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Introduction

DERIVE is a mathematical computer program. It processes algebraic variables, expressions,
equations, functions, vectors, and matrices like a scientific calculator processes floating point
numbers. DERIVE can perform numeric and symbolic computations, algebra, trigonometry,
calculus, and plot graphs in 2 and 3 dimensions. The main strength of DERIVE are symbolic
algebra and powerful graphics. It is an excellent tool for doing and applying mathematics, for
documenting mathematical work, and for teaching and learning mathematics.

For a teacher and student, DERIVE is the ideal tool for supporting the teaching and the learning of
mathematics. By providing numeric, algebraic, and graphic capabilities together with seamless
integration of these, DERIVE enables new approaches in teaching, learning, and understanding
mathematics. You will find that many topics can be treated more efficiently and effectively than
by using traditional methods. Many problems that require extensive and laborious training at
school can be solved with a single keystroke using DERIVE: It eliminates the drudgery of
performing long mathematical calculations. While DERIVE takes the burden of doing the
mechanical/algorithmic parts of solving a problem, students can concentrate on the
mathematical meaning of concepts. Instead of teaching and learning boring technical skills,
teachers and students can concentrate on the exciting and useful techniques of problem solving.
It has proven to be highly supportive for the cognitive development of advanced mathematical
concepts.

For an engineer, DERIVE is the ideal tool for fast and effective access to numerous mathematical
operations and functions and for visualizing problems and their solutions in various ways. If you
use DERIVE for your everyday mathematical work, you will find it a tireless, powerful, and
knowledgeable mathematical assistant that is easy to use.

This book is for learning how to use DERIVE 5 by private study. Install DERIVE 5 on your
computer. Starting with the first chapter, you will learn step by step how to use the program.
Follow all instructions and examples. The text leads you through several mathematical topics
that are used for learning how to solve mathematical problems with DERIVE. Many of the
examples also provide ideas for using DERIVE during teaching; some of them are explained in
more detail in “Educator’s footnotes.” Paragraphs starting with the symbol £ give instructions
about what you should do on your computer. Hundreds of screen dumps ensure that you will not
get lost on this journey.
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By solving typical mathematical high school level problems, you will learn to handle DERIVE 5 as
much as necessary for everyday use and for teaching or learning mathematics. You will learn
how to use the major commands, keys, and functions. At the end of each chapter you will find a
summary of the features learned in that chapter. The Quick Reference Guide at the end of the
book is a summary of commands, keys, functions, and utility files, which is organized by tasks.
The index at the end is useful if you need to locate a particular portion of the text.

All you need to run DERIVE 5 is a PC compatible computer with WINDOWS 95, WINDOWS 98, or
WINDOWS NT.

It is assumed that you know how to use computers and the WINDOWS operating system. The
screen shots in this book were produced from DERIVE running on WINDOWS NT. If you are running
DERIVE on WINDOWS 95 or 98, some of the screens may appear slightly different.

This book introduces all features and functions that are required for routine use of DERIVE 5.
There is more functionality than can be described here. This book is not a reference manual for
DERIVE. A complete reference to all features is included with the software as online help. Some
of the chapters give examples of how to use the online help.

We plan to write additional texts on DERIVE 5. Please regularly look at the web site
http://series.bk-teachware.com for new texts and local dealer information.

Have fun reading and discovering.



Chapter 1: First Steps

DERIVE makes it easy to perform mathematical operations: Enter an expression, apply a
command, and a new expression is obtained. All expressions can be used for new
computations—just like on a piece of paper. This chapter teaches the basic techniques of using
DERIVE 5. Note: For simplicity, we will abbreviate DERIVE 5 as DERIVE throughout this text.

This text assumes that you use a factory default DERIVE. Only then will your screen images fully
match those in this book. If you just installed DERIVE, it is a factory default version. If you use a
version of DERIVE that was used by someone else, we recommend that you turn it into a factory
default version now. Appendix B gives instructions on how to do this.

Start DERIVE by double clicking on the DERIVE icon. If there is no DERIVE icon on your computer’s
desktop, you probably will find DERIVE on the Start menu or via Start>Programs .

A

= Derive 5

The following screen appears after a few seconds:
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The DERIVE screen comprises (from top to bottom):

e  the Titlebar

e the Menu Bar

e the Command Toolbar

e a (currently empty) Algebra Window, also called the View
e the Status Bar

e the Expression Entry Toolbar, also called the entry line

e the Greek Symbol Toolbar and the Math Symbol Toolbar
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Work with DERIVE by entering expressions and applying commands, thus creating a worksheet.
After starting DERIVE, the system is ready to accept user input via the Expression Entry Toolbar,
as is indicated by the blinking cursor in the toolbar’s entry field. Input mode can be implemented
with the Command Toolbar’s tenth button from the left, labeled .

Learn more about the button £ by moving the mouse pointer onto it.

. Derive 5 - [Algebra 1] [_ (O] x|

Eile Edit Insert Author Simplify Solve Calculus Declare Options Window Help _|E'|LI|

Dﬁﬂ%“ﬂﬁxlﬂ :x@lﬁu3|]jm3‘|‘zn|+§k|?|
| |Awther Expression]
|

Enter new expression in active worksheet | \ 4

| v=x= x|

The message Author Expression below the cursor is the button’s title. The Status Bar message

Enter new expression in active work  sheet is the button’s function description.

B Prepare for entering an expression: Move the mouse pointer onto D, then click (i.e. press
and release) the left mouse button.

EEFLEL
E  Enter the fraction: 2/3

JJ v=x & ¥ 73
2 End the input with the ‘Enter’-key [« .

* Derive 5 - [Algebra 1] [_ O] x|

Eile Edit Insert Author Simplifly Solve Calculuz Declare Option: Window Help _IE'ILI|

DEHS | & 2@ X

Bl el | = » @S [m 3 § ST |4 4|2

#l: —

DERIVE displays this expression as a fraction with a horizontal line, a numerator, and a
denominator, i.e. in “2-dimensional” output format, as opposed to the “1-dimensional” or “linear”
input format used for entering the number. The expression’s unique label number, #1, is shown
to the left of the expression. DERIVE is again ready to accept the next input, i.e. input control (the
JSocus) is still in the entry line. Also observe that a copy of the input is still in the entry field and is
entirely highlighted. This has the same meaning as in text editors and word processors. You can
remove the highlighting with the right arrow key, then edit the string of symbols, or you can
replace the marked string by typing new symbols.

HJJ«:;x%PB I




Kutzler & Kokol-Voljc: Introduction to DERIVE 5 5

1 1
Replace the last input by E + :—3 with an intentional typographical error:

Enter 1/2+1&3 [(¢].

Syntax error: Unexpected special character |Usel- A

JJ v =2 &8 ¥ [lr2+133

When a syntax error is detected, the cursor is moved to the location of the error and the cause of
the error is displayed in the Status Bar’s first pane. In the above example DERIVE discovered an
unexpected special character. In some cases (for example, when entering an opening
parenthesis instead of the division symbol) there are several errors possible, and DERIVE can only
guess.

O  Update the input to 1/2+1/3: Use the key (or the right arrow key followed by

the backspace key [« ) to delete the incorrect character, then type the division operator.
Conclude with [ «'].

i 1
H2: —_— + —
2 3

The expression and its label, #2, are displayed. The new expression is highlighted in reverse
video. Expression #1 is no longer highlighted.

If you mistyped the input and want to delete the highlighted expression for a retry, use to
move the focus into the algebra window, use the ‘Delete’ key to delete the highlighted
expression, then use the Author Expression button to move the focus back into the entry line.
An alternative technique for replacing an expression will be explained in Chapter 2.

B Simplify expression #2 using the Command Toolbar’s Simplify button E

5
#3: —
6

The result becomes the next expression with the label #3. By default, simplified expressions are
displayed centered. This makes it easy to distinguish between entry and result. As with many
other behaviors of DERIVE, this can be customized if desired.

Even after using the Simplify button, the focus still is in the entry line. Enter the next

expression, 24 . To enter the square root symbol, use the respective button on the Math
Symbol Toolbar:

[ de]~]=] K3 163 14 VIS 1 I DT
22 2 12 3 o 3 1S I 1

2 Enter 24 as: Y| 24

‘ #4: 24
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2 Simplify using[=].
#5: 2-J6

This is different from what an “ordinary” calculator would produce. A mathematician once
asked: “How do you recognize a mathematician?” and suggested the following answer: “A
mathematician considers expression #5 a beautiful result.” Most students strive to replace
such an expression by the corresponding floating point approximation. DERIVE can do this as
well: Highlight expression #4 so that you can apply a different command to it.

£ Highlight expression #4 by moving the mouse pointer anywhere in the row occupied by the
expression, then clicking the left mouse button.

n4:  ¥24 |

Selecting an expression with the mouse button is one technique of highlighting it. An alternative
technique is first to move the focus into the algebra window (if necessary) using the key,
then using the cursor keys or to move the highlighting one expression up or down.

