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Preface

Maple Software

Maple™ software isapowerful system that you can use to solve mathemat-
ical problems from simple to complex. You can also create professional
guality documents, presentations, and custom interactive computational tools
in the Maple environment.

You can access the power of the Maple computational engine through a
variety of interfaces.

Interface Description

Standard (default) A full-featured graphical user interface that helps you create
electronic documents to show all your cal culations, assumptions,
and any margin of error in your results. You can also hide the
computations to allow your reader to focus on the problem setup
and final results. The advanced formatting features|etsyou create
the customized document you need. Because the documents are
live, you can edit the parameters and, with the click of a button,
compute the new results. The Standard interface has two modes:
Document mode and Worksheet mode.

Classic A basic worksheet environment for older computers with limited
memory. The Classic interface does not offer all of the graphical
user interface featuresthat are availablein the Standard interface.
The Classic interface has only one mode, Worksheet mode.

Command-line version | A command-lineinterface for solving very large complex problems
or batch processing with scripts. No graphical user interface fea-
tures are available.

Maplet™ Applications| Graphicel user i _nterfac& cont_ai ning wi ndows_, textbox _regions,
and other visua interfaces, which givesyou point-and-click access
to the power of Maple. You can perform calculations and plot
functions without using the worksheet.
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Interface Description

Maplesoft™ Graphing | A graphical calculator interface to the Maple computational engine.

Calculator Usingit, you can perform simple computations and create custom-
izable, zoomable graphs. Thisis available on Microsoft® Win-
dows® only.

This manual describes how to use the Standard interface. As mentioned, the
Standard interface offers two modes. Document mode and Wor ksheet mode.
Using either mode, you can create high quality interactive mathematical
documents. Each mode offers the same features and functionality, the only
difference is the default input region of each mode.

Document Mode vs.Worksheet Mode

Before you can begin using Maple, you need to decideif you want to interact
in an interface that hides all commands used to perform calculations by de-
fault (Document mode) or to show all commands by default (Worksheet
mode). Regardless of which mode you are working in, you have the oppor-
tunity to show or hide your calculations, i.e. you can hide commands in
Worksheet mode by adding a Document Block from the Format menu,
Format — Create Document Block or you can show commandsin Docu-
ment mode by adding a Maple prompt from the Insert menu, Insert - Ex-
ecution Group — Before/ After Cursor.

Document Mode

Document mode uses Document Blocks as the default input region to hide
Maple syntax. The Document Block region is indicated by two triangles
located in the vertical Markers column along the left pane of the Maple

Document, |24 { . If the Markers column is not visible, select View —
Markers. Thisallowsyou to focus on the problem instead of the commands
used to solve the problem. For example, when using context menus on Maple
input in Document mode (invoked by right-clicking or Control-clicking for
Macintosh), input and output are connected using an arrow or equal sign
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with self-documenting text indicating the calculation that had taken place.
The command used to solve this expression is hidden.

e . )
R+ 77+ 1025 (x=—2), (x=—5)

When starting Standard Maple, the default mode is Document mode.

Worksheet Mode

Worksheet mode uses aMaple prompt asthe default input region. The Maple
input prompt is a red greater then symbol where the black square bracket

indicatesthefull execution region, [} . When using content menuson Maple
input in Worksheet mode, all commands are displayed.

[ sdapmpnpm
> sofve( {x"2+T7*x+10=01})
i =2 {F==35}

To work in Worksheet mode, select File -~ New — Worksheet Mode.

Math Mode vs. Text Mode

Within each interface mode, you have the choice of entering input using
Math mode or Text mode. Math mode alows you to enter input as 2-D Math
regardlessif you are working in Document mode or Worksheet mode. Text
modeisquite different depending on where you are working. Toggling modes
isdone using the Text and M ath buttons on the toolbar.
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Entry
mode — )
—_— Math mode (default setting) Text mode
Interface
made |
Document | Inputismade at aDocument Block |»  Input is made at a Document
(default set- with slanted cursor, |2< | Block with vertical cursor,
ting) e Input isentered using 2-D Math, =l
~7 2 * Input isentered as regular text,
2l ER < Enter some text
*  Commands are hidden when using
context menus,
Bl o 2 e ey
Worksheet [¢  Inputismadeat aninput prompt with | (Default setting for earlier versions

adanted cursor, [> |
e Input isentered using 2-D Math,
=X

3

« Commandsdisplay when using con-
text menus,

[ s®mrmi
= solve( {x"2+ T*x+ 10=01})
{x=—-12}, {x=—-5}

of Maple)
Input ismade at an input prompt

with avertical cursor, [:’ |

Input isentered using 1-D Math
and requires a semi-colon or
colon to end your input,

[} x"2f3;
e Commands display when using

context menus on the expression
output,

['} x"2f3;

|:> solve( { (1) =

(x=10),

2
5 W
0} )

(x=10)

@

For more information, see Document Mode vs. WWor ksheet Mode (page 53).
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Invoking Context Menus, Command
Completion, and Copy & Drag

Thismanual will frequently refer to context menus and command completion
when entering expressions. We will also discuss dragging input into another
region by copying the input using a keystroke while dragging. By not using
thiskeystroke, theinput is deleted from the input region. The keyboard keys
used to invoke these features differ based on the operating system you're
using.

Context Menus

« Right-click, Windows and UNIX®
. Control-click,Macintosh®

That is, place the mouse over input or output region and pressthe right button
on the mouse or press and hold the Control key and click the mouse key for
Macintosh.

Command Completion

e Ctrl + Space or Esc, Windows
» Command + Shift + Space or Esc, Macintosh
o Ctrl + Shift + Space or Esc, UNIX

Begin entering a command in a Maple document. Press and hold the Ctrl
key and then pressthe Space bar for Windows. Press and hold the Command
key, pressand hold the Shift key, and then press the Space bar for Macintosh.
Alternatively, press the Esc key. The steps for Macintosh are the same for
UNIX with the exception of pressing the Ctrl key instead of the Command

key.



xiv e« Preface

Copy & Drag

e Ctrl + drag, Windows and UNIX
e Command + drag, Macintosh

That is, highlight the region you want to copy. Press and hold the Ctrl key
while you drag the input to the new region using the mouse. The steps are
the same for Macintosh with the expression of pressing the Command key.

This manual will only refer to the keyboard keys needed for a Windows
operating system. When working through the examples, use the keyboard
keys needed for your operating system. For more information on Context
Menus and Copy & Drag, see Context Menus and Copy & Drag (page 12).
For more information on Command Completion, see Command Comple-
tion (page 46).

In This Manual

This manual provides an introduction to the following Maple features:
» Ease-of-use when entering and solving problems

» Point-and-click interaction with various interfaces to help you solve
problems quickly

* Maple commands and standard math notation

» Clickable Calculus

* Thehelp system

» Accessing resources

The Getting Sarted Guide was created using the Standard interface to Maple.
An interactive version of this manual is available in the Standard interface.
From the Help menu, select Manuals, Dictionary, and more - Manuals
- Getting Started Guide. For a complete list of manuals, study guides,

toolboxes, and other resources, visit the Maplesoft Web site at ht-
tp://www.maplesoft.com
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Audience

The information in this manual isintended for first-time Maple users.

Conventions

This manual uses the following typographical conventions.

* bold font - Maple command, package name, option name, dialog, menu,
and text field

e italics- new or important concept
* Note - additional information relevant to the section

* Important - information that must be read and followed

Customer Feedback

M apl esoft welcomes your feedback. For suggestions and comments rel ated
to this and other manuals, contact doc@mapl esoft.com.
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1 Introduction to Maple

Don't worry about your difficulties in Mathematics. | can assure you
mine are still greater.

~Albert Einstein

Mathematics touches us every day—from the simple chore of calculating
thetotal cost of our purchases to the complex cal culations used to construct
the bridges we travel.

To harnessthe power of mathematics, Maplesoft providesatool in an access-
ible and complete form. That tool is Maple.

In this chapter:

Working in Maple | Describes the capabilities of the Maple Environment.

Starting the Standard | Explainswhat happensthefirst time you start Maple and shows
Document Interface |how to begin a Document.

Entering 2-D Math |lllustrates how to enter an expression in 2-D Math.

Shortcuts for Enter- | Provides atable of the common keystrokes when entering 2-D
ing Mathematical Math.

Expressions
Palettes Illustrates how to enter a problem using Maple palettes.
Toolbar Icons Illustrates how to enter text and math on the same line.

Context Menusand |lllustrates how to take advantage of Maple's context menus
Copy & Drag and copy & drag functionality to solve a problem.

Saving aMaple Doc- | Explains how to save a Maple document and indicates thefile
ument extension used for Maple documents.
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1.1 Working in Maple

With Maple you can create powerful interactive documents. The Maple en-
vironment letsyou start solving problemsright away by entering expressions
in 2-D Math and solving these expressions using point-and-click interfaces.
You can combine text and math in the same line, add tables to organize the
content of your work, or insert images, sketch regions, and spreadsheets.
You can visualize and animate problemsin two and three dimensions, format
text for academic papers, or books, and insert hyperlinks to other Maple
files, Web sites, or email addresses. You can embed and program graphical
user interface components, as well as devise custom solutions using the

Maple programming language.

[ “siaple =]
Fle Edit Yiew Insert Format Tools Window Help
DE2BSE Xl 5S¢ TP = I O%e B @ B
¥ Favorites AN Text Drawing  Plot Animation Hide ‘:
k) (L 20 math ) ( Times HewRoman ¥ ) (12 ¥ BQ EE ERED i=ic
[fdx A< i AR ~
i) - P+2x—63 P-4zt _ P —6x+37 [log(x), x, 10°] —
- — =
s o @ A , T x+7 ptt 10!
A ot Y
W Expression 2_nr+1) 1 o2 1 10° 4
\WEspresson _rletl] 1.2, 1
; " !le 3 3 # 7 4
Jrao [re 27 o 01
= ;
£ Ja— 2
& d [} 7 i 102
Ile it o o
b o -3
Jm a, Fofy=r—n 10
n
o @ @ T -4
A 3.5ﬂi1+52|[%1 :4.944444444“’1} 1
ol a| &f 5 s |l
In(=) lo a) log, (a 03 T T T T T
() glU( ) gb( ) 104 w3 19t qoc! gt 10!

sm(z) cos(z) tan(z)
() 7@ sas)
FEarmy pelab) =2

7(x) X xsa i 5
x =—x for y:;{fﬂr
k=g | ¥ 224 Recallthat S 5 x=0 4 =10
x x=0,
_ [« = 3
W Units (5T -x x=10 8¢
2
1

X'+ 8x'+ 25x=200cost + 520sins, x(0)=52x"(0)=0

2 move toleft
=

(x—7=g8(x— (xR -8 (x—12=0"8" 52 34z m=0

[emt] ] [s1 The graph of y = [x] consists of the right half of the line on

] kgl [R«] the line y = x with the left half of the lne y =-x as shown, y=l
| w1 171 [1£] 3 4 3 2 10 1oz 3 4 5 [
| 1 1 1 |k 51
® Ready Memary: 12.62M Time: 20,305 Math Mode:

Figure1.1: The Maple Environment
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1.2 Starting the Standard Document
Interface

To start Maple on:

Windows From the Start menu, select All Programs — Maple12 . Maple 12.
Alternatively:
Double-click the M aple desktop icon.

Macintosh 1. From the Finder, select Applications and Maple 12.
2. Double-click Maple 12.

UNIX Enter the full path, for example, /usr/local/maple/bin/xmaple
Alternatively:

1. Add the Maple directory (for example, /usr/local/maple/bin) to your
command search path.

2. Enter xmaple.

Thefirst Maple session openswith aStartup dialog explaining the difference
between Document Mode and Worksheet Mode. Using either mode, you can
create high quality interactive mathematical documents. Each mode offers
the same features and functionality, the only difference is the input region
of each mode.

Document M ode - The default input region isa Document Block. Document
Blocks hide Maple syntax alowing you to focus on the problem instead of
the commands used to solve the problem.

Wor ksheet M ode - The default input region isaMaple input prompt where
all commands are displayed.

Regardless of which mode you are working in, you have the opportunity to
show or hide your calculations.

This guide discusses features common to Document mode. Instructions for
using Worksheet mode are provided in the section, Document Mode vs.
Worksheet Mode (page 53).
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The Startup dialog also contains links to items, such as various document
options, help resourcesincluding updates and other introductory help pages,
and application resources on the Maplesoft Web site. Subsequent sessions
display Tip of the Day information.

To start a Maple session in Document M ode:

1. Inthe Startup dialog, select Blank Document. A blank document displays.
or

1. Close the Startup dialog.

2. From the File menu, select New, and then Document Mode. A blank
document displays.

In subsequent sessions, Maple starts in Document mode. Every time you
open a document, Maple displays a Quick Help pop-up list of important
shortcut keys. To invoke Quick Help at any time, pressthe F1 key.

1.3 Entering 2-D Math

In Maple, the default behaviour to enter mathematical expressionsisin 2-D
Math. This results in mathematical expressions that are equivalent to the
quality of math found in textbooks. Entering 2-D Math in Maple is done
using common key strokes or palette items. For more information on pal ettes,
see Palettes (page 8). An example of entering an expression using common
key strokesis presented in the following section. An example of entering an
expression using palette items is presented in Example 2 - Enter an Expres-
sion Using Palettes (page 8).
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Example 1 - Enter and Evaluate an Expression
Using Keystrokes

Review the following example:

(2+d) _ 2P

2 2 2

. . (x2 +y2) .
In this example, we will enter > and evaluate the expression.
Action Result in Document
To enter the expression: (]

1. Enter (x.

2. Press Shift + 6 (the™ or caret key). The cursor movesto the ( A
superscript position.

3. Enter 2. ( xg|

4. Press the right arrow key. The cursor moves right and out of ( ﬂ
the superscript position.

5. Enter the + symbol. (2 +|

6. Enter y. ( + ¥
7. Press Shift + 6 to move to the superscript position. (2 + }J
8. Enter 2 and press the right arrow key. (2 + ﬂ
9. Enter ) to close the parenthesis. (* +57)

10. Enter the / symbol. The cursor moves to the denominator. (2 +7)
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Action

Result in Document

11. Enter 2.

( +5%)

e

12. Presstheright arrow key to moveright and out of the denom- (2 +54)

inator position. >

To evaluate the expression and display theresult inline: (2+?) - 2
= L

13. Press Ctrl + = (Command + = for Macintosh).

X
2 2

To execute 2-D Math, you can use any of the following methods.

* Pressing Ctrl + = (Command + =, for Macintosh). That is, press and
hold the Ctrl (or Command) key, and then pressthe equal sign (=) key.

This evaluates and displays resultsinline.

* Pressing the Enter key. This evaluates and displays results on the next

line and centered.

* Right-click (Control-click for Macintosh) the input to invoke a context
menu item. From the context menu, select Evaluateand Display I nline.
See Context Menus and Copy & Drag (page 12) for more details.

