkfixed.

real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Vaues

of acc around 0.001 will generally yield accurate solutions.

real vector-valued function containing the derivatives of the unknown functions
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kmax integer kmax > 0 specifies the maximum number of intermediate points at which the solution
will be approximated. The value of kmax places an upper bound on the number of rows of the
matrix returned by these functions.
save real save > 0 specifies the smallest allowable spacing between the values at which the solutions
are to be approximated. save places alower bound on the difference between any two numbers
in the first column of the matrix returned by the function.

Comments The specialized DE solvers Bulstoer, Rkadapt, Radau, Stiffb, and Stiffr provide the solution
y(x) over anumber of uniformly spaced x-values in the integration interval bounded by x1 and
x2. When you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt,
radau, stiffb, and stiffr instead.

Algorithm Adaptive step 5th order Runge-Kutta method (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments,
Rkadapt.
Rkadapt Differential Equation Solving
Syntax Rkadapt(y, x1, X2, npts, D)

Description Solvesadifferential equation using aslowly varying Runge-K uttamethod; provides DE solution
at equally spaced x values by repeated calls to rkadapt.

Arguments All arguments for this function are the same as described for rkfixed.

y real vector of initial values
X1, X2 real endpoints of the solution interval
npts integer npts> 0 specifies the number of points beyond initial point at which the solution isto be
approximated; controls the number of rowsin the matrix output
D(x, y) real vector-valued function containing the derivatives of the unknown functions

Comments Given afixed number of points, you can approximate afunction more accurately if you evaluate
it frequently wherever it's changing fast, and infrequently wherever it's changing more slowly.
If you know that the solution has this property, you may be better off using Rkadapt. Unlike
rkfixed which evaluates a solution at equally spaced intervals, Rkadapt examines how fast the
solutionischanging and adaptsitsstep sizeaccordingly. This* adaptivestep size control” enables
Rkadapt to focus on those parts of theintegration domain wherethefunctionisrapidly changing
rather than wasting time on the parts where change is minimal.

Although Rkadapt will use nonuniform step sizesinternally when it solves the differential
equation, it will nevertheless return the solution at equally spaced points.
Rkadapt takes the same arguments as rkfixed, and the matrix returned by Rkadapt isidentical
in form to that returned by rkfixed.
Algorithm Fixed step Runge-Kutta method with adaptive intermediate steps (5th order) (Presset al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments;

also Odesolve, for a solve block approach.
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rkfixed
Syntax

Description

Arguments
y0

X1, x2
npts

D(x, y)

Differential Equation Solving

rkfixed(y0, X1, X2, npts, D)

Solves adifferential equation using a standard Runge-K utta method. Provides DE solution at
equally spaced x values.

real vector of initial valueswhoselength dependson the order of the DE or the size of the system
of DEs.

For afirst order DE, the vector degeneratesto one point, yO = y(x1) .

For higher order DEs, the vector has n elements for specifying initial conditions of y,
YLy, L,y

For afirst order system, the vector containsinitial values for each unknown function.

For higher order systems, the vector containsinitial valuesfor the n—1 derivatives of each
unknown function in addition to initial values for the functions themselves.

real endpoints of the interval on which the solution to the DEswill be evaluated; initial values
iny arethevalues at x1

integer npts> 0 specifies the number of points between the endpoints at which the solution isto
be approximated; controls the number of rows in the matrix output

real vector-valued function containing derivatives of the unknown functions.

For afirst order DE, the vector degeneratesto ascalar

function. r 7
For higher order DESs, the vector has n elements. y'(©) .
For afirst order system, the vector containsthe y"(t)
first derivatives of each unknown function. D(t,y) =

For higher order systems, the vector contains
expressions for the n—1 derivatives of each .
unknown function in addition to nth derivatives. y((t)
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Examples 1y fived can be used to solve linear, nonlinear, higher-order, and systems of equations. A few
samples are shown here, but for amore complete discussion, see Chapter 9, “ Solving and Data
Anaysis.”
Solve y'"=-¥'+ 2y yi0)=1 '(0)=3

(1 ) - it & (Y( [l) ) yu (1 )
¥ o= <— Define initial conditions = =
3 y'(0) ¥q 3

¥q <— First derivative
yl =

-¥y + 2y, <— Second derivative

£ = rkfixed{y. 0. .5 400 D) <— Ewvaluate solution at 400 points
between 0 and .5

t ¥ ¥ Plotthe solution i = 0. 400
0 1 3 3
T T
0.001 1.004 2.999
0.003 1.007 2998 1) 2 -
0.004 1.011 2.996 —
0.005 1.015 2995 1 L L
Z-| o006 1.018 2.994 o 02 04 08
- - - <0
(Z )i

Example 1: Solving a second order differential equation.

Solving a system of two non-linear first order differential equations.
1]
p=-02 X = ; <— Initial conditions
2 2
pxg—x - [ (0)? + () g
2 2
pxq v xg - [ (xg) + ()2 ]

£ = rkfixed({x. 0. 20 100 D)
n = 0.100

Dit.x) = <— First derivatives

05 T T

<—Plot xp(t) and x4 (t) for t=0_20.
2.1 ol o0 and xq ()

Example 2: Solving a system of first order linear equations.

Comments For afirst order DE , the output of rkfixed is atwo-column matrix in which:

« Theleft-hand column contains the points at which the solution to the DE is eval uated.

* Theright-hand column contains the corresponding values of the solution.

For higher order DEs, the output matrix contains n columns: the left-hand one for the t values
and the remaining columns for values of y(t), y'(t), y"(t), ..., y"=D(t).
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For afirst order system, the first column of the output matrix contains the points at which the
solutionsare eval uated and the remaining columns contain corresponding val ues of the solutions.
For higher order systems:

¢ Thefirst column containsthevaluesat which the solutionsand their derivativesare eval uated.

* Theremaining columns contain corresponding values of the solutions and their derivatives.
Theorder in which the solutions and their derivatives appear matchesthe order in which you
put them into the vector of initial conditions.

The function rkfixed uses afourth order Runge-Kutta method. Although it is not always the

fastest method, the Runge-K uttamethod nearly alwayssucceeds. Therearecertain casesinwhich

you may want to use one of Mathcad's more specialized DE solvers:

* Your system of DEsmay have certain propertieswhich are best exploited by functions other
than rkfixed. The system may be stiff (Radau, Stiffb, Stiffr), smooth (Bulstoer), or owly
varying (Rkadapt).

¢ You may have aboundary value rather than an initial value problem (sbval and bvalfit).

¢ Youmay beinterested in evaluating the solution only at one point (bulstoer, rkadapt,
radau, stiffb and stiffr).

Y ou may also want to try several methods on the same DE to see which one works the best.

Algorithm Fixed step 4th order Runge-Kutta method (Press et al., 1992)
See also QuickSheets; Odesolve, for a solve block approach; “ Differential Equation Solvers’ on page
133; and the Differential Equation Solve Blocks E-book posted in the library on Mathcad.com
rilnorm Random Numbers
Syntax rinorm(m, Y, G)
Description Returns a vector of m random numbers having the lognormal distribution.
Arguments
m integer, m> 0
u  real logmean
e real logdeviation, o >0
Algorithm Ratio-of-uniforms method (Devroye, 1986)
See also rnd
rlogis Random Numbers
Syntax rlogis(m, |, )
Description Returns a vector of m random numbers having the logistic distribution.
Arguments
m integer, m> 0
I real location parameter
S real scale parameter, s> 0
Algorithm Inverse cumulative density method (Press et al., 1992)

See also

rnd
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rnbinom Random Numbers
Syntax rnbinom(m, n, p)
Description Returns a vector of m random numbers having the negative binomial distribution.
Arguments
m, n integers, m> 0, n> 0
p real number, O<p<1
Algorithm Based on rpois and rgamma (Devroye, 1986)
See also rnd
rnd Random Numbers
Syntax rnd(X)
Description Returns a random number between 0 and x. Identical to runif(1, 0, X) if x> 0.
Arguments
X real number
Example Plot numbers with random angle and radius
i =0.3%0 8, =mdi(2 w) r; :=rmd(1)
i &; 1
0 | 0942 2277 »
1 | [0.067] [4.799 o5 L* 5,
2 | jp491] o231 ’ .
3 | [063] |0.387 = B
4 | [ooe4 |o823 riocos(8) 07 - 3
5 | [045| [p.067 ) 3
6 | looi1s| [p582 a5l G
7 | o283 [3.106 %
8 | o671 [4.309 y
9 | boos| [12 SR Y
g 0.235| [|45644 rj sin( &)
Note: Youwon’t be able to recreate this example exactly because the random
number generator gives different numbers every time.
Comments Each time you recal cul ate an equation containing rnd or some other random variate built-in

function, Mathcad generates new random numbers. Recalculation is performed by clicking on
the equation and choosing Calculate from the Wor ksheet M enu.

Thesefunctionshave a“ seed value’ associated with them. Eachtime you reset the seed, Mathcad
generates new random numbers based on that seed. A given seed value will always generate the
same sequence of random numbers. Choosing Calculate from the Wor ksheet M enu 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, choose Options from the Worksheet M enu and change the value of
“seed” on the Built-In Variables tab, or use the Seed function. Be sure to supply an integer.
To reset Mathcad's random number generator without changing the seed value, choose Options
from the Wor ksheet menu, click on the Built-In Variables tab, and click “OK” to accept the
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current seed. Then click on the equation containing the random number generating function and
choose Calculate from the Wor ksheet menu. Since the randomizer has been reset, Mathcad
generates the same random numbers it would generate if you restarted Mathcad.

There are many other random variate generators in Mathcad.

Algorithm Linear congruence method (Knuth, 1997)
rnorm Random Numbers
Syntax rnorm(m, L, G)
Description Returns a vector of m random numbers having the normal distribution.
Arguments
m integer, m>0
p  rea mean
c real standard deviation, o > 0
Example
v = morm{ 8000, 0. 1) «——Generate a vector of random numbers having the
standard normal distribution.
m =020
int, = -1+ .1m h := hist{int. v} <—Sort the random numbers into
bins and count how many are
in each bin.
n=0.19
400 T
300 - —| +— Graph the result.
hn
" il
100 I
-1 1] 1
inlrl
Note: Youwon’t be able to recreate this example exactly because the random
number generator gives different numbers every time.
Algorithm Ratio-of-uniforms method (Devroye, 1986)
See also rnd
root Solving
Unbracketed Version
Syntax root(f(var), var)
Description Returns avalue of var at which the expression f(var) or function f isequal to O.
Arguments
var real or complex scalar; var must be assigned a guess value before using this version of root.

f

real or complex-valued function.
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Example

Comments

Algorithm

X =-10,-99.10 50 T

310 x-2 =

-50 |
-10 x 10

Now use three initial quesses to find three zeroes . . .

X = -2 root(x>-10-x+2, x) - -3.258
X =0 root(x>-10-x+2, x) = 0.201
X =3 root(x>-10-x+2, x) - 8.067

For expressionswith several roots, your guessval ue determineswhich root Mathcad returns. The
example shows a situation in which the root function returns several different values, each of
which depends on the initial guess value.

You can't put numerical valuesin the list of unknowns; for example, root(f(x), -2) or
root(14, —2) is not permitted in the example above.

Mathcad solves for complex roots as well asreal roots. To find a complex root, you must start
with acomplex value for the initial guess.

Seealso polyroots for an efficient meansto computeall rootsof apolynomial at once. To change
the accuracy of the root function, change the value of the built-in variable TOL.

Secant and Mueller methods (Press et a., 1992; Lorczak)

Bracketed Version

Syntax
Description

Arguments
var

f
ab

Comments

Algorithm

root(f(var), var, a, b)

Returnsavalue of var lying between a and b at which the expression f(var) or function f is equal
to 0.

real scalar

real-valued function

real numbers, a< b,

For expressions with several roots, your choice of interval endpoints a and b determines which

root Mathcad returns. f(a) and f(b) must be of opposite signs. Observe that an initial guess for
var is not required for the bracketed version of root to work.

If the optional arguments a and b are not included, then the unbracketed version of root is used.
Note the restriction to real expressions and real variablesin the bracketed case.

Mathcad eval uates the bracketed version of the root function using the Ridder method. If that
method fails to find aroot, then the Brent method is used.

The above comments concerning convergence and accuracy for the unbracketed version of root
also apply to the bracketed version.

Ridder and Brent methods (Press et al., 1992; L orczak)
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round

Truncation and Round-off

One-argument Version

Syntax
Description

Arguments
z

round(2)

Rounds the real number z to the nearest integer. Same as round(x, 0).

complex number

Two-argument Version

Syntax round(X, n)
Description Roundsthereal number xto ndecimal places. If n <0, xisrounded to theleft of the decimal point.
Arguments
X real number
n integer
Comments round no longer takes arguments with units. Round(X, y) Rounds x to the closest multiple of y.
y must be real and nonzero. Round takes a second threshold argument, scales by the threshold
before performing the truncation, then rescales after truncation.
See also ceil, floor, trunc
rows Vector and Matrix
Syntax rows(A)
Description Returns the number of rowsin array A.
Arguments .
A matrix or vector
See also cols for example
rpois Random Numbers
Syntax rpois(m, A)
Description Returns a vector of m random numbers having the Poisson distribution.
Arguments
m integer, m> 0
A real mean, A>0
Algorithm Devroye, 1986
See also rnd
rref Vector and Matrix
Syntax rref(A)
Description Returns a matrix representing the row-reduced echelon form of A.
Arguments
A realmx n matrix

Algorithm

Elementary row reduction (Anton)
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rsort Sorting
Syntax rsort(A, i)
Description Sorts the columns of thematrix A by placing theelementsinrow i in ascending order. Theresult
isthesamesizeasA.
Arguments
A mx n matrix or vector
i integer, 0<i<m-1
Algorithm Heap sort (Press et al., 1992)
See also sort for more details, csort
rt Random Numbers
Syntax rt(m, d)
Description Returns a vector of m random numbers having Student’ st distribution.
Arguments
m integer, m>0
d integer degrees of freedom, d >0
Algorithm Best’'s XG agorithm, Johnk’ s generator (Devroye, 1986)
See also rnd
runif Random Numbers
Syntax runif(m, a, b)
Description Returns a vector of m random numbers having the uniform distribution
Arguments
m integer, m> 0
ab real numbers, a<b
Algorithm Linear congruence method (Knuth, 1997)
See also rnd
rweibull Random Numbers
Syntax rweibull(m, s)
Description Returns avector of m random numbers having the Weibull distribution.
Arguments
m integer, m>0
s  red shape parameter, s> 0
Algorithm Inverse cumulative density method (Press et al., 1992)

See also

rnd
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SaveColormap

File Access

Syntax SaveColormap(file, M)
Description Createsacolormap filecontaining thevaluesin thematrix M . Returnsthe number of rowswritten
tofile.
Arguments
file string variable corresponding to CMP filename
M integer matrix with three columns and whose elements M; ; all satisfy 0 < M i< 255.
Comments Thefilefileisthe name of a colormap located in the CMAPS subdirectory of your Mathcad
directory. After you use SaveColormap, the colormap is available on the Advanced tab in the
3D Plot Format dialog box. See online Help for more information.
See also LoadColormap
sbval Differential Equation Solving
Syntax sbval(v, x1, X2, D, load, scor €)
Description Converts a boundary value differential equation to an initial value problem. Useful when
derivatives are continuous throughout.
Arguments
v real vector containing guesses for missing initial values
x1, x2 real endpoints of the interval on which the solution to the DEs will be evaluated
D(x,Y) real n-element vector-val ued function containing the derivatives of the unknown functions
load(x1, v) real vector-valued functionwhose n elementscorrespondto theval uesof then unknown functions
at x1. Some of these values will be constants specified by your initial conditions. If avalueis
unknown, you should use the corresponding guess value from v.
scor (X2, y) real n-element vector-valued function which measures solution discrepancy at x2
Example

y(0)=0 y'{0)=7
y(1)=1 ¥'(1)=10 y"(1)=5

Convert to initial value problem: w8 +y =0  with

1 y'(0)
v o= |1 «— quess value for y''(0)

. 0 <— known yw(0)
1 y™ (0)

7 <— known y'(0)

load( x1.wv) := < N
¥ Unknown initial
Y1 |« conditions. To be
Y
2 <— D vector for the differential Vo solved for by sbval.
Dix.y) = | ¥3 equation: y®l + y =0
¥a vg - 1
<— Difference between
~¥o score(x2.y) = |¥q - 10 computed and given
wvalues of y
S = sbval(v.0.1.D. load. score) ¥y - 5
-85.014 «— y"'(0)
_ o Missing initial conditions,
§ = | 318107 < y_ © to be used with rkfixed.
-516.257 <y (0)
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Comments Initial value DE solverslike rkfixed assume that you know the value of the solution and itsfirst
n—1 derivatives at the beginning of the interval of integration. Two-point boundary value DE
solvers, like sbval and bvalfit, may be used if you lack thisinformation about the solution at
the beginning of the interval of integration, but you do know something about the solution
elsawherein theinterval. In particular:
¢ You have an nth order differential equation.

e Youknow some but not all of the values of the solution and itsfirst n—1 derivatives at the
beginning of the interval of integration, x1.
e Youknow some but not al of the values of the solution anditsfirst n—1 derivativesat the
end of theinterval of integration, x2.
«  Between what you know about the solution at x1 and what you know about it at X2, you have
n known values.
If thereisadiscontinuity at apointintermediateto x1 and x2, you should use bvalfit. If continuity
holdsthroughout, then use sbval to evaluate thoseinitial valuesleft unspecified at x1. sbval does
not actually return asolution to adifferential equation; it merely computestheinitial valuesthe
solution must havein order for the solution to match the final values you specify. Y ou must then
take theinitial values returned by sbval and solve the resulting initial value problem using
rkfixed or any of the other more specialized DE solvers.
Algorithm Shooting method with 4th order Runge-Kutta method (Press et al., 1992)
See also rkfixed for more details; also Odesolve, for a solve block approach.
search String
Syntax search(S ubS m)
Description Returns the starting position of the substring SubSin Sbeginning from position m. Returns—1 if
the substring is not found.
Arguments
S string expression; Mathcad assumes that the first character in Sis at position O
SUbS  substring expression
m integer, m>0
sec Trigonometric
Syntax sec(2), for zin radians;
sec(zdeg), for zin degrees
Description Returns the secant of z.
Arguments
z real or complex number; zis not an odd multiple of w/2
sech Hyperbolic
Syntax sech(2)
Description Returns the hyperbolic secant of z.
Arguments
z real or complex number
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Seed Random Numbers
Syntax Seed(X)
Description Resets the seed for random number generation. Returns the value of the previous seed.
Arguments
X an integer
Comments This function can be used instead of the Worksheet Options... dialog under Toolsto set the
value for the random number generator seed dynamically within a Mathcad worksheet. It may
beused iteratively in programs. This function can also be used to check the current value of seed
after arandom number generation function has been called a number of times.
See Also rnd
sign Piecewise Continuous
Syntax sign(X)
Description Returns 0 if x=0, 1 if x> 0, and —1 otherwise.
Arguments
X real number
See also csgn, signum
signum Complex Numbers
Syntax signum(2)
Description  Returns1if z=0andz/|Z otherwise.
Arguments
z real or complex number
See also csgn, sign
sin Trigonometric
Syntax sin(2), for zin radians;
sin(z-deg), for zin degrees
Description Returnsthe sine of z
Arguments
z real or complex number
Comments sin(z)/zwill behave correctly in the limit as z approaches O (that is, sin(z)/z = 1) for the case
where z isanumber. Abstracted cases, such as f(2)/g(2), where f(2) = sin(2), and g(2):= z,
following Mathcad rules for the fraction 0/0.
See also sinc
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sinc Trigonometric
Syntax sinc(2), for zin radians;
sinc(zdeg), for zin degrees
Description Returns the sine of z divided by z.
Arguments
z real or complex number
Comments
returns the value 1in the casethat z is 0.
See also sin
sinfit Curve Fitting and Smoothing
Syntax sinfit(vx, vy, vg)
Description Returns avector containing the parameters(a, b, ¢) that makethefunction a- sin(x+b)+c
best approximate the datain vx and vy.
Arguments
VX, VY real vectors of the same size
vg real vector of guessvaluesfor (a, b, )
Comments Thisisaspecia case of the genfit function. A vector of guessvaluesis needed for initialization.
By decreasing thevalue of thebuilt-in TOL variable, higher accuracy insinfit might be achieved.
See Also line, linfit, genfit, expfit, logfit, Infit, pwrfit, Igsfit, medfit
sinh Hyperbolic
Syntax sinh(2)
Description Returns the hyperbolic sine of z
Arguments
z real or complex number
skew Statistics
Syntax skew(A)
Description Returns the skewness of the elements of A:
mn m-1n-1 A -—mean(A))3
ew(A) = M (AL
Skew(A) = (-2 ZO 'zo Stdev(A)
i=0]=
Arguments
A real or complex M x N matrix or vector, m-n>3
Comments skew(A, B, C, ...) isalso permissible and returns the skewness of the elementsof A, B, C, ....
slope Curve Fitting and Smoothing
Syntax slope(VX, vy)
Description Returns the slope of the least-squares regression line.
Arguments

VX, Vy

real vector arguments of the same size
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Example
j=0.10 X, =] 32.65
159.784
a = slope(X,Y) a =30.399 <— Evaluate the slope 114.141
b := intercept( X, Y) b = 74.573 and intercept. 113.392
205.079
Y=|275.007
301.222
269.121
270.882
345.993
h 384.904
0 1
o ) 10
M
1
Comments The functions intercept and slope return the intercept and slope of the line which best fits the
datain aleast-squaressense: y = intercept(vx, vy) + slope(vx, vy) - x . Alternatively, you
may use the line function which returns both parameter estimates via one function call.
Be sure that every element in the vx and vy arrays contains a data value. Since every element in
an array must have a value, Mathcad assigns 0 to any elements not explicitly assigned.
These functions are useful not only when the dataisinherently linear, but also when it is
exponential. If xand y arerelated by y = AekX, you can apply these functions to the logarithm
of the data values and make use of the fact that In(y) = In(A) + kx, hence
A = exp(intercept(vx, In(vy))) and k = slope(vx, In(vy)).
The resulting fit weighs the errors differently from aleast-squares exponentid fit (which the
function expfit provides) but is usually a good approximation.
See also intercept, line, stderr, medfit
sort Sorting
Syntax sort(V)
Description Returns the elements of vector v sorted in ascending order.
Arguments

\

vector
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Example - -
Sorting functions i=0. 3 j=0.3 %; = sin (i}
For vectors :
0 0 0.909
X = 0841 sort(x) = 0141 reverse(sort(x)) = 0841
0.909 0.841 0.141
0.141 0.909 0
For matrices: 0333
10414
M i)::mod(i+3,j+3) M =
’ 2105
0210
Sorted on column zero . . . Sorted on lastrow . . .
0210 03 3 3
0333
csort(M. o) = rsort(M.3) = 440
10414 2501
21065 o012
Comments All of Mathcad' s sorting functions accept matri ces and vectorswith complex elements. However
in sorting them, Mathcad ignores the imaginary part.
To sort avector or matrix in descending order, first sort in ascending order, then use reverse.
For example, reverse(sort(v)) returns the elements of v sorted in descending order.
Unless you change the value of ORIGIN, matrices are numbered starting with row zero and
column zero. If you forget this, it's easy to make the error of sorting a matrix on the wrong row
or column by specifying an incorrect n argument for rsort and csort. To sort on thefirst column
of amatrix, for example, you must use csort(A, 0).
Algorithm Heap sort (Press et al., 1992)
sph2xyz Vector and Matrix
Syntax sph2xyz(r, 0, ¢) or sph2xyz(v)
Description Converts the spherical coordinates of apoint in 3D space to rectangular coordinates.
Arguments
r,o,¢ real numbers p
Comments X =r sin(¢) cos(0), y=r sin(p) sin(B), z=r cos(9), v = | 4
See also xyz2sph 4
stack Vector and Matrix
Syntax stack(A, B, C, ..)
Description Returns a matrix formed by placing the matrices A, B, C, ... top to bottom.
Arguments
A,B,C,.. at least two matrices or vectors; A, B, C, ... must have the same number of columns
See also augment for example
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stderr Curve Fitting and Smoothing
Syntax stderr(Vvx, vy)
Description Returnsthe standard error associated with ssmple linear regression, measuring how closely data
points are spread about the regression line.
n-1
stderr(vx, vy) = nle z (vy; —(intercept(vx, vy) + slope(vx, vy) - vxi))2 .
i=0
Arguments
VX, VY real vector arguments of the same size
See also slope, intercept
stdev Statistics
Syntax stdev(A)
Description Returns the standard deviation of the elements of A, where mn (the sample size) isused in the
denominator: stdev(A) = Jvar(A).
Arguments
A real or complexm x n matrix or vector
Comments stdev(A, B, C, ...) isaso permissible and returns the standard deviation of the elements of A,
B,C, ...
See also Stdev, var, Var
Stdev Statistics
Syntax Stdev(A)
Description Returns the standard deviation of the elements of A, wheremn — 1 (the sample sizelessone) is
used in the denominator: Stdev(A) = /Var(A).
Arguments
A real or complexm x n matrix or vector
Comments Stdev(A, B, C, ...) isalso permissible and returns the standard deviation of the elements of A,
B,C, ...
See also stdev, var, Var
stiffb Differential Equation Solving
Syntax stiffb(y, X1, X2, acc, D, J, kmax, save)
Description Solves adifferential equation using the stiff Bulirsch-Stoer method. Provides DE solution
estimate at x2.
Arguments Several arguments for this function are the same as described for rkfixed.
y real vector of initial values.
X1, x2 real endpoints of the solution interval.
D(x,y) real vector-valued function containing the derivatives of the unknown functions.
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acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Values
of acc around 0.001 will generally yield accurate solutions.