B Approximate using the Command Toolbar’s Approximate button .

6 : 4.898979485 |

While an expression is highlighted, the Status Bar’s second pane shows the automatically
generated expression annotation. The third pane shows the computing time in case the expres-
sion was obtained as a result of a computation. For expression #6 this is:

|| [Approx{id) 0 o9.0@es | él

The automatically generated annotation explains how the expression was obtained.

Approx (#4) means that the expression was obtained by applying the Approximate button (or
command) to expression #4. The computation time displayed in the third pane, 0.000s,
indicates that the calculation took less than 0.001 seconds (the time may be different on your
computer).

E Highlight expression #4, . . .
” |U sep | él

&2 ...then expression #5.,

[ 5 inp(l4) O eeess | |

The annotation of expression #4, User, means that it was entered by the user; the annotation of
expression #5, Simp (#4 ), indicates that the expression was obtained by applying the Simplify
button (or command) to expression #4. The first pane is always available for messages
associated with a menu item, button, or command status.

DERIVE worksheets also can include text and other objects. The easiest way of entering text is via
the Command Toolbar’s Insert Text button . New expressions are added at the end of the
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worksheet. Other objects (including text objects) are added after the highlighted object. To
insert a text object above the square root of 24, first highlight the object that is now above it.

& Highlight expression #3.

5
#3: —
6
8  Display a function description of the Insert Text button ] by moving the mouse pointer
onto it.
HFInsert new text object in active worksheet \Simp(llZ) m a.08ds AI

E Insert a text object by clicking on the Insert Text button 7.
5

#3: -
[

#4: 124

Highlighting of a text object is indicated by a frame around it. The blinking cursor inside
indicates text editing mode.

E  Enter the text: We compute the square root of 24:

We compute the square root of 24:

A text object allows simple text editing similar to what you can do in standard text editors. Later
you will learn how to change the font size, alignment, color, etc.

As a next example compute 1234° . Due to the previous activity, the focus now is in the algebra
window. Before you can enter another expression, move the focus into the entry line.

E  Enter 1234756 by using the Author Expression button E, then typing the respective string
of digits followed by [« ]. The exponentiation operator * can be found on both the
keyboard and the Math Symbol Toolbar. (It is the sixth symbol from the left in the first row.)

56
#7: 1234

18]

Simplify using El

He: 12991198255487145194103208439623513 7754657820101 273923843 7901 2784621™
2594330550746489256784853624727020108613951564738491024492118652386™
5849056275359866262352911682504769922216

This is a very big number. For those who want to know the number of digits, there are two
methods to find out: First, you can count them. Second, you can approximate the number.
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E  Approximate using El

173
#?: 1.2991190825-10

The answer is displayed in scientific notation. Since the count of whole digits is one more than
the power of 10, the number has 173+1 = 174 digits.

In the next exercise, you will learn a different technique of entering expressions by using the
buttons preceding the entry field.

Type into the entry line x/3+x/ 4 this time without concluding with [ < ].

” || v = 2 % x 34 I

Note the five buttons left of the entry field. The usual technique of moving the mouse pointer
onto a button reveals the first one, , as the Author Expression button. Selecting this button
has the same effect as concluding the input with the key. Try it:

& Enter the above expression with , then simplify as usual using the Command Toolbar’s
Simplify button[=]

#10:

#11:

3

x
+

x

4

?-x

12

Unlike ordinary calculators, DERIVE can perform nonnumeric (symbolic, algebraic) computations
such as simplifying expression #10 into expression #11.

For the next example use the Expression Entry Toolbar’s second button, E

To simplify X+ 2X immediately, type x+2x then select the entry line’s Simplify button E

”I #i12:

3-x

-

[fimp(User)

[0 9.0eas | ;

e

% |x+2x

| Sirnplify

This button simplified the entered expression immediately without the usual display of the
unsimplified expression. Note the result’s annotation: Simp (User)

For the next example use the Expression Entry Toolbar’s third button, .
Enter and simplify Xy + Sin X by typing xy+sinx then using the entry line’s Author and
Simplify button (£,
H3: x-y + SIN(x) J
#14: SIN{x} + x-y j
[Bimp(i13) B oe.eeas |

JJ o= e X |xy+sinx
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This button produced two expressions, #13 and #14 and has the same effect as entering the
unsimplified expression with or , then simplifying it with E It is, therefore, a convenient
shortcut for the frequently used “enter and simplify.” This example also shows how convenient
fast input is in DERIVE. You can enter expressions just as you would write them on paper. For ‘x
times y ‘ simply enter xy. No multiplication operator is needed between x and y. For ‘Sine of x ¢
simply enter sinx. No parentheses are needed around x.

The Expression Entry Toolbar has buttons for entering, simplifying, entering & simplifying,
approximating, and entering & approximating expressions.

The simplified expression #14 differs from the unsimplified expression #13 only in the order in
which its terms are displayed. While unsimplified expressions are displayed as they were entered
(except for the 2-dimensional pretty print format), simplified expressions are displayed in a
standardized format using a certain term ordering.

Back to how simple it is to enter expressions. A consequence of the convenient fast input, such
as xy+sinx for X[y +sin(X), is that variable names can consist of only one character (for
example x and y). This suffices most of the time, but if you need to use multicharacter variable
names, DERIVE allows this, too (for example t¢me or £12). Using multicharacter variable names
will be explained in Chapter 14.

Clearly, you cannot omit all parentheses. For example, you will need to parenthesize the
2
denominator to enter a rational expression such as _l . If the parentheses are omitted in this
X+

example, the resulting expression has a different meaning.

Enter: 2/x+1

Oops—the expression on the screen looks different from the intended expression! DERIVE

applies operations in the conventional order, for example multiplication and division before
addition and subtraction. As you can see from the above example, the 2-dimensional screen
display of an input provides you with valuable feedback about the soundness of your input.'

' Educator’s footnote: A very simple educational exercise with DERIVE, therefore, consists of asking
the students to input expressions given to them on the chalkboard or a piece of paper. Because DERIVE
features 2-dimensional output of expressions, the students get an immediate feedback. If the
expression on the screen looks different from the one on the chalkboard or paper, then the input was
wrong, and they must try again. When the teacher lets students input expressions of increasing
complexity, they learn how to “linearize” expressions by trying and experimenting (trial and error),
and learn to understand the structure of expressions. In this way, they improve their competence in
recognizing structures, which is one of the basic mathematical skills important in many areas.
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When correcting the most recent input, you can take advantage of the fact that a copy of the
most recent input and the focus are still in the entry line.

2 To edit the expression use the right arrow key to remove the highlighting. Change the
input to 2/ (x+1) by adding the parentheses, then enter the expression with [« ].

2

#6:

w + 1

Now it looks correct. Since you don’t need expression #15 any more, delete it.

& Prepare for deletion: Highlight expression #15 either with the mouse or with the keyboard’s
arrow keys after moving the focus into the algebra window using Esc .

2

#15: — + 1
X
E  Delete expression #15: Use the Delete Object button [#%| or press the key.
2
#15:
® + 1

The expression that was expression #15 disappeared. The expression that was expression #16
has become expression #15. By default, automatic renumbering adjusts expression numbers so
that they begin with #1 and have no gaps.

Errors such as omitting a whole pair of parentheses may change the meaning of an expression,
as was the case in the previous example. If only one parenthesis is omitted, the input becomes a
meaningless character string, and DERIVE will issue a warning in the form of an appropriate
syntax error message:

B Enter 4x-1/x-5) after moving the focus into the entry line with D

Syntax error: Unexpected delimiter |User \ 4

JJ v = 2 8 X [Bcilc5)

DERIVE attempts to position the cursor in front of the expected error. Since a superfluous closing
parenthesis can be spotted while a missing opening parenthesis obviously cannot, the first
alternative is used for the error message. Depending on how the expression should look, you
have to either delete the closing parenthesis or insert an opening parenthesis somewhere before
it. For the above example there are six possible repairs:

input |4x-1/x-5 4x-1/%—(5) |4x-1/(x-5) |4x—(1/x-5) |4(x-1/x-5) (4x—1/%-5)
output
P a-tos fax-tos | ax-—1 | ax-EEosd] aBk-1osE ax-1-5
X X x-5 B; H Ef( X B X

To choose the third variant insert an opening parenthesis between the division operator and the
variable x.
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Edit the input string to 4x—1/ (x—5) then press 2

1

#16: 4-x - —
®x — 5

When working with DERIVE, focus can be either in the entry line or in the algebra window (View).
When focus is in the entry line, will move focus into the View. When focus is in the View,
the Author Expression button or its hot key equivalent, [F2], moves it into the entry line.
Another method to move focus is using the mouse. Focus is where one last moved the mouse
pointer to and then pressed the left mouse button.

E  Ensure that focus is in the entry line by moving the mouse pointer into the entry line’s entry
field, then clicking with the left mouse button.