» Using the context-menu item Evaluate.
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1.4 Shortcuts for Entering Mathemat-
ical Expressions

Table 1.1: Common Keystrokesfor Entering Symbols and Formats

Symbol/Formats Key Example

implicit multiplication | Space key (2 —7xy +35%) xy

explicit multiplication ! | (eStérisk) 2:3
fraction 2 / (forward slash) 1
4
exponent (superscript) 2 |" (Shift + 6 or caret key) 2
subscript 2 _ (Shift + underscore) X,

navigating expressions | Arrow keys

command / symbol com- Ctrl + Space, Windows

p|et|on 3 . E&l Mac| ntosh ::ru:\;(assumptinns and properties) abou!\expré\
. abs 12|
e Ctrl + Shift + Space, UNIX | = i
abselsol (First order  DETools [abelsol || GDE, p)
< >
sguare root sgrt then command completion 75

exponential function2  |&P then command completion x

enter / exit 2-D Math Math and Text iconsinthetoolbar|

! required for products of numbers

2 useright arrow key to leave denominator, superscript, or subscript region

3 for more information, see Command Completion (page 46).
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1.5 Palettes

Palettes are collections of related items that you can insert into a document
by clicking or drag-and-dropping. The Maple environment provides access

to over 20 palettes containing items such as symbols («), layouts

b
(4°), mathematical operations [J /‘dx], and much more. For more in-

a

formation on the available palettes, see Palettes (page 37).

By default, palettes are displayed in the left pane of the Maple environment
when you launch Maple. If the pal ettes are not displayed,

1. From the View menu, select Palettes.
2. Select Expand Docks.

3. Right-click (Control-click, for Macintosh) the palette dock. From the
context menu, select Show All Palettes.

Alternatively, from the main menu, select View - Palettes » Arrange
Palettes to display specific palettes.

Example 2 - Enter an Expression Using Palettes
Review the following example:

10

> (72 =5i) = 2420
i=1

10

In this example, wewill enter > (72— 5i) and evaluate the expression.
i=0
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Action Result in Document
1. Inthe Expression palette, click the summation | 2
” D

template i=% . Mapleinserts the summation — f
symbol with the range placeholder highlighted. 1=k
2. Enter i and then press Tab. The left endpoint n
placeholder is selected. Notice that the color of the
range placeholder has changed. Each placeholder f
must have an assigned value before you execute | . |
the expression, i.e. al placeholders will display in .
black font. The Tab key advances you through the
placeholders of an inserted palette item.
3. Enter 1 and then press Tab. The right endpoint
placeholder is selected. z”,‘

i=1
4. Enter 10 and then press Tab. The expression 10
placeholder is selected. 2

I' =
5.Enter (7 —5i). 10

2
E ( Ti — 51 )

=]
6. Press Ctrl + = (Command + = for Macintosh) | 1¢
to evaluate the summation. Z ( 7 ') 5 2420

I — ) —
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1.6 Toolbar Icons

Using Maple, you can enter math and text on the same line with the Text
and Math icons on the toolbar. See Figure 1.2. When the Text icon is selec-
ted, you can enter text and format it using the available tools. If you then
select the M ath icon, you change the mode to allow entry of 2-D Math. The
same formatting options are available when the Math icon is selected.

2;__’1:[} e = MO §

|  Text )lr.swiml Plot Animat
| ¥ || Times New Roman el

Figure 1.2: Iconsfor Text and Math Entry Mode

Example 3 - Enter Text and 2-D Math in the Same
Line Using Toolbar Icons

Review the following example:

5
Evaluate J (32 +2Jx +33x) dr
1

Action Result in Document
To enter this sentence: 3 }) Math  Dra
1. Select the Text icon and enter Evaluate. | ( C 7est )
> Evaluate|
2. Select the Math icon. _— @ ol
3. From the Expression palette, select the | ( C a0 wath v)
b = &

S . ‘fdx Eva.luate|fdx
definite integration template, "= .The |~ 'a
expression is displayed with the first place-
holder highlighted.
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Action Result in Document
4. With the first placeholder highlighted, e —
enter 1. [ C 20 Math )
5. Press Tab and enter 5. - =
6. Press Tab to highlight the integrand re- Ewaluate | f dx
i 2 1
gion.
7. Enter (3x"2 and press the right arrow to Text et
leave the superscript position. — = cm—
8. Enter + 2. . —
Ewaluate [ [37(2 + 2dx
2 1
9. Pressthe Space bar for implicit multiplic-| .. Drawing  Plot  Anim
ation. Enter sgrt and press Ctrl + Spaceto | _
show the command completion options, | \L2Math ¥ { Times tew Roman
Maple displays a pop-up list of exact = 3 2
matches. Select the squareroot symbol, /x . 2 [ I tismd
) . P 1 sqrk: o
Maple inserts the symbol with the x place-
holder selected. You can aso select the
sguare root symbol from the Expression
palette.
10. Enter x. Text Dirawing Plot Anima
11. Presstheright arrow to leave the square| Fr— . ———
root region i i ]
v 5
12. Enter +3. Evaluate ‘ {3 X+ 2 Jx + 31.'? dx
13. Press the Space bar. pad ‘1
14. Select the n-th root symbol from the
Expression palette Va .
15. Enter 3. Text Drawing Plat Animal
16. Pressthe Tab key and enter X)' | [ 2D Math * | | Times Mew Roman |
17. Press the Tab key and enter x for thein-|~— P — o—
tegration variable. Evaluate | (32 + 27 + 37 ) dx

| 1
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1.7 Context Menus and Copy & Drag

Context Menus

Maple dynamically generates a context menu of applicable options when
you right-click an object, expression, or region. The actions available in the
context menu depend on the selected input region. For example, you can
manipulate and graph expressions, enhance plots, format text, manage
palettes, structure tables, and more. When using context menus to perform
an action on an expression, the input and output are connected with a self-
documenting arrow or equal sign indicating the action that had taken place.
For more information, see Context Menus (page 32).

Copy & Drag

To save time entering information, Maple has the ability to drag input into
a new input region. This is done by highlighting the input and dragging it
with your mouse into a new input region. Dragging the highlighted region
will cut or delete the original input. To prevent this, press and hold the Ctrl|
key and then the drag the input. This makes acopy of the highlighted region.

Example 4 - Solve and Plot an Equation Using
Context Menus and Copy & Drag

Review the following example:
S5x—T7=3x+2

In this example, we will enter the equation and then solve and plot the
equation using context menus and Maple'scopy & drag feature. Thisexample
will only refer to the keystrokes needed on a Windows operating system to
invoke the context menus and the copy & drag feature. For your operating
system, refer to section Invoking Context Menus, Command Completion,
and Copy & Drag (page xiii) for the equivalent keystrokes.
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To solve the equation:
1. Enter the equation.
2. Right-click the equation and select M ove to L eft.

Input:

Sx—T=3x+2

Paste Chrl+Y

Evaluste
Evaluate and Display Inline Ctrl4+=

Explore

Apply a Command

Differentiate [
Evaluate at a Poink

Expand

Inkeqgrate ]
Left-hand Side

Manipulate Equation

Mowe bo Left

Mawe ko Right %
Megate Relation

Right-hand Side

Sequence ]
Simplify »
Solve ]

Tesk Relation

Conversians ]
Flats ]
2-0 Math ]
Result:
move to left

5x—7=3x4+2 — 2x—9=0

A brief description, "moveto left” is placed above the arrow connecting the input and
output.
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3. Right-click the output from the previous action, 2x — 9=0 and select L eft-hand Side.

Input:

to left
Sx—T=3r4+ 21— x—9=0

Mumetic Farmatting, ..

Apply a Command

Differentiake ]
Ewaluate at 5 Paink

Expand

Integrate ]
Left-hand Side: %
Manipulate Equation

Mave ko Right

Megate Relation

Right-hand Side

Sequence ]
Simplifsy ]
Solve ]

Test Relation

Canversions 4
Flats 4

Result:

move to left left hand side

5x—7=3x+2 — 2x—9=0 —> 2x—9
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4. Right-click the new output, 2x — 9 and select Solve — |solate Expression for — x.

Input:

to left left hand side
Sr—T=3r+ 2 Oy —g= T g

Murneric Formatting. ..

Apply & Command
Approximate ]
Assign ko a Mame
Coefficients b
Collect 4
Differentiate 4
Evaluate at a Point
Factor
Integrate ]
Limit
Sequence
Series
Simplify
Isolate Expression Far ¥ [%X =

- v v v

Mumerically Solve |
Carmplex Maps
Mumerically Solve from poink R R

Constructions
btain Solutions For b

Canversions
Salve
Integer Funckions

Solwe For Watiable b
Integral Transforms
Language Conversions
Oplimization
Flaks
Sorks

Units

v v T T T Ww Ww v Fr wr

Result:

move to left left hand side isolate for x

Sx—7=3x+2 ——— 2x—9=0 ——— 2y —9 —— > JC:%
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Now that we have solved the equation, we can plot it. To do this, we will copy the expres-
sion 2x —9 to anew Document Block and use context menus once again.
5. From the Format menu, select Create Document Block.

6. To copy theexpression 2x — 9 , highlight only this expression from the previous result.
Press and hold the Ctrl key and drag the expression to the new document block region.

Result:
to left le ft hand side isolate for s

Sx—7=3y+4 7 RO BER 9o Lflendside, gor o solkforx, 9
par 2
A
>
=7 move 1o left left hand side isolate for x g
&5};—?=3x+2—>2x—9=0—>21—9—>x=7
A %;
>4
= maove to left left hand sids isolate forx g
&5x—?=3x+2—>2x—9=0—>21—9—>1‘=T
24 [ %3
>4
=] move to laft left hand gide isolate for x g
&Sx—?=3x+2—>2x—9=ﬂ—>21—9—> -
le—ﬂ
>4
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To plot the expression:
7. Right-click the expression and select Plots — 2-D Plot.

Input:

i

Paste Chrl4w

Evaluate
Evaluate and Display Inline Chrl+=

Explore

Apply a Command
Approximate ]
Assign to a Mame

Coefficients ]
Callect 4
Differentiate 4
Evaluate at a Point

Factor

Integrate ]
Lirnit
Sequence
Seties
Sirmplify

- v v v

Silve

Complex Maps
Constructions
Conversions

Integer Functions
Inteqral Transforms
Language Conversions
Opkimization

Plote 2-D Flot

3-D Plot %
2-D Implicit Plok »
3-D Implicit Plok »
Flok Builder

Sorks
Units

v T W T v ¥ O®W ¥ V¥ T

2-D Math ]
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Result:
2x—9 —

10. 1

-10. -5 0 5. 10.

1.8 Saving a Maple Document

To save these examples you created, from the File menu, select Save. Maple
documents are saved as.mw files.



2 Point-and-Click Interaction

Maple contains many built-in features that allow you to solve problems
quickly without having to know any commands.

In this chapter:

Assistants Interactivetoolsthat hel p you accomplish many specialized tasks,
such as solving ODEs and ODE systems, creating plots and
matrices, calculating optimization problems, performing unit
conversions, and more.

Tutors Interactive toolsthat aid in the learning of precalculus, calculus,

multivariate calculus, vector calculus, differential equations, and
linear algebra concepts.

Context Menus Context menus to manipulate expressions, plot regions, text re-
gions, and objects easily.

Task Templates | Templates to help you learn how to perform mathematical com-
putations, construct Maple objects, and create a detailed Maple
document.

Palettes A collection of templates representing items such as predefined
symbols, expressions, operators, and matrices.

19
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2.1 Assistants

Maple offers a set of assistants in the form of graphical user interfaces to
perform many tasks without you needing to use any syntax. An example of
an assistant is shown in Figure 2.1.

@ Optimization Assistant
Salver Problem
(® Local Default Objective Function
2y
() Nonlinear
Constrainks and Bounds
() Global Solver < [0, 5]
¥y <= [05]
-
Options EoA = :
() Minirnize (&) Maximize
Feasibility Tolerance default

Initial Yalues

Salution

Chiective wvalue: 134.491161539745162
Optimality Tolerance default ®x = 4,.53559292539129189

v 1.46440707460570746
Iteration Limit default
Infinite Bound default
©n Quit, Return | Solution v/ [ Help |[ Solve | Plot ][ Quit ]

Figure 2.2: Optimization Assistant

Using the Tools — Assistants menu, you can access tools to help you ac-
complish these various tasks. See Figure 2.2. In some cases, you can launch
the assistants by entering an expression and selecting the assistants from the
context menu that displays.
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Tools  ‘Window Help

Assistants b Back-Solver...
Tutors » Curve Fitking. .
Tasks p|  Daka Analysis...
Load Package p Import Data...
Unload Package p|  Installer Builder...
spelcheck. .. F7 Library Browser,.,
Camplete Cammand Maplet Euilder...
Help Database p CDE Analyzer. .
Opkions. . Cptirmizatian, .
Plat Builder...

Check For Updates. .. L
Scientific Constants...

Special Functions. ..

rits Calculatar. ..

Figure 2.2: Accessing the Assistants from the Tools Menu

Plot Builder

The Plot Builder is a point-and-click interface to the Maple plotting func-
tionality. The interface displays plot types based on the expression you spe-
cify. The available plot types include plots, interactive plots, animations, or
interactive animations. Depending on the plot type you enter, you can create:

e 2-D/3-Dplot

e 2-D polar plot

e 2-D/3-D conformal plot of acomplex-valued function
e 2-D/3-D complex plot

e 2-D density plot

e 2-D gradient vector-field plot

e 2-D implicit plot
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Using the Plot Builder, you can:

(1) Specify the plotting domain before you display the graph

(2) Specify the endpoints of the graph as symbolic, for example, Pi, sqrt(2)

(3) Apply plot options using drop-down menus.

The output from the Plot Builder isaplot of the expression or the command
used to generate the plot. Figure 2.3 - 2.5 shows three of the main dialogs

in the Plot Builder.

Variables

F
Remave

[ Interactive Plot Builder: Select Plot Type

@ Interactive Plot Builder: Specify Expressions
File

Expressions

sin()

Select Plot Type and Functions

Plot | v Edit Functions

Select Plok

20 plat

2-D polar plot

3-D confarmal plot of & complesc-valued Function
2-D confarmal plot of & complex-valued Function
2-0 complex plot

3-D complex plot

Select Variable Purposes, Ranges, and Plat Options

% Axis [x[w] |10 to 10

©n 'Plot’ return plot command @l

TS

Figure 2.3: Specify Expressions

Figure 2.4: Select Plot Type
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[%] 2-D Plot (plot)

s sinGaaix v |
Variables
®i -10 to 10
Range from to
Style
default |+
Line:

defadlt || defauk v

Syrnbal

default wf| 10 |
Colar

Ret‘j v |

[ ] W

Label  Orientation
% hatizantal |+ |

horizontal |+

Title:

Figure 2.3: Specify Expressions diaog al-

nes Tl o il lows you to add, edit, or remove expressions

Caption

and variables.

mes v ¥[8 2] | Figure2.4: Select Plot Typediaog alows

Miscellaneous
Resalution
Adaptive Plotting

Find Discontinuities

you to select the plot type and corresponding
ao v | plot, and edit the ranges.