J(X,Y) real vector-valued function which returnsthen x (n + 1) matrix whosefirst column containsthe
derivativesoD /ox and whose remaining columns form the Jacobian matrix (oD /dy, ) for the
system of DEs.

kmax integer kmax > 0 specifies maximum number of intermediate points at which the solution will
be approximated; places an upper bound on the number of rows of the matrix returned by these
functions.
save real save > 0 specifiesthe smallest allowable spacing between values at which the solutions are
to be approximated; placesalower bound on the difference between any two numbersin thefirst
column of the matrix returned by the function.

Comments The specialized DE solvers Bulstoer, Rkadapt, Radau, Stiffb, and Stiffr provide the solution
y(x) over anumber of uniformly spaced x-values in the integration interval bounded by x1 and
x2. When you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt,
radau, stiffb, and stiffr instead.

Algorithm Bulirsch-Stoer method with adaptive step size for tiff systems (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments;
Stiffb.
Stiffb Differential Equation Solving
Syntax Stiffb(y, x1, X2, npts, D, J)

Description Solves adifferential equation using the stiff Bulirsch-Stoer method. Provides DE solution at
equally spaced x values by repeated calls to stiffb.

Arguments Several arguments for this function are the same as described for rkfixed.

y real vector of initial values.
X1, x2 real endpoints of the solution interval.
D(x,Y) real vector-valued function containing the derivatives of the unknown functions.
npts integer npts > 0 specifies the number of points beyond initia point at which the solution isto be
approximated; controls the number of rowsin the matrix output.

J(X,y) real vector-valued function which returnsthe n x (n+ 1) matrix whose first column contains
the derivatives 0D /0x and whose remaining columns form the Jacobian matrix (0D dy, ) for
the system of DEs. For example, if:

X-yq y, O X
D(xy) = then J(xy) =
_2.y1.y0 0_2.y1_2.y0
Comments A system of DEs expressed intheformy = A - x isadtiff system if the matrix A is nearly

singular. Under these conditions, the solution returned by rkfixed may oscillate or be unstable.
When solving a stiff system, you should use one of the two DE solvers specifically designed for
stiff systems: Stiffb and Stiffr. These usethe Bulirsch-Stoer method and the Rosenbrock method,
respectively, for stiff systems.

The form of the matrix returned by these functionsisidentical to that returned by rkfixed.
However, Stiffb and Stiffr require an extra argument J(X, y).
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Algorithm Fixed-step Bulirsch-Stoer method with adaptive intermediate step size for stiff systems
(Presset al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments.
stiffr Differential Equation Solving
Syntax stiffr(y, x1, x2, acc, D, J, kmax, save)
Description Solvesadifferential equation using the stiff Rosenbrock method. Provides DE solution estimate
at x2.
Arguments Several arguments for this function the same as described for rkfixed.
y real vector of initial values.
X1, X2 real endpoints of the solution interval.
D(x, y) real vector-valued function containing the derivatives of the unknown functions.
acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Values
of acc around 0.001 will generally yield accurate solutions.

J(X,Y) real vector-valued function that returnsthe n x (n+ 1) matrix whose first column contains the
the derivatives 0D /0x and whose remaining columns form the Jacobian matrix (0D / dy, ) for
the system of DEs.

kmax integer kmax > 0 specifies maximum number of intermediate points at which the solution will
be approximated; places an upper bound on the number of rows of the matrix returned by these
functions.
save real save > 0 specifies the smallest allowable spacing between values at which the solutions are
to be approximated; placesalower bound on the difference between any two numbersin thefirst
column of the matrix returned by the function.

Comments The specialized DE solvers Bulstoer, Rkadapt, Radau, Stiffb, and Stiffr provide the solution
y(x) over anumber of uniformly spaced x-values in the integration interval bounded by x1 and
x2. When you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt,
radau, stiffb, and stiffr instead.

Algorithm 4th order Rosenbrock method with adaptive intermediate step size for tiff systems
(Presset al., 1992)
See also rkfixed, a more general differential equation solver for information on output and arguments,
and Stiffr
Stiffr Differential Equation Solving
Syntax Stiffb(y, X1, X2, npts, D, J)

Description Solvesadifferential equation using the stiff Rosenbrock method. Provides DE solution at equally
spaced x values by repeated calls to stiffr.

Arguments Several arguments for this function are the same as described for rkfixed.

y real vector of initial values.
x1, x2 real endpoints of the solution interval.
D(x,Y) real vector-valued function containing the derivatives of the unknown functions.
npts integer npts> 0 specifies the number of points beyond initial point at which the solutionisto be

approximated; controls the number of rows in the matrix output.
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J(X,Y) real vector-valued function which returnsthe n x (n+ 1) matrix whose first column contains
the derivatives 0D /0x and whose remaining columns form the Jacobian matrix (oD /dy, ) for
the system of DEs. For example, if:

X- 0 X
Dixy)=| | then Jxy) ="
—4Y1'¥o 0 -2y, -2y

Comments A system of DEs expressed intheformy = A - x isadtiff system if the matrix A is nearly
singular. Under these conditions, the solution returned by rkfixed may oscillate or be unstable.
When solving a stiff system, you should use one of the two DE solvers specifically designed for
stiff systems: Stiffb and Stiffr. These usethe Bulirsch-Stoer method and the Rosenbrock method,
respectively, for stiff systems.

The form of the matrix returned by these functionsisidentical to that returned by rkfixed.
However, Stiffb and Stiffr require an extra argument J(X, y).
Algorithm Fixed-step 4th order Rosenbrock method with adaptive intermediate step size for stiff systems
(Presset al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments.
str2num String
Syntax str2num(S)

Description Returns the constant formed by converting the charactersin Sinto anumber. Charactersin S
must constitute an integer such as 17, areal floating-point number such as —16.5, a complex
floating-point number such as 2.1+6i or 3.241 — 9.234j, or an e-format number such as4.51e-3
(for 4.51 - 10-3). Mathcad ignores any spaces in the string.

Arguments

S string expression
See also num2str
str2vec String
Syntax str2vec(S)

Description Returnsthe vector of ASCII codes corresponding to the charactersin string S. For alist of ASCI|
codes, see the Appendix. For example, the ASCII code for letter “a’ is 97, that for letter “b” is
98, and that for letter “c” is 99.

Arguments

S string expression
See also vec2str
strien String
Syntax strlen(S)
Description Returns the number of charactersin S.
Arguments
S string expression
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submatrix Vector and Matrix
Syntax submatrix(A, ir, jr, ic, j¢)

Description Returns a submatrix of A consisting of al elements common to rowsir through jr and columns
icthroughjc. Makecertainthat ir <jr and ic < jc, otherwise the order of rows and/or columns
will be reversed.

Arguments
A mx n matrix or vector
ir,jr integers, 0<ir<jr<m
ic, jc integers, 0<ic<jc<n
Example
1 i 1 4 4 ORIGIN =0
-b -8 -2 8 3
M=]-6 -9 -3 2 3
1 4 3
4 5 b 6 8

submatrix(M.1.2.0.2) =

contained in both rows 1 and 2

(—5 -8 —2) <— Extracts all elements
and columns 0, 1 and 2.

submatrix(M.1.2.2.0) =

arguments reverses the

(—2 -8 —5) <— Swapping the last two
order of the columns.

submatrix(M.2.1.2.0) =

arguments reverses the
-2 -8 b order of the rows.

(_3 9 -6 ) <— Swapping the first two

substr String
Syntax substr(S m, n)

Description Returns a substring of Sbeginning with the character in the mth position and having at most n

characters.
Arguments
S string expression. Mathcad assumes that the first character in Sis at position 0.
m, n integers, m>0,n>0
supsmooth Curve Fitting and Smoothing

Syntax supsmooth(vx, vy)

Description Createsanew vector, of the same size asvy, by piecewise use of asymmetric k-nearest neighbor
linear least square fitting procedure in which k is adaptively chosen.

Arguments
VX, VY real vectors of the same size; elements of vx must be in ascending order



Functions / 379

Example
i=0.120  x = 022
) Generate vector of data corrupted by uniformly
Vi = sm (Xi)md( 0.2) distributed noise of amplitude < 0.2.
z = supsmooth(x. v) Put the smoothed data in vector “z".
%

— noisy data

— smoothed data

Comments The supsmooth function uses a symmetric k nearest neighbor linear least-squares fitting
procedureto makeaseriesof linesegmentsthrough the data. Unlike ksmooth which usesafixed
bandwidth for al the data, supsmooth will adaptively choose different bandwidthsfor different
portions of the data.

Algorithm Variable span super-smoothing method (Friedman)
See also medsmooth and ksmooth
svd Vector and Matrix
Syntax svd(A)

Description Returnsan (m+ n) x n matrix whosefirst mrows containthe m x n orthonormal matrix U, and
whose remaining n rows contain the n x n orthonormal matrix V. Matrices U and V satisfy the
equation A = U - diag(s) - VT , where sisthe vector returned by svds(A).

Arguments

A mx n rea matrix, where m>n
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Example
The m ¥ n matrix A to be decom; 1 is defined at the bott
st = swd(A) < {m+n) % n matrix resulting from the
ingular value det positi
singval = svds{A) <. vector contains the singul |
133.214
singval = | 40.406
21.404
m = rows(A] m=6 n = cols(A) n=3
U = submatrix(st,0, m-1,0,n-1) <-- gxtract m % n orthonormal matrix U
V= submatriz(st, m,m+n-1,0,n-1) <_ extract n x n orthonormal matrix V
Compare A with U-diag(singval)-VT:
20 32 -4 20 32 4 " -
45 100 -4 45 100 4 )
-58 68 15 o T |58 868 15
A= U-diag(singval) V' =
15 10 26 15 10 26
7 30 18 7 3 18 V=
42 28 25 42 28 25
Algorithm Householder reduction with QR transformation (Wilkinson and Reinsch, 1971)
See also svds
svds Vector and Matrix
Syntax svds(A)
Description Returns a vector containing the singular values of A.
Arguments
A mx n rea matrix, where m> n
Algorithm Householder reduction with QR transformation (Wilkinson and Reinsch, 1971)
See also svd
tan Trigonometric
Syntax tan(z) for zin radians;
tan(zdeg), for zin degrees
Description Returns the tangent of z
Arguments
z real or complex number
tanh Hyperbolic
Syntax tanh(2)
Description Returns the hyperbolic tangent of z.
Arguments
z real or complex number
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Tcheb Special
Syntax Tcheb(n, X)
Description Returns the value of the Chebyshev polynomial of degree n of the first kind.
Arguments
n integer, n>0
X real number )
Comments Solution of the differential equation (1 —x2) - (;Lzy—x . d—d)-(y +n2.y = 0.
X
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
See also Ucheb
tr Vector and Matrix
Syntax tr(M)
Description Returns the trace of M, the sum of diagonal elements.
Arguments
M real or complex square matrix
trunc Truncation and Round-off
Syntax trunc(2)
Description Returns the integer part of z Same as floor(2) for z> 0 and ceil(2) for z< 0.
Arguments
z complex number
Comments trunc no longer takes arguments with units.
Trunc(X, y) Returnsthevalue of trunc(x/y)*y. y must bereal and nonzero. Round takesasecond
threshold argument, scal es by the threshold before performing the truncation, then rescal es after
truncation.
See also ceil, floor, round
Ucheb Special
Syntax Ucheb(n, X)
Description Returns the value of the Chebyshev polynomial of degree n of the second kind.
Arguments
n integer, n>0
X real number )
Comments Solution of the differentia equation (1 —x2) - (;lzy— 3-X- dg)—(y +n-(n+2)-y =0.
X
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
See also Tcheb
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UnitsOf Expression Type
Syntax UnitsOf(X)
Description Returns the units of x. Returns 1 if x has no units.
Arguments
X arbitrary real or complex number, or array
Comments Y ou can divide avalue by the UnitsOf function to make it unitless. For example, some built-in
functions, such as In, require their arguments to be unitless. If an argument to In has units, you
can divide the argument by UnitsOf to remove them.
var Statistics
Syntax  var(A) m-1n—1
Description Returns the variance of the elementsof A: var(A) = # >3 |Ai’j—mean(A)|2.
i=0j=0
This expression is normalized by the sample size mn.
Arguments
A real or complex mx n matrix or array
Comments var(A, B, C, ...) isaso permissible and returns the variance of the elementsof A, B, C, ....
See also stdev, Stdev, Var
Var Statistics
Syntax Var(A) m-1n-1
ipti i : = - 2
Description Returns the variance of the elements of A: var(A) — 1_2 Z |A|,1 mean(A)|2.
i=0j=0
This expression is normalized by the sample size less one, mn — 1.
Arguments
A real or complex mx n meatrix or array
Comments Vvar(A, B, C, ...) isaso permissible and returns the variance of the elementsof A, B, C, ....
See also stdev, Stdev, var
vec2str String
Syntax vec2str(V)
Description Returns the string formed by converting a vector v of ASCII codes to characters. The elements
of v must be integers between 0 and 255.
Arguments
v vector of ASCII codes

See also

str2vec
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viookup Vector and Matrix
Syntax viookup(z A, ©)
Description Looksinthefirst column of amatrix, A, for agiven value, z, and returnsthe value(s) in the same
row(s) in the column specified, c. When multiple values are returned, they appear in a vector.
Arguments
z real or complex number, or string
A real, complex or string mx n matrix
c integer, ORIGIN<c<ORIGIN+n-1
Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.
See Also lookup, hlookup, match
wave Wavelet Transform
Syntax wave(V)
Description Returns the discrete wavel et transform of real data using Daubechies four-coefficient wavel et
filter.
Arguments
Y, real vector of 2" elements, wheren > 0 is an integer
Example
k=015 Signal -0.198
2F | — -0.472
Wavelet transform:
) -0.155
W = wave(x) . 005
0.749
1.045
1.974
1.597
H=
T T 2.128
s | 1.636
Le:l 0.674
1 B 0.963
| | -0.068
Inverse transform: 0
[1} & 10 15 -0.2593
7 = iwave(w) k
-037
-0.44
5
K
Comments When you define avector v for use with Fourier or wavel et transforms, be sure to start Withv0
(or change the value of ORIGIN). If you do not define Vv , Mathcad automatically setsit to zero.
This can distort the results of the transform functions.
Algorithm Pyramidal Daubechies 4-coefficient wavelet filter (Press et al., 1992)
See also iwave
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WRITEBIN File Access
Syntax WRITEBIN(file, type)
Description Writes out amatrix as afile of binary data. Used as follows: WRITEBIN(file, type) := A.
Arguments
file String variable corresponding to the binary data filename, including path
type String argument specifying the data type used in the file. Must be one of the following: double
(64 hit floating point), float (32 bit floating point), byte (8 bit unsigned integer), uint16 (16 bit
unsigned integer), uint32 (32 bit unsigned integer), int16 (16 bit signed integer), or int32 (32
bit signed integer).
See also READBIN
WRITEBMP File Access
Syntax WRITEBMP(file)
Description Creates agrayscale BMP image file file out of a matrix.
Used asfollows: WRITEBMP(file) := M. The function must appear alone on the left side of a
definition.
Arguments
file string variable corresponding to BMP filename or path
M integer matrix, each element satisfying 0<M i< 255
WRITE_HLS File Access
Syntax WRITE_HLS(file)
Description Creates a color BMP image file file out of amatrix formed by juxtaposing the three matrices
giving the hue, lightness, and saturation components of an image.
Arguments
file string variable corresponding to BMP filename or path
M integer matrix, each element satisfying 0< M ij < 255
See also See WRITERGB for an overview of creating color data files.
WRITE_HSV File Access
Syntax WRITE_HSV(file)
Description Creates a color BMP image file file out of a matrix formed by juxtaposing the three matrices
giving the hue, saturation, and value components of an image.
Arguments
file string variable corresponding to BMP filename or path
M integer matrix, each element satisfying 0<M i< 255
See also See WRITERGB for overview.
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WRITEPRN

Syntax

Description

Arguments
file

A

Comments

See also

File Access
WRITEPRN(file) := A

Writesamatrix A into astructured ASCII datafilefile. Each row becomesalineinthefile. The
function must appear alone on the left side of a definition.

string variable corresponding to structured ASCII data filename or path
matrix or vector

The WRITEPRN and APPENDPRN functions write out data values neatly lined up in rows and
columns. When you use these functions:

e Equationsusing WRITEPRN or APPENDPRN must bein aspecified form. On theleft should
be WRITEPRN(file) or APPENDPRN(fil€). Thisisfollowed by a definition symbol (:=) and
amatrix expression. Do not use range variables or subscripts on the matrix expression.

¢ Each new equation involving WRITEPRN writes anew file; if two equations write to the
samefile, the datawritten by the second equation will overwrite the datawritten by the first.
Use APPENDPRN if you want to append values to afile rather than overwrite thefile.

¢ Thebuilt-in variables PRNCOLWIDTH and PRNPRECI S ON determine the format of the
datafile that Mathcad creates. The value of PRNCOLWIDTH specifies the width of the
columns (in characters). The value of PRNPRECIS ON specifies the number of significant
digits used. By default, PRNCOLWIDTH=8 and PRNPRECISION=4. To change these
values, choose Options from the Wor ksheet Menu and edit the numbers on the Built-In
Variablestab, or enter definitions for these variables in your Mathcad document above the
WRITEPRN function.

WRITEPRN and READPRN allow you to write out and read in nested arrays created in Mathcad.

If the array you are writing is either anested array (an array whose elements are themselves

arrays) or acomplex array (an array whose elements are complex), then WRITEPRN will not

create asimple ASCII file. Instead, WRITEPRN creates afile using a special format unlikely to

be readable by other applications. This file can, however, be read by Mathcad's READPRN
function.

By using the augment function, you can concatenate several variables and writethem all using
WRITEPRN to adatafile.

APPENDPRN

WRITERGB

Syntax

Description

Arguments
file

M

Comments

See also

File Access
WRITERGB(file)
Createsacolor BMPimagefilefileout of asinglematrix formed by juxtaposing thethreematrices

giving thered, green, and blue values of animage. Used asfollows: WRITERGB(file) :=M. The
function must appear alone on the left side of adefinition.

string variable corresponding to BMP filename or path

integer matrix, each element satisfying 0<M ij s 255

The function augment is helpful for combining submatrices prior to using WRITERGB.
Mathcad has functionsfor creating color BMP files out of matricesin which theimageis stored
in HLS or HSV format. These work in exactly the same way as WRITERGB.