”“ v = 2 & ¥ 1,050 I

The disadvantage of this method is that it removes highlighting if there was any, so now you
cannot simply replace the old input with a new one by starting to type the new input string. You
could use the backspace key several times to delete the old string, but a more elegant way is to
use the tab key.

O Highlight the contents of the entry line with the tab key [15i].

” || v = 2 » x Pcise5y I

Enter and simplify Vx~ 2. It is up to you to either use the ‘Enter’ key followed by the Simplify
button or to use the entry line’s Enter and Simplify button. The square root symbol v can be
obtained from the Math Symbol Toolbar (¥)) or entered as [Ctr1]-[0].

O  Type Vx~2 then press +[«']. This is the same as , i.e. this is a simple way to
perform an “enter and simplify” operation without using the mouse.

2
#7:  Ix

#18: x

As an alternative, introduce a pair of parentheses around x* 2.

B Enter and simplify: vV (x2)

2
#I: J{x )
#28: Ix|

* Educator’s footnote: This is another example for an elementary educational use of DERIVE. Ask
students how many different expressions they can generate by inserting 1, 2 (or more) pairs of paren-
theses into a valid string of characters. This is another excellent exercise to help students gain an
understanding of the structure of expressions.
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The last two examples are remarkable for two reasons. First, they demonstrate the importance
2 2
of using parentheses to differentiate between \/; (meaning (\/; ) Yand +/ X (meaning
(Xz) ). Second, expression #20 shows how carefully DERIVE simplifies expressions.

The third power of 0 —1 is entered as follows:

&2  Enter (a-1)~3. (Insert Alpha with the Greek Symbol Toolbar button El.)

3
#21: {x — 1)

o

Try to expand expression #21, first by simplifying with E

3
H22: o — 13

This did not change anything. Now you have an opportunity to apply one of those commands for
which there is no equivalent Command Toolbar button.

E  Prepare for opening the Simplify menu by moving the mouse pointer above the Menu Bar’s
Simplify command.

JJE“B Edit Insert Author §imp|ilyﬁ Solve Calculus Declare Options Window Help _IE'ILI
e cn i =m | v e s @ mr . peal om0 on ¢ oy la 3l |

Open the Simplify menu by clicking the left mouse button.
g
H;;—‘l‘ File Edit Insert Author | Simplify, Solve Calculus Declare Options Window Help - IE‘IL][I
DEE&| 3 B@ =0 S R SRS
o= Expand... Cul+E
x +1 Factor... Chrl+F d
1 Approximate._ . Ctrl+G
#i6: 4-x — =pp
x -5 Sug Variable Substitution. .. Clrl+'w
2 Subexpression Substitution. .. Ctrl+T
#17:  dx

This menu offers several commands. The Expand command is appropriate for expanding an
expression.

B  Select this command by moving the mouse pointer above the word Expand . ..

H;Q—r File Edit Insert Author | Simplify Solve Calculus Declare Options Window Help _IE'ILIII
DEHS s @ =B o [FEmex(®
o= Expand._. trl+
x +1 Factor.... % Ctrl+F d
1 Approximate. . Cul+G
#16: 4-x — app
x =5 Sug Variable Substitution. .. Ctrl+'w
Subexpression Substitution. .. Ctrl+T
b i ] sl
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E ...then invoke the command by clicking on it with the left mouse button.
e - |
r Expangion Yariables ———————————— = Amount
o 0 Trivial
" SguareFres
* Rational
€ Radical
Ok | ’W‘ Cancel

DERIVE opens the Expand Expression dialog box. You will obtain similar dialog boxes with all
commands that require specification of parameters. The above dialog box requires the
specification of the expansion variable and the amount of expansion. Often it is enough to accept
the default specifications and immediately exit the dialog box with the ‘Enter’ key or by clicking
the default button, which here is [ _Expand ]. (The default button is the one prominently
displayed.) Use the button or the key to cancel the command. Use if
you want an unsimplified application of the EXPAND function.
E  Perform the expansion with the suggested parameters by using (either press
because this is the default button or click on [ Expand J.)

3 2
#23: 6 —3ax +3a-1

A keyboard alternative for selecting the Expansion command from the Simplify menu is the
following standard WINDOWS technique: + opens the Simplify menu (use because of
the underscore under the letter S in Simplify ), then press (again the letter with the
underscore, but now without the (A1t ], which is used only to open menus.) This technique
works for all menu commands.

For all buttons from the Command Toolbar there exist corresponding menu commands. Use
commands for the next example. Enter, simplify, then approximate Sin (7‘[ / 4) .
E To enter the above expression, select the Author>E xpression command, then type

sin(m/4) . (Obtain Ttfrom either the Greek or the Math Symbol Toolbar. A button ]
for this frequently used character is in both of these toolbars.)

n
#24: SIN|—
4

Simplify expression #24 with the Simplify>B_asic command.

J2
H25: —
2
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This is another “beautiful” result. Before computing an approximation, add an appropriate
comment to the worksheet in form of a text object.

E Insert a text object with the Insert>T ext Object command, then type:
The following is an approximation of sin(pi/4)

The following is an approximation of sinlpi/4)

(Try to) conclude the input with [ «].

The following is an approximation of sinfpi/4)

The ‘Enter’ key, used from within text editing mode, added an extra line to the text object. This

is not what was intended.
Delete the extra line using the backspace key [« _].

The following is an approximation of sin(pi/4)

Note that while DERIVE is in text editing mode, you have no access to certain buttons and menu
commands as you can see in the Command Toolbar. The inaccessible buttons and menu
commands appear dimmed. For example, the Approximate button is not available in text editing
mode now, because a text object is highlighted.

DEES S BBX|[BHwE|=y Q| malzn|[+4]?

You need to highlight an expression before you can approximate it.

Highlight expression #24, then approximate it with Simplify>A_pproximate .

Approximate Expression #24 n

Digitz of precizior: |10 _l

0K | Approsimate I Cancel |

Other than the Command Toolbar’s Approximate button, the Simplify>A pproximate command
invokes a dialog box in which you are asked to specify the number of digits of precision. The
currently displayed default value of 10 digits is also used by the Approximate button. The
Simplify>A _pproximate command allows you to temporarily change the default value for the next
computation. Change the number to 35, then use the default dialog exit.

E 35 [ Approximate ]

‘ H#26: A.78718678118654752440884436210484703
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In DERIVE you can specify virtually any precision, meaning number of significant digits used for
arithmetic. The practical limitations are given by the available memory and your patience. Note
that computing time increases with increasing precision.

Update your text to indicate the chosen precision.

E  Bring the text object into editing mode by clicking into it. Position the cursor immediately
after the word: an

The following is anl approximation of sinl(pi/4)

Change the text appropriately by using the backspace key to delete the letter n, then
adding: 35-digit

The following is a 35-digit approximation of sinf(pi/f4)

Reducing the text’s font size requires the Formatting Toolbar to be on.

B Open the View Toolbars submenu with the Window>View_Toolbars command.

FII Simplify Solve Calculuz Declare Options ‘ﬂindow Help

B % | E] e [ | = & & S |im 2 % Cascade Cuil+Shift+C
B Tile Horizontally Ctrl+Shift+H

[T Tile Yertically Ctrl+Shift+¥

Display Tabs Ctrl+5hift+B

New 2D-plot Window
New 3D-plot Window
¥iew Toolbars N » | v Command Toolbar

3 v Expression Entry Toolbar

[ 1Algebra1 i
Formatting Toolbar

Tgreek Symbol Toolbar
¥ Math Symbol Toolbar

Turn the Formatting Toolbar on by selecting the Formatting Toolbar command.

“ File Edit Insert Author Simplify Solve Calculus Declare Options Window Help —|5'|i||
DA | @Y [FHef| =~ Q|ma 27|+ %[2 |

IDfWF'rinter ;"12 LI Bl!lﬂlé@l Eél | i

For editing DERIVE text, use the same techniques as in standard word processing programs. This
toolbar indicates that the font size is 12 points. Before you can reduce the font size to 10 points,
you need to highlight the respective portion of text.

E  Highlight the entire sentence. Either use the technique of dragging the mouse pointer (hold
the left mouse button down) from one end of the text to the other, or put the cursor at the
text’s end (or beginning), then repeatedly use the left (or right) arrow key together with the
shift key, or place the cursor anywhere in the text, then triple-click.

The following is a 35-digit approximation of sinl(pi/4]
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Prepare for changing the font size: Open the Font Size field’s dropdown selection menu by
clicking on Izl

[ Frinter ~|hz ;,%B|1|u|g®||§§|
HID = 4 Lo — 1'\3 ;I

E  Select the number 10.

The following 15 a 35-diolt appromimation of sinipil/d)

Alternatively, you could make the Font Size field active, then overwrite 12 with 10.
Now, announce the next example with an appropriate text.

