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Chapter 1

The Basics

This chapter describes everything you need to get started working with
Mathcad. The following sections make up this chapter:
First principles
Mathcad's design and imface.
What you can do with Mathcad
Starting Mathcad.
Working with windows

How to scroll a window, how to move and resize windows, and how to open
several worksheets at once.

A simple calculation

Calculating with Mathcad.
Definitions and variables

Creating simple Mathcad equations.
Entering text

Adding notes and labels to a worksheet.
Regions and menus

How equations, text, and plots make up a worksheet; Mathcad's menu com-
mands.

Iterative calculations

Using range variables to repeat an equation for several values.
Graphs

Building a simple two-dimensional plot.
Saving, printing, and quitting

The Save, Print, and Exit commands from the File menu.
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First principles

Mathcad looks simple, and it is. It was created according to basic design principles to
make it powerful, flexible, and easy to use. In Mathcad:

Everything appears in familiar math notation. If there's a standard mathematical
way to show an equation, operation, or graph, Mathcad uses it.

What you see is what you gehere is no hidden information; everything appears
on the screen. When you print, the output looks just like the screen display.

To create simple expressions, just type therMathcad uses the standard keys for
standard mathematical operations.

Typing aids make equations easier to enteihere are palettes for most mathe-
matical operators and symbols.

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

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

The numerical algorithms are robust, standard, andpredictable. Mathcad's
numerical algorithms for features like integrals, matrix inversion, and equation
solving are reliable, standard methods.

OLE support. Mathcad is an OLE?2 application, providing drag and drop support
of Mathcad objects into applications like Microsoft Word, in-place activation of
Mathcad objects in client applications, and enhanced support for embedded OLE
objects in Mathcad worksheets.

Exchange data with other applicationsMathcad gives you easy-to-use tools to
exchange data with spreadsheets, graphing packages, and other calculation appli-
cations.

On-line help. PressindF1] brings up an extensive on-line help system. Click on
error messages, operators and functions and [ff&éfto display the relevant help
screen. There's no need to search for the topic you're interested UsditeGuide
includes more detail on all the features, with step-by-step instructions and illustra-
tive examples. At the back of thiser's Guides a complete cross-referenced index.

Collaboration features.If you're connected to an electronic mail system compat-
ible with Microsoft Mail, mail worksheets to colleagues from right within Mathcad.
And you have access to MathSoft's Collaboratory server, a unique Web-based
resource where you can exchange text messages, upload and download Mathcad
files, and connect to a community of Mathcad users.

Resource CenterA collection of Mathcad worksheets in an interactive, searchable
Electronic Book, with links to resources on the World Wide Web. The Resource
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Center includes an Overview, Tutorial, Reference Tables, QuickSheets—prefab
working templates for completing common mathematical tasks, ready for custom-
ization and dragging into your own worksheets—and Practical Statistics, an over-
view of hypothesis testing and data analysis in Mathcad. Mathcad Professional
includes in-depth sections on Solving and Programming drawnTr@Mathcad
Treasury our best-selling Electronic Book. Visit MathSoft's home page
(www.mathsoft.com ) directly from the Resource Center, or browse to any other
resources on the World Wide Web.

This chapter provides a quick introduction to Mathcad and demonstrates a few more
advanced features like iterative calculation and plotting. After you read this chapter,
you'll have enough information to begin to solve your own problems in Mathcad. The
rest of thidJser's Guidelescribes all the features in detail, so you can learn more about
any selected topic. For more information about on-line resources like the Collaboratory,
Resource Center, and on-line Help system, see Chapter 2, “On-line Resources.”

I
What you can do with Mathcad

Mathcad combines the live document interface of a spreadsheet withy 81&/YG

interface of a word processor. With Mathcad, you can typeset equations on the screen
exactly the way you see them in a book. But Mathcad equations do more than look
good on the screen. You can use them to actually do math.

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

Like a word processor, Mathcad comes witiiesIwYG interface, multiple fonts, and
the ability to print whatever you see on the screen. This, combined with Mathcad's live
document interface, makes it easy to produce up-to-date, publication quality reports.