WRITE_HLS and WRITE_HSV
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WRITEWAV File Access
Syntax WRITEWAV(file, s, b)
Description Creates aWAVsigna filefile out of amatrix.
Used asfollows: WRITEWAV(file, s, b) := M. The function must appear alone on the lft side
of adefinition.
Arguments
file  string variable corresponding to pulse code modulated (PCM) Microsoft WAV filename or path
S integer sample rate
b bit resolution
M integer matrix
Comments If the specified bit resolution is 1 — 8, the datais written to file as unsigned byte data. Thelimits
on unsigned byte dataare 0to 256. If the bit resolution is9 — 16, word data (two bytes) iswritten
to file. The limits on word data are —32768 to 32767.
See also GETWAVINFO and READWAV
xy22cy| Vector and Matrix
Syntax xyz2cyl(X, Y, 2) or xyz2cyl(V)
Description Converts the rectangular coordinates of a point in 3D space to cylindrical coordinates.
Arguments
XY, Z real numbers X
Comments X=rcog0),y=rsin@®),z=z v = |y
See also cyl2xyz z
xyZ2pol Vector and Matrix
Syntax xy2pol(X, y) or xy2pol(V)
Description Converts the rectangular coordinates of a point in 2D space to polar coordinates.
Arguments
X, Y real numbers
Comments x=rcos(0),y=rsin0), v = H
See also pol2xy 2
xyzzsph Vector and Matrix
Syntax xyz2sph(X, Y, 2) or xyz2sph(Vv)
Description Converts the rectangular coordinates of a point in 3D space to spherical coordinates.
Arguments
X, ¥, Z real numbers X
Comments X=rsin(¢) cos(B), y =r sin(¢) sin(6), z=r cos(¢), v = |y
See also sph2xyz z
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YO Bessel
Syntax YO(2
Description Returns the value of the Bessel function Y ((2) of the second kind. Same as Yn(0, 2).
Arguments
z real or complex number
Comments Y0.sc(2),where sc means scaled and is aliteral subscript, gives YO(2) multiplied by
exp(-]Im(2)]). Scaled functions are useful for calculating large arguments without overflow.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
Y1 Bessel
Syntax Y1(2)
Description Returns the value of the Bessel functionY ;(2) of the second kind. Same as Yn(1, 2).
Arguments
z real or complex number
Comments Y1.sc(2),where sc means scaled and isaliteral subscript, gives Y1(2) multiplied by
exp(-1Im(2)]). Scaled functions are useful for calculating large arguments without overflow.
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
Yn Bessel
Syntax Yn(m, 2)
Description Returns the value of the Bessel function Y () of the second kind.
Arguments
m real number
z real or complex number d? d
Comments Solution of the differential equation X Wy X &y +0E-m) -y =0 .
Y1.sc(m, 2),where sc means scaled and is aliteral subscript, gives Yn(m, 2) multiplied by
exp(-|Im(z)]). Scaled functions are useful for cal culating large arguments without overflow
Algorithm AMOSLIB; ACM TOMS 12 (1986) 265-273.
See also Jn
ysS Bessel
Syntax ys(n, 2)
Description Returns the value of the spherical Bessel function of the second kind, of order n, at x.
Arguments
z real or complex number
n real number )
Comments Solution of the differential equation: X %y +2-X- %(y + (x2 -n-(n+1))y= 0.
Algorithm Recurrence relation (Abramowitz and Stegﬁn, 1972)
See also js
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d Piecewise Continuous
Syntax d(m, n)
Description Returns the value of the Kronecker deltafunction. Output is 1 if m=n and O otherwise.
(Totyped, pressd[Ctrl]G).
Arguments
m, n integers
€ Piecewise Continuous
Syntax e, j,k
Description Returns the value of a completely antisymmetric tensor of rank three. Output is 0 if any two
arguments are the same, 1 if the three arguments are an even permutation of (0 1 2), and -1 if
the arguments are an odd permutation of (0 1 2). (To typee, presse[Ctrl]g).
Arguments
i,j,k integers between 0 and 2 inclusive (or between ORIGIN and ORIGIN+2 inclusive if ORIGIN=0)
T Special
Classical Definition
Syntax '@
Description Returns the value of the classical Euler gamma function. (To typeT, press G[Ctr1]Q).
Arguments
z real or complex number; oLojndefined forz=0,-1,-2, ...
Description ForRe(z) >0, T'(2) = j tz-letdt .

For Re(2) < 0, function vé} uesanalytically continuethe aboveformula. Because I'(z+1) = 2,
the gamma function extends the factorial function (traditionally defined only for positive
integers).

Extended Definition

Syntax
Description

Arguments
X, Y

Description

I'(x,y)
Returns the value of the extended Euler gamma function. (To typeT, press G[Ctr1]Qg).

real numbers, x>0,y>0 .
Although restricted to real arguments, the functionT'(x, y) = j t*~le-tdt
y
extends the classical gamma function in the sense that the lower limit of integrationy isfree to

vary. In the specia case when y=0, the classical formulation applies and the first argument may
assume complex values.
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() Piecewise Continuous
Syntax D(x)
Description Returns the value of the Heaviside step function. Output is 1 if x> 0 and 0 otherwise.
(Totype @, pressF[Ctrl]g).
Arguments
X real number
Example

pulse(x.w) = ®(x) - B(x - w)

lowpass(x.w) = pulse(x + w, 2-w)
highpass(x.w) =1 - pulse(x + w. 2 -w)
bandpass({x.w.f) = pulse(x - f.w)

z = -20.-199.20

The three filters are plotted below with a vertical offset so you can
see them more easily.

lowpass(z.3)

highpass(z.6] - 2

bandpass(z.4.8] + 2







Chapter 17
Operators

This chapter lists and describes Mathcad’ s built-in operators. The operators are listed
according to the toolbar: Calculator, Graph, Matrix, Evaluation, Calculus, Boolean,
Programming, Greek, Symbolic, and Modifier on which they appear.

Changing the Display of an Operator
When you insert an operator into aworkshest, it has a certain default appearance. For

391

example, when you type acolon : or click

= | on the Calculator toolbar, Mathcad

showsthe colon asthe definition symbol :=. ThisMathcad symbol indicatesavariable

or function definition.

There may be times when you want to customize the appearance of operators. For
example you may want the definition symbol to look like an ordinary equal sign. To
change the way an operator is displayed throughout a worksheet:

1. Choose Worksheet Options from
the Tools menu.

2. Click the Display tab.
3. Usethe drop-down options next to

Worksheet Options

Buil-ln Variablesl Calculation  Display |Unit Systeml Dimensionsl

— Dperator Display

Wiew Ag

X

each operator to select ad|sp|ay Multiplication M armow Dot
Opti on. Deriwative m
To find the options available for each LierelSubscr Lage i 7]

. Definition lm
operator, click the Help button at the b i : =
bottom of the Display tab. = e [rectns 7]

Lacal Definition m
To change the appearance of an Equaly [BodEqual 7|
operator in an individual expression,
click on it with the right mouse button
and use the popup menu. For example, [ ok | cancel | Hep
to change the multiplication in an
expression from adot to an x:
1. Click on the multiplication with the right 3.5
mouse bUtton' Wiew Multiplication 4z ¥ v Default
cXJ Cut AutoSelect
Copy Dt
Baste Large Dot
Froperties... _
Dizable Evaluation Ltin Space
Mo Space
2. ChooseView Multiplication As... = X
from the popup menu. AL
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Defining a Custom Operator

Tip

Tip

Y ou define a custom operator just as you define a function:

1. Typetheoperator namefollowed by apair of parentheses. Enter the operands (two
at the most) between the parentheses.

2. Enter the definition symbol := by pressing the colon key.

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 Quick Sheets from the Help menu and then choose “ Extra Math Symbols.”
Y ou can drag any of these symbolsto your worksheet for use in creating a new operator name.

For example, suppose you want to define anew union operator using the symbol “ “~ .
1. Drag the symbol into your worksheet from the “ Extra Math
Symbols’ QuickSheet.

2. Typealeft parenthesis followed by two names separated by a
comma. Complete thisargument list by typing aright parenthesis. vx.y)

3. Pressthecolon () key. Y ou see the definition symbol followed ;
by a placeholder.

4. Type the function definition in the placehol der. O x.y) = stack(x,y)

At thispoint, you' vedefined afunction which behavesin every
way like the user-defined functions described in Chapter 8, “Calculating in Mathcad.”

You could, if you wanted to, type* w (1, 2)=" in your worksheet and see the resullt,
avector with the elements 1 and 2, on the other side of the equal sign.

Onceyou' ve defined the new operator you can paste the definition into the QuickSheet. Choose
Annotate Book from the Book menu, then Save Section. When you need to use this operator
again, just open the QuickSheet and drag it into a new worksheet.

Using a Custom Operator

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“—1" or “5!") or two
(like“1+2").

To use an operator having two operands: 1
1. Define any variables you want to use as arguments. Vo= EJ u:= EJ
2. Click on the Evaluation toolbar. You'll see three empty

placehol ders. e
3. Inthe middle placeholder, insert the name of the operator. Or copy

the namefrom the operator definition and pasteit into the placeholder. | L ul s
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4. Intheremaining two placeholders, enter the two operands.

5. Press=to get the result.

Yo u-=

BN W N =S

Tip Another way to display an operator having two operandsisto click on the Evaluation
toolbar. If you follow the preceding steps using this operator, you’ || see a tree-shaped display.

Tip

To insert an operator having only one operand, decide first whether you want the
operator to appear before the operand, asin“—1," or after the operand asin“5!.” The
former is called a prefix operator; the latter is a postfix operator. The example below
shows how to use apostfix operator. The stepsfor creating aprefix operator are almost

identical.
The following example shows how to define and use a new logical Not
operator. First define an operator “ '(x)”. To do so, follow the steps for

() = X

defining U (X, y) in the previous section, substituting the symbol “ ' for “U” and using

only one argument instead of two.
Then, to evaluate with the new operator:

1. Click on the Evaluation toolbar to make a postfix operator.

Otherwise, click . In either case, you see two empty placeholders.

2. If youclicked , put the operator namein the second placehol der.
Otherwise put it in thefirst placeholder. In either case, you may find

it more convenient to copy the name from the operator definition and pasteit into

the placeholder.

3. Intheremaining placeholder, place the operand.

4, Press=to seetheresult.

Just as Mathcad can display a custom operator asif it were afunction, you can conversely

display afunction asif it were an operator.
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Arithmetic Operators

To use an arithmetic operator either typeits keystroke
or choose the operator from the Calculator toolbar: Calculator______E3|

sin cos tan In log

Y
(=]
i

Parentheses ( X))

Keystroke 2
Description Groups parts of an expression.
Addition X+Y
Keystroke + +

Description If Xand Y arereal or complex numbers, adds X and Y.
If X and Y are real or complex vectors or matrices of the same size, adds elements of X to
corresponding elements of Y.
If Xisarea or complex array and Y isareal or complex number, adds Y to each element of X.

Addition with line break X...
+Y

Keystroke [Ctr][4]
Description Adds in the same manner as Addition, but inserts aline break for cosmetic formatting reasons.

Comments This formatting feature cannot be used for multiplication or division. It can be used with
subtraction if X — Yiswritten instead as X + (- Y).
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Subtraction and Negation X-Y, =X

Keystroke

Subtraction

Description

Negation

Description

If Xand Y arereal or complex numbers, subtracts Y from X.
If Xand Y arereal or complex vectors or matrices of the same size, subtracts elementsof Y from
corresponding elements of X.

If Xisanreal or complex array and Yisareal or complex number, subtracts'Y from each element
of X.

If Xisareal or complex number, reverses the sign of X.
If Xisareal or complex array, reverses the sign of each element of X.

Multiplication X-Y

Keystroke  * #
Description If Xand Y arereal or complex numbers, multiplies'Y by X.
If Yisarea or complex array and X isareal or complex humber, multiplies each element
of Y by X.
If Xand Y arereal or complex vectors of the same size, returns the dot product (inner product).
If X and Y arereal or complex conformable matrices, performs matrix multiplication.
To change the appearance of multiplication from a dot to a cross, choose Wor ksheet Options
from the Tools menu, click the Display tab and use drop-down options to make the selection.
Division X
z
Keystroke / /
Description If X and zare real or complex numbers and zis nonzero, divides X by z

If Xisarea or complex array and zisanonzero real or complex number, divides each element
of Xby z.

Inline Division X+2z

Keystroke [Ctr1]/
Description If X and zare real or complex numbers and zis nonzero, divides X by z
If Xisanreal or complex array and zisanonzero real or complex number, divides each element
of Xby z
Factorial n!
|
Keystroke 1 "
Description Returnsn-(n—-1)-(n—2)...2-1 if nisanintegerand n>1;1ifn=0.
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Complex conjugate X

Keystroke

Description

If Xisacomplex number, reverses the sign of the imaginary part of X.

Absolute value |X|

Keystroke

Description

4]
I

If zisareal or complex number, |2 returns the absolute value (or modulus or magnitude)
JRe(2)2+1m(2)2 of z

If visreal or complex vector, |v| returns the magnitude (or Euclidean norm or length) /v - v of
v. If al elementsin v arereal, this definition isequivalent to /v - v.

If M isarea or complex square matrix, [M| returns the determinant of M.

Square root

Jz

Keystroke  \ T
Description Returns the positive square root for positive z; principal value for negative or complex z
nth root n/z
e
Keystroke [CerI]\
Description Returns the positive nth root for positive z; negative nth root for negative zand odd n; principal
value otherwise. n must be aninteger, n>1.
See also Exponentiation, Square root
Comments This operator gives the same values as the Exponentiation operator except whenz<0and nis
an odd integer and n>3 (by specia convention).
Reciprocal 1
ais
Keystroke / 1 =

Scalar Case
Description
Matrix Case

Description

See also

Algorithm

Returns the reciprocal (multiplicative inverse) of z, where zisarea or complex humber.

If M isarea or complex square matrix, the reciprocal of M is the same as the inverse matrix
M1 (assuming that M is nonsingular).

Exponentiation

LU decomposition used for matrix inversion (Press et al., 1992)
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Exponentiation zZW

¥
Keystroke N =
Scalar Case
Description Returnsthe principal valueof zraised to the power w, wherezand w arereal or complex numbers.
See also nth root
Comments The principal valueisgiven by the formula [Z%W - exp(r - i - w) . In the special case z< 0 and
w = 1/n, where nisan odd integer and n > 3, the principal value has anonzero imaginary part.
Hence, inthisspecial case, Exponentiation doesnot givethesamevaueasthenth root operator
(by convention).
Matrix Case
Description If M isareal or complex squarematrix and n>0 isaninteger, M" returnsthe nth power of
M (using iterated matrix multiplication). Under the same conditions,M " istheinverseof M "
(assuming additionally that M is nonsingular).
Algorithm LU decomposition used for matrix inversion (Press et al., 1992)
Equals c=
Keystroke = =
Description Returns numerical value of c if cis: avariable previously defined in the worksheet; abuilt-in
variable; aglobally-defined variable; or afunction of several such variables. Appears as an
ordinary = on the screen. Not used for symbolic evaluation.
Definition z:=c, f(xyz..): = expr
Keystroke : -
Description Giveszthe numerical value ¢ from that point onward throughout the worksheet. Givesafunction
f(x.y,z...) the meaning prescribed by the expression expr from that point onward throughout the
worksheet. expr need not involve x, y, z, ... but it usually does; it may involve other built-in or
user-defined functions.
See also Definition (under Evaluation Operators) for example.

Mixed number k[D

Keystroke
Description

Comments

n
[Ctri][Shift]+

If k, mand n are integers, returns the value of k + m/n.

Todisplay anumerical result asamixed number, double-click on theresult to bring up the Result
Format dialog box. Choose Fraction for the result format on the Number Format tab. Click the
box next to “Use mixed numbers” so that it is checked.
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Vector and Matrix Operators

Most of the operators on the Calculator toolbar also have
meaning for vectors and matrices. When you use the addition |[EERC ILE]
operator to add two arrays of the same size, Mathcad performs B %, s

the standard element-by-element addition. Mathcad also uses | *™
the conventional arithmetic operators for matrix subtraction, [
matrix multiplication, integer powers, and determinants.

The multiplication symbol means dot product when applied to
vectors and matrix multiplication when applied to matrices. Fxt ozu o [

Y ou can also use the vectorize operator (click on the Matrix toolbar) to perform
any scalar operation or function element by element on a vector or matrix. See
“Performing Calculationsin Parallel” on page 61. Figure 17-1 shows somewaysto use
vector and matrix operators.

Matrix M . . . Yectorsvandw. ..
012 3+10 13 26
M =|302 ¥y =|1-4 V[S] w = 2'¥ w=| -6
b 31 5-10 b0 100
Sum . .. Determinant _ _ . Dot and Cross Product . _ . 0
2. v-60 M| - 25 v-w=-535610"  vxw=-|0
Inverse . .. 0
024 02 o008 Transpose . . .
M -| 028 -04 0024

w! = (26 -6 100)

Solve linear system Mx=v with inverse . ..

036 02 -012

x=MTy
MM'=-lo10 0-28 18
00 1 x - |16.84 M-x - |-3
-1.92 50

Figure 17-1: Vector and matrix operations.

Tip Operatorsand functions that expect vectors always expect column vectors. They do not apply to
row vectors. To change arow vector into acolumn vector, use the transpose operator by clicking

on the Matrix toolbar.
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Insert matrix
Keystroke [CtrI]M

il

Description Creates a vector or matrix of specified dimensions.

Vector and matrix subscript V. Mi i
2

Keystroke [ *n |

Description If visavector, v, returns the nth element of v.
If M isamatrix, Mi'j returns the element in row i and column j of M.

Range variable

Keystroke ;

Description Specifies that a variable assume arange of values (for the sake of repeated or iterative
calculations).

Dot product U-V

*

=k
=

Keystroke

Description Returns the dot product (scalar or inner product) of two n-dimensional real or complex vectors
uandv.

Cross product UXYV

Keystroke [Ctri]8

=)
oy
==}

Description Returnsthe cross product (vector product) of two 3-dimensional real or complex vectorsu and v.

Vector sum XV
Keystroke [Ctr1]4

=

Description Returns the sum (ascalar) of al elements of areal or complex vector v. (No range variable or
vector subscripts are needed.)

Matrix Inverse

Keystroke N-1

Description Returns the multiplicative inverse of areal or complex nonsingular square matrix M.

Algorithm LU decomposition used for matrix inversion (Press et al., 1992)
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Magnitude and Determinant |x|

Keystroke

Description

Algorithm

4]
I

If zisareal or complex number, |7 returns the absol ute value (or modulus or magnitude)
JRe(2)2+1m(2)2 of z

If visrea or complex vector, returns the magnitude (or Euclidean norm or length) ,/v - v of v.
If all elementsinv arereal, this definition is equivalent to /v - v.

If M isareal or complex square matrix, returns the determinant of M.

LU decomposition (Press et al., 1992)

Matrix superscript M

i F

Keystroke [Ctri]6 !
Description Extracts column n (avector) from matrix M.
Matrix transpose M T
-
Keystroke [Ctrl]1 i
Description If M isavector or matrix, returnsamatrix whose rows are the columns of M and whose columns
are the rows of M.
Vectorize )9(
)
Keystroke [CtrI]-
Description Forces operations in expression X to take place
element by element. All vectors or matricesin X
must be the same size. P=MN
—
Comments Mathcad’ s vectorize operator allows parallel P o=(M-N
operations to be performed efficiently on each

element of avector or matrix. For example, to

define amatrix P by multiplying corresponding elements of the matricesM and N, you could
write Pi’ =M i Ni’ - wherei and j arerange variables. (Thisis not matrix multiplication,
but rather multiplication element by element.) It' sfaster, however, to define P using vectorize:

¢ Select thewholeexpression by clicking inside and pressing [ Space] until the right-hand side
is held between the editing lines.

¢ Press[Citrl]-to apply the vectorize operator. Mathcad puts an arrow over the top of the
selected expression.

Extending ordinary scalar multiplication to matricesin this fashion, element by element, is
referred to as “vectorizing” an expression.
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Here are some properties of the vectorize operator:

The vectorize operator changes the meaning of functions and operators but not constants or
variables.

Operations between an array and a scalar are performed by applying the scalar to each
element of the array. For example, if v isavector and n is ascalar, applying the vectorize
operator to V" returns a vector whose elements are the nth powers of the elements of v.

Y ou cannot use any of the following matrix operations under a vectorize operator: dot
product, matrix multiplication, matrix powers, matrix inverse, determinant, or magnitude of
avector. The vectorize operator will transform these operationsinto element-by-element
scalar multiplication, exponentiation, or absolute value, as appropriate.

The vectorize operator has no affect on operators and functions that require vectors or
matrices: transpose, cross product, sum of vector elements, and functionslike mean. These
operators and functions have no scalar meaning.

Picture

Keystroke

Description

[CerI]T Bl

2]

Displays amatrix, M, or animagefile, S, as a grayscale image, by default. Each element of M

correspondsto apixel. The value of an element determines the shade of gray associated with the
corresponding pixel. Each element of M isan integer between 0 (black) and 255 (white). When
the argument is a string that indicates the path to an image file, the pictureisalso displayed asa
grayscale image. See “Inserting Pictures’ on page 151.
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Calculus Operators
To access a calculus operator either typeits keystroke, or

choose the operator from the Calculus toolbar: Calculus ]
[ = 7
oI
Summation '
X
i =m _
Keystroke  [Ctri1][Shift]4 2

Description Performs iterated addition of Xover i = m,m+ 1, ..., n. X can be any expression; it need not
involvei but it usually does. mand n must beintegers. If m = —o or n = « , theevaluation
must be performed symbolically.

Example
i =0.20 X; =sin{0.1-i-®)
20 20
Z" _ 210 H(n+1) - 5.109-10"
n=0 n=0
20 20
> ix,= 0 > xyn = -68.138
n=0 n=0
20 10
Z Zn"‘ - 2564-10"
n=0m=0

See also Range sum

Comments The summation operator has four placeholders:

1. Theplaceholder to the l€eft of the equal sign holds avariable that isthe index of
summation. It is defined only within the summation operator and therefore has
no affect on, andisnot influenced by, variable definitions outside the summation

operator. et
2. Integers, or any expressions that evaluate to integers, go in the placeholders to 10
theright of the equal sign and above the sigma. Z
n




Calculus Operators / 403

3. Theremaining placeholder holds the expression you want to sum. Usually, this 10
expressioninvolvestheindex of summation. If thisexpression hassevera terms, Z 2
first type an apostrophe (*) to create parentheses around the placehol der. n

n=1

4. To evaluate multiple summations, place another summation in the final
placeholder of the first summation and use two range variables, asillustrated in the example
above.

This use of summation must be carried out over subsequent integers and in steps of one. Usethe
Range Sum operator to use any range variable you define.

Tip The operation of summing the elements of avector is so common that Mathcad provides a
specia operator for it. The vector sum operator (click on the Matrix toolbar) sumsthe
elements of a vector without needing arange variable.

11
Product
[T X

i=m =

Keystroke [CerI][Shift]3
Description Performsiterated multiplication of Xover i = m,m+ 1, ..., n. X can beany expression; it need
not involvei but it usually does. If m = —0 or n = o , the evaluation must be performed

symbolically. Works similar to Summation.
See also Range product. See Summation for an example.