5  Prepare for entering text using the Insert Text button .

The following 15 a 35-diglt appromimation of sin(pifd)

H26: B.7871867811865475244008443621 0484703

Oops—this is the wrong position. The new text should appear at the end of the document. Since
the Insert Text button (as well as the Insert>T ext Object command) adds the text object after the
highlighted object, you need to highlight expression #26 first.

B Select expression #26.

The following 15 a 35-diglt approrimation of sin(pi/f4)

H26: % 8.78716067811865475244008443621 0484983

Although the frame around the unintentionally inserted, empty text object disappeared, it is still
there. It can be deleted like any other object only after it is highlighted.

& Highlight the text object by clicking into it.

The following iz a 35-digit approximation of siniplfd)

H26: 0.78710678118654752440884436210484783

Try to delete it, using the key.

This has no effect. Remember: Clicking inside a text object starts text editing mode. To select a
text object for deletion, copying, or moving, click (precisely) onto the frame or into the narrow
space left (or right) of the text object, or press from within text editing.

O Select the text object for deletion using Esc].
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The text object is selected now as is indicated by the frame around it. Make sure there is no
cursor inside it. If there is, press again.

E  Delete the empty text object using the key.

The followlng iz a 35-digilt appromimation of sin{pifd)
#H26:

A.7071867811865475244008443621 0484703

E Insert a new text object after the highlighted expression #26 (using E), then start entering
the text “Next we.”

Mext we|

Note that this text again has font size 12 as you can see in the Formatting Toolbar’s Font Size
field. Earlier you only changed the format of existing text. Changing the default format of all new
text objects is done via a command from the Options>D isplay menu.

To change the default setting of future text objects, select the Options>D isplay>Font of New
Text Objects command.

hor Simplify S5Solve Calculug Declare |thinns Window Help
1 4 i I
[] | = @l 5 Qlf;pl_ay Alignment of Hew E_Ih|et:ts...
Printing 4 Font of All Expressions._.
rl vl B|S|O Font of New Text Objects.__.
j M Fﬁenumher Exprezzions Bunkn e: Ee:l Ja58
Hide Labels Background Color...
Hide Plots
Hide Text
Hide OLE Objects
Font ﬂm
Fant: Faont style: Size:
DI Frinted Regular 12 [ o
T Dfw Printer a | |FRegular - 12
Finedsyz _I Italiz _I _I Cancel |
B Garamond 1 Bald
T Giddyup Bold Italic 18
% Giddyup Thangs 20
Helvetica 22
B Impact LI ;I 24 ;I
r Effects - Sample
[T Stikeout
[ Undedine Symbol
LColar:
|k [~ | Serpt
ISymboI ;I
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Change the font size to 10 points by scrolling within the Size selection menu appropriately,
then selecting the number 10, or by overwriting 12 with 10 via the keyboard.

N T
Fant: Fant style: Size:
D Printer Regular 10 | aK I
I Dfw Prifker | |Regular ) 10 =
Fisedsys =l Italic =l 1 2l Conce |
B Garamond o Bold 12
T Giddyup Bald Italic 14
% Giddyup Thangs 16
Helvetica 18
B Impact LI ﬂ 20 ﬂ

2  Close the dialog with [ 0K_J.

When continuing to write into the text object you started (you may need to click into the text
object to put it into text editing mode), it still is in 12 point size, because the setting you just
changed effects new text objects only.

E  Delete the text object for a retry with the new default text font size. Select it by clicking into

it then using [Esc]. Delete with or [¥].

H26: A.707106781186547524400844362104847283

E Enter a new text object with the following contents:

Nert we experiment with entering special constants.

The text has font size 10 points now. You will not need the Formatting Toolbar any more in this
session, so switch it off to provide more space for other purposes. Switching a toolbar off
requires the same procedure as switching it on.

Turn the Formatting Toolbar off using Window>View_ Toolbars>F ormatting Toolbar .

“ File Edit Insert Author Simplify Solve Calculus Declare Options Window Help —|5|5|‘
DEES [ @ (B =~ Q%|ma | 27|+ %|2
wrT 7

= T T

-

3
#22: (e — 1)

Experiment with the commands from the Options>D isplay submenu to become familiar with
changing the “look” of a DERIVE worksheet.
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Select the Options>D isplay menu’s first choice (i.e. Alignment of New Objects .)

Mew Object Alignment E
[V

rAlignment

Unzimplified Expressions: ILeﬂ vI
Simplified Expressions: m
Elot Objects: m

Text Objects: m

OLE Objects: [Corter =]

ak, I Cancel | Beset |

This invokes a dialog box that allows you to control the alignment of all the objects that can be
in a DERIVE worksheet. Unsimplified Expressions are expressions entered by you or expressions
obtained by adding an operator to an expression without simplifying. Simplified Expressions are
expressions obtained from simplifying or approximating an expression. It is helpful to display
user input left justified and the answers centered, as it is done by the default setting.

To keep the settings as they are, exit the dialog with or the key.
Try the next command in the Options>D isplay submenu.

E  Try the menu’s second choice, Options>D isplay>F ont of All Expressions  (left picture), then

change the text size by clicking on the Large radio button.

Teut Text

@ LColor: -l'l :: fmé_l_l_i
* E‘%

Calor: -|'|

ok | Cancel | oKk | Cancel |
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Carry out the change by leaving the dialog box with [ 0K J.
H24: SIN l—J =
y

J2
H25: _—
2

The folleowing i3 a 35-digilt apprerimation of sin(pifd)

H26: 0.70710678118654752440084436210484903

Nert we experiment with entering special constants. 4
-

This font is useful for demonstration purposes, especially when using an overhead projector with
a display palette. For personal work the small font may be preferable. Therefore, switch back to
it and try a different color instead.

E  To undo the change of expression size, select Options>D isplay>F ont of All Expressions
again, then change the text size back to small by clicking on the Small radio button (left
picture.) Prepare for changing the font color by opening the Color selection menu.

Expression Font x
exprssionFot ] =
Text
Text
& B & Small
Ol al
% Calor: -l'l 0 Large
" Laige

ak. I Cancel | LI

Select a color of your choice by clicking on it, then close the dialog with [ 0K .

Earlier you entered 1tvia the Greek or Math Symbol Toolbar. There are several methods for
entering special constants such as T, the base of the natural logarithm e, or the imaginary unit i.

2 To enter a sum of three Tts, first move the focus into the entry line using (F2]. Enter the first
Ttfrom one of the two symbol toolbars, the second one by typing pi, and the third one as
+[P]. (The pluses in between are all entered via the keyboard.)

” JJ v = 2 ® % [pim I

These are the three methods of entering the number 1= While some look different in the entry
line, they all look and mean the same once they are entered:

O Conclude the input of the sum of three T's with [« ].

#H27: m+nm + n
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There are also three methods for entering the base of the natural logarithm e. Use all three of
them to enter a sum of three e’s, then add the ordinary letter e to see the difference between a
variable with this name and the famous constant. There is also another method of simplifying an
expression.

Enter the first e from the Math Symbol Toolbar using , the second one by typing #e, and
the third one as +(E]. Then type: +e= (Note the use of the postfix equals operator.)

H o= Y w8 |E+1te+3+e=

2 End the input of the sum of three ¢’s and the variable e with [« ].

113

‘uzs: E+E+Ere=-e+3

The postfix equals operator causes an automatic simplification and the generation of an equation
whose left hand side is the unsimplified expression and whose right hand side is the simplified
expression. This method displays both the unsimplified and simplified expression on the same
line, saving lines on the screen.

Similarly there are three methods for entering the imaginary unit. You can obtain I from the
Math Symbol Toolbar, type #i, or enter it via the key combination +(1].

Conclude this chapter as follows.

&2 Enter the text “This is the end of the first chapter.”

Thiz 1z the end of the first chapter.

Exit DERIVE. The Exit command can be found in the File menu.

Exit DERIVE using the File>Exit command.

& Save changes to "Algebra 1'?