Starting Mathcad

For information on system requirements and how to install Mathcad on your computer,
see the instructions that accompanied your installation media.

When you start Mathcad, you'll see the window shown in Figure 1-1. You can view or
hide the Math Palette, the Toolbar, and the Format Bar by choosing corresponding
commands from th¥iew menu.
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Figure 1-1: Mathcad Professional window with some math palettes displayed.

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

Each button in the Math Palette opens a palette of operators or symbols. You can insert
many operators, Greek letters, and plot regions by clicking on the buttons found on

these palettes. From left to right, these palettes are:
Button  Opens palette...

Common arithmetic operators.

A
"w

Various two and three dimensional plot types.

Matrix and vector operators.

E E B

Derivatives, integrals, limits and iterated sums and products.

[¢+B
[

Programming construct®@thcad Professional only

Greek letters.

Symbolic keywords.
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The Toolbar is the strip of buttons shown just below the Math Palette in Figure 1-1.
Many menu commands can be accessed more quickly by clicking a button on the
Toolbar. To learn what a button does, click on the button and read the message line. If
you don't want to activate the button, move the pointer away without releasing the
mouse button. If you just want to know what the button does, let the pointer rest on the
button momentarily. You'll see some text beside the pointer telling you what that button
does.

The Format Bar is shown immediately under the Toolbar in Figure 1-1. This contains
scrolling lists and buttons used to specify font characteristics in equations and text.

To conserve screen space, you can show or hide each of these elements individually
by choosing the appropriate command from\tlesv menu. Throughout the figures in
thisUser's Guidethe symbol palette, the toolbar, and the format bar have all been
hidden to allow more space for examples.

You can also detach each of these window elements and drag them around your
window. To do so, place the mouse pointer anywhere other than on a button or a text
box. Then press and hold down the mouse button and drag. You'll find that the toolbar
and the symbol palette will rearrange themselves appropriately depending on where
you drag them. The format bar, on the other hand, will retain its shape no matter where
you drag it. And Mathcad remembers where you left your palettes the next time you
open the application.

Working with windows

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

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

Mathcad windows work very much like those of most Windows applications. If you've

worked with Windows applications before, much of the material in this section will

already be familiar to you.

There are several ways to move the window from one part of a worksheet to another:

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

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

m Click in the scroll bar to position the scroll box.
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= With the mouse pointer on the scroll box, press and hold down the mouse button
and move the mouse to drag the scroll box to another part of the scroll bar.

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

m  Pres§PgUp] and[PgDn] to move the cursor up and down by about one fourth the
height of the window. You can also ygarl ][PgUp]and[Ctrl ][PgDn]to move
the cursor up and down by about 80% of the height of the window.

m PresqCtrl ][Hom4q to go to the first region of the worksheet, g@drl ][End]
to go to the last region of a worksheet.

m PresgShift ][PgUp] and[Shift ][PgDn]to position the preceding or following
pagebreak at the top of the window.

m Choose&Go to Pagefrom theEdit menu and enter the page number you want to go
to in the dialog box below. When you click “OK,” Mathcad places the top of the
page you specify at the top edge of the window.

Goto——————
" First Page
" Last Page

' Page Mumber: IE‘

Mumber of Page(s]: IB
Current Page: |3

Cancel |

The position of the scroll box within the scroll bar serves as a rough guide to the position
of the window relative to the rest of the worksheet. If the top of the window is a third
of the way down from the top of the worksheet, the scroll box will be about a third of
the way down the vertical scroll bar. The page number for whatever page is visible in
the window is shown on the message line at the bottom of the window.

Multiple windows

You can have as many windows open as your available system resources will allow.
This allows you to work on several worksheets at once by simply clicking the mouse
in whatever document window you want to work in. If the worksheet you want to work
in is buried behind many other windows, pull down\tfimsdow menu and choose its
name.