Figure 2.5: Plot Options dialog allows you

o = | toapply plot options
ol Mo fonts 0w apply piot options.
Times  |s 10 'v' Fill to x-axis 0

View Coordinate System

Censtrained Scaling O cartasian v

[ preview | [ ot ][ Command | [ Back | [ Reset |[ cancel |

Figure 2.5: Plot Options

Example 1- Plot an Expression Using the Interactive Plot Builder

Review the following example:

sin(x)

1.0

-

D.qH

0.8

AAA

«m’-‘u

[

e 18

Uv' W05
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sin(x)

In thisexample, we will use the Plot Builder to plot the expression

and apply the following plot options:

» changethe default x -axisrange

change the thickness of the line

change the color of theline
apply gridlines

Launch the Plot Builder and add the expression:

1. From the Tools menu, select Assistant — Plot Builder. The Specify Expressionsdiaog
displays. See Figure 2.3.

2. Inthe Expressionsregion, click Add.

3. Inthe Add/Edit Expression dialog, enter sin(x)/x and click Accept. Select aplot type
and change the default x-axisrange:

4. Click OK and the Select Plot Type dialog displays. See Figure 2.4. Alternatively, you

could have entered the expression and used the context menus to launch the Plot Builder

by selecting Plots — Plot Builder. See Figure 2.6. This will launch the Plot Builder and

automatically insert the expression.

Inkeger Functions ]

Integral Transforms 3

Language Conwersions ]

Optimizakion 13

Floks p|  2-DFlat
Simplifications »  3-DPlat »
Units » 2-0 Irnplicit Plat »
2.0 Math p| 3D Implicit Plot »

Plot Builder

Interactive Plot Builder

Figure 2.6: Using Context M enusto launch the Plot Builder
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5. From the Select Plot Type dialog, you can edit or add functions, select aplot type,
change the x -axis range, or even preview the plot with the current default settings. With
2-D Plot selected, change the x -axis range to span from -25 to 25.

Changethe plot options:

6. To edit the plot options, click Options. The 2-D Plot (plot) dialog displays. Refer to 2-

D Plot Options Available in the Plot Builder (page 27) for more information on each plot
option available in this dialog.

7. Before we change any options, click Preview to display the plot with the current default

options. Use this feature after applying each plot option described in the following steps
to see how the curve has changed.

gplot Preview
109
{1
Al
| I|
n_gll- |
| {1
J il
o] |
[
[1 1
DlLi— ||
[ |
| I
02+ ||
|
1
AN | f\
[_I\‘\/(/\"I\ |'IIII II| 1 | |'|I I'| .l/\\ T
-20 oy U T A L 20
|II ||I 4 II I|I \Q/x
\ \ |
W02+ W
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8. Click Doneto return to the 2-D Plot (plot) dialog.

7. To change the thickness of the line, from the Line region, select thick from the right
drop-down menu.

10. To change the color of the expression, from the Color region, select Blue from the
drop down menu. Notice that the color swatch below the drop-down menu now shows
blue.

11. To alter the axes settings, in the Axesregion, click Advanced Settings.
12. Inthe x -axisrow, select 50 from the Gridlines drop-down menu. In the M aj or

Gridlinesdrop-down menu, select 5. Inthe second row, select 10 fromthe Gridlinesdrop-
down menu and select 5 from the Major Gridlines drop-down menu.

@ Advanced Axis Settings
Axis Setkings
Axis  Mode  Alignment Tickmarks Gridlines ME_I]D.r
aridlines
% 'Iinear.v: default |+ | Hefault | |50 v 5 |
linear |+ | | default | » | default [}]5  |ae] S|

s Calar

v ]

13. Click Apply to apply this setting and return to the 2-D Plot (plot) dialog.

14. To close the Plot Builder and return the plot to the document, in the 2-D Plot (plot)
diaog, click Plot.
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sin(x)

D <

v?yﬂmnu 4 VAM’M%

2

[ 2u]

2-D Plot Options Available in the Plot Builder

Table 2.1: 2-D Plot OptionsAvailablein the Plot Builder

Plot option Description

expression(s) Using the Plot Builder, you can plot multiple expressionsin the same
plot region. To apply different options for each line, you would select
an expression from the drop-down menu and apply the line style settings.
You would do thisfor each line. In the previous example, only one ex-
pression is available.

x -axis To edit the x -axis range, you need to click the Back button to return
to the Select Plot Type diaog. In the 2-D Plot options dialog, you can
changethe x -axislabel and orientation of the label by altering the de-
fault entriesfor the x -axisrow.

y-axis To edit the y -axisrange, enter arange, label, and orientation in the
row beginning with Range from.

Style Specifiesthe line style, one of line or point. The default setting isline.

Line Line style and size options available when Styleis set to line.

Symbol Symbol style and size options available when Styleis set to point.
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Plot option Description

Color Select a color from the drop down menu or click Custom to select a
color from the color diaog.

AXxes Select from the axes styles available, edit the style of the axes labels or
apply advanced axis options such as gridlines by clicking Advanced
Settings.

View Constrained or non-constrained view. The default setting is non-con-
strained.

Title Adds atitle to the plot and allows you to ater the font style.

Caption Adds alegend to the plot and allows you to alter the font style.

Resolution Setsthe horizontal display resolution of the devicein pixels. The default
is200.

Adaptive Plot- |When plotting afunction over an interval, theinterval is sampled at a
ting number of points, controlled by sample and numpoints. Adaptive plot-
ting, where necessary, subdivides these intervals to attempt to get a
better representation of the function.

Find Discontinu- | Determinesthe discontinuities of theinput and then breaksthe horizontal
ities axisinto appropriate intervalswhere the expression is either continuous
or contains only removable discontinuities.

Number of Specifies the minimum number of points to be generated. The default
Points is50.

Fill to x -axis  |Fillsthe region between the curve and the x -axis.

Coordinate Sys- | Select from the coordinate systems available.
tem

Descriptions of Assistants

The remaining Assistants are described below. Some of the Assistants are
interfaces to package commands. For more information on package com-
mands, see Package Commands (page 45).

* Back-Solver - an interface that allows you to take a mathematical for-
mula, involving multiple parameters, enter values for all but one of the
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parameters and solve for the remaining value. You can also plot the be-
haviour of the formula as one of the parameters change.

CurveFitting - an interface to commandsin the Cur veFitting package.
Data points can be entered as independent and dependent values, and
interpolated with polynomials, rational functions, or splines.

DataAnalysis - an interface to the data analysis commands in the Stat-
istics package.

Import Data - an interface to read datafrom an external fileinto Maple.
Installer Builder - aninterfaceto the I nstaller Builder packageinwhich

you can create installers for your Maple toolboxes. For information on
toolboxes, go to http://www.maplesoft.com/developer s/index.aspx.

Library Browser - aninterface to manipulate the librariesin a specified
directory.

Maplet Builder - an interface to the Maplets package. The M aplets
package contains commandsfor creating and displaying Mapl et applica-
tions (point-and-click interfaces). Using the Maplet Builder, you can
define the layout of a Maplet, drag-and-drop elements (visual and func-
tional components of Maplets), set actions associated with elements, and
directly run aMaplet application. The Maplet Builder isavailablein the
Standard interface only.

ODE Analyzer - an interface to obtain numeric or symbolic solutions
to asingle ODE or a system of ODEs and plot a solution of the result.

Optimization - an interface to the solver commandsin the Optimization
package. The Optimization package is a collection of commands for
numerically solving optimization problems, which involves finding the
minimum or maximum of an objective function possibly subject to con-
straints.

Plot Builder - aninterface for creating two and three-dimensional plots,
animations, and interactive plots.

Scientific Constants - an interface to over 20 000 values of physical
constants and properties of chemical elements. All of these constants
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come with the corresponding unit and, if applicable, with the uncertainty
or error, that is, how precisely the value of this constant is known.

» Special Functions - an interface to the properties of over 200 special
functions, including the Hypergeometric, Bessel, Mathieu, Heun and
Legendre families of functions.

* UnitsCalculator - aninterfaceto convert between 500 units of measure-
ment.

2.2 Tutors

Maple provides over 40 interactive tutorsto aid in the learning of

* Precalculus

» Cadculus

* Multivariate Calculus
» Vector Calculus

» Differential Equations
* Linear Algebra

These tutors are easily accessible by selecting Tools — Tutors. See Figure
2.7.
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Tools  Window  Help

Assistants B == =l &

Tutars b Calculus - Mulki-varisble  »

Tasks »|  Caloulus - Single Wariable »

Load Package y  Differential Equations b

Urload Package p  Linear Algebra p  Eigenvector Plot,..
Spellcheck... F? Precaloulus 4 Eigerrvalues. .

Corplete Command Wector Calculus »|  Eigenwectors...

Help Database » Gauss-Jordan Elimination. ..

: Gaussian Elimination. .
(Opkions...

Check For Updates. ..

Linear System Flot, ..
Linear Transform Flat, ..
Matriz Builder...

Matrix Inverse...

Limear Syskem Salving. ..

Figure 2.7: Accessing Tutorsfrom the Tools Menu

Some of the tutors are also accessed through the Student package. The
Differential Equations tutor, DE Plots, is accessible through the DEtools
package. For a definition of the term package, see Package Com-
mands (page 45).

The Student package is a collection of subpackages designed to assist with
the teaching and learning of standard undergraduate mathematics. The sub-
packages contain many commands for displaying functions, computations,
and theorems in various ways, and support for stepping through important
computations.

» Thevisualization commands are tools that create plots and animations
showing the geometric interpretation of important concepts.

» Thecomputation commands help you to study the techniques of compu-
tation while solving problems. For example, using the Cal culusl package,
you can differentiate a function one step at a time by specifying the
needed differentiation rule applied at each step. At any time during a
single-step computation, you can request a hint about the next step, which
you can then apply to the problem, or you can proceed directly to thefinal
answer.
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Theinter active commands help you explore concepts and solve problems
using a point-and-click interface. These commands launch tutors that
provide agraphical interface to visualization and computation commands
described above. See Figure 2.8 for an example of one of the interactive
commands.

@ Calculus 1 - Differentiation Methods

File Edit Rule Definition  Apply Rule  Understood Rules  Help

Enter a function

Funckion | 2*x+cos(x)/sinix) ‘ariable | x
d [ cos(x) W
sm (=) JJ
d o8 (x]
=—2
o 23 M(x)
B d ] d cas(x) W
=2 57) + dx[ sin(x) ) (7] Show Hirts
T % d [c?s(x)]
dx | smim(x) )
d d
Ecos(x] sig(x) - cos(x) Esm(x]
=t g : ’ Constank ][ Identity ]
SR X
A d 3 [ Constant Multiple ]
-FiRCR - cos(x) [—sm(x) -
= dx ’ Surm ][ Difference ]
szx ’ Product ][ Quokient ]
=5 M ’ Powier ][ Chain Rule ]
smzx ’ Inkegral ][ Rewrite ]
[ Exponential ][ Matural Logarithm ]
<krig= [ <hyperbolic = w
<arctrig= [ <archyperbolic= [
[ Unda ] I Mext Step ] l all steps ] [ Clase ]

Fi

2

A

gure 2.8: Calculus- SingleVariable - Differentiation Methods Tutor

.3 Context Menus

context menu is adynamically generated menu of actions that are applic-

able for the region upon which it is invoked. Context menus alow you to
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perform cal cul ations and mani pul ations on expressions without using Maple
syntax. To display acontext menu, right-click an object, expression, or region.
Context menus are available for many input regions including:

* expressionsto perform calculations, manipulations, or plotting

» plot regionsto apply plot options and manipulate the plot

» tablesto modify the table properties

» paletteregionsto add or remove palettes and pal ette regions

» text regionsto add annotations and format text

» gpreadsheets to manipulate the spreadsheet

When performing calculations or manipulations on an expression, a self-
documenting arrow or equal sign connects the input and output indicating
the action that took place. See Figure 2.9 and 2.10 for two examples of
context menus.
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factor

Prx+ 178 x4 1)

Murnetic Formatking. ..

Apply a Command

Approximnate ]
Assign ko a Mame
Coefficients ]
Collect »
Complete Square »
Differentiate ]
Evaluate at a Point
Expand
Factar
Cut Ctrls
Inkegrate ] = "
) Copy Chri+C
Series ] -
o Copy full precision
Sirnpiiy Paste el
Isolate Expression Far » Solve » Sty ¥ ot
Humerically Solve Complex Maps ] Color »| ¥ Surface with wireframe
Mumerically Salve fram point Construckions ) Lighting »  Suwface
Obtain Solutions For » Conversions » Bxes p|  SurfFace with Contour
Salve % Integer Functions » Scaling Constrained Contour
i i Wireframe
Solve for Yarisble * | Integral Transforms » Projection... : [%
. Transparency... wireframe (Opague surface)
Language Conversions b
T Manipulator 48 Default
Optirmization ] Export »
Flots ]
Simplifications »
Sorts ]
LUnits ]

Figure2.9: Right-click theexpression to Figure 2.10: Right-click the plot to seea
see a menu of applicable options. menu of plot options.

2.4 Task Templates

Task templates help you perform specific tasks in Maple, such as:

» performing a mathematical computation such as solving an equation
symbolically or numerically, or determining the Taylor approximation
of afunction of one variable

e constructing a Maple object such as afunction
» creating a document such as an application

Each task contains a description along with a collection of content that you
candirectly insert into your document. Content consists of 2-D mathematics,
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commands, embedded components (for example, buttons) and plots. You
need to specify the parameters of your problem and then run the document.
See Figure 2.11 for an example of a Task Template.

& Browse Tasks E]@

File Wiew
4
t () Algetra A--) [ Copy Task to Clipboard ] [ Insert Default Content ] [ Insert Minimal Conkent: ]
=4 Caloulus |
----- [T] Analyze a Continuar [[]Insert inta Mew workshest  [7] Display task markers
Arc Length of a Uniy

Constrained Cptimiz

Eafn A Runchion Y Approximate Definite Integral of a

efine a Piscewise £
Define a Piecewise F Function
Define a Procedure
- | Detivatives

-[T] Find Special Points ¢ Desc ription

-4 Integrati : & o - ; :
Bl Incelre oy |:Apprummate the definite integral of a univariate function using a

Approximate De| s
Defirite Inteqral Riemann sum or a Newton-Cotes method.

Indefinite Integ ! ) )
Integration - Fol Enter the function ag an expression.

Mumeric Integreg|

Parts 2
| Riemann Sums >a o+
Substitution L ;\’2 ) (1)
#- | Surface of Reve Specify the range of integration and the method of approszmation,
""" Limit - Formal Rules and then approzimate the integral

Lirnit of & Function §

imit of & Univariate B . _
i O = Swudent| Calenbisi [ ApproximateF)( (1), x=0. 2 7

inirnurn and Maim methad = zrapezoz'd)
Radius of Canverge 1 ( 2

St o = (100 + 677 ) (2)
Tangent: Line of & =} I_

aylor Approximatio B
------ Taylor Expansion ar

------ FI Convert Expression o F|%

] D i >

Task, ApproxDeflntegralUnivariateFon . )

Alternatively, you can use the Approximate Integrals tutor, a
point-and-click imterface. There are two ways to launch this tutor. =

Figure 2.11 Browse Tasks Dialog

Previewing Tasks
To preview Maple tasks,

e From the Tools menu, select Tasks, and then Browse. The Browse
Tasks dialog opens and displays the list of tasks.
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The tasks are sorted by subject to help you quickly find the desired task. In
the Browse Tasks dialog, you can view tasks without inserting them into
your document.

Inserting a Task into the Document

To insert atask into your document,

1. Select the Insert into New Wor ksheet check box to insert the task into
anew document.

2. Click Insert Default Content or Insert Minimal Content.

» Default content includes the task title and description.

e Minimal content inserts only the major components (commands and
buttons).