Ho | Eancell

To exit without saving the worksheet, select [ No J.
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Summary
Algebra Window
OF [ DET | ettt ettt ettt et sttt et delete highlighted expression
[E} or Insert>T ext Object or [F5] ..overerrrerereereennes insert text object after the highlighted object
F7 or Author>E xpression or [ F2 ] ....cccccevveerveeeneeennnen. enter expression, move focus into entry line
E OF SIMPIIfY>BASIC  .oovevieiieieerteerccte ettt simplify highlighted expression
EI or Simplify>ApproxXimate  ......ccceceeveevienerrieneneeseseseenennees approximate highlighted expression
FHIESEXIE woieeveieeetee ettt ettt ete e eett e e e et e e e ebaeeeesaaeeesaaeeeenseeeenstseeeesseeeensaeeseaaeeennnes exit DERIVE
SIMPIIfy>E XPANA  ...ooiieiiiiieieeteeeeeete et expand highlighted expression
OPLIONSSD ISPIAY cevveeeiieiieiieiieeee ettt st sttt st change display settings
Window>View_Toolbars >Formatting Toolbar .......ccccoccevvievvinveennenne toggle the formatting toolbar
S T OO move highlighting one expression up, down
S 0 tttrtert ettt et b et b e e bbbt e b e et e ae b e a e e bt e me e b e e bnenaeeaeen cancel command
click left mouse button into row occupied by the expression ...........ccccceeeenee highlight expression
click left mouse button into text Object .........cccoceevveviineenieeciieeneee edit contents of text object
click onto text object frame or left or right of it, or press from within text editing ...............
..................................................................... highlight text object (without text editing)
Expression Entry Toolbar
OF [ | ot enter expression
E ................................................................................................................ enter simplified expression
...................................................................................... enter expression and simplified expression
ESC | uterterireenteenieeste et esteete e st e s bt e s atesbe e ae e e teenaaeeabeenaeesateeaeenas move focus into the algebra window
...................................................................................................... highlight contents of entry field
EI or + E] 103 g« B PPN T
or + OF #E oottt base of natural logarithm e
or + OF #1 oottt imaginary unit i
El 5 BLC e Greek letters
Nor Q] OF SATE ettt eeeaenen square root symbol

= (POStfiX qUALS OPEIALOT) ....ccvevreeierreeieniieienieeeeteeeeteste e e reeaestesseesaessnensaee enforce simplification



Chapter 2:
Documenting Polynomial Zero Finding

The emphasis in this chapter is on creating a simple mathematical document about the finding of
the zeros of a polynomial. At the same time you will learn the corresponding basic techniques of
using DERIVE.

Start DERIVE.

Derive Startup

Start Derive using the factory default settings,
instead of the previous session's settings?

Mo |

[T Do not display this dialog box in the future.

Your first session with DERIVE left a trace in the form of an initialization file. This file stores
information about the status of DERIVE before you last shut it down. For example, the change
performed with the Options>D isplay>Font of New T_ext Objects command is among the data in
this file. The Derive Startup dialog gives you the choice to either start DERIVE with the factory
default settings or start DERIVE with the settings from the initialization file, i.e. with some of the
changes from the first chapter. This book is written so that each chapter starts with a factory
default DERIVE. We recommend that you do the same.

Start with a factory default DERIVE by exiting the dialog with [ Yes .
Start the new document with an appropriate headline.

Insert a text object containing the text “Finding the zeros of a polynomial.”

Finding the zeros of a3 polynomial

) ) x* 3¢ B 7x
You will look for the zeros of the polynomial Y= p(¥), y=—+—-—— "

1
2 4 4 2
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Enter the above polynomial by preparing for expression input with D, then typing:
y=x"4/2+3x"3/4-5x"2-Tx/4-1/2
(Intentionally leave out the /4 in the middle term.)

4 3
e 3I-x 2 ?ox
—_ 5.)( —_

2 4 4

1
2

From here on, the key or the button will be displayed only in ambiguous situations.
It will not be used any more for simple inputs such as the above. It is important for some of the
features you are going to study and use in this chapter that you work with the above polynomial.
Therefore, make sure it was entered properly.

As you know, it was not! The /4 in the middle term is missing. This is easily repaired by applying
the Edit>Derive Object command to the highlighted expression.

E  Edit the highlighted expression by selecting the Edit>De rive Object command.

JJ vo= 28 [p = %2 s 3x°3/4 - 5 x2 - 2%/ - 172

This brings a copy of the expression into the entry line with the cursor positioned at its left end,
so the system is ready for editing.

Insert /4 after 5x”2, then end the input with [« ].

H 3-x 5-x ?x i
#: y = + - = - —1
2 4 4 4 2

The key performed a replacement of the old expression with the new one. There is no need
to delete the old expression when using the Edit>De rive Object command.

Consider looking at a house from several different positions. From each position you will see
details that you can’t see from other positions. Based on this idea, mathematicians use a variety
of different representations for mathematical objects. The fourth degree polynomial that you
entered is displayed as an algebraic representation. Next you will produce a graphical
representation, because this representation is particularly useful for obtaining information about
the zeros. In other words, you will plot' its graph.

Since the major goal in this session is to properly document the mathematical work, . . .

B . ..insert the text “First we try a graphic approach by plotting the polynomial in a 2D-plot
window.”

First we try a graphic appreach by pletting the pelynemial in a 2D-plot window.

' “Plot” is a technical term. As such, it includes different aspects of drawing and graphical
representation. It does not stand for mathematical accuracy, and in this book it will be used with three
different meanings: for the activity of producing a graphical representation, for a graphical
representation as an object, and for the corresponding DERIVE command.
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Prepare for plotting a 2D graph: Open a 2D-plot window by clicking on the 2D-plot Window
button @ or selecting the Window>New 2D _plot Window command.

Hﬂﬁle Edit Insert Set Dptions Window Help == LI|I
Dﬁmé|"+ﬂxlﬂ -"wl‘_—F-q3|+}) M (—-)‘-):(- M -)(-|55’:._i|
- - - - o 17
3
2
i +
x
4 -3 -2 -1 i 2 3 4
-1
-2
-3
-4
FH Cross: 1,1 [Center: 0, 0 [Scale: 1:1 4|

DERIVE created a plot window, so that you now have two windows to work with: an algebra
window and a 2D-plot window. Use the usual WINDOWS techniques to flip between windows or
change their sizes and positions.

Put the two windows side by side using the Window>Tile V_ertically command.

ol
- - - - " - .
Finding the zeros of a peoelynomial
3 4 3 2
4 3-x 5-x e 1
#i: y = + - - -
2 4 4 4 2
2
First we try a graphic approach by
plotting the polynomial in a ZD-plot
1 * window.
X
-3 -2 -1 1 2 3 4
-1
-2
-3
. . . -4 .
”EE‘ Cross: 1, 1 [Center: 0, 0 [Scale: 1:1 Y

Each window is labeled with the window type in its upper left corner (2D-plot and Algebra ). The
active window’s Title Bar is dark; the inactive window’s Title Bar is dimmed. Since the plot
window is active, the Menu Bar, the Command Toolbar, and the Status Bar are all different from
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that of the algebra window. In particular, the Status Bar displays the following graphics
information:

e Cross gives the coordinates of a movable cross,

e  Center gives the coordinates of the picture center,

e Scale gives the scale factors of both axes,

¢ The crossed square icon preceding the word Cross indicates Cartesian coordinates.

Draw the graph using the Plot Expression button @
JJDWE§‘| de b e |

#1l: y = +

First we try a graphic approach by

1ot N 1 1 ar 1o

Oops—the Plot Expression button is dimmed inaccessible.

The reason is that the Plot Expression button (as well as its equivalent, the Insert>P |ot
command) plots the point set given by the algebra window’s highlighted expression, but
currently the second text object is highlighted and a text object can’t be plotted.
E  Highlight the polynomial by clicking on it (this makes the algebra window the active
window), then make the 2D-plot window active again by clicking its Title Bar.
DEES 8|+ xF

BE 2D-plot 1:1

There are several techniques to make a different window active:

e From the algebra window use the Command Toolbar’s 2D-plot window button @ and from
the 2D-plot window use the Command Toolbar’s Algebra window button .

¢ (Click on the window you want to make active. This method, however, must be used with
care: Clicking on an algebra window with the left mouse button is likely to alter the
highlighting, clicking on a 2D-plot window with the left mouse button is likely to move the
graphics cross, this might have unexpected effects. Therefore, it is better to click with the
right mouse button to change windows, or to click, with any mouse button, into the window’s
Title Bar.

* From the algebra window use the Window> y 2D-plot command and from the graphics
window use the Window> x Algebra command. (The numbers x and y may vary.)

+ From the algebra window use the +(W) and (y] keys and from the graphics window use
the +[W] and [x] keys as abbreviations of the above.
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Now the Plot Expression button is available, and you are ready to plot the polynomial.

Draw the polynomial’s graph using the Plot Expression button @

BB 2D -plot 1:1

E=]Algebra 1 O]
Finding the zeres of a polynemial

4 3 2

X 3-x 5-x ?-x 1
#i: y = + - = ——— = —]

2 4 4 4 2

First we try a graphic approach by
plotting the polynomial in a 2D-plot
window.

Now we have both an algebraic and a graphical representation of the polynomial available.
However, the graphical representation is outside the algebra window’s worksheet in its own

independent plot window.

E  Copy the current plot window into the algebra window’s worksheet by using the 2D-plot

window’s File>Embed command.

BB 2D-plot 1:1 [_ o] x]

-3

—a

[ argebra 1 -0l x]
Finding the zeros of a polynomial

4 3 2

x 3-x 5-x 7-x 1
#1: y = + == = = ——

2 4 4 4 2

First we try a graphic approach by
pletting the polynomial in a 2ZD-plot
window

a4
3
2
1

4 3 2_A 1/234

This “freezes” the current status of the plot window into the worksheet. The plot window is
interactive; the embedded plot image is not. The embedded plot image can be brought back into
an interactive plot window at any time with a double mouse click.