Range sum

Keystroke

Description

Example

>X
$

Performs iterated addition of X over the range variablei. X can be any expression; it need not
involvei but it usually does.

)2

i =0.20 j=1.10 %; = sin(0.1-ix)

Zi=210 H(i+1)=5_109-10"’

i i
inzo in-i=—63_138
i
N il = 25654-10"°
RN Z.;

13
y1 = 210 Zyi=2_554-10
j

yi0 = 2.416-10"
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See also

Comments

Tip

Summation

This operator can use any range variable you define as an index of summation:

1. Define arange variable. For example, type1:1,2;10. ‘ i=1.2.10

2. Click in ablank space. Then click % on the Calculus toolbar. A Z 1
summation sign with two placeholders appears.

3. Click on the bottom placehol der and type the name of arangevariable.

4. Click on the placeholder to the right of the summation sign and type
an expression involving the range variable. If this expression has Z i
severa terms, first typean apostrophe (*) to create parenthesesaround i
the placeholder.

5. Press=to get aresult.

To enter the expression in the exampl e above using fewer keystrokes, type
isin2.

The Range sum operator, unlike the Summation operator, cannot stand alone. It requires
the existence of arange variable. However, asingle range variable can be used with any number
of these operators.

Variable Upper Limit of Summation

Mathcad’ s range summation operator runs through each value of the range variable you placein
thebottom placehol der. Itispossible, by using Boolean expressions, to sum only up toaparticular
value. In Figure 17-2, theterm i < X returnsthe value 1 whenever it istrue and O whenever itis
false. Although the summation operator still sums over each value of the index of summation,

those terms for which i > X are multiplied by 0 and hence do not contribute to the summation.

i=0 10 noJ
, gm=>. > . m
fo=>"1 (=% f=im=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 |
B

Figure 17-2: A variable upper limit of summation.
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Range product HX
i

T
Keystroke H n

Description Performs iterated multiplication of X over the range variablei. X can be any expression; it need
not involvei but it usually does. Works similar to Range sum.

See also Product. See Range sum for an example.

PP D
Definite integral I f(t)dt
a

Keystroke &

Description Returns the definite integral of f(t) over theinterval [a, b] . aand b must bereal scalars. All
variablesin the expression f(t), except the variable of integration t, must be defined. The
integrand, f(t), cannot returnanarray. a = —o , b = o, or both are permitted.

Examples
i=0.5 f(2) =% +3x+2
i 0
4, ::J f(x)dx h, ::J f(x)dx
0 i
0 0
0 0 0 0
L 3.833 L 0.833
92 12.667 h =02 0,567
3 85 3 15
4 53.333 4 5.333
5 89.167 5 14.167

Figure 17-3: Variable limits of integration

Asan example, here's how to evaluate the definite integral of sin(x) from Oto ©t/4:

b
1. Click .ra ontheCalculustoolbar. Anintegral symbol appears, J' = da
with placeholders for the integrand, limits of integration, and "

variable of integration.

2. Typeyour upper and lower limits of integration in the top and
bottom placeholders. J
[1]

3. Typetheexpressionto beintegrated in the placeholder between ,,
theintegral sign and the “d.” J 1 sinix 2 da
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Comments

Note

"
Press = for the result. a
sin(x)° o = 0.143

4. Typethe variable of integration in the remaining placehol der. J

0

Here are some important things to remember about integration in Mathcad:
e Thelimits of integration must be real, but the expression to be integrated can be either real
or complex, except for integrals being evaluated with the Infinite Limit a gorithm.

«  Except for the integrating variable, al variablesin the integrand must have been defined
elsewhere in the worksheet.

e Theintegrating variable must be asingle variable name.

« Iftheintegrating variableinvolvesunits, the upper and lower limits of integration must have
the same units.

Like all numerical methods, Mathcad's integration algorithm can have difficulty with ill-
behaved integrands. If the expression to beintegrated has singularities, discontinuities, or large
and rapid fluctuations, Mathcad's solution may be inaccurate.

In some cases, you may be able to find an exact expression for your definiteintegral or eventhe
indefinite integral (antiderivative) by using Mathcad symbalics.

Variable Limits of Integration

Although the result of an integration is a single number, you can aways use an integral with a
range variable to obtain results for many numbers at once (asillustrated in Figure 17-3). Such
repeated evaluations may take considerable time depending on the complexity of the integrals,
the length of the interval, and the value of TOL.

Tolerance for Integrals

Mathcad’ s numerical integration algorithm makes successive estimates of the value of the

integral and returns a value when the two most recent estimates differ by |less than the value of
the built-in variable TOL. Figure 17-4 below shows how changing TOL affects the accuracy of
integral calculations (not to be confused with the mere formatting issue of how many digitsto

display).

Default tolerance 5

TOL = 0.001 1
T dt = 5.0000006413642563

Tighter tolerance e5
TOL = 0.000001 1
T dt = 5.000000000007783
A1
Looser tolerance 95
TOL = 0.1 1

T dt = 5.01153308301165bb
41

Figure 17-4: How changing TOL affectsthe accuracy of integral calculations.



Calculus Operators / 407

Algorithm

Y ou can change the value of the tolerance by including definitions for TOL directly in your
worksheet as shown. To see the effect of changing the tolerance, press [Ctrl][F9] to recalculate
all the equations in the worksheet.

If Mathcad's approximations to an integral fail to converge to an answer, Mathcad marks the
integral with an appropriate error message.

When you change the tolerance, keep in mind the trade-off between accuracy and computation
time. If you decrease (tighten) the tolerance, Mathcad will compute integrals more accurately.
However, Mathcad will take longer to return aresult. Conversely, if you increase (loosen) the
tolerance, Mathcad will compute more quickly, but the answers will be less accurate.

Multiple Integrals

Y ou can a'so use Mathcad to evaluate double or multipleintegrals. To set up adouble integral,
presstheampersand key, [&], twice. Fill intheintegrand, thelimits, and theintegrating variable
for each integral. Keep in mind that double integral s take much longer to converge to an answer
than single integrals. Wherever possible, use an equivalent single integral in place of adouble

integral.

Because certain numerical integration methodswork best on certain kinds of integrals, Mathcad
has an AutoSelect feature for integration. Depending on the kind of integral you are evaluating,
Mathcad automatically chooses the most appropriate integration method to use. Using

AutoSelect, Mathcad examinesthe integral and evaluatesit using one of the following methods:

* Romberg: Romberg trapezoidal approximation with Richard extrapolation—divides the
interval into equally spaced intervals.

« Adaptive: if the values of f(x) vary significantly over the interval, divides the interval into
unequally spaced intervals.

« Infinite Limit: Integrates using an algorithm appropriate for integrals where one of both of
the limits areinfinite. The function being integrated must be real.

e Singular Endpoint: if f(a) and/or f(b) is undefined.

If youwant to evaluatean integral using amethod other than the one chosen during the AutoSel ect
process, turn off AutoSelect and choose another method. To do so:

1. Typetheintegral and allow AutoSelect to return aresult.

2. Right click on theintegral.

3. Click on the method you want to use.

Theintegral is recalculated using the method you clicked.

Romberg, Kahan transform, QAGS, Clenshaw-Curtis, Gauss-Kronrod formul as (Piessens 1983,
Lorczak)

Indefinite integral J'f(t)dt

Keystroke

Description

[Ctri]i )

Returnstheindefiniteintegral (that is, an antiderivative) of f(t). Must be performed symbolically.
The integrand, f(t), cannot return an array.
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Derivative d
—f(t
i (Y

Keystroke ?

Description

Examples

gl:t;l =

Derivative

9,5

dx

.5
dx

-~

y = 10 0
517
Actual result

79.99999999999997 glx) = 80
= 799.9999999999998  g(x]'y = 800
= 31.99999999999993 X5 = 32
=0 (Since expression does not

involve t, derivative is zero)

Returns the derivative of f(t) evaluated at t. All variablesin the expression f(t) must be defined.
The variable t must be a scalar value. The function f(t) must return a scalar.

Here's how to evaluate the first derivative of X3 with respect to x at the point X = 2:

1. First define the point at which you want to evaluate the derivative. As
ashortcut, typex:2 .

2. Click below thedefinition of x. Thenclick

d
CE

ontheCalculustoolbar.

A derivative operator appears with two placeholders.

3. Typex inthe bottom placeholder. Y ou are differentiating with respect

to this variable. In the placeholder to the right of the (;j_x , enter x"3.

Thisisthe expression to be differentiated.

4, Press

Comments

=to get the result.

With Mathcad’ s derivative algorithm, you can expect thefirst derivative to

d

dx

=12

be accurate to within 7 or 8 significant digits, provided that the value at which you evaluate the
derivativeis not too close to asingularity of the function. The accuracy of this algorithm tends
to decrease by one significant digit for each increase in the order of the derivative (see nth

derivative operator).

The result of differentiating is not afunction, but a single number: the computed derivative at
theindicated value of the differentiation variable. In the previous example, the derivative of x3

isnot the expression 3x2 but 3x2 evaluated at X = 2 . If you want the expression 3x2, you
will need to use menu symbolics.
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Although differentiation returns just one number, you can till define one function asthe

derivative of another. For example: f(x) := %g(x) .

Evaluating f(x) will return the numerically computed derivative of g(x) at x. Y ou can use this
technique to evaluate the derivative of afunction at many points viarange variables.

To change the appearance of the derivative symbol to a partial derivative symbol, choose
Worksheet Optionsfrom the T ools menu, click the Display tab and use the drop-down options
to make the selection.

There are some important things to remember about differentiation in Mathcad:

« Theexpression to be differentiated can be either real or complex.

e Thedifferentiation variable must be asingle variable name. If you want to evaluate the
derivative at several different values stored in avector, you must evaluate the derivative at
each individual vector element (see Figure 17-5).

gix) =5 x*
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 17-5: Evaluating the derivative of a function at several points.

Algorithm Modified Ridder’s method (Press et al., 1992; Lorczak)

nth derivative dn

2t
dth

Keystroke [Ctri]? i

Description Returnsthe nth derivative of f(t) evaluated at t. All variablesin f(t) must be defined. Thevariable
t must be ascalar value. The function f(t) must return a scalar. n must be an integer between 0
and 5 for numerical evaluation or a positive integer for symbolic evaluation.
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Comments For n = 1,thisoperator givesthesameanswer asthe Derivativeoperator. For n = 0 ,itsimply
returns the value of the function itself.

Algorithm Modified Ridder’s method (Press et al., 1992; Lorczak)

Limit lim f(t)
t—>a

Keystroke [Cerl]L
Description Returns the two-sided limit of f(t). Must be evaluated symbolically.

lim
=3

Algorithm Series expansion (Geddes and Gonnet, 1989)

Right-Hand Limit ~ lim f(t)
t>at
-
Keystroke  [Ctr1][Shift]A it

Description Returns the right-hand limit of f(t). Must be evaluated symbolically.

Algorithm Series expansion (Geddes and Gonnet, 1989)

Left-Hand Limit lim f(t)
t—>a

Keystroke [Cer1][Shift]B
Description Returns the left-hand limit of f(t). Must be evaluated symbolically.

lim
3"

Algorithm Series expansion (Geddes and Gonnet, 1989)
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Evaluation Operators

To access an Evaluation operator either type its keystroke,

or choose the operator from the Evaluation toolbar: E valuation [x]

= = = o

fxz xf =fy fo

Equals c=
Keystroke = B
Description Returns numerical value of c if cis: avariable previously defined in the worksheet; a built-in
variable; aglobally-defined variable; or afunction of several such variables. Appears as an
ordinary = on the screen. Not used for symbolic evaluation.
Definition z:=c, f(xyz..):=expr
Keystroke : =
Description Giveszthenumerical value c from that point onward throughout the worksheet. Givesafunction
f(x,y,z....) the meaning prescribed by the expression expr from that point onward throughout the
worksheet. expr need not involve x, y, z, ... but it usually does; it may involve other built-in or
user-defined functions.
Examples
Computing distances between points (DEFINITIONS)
X1 =0 y] =15
X2 =3 y2 =4 dist(x, y) = .‘x2+y2
X3 = -1 y3 =1
Compute distance from origin: (EVALUATIONS)
dist(x1,y1) =15
dist(x2,y2) - 6
dist(x3, y3) - 1.414
Compute distance between points
dist(x2 - x1, y2-y1) = 3.905
dist(x3-x1,y3-y1) = 1.118
dist(x3-x2,y3-y2) - 6
Figure 17-6: Example 1.
Comments Y ou can define arraysin the same way as scalars, with thearray name A ontheleft sideof a - =,

and a corresponding array of values to the right.

Y ou can likewise use arrays to define several variables at once, as the previous example shows.
The left side of asimultaneous definition is an array whose elements are either names or
subscripted variable names. The right side must be an array of values having the same number
of rowsand columnsastheleft side. Mathcad defines each variable on theleft sidewith thevalue
of the array in the corresponding position on the right side. Elements on theright side are all
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Simultaneous definition of three variables...

X = 2
@ atan{ x)
- In{x)
: @ = 11071487
¥ K g - 06931472
v = 14142136

Swap two variables._..

A =1

Figure 17-7: Example 2.

evaluated before assigning any of them to the left side. Because of this, nothing on theright side
of an expression can depend on what is on the |eft side. Y ou also cannot have a variable appear
more than once on the |eft side.

When you define a function, Mathcad does not try to evaluate it until you useit later oniin the
worksheet. If thereis an error, the use of the function is marked in error, even though the real
problem may bein thedefinition of thefunctionitself. For example, if f(x) := 1/x and you attempt
to evaluate f(0), the error flag occurs not at the definition of f(x) but when Mathcad encounters
f(0) for the first time.

Global Definition Z°= ¢ f{(xyz..) - = expr

Keystroke

Description

Comments

~

Gives zthe numerical value c throughout the worksheet regardless of wherethe global definition
ispositioned. Likewise, givesafunctionf(x,y,z,...) the meaning prescribed by the expression expr
throughout the worksheet. expr need not involve x, y, z, ... but it usually does; it may involve
other built-in or user-defined functions.

Y ou can globally define arraysin the same way as scalars, with the array name A on the left side
of a =, and a corresponding array of values to the right.

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. Thistime,
Mathcad evaluates all definitions made with := aswell as all equations containing =.

Although global definitions are evaluated before any local definitions, Mathcad
evaluates global definitions the same way it evaluates|ocal definitions: top to bottom
and left to right. This means that whenever you use avariable to theright of a=:

that variable must also have been defined with a=, and

the variable must have been defined above the place where you are trying to use it.
Otherwise, the variable is marked in red to indicate that it is undefined.
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Itisgood practiceto alow only one definition for each global variable. Although you can define
avariable with two different global definitions or with one global and one local definition, this
usually makes your worksheet difficult to understand.

Symbolic Equals C—

—
Keystroke [Ctrl].
Description Returns live symbolic “value’ of cif cisavariable previously defined in the worksheet, isa
built-in variable, is aglobally-defined variable, or is afunction of several such variables.
Comments The live symbolic equals sign is analogous to the numerical equals sign “=". You can useit to
symbolically simplify or factor algebraic expressions, or to symbolically evaluate derivatives,
integralsand limits. Notethat “—" appliesonly to an entire expression (unlike menu symbolics).
Prefix fx
fzx
Keystroke NONE
Description Using the prefix custom operator, f x returns the value f(x), where f is either a built-in or user-
defined function and x isareal or complex number.
Examples
Converting from degrees Converting from Fahrenheit
to radians to Celsius
°(®) = x-deg °Clx) = %-x+32
180° = 3.142 oF =1
Use M 37°C =986 °F
Approximately equals
uge@_, =(a,b) = if(|]a-b|<100% 1,0
3 = 3.00000001 = 1
Figure 17-8: Example 1: Defining your own operators.
sin (g) =0.866 «—— Displaying a function the usual way.
sinX=0.866 — Displaying the same function as if it were
3 an operator {using the xf button).
Figure 17-9: Example 2: Displaying an operator asa function and a function
as an operator.
Comments In Figure 17-8, the symbol “ © ” comes from the Symbol font. First define a function “°(x)” as

illustrated, then click the Postfix button on the Evaluation toolbar to use postfix notation. For
postfix notation, type the name of the operator in the right placeholder and the operand in the l eft
placehol der.
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Many publishersprefer to omit parenthesesaround the argumentsto certain functions(sinx rather
than sin(x) ). You can do the same thing by treating the sin function as an operator with one
operand, asin Figure 17-9.

Postfix x f
Keystroke NONE xf

Description Using the postfix custom operator, x f returns the value f(x), where f is either a built-in or user-
defined function and x isareal or complex number.

Comments In Figure 17-8, on page 413, the symbol “°” comesfrom the Symbol font. First define afunction
“°(x)" asillustrated, then click the postfix button on the Eval uation tool bar to use postfix notation.
For postfix notation, type the name of the operator in the right placeholder and the operand in
the left placeholder.

Infix xfy
Keystroke NONE xfy

Description Using theinfix custom operator, x f y returns the value f(x,y), where f is either a built-in or user-
defined function and x, y arereal or complex numbers.

Comments In Figure 17-8, on page 413, the symbol “~” comes from the Symbol font. First define a binary
function “~(x,y)” asillustrated, then click the infix button on the Evaluation toolbar to use infix
notation. For infix notation, type the name of the operator in the middle placeholder and the
operands in the left and right placeholders.

Likewise, in Figure 17-9, on page 413, the binary function “+(x,y)” isdefined and then displayed
in the more conventional manner: “x+y". Functions and operators are fundamentally the same.
Although notation like “+(x,y)” is unconventional, use it if you prefer.
Treefix X f y
X f}?
Keystroke NONE

Description Using the treefix custom operator, , f  returnsthe value f(x,y), wheref is either abuilt-in or user-
defined function and x, y arereal or complex numbers.

Comments In Figure 17-8, on page 413, the symbol “+" comes from the Symbol font. First define a binary

function “+(x,y)” asillustrated, then click the treefix button on the Evaluation toolbar to use
treefix notation. For treefix notation, type the name of the operator in the middle placeholder and
the operands in the left and right placeholders.
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Boolean Operators
To access a Boolean operator either type its keystroke, or

choose the operator from the Boolean toolbar: Boolean E3
= £ > = =
£ o A W P
Greater than X>Y, S1> 382
Keystroke > =
Description For red scalarsx and y, returns 1if x>y, O otherwise.
For string expressions SL and 32, returns 1 if Sl strictly follows S2 in ASCI| order, O otherwise.
Less than x<y, S1< 82
Keystroke < =
Description For real scalarsx andy, returns 1if x <y, O otherwise.

For string expressions S1 and 2, returns 1 if Sl strictly precedes S2in ASCII order, 0 otherwise.

Greater than

Keystroke

Description

orequalto X2y, S1>82

[ceri])

For real scalarsx andy, returns 1if x>y, O otherwise.
For string expressions S1 and 2, returns 1 if Sl follows S2in ASCII order, O otherwise.

I%

Less than or

Keystroke

Description

equal to x<y,S1<82

[ctri1(

For real scalarsx and y, returns 1if x<y, O otherwise.
For string expressions S1 and 2, returns 1 if S1 precedes 2 in ASCII order, 0 otherwise.

| A

Not equal to Z#W,S1#S2
Keystroke [Ctri]3 &
Description For scalarszand w, returns 1 if z= w, O otherwise.
For string expressions Sl and 2, returns 1 if Sl is not character by character identical to 2, 0
otherwise.
Bold Equals Zz=W
Keystroke [Ctr]]= =
Description Returns 1if z = w, 0 otherwise (also known as Boolean equals). Appears as abold = on the

screen. Also used when typing constrai nt equationswithin solve blocks or when typing equations
to be solved symbolically.
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and XAY N
Keystroke [CerI][Shift]7
Description X A Y returns the value 1 if both x and y are nonzero, and O if at least one of x or y is zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE. The
Boolean and operator evaluates the right argument if and only if the left argument is TRUE.
X A 'Y isalso known asthelogical conjunction of x andy.
or Xvy v
Keystroke [CetrI][Shift]6
Description XV yreturnsthe value 1 if at least one of x or y is nonzero, and O if both x and y are zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE. The
Boolean or operator evaluates the right argument if and only if the left argument is FALSE.
XV yisalso known asthelogica (inclusive) disunction of x and y.
xor X®y &
Keystroke [Ctri][Shift]l
Description x @ y returns the value 1 if precisely one of x or y is nonzero, and 0 if both x and y are zero or
both are nonzero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE.
x@® yisthesameas (x v y) A — (x A'y) andisaso known asthe logical exclusive diunction
of xandy.
not =X
=
Keystroke [Cer1][Shift]5
Description —X returns the value O if x isnonzero and O if x is zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE.

—X is a'so known asthe logical negation of x.
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Programming Operators
To access a Programming operator either typeits

keystroke, or choose the operator from the Frogramming
Programming toolbar: add Line “—
Foecial Note: these operators are valid only within a , ,
Mathcad programming structure. U otfenwise
far wihile

bireak continue

return an error

Local Definition W<« f(a b, C, ...)

{ —

Keystroke

Description Gives w the numerical value of the function f(a,b,c,...) within a program.
Outside the program, w remains undefined.

Add Line
Keystroke
y ] Add Line
Description Inserts aline in aprogram. When you insert the Add Line operator thefirst time, aprogramis

created (avertical bar with two placeholders). If you sel ect either of these placeholdersand insert
the Add Line operator again, more placeholders are created.

Conditional Statement g if 1

Keystroke  } if

Description Within aprogram, permits evaluation of astatement only when aspecified conditionismet. Y ou
must insert this operator using its toolbar button or equivalent keystroke. Conditional if is not
the same as the built-in if function. Do not just type the word “if.”