To open a new document window, chobigsvfrom theFile menu. To open a window

into a previously saved worksheet, cho@gmen from theFile menu. For more

information about opening new worksheets and templates, see Chapter 4, “Worksheet
Management.”
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A simple calculation

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

Click anywhere in the worksheet. You s¢
a small crosshair. Anything you type ap
pears at the crosshair. +

Type15-8/104.5= . When you press
the equals sign, Mathcad computes an

8
16-——— = 14923
shows the result. 1045

This calculation demonstrates the way Mathcad works:

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

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

As soon as you type the equal sign, Mathcad returns the result. Unless you specify
otherwise, Mathcad processes each equation as you enter it. See the section
“Controlling calculations” in Chapter 7 to learn how to change this.

As you type each operator (in this casand/ ), Mathcad shows a small rectangle
called aplaceholderPlaceholders hold spaces open for numbers or expressions not
yettyped. As soon as you type a number, it replaces the placeholder in the equation.
The placeholder that appears at the end of the equation is used for unit conversions.
Its use is discussed in the section “Displaying units of results” in Chapter 9.

Once an equation is on the screen, you can edit it by clicking in the appropriate spot
and typing new letters, digits, or operators. You can type many operators and Greek
letters by clicking in the symbol palette located just below the menu bar. Chapter 3,
“Editing Equations,” explains in detail how to edit Mathcad equations.
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Definitions and variables

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

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

Defining variables

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

m Click in the equation you just typed and
presq Space ] until the entire expressior] 15-_8
; o -——|{= 14923
is held between the two editing lines. Thg 1045

chooseCut from theEdit menu.

= Now begin defining. Typet:
(the lettet, followed by a colon). Mathcaq | ¢ .- o
shows the colon as the definition symb

m TypelO in the empty placeholder to con
plete the definition fot.

ti:ﬂ

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

These steps show the form for typing any definition:

m  Type the variable name to be defined.

m  Type the colon key to insert the definition symbol.

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

Mathcad worksheets read from top to bottom and left to right. Once you have defined
avariable liké, you can compute with it anywhdselow and to the righdf the equation

that defines it.

Now enter another definition.

m  Presq[]. This moves the crosshair below the first equation.
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m To defineaccas —9.8, typeacc:—9.8 . Then pres§] again.

Figure 1-2 shows the two definitions you just entered.

gMalhcad I[=] B3
fra File Edit “iew |nsert Format Math Symbolics Window Help _|ﬁ||1|

-
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Figure 1-2: Equations to define acc and t.

Calculating results
Now that the variableaccandt are defined, you can use them in other expressions.
m Click the mouse a few lines below the two definitions (see Figure 1-2).

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

m  Press the equal sign (=).

This equation calculates the distance traveled by a falling body irt tiritle acceler-
ationacc When you enter the equation, Mathcad returns the result as shown in Figure
1-3. The window now contains twiefinitions which define variables, and one
evaluation which computes a result.
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Figure 1-3: Calculating with variables.

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

Entering text

Mathcad handles text as easily as it does equations, so you can make notes about the
calculations you are doing. To begin typing text, click in an empty space and do any
one of the following: choosEext Regionfrom thelnsert menu, press the double-

quote key (), or click on the text region button on the toolbar.

Here's how to enter some text:

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

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

m  TypeEquations of motion
Mathcad shows the text in the worksheet, next to the equations (Figure 1-4).
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Figure 1-4: Entering text. Notice the text box surrounding it.

To enter a second line of text, just prESkand continue typing:
m Presq[].

m  Then typefor falling body under gravity.

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

the text region.

Figure 1-5 shows the worksheet with two lines of text and the cursor outside the text
region. Since you are outside the text region, the cursor appears as a small cross, anc

the text box is no longer visible.

Entering text
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Figure 1-5: After clicking outside of a text region.

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

Regions and menus

Mathcad lets you enter equations and text anywhere in the worksheet. Each equation
or piece of text is eegion Mathcad creates an invisible rectangle to hold each region.