The graphical representation is useful for exploring the polynomial’s zeros. However, from the

current picture it is not clear whether the polynomial has two, three, or four distinct zeros. An

answer can be found by inspecting the graph with the moveable graphics cross. Its coordinates

are displayed in the status line, which now shows the cross at the initial position (1,1):
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ERNNE

Eﬂ Cross: 1,1 [Center: 0, 0 [Scale: 1:1 A

The color of the cross can be changed using the Options>D isplay>C ross command.

When the plot window is active, the cross can be repositioned by either moving the mouse

pointer and clicking the left mouse button or by using the arrow keys (=], (<], (T J,and [ { ].

E  Move the mouse pointer to (1,-1), or near it, then click with the left mouse button to move

the cross to this position (left picture). Use the arrow keys to move the cross to (0.5,0.5). Try

(ctr1)+(=], [ctr1)+(«], (ctr1]+( T ], and [Ctr1]+[ { ] to move the cross in bigger

steps.

A 1 | 2 A N 1 |2
L gy

The key moves the cross to the plot window center.

The trace mode is very useful for inspecting curves. This mode can be switched on and off with
the Trace Plots button @, the Options>T race Plots command, or the corresponding hot key
(F3]. Asis customary in WINDOWS programs, a button with the same effect as a command is
displayed in the respective menu left of the command, while the hot key is displayed right of the
command. Check this out for the Options>T race Plots command:

E  Open the Options menu.

File Edit Insertt Set | Options Window Help ‘

DEE&|m| Dive ’

I —_ Printing 4

lllla[:e Plots F3 == il
Follow Cross Finding the zeros of a polynomial
Simplify Before Plotting 4 3 2
Approximate Before Plotting x 3-x 5-x 7?-x 1
Autoscale New Plots #: L 2 * 4 - 4 - 4 - T

’7 Change Plot Colors . .

FiTs we LTy o graphic spproach by
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E  Turn trace mode on by selecting the Trace Plots command.

[x]| E5{atgebra 1 =1
Finding the zeros of a pelynomial
4 3 2
X 3-x 5-x% ?-x 1
#: y = + = = = = = ——
2 4 4 2

First we try a graphic approcach by
pletting the peolynemial in a 2ZD-plet
windeow

4
3 .
2
1

4 3 A_A 1/2 3 4

When trace mode is switched on, the cross changes its shape into a square and jumps vertically
to the curve, with its horizontal coordinate unchanged. The expression number of the traced
curve is displayed in the plot window’s Title Bar (here: Tracing Expression #1 ). When trace
mode is switched on, the square can be moved only along the curve. This can be done using
and [« J, or using + and + for “big steps.” It can also be done by moving
the mouse pointer and clicking with the left mouse button to the new position. If there are
several graphs displayed, use and to select another graph.

Become familiar with moving the square. Use the arrow keys and the mouse to move the
square. Finally, click the left mouse button at the point (2.5,0).

[[EE! Cross: 2.5, 18.5625 [Center: 0, 0 [Scale: 1:1 |

What happened to the square? It disappeared. Looking at the status line indicates the reason. The
square’s vertical coordinate is 18.5625, so it is far from the current plot area. You can ask DERIVE
to move the plot area where the cross or square is.

& Move the plot area where the cross is by flipping the switch Options>F ollow Cross .

=1E Algebla 1 ;IEILI

Finding the zerocs of a polynomial

21 . - y =

First we try a graphic appreach by

28 plotting the pelynemial in a ZD-pleot

window
19 Ty 4
3
18 . . . . . . 2 .
1+
17 . . . . x
4 -3 -2_A 1/2 3 4
. . 1. . .
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The plot window “follows” the square. This means that the plot ranges for the horizontal and the
vertical axes are changed automatically to ensure that the cross is visible. Since this mode can
destroy a chosen plot range, follow mode should be used carefully and is therefore switched off
by default.

E  Turn follow mode off by selecting Options>F ollow Cross again.
There are several ways to restore a previous range:

e While follow mode is on, you can click the left mouse button at a horizontal position where
the corresponding vertical curve coordinate is within the original plot range. This requires
some knowledge and reasoning about the curve.

¢ Independent of the follow mode status you may use the Center on origin button .

+  Select the Set>Plot R ange or the Set>Plot Region command, use the button,
then leave the dialog.

* If available, double click on an embedded version of the original graph. This last option is
particularly convenient.

Restore the original graph by double clicking on the embedded graph.

'=
B8 2D -plot 1:1 [_ oI x]| 5]atgebra 1 _1g]x]
Finding the zerocs of a polynomial
3 4 3 2
x 3-x 5-x 7-x 1
= y = + e
2 4 4 2
2
First we try a graphic apprecach by
plotting the polynomial in a 2D-plot
1 + : : N windew
i ﬁ ,,,,,,,,,,,,,,,,,,,,,,, y g a
PR —K/—{ 1 2 3 4 3
HE 2
) . 1 + .
x
] v
-2 a4 -3 A_A \i/z 3 4
H 1 ;
_3 5. .
-3. . %
—4 . . . . {: ,,,,,,,,,,,,,,,,,,,,,,,,,, 51‘,', ,,,,,,,,,,,,,,,,,,,,, ,-.i

Trace mode was lost because the embedded graph was produced before trace mode was turned
on. Switch trace mode on again to start looking for the polynomial’s zeros.

E  Switch trace mode on with @, then move the square to the rightmost zero, as near as you
can get to the horizontal axis.

4 -3 —K/{ 1 [ 2 3 4
DERIVE displays the square coordinates as Cross: 1.62, 0.01688368 . (Your numbers might be
different.) Using the left arrow key once moves the square to Cross: 1.6, -0.1512 . You have
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not found a position at which the y-coordinate is zero, but you can say that the polynomial zero
must be between 1.6 and 1.62, probably being closer to 1.62. An obvious approach for getting
closer is magnification.

B  Zoom in using the Command Toolbar’s Zoom in button EE (left picture), then move the
square closer to the rightmost zero.

G et s 1 1. 4 1.5 -1 —a.s\ 8.5 1 1. 4
.5 . . -a.5 - . .

Now you get Cross: 1.62, 0.01688368 and Cross: 1.61, -0.06817304 (or whatever numbers you
obtain) hence the polynomial zero is between 1.61 and 1.62.

E  Restore the original scale factors by zooming out with the Zoom out button EE
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4 -3 - 1/234

The leftmost zero seems to be at exactly x=-2.
Document what you found so far by inserting appropriate text objects.

Switch to the algebra window. Resize the embedded plot: Select the image by clicking on it.
The image is surrounded by 8 black squares, which can be used to resize it. Move the mouse
pointer to the lower right corner until a double-headed arrow appears. Press and hold the
left mouse button. With the left mouse button held down, drag the pointer towards the
image center. When a suitable size is reached, release the mouse button.

First we try a graphic approach by First we try a graphic approach by
plotting the polynomial in a ZD-plot pletting the polynomial in a 2D-plet
window window

s sorsnsnsasiis serin gt seanisianis sresans - 7 7




32 Chapter 2: Documenting Polynomial Zero Finding

When you don't like the change of the aspect ratio such is in the above pictures, you can easily
restore it. You will learn how to do this in Chapter 4.

Insert a text object documenting the method and result of your findings.

E Insert a new text object and enter the following text (use the numbers you found):

Using trace mode we found x=-2 and
l.elgx<l. B2,

Search for more zeros: Make the plot window active, then move the square to the uncertain
middle section.

You will find that there is one zero between -0.62 and -0.6. Another zero seems to be at exactly
x=-0.5. To obtain a picture with intersections of the graph, magnify again.

Zoom in, this time using the Zoom in button B twice.

v Py - - - - - - v 1%
1.5 a.6
1 a.4
a.5 8.2

b4 b4

4 [ o6

1.5 - —lfﬁ\ a5 1
. . . —@.5 - .

It becomes obvious that there are two zeros. Continue to magnify the graph.

Zooming in once more with EE lets the square leave the plot window because follow mode is
switched off (left picture). The very useful Center on cross button [lﬂ shifts the plot range
so that the square/cross is in the center of the new plot image.

x x

-8.1 8.1 8.2 8.3 84| -8.8 -8B -8.6 -8.
. -A.1 - . . . . . .

4 -8.3 -8.2 -B.1
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Move the square to get a better approximation of the left zero.

E  Move the square near the left zero and note the cross coordinates in the Status Bar.

x
yﬂ’fa.s —3.5\@.\4—3.3 -9.2 -8.1

Now the change of sign happens between x=-0.62 and x=-0.618. Produce a graph with steeper
intersections to get a more accurate answer.

Zoom in vertically only, using the Zoom vertical in  button E]

X
—a.sy/—"a.ﬁ —aw 9.3 -8.2 -8.1
A highly recommended tool is the Set range with box button , which allows to choose a crop
rectangle graphically.