Note: You can view the history of previously inserted tasks. From the Tools
menu, select Tasks. Previously selected task names are displayed below
the Browse menu item.

Before inserting a task, Maple checks whether the task variables have as-
signed values in your document. If any task variable is assigned, the Task
Variables dialog opens to allow you to modify the names. Maple uses the
edited variable names for all variable instances in the inserted task.

By default, the Task Variablesdialog is displayed only if thereisanaming
conflict. You can set it to display every time you insert atask.

To specify that the Task Variables dialog be displayed every time you
insert atask:

1. From the Tools menu, select Options.
2. Click the Display tab.
3. Inthe Show task variableson insert drop-down list, select Always.

4. Click Apply to Session, or Apply Globally, as necessary.
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Updating Parameters and Running the Commands

In inserted Task Templates, parameters are marked as placeholders or spe-
cified using sliders or other embedded components. Update the parameter
values as required.

Note: To navigate between placeholdersin the document, pressthe Tab key.

After updating any parameters, execute the commands or click the buttons.

2.5 Palettes

The Maple document environment provides access to over 20 palettes.
Palettes are collections of related items that you can insert by clicking or
drag-and-dropping into a document. Pal ettes contain:

e Symbolssuch as T, o, and [

AEJ

» Layouts such as an item with a superscript and subscript 4

* Mathematical operations such as a definite integral with placeholders
for the integrand, variable of integration, and endpoints of the interval

R
[ S
of integration “z

You can create a Favorites palette of the expressions and entities you use
often by right-clicking (Control-click for Macintosh) the palette template
you want to add and selecting Add To Favourites Palette from the context
menu.

The Handwriting palette provides another way to find and insert desired
symbols easily. Draw the symbol with your mouse in the space provided

0l
andthenclick =1 . Maple matchesyour input against symbols
available in the system. See Figure 2.12.
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W Handwriting

| Input Window... |

Figure 2.12: Handwriting Palette

By default, palettes display in palette docks at the right and |eft sides of the

Maple window. To view and manage palettes and pal ette docks, see Table
2.2.

Table 2.2: Managing Palettes

To view pal ette docks: Wigw | Insert Format
From the View menu, select Palettes, and then| * T ¢ Tl E=
E d Docks. v Conkext Bar
Xpan . W Skatus Bar ack Drawing
v Markers | 20 math v (Tirne

Task Elements

Slideshow

Palettes » Arrange Palettes. ..
Zoom Factor p|  Show Palette 3
Typesetting Rules. .. Show all Palettes
ShawHide Contents... Show Default Palettes

Header Footer; Expand all Palettes

Collapse all Palettes

Expand Daocks %
Expand Al Sections _ Collapse Docks

Collapse all Sections
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To add a palette:

1. Right-click the pal ette dock. Maple displays
acontext menu near the palette.

2. From the context menu, select Show Palette
and then select the palette.

W Expression
Remove Palette
o [‘ Show Palette
J‘f Shiow All Palettes

Expand All Palettes

i=k ! Collapse Al Palettes
xh_?ﬂf 9 Expand Docks
Collapse Docks
Lo
b Arrange Palettes. .,
e
{2 Ja Ja
al Jez] &

() logy(a)
log, () sin{@) cos(z)
@) (3] fla)
Sillen )
f=(a,b)—z
-X x<a

f(=)

x x=za

=

Shiow Default Palettes

IMatrix
Layout

Handuriting
Units (ST}
Units (FPS)
Accents

Roman Extended Upper Case
Roman Extended Lower Case
Diacritical Marks

Greek

Cyrillic

Scripk

Open Face

Frakbur

Common Symbols [%

Relational

Relational Round
Operators

Large Operators
Megated

Fenced

Arrows

Constants and Symbols
Punctuation

Miscellaneous

To expand a palettein a palette dock:
Click thetriangle at the left of the pal ettetitle.

2RSS

& B &

S

A‘

@Vorites

[ra x

(-3

1A

=)

© ®

W Expression
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To move a palettein a palette dock: : _ T
o . | W Favorites [ =
Move the palette by clicking the title and I 5
dragging the pal ette to the new location. Lf # X <>T ¢°
-
o® 4 ' -
[} Expression J
[b Comman Symbn_ls . J

To expand/collapse the palette docks:

2RSS ¥ oo
Select the appropriate triangle at the top right fin

3 | " | A ex
or top left side of the palette region. " ERaaes s :) e
3 falazo
e g <= T =l
—
o® 4 ' -
| W Expression
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Table 2.3: Palette Categories

Palette Category

Palette Description

Expression Palettes

W Matrix
Rows: 2
Columns: 2 sy

| Choose... |
Type: | Custom valugs » |
Shape: [ Any -

Daka bype: | _Anv .

| Insert Matrix |

Expression - apalette for constructing expressions such asin-
B

e
tegrals “a .

Matrix - apalette allowing you to enter the number of rows

and columns required, designate type, such as zero-filled, and
designate shape, such as diagonal.
Layout - a palette that allows you to add math content that has
specific layout, such as expressions with one or more super-

b
scripts and subscripts 4

Components - apalette that allows you to embed graphical in-
terface components such as a button into your document or

worksheet. Components can be programmed to perform an ac-
tion when selected such as executing acommand when clicking

abutton

Handwriting - a palette that provides an easy way to find a
desired symbol.

Units (Sl) - apalette that inserts a unit from the International

System of Units (SI), or any general unit L2418

Units (FPS) - apalette that inserts a unit from the Foot-Pound-
Second System (FPS), or any general unit [2].

Accents - a palette that allows you to insert decorated names

-
such asan x with an arrow over it to denote avector 4 .

Favorites - an empty palette where you can add templ ates that
you use most often from other pal ettes.
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Palette Category

Palette Description

Mathematical Palettes

W Common Symbols

T e i j
DI | B |
> > % 2
re oA il =
=
N dVY
V ¥ = C
@£ "5
oo ey
T o % =
! X h

I
n
=

/

i

2
d+=Z > 1IN

A C 8

g

Palettes for constructing expressions

Common Symbols, Relational =, Relational Round =,

Operators =, Large Operators % , Negated ¥, Fenced
{{ , Arrows #*, Constantsand Symbols @ .

Punctuation - a palette of punctuation symbols such asthere-
gistered trademark symbols © for inserting into text regions
Miscellaneous - a palette of miscellaneous math and other
symbols outside the above categories L.

Alphabetical Palettes

7 Greek

AB

N0 R 001 Z T
A 3 X 8 ~ Il @
T F o< &8 d R =
S o < © o ¥ T

a2 = 2 s e B e

(=]
=)

mEMZ N

== O Jr ~

Greek, Script A, Fraktur Y, Open Face C , Cyrillic 7K,
Diacritical Marks * , Roman Extended Upper Case /E,
Roman Extended Lower Case & .
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Even though M aple comes with many featuresto solve problems and manip-
ulate results without entering any commands, you may find that you prefer
greater control and flexibility by using the set of commands and programming
language that Maple offers.

In this chapter:

The Maple Library Explains the structure of the commands in the Maple
system and provides resources for learning Maple
commands.

Entering Commands Provides examples of entering top-level commands

and package commands, and explains the benefits of
using equation labels and command completion.

Accessing Help with Com- | Explains one of the main resources available when

mands and Packages learning Maple commands.

Viewing Maple Codein Doc- | Explains how to view the Maple code hidden in Docu-
ument Mode ment blocks.

Document Mode versus Explains the Worksheet mode and how it differs from
Worksheet Mode Document mode.

Math Mode versus Text Compares Math mode and Text mode forms of entering
Mode information in Maple.

Maple Toolbar Options Describes the Maple toolbar options.

Top Packagesand Commands| Provides alist of the top packages and commandsin
Maple.

43
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3.1 The Maple Library

Commands are contained in the Maple library, which is divided into two
groups. the main library and packages.

* Themain library contains the most frequently used Maple commands.

» Packages contain related commandsfor performing tasks from disciplines
such as Student Calculus, Statistics, or General Relativity Theory. For
example, the Optimization package contains commandsfor numerically
solving optimization problems.

3.2 Entering Commands

If you want to interact with Maple using commands, simply enter the com-
mand using 2-D math. You will notice that commands and variable names
display in italics. Maple commands are constructed in a format similar to
command(arguments) based on the command you are using.

To factor an expression, enter:
factor()c2 +2x+ 1)

(x+ 1)?
To differentiate an expression, enter:

diff (sin(x), x)

cos(x)
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To integrate an expression in therange [ 0,2 x|, enter:

int(2x + cos(x),x=0.27m)

47
To plot an expression, enter:
plot( sin(x) #,x=-10 ..10)
601 N
| ,"I \
| 404 [
II .'I |
| I.-'ﬁ\l. 0. ,' |
| [ \ ’ | |I ||
| I|I l.\. e I'I |
ad -5 0 NEN R
| |

! | \
| -20.9 v I

| -40. 4 |

\/ -60.

For a list of the top commands in Maple, see Top Commands and Pack-
ages (page 61).
Package Commands

There are two ways to access commands within a package, using the long
form of the package command or the short form.

Long Form of Accessing Package Commands

The long form specifies both the package and command names using the
syntax package] command](arguments).
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LinearAlgebra| RandomMatrix](2)

44 —31
92 67

Short Form of Accessing Package Commands

The short form loads all of the commands in the package using the with
command, with(package). If you are using a number of commands in a
package, loading the entire package is recommended. Using the with com-
mand, alist of all commandsin the package displays. To suppressthe display
of al command names, end the with(package) command with a colon. Al-
ternatively, you can load packages through Tools — L oad Package.

with(Optimization)

[ ImportMPS, Interactive, LPSolve, LSSolve, Maximize, Minimize, NLPSolve,
OPSolve]

After loading a package, you can use the short-form names, that is, the
command names, without the package name.

LSSolve([x —2,x — 6,x — 9])

[12.3333333333333322, [x = 5.66666666666666696] |

For a list of the top packages in Maple, see Top Commands and Pack-
ages (page 61).

Command Completion

To help with syntax and reduce the amount of typing when entering Maple
commands, you can use command compl etion. Command compl etion displays
alist of al Maple packages, commands, and functionsthat match the entered
text.
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To use command completion:
1. Begin entering a command or package name.

2. Select Tools -~ Complete Command or use short cut keys:

e Ctrl + Space or Esc, Windows
» Command + Shift + Space or Esc, Macintosh
o Ctrl + Shift + Space or Esc, UNIX

If thereis aunique completion, it isinserted. Otherwise, alist of matchesis
displayed.

3. Select the correct completion from the list.

Linaar
Linearalgebra Lineardlzebra |fad
Linearalgebraladd] (linear combination) LinearAlgehra [Add (M, Mel)
Linearalgebra[Add] (linear combination, with scalars and constructor options) DinearAlgebra [Add(v], v2, x1, x2
Linearalgebraladd] (linear combination, with scalars) DinearAlgebra | Add Vi Mvl, Mv2, xI1, x2)
Linearalgebra[Add] (linear combination, with scalars, constructor options, and overvrite) LimearAlgebra | Add (v
Linearalgebral adjoint] {square Matrix) LinearAlgehra [ Adfoint | ()
LinearalgebralAdjoint] (square Matrix, with constructor options)  Lingardlgebra [Adjoint || M, outpufopiions = Bst’
LinearalgebraBackwardsubstitute] (upper row-echelon) LinearAlpebra | BackwardSubstiube |( 1)
Linearalgebra[Backwardsubstitute] {(upper row-echelon) LinearAlgebra | BachwardSubstiute | M, My )
LinearalgebraBackwardsubstitute] (upper row-echelon, with options and overwrite) LinearAigebra |Backwardst
Linearalgebra[Backwardsubstitute] (upper row-echelon, with options) LingarAlgebra [BackhwardSubstitute || M, v,
| inraralnehralFandMatrix1 (Fram sralars Tinaar dleabwa | Band Wapaiv 10 7vi ¥ Vi 4]
< »>

Equation Labels

Equation labels help to save time entering expressions by referencing Maple
output. The label is associated with all output within an execution group.
See Figure 3.1 and 3.2. You cannot apply equation labels to the following:

» Error, warning, and information messages
» Tables, images, plots, sketches, or spreadsheets

By default, equation labels are displayed. If equation labels are not displayed,
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1. From the Tools menu, select Options, and click the Display tab. Ensure
that the Show equation labels check box is selected.

2. From the For mat menu, select L abels. Ensure that Execution Group is
selected.

[~ |"s'm(x) dx o]
Al —cos(x) (1)
X Jres
Insert Label
Label Value | 1
[ oc [ cancel |

Figure 3.1: Inserting an Equation L abel

] |"sm(x) dx a]

S —cos(x) 1)

Z _[(1) dx
—sin(x) 2)

L

Figure 3.2; Equation Label

To apply equation labels:

1. Enter an expression and press Enter. Note that the equation label is dis-
played to the right of the answer in the document.

2. In anew execution group, enter another expression that will reference the
output of the previous execution group.

3. From the Insert menu, select L abel. Alternatively, press Ctrl+L (Com-
mand+L, for Macintosh) to open the Insert Label dialog. Enter the label
number in the Insert Label dialog and click OK. Theitemisnow alabel.

4. Press Enter to obtain the result.
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To change the format of equation labels:

* Select Format — Labels — Label Display. Inthe Format Labelsdia
log, select one of the numbering schemes.

* Optionally, enter an appropriate numbering prefix.

& |sin(x) dx 2
% —cos(x) {Answerl)
[(Answerl) dx
)
—sin(x) (Answer2)
Format Labels
Label Mumbering Prefic | answer|
Label Mumbering Scheme | Flat Mumeric ~
l oK ] [ Cancel l

Figure 3.3: Format L abels Dialog: Adding a Prefix

The Label Reference menu item alows you to switch between the label
name and its reference content. Place the cursor on the referenced equation
label and select Format — Labels - Label Reference.

] |"sm(x) dx »

A —cos(x) 1)
o [—cus(x] dx
)

—sin(x) 2)

Figure 3.4: Label Reference
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3.3 Accessing Help with Commands
and Packages

Most command names in Maple are quite intuitive, but if you are unable to
determine the command or proper syntax you need, you can search the Maple
help system. The Maple help system is complete with help pages for every
command available, along with tours, examples, and amathematical diction-
ary. Each help page contains the correct syntax for a command: calling se-
guences, parameters, and description of use. See Figure 3.5. Examples and
links to related subjects are provided at the bottom of each help page.

To launch the Help browser:
1. You can launch the Maple help browswer in three ways:

* From the Help menu in your worksheet, select Maple Help

« Click 2 in the toolbar

* In the document or worksheet, enter ?topicname. For example, enter
?Linear Algebra and then press Enter.

To search the help system:
2. Inthe left pane, enter a search string in the text region provided.

3. By default, atopic search is performed. To perform atext search, select
the Text radio button. For more information on topic searches, see Using
the Help Navigator (page 67).

4. Enter the term and click Search.

5. Theleft paneis populated with matchesto your search term in the Sear ch
Results tab. With text searches, the help page with the highest number of
instances that term appears in the help page displays first followed by the
second highest and so forth.
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For more information on the Maple Help system, see The Maple Help Sys-
tem (page 65).