Otherwise 1 otherwize
Keystroke  [Ctrl1][Shift]} atherwise

Description Withinaprogram, used in conjunctionwith theif operator to exhaust possibilitiesnot yet covered.
Y ou must insert this operator using its toolbar button or equivalent keystroke. Do not just type
the word “otherwise.”
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For Loop for wea
]
Keystroke  [Ctrl][Shift]” i
Description Within a program, permits evaluation of a sequence of statements a specified number of times.
Theright-hand placehol der usually containsarangevariable. Y ou must insert thisoperator using
its toolbar button or equivalent keystroke. Do not just type the word “for.”
While Loop while &
]
Keystroke [Ctri]] wehile
Description Within a program, permits evaluation of a sequence of statements until a specified conditionis
met. The right-hand placeholder usually contains a Boolean expression. Y ou must insert this
operator using its toolbar button or equivalent keystroke. Do not just type the word “while.”
Break break
Keystroke  [Ctri1][Shift]{ hreak
Description Withinafor or while loop, haltsloop execution. Usually used in conjunction with anif statement,
that is, halting occurs if a specified condition occurs. Execution moves to the next statement
outside the loop. Y ou must insert this operator using its toolbar button or equivalent keystroke.
Do not just type the word “break.”
See also continue and return
Continue contime
Keystroke [Ctri][ continue
Description Within afor or while loop, halts |loop execution, skips remaining steps, and continues at the
beginning of the next iteration of the next loop. Usually used in conjunction with an if statement,
that is, halting occurs if a specified condition occurs. Y ou must insert this operator using its
toolbar button or equivalent keystroke. Do not just type the word “ continue.”
See also break and return
Return returnn
Keystroke [Ctr][Shift]] return
Description Within a program, halts program execution. Usually used in conjunction with an if statement,

See also

that is, halting occursif a specified condition occurs. Also, within afor or while loop, haltsloop
execution. Y ou must insert this operator using itstoolbar button or equivalent keystroke. Do not
just type the word “return.”

break and continue
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On Error
Keystroke

Description

Comments

1 ChnErrer a

[ctri]’

Within aprogram, permits computation of an alternative expression when an arbitrary numerical
error flagisraised. Y ou must insert thisoperator using itstoolbar button or equivalent keystroke.
Do not just type the phrase “on error.”

or errar

on error executes the right-hand argument first. If no error occurs, it returns the result of the
right argument. If an error occurs, then the error is cleared and the | eft argument is returned.

on error isageneral purpose error trap. It is more powerful than using the return statement,
coupled with some specific test, to deal with inputs that give rise to numerical error.






Chapter 18
Symbolic Keywords

Thischapter listsand describesMathcad’ ssymbolic keywords. Thekeywordsarelisted
alphabeticaly.

Accessing Symbolic Keywords
Y ou can access symbolic keywords in two ways:
« Simply typein the keyword as shown for that keyword, or
» Select the keyword from the Symbolic toolbar.

Symbolic A

— - Modifiers

float complex assume

solve simplify  substitute
factor expand coeffs
collect Series parfrac
fourier laplace frans

invfourier  invlaplace  imEtrans
MY — ' — In| —

The M odifier stoolbar corresponds to symbolic modifiers.

Maodifier

ASTUME real

RealRange trigg

The modifier assume is discussed on page 422. The other three modifiers, real,
RealRange and trig, are used in some cases with the simplify keyword; refer to simplify
on page 428 to find out how to use these modifiers.

421
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Most of the keywords have equivalent menu choices on the Symbolics menu.

Window Help
Evaluate 4
Simnplify
Expand
Factar
LCollect
Falynomial Coefficients

Wariable r
Hatrix 3
Transform 4

Ewaluation Shyle...

Finding More Information

Refer to the Quick Sheets under the Help menu for examples involving keywords.

Keywords
assume
Syntax assume, constraint
Description Imposes constraints on one or more variables according to the expression constraint. A typical
constraint might be that var < 10.
assume can also constrain avariable to bereal or to fall within a certain range of real values.
Use the following modifiers:
var=real evaluates the expression on the assumption that the variable var isreal;
var=RealRange(a,b) evaluates on the assumption that var is real and lies between
aand b, whereaand b are real numbers or infinity (type [Ctrl][Shift]z to display o).
Example
Symbolic evaluation Complex evaluation
[ 2 i-ng _ .
o dx l'J; e complex —- cos(n-8) + i -sin(n-g)
Jo 2
Floating point luati
® 2
e ™ dx float, 10 — 8862269255
Jo

Constrained evaluation

o
-a-t

L0

X
X- e dt assume ,a> 1, a=real - —

[+4

( e is constrained to be greater than 1 and real )
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coeffs
Syntax
Description

See also

Comments

collect
Syntax
Description
See also

Comments

complex
Syntax
Description
See also

Comments

coeffs, var

Finds coefficients of apolynomial whenitiswritteninterms of ascending powersof thevariable
or subexpression var. Mathcad returns a vector containing the coefficients. Thefirst element of
the vector isthe constant term and the last element is the coefficient of the highest order termin
the polynomial.

convert, parfrac for example

Another way to find the coefficients of a polynomial isto enclose the variable or subexpression
var between the two editing lines and choose Polynomial Coefficients from the Symbolics
menu.

collect, varl, var2, ..., varn
Collects terms containing like powers of the variables var 1 through varn.
expand for example

Another way to collect termsis to enclose the expression between the editing lines and choose
Collect from the Symbolics menu

complex
Carries out symbolic evaluation in the complex domain. Result is usually of theform a+i-b.
assume for example

Another way to evaluate an expression in the complex domain is to enclose the expression
between the editing lines and choose Evaluate=Complex from the Symbolics menu.

convert, parfrac

Syntax

Description

Example

convert, parfrac, var

Converts an expression to a partial fraction expansion in the variable var.

Expanding expressions to partial fractions
2x° - 83X +1 1 14 3

convert, parfrac, x — + -
X r2x2-9x-18 [3x-3)] [a(x+3)] x+2)

Use the "coeffs” keyword to treat an expression as a polynomial and write out the coefficients.
Specify either a variable or a function as an argument to the keyword.

-3-ab

W r

bt - x®s i-x - 3-a-b coeffs,. x —

(=]

3-b
0

sin(x) + 2-6in(x)? coeffs, sin(x) - |1
2
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Comments

expand
Syntax

Description

Example

Comments

factor
Syntax

Description

See also

Comments

The symbolic processor triesto factor the denominator of the expression into linear or quadratic
factorshaving integer coefficients. If it succeeds, it expandsthe expressioninto asum of fractions
with these factors as denominators. All constants in the selected expression must be integers or
fractions; Mathcad does not expand an expression that contains decimal points.

Another way to convert an expression to apartial fractionisto click onthevariablevar anywhere
in the expression. Then choose Variable=Convert to Partial Fraction from the Symbolics
menu.

expand, expr

Expands al powers and products of sumsin an expression except for the subexpression expr.
Theargument expr isoptional. Theentire expressionisexpanded if theargument expr isomitted.

Expanding expressions

x+y) expand = x*+axPy 6 x®y?iaxy®iyt
cos(5.x) expand — 16-cos(x)® - 20 cos(x)® + 5 cos(X)
X+1)(y+2)expand, x+1 = x+1)y+ x+1)z

Factoring expressions

8238913765711 factor — (73) (112861832407
1 X 2X “l2x® - 9x - 6+)(3)
+ - factor —

X-1 X+3 x+2 [x -1 [x+38) (x+2)]]
X2 2factor,J£ = (XJME).(X_J;)

Collecting terms

x> _ayx®+2y3x-xcollect, x = (1-ay)x®+ (2-y2 - 1)-)(

x> _ayx®+byx-axvycolect,x,y = (1-ay) x>+ (b-a)yx

Another way to expand an expression isto enclose the expression between the editing lines and
choose Expand from the Symbolics menu.

factor, expr

Factors an expression into a product, if the entire expression can be written as a product.

If the expression isasingle integer, Mathcad factorsit into powers of primes.

If the expression is apolynomial or rational function, Mathcad factorsit into powers of lower-
order polynomials or rationa functions. The argument expr is optional.

expand for example

If youwant tofactor an expression over certainradicals, follow the factor keyword withacomma
and theradicals.

Y ou may be able to simplify an expression by factoring subexpressions, even if the expression
taken as awhole can't be factored. To do so, enclose a subexpression between the editing lines
and choose Factor from the Symbolics menu. Y ou can also use the Factor menu command to
factor an entire expression, but the Symbolics menu commands do not use any previous
definitionsin your worksheet and do not automatically update.
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float
Syntax

Description

See also

Comments

fourier
Syntax

Description

Example

Comments

invfourier
Syntax
Description
See also

Comments

float, m

Displays afloating point value with mplaces of precision whenever possible. If the argument m,
an integer, is omitted, the default precisionis 20.

assume for example

Another way to perform floating point evaluation on an expression is to enclose the expression
between the editing lines and choose Evaluate=Floating Point from the Symbolics menu.
In the Floating Point dialog box, specify the number of digits to the right of the decimal point.

fourier, var

Evaluates the Fourier transform of an expression with respect to the variable var.

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

(s +a)

invlaplace.,s — At -a. expi(-a t)

exp(-a-t) laplace.t —

< A isan impulse at t=0.
Although not numerically
defined, Mathcad's symbolic
processor recognizes this
4 function. A (t) is also known as
- the Dirac function.
(1 +Z )

S+ a

sin (it) ztrans,t —

invztrans,z - 2"
zZ-2

+ o0 .
Mathcad returns a function of o given by: _[ f(t)e ' @tdt wheref(t) isthe expression to be
transformed. —

Mathcad returns afunction in the variable o when you perform a Fourier transform because this
isacommonly used variable namein this context. If the expression you are transforming already
contains an ®, Mathcad avoids ambiguity by returning afunction of the variable m instead.

Another way to evaluate the Fourier transform of an expression is to enter the expression and
click on the transform variable. Then choose Transform=-Fourier from the Symbolics menu.

invfourier, var
Evaluates the inverse Fourier transform of an expression with respect to the variable var.
fourier for example

+ o .
Mathcad returnsafunction of t given by: iJ. F(o)e'“tdo where F(o) isthe expression
21)—o
to be transformed.

Mathcad returns afunction in the variable t when you perform an inverse Fourier transform
because thisis a commonly used variable name in this context. If the expression you are
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invlaplace
Syntax
Description
See also

Comments

invztrans
Syntax
Description
See also

Comments

laplace
Syntax
Description
See also

Comments

transforming already contains at, Mathcad avoids ambiguity by returning a function of the
variable tt instead.

Another way to evaluate theinverse Fourier transform of an expression isto enter the expression
and click on the transform variable. Then choose Transform=Inverse Fourier from the
Symbolics menu.

invlaplace, var
Evaluates the inverse Laplace transform of an expression with respect to the variable var.
fourier for example

. . 1 ot
Mathcad returnsafunction of t given by: i I

oo
oo F(s)esldt whereF(s)istheexpressionto
o—

be transformed and all singularities of F(s) areto the left of theline Re(s) = o .

Mathcad returns a function in the variable t when you perform an inverse Laplace transform
because thisis a commonly used variable name in this context. If the expression you are
transforming already contains at, Mathcad avoids ambiguity by returning a function of the
variable tt instead.

Another way to evaluatetheinverse Laplace transform of an expressionisto enter the expression
and click on the transform variable. Then choose Transfor m=Inver se L aplace from the
Symbolics menu.

invztrans, var

Evaluates the inverse z-transform of an expression with respect to the variable var.

fourier for example

Mathcad returnsafunction of n given by acontour integral around theorigin: ﬁ’[ c F(2)z"~1dz

where F(2) is the expression to be transformed and C is a contour enclosing all singularities of
the integrand.

Mathcad returns afunction in the variable n when you perform an inverse z-transform since this
isacommonly used variable namein this context. If the expression you are transforming already
contains an n, Mathcad avoids ambiguity by returning afunction of the variable nn instead.

Another way to evaluate the inverse z-transform of an expression is to enter the expression and
click onthetransform variable. Then choose Transfor m=Inver se Z from the Symbolics menu.

laplace, var
Evaluates the Laplace transform of an expression with respect to the variable var.
fourier for example

+ o0
Mathcad returns afunction of s given by: .[o f(t)estdt, where f(t) is the expression to be
transformed.
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series
Syntax

Description

Example

Comments

Mathcad returns afunction in the variable swhen you perform a Laplace transform since thisis
acommonly used variable name in this context. If the expression you are transforming already
contains an s, Mathcad avoids ambiguity by returning a function of the variable ssinstead.

Another way to evaluate the Laplace transform of an expression isto enter the expression and
click on the transform variable. Then choose Transfor m=L aplace from the Symbolics menu.

series, var=z, m

Expands an expression in one or more variables, var, around the point z. The order of expansion
ism. Arguments z and m are optional. By default, the expansion is taken around zero and isa
polynomial of order six.

Generating a series around the point x=0:

[
L2
S
o

. X 1x 1X 1X 1X
In(x +y) series, x = Iny) += - -4 ——_—=— 4+ ==
Yo2y2 348 4yt 58
Generating a series for sin(x) with order 6:
. . 1 1
sin(x) series, X, 6 —= X - —X° 4+ — X°
-] 120

Generating a series around the point x=1 and y=0 but show only those terms whose
exponents sum to less than 3:

1
e + y series, Xx=1,y,3 wexp{1)+ exp(1}-(Xx - 1)+ ¥ + ;-exp@)-(x -2

Press [Ctrl] = for the equal sign.

Mathcad finds Taylor series (seriesin nonnegative powers of the variable) for functionsthat are
analytic at 0, and Laurent series for functions that have a pole of finite order at 0. To develop a
serieswith acenter other than 0, the argument to the series keyword should be of theform var=z,
wherezisany real or complex number. For example, series, x=1 expands around the point x=1.
Press [Ctr 1] =for the equal sign.

To expand a series around more than one variable, separate the variables by commas. The last
line in the example above shows an expression expanded around x and y.

Another way to generate a series expansion isto enter the expression and click on avariable for
which you want to find a series expansion. Then choose Variable=Expand to Seriesfrom the
Symbolics menu. A dialog box will prompt you for the order of the series. This command is
limited to a seriesin asingle variable; any other variables in the expression will be treated as
constants. Theresults also contain the error term using the O notation. Before you use the series
for further calculations, you will need to delete this error term.

When using theapproximationsyou get fromthe symbolic processor, keepinmind that the Taylor
seriesfor afunction may converge only in some small interval around the center. Furthermore,
functionslike sin or exp have serieswith infinitely many terms, whilethe polynomialsreturned
by Mathcad have only afew terms (how many depends on the order you select). Thus, when you
approximate a function by the polynomial returned by Mathcad, the approximation will be

reasonably accurate closeto the center, but may be quiteinaccuratefor valuesfar fromthe center.
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simplify
Syntax

Description

Example

Comments

simplify

Simplifies an expression by performing arithmetic, canceling common factors, and using basic
trigonometric and inverse function identities.

To control the simplification, use the following modifiers:

assume=real simplifies on the assumption that all theindeterminatesin the expression arereal;

assume=RealRange(a,b) simplifies on the assumption that al the indeterminates are real and
are between a and b, where a and b are real numbers or infinity ((Ctr1]2);

trig, simplifies atrigonometric expression by applying only the following identities:

sn(x)? + cos(x)® = 1 cosh(x)?—sinh(x)> = 1,
but does not simplify the expression by simplifying logarithms, powers, or radicals.

X _3x-4

+2X - 5 simplify - 3x-4
X-4

o2 In(a) simplify — a2

sin(In(a-b))® simplity — 1 - cos(In(a) + In(b))2
sin(In(a-b))? simplify, trig — 1 _ cos(In(a b))?
¢ ¢
(2b) simplify — (2b)
b c
(2 ) simplify , assume=real — 2b-c < Press [Ctrl] = for the

equal sign.
J); simplify — csgn(x) x

J); simplify , assume = RealRange (— 10, - 5) - —X <--Press [Ctr]] = for the
equal sign.

Y ou can also simplify an expression by placing it between the two editing lines and choosing
Simplify from the Symbolics menu. This method is useful when you want to simplify parts of
an expression. Mathcad may sometimes be able to simplify parts of an expression even when it
cannot simplify the entire expression. If simplifying the entire expression doesn't givethe answer
you want, try selecting subexpressions and choosing Simplify from the Symbolics menu. If
Mathcad can't simplify an expression any further, you'll just get the original expression back as
the answer.

In general, when you simplify an expression, the simplified result will have the same numerical
behavior astheoriginal expression. However, when the expression includes functionswith more
than one branch, such as squareroot or the inverse trigonometric functions, the symbolic answer
may differ from anumerical answer. For example, smplifying asin(sin(0)) yields 6, but this
equation holds true numerically in Mathcad only when 6 is a number between —n/2 and /2.
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solve

Syntax solve, var

Description Solves an equation for the variable var or solves a system of equations for the variablesin a
Vector var.

Examples

1 Ji
- -JiAl1- 2-C)-L
L (A1- 2-C) ¢ )
Al=— + 2-C solve,r —

r? -1

m- @1- 2-C)-L

a = 34

l-)(2 + X=-2 + a solve,.x — -1+ J65 Use [Crtr] = for the equal
2

1 _J% sign.

M:e'a solve,f — '_(.M
t-8 (o - exp(-a))

—2<)-(x< 2)

5<x

X o 5x2 - 4%+ 200 solve,x —

et +1 solve,t —j -x You don’t need =0 when finding
roots.

Figure 18-1: Solving equations, solving inequalities, and finding roots.

Using the "solve™ keyword (press [Ctrl]+[Shift]+Period):
1
X+ 2xy=a X —— - (2.x-b- a)
b solve, ]4 (-1 +8x)
4x+y= ¥ -(-4a+b)
(—1 + 3-:)
Using a solve block:
Given X + 2-x-y=a <. Use [Ctl]= to type the equal
sign.
4x +y=b
1
— 1 xb-a)
i d( ) (—1 + 3-:)
ind{x.y) -
-i-4-a + by
(—1 + 3-:)

Figure 18-2: Solving a system of equations symbolically.

Comments Solving equationssymbolically isfar moredifficult than solving them numerically. Thesymbolic
solver sometimes does not give a solution. Many problems can only be solved via numerical
approach and many more yield symbolic solutions too lengthy to be useful.
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substitute
Syntax

Description

Example

Comments

ztrans
Syntax
Description
See also

Comments

Another way to solve for avariable isto enter the equation, click on the variable you want to
solve for in an equation, and choose Variable= Solve from the Symbolics menu.

Y ou can use either the symbalic solve keyword or asolve block, asillustrated above, to solvea
system of equations symbolically. No initial guess values are necessary for symbolic schemes.

substitute, varl= var2

Replaces all occurrences of avariable var1 with an expression or variable var2.
Press[Ctr 1] = for the equal sign.

To substitute % for z in the expression below, use the "substitute” keyword and an
argument indicating which variable to replace with which expression. Use [Ctrl] = for the
equal sign in the arqgument.
2 2 . 2 2
z° + — substitute, z=x —- X" +—
F X

Substituting fisin(x)) for y:

n||1 + ¥ substitute, y=1(sin(0)) 1+ f(sin(x))?

Mathcad does not substitute a variable for an entire vector or amatrix. Y ou can, however,
substitute a scalar expression for avariable that occursin a matrix.
To do so, follow these steps:

1. Select the expression that will replace the variable and choose Copy from the Edit menu.

2. Click onanoccurrenceof thevariableyouwant to replace and choose Variable=Substitute
from the Symbolics menu. Y ou can a so use this menu command to perform a substitution
in any expression.

ztrans, var
Evaluates the z-transform of an expression with respect to the variable var.
fourier for example oo

Mathcad returns a function of z given by: z f(n)z", wheref(n) is the expression to be
transformed. n=0

Mathcad returns afunction in the variable zwhen you perform a z-transform since thisisa
commonly used variable namein this context. If the expression you are transforming already
contains a z, Mathcad avoids ambiguity by returning a function of the variable zz instead.

Another way to evaluate the z-transform of an expression isto enter the expression and click on
the transform variable. Then choose Transform=>Z from the Symbolics menu.
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Appendix A: Special Functions

Mathcad sometimes returns a symbolic expression in terms of afunction that isn't one of Mathcad's built-
in functions.

Y ou can define many of these functionsin Mathcad. See the “Other Special Functions” topic in the
QuickSheets under the Help menu for examples.

The list below gives definitions for these functions. Except for Ei, erf, and Zeta, al of which involve
infinite sums, and also W, you can use such definitions to calculate numerical valuesin Mathcad.

Function Definitions

Name Definition
n
Euler's constant y = lim [ 1_in(n)| = 057721566...
n— o k
k=1

Hyperbolic cosineintegral

Cosine integral

Dilogarithm function

Dirac delta (unit impulse) function

Exponentia integral

Complex error function

Fresnel cosineintegral

Fresnel sine integral

Incomplete elliptic integral of
the second kind

Complete dliptic integral
of the second kind

Associated complete elliptic integral
of the second kind

Chi(x) = 7 +In(x) + [ @%t)‘—ldt
0
X

Ci(x) = v+In(0) + | %%let
0

X
. _ [ In®)
dilog(x) Ill—tdt
Dirac(x) = 0 if xisnot zero.

j Dirac(x)dx = 1

o0

Ei(X) = y+In) + ¥ nX_nn. (x>0)

n=1

_ A * (_1)n22n+1
erf(z) = ﬁtnz_:o H(zn+ 1) (for complex 2)

X
FresnelC(x) = j cos(gtz) dt
0

I Xsi n(th) it

0

Fresnel S(x)

_ k2. 1/2
1-k tZ) ot

X
LegendreE(x, k) = J' ( Y
0 -

LegendreEc(k) = LegendreE(1, k)

LegendreEc1(k) = LegendreEc(./1—k?)
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Incomplete elliptic integral of X

the first kind LegendreF(x, k) = j L dt
0/(1-t2)(1-K2- t?)

Complete dliptic integral of

the first kind LegendreKc(k) = LegendreF(1, k)

Associated complete elliptic integral

of thefirst kind LegendreKcl(k) = LegendreKc(/1—k?)

Incomplete elliptic integral X 1

of the third kind LegendrePi(x, n, k) = dt

0J1-n- ) J1-1D)1-K2-1?)
Complete dliptic integral

of the third kind LegendrePic(n, k) = LegendrePi(1, n, k)
Associated complete elliptic
integral of the third kind LegendrePicl(k) = LegendrePic(n, 41 —k?2)
Digamma function Psi(x) = %In(l‘(x))
dl’l
Polygamma function Psi(n, k) = d_ﬂPsi(x)
X
X .
Hyperbolic sineintegral Shi(x) = _[ gﬂ?gdt
0
X .
Sine integra Si(x) = I Mdt
0 t
Lambert W function W(X) isthe principal branch of afunction

satisfying W(X) - exp(W(x)) = x.
W(n, X) isthe nth branch of W(X).

o0
Riemann Zeta function Zeta(x) = Z ix (x>1)
n

Comments n=1

The Psi function and T" appear frequently in the results of indefinite sums and products. If you useasingle
variable namerather than afull rangein the index placeholder of a summation or product, and you choose
Evaluate Symboalically or another symbolic evaluation command, Mathcad will attempt to calculate an
indefinite sum or product of the expression in the main placeholder. The indefinite sum of f(i) isan
expression S(i) for which S(i + 1) — (i) = f(i).