Prepare for choosing a crop rectangle by using the Set range with box button .
The mouse cursor turns into a crosshair.

B Choose a crop rectangle: Click and hold the left mouse button at the top left corner of the
desired area. Drag the mouse down and to the right until the box encloses the desired area.

b e x|

-8.8 y/fa.s —Ew -8.3 -8.2 -8.1 —a.sy”—“a.s -8.5.-8.4 -8.3 -8.2 -8.1

& Release the mouse button.

Set 2D-Plot Range m
Minimum M aximum Intervals
Horizartal I-D_88088958522 I-D.45434?82EDS IB
Wertical I-D_D2B‘I 9047619 ID.D214285?1429 IB

k. I Cancel | Feset |

The Set 2D-Plot Range dialog box is displayed, reflecting the numerical equivalents of the
choices you just made with the mouse. This dialog box could be obtained in the first place using
the Set>Plot R ange command. But a graphical choice of the plot range is often more convenient.
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See what happens if you confirm with [_0K_].

x

7‘?{1957 -B.56793 —-B.5163 —B.4644

Notice the complicated numbers below the tick marks (your numbers are likely to be different)
and in the Status Bar scale factors. This is caused by the graphical box selection.

E  Zoom in again using the Set range with box button .

E: 1957 -8.56793 -8.5163 -B.464
5et 2D-Plot Range [ x|
Minimum I arimum Intervals
Horizontal |-n_ 63527882798 |-n. 48765312054 |e

Yertical |-D. 0038265308122 ID. 0070861678005 IS

It is helpful to edit the suggested numerical values to the nearest simple values. Start by
overwriting the highlighted value of the input field for the Horizontal Minimum . Then use the tab
key to make the next input field active. Enter the following values.

2 -0.7(%])-0.4(%) 6 (%)

Set 2D-Plot Range [ x|
Pl ininnum GER ] Intervals
Harizartal |-D_? |-D.4 |E

Verical 0003826530612 | [D.00708s1678005 | [e

Make the values for the Intervals fields fit to the difference of the values for the Minimum and
the Maximum fields. For example, 6 intervals for a horizontal range of length 0.3 (= difference of
-0.7 and -0.4) ensures nice numbers below the tick marks.

8 -0.01(%])0.01(%]4 [ oK]

p.? -@.65 -8.6 -a.55 -a.i5 -@A.45 -a/
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B

Use the trace mode square to find approximations of the two zeros.

The left zero lies between -0.6181818 and -0.6174242; and the other zero probably is at -0.5. All
the above work now should be documented in the algebra window’s worksheet by embedding

the graph and adding an appropriate text object.

0]

From the 2D-plot window select the File>Embed command, then switch to the algebra
window and resize the embedded plot appropriately.

/ \ x

-8.6 -B8.55 -B815 —8.45 -8.

a7

Using trace mode we found x=-2 and
l.6l<x<l.62.

Insert a new text object documenting the method and result of your findings:

Using zeoming we found x=-0.5 and —
0.6181818<xx<-0.6174242,

Close the plot window, then open the algebra window to full size.

Close the plot window by clicking the left mouse button on the [E button that is located in
the window’s upper right corner. Open the algebra window to full size by clicking on the @
button, which is located left of the algebra window’s IEI button.

Finding the zeros of a polynomial

x 3-x 5-x ?ox i
i ¥y = +

2 4 4 4 2

Using trace mode we found x=-2 and 1. .61l<zx<l 62,

Using zooming we found x=-0.5 and -0.8181818<x<-0.6174242

Next compute the zeros by solving the corresponding polynomial equation. Before doing so,
enter an appropriate textual description of your approach.
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Enter the text: “Next we compute the polynomial’s zeros by applying the SOLVE function
to the corresponding polynomial equation.”

Next we compute the polynomial’s zercs by applying
the SOLVE function to the correspeonding pelynomial equation.

Generate the corresponding polynomial equation.

Highlight the polynomial #1, move focus into the entry line with (which is the hot key
for authoring expressions), then auto-paste a copy of the polynomial using the hot key [ F3].

” o= 8 g [y =42 v 35734 -5 x"2/4 - 74 - 172

may become your most frequently used hot key.
Replace y with 0 then conclude the input with [ «'].

b4 3-x box ?ox 1
#2: A = + = — [—
2 4 4 4 2

For solving this equation either use the Solve>E xpression command or the corresponding
toolbar button @

Prepare for solving the equation by applying the Solve Expression button @

Solve Expression #2 E

Salution ¥ ariables Salution Method Salution Damain Solution Bounds
R @ plgebraically @ Complex Upger: |
0 Mumerically  Bedl

€ Either 0 Bounds I=°"'\'E“|

ok | Solve I Cancel |

O Solve the equation. Accept all suggested parameters by selecting [ Solve J.
4 3 2
4 - 5
#3:  SOLUE|8 = —— - - -

J5

i i i
f4: X = — — v oK = ¥ — v x = - — v x = -2
2 2 2

2 2

Here Uis the mathematical symbol for the logical operator OR.

Similar to the Entry Toolbar’s Enter and Simplify button ] generated both an
unsimplified expression (which is the formal application of the SOLVE function to the equation)
and a simplified expression (which is the solution of the equation.) The exit would have
generated the unsimplified expression only.
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Enter the text “Expression #4 gives the four exact zeros of the polynomial.”

Expressicn #4 giwves the four exact zeres of the polynomial.

In order to compare these results with what you found graphically, approximate expression #4.
Before doing so, again add a textual description of your approach.

E  Enter the text “We approximate #4 so that we can compare it with what we found
graphically.”

‘We approximate #4 so that we can compare it with what we found graphically.‘

E  Approximate expression #4 by first highlighting it, and then applying the Approximate

button .

‘ #5: x = 1.618A33988 ~ x = -B.618A339887 v x = -B.5 v x = —2‘

To turn this worksheet into a good piece of mathematical documentation, do some more editing,
then print and save it. First, add a signature documenting author(s) and date.

E  Switch the Formatting Toolbar on using Window>View_ Toolbars>F ormatting Toolbar .
| O & [e]7]u]@

All fields and buttons are dimmed as long as there is no text object in editing mode.

Add a text object at the end of the worksheet using 1. Choose a special format for the
signature: In the Formatting Toolbar change the font size to 8 points and click on the

Right Justify button (=],

[Dfw Printer JEa | ERES B|1 g|§®|

E  Enter “This document was created by . . . on . . ..

‘ Thiz docunent was created by B Hutzler & ¥ Kokol-Voljc oo Jan 6, 2000,

Next change the topmost text object into an attention-catching title line.

Highlight the first text object’s contents using the usual text processing techniques.

Finding e Z¢ of a polynomial

Choose a format that is suitable for a title line, for example . . .

E ... change to 14 point font size, bold ), centered ), then add a blank line.
[Dhw Printer e = [e <]u]@

Finding the zeros of a polynomial

4 3 2
x 3-x 5-x ?-x 1

+

1= y =

[n

Switch the Formatting Toolbar off using Window>View_ Toolbars>F ormatting Toolbar .
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Before sending a document to the printer, it is a good idea to do a print preview.
Look at the print preview using the File>Print Prev_iew command.

Derive 5 - [Algebra

ﬂektPagel F’rayF'ageI lwoPagel Zoom In I Zoomgutl Close I

eta: 27,00 Tim: 13:moar

Tinding the zercs of a polynamial

irat wm

T try a graphic apprasch by plotiisg the polpsos
4 2D-plot wisdew

Using soowisg ve fmusd we-0.5 axd 0. 61Zcuc-0.617

Unwt wm cmspubs ihn palpsosisl’s smesas by spplpisg the
fusctios o ths corsmaposdieg palyacslsl sguatios.

Twpcmaaics 34 glvaa the four mw 3 af tha palrscs
W approwissts $4 30 Lhab we cas compess bb vith vhet ¥
geaphic ally

LH = - 1.(10M3000 ¥ = - O.CIWITMT y @ - DAy @ -2

ie drremat e samted b L Rddes b bkl e fen 8

Print preview offers various options including a button for zooming in.

Zoom in with [ Zoom In .

e b - [Algebra 1]
Frint... I Next Pagel Prex Pagel Two Page | Zoom Dut I Close I

Fila: Algebra 1 Date: 27.02.00 Time: 15:50:17

Finding the zercs of a polynomial

First we try a graphic approach by plotting the polynomial in
a 2D-plot window

Using trace mode we found w=-2 and 1. 6lemel 62

The magnifying glass shaped cursor in the upper right quarter of the page indicates that an
alternative to using the button is to click with the left mouse button.
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Make the expressions slightly larger. Change the expression font size via the Options>P rinting

submenu.
=)

E  Prepare for changing the expression font size: Close the print preview window with

(Close ], then select the command Options>P rinting>E _xpression Layout

Expression Print Layout m

I A‘.nng.t_‘_atiq!'j "7 Computation Time
Fort
& Beqgular
- Size: |1 i] vI
¢ Bold

o]

Cancel |

Here you can select the expression font size, choose between Regular and Bold font, and control

the printing of Annotation s and Computation Time s. (By default neither is printed).