A Mathcad worksheet is a collection of such regions. To see these regions, choose
Regionsfrom theView menu. Mathcad will display blank space in gray and leave any
regions in the default color. To turn the blank space back into the default color, choose
Regionsfrom theView menu again.

To start a new region, you must first click in blank space. This leaves a small crosshair
wherever you clicked the mouse. To start an equation, just start typing anywhere you
put the crosshair, or choosmath Regionfrom thelnsert menu. To create a textregion,

first chooselext Regionfrom thelnsert menu. Whichever you do, Mathcad will place

a box around the region you're working with.

In addition to equations and text, Mathcad supports a variety of plot regions. Plots are
introduced in “Graphs” on page 32.
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Iterative calculations

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

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

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

Creating a range variable

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

m First, change into a range variable by
editing its definition. Click on the0 in | [ =19
the equatiom:=10 . The insertion point
should be next to the 10 as shown on the right.

—H

m Type,11 . Thistells Mathcad thatthe ne

number in the range will be 11. t =10 11

m Type;20 . Thistells Mathcad that the lad
number in the range will be 20. Mathcagd|t = 10. 11 .. 20
shows the semicolon as a pair of dots.

—

m  Now click outside the equation farMathcad begins to compute witdefined as
a range variable. Sin¢enow takes on eleven different values, there must also be
eleven different answers. These are displayed in the table shown in Figure 1-6. You
may have to resize your window or scroll down to see the whole table.
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Figure 1-6: Generating a table of answers with a range variable.

Defining a function

You can gain additional flexibility by defining functions. Here's how to add a function

definition to your worksheet:

m First delete the table. To do so, click arf’
where in the table pre§Space] until — 1
you've enclosed everything between thg

two editing lines.

= Now define the functiod(t) by typing

d():

m  Complete the definition by typing this eX-

pression1600+acc/
2[Space *t"2 [[]

The definition you just typed defines a function. The function nardeaad the
argument of the function tsYou can use this function to evaluate the above expression
for different values of. To do so, simply repladewith an appropriate number. For

example:

T

dit) = 1600 + 256 2
2
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m To evaluate the function at the value 3
typed(3.5)= . Mathcad returns the cof-d(3.5) = 939.975
rect value as shown on the right.

m To evaluate the function once for each valuéydu defined earlier, click below
the other equations and typé)=

Mathcad shows a table of values (Figure 1-7). The first two valug$[116 and
1.00701@, are in exponential (powers of 10) notation.
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Figure 1-7: Using a function to return a table of answers.

Formatting a result

You can set the display format for any number Mathcad calculates and displays. This
means changing the number of decimal places shown, changing exponential notation
to ordinary decimal notation, and so on.

For example, here's how to change the table in Figure 1-7 so that none of the numbers
in it are displayed in exponential notation:

m Click on the table with the mouse.

dit)

111-10°

1.007-10
894 4
79

3
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m  ChooseéNumber from theFormat menu. You see the Format Number dialog box.
This box contains settings that affect how results are displayed, including the
number of decimal places, the use of exponential notation, and whether the number
is shown in decimal, octal, or hexadecimal. The option button beside “Set for current
region only” should be filled in. This indicates that whatever you do in this dialog
box affects only the result you've selected.

m  The default setting for Exponential Threshold is 3. This means that only numbers
greater than or equal i3  are displayed in exponential notation. Click to the right
of the 3, presfBkSp] and typeb.

m Click the “OK” button. The equation
changes to reflect the new result format d(t)
1110 is no longer shown in exponentia 110101?01
notation. 894 4
7719
639.6
4975

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

Graphs

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

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

Creating a graph

To create a graph in Mathcad, click in blank space where you want the graph to appear
and choos&raphU X-Y Plot from thelnsert menu. An empty graph appears with
placeholders on theaxis andy-axis for the expressions to be graphed. X-Y and polar
plots are ordinarily driven by range variables you define: Mathcad graphs one point for
each value of the range variable used in the graph. In most cases you will enter the
range variable, or an expression depending on the range variable xeaxthef the

plot. But the QuickPlot feature in Mathcad lets you plot expressions even when you
don’t specify the range variable directly in the plot.