The indefinite product of f(i) is an expression P(i) for which ﬂ;—(%l) = f(i).
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Appendix B: SI Units

Base Units

m (meter), length

A (ampere), current
mole or mol, substance

Angular Measure

rad = 1
Length
cm = 0.01-m
ft = 0.3048- m
mi = 5280 - ft
Mass
gm = 10_3~kg
mg = 10-3-gm
Ib
0z = —
16
Time
min = 60-s

yr = 365.2422 - day

Area, Volume

hectare = 104- m2

mL = 103 L

Velocity, Acceleration

h:ﬂi
mp hr

Force, Energy, Power

= m
N = kg~S2
kgf = g- kg
cal = 4.1868-J
W:‘..J
S

Pressure, Viscosity
N
m2

Pa =

kg (kilogram), mass
K (kelvin), temperature

- T
deg = 150 rad
km = 1000 - m
in=254.-cm

tonne = 1000 - kg
ton = 2000- Ib

hr = 3600 - s

acre = 4840 - yd?
fl_oz = 29.57353- cm3

km
kph = 2
P hr
dyne = 105-N
J=N-m
kcal = 1000 - cal
kW = 1000 - W
. _ |bf
S| = —
P in2

s (second), time
cd (candela), luminosity

sr=1.sr
mm = 0.001-m
yd = 3-ft

Ib = 453.59237 - gm
slug = 32.174 - 1b

day = 24 hr

L = 0001 -m°
gal = 128-fl_oz

g = 9.80665- &
S

Ibf = g-Ib
erg = 107-J
BTU = 1.05506- 103-J

S

atm = 1.01325- 10°- Pa
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in_Hg = 3.37686 - 103- Pa

poise = 0.1-Pa-s

Electrical
C=A:s
kv = 103.V
MQ = 106.Q
_Vv
H = A S
qulO‘G-A
F:g
\Y
uF:10‘6~F
Oe:1OOO_A
4-t m

Frequency, Activity

Hz=l
s

GHz = 10%- Hz

Temperature
R = 0.556- K
Dose
J
Gy = =
y kg

Luminous Flux, llluminance

Im = cd-sr

torr = 1.33322-102- Pa

J
V = =
C
Q:y_
A
S:l
Q
pH = 106 H
mA = 103. A
pF = 1012.F
Wb =V-s
T:\LV_Q
m2
kHz = 103- Hz
1
Bg = =
q S
J
Sv = =
kg
| cd - st

2
stokes = 104 ms-

mV = 103.V
kQ = 103.Q
mho:l

Q
mH = 103-H
kA = 103-A
nF =109 F

gauss = 10™4. T

MHz = 10%-Hz

Hza=2-n-Hz
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Appendix C: CGS units

Base Units

cm (centimeter), length
coul (coulomb), charge

Angular Measure

rad = 1
Length
m = 100-cm
ft = 30.48-cm
mi = 5280 - ft
Mass
kg = 1000- gm
mg = 10-3.gm
oz = b
6
Time

min = 60 - sec

yr = 365.2422 - day
Area, Volume

hectare = 108. cm?

mL = cm3

Velocity, Acceleration

¢ = 2.997925 . 1010. €M
Sec

Force, Energy, Power

cm

dyne = gm- >

sec
kgf = g- kg

cal = 4.1868- 107 - erg

watt = Loule
sec

gm (gram), mass
K (kelvin), temperature

- T
deg = 180 rad
km = 1000- m
in=254.-cm

tonne = 1000 - kg
ton = 2000- Ib

hr = 3600 - sec

acre = 4840 - yd?
fl_oz = 29.57353- cm3

km
kph = —
P hr
_ _ Sec
cC =c¢c- —
- m

newton = 105.dyne

erg = dyne-cm
BTU = 1.05506 - 1010. erg
kW = 1000 - watt

sec (second), time

mm = 0.1-cm
yd = 3-ft

Ib = 453.59237 - gm
slug = 32.174-1b

day = 24-hr

liter = 1000 - cm3
gal = 128-fl_oz

cm

g = 980665 —
Sec

Ibf = g-Ib

joule = 107 - erg
kcal = 1000 - cal

hp = 550. fL1bf
Sec
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Pressure, Viscosity

Pa = 10. WY1€ psi = Ibf
cm? in?

in_Hg = 3.38638- 103 Pa torr = 1.33322- 102 Pa

poise = 0.1- Pa- sec

Electrical

atm = 1.01325- 10°- Pa

2
stokes = ST

These are CGS-esu units, based only on mass, length, and time. The “ stat” units are defined in

terms of dyne, cm, and sec.

statamp = dyne®5.cm-secl statcoul = dyne®S.-cm
statohm = sec- cm™1 statsiemens = cm- sec!

statweber = dyne®S.cm stathenry = sec?. cm™1

Frequency

Hz = L kHz = 103-Hz
sec

GHz = 10°-Hz Hza = 2-n-Hz
Temperature
R = 0.556- K

Conversions to Sl Units

c watt
amp = == statam volt = —
P=10 P amp
coul = amp- sec farad = coul
volt

statvolt = dyne®5

statfarad = cm

stattesla = dyne®> - cm - sec—2

MHz = 10%-Hz

ohm = Yolt
amp

henry = volt- X
am
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Appendix D: U.S. Customary Units

Base Units

ft (foot), length

coul (coulomb), charge

Angular Measure

Length

Mass

Time

rad = 1

in = —
12

cm = 001-m
mm = 0.001-m

slug = 32.174 - 1b

kg = b
0.45359237

mg = 10-3.gm

min = 60 - sec
yr = 365.2422 - day

Area, Volume

acre = 4840 - yd?

liter = 0.035. ft°

Velocity, Acceleration

h:m_i
mp hr

Force, Energy, Power

Ibf = g-Ib

kgf = g-kg
cal = 4.1868 - joule

watt = Loule
Ssec

Ib (pound), mass

K (kelvin), temperature

- T
deg = 180 rad
m = ft

0.3048
mi = 5280 - ft
0z = Ib

16

tonne = 1000 - kg

hr = 3600 - sec

hectare = 104 m?

mL = 1073 liter

km
kph = —
P hr

newton = kg- %
sec

joule = newton-m
kcal = 1000 - cal

hp = 550, L1Df
Sec

sec (second), time

yd = 3-ft
km = 1000- m
ton = 2000 Ib
gm = 10-3.kg
day = 24 - hr

fl_oz = 29.57353 - cm3
gal = 128-fl_oz

g =32174. 1L
Sec

dyne = 1075 newton

erg = 10~7-joule

BTU = 1.05506 - 103 joule

kW = 1000 - watt
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Pressure, Viscosity

psi = —
in2

in_Hg = 3.386-103. Pa

poise = 0.1- Pa- sec

Electrical

volt = watt

amp

ohm = Volt

amp

= ohm

henry = weber
p

coul

amp = —

P Sec

KA = 103 amp

nF = 109 farad

oersted = 1000 ‘amp
4.1 m
Frequency
Hz = L
sec

GHz = 10°-Hz
Temperature

R = 0.556- K

pa = newton
m2
1.333- 102 Pa

torr

mV = 10-3. volt

1
mho = —
ohm

KQ = 103. ohm
uH = 1078 henry

pA = 10°6.amp

coul

farad =
volt

uF = 107%. farad

tesla =

weber
2

kHz = 103- Hz

Hza = 2-n-Hz

atm = 1.01325- 10°- Pa

2
stokes = ST

KV = 103 volt

siemens = 1
ohm

MQ = 106. ohm
mH = 103 henry

mA = 10-3. amp
pF = 10-12. farad

weber = volt - sec

gauss = 104 tesla

MHz = 106- Hz
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Appendix E: MKS Units

Base Units

m (meter), length

coul (coulomb), charge

Angular Measure

rad = 1
Length
cm = 0.01-m
ft = 0.3048- m
mi = 5280 - ft
Mass
gm = 10_3-kg
mg = 10-3-gm
0z = Ib
16
Time

min = 60 - sec

yr = 365.2422 - day
Area, Volume

hectare = 104- m?2

mL = 1073 liter

Velocity, Acceleration
mi

mph = —

P hr

Force, Energy, Power

newton = kg- L

sec2
kgf = g- kg
cal = 4.1868 - joule
watt = Loule

sec

kg (kilogram), mass
K (kelvin), temperature

- T
deg = 180 rad
km = 1000- m
in=254.-cm

tonne = 1000 - kg

ton = 2000- Ib

hr = 3600 - sec

acre = 4840 - yd?
fl_oz = 29.57353- cm3

km
kph = &2
P hr

dyne = 10-5- newton

joule = newton-m
kcal = 1000 - cal
kW = 1000 - watt

sec (second), time

mm = 0.001-m
yd = 3-ft

Ib = 453.59237 - gm

slug = 32.174 - 1b

day = 24 hr

liter = (0.1-m)3
gal = 128-fl_oz

_m_

g = 9.80665 —
SEC

Ibf = g-Ib

erg = 107 -joule
BTU = 1.05506 - 103-joule

hp = 550. fL1bf
Sec
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Pressure, Viscosity

pa = Newton
m2

in_Hg = 3.38638- 103- Pa

poise = 0.1- Pa- sec

Electrical
volt = walt
amp
ohm = Volt
amp
Q = ohm
henry = weber
amp
amp = coul
kKA = 103 amp

nF = 109 farad
1000 _amp

oersted =
4.1
Frequency
Hz = L
sec

GHz = 10%- Hz
Temperature

R = 0.556- K

psi = =
in2

torr = 1.33322-102- Pa

mV = 10-3. volt

1

ho = —

mho ohm
kQ = 103- ohm

uH = 105 henry
pA = 10°6.amp

coul

farad =
volt

uF = 1078 farad

tesla = Weber
m2

kHz = 103.Hz

Hza = 2-n-Hz

atm = 1.01325- 10°- Pa

2
stokes = 104 . 1=
sec

kV = 103 volt
siemens = 1
ohm

MQ = 10%. ohm
mH = 10-3 - henry

mA = 10-3. amp
pF = 10-12. farad

weber = volt - sec

gauss = 104 tesla

MHz = 10%-Hz
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Appendix F: Predefined Variables

Mathcad' s predefined variables are listed here with their default starting values.

Constant=Value

n = 3.14159...

e=2.71828...

o0 = 10307

% =0.01

CTOL = 1073

CWD = “[system path]”

FRAME =0
inn=0

ORIGIN=0
PRNCOLWIDTH =38
PRNPRECISION =4

TOL = 1073

Meaning

Pi. Mathcad uses the value of « to 15 digits. To type «, press
[Ctri][Shift]p.

The base of natural logarithms. Mathcad uses the value of eto 15
digits.

Infinity. This symbol represents values larger than the largest real
number representable in Mathcad (about 10307). To type oo, press
[Ctri][Shift]Z.

Percent. Use in expressions like 10*% (appearsas 10 -%) or asa
scaling unit at the end of an eguation with an equal sign.

Constraint tolerance used in solving and optimization functions:
how closely aconstraint must be met for a solution to be considered
acceptable.

String corresponding to the working folder of the worksheet.
Counter for creating animation clips.

Input variables (in0, inl, etc.) in aMathcad component in a
MathConnex system. See the MathConnex User’s Guidefor details.

Array origin. Specifiesthe index of the first element in arrays.
Column width used in writing files with WRITEPRN function.

Number of significant digits used when writing files with the
WRITEPRN function.

Tolerance used in numerical approximation algorithms (integrals,
equation solving, etc.): how close successive approximations must
be for a solution to be returned. For more information, see the
sections on the specific operation in question.
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Appendix G: Suffixes for Numbers

Note

Thetable bel ow shows how Mathcad i nterprets numbers (sequences of a pha-numerics
beginning with anumber and ending with aletter).

Radix
Suffix
b, B
h,H
0,0

Example
100001b

8BCh
10070

Units and other

Suffix
iorj

O unoZr X

Example
4i,1j, 3+15j
—273K
—2.54L

2.2M

-100Q

6.97S

3600T

125C

Meaning
Binary
Hexadecimal
Octa

Meaning

Imaginary

Standard absolute temperature unit
Standard length unit

Standard mass unit

Standard charge unit

Standard substance unit in S| unit system
Standard time unit

Standard luminosity unit in S| unit system

Because Mathcad by default treats most expressionsinvolving anumber followed immediately
by aletter to mean implied multiplication of a number by avariable name, you will need to
backspace over the implied multiplication operator to create expressions like 4 . 5M.
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Appendix H: Greek Letters

To type a Greek |etter into an equation or into text, press the Roman equivaent from
the table below, followed by [Ctr1]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

- < 3835 M O xR ™

GO ZZI >R O> X wW»

© a2 goO € 36608 < T A
NXCowcO-dnwI<DVvowemMmOSESZEZIrX—-—OIMUoUOm>

NI~ @H+HMTL -

Note TheGreek letter ©isso commonly used that it hasits own keyboard shortcut: [CtrH][ShiFt]P.
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Appendix I: Arrow and Movement Keys

Keys Actions

M Move crosshair up. In math: move editing lines up. In text: move
insertion point up to previous line.

[4] Move crosshair down. In math: move editing lines down. In text:
move insertion point down to next line.

[<] Move crosshair |eft. In math: select left operand. In text: move
insertion point one character to the |eft.

[-] Move crosshair right. In math: select right operand. In text: move
insertion point one character to the right.

[PgUp] Scroll up about one-fourth the height of the window.

[PgDn] Scroll down about one-fourth the height of the window.

[Shift][7] In math: move crosshair outside and above expression. In text:
highlight from insertion point up to previous|line.

[Shift][!] In math: move crosshair outside and below expression. In text:
highlight from insertion point down to next line.

[Shift][«] In math: highlight parts of an expression to the left of the insertion
point. Intext: highlight to left of insertion point, character by
character.

[Shift][-] In math: highlight parts of an expressionto theright. Intext: highlight
to right of insertion point, character by character.

[Cer ][] In text: move insertion point to the beginning of aline.

[Cerl][Y] In text: move insertion point to the end of aline.

[Ctrl][«] In text: move insertion point left to the beginning of aword.

[CerI][-] In text: move insertion point to the beginning of next word.

[CtrI][4] Insert ahard page break. In math: insert addition with line break
operator. In text: set the width of the text region.

[Cer1][Shift][T] Intext: highlight from insertion point up to the beginning of aline.

[CerI][Shift][{] Intext: highlight from insertion point to end of the current line.

[Ctr][Shift][«] Intext: highlight Ieft from insertion point to the beginning of aword.

[Ctr]][Shift][->] Intext: highlight from insertion point to beginning of the next word.

[Space] In math: cycles through different states of the editing lines.

[Tab] In text: movestheinsertion point to the next tab stop. In math or plot:
move to next placehol der.

[Shift][Tab] In math or plot: move to previous placehol der.

[Shift][PgUp] Move up to previous pagebreak.

[Shift][PgDn] Move down to next pagebreak.

[Home] Move to beginning of previous region. In text, move to beginning of
current line.

[End] Move to next region. In text, move to end of current line.
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[Ctri][Home]

[Ctr1][End]

[-]

Keys

[F1]
[Shift][F1]
[F2]

[F3]

[F4]
[Cer]][F4]
[ALt][F4]
[F5]
[CErI][F5]
[ShiFt][F5]
[F6]
[CEr]][F6]
[CErN][FT7]
[F7]

[F9]
[Ctr][F9]

Scroll to beginning of worksheet. In text, move insertion point to
beginning of text region or paragraph.

Scroll to end of worksheet. Intext, 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.

Appendix J: Function Keys

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 aworksheet 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.
Recal culate worksheet

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,
[Ctr1]0], and saving, [Ctr1]S], copying, [Ctr1]C], and pasting, [Ctr1]V]. Choose

Pr efer ences from the Tools menu and check “Use standard Windows shortcut keys® on the
General tab to enable all Windows shortcuts.
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Appendix K: ASCII1 codes

Decimal ASCII codes from 32 to 255. Nonprinting characters are indicated by “npc.”
Code Character Code Character Code Character Code Character Code Character

32 [space] 80 P 130 , 182 1 230 @
3 | 81 Q 131 f 183 - 231 ¢
4 82 R 132 184 232 @&
3B # 83 S 133 ... 185 1 233 é
% $ 84 T 134t 1186 © 234 &
37 % 8 U 135 % 187 » 235 &
38 & 86 V 136 188 Y4 236 i

39 87 W 137 %o 189 % 237

40  ( 88 X 138 § 190 % 238 1

41 ) 89 Y 139« 191 239 i

42 0 z 140 & 192 A 240 B
43+ 91 | 1414 npc 193 A 241 A
44 , 92 \ 145 ¢ 194 A 242 %
45 - 93 ] 146 195 A 243 6
46 . 94 A 147 - 19 A 244  §
47 |/ 95 148 197 A 245 B
48 0 % 149 198 /& 246 0§
49 1 97 a 150 - 199 ¢ 247 +
5 2 98 b 151 — 200 E 248 g
51 3 9 ¢ 152 - 201 E 249 U
5 4 100 d 153 ™ 202 E 250 0
53 5 101 e 154 & 203 E 251 0O
54 6 102 f 155 > 204 i 252 0
5 7 103 g 156 o 205 | 253 vy
56 8 104 h 157-8 npc 206 1 254 b
57 9 105 i 159 Y 207 i 255
58 106 j 160 npc 208 D

59 : 107 k 161 209 KN

60 < 108 | 162 ¢ 210 O

61 = 109 m 163 £ 211 O

62 > 110 n 164 © 212 O

63 ? 111 o 165 ¥ 213 O

64 @ 112 p 166 ! 214 O

65 A 113 q 167 § 215  x

66 B 114 r 168 - 216 @

67 C 115 s 169 © 217 U

68 D 116t 170 2 218 U

69 E 117 u 171 « 219 O

70 F 118 v 172 - 220 U

71 G 119 w 173 - 21 Y

72 H 120 x 174 ® 222 b

73 1 121y 175~ 223 R

74 ] 122 2 176 ° 224 a

75 K 123 { 177+ 225 &

76 L 124 | 178 2 226 a

7 M 125 } 179 3 227 &

78 N 126 ~ 180 228 &

79 O 127-9 npc 181 229 &
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 (Enter key) 1
— (symbolic equal sign) 196
— (vectorize operator) 61
94-95, 245
% 442
() (parentheses) 46
, 317,371
:= (definition) 17, 99
= (evaluating expression) 17, 101
oo (infinity) 442
2D plots, creating 21
3D Plot Format dialog box 184
absolute value 396
accessing Mathcad from other applications 248
accessing other applications from Mathcad 216
acos function 260
acosh function 260
acot function 260
acoth function 261
acsc function 261
acsch function 261
activation 8
ActiveX 243, 248
adaptive smoothing of data 149
add line 417
addition 394
with line break 394
Ai function 261
Airy functions 261, 264
aligning
output tables 59
regions 80
text 70
and function 416
angle function 262
Animate command 121
animation
compressing AVI files 121
creating 121
playback 122
saving 121
speed 121122
antisymmetric tensor function 388
APPENDPRN function 262
application component
SmartSketch 226
application components
Axum/S-PLUS 224
Data Acquisition control (DAC) 229

449

Excel 222
MATLAB 226
approximations
root of expression 125
arccosecant 261
arccosine 260
arccotangent 260
arcsecant 262
arcsine 263
arctangent 263
area
collapsing 86
deleting 87
expanding 86
inserting 85
locking and unlocking 86
naming 86
password protecting 85-86
arg function 262
arguments
of functions 106
arithmetic mean 317
arithmetic operators
absolute value 396
addition 394
addition with line break 394
complex conjugate 396
division 395
exponentiation 396-397
factorial 395
multiplication 395
negation 395
nth root 396
parentheses 394
range variable 399
square root 396
subtraction 395
arrays
calculations by element 61
copying and pasting 59
creating 53
defining with range variables 54
displaying in results 58
extracting arow or column 57
graphical display of 62
importing datainto 220
nested 63, 113
operators for 398
ORIGIN used with 57
arrow keys, for editing 13, 445
ASCII codes
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entering in strings 35
table 447
ASCII data
importing and exporting 215
asec function 262
asech function 262
asin function 263
asinh function 263
assume keyword 422
atan function 263
atan2 function 263
atanh function 263
augment function 258, 263
Author’s Reference 23, 29, 93
Auto (on status bar) 118
automatic calculation mode 118
automating
Mathcad from other applications 243
autoscaling of axis limits 169
AutoSelect
in solving 132
overriding 132
AVI files
compression 121
creating 121
hyperlinking from worksheet 122
playback 122
Axum/S-PLUS component 224
background color 83
bar plots (3D)
formatting 184
base of results (decimal/octal/binary) 113
base units 115
bei function 264
ber function 264
Bessdl functions
Al function 261
bel function 264
ber function 264
Bi function 264
10 function 294
11 function 295
In function 298
JO function 300
J1 function 301
Jn function 291-292, 301
js function 302
KO function 302
K1 function 302
Kn function 302
updates 5