7:] Maple Help - [Optimization] E]@

Fle Edit Wew History Help
& B @«=2F [ 2 ¥

Search For: () Topic (3 Text : ~

& Overview of the Optimization Package

Cptimization

Resources:| Al ~

Calling Sequence
o '

Table of Contents | Search Results )
Optimization (23) rs command(arguments)
------ Optimization, Interactive (15) I
M| UserManiual, Chaptertd (15) v i
------ Optimization, General, Options {14 1 Description . . . .
...... Optimization, General,Methads (14) + The Optimization package is a collection of commands for numerically solving
Optimization, General, InputForms (10} optimization problems, which involve finding the minimum or maximum of an objective funct
------ Optiization, Minimize (10) function possibly subject to constraints, The package takes advantage of built-in bbrary
Optimization, General,MatrixForm (10} routines provided by the Numerical Algorithms Group (NAG)

------ updates,Maple 10, enhancedpackages (3) : .
Optimization, General,Computation (3) + The package solves linear programs (LPs), quadratic programs (QPs), nonlinear .
...5] excamplas, Optimizatian (9) programs (MNLPg), and both linear and nonlinear least-squares problems. Both constrained

sinplex (5) and unconstrained problems are accepted. In general variables are assumed to be

...... sfficiency (8) continuous, and local solutions are computed for problems that are not convex. However,
updates, Maple9_5, newpackages (3} the LPSolve command does accept integer programs and the MLPSolve command

--[Wg] examples, OptimizationMatrixForm (8] provides a global search algorithm for limited situations
exanples, index (8) + For an overview of the Optimization package and additional examples, see the

""" Optmization, [mparthMes (7) Optimnization Package Example Worksheet.

------ Optimization, General, Solution (7]
1] GettingStartedGuide, ChapterDd (7) * You can choose the easy-to-use Minimize and Maszimize commands, the Interactive

...... [1] UserManual, Indes (7) Maplet, or the specialized commands for the warious problem classes
Optimization, General, OperatorForm (6] + Some commands allow alternatives to the default method of specifying an optimization

""" ODtWiZEfiD"'-TE”EV‘B'J“'GE”"”‘FWM (6) problem. Matriz form, described on the Oplirmization/IatrizForm help page, 18 more
- Statistics,onfinearFitMatrixForm (6) 5 L complex but offers greater fembility and efficiency. The Optimization/InputForms help v
T I A >

Figure 3.5: Search Resultsfor Optimization

3.4 Viewing Maple Code in Document
Mode

In Document mode, content is created as a series of document blocks. Doc-
ument blocks allow you to hide the syntax used to perform calculations,
whichinturn letsyou focus on the concept presented instead of the command
used to manipulate or solve the problem. Document blocks are typically
collapsed to hide the Maple code, but these regions can a so be expanded to
reveal this code.

Document block regions are identified using markers that are located in a
vertical bar along the left pane of the document. See Figure 3.6. In addition
to document block boundaries, these markers (icons) indicate the presence
of hidden attributes in the document such as annotations, bookmarks, and
numeric formatting.
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To activate markers:

From the View menu, select Markers. See Figure 3.6.

L C 20 Math * | | Times [New Roman ¥ b
sobve

A+ nx+ 21

> {x=—3}, {x=—7}

Figure 3.6: Document Block Markers

To view code in Document mode:
1. Place the cursor in a document block to be expanded.

2. From the View menu, select Expand Document Block.

‘ L [ 2D math ¥ | | Times Mew Roman ) 2y B Q

M= 24 ween
4 10x+ 21 L

@

Figure 3.7: Expanded Document Block

With the Document Block expanded, you can see the Maple command that
was used to perform this calculation. In Figure 3.7, the solve command was
used.

You will also notice ared prompt ( > ) before the original expression and
the solve command. Entering commands outside of adocument block region
isdone at thisinput region. To insert an input region, click the [> button in
the toolbar menu.

In Figure 3.7, an equation label was used to refer to the expression. For more
information, see Equation Labels (page 47).
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To collapse a Document Block:

With your cursor inside the document block, select View — Collapse Doc-
ument Block.

You can use this process of expanding document blocks to begin learning
Maple commands.

3.5 Document Mode vs. Worksheet
Mode

Worksheet Mode and Document Mode areidentical in the functionality that
they both offer; therefore in each mode context menus and palettes are
available when entering expressions; tables, spreadsheets, and images can
be inserted; and access to the complete Maple library is available. You can
even insert a document block while in Worksheet mode or insert a Maple
prompt while in Document Mode. The only difference between the two
modes is the default input format.

Table 3.1: Worksheet Mode vs. Document Mode

Document Mode Worksheet Mode

To start a document session: To start a worksheet session:

From the File menu, select New, and then| From the File menu, select New, and then
Document Mode. Wor ksheet Maode.

Default input region is adocument block. | Default input region is a Maple input prompt.
Xk >

Syntax is hidden when using context Syntax isdisplayed when using context menus.
menus.

[> P+62—13x—42

factar 5 > factor( "3 4+ 6%x"1 — 13%x—42)
P — 13r—42" 2 (x—3) (x+T) (x+ 2) [ S R
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Document Mode

Wor ksheet M ode

Context menus offer an option to evaluate
and display an expressioninline. All other
context menu options are identical when

using context menus in Worksheet Mode.

P ir—1ix— 14

Paske Chrl+

Evaluate
Evaluate and Display Inline Ctrl

Explore

Apply a Command
Approcimate ]
Assign b0 a Mame
Coefficients
Collect

Combing

Complete Square

v v v v -

Differentiate
Evaluate at a Poink
Factor

Inkegrate ]
Lirnit
Sequence
Series
Simplify

- v v v

Sokve

Zomplex Maps
Conskructions
Canversions

Integer Functions
Integral Transforms
Language Conversions
Optimization

Floks

Sorts

Uniiks

v v v w w w w w ww

2-D Math »

Context menus do not offer an option to evalu-
ate and display an expression inline. All other
context menu options are identical when using
context menus in Document Mode.

[> 2462 —132— 14

Paste Chrl4y

Explore

Apply a Command
Approximate 13
Assign ko a Mame
Coefficients
Collect

Combine

Complete Square

v v v wvow

Differentiate
Evaluate at & Point
Factor

Inteqgrate b
Lirnit
Sequence
Series

Simiplify

v v v v

Solve

Complex Maps
Construckions
Conversions

Inkeger Functions
Integral Transforms
Language Conversions
Opkimization

Ploks

Sorts

Units

v T T T W T T YT TEw

2-D Math ]
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3.6 Math Mode vs. Text Mode

The default mode of entry in Document or Worksheet mode is Math Mode
which displays input in 2-D Math. In earlier releases of Maple, commands
and expressions were entered using Maple Input or 1-D Math.

| mportant: With Maple Input, you must terminate commands with a semi-
colon or colon.

> cos(alpha)”* 2+sin(alpha)™ 2;

cos(oc)2 + sin(oc)2

> a*int(exp(sgrt(2)*x),x);

L /7 el

2

> limit(f(x),x=infinity);

im_f(x)
> sum(a[k]*x"k, k=0..m)=product(b[j]*x"j, j=0..n);

To enter input using Maple Input mode, insert a Maple prompt by clicking
[* inthetoolbar and then click the Text button in the toolbar,
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Table3.2: Math Modevs. Text Mode

Math Mode

Text M ode*

Maple's default setting. Executable standard
math notation. Thisis also referred to as 2-
D Math Input.

> ‘ﬂX2+2x+1dx

1
?x3+x2+x

Executable Maple notation. Thisisalso re-
ferredtoas 1-D Math Input or Maplelnput.

= int(x"2+2%x+1, x);

1
?x3+x2+x

Accessfromthelnsert — 2-D Math menu.

Accessfromthelnsert — Maplelnput
menul.

When using 2-D Math, the M ath modeicon
is highlighted in the toolbar. Text

When entering Maple Input or text in atext
region, the Text modeicon is highlighted in

the toolbar. Math

To convert a2-D Math expression to 1-D
Math, right-click the expression (Com-
mand-click for Macintosh) and select 2-D
Math - Convert To —» 1-D Math Input.

To convert a 1-D Math expression to 2-D
Math, right-click the expression (Command-
click for Macintosh) and select Convert To
- 2-D Math Input.

No termination symbol is required.

All input must end with a semi-colon (; ) or
acolon (:).

If you are anew Maple user, pal ettes make
entering expressions in familiar notation
easier than entering foreign syntax and re-
duces the possibility of introducing typing
errors.

W Expression

b

Jrax A8 [0

[}

Using paletteswhilein 1-D Math teachesyou
the related Maple command syntax.

W Expression

b

J}dx %——»[} int (£,x) ;

[}

* In a Document Block, Text Mode displays regular text.

If you prefer 1-D Math input, you can change the default math input notation.
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To change math input notation for a session or globally across all docu-
ments:

1. From the Tools menu, select Options. The Options Dialog opens.
2. Click the Display tab.

3. Inthe Input Display drop-down list, select M aple Notation.

4. Click the Apply to Session or Apply Globally button.

I mportant: The new input display becomesthe default setting after selecting
the Enter key.

3.7 Maple Toolbar Options

The Mapletoolbar offers several buttonsto assist you when interacting with
Maple. See Table 3.3.

Table 3.3: Maple Toolbar Options

Basic Usage Icon Equivalent Menu Option or Command

Insert Plain Text after the current T From the I nsert menu, select Text.

execution group.

Insert Maple Input after the cur- [> From the I nsert menu, select Execution

rent execution group. Group and then After Cursor.

Enclosethe selection in asubsec- — From the For mat menu, select I ndent.

tion. -

Remove any section enclosing = From the For mat menu, select Outdent.

the selection. -

Executes all commandsin the m From the Edit menu, select Execute and

worksheet or document then Wor ksheet.

Executes a selected area. ’ From the Edit menu, select Execute and
’ then Selection.
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Basic Usage Icon Equivalent Menu Option or Command
CausesMapletoclearitsintern- & Enter restart.
al memory.

Adjuststhe display size of docu- @ @ |From theView menu, select Zoom Factor
ment content. Note: plots, and then azoom size.

spreadsheets, images, and
sketches remain unchanged.

Opens the Maple help system. G From the Help menu, select Maple Help.

For 1-D Math and text regions, the Tab icon in the toolbar alows you to set
the Tab key to move between placeholders or to indent text.

Table 3.4: Tab I con Description

Tab Icon Description
_,| Tab icon off. Allows you to move between placeholders using the Tab
. key.
Tab icon on. Allows you to indent in the worksheet using the Tab key.

Text

TheTabiconisdisabled whenusing 2-D Math (M ath mode), and assuch,
the Tab key allows you to move between placeholders.

Toolbar icons are controlled by the location of the cursor in the document.
For example, place the cursor at an input region and the Text and Math
icons are accessible while the others are greyed out. See Table 3.5 for alist
of the tools available in each icon.
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Table 3.5: Toolbar |Iconsand their Tools

Toolbar Icon Options

Text tools
Math Drawing Plot Animation
':\_ L Text V_-,:' ':\_Times Mew Rorman V_.f:' ':\_12 V_.’:' B I u = = % = EE
Math tools
Text Drawing Plot Animation
':\_ C 20 Input V.-’:' ':\lTimes Mewy Roman V.-’:' ':\l 12 V.f:' B I Q = = % = 25
Drawing tools
Text Math Plot Animati
Ms e \0000 (B GEENE - — G-
Plot tools
Text Math Dirawing Animation
2,77, 12.57 e~ s+ 1l @.&I‘l’] . B

Animation tools

Text Math Drawing Plat

Idq @ [= P currentFrame 1 Ji [ = 2 ~FPs: | 10 i@ @

Table 3.6: Toolbar Icon Availability

Region Available Tools

Input region Text and Math icons

Plot region Drawing and Plot icons

Animation region Drawing, Plot, and Animation icons
Canvas and Image regions Drawing icon
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The Text and Math icons allow you to enter text and math in the same line
by choosing the appropriate input style at each stage when entering the sen-
tence.

The derivative of sin(x) is cos(x)

Using the tools available in these icons, you can customize the input style
of the text and 2-D Math. For the Text and M ath icons, the icon that is se-
lected remains in that state until prompted otherwise; therefore if the Text
icon is selected and you press the Enter key, the new input region remains
aText region.

The Text and Math icons differ while at a Maple input prompt. The Math
icon displaysinput as 2-D Math, whereasthe Text icon displays Mapleinpui.

2

s X
2

> XN 2/2;

To access the tools available in the Plot and Drawing icons, click aplot re-
gion. The tools available in these icons allow you to manipulate the plot or
draw shapes and enter text on the plot region. By clicking an animation re-
gion, you have the same features available for a plot region, in addition to
tools for playing the animation in the Animation icon.

For the remaining icons, hover the mouse over the icon to display the icon
description.



3.8 Top Commands and Packages « 61

3.8 Top Commands and Packages

After you have reviewed the contents of the first few chapters, you can scan
the top Maple commands and packages (topics).

Table 3.7: Top Commands

Command Name |Description

plot and plot3d Create atwo-dimensional and three-dimensional plot of functions.

solve Solve one or more equations or inequalities for their unknowns.

fsolve Solve one or more equations using floating-point arithmetic.

eval Evaluate an expression at a given point.

evalf Numerically evaluate expressions.

dsolve Solve ordinary differential equations (ODES).

int Compute an indefinite or definite integral.

diff Compute an ordinary or partial derivative, asthe context dictates.

limit Calculate the limiting value of afunction.

sum For symbolic summation. It is used to compute a closed form for an
indefinite or definite sum.

assume/is Set variable properties and relationshi ps between variables. Similar
functionality is provided by the assuming command.

assuming Compute the value of an expression under assumptions.

simplify Apply ssimplification rules to an expression.

expand Distribute products over sums.

normal Normalize arational expression.

convert Convert an expression to a different type or form.

type Type-checking command. In many contexts, it is not necessary to

know the exact value of an expression; it suffices to know that an
expression belongsto abroad class, or group, of expressionsthat share
some common properties. These classes or groups are known astypes.
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Command Name |Description

series Generalized series expansion.

map Apply aprocedure to each operand of an expression.

A complete list of top-level commands is available at Help — Manuals,
Dictionary, and more - List of Commands.

Table 3.8: Top Packages

Package Name

Description

CodeGeneration

The CodeGener ation package is a collection of commands and
subpackages that enable the trand ation of Maple code to other

programming languages, such as C, Fortran, MATLAB®, Visua
Basic, and Java’ /.

Linear Algebra

The Linear Algebra package contains commands to construct and
manipul ate Matrices and Vectors, and solvelinear algebra problems.
Linear Algebraroutines operate on three principal datastructures:
Matrices, Vectors, and scalars.

Optimization

The Optimization packageisacollection of commandsfor numer-
ically solving optimization problems, which involve finding the
minimum or maximum of an objective function possibly subject
to constraints.

Physics

The Physics package implements computational representations
and related operations for most of the objects used in mathematical
physics computations.

RealDomain

The RealDomain package provides an environment inwhich Maple
assumes that the basic underlying number system isthe field of
real numbers instead of the complex number field.

ScientificConstants

The ScientificConstants package provides access to the values of
various physical constants, for example, the velocity of light and
the atomic weight of sodium. This package provides the units for
each of the constant values, allowing for greater understanding of
an equation. The package also provides units-matching for error
checking of the solution.
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Package Name

Description

ScientificError Ana-
lysis

The ScientificError Analysis package provides representation and
construction of numerical quantities that have a central value and
an associated uncertainty (or error), which is a measure of the de-
gree of precision to which the quantity's value is known. Various
first-order calculations of error analysis can be performed with
these quantities.