For example, here's how to create a QuickPlot of the fund{ipulefined in the
previous section:
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m Position the crosshair and tygé)
Make sure the editing lines remain dis{ d{t]
played on the expression.

m  Now choosé&raphU X-Y Plot from the
Insert menu, or click the X-Y Plot buttor] .
on the Graphing palette. Mathcad dis-
plays the frame of the graph. dit)

m Click anywhere outside the graph. Mathcad calculates and graphs the points as
shown in Figure 1-8. A sample line appears underdftg ™ This helps you identify
the different curves when you plot more than one function. Unless you specify
otherwise, Mathcad draws straight lines between the points and fills in the missing

axis limits.
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Figure 1-8: Graph of d(t) versus t.
For detailed information on creating and formatting graphs, see Chapter 20, “Graphs.”

Resizing a graph

The graph shown in Figure 1-8 is the default size. It's easy to make a graph in Mathcad
any size you want: just select the graph and stretch it to the desired size.
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To resize a graph, follow these steps:

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

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

When the selection rectangle just encl¢=
es the graphics region, let go of the moy: 2000
button. The dashed rectangle will turn
into a solid rectangle with handles.

Move the mouse pointer to any of the 0
handles. Itwillchange to a double-headg !
arrow. 10 15 20

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

Once the graphics region is the right size, let go of the mouse button.

Click outside the graph to deselect it.

Figure 1-9 shows the result: a larger graph.
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Figure 1-9: New graph, after resizing.
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Formatting a graph

The graph in Figure 1-9 still has the default characteristics: numbered linear axes, no
grid lines, and points connected with solid lines. You can change these characteristics
by formattingthe graph, just as you earlier formatted a number.

To format the graph, follow these steps:

m Double-click on the graph to bring up the appropriate dialog box. This box contains
settings for all available plot format options. To learn more about these settings, see
Chapter 20, “Graphs.”

m Click on the Traces tab in the dialog box to see the correct page.

Formatting Currently Selected X-Y Plot E

W fwes  Traces | Labelsl Defaultsl

hohe biu ines 1
none amn lines

1
none dadot  mag lines 1
1
1

none zolid cya  lines
hohe dot b lines

Itrace1 Inone j Isolid j Ired j IIines j I‘I 'l

™ Hide Arguments v Hide Legend

QK I Cancel | Lol | Help |

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

m  Click on the arrow under the “Type” column to see a drop-down list of trace types.
m  Choose “bar” from this drop-down list by clicking on it.

m Click on the “OK” button to show the result of changing the setting. Mathcad shows
the graph as a bar chart instead of connecting the points with lines (Figure 1-10).
Note that the sample line under t(® now has a bar on top of it.

m Click outside the graph to deselect it.
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Figure 1-10: Graph formatted as a bar chart.
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Saving, printing, and quitting

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

Saving a worksheet

To save the file,

m  ChooseSavefrom theFile menu or click on the disk icon in the toolbar. If the file
has never been saved before,$lage Asdialog box appears. Otherwise, Mathcad
saves the file with no further prompting.

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

By default Mathcad saves the file in Mathc&tCQ) format, but you have the option

of saving InRTF format to be able to open the file in a word processor. You may also

save the file as a template for future Mathcad worksheets, or in a format compatible
with earlier Mathcad versions. For more information on saving and opening files, see
Chapter 4, “Worksheet Management.”
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Printing
To print, choosérint from theFile menu or click on the printer icon in the toolbar.
You may preview the printed page by choodtint Preview from theFile menu

For more information on printing, see Chapter 4, “Worksheet Management.”

Quitting Mathcad

When you're done using Mathcad, choBsé@ from theFile menu. Mathcad closes

down all its windows and returns you to the Desktop. If you've made any changes in
your worksheets since the last time you saved, a dialog box appears asking if you want
to discard or save your changes. If you have moved the toolbar, font bar, or math
palettes, Mathcad remembers their locations for the next time you open the application.
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