YO function 387
Y1 function 387
Yn function 387
ys function 387
beta distribution 276, 330, 341, 348
Bi function 264
binary data
importing and exporting 215
binary numbers 34, 113
binomial distribution 277, 330, 341, 348
bitmaps
color palettes 155
copying from the Clipboard 153
creating pictures from 152
blank lines, inserting or deleting 82
blank pages in printouts 92
blank space between regions 13
BMP files 85, 152
bold equals 415
bookmarks 27
Boolean comparison
strict 5
Boolean operators 130
and function 416
bold equals 415
greater than 415
greater than or equal to 415
less than 415
less than or equal to 415
not equal to 415
not function 416
or function 416
xor function 416
border around aregion 13
boundary value 266, 323, 356, 368
boundary value problems 142
break statement 237, 418
breaking equations 202
bspline function 265
B-splines 146
built-in functions
listed by type 249
built-in variables 100
bulleted paragraphs 70
Bulstoer function 140
Bulstoer function 266
bulstoer function 265
bvalfit function 144, 266
C_DILLA folder, activation 9
CAD drawings 226
Calc on message line 119
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calculation 17
controlling 118
disabling for individual equation 120
equations 17, 100
locking area 85
order in worksheets 101
result format 112
unitsin 115
calculator, using Mathcad as 16
calculus operators
definite integral 405
derivative 408
indefinite integral 407
left-hand limit 410
limit 410
nth derivative 409
product 403
range product 405
range sum 403
right-hand limit 410
summation 402
calling Mathcad from other applications 248
Cauchy distribution 277, 330, 342, 348
ceil function 267
Celsius 111, 117
CFFT function 269
cfft function 268
CGS units 116, 436
characters, deleting or inserting in math 42
Chebyshev polynomials 381
Check In 96
Check Out 96
Chi function 432
chi-squared distribution 277, 331, 342, 349
cholesky function 269
Ci function 432
Clipboard 48, 202
closing aworksheet 22
closing Mathcad
See exiting Mathcad
cnorm function 254
cnper function 270
coeffs keyword 423
Collaboratory 29
collapsing an area 86
collect keyword 423
colon (:) as definition symbol 17, 99
color
Electronic Book annotation 26
equation highlight 83
in equations 51

in text 69
of worksheet background 83
color images
displaying 151
color palettes for bitmaps 155
colormap 308, 368
colormap files 186
colsfunction 270
column 34
column vectors
See vectors
combin function 270
combinatorics functions
combin function 270
permut function 333
combining matrices
augment function 263
stack function 373
common logarithm 310
complex conjugate 396
complex keyword 423
complex numbers
arg function 262
csgn function 274
display of 113
entering 34
Im function 297
imaginary unit symbol 113
Re function 349
signum function 370
vector field plots 182
complex threshold 113
Component Wizard 217
components
application-based 216
customizing 247
deleting 247
inserting 217
overview of 216
redistributing 247
scripted 243
See also application components
computing results 17, 100
concat function 271
cond1 function 271
cond2 function 271
conde function 271
condi function 271
condition number of matrix 271
conditional
functions 256
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statement 234
conditional function if 296
conditional statement if 417
confluent hypergeometric function 319, 336
conjugate, complex 396
constants
changing the font style of 50
See also numbers and predefined variables
constraint
in solve blocks 130
tolerance 131
constraints in solve blocks 286, 327, 331
contacting Mathsoft 9
context menu
See pop-up menu
continue statement 418
contour plots
creating 181
formatting 184
See also plots, 3D
controls 245
changing the appearance of 246
inserting 245
Controls, customized 243
convert keyword 201
Convert to Partial Fraction command 201
convert, parfrac keyword 423
copy and paste 15, 118, 156
copying
expressions 48
from E-book 26
regions 15
results 118
copying regions 15
corr function 271
correlation coefficient 271
cos function 272
cosh function 272
cosineintegral 432
cot function 272
coth function 272
covariance 276
crate function 272
CreateMesh function 273
CreateSpace function 273
creating
2D plots 161
3D plots 175
contour plots 181
E-book 93
hyperlinks 89

popup window 89
Portable Document Format (PDF) files 93
region tags 90
space curve 178
surface plots 176, 179
text regions 65
variables 17
vector field plots 182
worksheet templates 77
creating arrays 53
cross product 399
crosshair for insertion 13
csc function 274
csch function 274
csgn function 274
csort function 274
cspline function 274
CTOL variable 131, 286, 327, 331, 442
cuberoot 114
cubic spline interpolation 145
cumint function 275
cumprn function 276
cumulative distribution functions 254
cumulative probability
See probability distribution
curve fitting
functions for 147
polynomial 147
using cubic splines 145
Curve Fitting and Smoothing Functions 250
cvar function 276
cyl2xyz function 276
4 function 388
dashed selection rectangle 14
data
entering into atable 55
Data Acquisition control (DAC) 229
datafiles
exporting from an array 60
functions for reading and writing 250
importing data from 220
reading from 215
writing to 215
data input 220
Data Tables
creating from afile 219
database, importing from 220
databases, exchanging data with 222, 226
DataT able component 220
date in header or footer 85
dbeta function 276
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dbinom function 277
dcauchy function 277
dchisg function 277
debugging aworksheet 123
decimal places

in displayed results 113

internal precision 112
decimal points

numerical calculation 113
default formats

2D plots 170

3D plots 184

numerical results 112

template 79

worksheet layout 77
defining

complex numbers 34

functions 106

global variables 102

local variablesin program 232

multiple definitions of variable 101

numbers 33

programs 231

range variables 103

See also creating

strings 35

units 111, 115

variables 17, 99
definite integral 205, 405
definition 397, 411

global 412

local 417
definition symbol (:=) 17, 99
degrees, converting to radians 117, 256
deleting

blank lines 82

charactersin math 42

equations 16

hard page breaks 84

hyperlinks 90

operators 45

parentheses 47

parts of an expression 49

regions 16

text 65
delta function 388, 432
derivative 408
derivatives

symbolic 204
determinant 209, 400
Developer’s Reference 23, 29, 230, 244245, 243

device-independent bitmap 154
dexp function 277
dF function 277
dgamma function 278
dgeom function 278
dhypergeom function 278
diag function 278
dialects (spell-checker) 75
DIB
See device-independent bitmap
dictionaries (spell-checker) 75
Differential Equation Solve Blocks
E-book in Web Library 6
differential equation solvers
Bulstoer function 266
bulstoer function 265
bvalfit function 266
multigrid function 323
Odesolve function 327, 331
Radau function 347
radau function 346
relax function 356
Rkadapt function 359
rkadapt function 358
rkfixed function 326, 360
sbval function 368
Siffb function 375
stiffb function 374
Siffr function 376
stiffr function 376
differential equation solvers, command-line 136
differential equations 133
higher order 133, 135
partia 144
second order
differential equations
second order 133
slowly varying solutions 141
smooth systems 140
stiff systems 141

differential equations, evaluating only the final value

141
differentiation 408-409
differentiation variable 408
dilog function 432
dilogarithm function 432
dimensions 110
Dirac function 432
disabling equations 120
display of arrays 58
display of operators 391
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displayed precision
See decimal places
division 395
division, inline 395
DLLS, building 243
dinormfunction 278
dlogisfunction 278
dnbinom function 279
dnormfunction 279
dot product 399
double integrals 405
Down One Level command 63
downloads 32
dpois function 279
drag and drop 15, 26, 48, 156-157
dragging regions 15
drawings
See pictures
dt function 279
dunif function 280
dweibull function 280
¢ function 388
e, base of natural logarithms 100, 307, 442
e, value of 36
E-book 93
creating 93
searching for information in 25
E-books 23
finding on the Web 26
Edit Go to Page command 13
Edit Links command 158
editing equations
annotated example 41
changing a number 42
changing a variable or function name 42
compared to word processors 41
deleting an operator 45
deleting parentheses 47
deleting parts of expression 49
inserting an operator 42

making expression an argument to a function 48

moving parts of an expression 48
moving/rearranging equations 80
editing lines 41
eff function 280
Ei function 432
eigenanalysis 280-281, 290-291
eigenvals function 280
eigenvalues 259
eigenvec function 281
eigenvecs function 281

eigenvectors 259

Electronic Book
copying information from 26
moving around in 25, 27
toolbar 25, 27

Electronic Books 91

eliptic integral 432

Email 97

endpoints for ranges 105

engineering notation 113

Enter key 1

equal sign (=)
in numerical calculations 101
in solve blocks 128
symbolic calculations 196, 206—-207

equality constraints 130

equals 397, 411

bold 415

equations
as constraints in solve blocks 130
breaking 202
calculating results 17, 100
color 51
disabling calculation for 120
dragging and dropping 48
effect of range variablesin 105
errorsin 123
font 50
global definitions 102
intext 72

locking in area 85-86
order of evaluation 101, 118
processing and calculating 17, 118
properties 120
solving for root 125
solving symbolically 206-208
solving with solve blocks 127
styles 50
unitsin 109
variable definition 99
equations, solving 286, 327, 331, 364
erf function 281, 432
erfc function 282
ERR variable 320
ERR variable and Minerr 131
error function 282
error messages
correcting 124
in equations 123
tracing the source of 123
with units 110



Euclidean norm 400
Euler’s constant 432
Euler’ s gamma function 388
Evaluate Complex command 201
Evaluate Floating Point command 201
Evaluate in Place option 202
Evaluate Symbolically command 201-202
evaluation operators
definition 411
equals 411
global definition 412
infix 414
postfix 414
prefix 413
symbolic equals 413
treefix 414
Excel
Excel component 222
exchanging data with other applications 216
exiting Mathcad 22
exp function 282
Expand command 201
expand keyword 201, 424
expand nested arrays 113
Expert Solver 127
expfit function 282
exponential
notation, entering 34
notation, in displayed results 113
exponentia distribution 277, 333, 342, 357
exponentia function 282
exponential integral 432
exponentiation
matrix case 396-397
scalar case 396-397
exporting
components as MCM 247
worksheets as RTF 95
exporting data 215
expression type functions
IsArray function 300
IsScalar function 300
1sSring function 300
UnitsOf function 382
expressions
applying afunction to 48
converting to partia fractions 201
correcting errorsin 124
deleting parts of 49
error messagesin 123
evaluating 100

expanding 201
moving parts of 48
selecting several 80
simplifying 202
symbolic evaluation of 196-197

Extension Packs 249

extrapolation 338

F (function) keys, table of 446

F distribution 277, 333, 342, 357

O function 389

Factor command 201

factor keyword 424

factorial 395

Fahrenheit 111, 117

fast Fourier transform 283, 285

Features In-depth 23

FFT function 285

fft function 283

fhyper function 285

file access functions 250
APPENDPRN function 262
GETWAVINFO function 291
LoadColormap function 308
READ_BLUE function 349
READ_GREEN function 350
READ_HLSfunction 350
READ HLS HUE function 350
READ_HLS LIGHT function 351
READ_HLS SAT function 351
READ_HSV function 351
READ_HSV_HUE function 351
READ HSV_SAT function 351
READ_HSV_VALUE function 352
READ_IMAGE function 352
READ_RED function 353
READBMP function 350
READPRN function 352
READRGB function 353
READWAYV function 354
SaveColormap function 368
WRITE_HLSfunction 384
WRITE_HSV function 384
WRITEBMP function 384
WRITEPRN function 385
WRITERGB function 385
WRITEWAV function 386

File Input component 219

File Output component 219

File Send command 97

files
opening 77

Index / 455
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reading data from 250
saving 22
See also datafiles
See also worksheets
finance
cnper function 270
crate function 272
cumint function 275
cumprn function 276
eff function 280
fv function 288
fvadj function 288
fvc function 288
ipmt function 299
irr function 299
mirr function 322
nom function 324
nper function 325
npv function 325
pmt function 335
ppmt function 338
pv function 340
rate function 347
Find function 128, 208, 286, 327, 331
first order differential equation 136
float keyword 425
floor function 287
font
changing in header or footer 85
changing in math 50
changing in text 68
footers 84
for loop 235
for loop statement 418
Format Header/Footer command 84
Format Style command 71
formatting
2D plots 168
3D plots 184
numbers in matrices 59
operators 391
results 112
symbolic 202
worksheets 83
Formatting toolbar 12
math styles 51
text styles 71
fourier keyword 210, 425
Fourier transform functions
fft function 283
Fourier transforms

alternate form 285
CFFT function 269
cfft function 268
FFT function 285
fft function 283
ICFFT function 295
icfft function 295
IFFT function 297
ifft function 297
symbolic 210
fractions
displaying results as 113
FRAME for animation 121
frequency
Fourier analysis 283
statistical counts 292
Fresnel cosine integral 432
FresnelC function 432
Fresnel Sfunction 432
functions
applying to an expression 48
built-in 249
colormap 186
defining 19, 106
file access 250
inserting 249
interpolation 145
list of categories 249
optimization 125
other special 432
piecewise continuous 256
prediction 145
recursive 108
regression 147
See also built-in functions
smoothing 149
solving 125
to find roots of expressions 125
uniform polyhedra 252
user-defined 36, 106
fv function 288
fvadj function 288
fvc function 288
I' function 388
gamma (Euler’s constant) 432
gamma distribution 278, 334, 342, 358
gamma function 388
Gauss hypergeometric function 285

Gaussian distribution 254, 279, 335, 344, 364

ged function 289
generalized
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regression 148
genfit function 289
geninv function 290
genvals function 290
genvecs function 291
geometric distribution 278, 334, 343, 358
geometric mean 291
Getting Started Primers 23
GETWAVINFO function 291
Given function 286, 327, 331
Given, in solve blocks 128, 208
global definition 412
global definitions 102
gmean function 291
graphics, inserting 151
graphing

data 166

expressions 164

functions 164, 176

in 2D 161

in3D 175

uniform polyhedra 252

vector 166
graphs

creating 21, 175, 252

formatting 21

resizing 162

Seealso plots, 2D
greater than 415
greater than or equal to 415
greatest common divisor 289
greatest integer function 287
Greek letters

in equations 36

in text 67

table of 444
Greek toolbar 37, 67, 444
guess

for solve blocks 128
guidelines for aligning regions 81
hard page breaks 84
harmonic mean 294
HBK files 24
headers and footers 84
Heaviside step function 389
Help

Author’s Reference 29

context-sensitive 28

Developer’s Reference 29

online 28

See also Resource Center and technical support

Her function 292
Hermite polynomial 292
hexadecimal numbers 34
highlighting equations 83
highpass filter 389
hist function 292
histogram 292
histogram function 293
history of browsing in Electronic Book 25
hlookup function 294
hmean function 294
HTML 93

Positioning 94
HTML/MathML 95
hyperbolic cosineintegral 432
hyperbolic functions

cosh function 272

coth function 272

csch function 274

sech function 369-370

sinh function 371

tanh function 380
hyperbolic sine integral 433
hypergeometric 278, 285, 319, 334, 336, 343, 358
hyperlinks

deleting 90

editing 90

to other file types 91

to regions 90

to worksheets 89
hysical 23
i (imaginary unit) 34
10 function 294
11 function 295
ibeta function 295
ICFFT function 295
icfft function 295
identity function 296
if conditional statement 417
if function 256, 296
if statement 234
IFFT function 297
ifft function 297
Im function 297
imagefile

BMP format 152

in headers and footers 85
Image files

reading from and writing to 215
Image Processing Functions 253
imaginary Bessel Kelvin function 264
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imaginary numbers

entering 34

symbol for 34, 113
imaginary value 113
implied multiplication 41, 109, 443
importing data 215, 220
importing data from a database 220
impulse function 388, 432
In function 298
incompatible units (error message) 110
incomplete

beta function 295

eliptic integral 432

gamma function 388
increments for ranges 105
indefinite integral 205, 407
indented paragraphs 70
index variables

See range variables
inequalities

as congtraints in solve blocks 130
infinity (c0) 36, 442
infix 414
Inline division 395
inner product 399
in-place activation 156
Input Table component 55
input to a component 216
Insert 44
Insert Area command 85
Insert Function command 249
Insert Hyperlink command 89
Insert key 42, 66
Insert Link command 89
Insert Math Region command 73
insert matrix 399
Insert Matrix command

to create array 53

toresize array 54
Insert Object command 15, 118, 156
Insert Reference command 88
Insert Unit command 110, 115
inserting

blank lines 82

equationsin text 72

functions 48

graphic objects 155

graphics computationally linked 158

hyperlinks 89

math region 73

minus sign in front of expression 46

parentheses around expression 46
pictures 151
text 65
units 110
worksheet 88
inserting a component 217
insertion point 16
installation instructions 7
integral transforms
Fourier 210
Laplace 210
z 210
integrals
indefinite 205
symbolic evaluation of 205
integration 405, 407
IntelliMouse support 13, 194
intercept function 298
International System of units (Sl) 116
Internet
Collaboratory 29
interp function 298
interpolation
cubic spline 145
functions 145
linear 145
interpolation functions
bspline function 265
cspline function 274
interp function 298
linterp function 306
Ispline function 311, 313
pspline function 339
interrupting calculationsin progress 120
inverse
cumulative distributions 254
Fourier transform 210
Laplace transform 210
z-transform 210
inverse cumulative probability
See inverse probability distribution
inverse hyperbolic functions
acosh function 260
acoth function 261
acsch function 261
asech function 262
asinh function 263
atanh function 263
inverse of matrix 399
inverse probability distribution functions
gbeta function 341
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gbinom function 341
gcauchy function 342
gchisg function 342
gexp function 342
gF function 342
ggamma function 342
ggeom function 343
ghypergeom function 343
glnorm function 343
glogis function 343
gnbinom function 344
gnorm function 344
gpois function 344
gt function 345
qunif function 345
gweibull function 345
inverse trigonometric functions
acos 260
acot function 260
acsc function 261
angle function 262
asec function 262
asin 263
atan function 263
atan2 function 263
invfourier keyword 210, 425
invlaplace keyword 210, 426
invztrans keyword 210, 426
ipmt function 299
irr function 299
IsArray function 300
ise6
IsScalar function 300
1sSring function 300
iteration
in programs 235
with range variables 19
iwave function 300
j (imaginary unit) 34
JO function 300
J1 function 301
Jac function 301
Jacobi polynomia 301
Jacobian matrix 141, 374
JavaScript 244
Jn function 291-292, 301
JPEG 94
js function 302
JScript 244
KO function 302
K1 function 302

keywords, symbolic 197, 421
assume 422
coeffs 423
collect 423
complex 423
convert, parfrac 423
expand 424
factor 424
float 425
fourier 425
invfourier 425
invlaplace 426
invztrans 426
laplace 426
series 427
simplify 428
solve 429
substitute 430
ztrans 430
Kn function 302
knots 265
Kronecker’s delta function 388
ksmooth function 149, 303
Kummer function 319, 336
kurt function 303
kurtosis 303
Lag function 303
Laguerre polynomial 303
Lambert W function 433
laplace keyword 210, 426
Laplace transforms 210
Laplace' s equation 144, 323, 356
last function 304
lem function 304
least common multiple 304
least integer function 267
least squares
<function>regress 354
genfit function 289
intercept function 298
linfit function 305
loess function 308, 368
slope function 371
stderr function 374
Leg function 304
Legendre function 285
Legendre polynomial 304
LegendreE function 432
LegendreEc function 432
LegendreEcl function 432
LegendreF function 433
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LegendreKc function 433
LegendreKcl function 433
LegendrePi function 433
LegendrePic function 433
LegendrePicl function 433
length function 304
less than 415
less than or equal to 415
Igsfit function 305
limit 410
left-hand 410
right-hand 410
limits
axis21
default range 21
limits, evaluating 206
line break
in text 66
line function 305
linear
equations 286, 327, 331
independence 347
interpolation 145, 306
prediction 145, 338
programming 127, 315, 321
regression 147, 354
system solver and optimizer 127
systems of equations 127
linfit function 305
link
See also hyperlinks
to objects 155
to other worksheets 88-89
linterp function 145, 306
list box control 245
literal subscripts 37
In (natural log) function 307
Infit function 308
LoadColormap function 186, 308
local definition 417
local result format 20
lockable area
Seearea
locked calculations 85-86
locking and unlocking an area 86
loess function 308, 368
log and exponential functions
exp function 282
In function 307
log function 310
log function 310

logfit function 310
logistic distribution 334, 343, 362
lognormal distribution 334, 343, 362
long equations 202
lookup function 310
looping
for loop 235
whileloop 236
lowpass filter 389
Isolve 127
Isolve function 311
Ispline function
one-dimensional case 311
two-dimensional case 313
LU decomposition 314
lu function 314
magnitude 400
mailing worksheets 97
mantissa 287
manual mode 118
margins 83
match function 314
Math Optimization command 213
Math Options command 100
math region 33
math styles
applying 51
Constants 50
editing 50
saving 52
Variables 50
Math toolbar 12, 37
Mathcad
accessing from other applications 248
Mathcad 6, 7, or 8 78
Mathcad Enterprise 6, 96
Mathcad OLE automation objects 248
Mathcad Web Library 32
Mathcad Web site 9
Mathcad’ s Object Model 23
MathML 93
MathML, content 94
MathML, presentation 94
Mathsoft controls 245
Mathsoft home page 27
Mathsoft, contacting 9
MATLAB component 226
matrices
adding/deleting rows or columns 54
as array elements 63
calculations by element 61
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creating with components 216
defining by formula 54
defining with two range variables 54
definition of 34
determinant 209
displayed as pictures 151
displayed as scrolling output tables 58
extracting a column 56
extracting elements 56
limits on size 53, 59
numbering elements 57
operators for 398
ORIGIN used with 57
plotting in contour plot 182
start with row and column zero 57
subscripts 56
matrix
changing size 54
Matrix Determinant command 209-210
Matrix display style 113
matrix function 314
Matrix Invert command 210
matrix operators
combining 263, 373
cross product 399
determinant 400
dot product 399
insert matrix 399
inverse 399
magnitude 400
picture 401
raising to a power 396-397
subscript 399
sum 399
superscript 400
transpose 400
vectorize 400
Matrix Transpose command 209-210
max function 315
Maximize function 315
MCD file 77
MCM file 247
MCT file 77
mean function 317
M easurement Computing
supported data acquisition devices 229
measurement for the ruler 82
medfit function 317
median function 318
medsmooth function 318
metafile 154

mhyper function 319, 336
Microsoft Internet Explorer 27, 244
Microsoft Office 158
min function 320
Minerr function 131, 320
Minimize function 321
minus sign 395
inserting in front of expression 46
MIP
See mixed integer programming
mirr function 322
mixed integer programming 132
mixed number 397
mixed numbers
displaying results as 113
MKS units 116, 440
mod function 323
mode
Seemanua mode
mode function 323
modifiers, symbolic 421
modulus 400
moving
crosshair 13, 445
editing lines 42, 445
insertion point 42, 445
regions 15
moving regions 15
multigrid function 145, 323
multiple integrals 405
multiple roots
finding with polyroots 125, 127
finding with solve blocks 131
multiplication 40, 395, 399, 403, 405
implied 41, 1009, 443
multivalued functions 114
names of variables and functions 36
National |nstruments
supported data acquisition devices 229
natural logarithm 307
negating an expression 46
negation 395

negative binomial distribution 279, 335, 344, 363

nested arrays
defining 63
displaying 63
expanding 63, 113
New Features 4
nom function 324
nonlinear
equations 286, 327, 331, 364
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regression 289, 305
nonlinear systems of equations 127
nonscalar value (error message) 104
norml function 324
norm2 function 324
normal distribution 254, 279, 335, 344, 364
norme function 325
normi function 325
not equal to 415
not function 416
notationsin this User’s Guide 1
nper function 325
npv function 325
nth derivative 409
nth root 396
nudging regions 15, 80
nudging with arrows 80
num2str function 326
number format