Statistics

The Statistics packageis a collection of tools for mathematical
statistics and data analysis. The package supports a wide range of
common statistical tasks such as quantitative and graphical data
analysis, smulation, and curve fitting.

Student

The Student package is a collection of subpackages designed to
assist with teaching and learning standard undergraduate mathem-
atics. The many commands display functions, computations, and
theorems in various ways, including stepping through important
computations.

The Student package contains the following subpackages:
e Calculusl - single-variable calculus

* LinearAlgebra - linear agebra

e MultivariateCalculus - multivariate calculus

e Precalculus - precalculus

» Vector Calculus - multivariate vector calculus

Units

The Units package contains commands for unit conversion and
provides environments for performing calculations with units. It
accepts approximately 300 distinct unit names (for example, meters
and grams) and over 550 units with various contexts (for example,
standard miles and U.S. survey miles). Maple a so contains two
Units palettes that allow you to enter the unit for an expression
quickly.
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Package Name

Description

Vector Calculus

The Vector Calculus package is a collection of commands that
perform multivariate and vector calculus operations. A large set of
predefined orthogonal coordinate systemsisavailable. All compu-
tations in the package can be performed in any of these coordinate
systems. It contains afacility for adding a custom but orthogonal
coordinate system and using that new coordinate system for your
computations.

A complete list of packages is available in the Maple help system at Help
- Manuals, Dictionary, and more — List of Packages.

For detailed information about features you have reviewed in this book, and
other advanced features, refer to the Maple User Manual.

To accessthe Maple User Manual:

1. From the Help menu, select Manuals, Dictionary, and more.

2. Select Manuals, and then User M anual.



4 The Maple Help System

The Maple program provides a custom help system consisting of almost
5000 reference pages. The help system is a convenient resource for determ-
ining the syntax of Maple commands and for learning about Maple features.

In this chapter:

Accessing the Help System | Describesthe different waysyou can accessthe Maple
help system.

Using the Help Navigator | Explainsthetypes of searches availablein Maple help
system.

Viewing Help Pages as Explains how to open a help page as a workshest.

Worksheets

Copying Examples Explains how to copy examplesto aMaple worksheet.
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4.1 Accessing the Help System

To access the Maple help system:

* Fromthe Help menu, select Maple Help

« Click 2 in the toolbar

* Inthedocument, enter ?topic, i.e. enter ?Linear Algebraand pressEnter

The Maple help system opensin aseparate window with two panes. The | eft
pane contains the Help Navigator where you initiate searches and the right
pane displays the final search result, such as a specific help page.

& Maple Help - [fsalve] g@
Fle Edit Wew History Help
S B e2F i P OF R
Search For: (3) Tapic () Text : fsolve &
- solve one or more equations using floating-poeint arithmetic
Resources:[al | | Calling Sequence
Table of Contents | Search Results fsolve( equations, complex )
+-[3) Basic Features ~
#-{) Advanced Features Parameters
() Toolboxes equations - equation or set or list of equations
(23 Connectivity " .
_i Mathiematics complex - (optional) literal mame; search for complex solutions
-3 Algebra
-3 Basic Mathematics ¥ Basic Information
-3 Caleulus
[ Caleulus of Variations Y Description
-(C5) Conversions ; : :
-5 Differential Equations + The fsolve command numerically solves one or more equations for their unlmnowns.
[ Differential-slgebraic Equations
- ) DifferentislGeametry ¥ Output
(- [ Discrete Mathematics . . .
- Evaluation The solutions to a single equation are returned as an expression sequence
=-{_) Factarization and Solving Equations + The solutions to a set or kst of equations are returned as sets of equation sequences
::«E:: pade + For a single polynomial equation of one variable with real coefficients, by default the fsolve
ey command computes all real (non-complex) roots. It may not retun all roots for exceptionally il-
Ceastsqiiares conditioned polynomials
[ LinearFunctionalsystems + For a single polynomial equation of one variable with some (non-real) complex coefficients, the
+- [ LinearOperators fsolve command computes all real and complex roots. It may not return all roots for exceptionally
E Linearsolve ill-conditioned polynormials.
LREtaols
WirimalPolynamil Lle For a general equation or system of equations, the fsolve command computes a single real root
minimas
ke Examples
=1+{23 Mumerical Soutions _ o .
#- [ dsolve Y A Polynomial Equation in One Variable
=3 fsolve For a untvaniate real polynomial equation, the fsolve command computes all real solutions
i Basic Information
N Detailed Infarmation > polynomial := 2*x™5 - 11%*x™4 - 7*x73 + 12%x"2 - 4%x = 0:
i [2] RootFinding fsolve( polynomial ) ;
) solve
powsolve > —1.334333488, 0, 5.929222024 2.1.1) |
i< 2 < >

Figure4.1: Example Help Page
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Every help pagein Mapleliststhe command's calling sequence, parameters,
a description, and examples of the command at the end of the page. Some
help pages also contain hyperlinks to related help pages and hyperlinks to
dictionary definitions. Hyperlinks to help pages display in green while hy-
perlinks to dictionary definitions display in rust.

4.2 Using the Help Navigator

The Help Navigator contains afield for topic or text-based searches.

» Topic searches revea alist of matching topics sorted by exactness of
match.

» Text searchesreveal alist of topics based on keyword frequency.

* You can search all of the help system or specific Resources such as Help
Pages, Tasks, definitionsin the Math and Engineering Dictionary, Tutori-
als, and Manuals by selecting the Resour ces drop-down menu.

» Searchresultsaredisplayed asalist in the Search Resultstab of the left
pane. Click the Table of Contents tab to view a structured list of all
topicsin the help system.

Help System Table of Contents

The Table of Contentstab provides astructured list of all topicsin the help
system.

To display potential matches in the right pane, click atopic preceded by an
icon.

3 A folder icon inthe Table of Contentstab indicates that atopic can be expan-
ded into subtopics.

Question mark icon indicates ahel p page and displaysthe associated help page
- in the right pane when selected.

W Sicon indicates an example worksheet. Example worksheets open in anew
tab in the Maple document.
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D icon indicates a definition and displays the associated dictionary definition
El in the right pane when selected.

T icon indicates a Task template and displays the associated Task Template
in the right pane when selected.

ﬂl M icon indicatesamanual. Manuals open in anew tab in the Maple document.

4.3 Viewing Help Pages as Docu-
ments

In help pages, examples are not executable.

The Maple help system alows you to open help pages as documents that
you can execute.

To open a help page as a document or wor ksheet:

» With the help page displayed in the right pane of the help system, from
the View menu, select Open Page as Worksheet. A new worksheet
window opens.

ﬁ Alternatively, in the help system toolbar, click the open current help pagein
a wor ksheet window icon.

4.4 Copying Examples

Instead of opening the entire page asadocument, you can copy the Examples
section only.

To copy examples:

1. With the help page displayed in the right pane of the help system, from
the Edit menu, select Copy Examples.

2. Close or minimize the Help Navigator and return to your document.
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3. Inyour document, place the cursor at the location where the examples are
to be pasted.

4. From the Edit menu, select Paste. The Examples section of the help page
is now executable content in your document.
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5 Using Maple

Mapleisapowerful application with many resourcesto guide you and assi st
you in solving problems of different types.

In this chapter:

Clickable Math in | Provides steps to solving various problems using some of the
Maple different methods available in Maple.

Cal culus Examples| Provides two word problemsand illustrates the various resources
available to solve these problems.
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5.1 Clickable Math in Maple

Aswe have seen, Maple has incorporated several featuresthat eliminate the
learning curve for new users. With drag-and-drop functionality, context-
sensitive menus, built-in tutors, command completion, and over 20 palettes,
using Mapl e has never been so easy. This chapter isdesigned to show several
of the ways to solve the same problem in Maple. Recall the keyboard keys
for the different operating systems mentioned in Invoking Context Menus,
Command Completion, and Copy & Drag (page xiii).

Example 1 - Graph a function and its derivatives
On [-m,=], graph f, f,and /" if f(x) =xcos(x) .

Solution by Context Menus

1. Enter the expression xcos(x).

Make a copy of the expression and calculate the derivative:

2. Insert anew document block region by selecting from the For mat menu Create Docu-
ment Block.

3. Highlight the original expression. Ctr| + drag the expression to the new document block.
4. Right-click the expression and select Differentiate — x.
Make a copy of the derivative and calculate the second derivative:

5. Insert a new document block. Highlight the derivative of the expression. Ctrl + drag
the expression to a new document block.

6. Right-click the derivative and select Differentiate - x.
Result:
xcos(x)

differentiate w.r.t. x .
xcos(x) — > cos(x) — xsin(x)

. differentiate w.r.t. x .
cos(x) —xsin(x) ———— > -2sin(x) — xcos(x)
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Plot the expression:

7. Insert anew document block. Highlight the original expression. Ctrl + drag the expression
to the new document block.

8. Right-click the expression and select Plots — Plot Builder.

9. Inthe Interactive Plot Builder : Select Plot Type dialog, change the x Axis range to

-Pi .. Pi.

Enhance the plot using context menus:

Add thefirst and second derivativeto the plot

10. Highlight the derivative of the expression. Ctrl + drag the expression on to the plot

region. Do the same for the second derivative. Note: You can also drag a curve off of the

plot region by placing the mouse over the curve, selecting it with the mouse, and dragging

it of of the plot region. A new plot region with this curve displays.

Add alegend:

11. Right-click in the plot region and select Legend — Show L egend.

12. Inthelegend, double-click Curve 1. Noticethat the Text iconis selected in thetoolbar,
. Delete the text and select the M ath icon in the tool bar, . Thisallowsyou

to enter 2-D Math. Enter the original expression, xcos(x) . Do the same for Curve 2 and

Curve 3.

Add atitle:

13. To enter atitle, click the Drawing iconin thetoolbar, . If the Drawingicon
is not accessible, click the plot region. Notice that the Plot and Drawing icons are now
available while the others are grayed out, Text Math Drawing Animation

14. Click T in the Drawing menu, T..

15. Click the plot region and a text region appears. Notice that the toolbar has changed
once again with the Text icon selected. To enter Text and 2-D Math on the sameline, you
will use the Text icon when entering text and the M ath icon when entering 2-D Math.
With the Text icon selected, enter Plot the expression. Click the M ath icon and enter the
expression. Click the Text icon and enter and itsderivatives.

16. Click the text region and the border becomes highlighted. You can now reshape the
text region and move it around the plot region using the mouse.
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Result:

N Flot the expression
Y xcos(x) and its
A 5| derivative
\
b
A\
1 4
A"
\\. ™~
“
T T T T T 1
-3 2 1. A 1 N 2. 3
— X ‘\\
AN
1
\
\
\\
xcosix) cog(x) —xsn(x)
-2gin(x) —xcos(x)

Solution by Tutor

The Student Calculus | package contains a tutor called Derivatives which
displays aplot of the expression along with its derivates. In this section, we
will solve the same problem as previously using this tutor.

1. Load the Student Calculus 1 package by selecting Tools — Load Package — Student
Calculus 1. Notice the message inserted in the Document indicating the package that was
loaded.

Result:

Loading Student:-Calculusl
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2. Ctrl + drag the expression for f(x) to ablank document block region.

3. Right-click the expression and select Tutors — Calculus- Single Variable — Deriv-
atives. Note: The Tutors menu option would not be available in the context menu had we
not loaded the Student Calculus 1 packagein step 1.

The Derivatives tutor displays aplot of the expression as well asits derivative. The color
swatch shown beside the expression isthe colour used for the curvein the plot region. This
isthesamefor s(x) and f"(x). SeeFigure5.1.

@ Calculus 1 - Derivative

File Help

: Plat Windeow Enker & function and an interval [a,b]

I i) = |x*cos(x)

a=|-Fi b= Fi

Detivatives

I F{x) = \cosix)-x*sing)
Cisplay F'{x) in the plok
') = |-2¥sinlx)-x*cos(x)

Cisplay ") in the plot

[ Display [ Plak Options ] [ Close ]

Maple Cammand

|DerivativePlot (x*co=s(x),-P1i .. Pi, 'order'=[1,
2], 'view'=[-3.14 .. 3.14, -3.77 .. 3.77]):

Figure5.1: Derivative Tutor
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4. Select the check box to display f'(x) intheplot. Click Display to make this change
take effect.

5. You can change the expression, ranges, or plot options from within this tutor. For each

change made, click Display. When complete, select Close to display the resulting plot in
the document.

Result:
derivative tutor
xcos(x) —
Derivatives of Various Orders of
fix)=x*coxx),
onthe Interval[-P4 Pi]
"\\ 3.4

fx)

lst denvative 2nd derivative|

Access the Tutor from a Task Template

Maple also comes with a Task Template to solve this problem without using
and commands.
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1. Launch the Task Template Browser by selecting Tools - Tasks — Browse.

2. Inthe table of contents of the Task Template dialog, expand Calculus - Derivatives
- Graph f(x) and ItsDerivatives.

3. Click Insert Minimal Content at the top of the dialog to insert the task template into
the current document.

4. Enter the new expression in the f(x) region.

5. Enter the interval.

6. Click Launch Differentiation Tutor to launch the sametutor from the previous example.

7. When complete, click Close. A plot of the expression and its derivative(s) will display
in the plot region.
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Result:

Graph of f, *, and /" in a Specified Interval

Enter the function f{x) to be evaluated and the mterval on which to plot it.

r cos(®)
f(=)=

foterva [ |~ N ]

[ Launch Differentiation Tukor ]

Derivatives of Warious Orders of
fix=x*cosx),
oty the Intervall-PL Pi)

1st derivative 2nd derivative |

)

Example 2 - Solve for x in the linear equation
Solvefor x intheequation (x —7)% + (x — 1)2=4((x — 1)* + (x — 4)?).

Solution through Equation Manipulator

Maple contains a dialog that allows you to single-step through the process
on manipulating an expression. This manipulator isavailable from the context

menu.
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1. Ctrl + drag the expression to a new document block region.
2. Right-click this equation and select M anipulate Equation. The Manipulate Equation

dialog displays. See Figure 5.2.

] Manipulate Equation

EE

[(x-72 4 (x-1)2=4 (z-1)2 + 4 (x-4)2

History:

Grouptermson |left ||

side
to equation

add [tz [v]

Mulkiplication

Clear denominatars
Mulkiply equation by:|x-712-(x-11"2 'v_'

Return Result

El := (x-7)"2+(x-1]"2 =
4% (x-1)“Z+47 (x-4)"2;
Operations
UndojRedo
Addition

Pover

Square both sides
Take square root of both sides

Raise both sides to power |3

Exponentiate both sides

using base 2

Miscelaneous Operations

Apply

to both sides
[%l to |lefrside v
Complete the square on the E.IeFt side [v]

|exp 4|

Apply :.simplify

Return Steps

Figure 5.2: Manipulate Expression
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Group all of thetermsto the left:

4. In the Addition region, the Group termsrow alows us to group terms on a specified
side. Accept the default side of Ieft, click Do.

Expand theleft side of the equation:

5. In the Miscellaneous Oper ations region, we can manipulate the equation by applying
acommand from one of the drop-down menus. Since we want to apply acommand on the
left side of the equation only, click the drop-down menu in the second row and select ex-
pand. Since the left sideis already selected, click Do.

Factor the equation:

6. In the same drop-down menu, select factor and click Do.

Return all of the stepsto the Maple document and close the dialog:
7. Click Return Steps.

Result:
(x—?)2+(.\'—1)2=4((.\'—1)2+(.\'—4)%%1 1 1
(x—T7)+(x—1)=4(x—17"+4(x—4)
(x=7F =3 (x—1P -4 (x—4) =0
-6% + 24x— 18=0
-G(x—1)(x—3)=0

8. Ctrl+drag the factored form of the original equation to a new document block region.
9. Right-click and select Solve — Solve For Variable - x.

Result:

solve for x

-6(x—1)(x—3)=0 — [[x=1],[x=3]]

Instant Solution

To apply an instant solution to this problem, we can use the context menus.
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1. Ctrl + drag the equation to a new document block region.
2. Right-click the expression and select Solve - Solvefor Variable - x.

Result:

solve for x

x=72+x—1)2=4((x—1)*+ (x—4)?) —5 [[x=1],[x=3]]

Point-and-click Interactive Solution

By making use of equation labels, we can refer to each successive equation
and add, subtract, multiply, and divide as appropriate, one step at atime.
1. Ctrl + drag the equation to a blank document block and press the Enter key.

To group all termson theright, we need to subtract (x —7)® from both sides of the
equation:

2. Ctrl + L. Inthe dialog that displays, enter the equation label for the previous result.
With the equation label inserted, enter - (x — 7).

3. Repeat step 2 for (x — 1)2.
Result:
x=724 (x-1)2=4((x— 1> + (x —4)?)

=72+ x—1) =ax—1)+4(x—4)
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We now need to use Maple's expand, factor, and solve commandsto compl ete the problem:

4. Using Maple's expand command, we will expand the equation using equation labels to
refer to the equation.

5. Enter expand(.

6. Ctrl + L and enter the value for the previous result.
7. Enter aclosing parenthesis, ).

8. Repeat steps5 — 7 to factor and solve the problem.
Result:

expand((3))

0=6x"—24x+ 18
factor((4))

0=6(x—1) (x—3)
solve((5))

1,3

Graphical Solution

Now that we've seen several methods to solve this problem, lets check our
answer by plotting the expression.

We must manipulate the equation to become an expression before we can plot this
problem.

1. Copy the equation to a new document block region and press Enter

2. Right-click the output and select M ove to L eft. Notice the difference in the alignment
of the equation when using context menus on output rather then input.

3. Right-click the output and select L eft-hand Side.
4, Right-click the output and select Expand.
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Result:

(=72 + (x-1)*=4((x — 1) + (x — 4)?)
=7+ (x—1)2=4(x—1)> +4(x — 4)
move to left
x—=7)2=3(x—1)—4(x—4)2=0
left hand side
(x—=7)2=3(x—1)>—4(x—4)?

expand
2
-6x" +24x— 18

Now that the equation has been manipulates into its simplest form, plot the result.
5. Ctrl + drag the output to a new document block.
6. Right-click the expression and select Plots — 2-D Plot.

7. Right-click the plot and select Axes and then Properties. Inthe Horizontal tab of the
AxesPropertiesdiaog, de-select Use data extentsand change the Range min and Range
max to 0 and 5 respectively. Click the Vertical tab and de-select the Use data extents.
Chang the Range min and Range max to -5 and 10 respectively.
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Result:

-6 +24x— 18 —
10. 4

Example 3 - A Quadratic Trig Equation

For theequation 6 cosz(x) —cos(x) —2=0,findall solutionsintheinterval
[0,27].

Graphical Solution

1. Ctrl+drag the equation to a blank document block and press the Enter key.
2. Right-click and select L eft-hand Side.

3. Right-click and select Plots — Plot Builder.
4. Madify the plot range appropriately. (Use 2*Pi for the right endpoint.)
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Solution by Task Template

1. Ctrl + drag the equation to a blank document block region.

2. From the Format menu, select Tasks — Browse. Expand the Algebra folder and select
Solve Analytically in a Specified Interval.

3. Click Insert Minimal Content.
4. Replace the current expression with the one in this example.
5. Notice Equation Labels are used to reference the result from the calculation.
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Result:

Solve Analytically in a Specified Interval

Enter an expression: 6cosz(x) —cos(x) —2=0

6cos(x)> — cos(x) —2=0 (511
Findtherootsinaspe- > sudent| Calculus][Roots]((11),0.21)
cified interval:
2) 2m 4m o, 2
arccos( 3 j, 303 0 2W arccos( 3 ) 512

Expresstherootsin = > evaif((12))

floating-point form:
[0.8410686705,2.094395103, 4.188790204,

5.442116638] (513

Analytic Solution

1. Ctrl+drag the equation to a blank document block region.
2. Right-click and select L eft-hand Side.

3. Ctrl+drag the output to a blank document block region.

4. Right-click and select Factor.

5. Ctrl+drag the first factor to a blank document block region.
6. Right-click and select Solve.

7. Ctrl+drag the first factor to a blank document block region.
8. Delete x from the expression.

9. Ctrl+drag the solution to replace the value of x .
10. Right-click and select Evaluate and Display Inline.

11. Ctrl+drag the second factor to a blank document block region.
12. Right-click and select Solve.
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Result:

left hand sid
6cosz(x) -cos(x) —2=0 s 6cos(x)2 —cos(x) —2

factor

()Cos(x)2 —cos(x) —2 (2cos(x) + 1) (3cos(x) —2)

(2cos(x) +1) —2¢, {x=3n}

(2005 3] +1] =0

(3cos(x) —2) o, {x=arccos[%)}

pofon(3]) 2 =

Example 4 - Inverse Functions

If f(x)=x>+1,x >0,findandgraphtherulefor /~!(x) , and its func-
tional inverse.

Implement the Definition Graphically

The graph of theinverse function isthe set of ordered pairsformed by inter-
changing the ordinates and abscissas.

1. Inablank document block, enter [ 7(x),x] and pressEnter.

2. Right-click the output and select Plots - Plot Builder.

3. Inthe Plot Builder : Select Plot Type dialog, ensure 2-D Parametric Plot is selected in
the Select Plot region

4. Adjust the domain for x to theinterva [0, 1].
5. Select Plot to return the plot to the document.
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Result:

[x2 + l,x] -

10q
..//
/,/
08 -
e
o
06
0.4
A
.-f-

02- /;

] II|'
I:I I:I ! T T T T 1

10 12 14 16 138 20

6. Ctrl + drag the expression for f(x) onto this graph. Notice that the axis ranges alter.
7. Ctrl + drag the expression for x onto this graph.

The resulting graph isthe graph of £ !(x). Adjustthe x and y axisranges.
8. Right-click on the graph and select Axes - Properties.
9. IntheAxes Properties dialog, de-select Use data extents and changetherangeto [0,2].

10. Click the Vertical tab and repeat step 10. Click OK to apply this setting and close the
Axes Properties dialog.
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0.5 d

Solution by Tutor

1. Load the Student Calculus 1 package via the Tools/L oad Package menu.
2. To ablank document block, Ctrl + drag the expression for the function f£(x).

3. Right-click and select Tutors — Calculus- SingleVariable - Function I nverse. See
Figure5.3.
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|E|Calculus 1 - Function Inverse

File Help

Plak Window

-2, -1..0
A1 A
e J

e 5

MMaple Command

Enter a function and an interwal

fixh = |2 |

a= -2

Formula of the Inverse

(x-1)"11/2)

- (x-1)"(1/2)

Displary ] [ Plot Opkions ]

’ Close ]

InversePlot (®™24+1, *= = -2..2):

Figure5.3: Function Inverse

4. Adjust the domain

5. From the Formula of the Inverse region, select the appropriate branch.
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Result:

Loading Student:-Calculusl

inverse tutor

x2+1

(3]
.

Example 5 - Methods of Integration - Trig Substi-
tution

Evauatetheintegra J dx by makingthesubgtitution x =2 sin(u).

-
N — ¥
Immediate Evaluation of the Integral

1. Ctrl + drag the integral to a blank document block region.
2. Right-click and select Evaluate.

Result:

1 = ; [ l)
dx arcsin
4—x 2
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Solution by Integration Methods Tutor

1. Load the Student Calculus 1 package by selecting Tools - Load Package —
Student Calculus 1.

2. Ctrl + drag the integral to a blank document block region.

3. Right-click and select Tutors — Calculus SingleVariable — Integration Meth-
ods.

4. Changethe expression by selecting Changeand entering ,2 —_1 4+ iz . SeeFigure
X

5.4.

5. Apply the constant multiple rule.

6. Apply the revert rule.

[%] Calculus 1 - Integration Methods
File Edit Rule Definition Apply Rule  Understood Rules  Help

Enter a function

Funckion | 1/{4-x"2)"~{1/2) Variable |x From ko

-1
‘" o Lo The change rule has been

(4-2)° &x [applied.

2l gg
J o +1

Shows Hinks ek Hink

[ Conskant ][ Identity ]
[ Canstant Multiple ][ Sum ]
[ Difference ][ Power ]
’ Parts ][ Partial Fractions ]
[ Change ][ Revert ]
[ Solve ][ Rewrite ]
[ Exponential ][ Makural Logarithm ]
| <trig> :_vl_ <_:hy|_3grb_o|i__c> "v_
| <archrig= | <archyperbolic= |+ |
[ Ap [ son ][ spie

[ Undo ] I Mext Step ] [ All Steps ] [ Close ]

Figure5.4: Integration Methods Tutor
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5. Apply the constant multiple rule.
6. Apply the revert rule.
7. Close the tutor.

Result:
Loading Student:-Calculusl
1 integration methods tutor [ 1 1
‘ ‘Lx=arcsin(?x)
4—¥ 4—x

Solution by First Principles

1. Ctrl + drag the integrand in a blank document block region.

2. Right-click and select Evaluate at a point. In the dialog that displays, enter x = sin(u)
3. Right-click and select Simplify — Symboalic.

4, Ctrl + drag the result to a blank document block region and press Enter.

5. Referencing this result by its equation label, multiply by the derivative of sin(x) and
pressthe Enter key.

6. Right-click and select Constructions — Integral — u.

7. Torevert the substitution:

8. In ablank document block, place the equation x=sin(x) and pressthe Enter key.

9. Right-click and select Solve — Solvefor aVariable - u.
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Result:
1 evaluate at point 1 simplify symbolic 1
4—x 4—sin(u)2 3 +cos(u)2
1
2
3 4 cos(u)

3+ cos(u)2

(14)-diff (sin(u), u)

cos(u)

3+ cos(u)2

integrate w.r.t. u
cos(u) _Integrate w.rt.u -

)2

cos(u) du

3 + cos(u ‘ 3+ cos(u)2

Example 6 - Initial Value Problem

Solve the initial value problem

V'(t) +4y'(t) + 13 y(t) =cos(21)

On the same set of axes, obtain agraph of y(z) and »'(¢) . Obtain agraph
of the orbit this solution makesin the phase plane.

Solution by ODE Analyzer Assistant

The ODE Analyzer Assistant letsyou solve ODE's numerically or symbolic-
ally and displays a plot of the solution.
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1. Ctrl + drag the ODE to a blank document block.

2. Right-click and select Solve DE Interactively. The ODE Analyzer Assistant displays
with the ODE automatically inserted. See Figure 5.5.

[%] ODE Analyzer Assistant

Differential Equations Conditions Parameters

[y () + 4y (t) + 13 y(t) =cos(2 1)

[ Salve Mumerically ][ Salve Symbalically ][ Classify ]

Figure5.5: ODE Analyzer Assistant

Toinsert theinitial conditions: 3. Inthe Conditionsregion, click Edit. The Edit Condi-
tions dialog opens. 4. In the Add Condition region, with y selected in the drop-down
menu, enter 0 in the text field to the right and then 2 in the second text region. Click Add.
Your entry should match Figure 5.6.

5. To enter the initial condition for y', select y* from the drop-down menu. In the text field
to the right, enter O and then 1 in the second text field. Click Add. Click Doneto close
this dialog and return to the main dialog.
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[%] Edit Conditions

Add Condition

[one

Cancel

Figure5.6: Edit Conditions Dialog

5. Click Solve Numerically.
To solvetheinitial value problem:

6. Click Solve.

To plot the solution of the DE:

7. Click Plot.
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%] Sotve Humerically

Parameters Crutpuk
(=) Runge-Kutta-Fehlberg 4-5th order Show function values at £ =
_ ) 0.000000
() Dverk 7-8th order : .
. ¥ = 2.
() Gear single step extrapolation | 7t o= -1

() Rosenbrock stff 3-4th order

T 205
() Livermore skiff 1
] ‘ul
1.54
() Boundary Value Problem solver 1 II|
11
¥ 104 '||
11
054 |
11
: ! 1
() Taylor series | 1 B = =
‘ M+ — ]
. » ] N 2 4 fi H 10
() Madified Extended EDF Implicit t
(") Fixed step methods

Shaw Maple commands ]

Absolute: | 1,000000&-07 defaul
Relative: | 1,000000&-06 default

On Quit, Return | Plat

[ Clear ][ Help ][ Back ][ Cuit ]

Figure5.7: Solve Numerically Dialog
8. To change the plot options:
Click the Plot Options button to modify the default graph.

9. Click Quit to closethe ODE Analyzer and return aplot of the DE to the Maple document.
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Result:

solve DE interactivel
V(1) +4y'(1) + 13 (1) =cos(21) ——m Y
204

q
11
J1
11
154

v 1od |

054 |

5.2 Calculus Examples

Mapleisapowerful application with many resources to guide you. Thefol-

lowing examples provide you with scenarios to learn about using Maple re-
sources and the Maple program.

When using Maple to solve a problem, consider the following process.
1. Formulate your problem.

2. Obtain Maple resources that allow you to solveit.
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Problem

ScenarioA:

Your company is designing a bottle for its new spring water product.
The bottle must contain 18 ounces of water and the height isfixed. The
design includes an undulating curved surface. You know the amplitude
and equation of the curve, but you must find the radius. You require
the Volume of Revolution.

Scenario B:

You want to teach your students the concept of a Volume of Revolu-
tion. Specifically, you want to plot and compute the volume of a solid
of revolution generated by rotating f(x), a< x < b, about an axisor a
line parallel to an axis.

- Tutors
Check for
!Exlstmg Tools Task
; S Templates
A . Help Pages
— / Check for
roblem — ] s
Instructions ~__ Example
Worksheets

- Applications
'\ Check for e

Other Ready- ” Maple
to-Use Resources ~ application
Center

Figure 5.8: Flowchart of solving a problem
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Check for Existing Tools: Tutor

Begin by examining the Tools menu for a Tutor to aVVolume of Revolution
problem.

To access a Tutor for the Volume of Revolution:

1. From the Tools menu, select Tutor s, and then Calculus-Single Variable.
Notice that a\VVolume of Revolution tutor exists.