See result format
number theory functions

ged function 289

lem function 304

mod function 323
numbered paragraphs 70
numbers 33

binary 34, 113

complex 34

decimal 113

displayed as zero 113

exponentia notation for 34, 113

format for computed results 112

formatting 20, 112

hexadecimal 34

imaginary 34

octal 34, 113

radix (base) for results 113
numerical methods

root finding 125

solving and optimization 132
numol 138
object linking and embedding

SeeOLE
Object Model in Mathcad 23
objects

embedding 155

linking 155
octal numbers 34, 113
ODBC component 220
Odesolve function 133, 327, 331
OLE

automation 243, 248
drag and drop 157
editing links 158
in-place activation 156, 158
scripting objects 244
via components 216
on error statement 239, 419
online resources 23
OpenGL 175
operator placeholder 45
operators
arithmetic 394
Boolean 415
calculus 402
changing the display of 391
defined 38
deleting 45
derivative 204
evaluation 411
for vectors and matrices 398
indefinite integral 205
inserting 42
matrix 398
programming 417
replacing 45
toolbars 12
vector sum 403
optimization
Maximize function 315
Minerr function 320
Minimize function 321
Optimize Palette command 155
optimizers 127
or function 416
order
of polynomial regression 147
of worksheet evaluation 102
ORIGIN variable 57
otherwise statement 417
output from a component 216
output table 58
alignment 59
resizing 59
versus matrix display style 113
overlapping regions 82
overtyping text 66
page
breaks, inserting and deleting 84
headers and footers 84
length 84
numbering 85
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Page Setup dialog box 83, 91
palettes, color, for bitmaps 155
parabolic heat
solving 136
paragraphs 65
bullets 70
hanging indent 70
indenting 70
numbers 70
properties 69
tab stops 70
text alignment in 70
parametric plot
creating 164
parametric surface plots
creating 180181
See also plots, 3D
parentheses 394
deleting from expression 47
inserting into an expression 46
partial differential equations 144, 323, 356
second order
olve blocks 135
tial differential equations
second order 135
partia fractions 423
password protecting an area 85
hiding an area 86
Paste command 15, 157
Paste Specia command 154, 157
pasting
bitmaps 153
device-independent bitmaps 153
from Clipboard 48, 153
metafiles 153
OLE objects 157
pbeta function 330
pbinom function 330
pcauchy function 330
pchisg function 331
PDE solve block 135
PDE, solving with a solve block 135
Pdesolve 135
Pdesolve function 135
Pearson’s correlation coefficient 271
pending computations 118-119
percent 442
permut function 333
personal
dictionary (spell-checker) 75
pexp function 333

pF function 333
pgamma function 334
pgeom function 334
phypergeom function 334
pi
entering 37
value 36
pi (3.14159...) 42, 100, 442, 444
picture 401
picture operator 63, 151
pictures
border on 154
creating from bitmap file 152
creating from matrix 151
creating using SmartSketch 226
formatting 154
pasted from Clipboard 153
resizing 154
piecewise continuous functions
4 function 388
¢ function 388
O function 389
if function 296
sign function 370
placeholder 16, 33
placeholder for an operator 45
Playback command 122
plnormfunction 334
plogis function 334
plots 3D
graphing functions 176
plots, 2D
autoscaling of axis limits 169
changing perspective 171
copying format from existing plot 170
creating 21, 162
default formats 170
formatting 168
graphing expressions 163
graphing functions 163
graphing vectors 166
multiple traces on 164
read-out of coordinates 172
referencelinesin 169
resizing 162
setting axis or data limits 169
setting default formats 170
Show Markers 169
titles and labels 168
traces on 164
tracing coordinates on 172
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zooming 171
plots, 3D 175
3D Plot Format dialog box 185
3D Plot Wizard 175
annotations 191
backplanes 185
color 186, 190
colormaps 186-187
contour lines 188
contour plots 181
converting 191
creating 175
examples 176, 179
fill color 186
filling contours 187
fog 184
formatting 184
graphic annotations on 191
lighting 190
line color 189
lines 188
multiple plots on 184
OpenGL graphics 175
parametric surface plots 180-181
point color 190
point symbols 190
QuickPlot 175
resizing 162
rotating 193
space curves 178
spinning 193
surface plots 176, 179
text on 191
titles 186
uniform polyhedra 252
vector field plots 182
wireframe 188
zooming 193-194
pmt function 335
pnbinom function 335
PNG 94
pnorm function 335
Poisson distribution 279, 338, 344, 366
Poisson’ s equation 144, 324, 356
pol2xy function 337
polar plots
creating 162
formatting 168
See also plots, 2D
polygamma function 433
polyhedra 252

Polyhedron 335
Polyhedron function 335
PolyLookup function 336
polynomial
finding roots of 286, 327, 331, 337, 364
finding the roots of 127
regression 147, 289, 305, 308, 354, 368
polyroots function 127, 337
popup hyperlink 89
pop-up menu
3D plots 191
animation playback 122
Input Table component 56
MathSoft Control component 246
Scriptable Object Component 245
SmartSketch component 226
solving 132
Web browsing 27
popup menu
component 218
Data Acquisition control 229
MATLAB component 226
OBDC component 221
popup window, creating 89
Portable Document Format (PDF), creating 93
postfix 414
ppmt function 338
ppois function 338
precision, internal 112
predefined variables 100
predict function 338
prediction, linear 145
prefix 413
prime notation
inside a solve block 133
principal branch of function 114
Print Preview command 92
printing 22
and calculation of worksheet 119
and pagination 84
blank pagesin 83, 92
color 83
page settings for 83
print preview 92
wide worksheets 91
PRNCOLWIDTH variable 442
PRNPRECISION variable 442
probability density functions
dbeta function 276
dbinom function 277
dcauchy function 277
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dchisg function 277
dexp function 277
dF function 277
dgamma function 278
dgeom function 278
dhypergeom function 278
dinormfunction 278
dlogis function 278
dnbinom function 279
dnorm function 279
dpois function 279
dunif function 280
dweibull function 280
probability distribution functions
pbeta function 330
pbinom function 330
pcauchy function 330
pchisg function 331
pexp function 333
pF function 333
pgamma function 334
pgeom function 334
phypergeom function 334
plnorm function 334
plogis function 334
pnbinom function 335
pnorm function 335
ppois function 338
pt function 340
punif function 340
pweibull function 341
processing equations 17, 118
results of 118
product 395, 399, 403, 405
programming operators
add line 417
break 418
continue 418
for 418
if 417
local definition 417
on error 419
otherwise 417
return 418
while 418
programs 231
adding lines 232
break statement 237
controlling or interrupting 237
defining 231
error handling 239

for loop 235
generating symbolic results 233
if statement 234
local assignment 231
looping 235
nested 241
on error statement 239
output of 231
recursion 242
return statement 238
statements 232
subroutines 241
symbolic evaluation of 233
whileloop 236
properties
of components 218
of controls 221
region 83, 90
protecting a worksheet 87
Psi function 433
Psin function 433
pspline function 339
pt function 340
punif function 340
pv function 340
pweibull function 341
pwrfit function 341
gbeta function 341
gbinom function 341
gcauchy function 342
gchisg function 342
gexp function 342
gF function 342
ggamma function 342
ggeom function 343
ghypergeom function 343
glnormfunction 343
glogis function 343
gnbinom function 344
gnormfunction 344
gpois function 344
QR decomposition 344
gr function 344
gt function 345
quadratic equation solving 132
QuickPlot 163, 175
QuickSheets 23
storing custom operators 392
qunif function 345
gweibull function 345
Radau 140
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Radau function 347
radau function 346
radians
converting to degrees 117, 256
trig functions 256
radix of displayed results 113
random number generators
rbeta function 348
rbinom function 348
rcauchy function 348
rchisg function 349
rexp function 357
rF function 357
rgamma function 358
rgeom function 358
rhypergeom function 358
rinorm function 362
rlogis function 362
rnbinom function 363
rnd function 363
rnorm function 364
root function 364
rpois function 366
rt function 367
runif function 367
rweibull function 367
range product 405
range sum 403
range variable creation 399
range variables
array calculations with 61
creating arrays with 54
defining 19, 103, 105
fundamental principle for 105
how Mathcad evaluates equations with 105
setting endpoints and increments 105
rank function 347
rate function 347
rbeta function 348
rbinom function 348
rcauchy function 348
rchisg function 349
Re function 349
READ_ BLUE function 349
READ_GREEN function 350
READ_HLSfunction 350
READ_HLS HUE function 350
READ_HLS LIGHT function 351
READ_HLS SAT function 351
READ_HSV function 351
READ HSV_HUE function 351

READ_HSV_SAT function 351
READ_HSV_VALUE function 352
READ_IMAGE function 352
READ_RED function 353
READBIN 215
READBMP function 350
READPRN function 352
READRGB function 353
READWAYV function 354
real Bessel Kelvin function 264
recursion 108
Reference Table 23
Reference Tables 23
references

and relative paths 89

to other worksheets 88
regions 13

aligning 80

blank space between 13

copying 15

deleting 16

dragging 15

dragging across documents 15

equation 13

hyperlinking to 90

locking 85

moving 15

overlapping 82

properties 90

properties of 14

protecting from editing 87

putting borders around 13

selecting 14

separating 82

tags, creating 90

text 18, 65

unlocking 86

viewing 13, 82
region-to-region hyperlinking 90
regress function

one-dimensional case 354

two-dimensional case 355
regression

functions 147

generalized 148

localized 147

multivariate 147

polynomial 147

using linear combinations of functions 148
regression functions

expfit function 282
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genfit function 289
intercept function 298
Igsfit function 305
line function 305
linfit function 305
Infit function 308
loess function 308, 368
logfit function 310
medfit function 317
pwrfit function 341
regress function 354
sinfit function 371
slope function 371
stderr function 374
Relative button 94
relative paths
for references 89
relax function 145, 356
Release Notes 32
Repaginate Now command 84
replacing charactersin math or text 74
replacing operators 45
reports
for asolve block 132
resizing
graphs 162
pictures 154
Resource Center
accessing worksheets on Web 26
Web browsing in 26
Resources Window
bookmarks 27
Resources window 23
resources, online 23
result format 112
Result Format dialog box 20
results
caculating 17
calculating with equations 100
complex 114
copying 118
formatting 20, 112
unitsin 115
wrapping 202
return statement 238, 418
reverse function 357
rexp function 357
rF function 357
rgamma function 358
rgeom function 358
rhypergeom function 358

Riccati equation 286, 327, 331
rich text format (RTF) 95
Riemann Zeta function 433
right page margin 83
Rkadapt function 359
rkadapt function 358
rkfixed function 136, 326, 360
rinorm function 362
rlogis function 362
rnbinom function 363
rnd function 254, 363
rnorm function 364
root function 125, 364
roots
finding 125
finding multiple with solve blocks 131
finding symbolically 206-207
numerical approximations used 125
of polynomials 127
round function 366
round-trip HTML 95
row vector 34
row vectors
See vectors
rows function 366
rpois function 366
rref function 366
rsort function 367
rt function 367
RTFfile 77
See also rich text format
ruler
for formatting a worksheet 81
for formatting text 70
measurement system 70
Runge-K utta initial-value solver 136
runif function 367
rweibull function 367
Save as Web Page 93
Save Layout As button 94
SaveColormap function 186, 368
saving
new file 22
templates 79
worksheets 22, 77
shval function 143, 368
scalar 33
scalar product 399
scatter plots (3D)
formatting 184
See also plots, 3D
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scientific notation 113
scripable object components 243
Scriptable Object component 243
protection when opening 248
scripting languages, supported 244
search
E-book 26
in equations 73
intext 73
search function 369
sec function 369
sech function 369-370
seed for random number generator 363
selecting
graphs 162
math expression 43
page break 84
regions 14
text 66
selection rectangle 14
semicolon, in range variable definitions 104
Separate Regions command 82, 84
separating overlapping regions 82, 84
series keyword 427
SharePoint 96
Sharepoint 6
SharePoint Repository 96
Shi function 433
Show Border option 155
S function 433
sign function 370
signum function 370
Simplify command 202
simplify keyword 202, 428
simultaneous equations, solving 286, 327, 331
simultaneous equations, solving numerically 127
sin function 370-371
sineintegral 433
sinfit function 371
singular matrix 311
singular value decomposition 379-380
sinh function 371
skew function 371
skewness 371
slope function 371
SmartSketch component 158, 226
smooth systems (differential equations) 140
smoothing functions
ksmooth function 303
medsmooth function 318
supsmooth function 378

smoothing of data 149
soft page breaks 84
solve block 286, 327, 331
solve blocks 127, 133, 135
constraintsin 130
definition of 127
expressions allowed in 130
finding multiple solutions 131
Givenin 128
reports for 132
tolerance 131
using to solve differential equations 133, 135
using to solve numerically 127
using to solve symbolically 208
Solve command 430
solve keyword 206207, 429
Solving and Optimization Extension Pack 127
solving equations 127
AutoSelect of algorithm 132
linear systems 132
nonlinear systems 132
See also solve blocks
with root function 125
with solve blocks 127, 208
with Solve for Variable 206
with solve keyword 206
solving functions
Find 286
Find function 327, 331
Maximize function 315
Minerr function 320
Minimize function 321
polyroots function 337
root function 364
sorting functions
csort function 274
reverse function 357
rsort function 367
sort function 372
space curves
creating 178
See also plots, 3D
spaces, inserting or deleting 82
specia functions
eff function 280
erf function 281
erfc function 282
fhyper function 285
I" function 388
Her function 292
ibeta function 295
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Jac function 301
Lag function 303
Leg function 304
mhyper function 319, 336
other
complete elliptic integral
of thefirst kind 433
of the second kind 432
of the third kind 433
complex error function 432
cosineintegral 432
digamma 433
dilogarithm 432
Dirac delta 432
Euler’s constant 432
exponential integral 432
Fresnel cosineintegral 432
Fresnel sineintegral 432
hyperbolic cosineintegral 432
hyperbolic sine integral 433
incomplete elliptic integral
of thefirst kind 433
of the second kind 432
of the third kind 433
Lambert W 433
polygamma 433
Riemann Zeta 433
sineintegral 433
Tcheb function 381
Ucheb function 381
spell-checking 74
sph2xyz function 373
spherical Bessel functions 302, 387
spline functions 145-146, 311
spreadsheets, exchanging data with 216
square root 396
stack function 258, 373
stack overflow error 108
standard deviation 374
standard error 374
standard normal distribution 254
statistics
cubic spline interpolation 145
cumulative distribution functions 254
generalized linear regression 148
interpolation 145
inverse cumulative distributions 254
linear interpolation 145
linear prediction 145
linear regression 147

multivariate polynomial regression 147
polynomial regression 147
probability density functions 254
statistics functions
corr function 271
cvar function 276
gmean function 291
hist function 292
histogram function 293
hmean function 294
kurt function 303
mean function 317
median function 318
mode function 323
skew function 371
Sdev function 374
stdev function 374
Var function 382
var function 382
stderr function 374
Sdev function 374
stdev function 374
step function 389
step size
for differential equation solving 141
for iteration 105
Siffb function 375
stiffb function 374
Siffr function 376
stiffr function 376
str2num function 377
str2vec function 377
string functions
concat function 271
error function 282
num2str function 326
search function 369
str2num function 377
str2vec function 377
strlen function 377
substr function 378
vec2str function 382
strings
arguments to file access functions 250
as elements of vectors 35
defining 35
editing 44
evaluating 35
variables 35
strlen function 377
Student’ st distribution 340, 345, 367
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styles

math 50

text 71
submatrix function 378
subroutines 241
subscript button 69
subscripts

in text 69

literal 37

non-numeric 37

ORIGIN used with 57

start with zero 57
substitute keyword 430
substr function 378
subtraction 395
summation 394, 402
superscript 400

to get column from matrix 57
superscript button 69
supsmooth function 149, 378
surface plots

creating 176, 178-179

formatting 184

parametric 180-181

See also plots, 3D
svd function 379
svds function 380
symbolic

equal sign 196

evaluation 196

evaluation of programs 233

keywords 197
symbolic equals 413
symbolic keywords 421

assume 422

coeffs 423

collect 423

complex 423

convert, parfrac 423

expand 424

factor 424

float 425

fourier 425

invfourier 425

invlaplace 426

invztrans 426

laplace 426

series 427

simplify 428

solve 429

substitute 430

ztrans 430
symbolic modifiers 421
symbolics menu 422
Symbolics menu commands 201
Symbolics menu, using 201
system requirements for Mathcad 7
t distribution 340, 345, 367
tab stopsin aworksheet 81
tables of data 55
tabsin aparagraph 70
tag
region, creating 90
tan function 380
tanh function 380
Tcheb function 381
Technical Support 32
technical support 9
temperature conversions 111, 117
templates 77
creating new 79
modifying 79
used to save calculation mode 118
using to create aworksheet 77
tensor 388
text 65
alignment 70
bulletsin 70
changing font 68
color 69
editing 68
entering 18
Greek lettersin 67
inserting equationsin 72
moving 67
moving insertion point in 66
Occupy Page Width option 68
Push Regions Down As Y ou Type option 69
regions 65
selecting 66
spell-checking 74
styles 71
tools 73
text box 18, 65
text regions 65
changing width 67
creating 18, 65
editing 68
how to exit 18, 65
text ruler 70
text styles 71

applying 71
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creating 72
modifying 71
text tools 73
tilde (~), used in global definitions 102
time in header or footer 85
Tip of the Day 29

TOL variable 100, 286, 327, 331, 364, 442

and solve blocks 131

tolerance
constraint (CTOL) 286, 327, 331
convergence (TOL) 364

See TOL variable and CTOL variable

toolbar
Boolean 415
calculator 394
calculus 402
evaluation 411
Formatting 12
Math 12
matrix and vector 398
programming 417
standard 12
toolbars
customizing 12
Electronic Book 25, 27
programming 232
Web 27
Tools
text 73
top-to-bottom evaluation 101
tr function 381
trace 381
traces, on 2D plots 164
tracing the source of an error 123
trailing zeros 113
transforms
Fourier (numerical) 283, 285
Fourier (symbalic) 210, 425
Laplace 210, 426
wavelet 383
z 210, 430
transpose 400
transpose of matrix 209
treefix 414
trigonometric functions
cos function 272
cot function 272
csc function 274
sec function 369
sin function 370-371
tan function 380

with degrees and radians 117
trunc function 381
truncation
thresholded 5
truncation and round-off functions
ceil function 267
floor function 287
round function 366
trunc function 381
Tutorials
23
tutorials 23
two-point boundary value problems 142
typing over text 66
U.S. Customary units 116
Ucheb function 381
undefined variables 101, 103
undo 4
uniform distribution 280, 340, 345, 367
uniform polyhedra 252
units
aternative definitions 115
base units 115
CGS system 116
common sources of error 110
converting calculated results 116
default 109
defining 111, 115
dimensional consistency 110
errorsin dimensions 110
in calculated values 115
in equations 109
metric 116
MKS system 115
placeholder 115
prefixes 116
Sl 116
simplifying 113
U.S. customary 116
UnitsOf function 111, 382
Up One Level command 63
update
window manually 119
worksheet window 119
URL
Mathsoft home page 27
Use Default Palette command 155
user-defined functions 106
evaluating variablesin 107
valid names 36
Var function 382



472 | Index

var function 382
Variable Differentiate command 204
Variable Integrate command 205
Variable Solve command 207
variables
changing the font style of 50
defining 17, 99
global definitions of 102
inred 103, 123
matrices 34, 53
names 36
predefined 100
range variables 19, 103
string 35
undefined 123
vectors 34
variance of a data set 382
VBScript 244
vec2str function 382
vector
changing size 54
definition of 34
vector and matrix functions
augment function 263
cholesky function 269
cols function 270
condl function 271
cond2 function 271
conde function 271
condi function 271
CreateMesh function 273
CreateSpace function 273
cyl2xyz function 276
diag function 278
eigenvals function 280
eigenvec function 281
eigenvecs function 281
geninv function 290
genvals function 290
genvecs function 291
hlookup function 294
identity function 296
last function 304
lookup function 310
Isolve function 311
lu function 314
match function 314
matrix function 314
max function 315
min function 320
norml function 324

norm2 function 324
norme function 325
normi function 325
pol2xy function 337
Polyhedron function 335
PolyLookup function 336
gr function 344
rank function 347
rows function 366
rref function 366
sph2xyz function 373
stack function 373
submatrix function 378
svd function 379
svds function 380
tr function 381
vlookup function 383
xyz2cyl function 386
xyz2pol function 386
xyz2sph function 386
vector and matrix functions functions
length function 304
vector and matrix subscript 399
vector field plots
creating 182
from complex matrices 182
See also plots, 3D
vector norm 400
vector product 399
vector sum 399
vector sum operator 403
vectorize 400
vectorize operator 61
effect of 61
how to type 61
properties of 61, 401
vectors
as array elements 63
calculations by element 61
column vectors 398
displayed as scrolling output tables 58
graphing 166
numbering elements 57
operators for 398
ORIGIN used with 57
row 398
start with element zero 57
subscripts 56
undefined elementsfilled with zeros 57
vectorize operator 61
View Animate command 121
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View Zoom command 13
Visual Basic Scripting Edition 244
viookup function 383
W function 433
wait message 119
WAV files
reading from and writing to 215
wave function 383
wavelet transform functions
iwave function 300
wave function 383
Web Library 32
Web pages
creating from worksheets 93
formatting 94
Web pages, creating from worksheets 93
Web toolbar 27
Weibull distribution 280, 341, 345, 367
while loop statement 418
while loops 236
windows
update results manually 119
working with 13
zooming in and out of 13
Windows keystrokes 13, 446
wireframe, in 3D plots 188
Wizards
for inserting 3D plots 175
for inserting a component 217
word processor 39
worksheet ruler 81
worksheets
closing 22
creating 77
exporting as RTF 95
formatting 83
gathering in an E-book 93
hyperlinking 89
in popup window 89
including by reference 88
opening 78
opening from Internet 27
order of evaluation 101
printing 22, 91

protecting 87
referencing in another worksheet 838
saving 22, 77-78
saving as templates 79
saving in an earlier format 78
sending by Email 97
World Wide Web
accessing 27
bookmarks for browsing 27
Collaboratory 29
Mathsoft home page 27
toolbar 27
WRITE_HLS function 384
WRITE_HSV function 384
WRITEBIN 215
WRITEBMP function 384
WRITEPRN function 385
WRITERGB function 385
WRITEWAV function 386
Wythoff symbol for a polyhedron 183
xor function 416
X-Y plots
creating 21, 162
formatting 168
See also plots, 2D
xyz2cyl function 386
xyz2pol function 386
xyz2sph function 386
YO function 387
Y1 function 387
y-intercept 298
Yn function 387
ys function 387
zero threshold 113
zeros of expressions or functions
Seeroots
Zeta function 433
zooming
2D plots 171
3D plots 194
windows 13
ztrans keyword 210, 430
z-transforms 210
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