2. Click the Volume of Revolution menu item. The document is popul ated
with the following Maple command.

> Student| Calculus1|[ VolumeOfRevolutionTutor]( );

TheVolume of Revolution Tutor isdisplayed. See Figure5.9. Usethistutor
to enter afunction and an interval, view and manipulate the corresponding
plot, and view the full Maple command associated with your entries and se-
lections.
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E Calculus 1 - Volume of Revolution
File Help
Plok Window Enter 1 or 2 functions and an interval
F{x) = 1+.10%cos{10%x)
alx) =
a=|0 b=|a
Riemnann surm
Method: ridpaoint | w |
Mumber of partitions: &
Yolumne of the Solid
[&
Jﬂ (14 .10zes(10 x))2 dx
0
= 1892510790
Display
(5) Yolume () Disks () Both
Line of Revolution
(%) Horizontal () vertical
Distance of rokation line
5 - o
from coordinate axis =
Display ] [ Animate ] [ Plot Options ] [ Close ]
Maple Command
WolumeOfRevolution (1+4.10%zos(10%x), O0..6, 'axis'=s'horizontal', 'distancefromaxis' =
0, 'output'='plot');:

Figure5.9: Volume of Revolution Tutor

After you Close the tutor, the plot is inserted into your worksheet.

Check for Existing Tools: Task Template

1. From the Tools menu, select Task, and then Browse. The Browse Tasks

dialog opens, displaying a list of tasks. The tasks are sorted by subject to
help you quickly find the desired task.

2. Expand the Calculusfolder.

3. From the displayed list, select Volume of Revolution. The Volume of
Revolution task is displayed in the right pane of the Browse Tasks dialog.

4. Select the I nsert into New Wor ksheet check box.
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5. Click Insert Default Content. Before inserting a task, Maple checks
whether the task variables have assigned values in your worksheet. If any
task variable is assigned, the Task Variables dialog opens allowing you to
modify the names. Maple uses the edited variable names for all variable in-
stances in the inserted task. The content isinserted into your document. See
Figure 5.10.

¥ Volume of Revolution

Calculate the volume of rewolution for a solhd of revolution when a function is rotated about the honzontal or vertical ass

Enter the function as an expression and specify the range:

> am(x) cos(x) + 1, D..%

sm(zx) cos(x) + 1, D..% Pi (1))

Calculate the volume of revolution

[= Studernt| Caleuhus 1| Valume OfRevalution | ( (1))

i 9 _a
P+ 5 Fi 2)

Display the floating-pomt value using the evalf command:

3693245131 3)

[> evalf((2))

Figure5.10: Inserted Task Template

6. When aTask Templateisinserted, parameters are marked as placeholders.
To navigate between placeholders, press the Tab key. After updating any
parameters, run the command by pressing Enter.

Check for Instructions: Help Page and Example
Worksheet

The help system provides command syntax information.
To access a help page:

1. From the Help menu, select Maple Help.
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2. In the search field, enter volume of revolution and click Search. The
search results include the command hel p page, the dictionary definition, and
the associated tutor help page.

3. Review the calling sequence, parameters, and description in the Stu-
dent[Calculusl][Volume of Revolution] help page.

4. Copy the examplesinto your worksheet: From the help system Edit menu,
select Copy Examples.

5. Close the Help Navigator.

6. In your document, from the Edit menu, select Paste. The examples are
pasted into your document.

7. Run the examples and examine resullts.
To accesss an example wor ksheet:

1. Intheworkshest, enter 2index/examples. The ExampleWor ksheet | ndex
opens.

2. Expand the Calculus topic.

3. Click the CalculuslintAppslink. The Calculusl: Applicationsof I nteg-
ration worksheet opens. See Figure 5.11.

4. Expand the Volume of Revolution topic.

5. Examine and run the examples.
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Calculus 1: Applications of Integration

[ The Student[Calculusl] package contains four routines that can be wsed to both work with and visualize the concepts of function averages,
arc lengths, and wolumes and surfaces of revolution. This worksheet demonstrates ths funchonahty

For further information about any command in the Calculus] package, see the corresponding help page. For a general overview, see
Calculus|

Getting Started

While any comtnand in the package can be referred to using the long form, for example, Student[Calculus1][DerivativePlot], it is easier,
| and often clearer, to load the package, and then use the short form command narmes.

> restart

| > with(Student] Calculus1])

[The followmg sections show how the routines work. In some cases, examples show to use these wisuahzation routmes m conunction with the
| sitngle-stepping Caleulus1 routines.

P Function Average
P Volume of Revolution
P Arc Length

P Surface of Revolution

Main: Visualization
Prewvious: Integration

Figure5.11: Example Wor ksheet

Check for Other Ready-To-Use Resources: Applic-
ation Center

The Maple Application Center contains free user-contributed applications
related to mathematics, education, science, engineering, computer science,
statistics and data analysis, finance, communications, graphics, and more.

To access a free application for volume of revolution:
1. Go to the M aplesoft Web site, http://www.maplesoft.com.

2. In the menu of the main Web page, click User Community, and then
Application Center.

3. Inthe sidebar, click Education Power Tools.

4. Click the Calculus Il link, and then the Calculusll: Complete Set of
L essonslink.

5. From the Options area and click Download Maple Worksheet. See
Figure5.12.
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. Loginin as aguest or Maplesoft Member.

6

7. Download the .zip file.

8. Extract the L 2-volumeRevolution.mws file.
9

. Run the worksheet and examine the results.

n D Store | @ Login | A Membership = @ Newsletter
1 1 1 1 T T
Products & Solutions = Purchase = Customer Support = Site Resources = User Community =~ Company Search l:l

Home ' hdaple ication Center © ion PowerTools | Caleulus I

Maple Application Center

® Research PowerToals

~ Edusation PowerTools [Top Rated Applications | [ New Appicatians | [Most W1 011 (PAPPLICATION CENTER ‘

" Browse Applications Conduct a search: gitnple : advanced
® Advanced Search

* Top Rated &pplications

S el Calculus Il: Complete Set of Lessons

* Mozt Downloaded e i o 0 e Tan
Applications

" Tips & Technigues . . . I"

= Subimit Your Wark ('_' al (;__ nlus, %

Member Rating: 33 ¥

Author: Jack Wagner
Dr. Karen b Brucks

Other Resources
Application Type:  Maple Workshest

* MapleConnect Program Education PowerToal

" Maple Applicstion Center
* Maple=zait Training Publish date: Croiober, 2003
" Maple Books

* Maple Reporter

Related Products: Maple &

* MaplePrimes Language: Enalish
* MapleCast =
options:
= T
More Information ML Yiew HTML wersion

* Contact Maplesoft W Download Maple Worksheet (20, 297.5k0)

iz}
oy
=

= E-mailtoa colleague

Abstract:

This is a cornplete set of Maple 1essons for a Calculus 2 course. The University of Wisconsin-Milwaukee
Department of Mathematics developed 24 of the les=zons a= part of their calculus sequence. Dr. Jack Wagner
recently supplermented the collection with 12 new lessans

Related Application Categories Member rating: 422 (3 ratings)

Education : Caleulus || Login to rate this application
Education PowerTools : Calculus ||

Figure5.12: MapleApplication Center: Power Tools
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6 Available Resources

Your work with Maple is supported by numerous resources.

In this chapter:

OnlineHelpand |Maple'sonline help system offers help pages, example and ap-

Examples plications, and a dictionary of mathematical and engineering
terms.

Maple Tour and | For new users, the Maple Tour and New User Roadmap helps
New User get you started.

Roadmap
Web Site Re- Illustrates the numerous resources available from the M apl esoft
sources Website.

107
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6.1 Online Help and Examples

Help Pages

The online help system helps you find information about a specific topic,
command, package, or feature. You can access help three ways.

* From the Help menu, select Maple Help.

* Inthetoolbar, click the Help icon Gy

* In the document or worksheet, enter ?topicname. For example, enter
?Linear Algebra and then press Enter.

Dictionary

More than 5000 mathematical and engineering terms with over 300 figures
and plots.

1. From the Help menu, select Maple Help.
2. In Resour ces drop-down list, select Definition.

3. Enter search word or expand alphabetical listing.

Applications and Example Worksheets
Applications

Sampl e applications demonstrate how Maple can be used to find and docu-
ment a solution to a specific problem. Some applications allow for input or
contain animations that you can run; however, their primary use is for
demonstrations. Topics include DC Motor Control Design, Digital Filter
Design, Frequency Domain System Identification, Harmonic Oscillator,
Mathematical Model to Simulation Code, Mobile Robot Modeling and
Simulation, and Black-Scholes Model.
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Examples

Sampl e exampl es are executabl e documents covering topicsthat demonstrate
syntax or invoke a user interface to make complex problems easy to solve
and visualize. You can copy and modify the examples as needed. Topics
include Algebra, Calculus, Connectivity, Discrete Mathematics, General
Numerics and Symbolics, and Integral Transforms.

* Fromthe Help menu, select Manuals, Dictionary, and more, and then
Applications and Examples.

6.2 Maple Tour and New User
Roadmap

Maple Tour

TheMaple Tour consists of interactive sessions on several of the following
topics: Ten Minute Tour, Numeric and Symbolic Computations, Matrix
Computations, Differential Equations, Statistics, Programming and Code
Generation, Units and Tolerances, and Education Assessment, Maple T.A.

» Fromthe Help menu, select Take a Tour of Maple.

New User Roadmap

Find the most efficient path to solving a problem immediately or learning
principles and reviewing major features.

* Fromthe Help menu, select Manuals, Dictionary, and more, and then
New User Roadmap.
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6.3 Web Site Resources

Welcome Center

A Maple Web site offering all of Maplesoft's key user resources in one
central location. In the Welcome Center you can view sample applications,
participate in user forums, access exclusive premium content, and listen to
Podcasts. In addition, you will have access to our support services, be able
to view training videos, download user manuals, and much more.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click Site Resources and then Wel-
come Center.

Student Help Center

The Student Help Center offersaMapl e Student Forum, Online Math Oracles,
Training Videos, and a Math Homework Resource Guide.

1. Go to http://www.maplesoft.com.

2. Inthe menu of the main Web page, click Site Resour cesand then Student
Help Center.

Teacher Resource Center

The Teacher Resource Center is designed to ensure you get the most out of
your Maple teaching experience. It provides sample applications, course
material, training videos, white papers, eBooks, Podcasts, and tips.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click Site Resources and then
Teacher Resource Center.
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Application Center

MapleWeb site resourcefor free applicationsrel ated to mathematics, educa-
tion, science, engineering, computer science, statistics and data analysis,
finance, communications, graphics. Many applications are available in
trandation (French, Spanish, and German).

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click User Community and then
Application Center.

PowerTools

A Maple Web site resource for free complete course curricula and add-on
Maple packages and courses, developed by experts in their fields to help
users configure Maple for research in specific application areas.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click User Community and then
Application Center.

3. Inthe sidebar of the Web page, click Resear ch Power Tools or Education
Power Tools.

Training

Mapl esoft offers a comprehensive set of complementary training materials.
From complete training videosto recorded training seminarsto downloadable
documentation, you have many options to get up to speed with Maplesoft
products. In addition, whether you are an expert or someone who is consid-
ering anew license purchase, we can provide a custom training session that
isright for you and/or your organization.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click Site Resources and then
Training.
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MaplePrimes

A Web community dedi cated to sharing experiences, techniques, and opinions
about Maple and related products, as well as general interest topicsin math
and computing.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click User Community and then
MaplePrimes.

Technical Support

A Maple Web site and resources for FAQs, downloads and service packs,
links to discussion groups, and request technical support form.

1. Go to http://www.maplesoft.com.

2. In the menu of the main Web page, click Customer Support and then
Support & Customer Service.
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?
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applications
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Back-Solver, 28
Curve Fitting, 29
DataAnalysis, 29
Import Data, 29
Installer Builder, 29
Library Browser, 29
Maplet Builder, 29
ODE Analyzer, 29
Optimization, 29
overview, 20
Mot Builder, 29
Scientific Constants, 29
Specia Functions, 30

Code Generation

package description, 62
command completion, 7, 46
Command-line Interface, ix
commands

entering, 44

help, 50

top, 61
computation commands

Student, 31
context menus

overview, 32

using, 32
copy

examples, 68
copy expressions, 12
Curve Fitting Assistant, 29

D

Data Anaysis Assistant, 29

dictionary, 108

document blocks, 51
viewing Maple code, 51

Document Mode, x

Document mode, 53
viewing Maple code, 51

documents

Tools menu, 20 running, 57
Units Calculator, 30
E
B Edit menu
Back-Solver Assistant, 28 in help system, 68
equation labels
C formatting, 49
Classic Worksheet Interface, ix inserting, 48
Clickable Math, 72, 100, 102, 104 overview, 47
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example worksheets
copy, 68

expressions
right-click, 34

F
Favorites palette, 37
format labels, 49

G
Graphing Calculator, x

H
Handwriting palette, 37
Help Navigator
Using, 67
help system
accessing, 66
description, 108
dictionary, 67
Edit menu, 68
Help Navigator, 66
manuals, 67
search, 67
table of contents, 67
tasks, 67
topic search, 67
tutorials, 67
View menu, 68

|
icons

open as example worksheet, 68

Import Data Assistant, 29
Installer Builder Assistant, 29
interactive commands

Student, 32

K
keyboard keys
Command Completion, xiii
Context Menu, xiii
Copy and Drag, xiv
keystrokes, 7

L

Library Browser
description, 29

Linear Algebra
package description, 62

M
Macintosh
command complete, 7, 47
context menus, 33
Maple library, 44
Maple Toolbar, 57
MaplePrimes, 112
Maplet Builder
description, 29
markers
displaying, 51
math dictionary
description, 108
help system, 67
Math Mode, xi
Math mode, 55

O
ODE Analyzer Assistant, 29
Optimization

Assistant image, 20
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package description, 62
Optimization Assistant, 29
Options dialog, 57

P
packages

accessing commands, 45

definition, 44

help, 50

top, 62
palettes

categories, 41

favorites, 37

managing, 38

overview, 8, 37

symbol recognition, 37
paste

examples, 69
Physics

pacakge description, 62
plot

options, 27
Plot Builder

2-D plot options, 27

description, 29

overview, 21
point-and-click, 19
Powertools, 111

R
RealDomain

package description, 62
resources

in help system, 67
right-click

expressions, 34

running
documents, 57
worksheets, 57

S
saving a Maple Document, 18
Scientific Constants Assistant, 29
ScientificConstants

package description, 62
ScientificErrorAnalysis

package description, 63
search

help system, 67
selection

execute, 57
Special Functions Assistant, 30
Standard Document Interface, ix

starting, 3
Standard Worksheet Interface, ix
Statistics

package description, 63
Student

package, 31

package description, 63
Student Help Center, 110
symbol completion, 7

T
Tab icon, 58
table of contents
help system, 67
task template, 34
Teacher Resource Center, 110
Technica Support
access, 112
Text Mode, xi



116 « Index

Text mode, 55 Welcome Center, 110
Tools menu Welcome Center, 110
assistants, 20 Windows
topic search, 67 command complete, 7, 47
tutorials context menus, 32
help system, 67 Worksheet Environment, 2
tutors Worksheet Mode, xi
accessing, 31 Worksheet mode, 53
using, 30 worksheets
running, 57
U
Units

package description, 63
Units Calculator Assistant, 30
UNIX

command complete, 7, 47

context menus, 32

V
VectorCalculus
package description, 64
View menu
in help system, 68
markers, 52
visualization commands
Student, 31

W

Web site
Application Center, 111
MaplePrimes, 112
Powertools, 111
Student Help Center, 110
Teacher Resource Center, 110
Technica Support, 112
Training, 111
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