O Change the font size to 11 points, then close the dialog with [ 0K_].

Apply again the File>Print Prev_iew command,

et Page || Prav Page || Two Page || Zoomin || Zoomout |

this time zooming in twice.

Close I

File: Algebra 1

Finding the zeros

Time: 15:53:12

of a polynomial

Tex

First we try a graphic appreach
a 2D-plot window.

1
4 2

Ly

by pletting the polynomial i

Using trace mode we found ®x=-2 and 1.68l<x<l.62.

Using zooming we found x=-0.5 and -0.6181818<x<-0.6174242.

Next we compute the peoelynomial’s zeros by applying the Solve
function teo the corresponding peolynomial equation.

a a n

Page 1

Derive 5 - [Algebra 1] H=1 E3

The worksheet is now ready to be printed.
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Prepare for printing the document using print preview’s button.

= Prirter

Mame: IEE PSOM Stulus COLOR 40 j Properties |

Status: Drefault printer; Ready

Type: EPSOM Styluz COLOR E40

Wwhere:  SCO0MEAD_F1

Cernment I Prirt to file

r~ Print range: Copiez

@ gl Murnber of copies: |1 3:
) Pages [rom:l'l go:l

Wl Collate
O Selection

ok I Cancel |

Make sure that the printer is properly connected, switched on, and set. In the Printing dialog box
you can change the printer or the printing properties, change the print range from All to either a
range of pages or the highlighted expressions, or change the number of copies from the default 1
to the number you want.

Send the document to the printer with [ 0K J.

Tle: digems 1 Onts: 18.02.m Itm: O8:33:03

Ticzat v tiy e graphic sppsoechk by plotilag the palracs
a -plot visdaw

0.5 aad -0 §121212<wc=0. §1742

a by applrisg the
el mouatios

] L] 2
= = ax Tz 1
B 0z — o — - —
F] ] a [ F]
4 k] 2
B I.x 2z Tz 1
B Tl 2 — e e— - — - — . &
] 1 [ F]
1 Ll = 1 1
L E S e e e ¥ X S e 4 e ¥ X = = e v ox = o]
2 ] ] 2

ios $4 gives tha fou: mvact amcoa of the palpacs

ate 34 38 that um cax comp with what we £

Jage 1
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Saving the worksheet preserves your work for later use or modification.

B Save the worksheet by selecting the File>Save A s command.

Sawe jm Ia M ath

=] @] e

Alea Under Curve
Number

Volume of Revolution

File hanne: |

Save a3 vpe: IDfW file: [ dlfi)

Savg—————— Expraszions
’7 [ State Waniables ’7 ® Al

O Selected

¥ Expressions

-]

Save

[ see |
Cancel |

[ Make backup

DERIVE suggests storing the file in the subdirectory Math. You may choose a different directory
by selecting one from the selection menu that is offered for the Save in field.

Accept the suggestion and enter the file name chapter02 in the File name input field.

Close the dialog with [ Save .

| * Derive 5 - [Algebra 1 chapter02.dfw]

Notice the Title Bar. Previously there was [Algebra 1 ] as the indication of an unnamed algebra

worksheet. Now there is [Algebra 1 chapter02.dfw ], indicating an algebra worksheet with name
chapter02.dfw . The suffix .dfw is the default that is chosen when you do not specify a suffix as

part of the filename.

E  Exit from DERIVE.
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Summary

Algebra Window

[& or Solve>E xpression or F[0JH[E] e solve equation
@ ............................................................................................ open 2D-plot window or switch to one
........................................................................................................... right justify highlighted object
.................................................................................................................... center highlighted object
FIlESSAVE A 'S oottt ettt eate e et eeate s e ar e e naaeeens save worksheet using a name
FHIESPIINT PIEV _IBW evveieeeieeeeeteee ettt eete ettt eete e e eeaae e e etae e eeaaeeeenaeeeeeaneeeeseeeeensreeens print preview
Edit>Derive Object or double-click left or right of expr. ..........co.n...... edit highlighted expression
OptioNS>D iSPIAY>C F0SS .uveveeeiirierierieeienieeienieeeesiessenaeseeneas change appearance of graphics cross
Options>P _rinting>E Xpression Layout ........ccccoceverienenennienenieenieseeneenes format expression layout
Window>New 2D plot WINAOW ...cc.oorieriierieiiienieeieeseeeee e open new 2D-plot window
double-click left mouse button on embedded plot ................. open embedded plot in plot window
2D-plot Window

@ OF INSEIMSP IO ..o e e plot highlighted expression
@ or OptionNsS>T race PIOtS OF [F3 ] .o toggle trace mode
l];l ................................................................................................................. center plot region on cross
................................................................................................................ center plot region on origin
BE OF [ coreevoveeeeeeeeeeeseseee e eeseeeeeeeeseeseseses s eesssseeesseeseseses s s esssssseeseessessssssseesssessssseeeenees zoom in
EEI (03 L PP zoom out
[ﬂ 1) o 1 S RPN zoom in vertically
.................................................................................................. graphically choose a crop rectangle
FIleSEMDEed ..cooiiiiiiieeeeeeteeeeeeee e copy plot window into algebra worksheet
SEtSPIOt RANGE .oiiiiiiieiieiieeeeesterte ettt sttt st et e st e seee st e eaeesseenaeens set plot range borders
OPLONSSF OlIOW CrOSS  ..veivieiieiieieeiteieeteie st etesteeresteste st e teste st essesssessessaesensnsnes toggle follow mode
(2], (3,00), [T e move cross one pixel (one dot) on the screen
(ctr1]+(=], (ctr1)+(1], (ctri+(=], [Ctr1]+[T] v move cross several pixels
............................................................................................. move cross to plot window center
All Windows

Window>T ile Vertically ................. arrange windows as right-left split (active window on the left)



2 124
[T [ 35
=1 35
BL =6 =20 4 15 oottt 63
ZE X = Y s 117
Z=COS(XEY) v, 125, 132
O ettt naenes 67,75
L0 ettt 75
ettt ettt et e st e re e teeteeaesaeentanee 147
0 e 137, 138
T et 66, 96, 138, 167
00 1uttiuteteentente st e te st ete st et e s e e besae et e nbeeanens 138

......................................... 5,128,129, 118
......................................... 5,128,129, 118
[ATE]+[PrtSc] coeeeeeeeeeeeeeees 201
(a1t)

OlO|O||O||O
[adiladladliadifiad
ST AT T TS
Ty | By | B | R | P

(@] (]
of o
= i}
+ + + + + + + + + + + + + +

(@] (@}
ot ot
B -
= e

%)
IS4
S

=

o
IS4
S

=

)
IS4
S

2

o
IS4
S

=

o
o+
S

=

........................................ 5,113, 116] 243
.................................................... 11, 126
........................................ 28, 36, 49, 122
...................................................... 49, 64
.......................................................... 128
........................................................ 28
...................................................... 119
...................................................... 119
.................................................... 201
...................................................... 11,34
(Insert expression)  .......cceevevveecienene 49, 64
AW s 41
20 e 56
2D-plot Window buttonFH ..................... 25
3D-plot window button [5] .......ccccecueuene 117
A

abort computation ..........ccccceeeeeeierciennn. 90
absolute value function .... 74, 139, 154, 198
ACCULACY .evevveevreveereenreeeesseeseessesseessesseessenses 86
activate Window ........ccceceeveceeeevieneeneenne. 26
aggressive simplification ........c..c..cc.c..... 151

algebra window
Algebra Window button [E

algebraic equation ...........c.ccceceveenenens
algebraic representation ...........c..cecceueeee. 24
Algebraically radio button ............cccoeuen. 91
algebra-state variable ................... 66, 68, 84
algorithmic limitations .........c..ccccceceeeneee 87
AliaSING ....oovveveeiieeieeeeee e 133
AIPNA oo 12
alternative to Edit>Derive Object ........... 78
analytic eometry .......ccccoceveveeveevienenne 185
AND it 75
ANGLE ittt 155
angle between two vectors ................... 154
Angular unit

annotation




270 Index
annotation of expression ...........cccccceeeeennn 6 Boolean combination .............cccecveeuennenn. s
annotation’s position .............cecceeeeeneene 106 border lines/curves .......c..ccccceeeeveeeeene 76, 77
APOSLIOPNE ...ooeevieiiieiieeeeeeee e 51 Bottom Maximum ........cccceeeveeieenieeneenne 125
Apply parameters to rest of plot list ... 1756 Bottom Minimum

applying differentiation ......................... 207 DOX oottt
Approximate button ™| ............ccceveeeenne. 6 brackets ......ccccocevenieeiinienniineeienee
approximate computations ................... branch ........ccccooeviiiiiiiiiceeee,
approximate mode .........cocceeceeeveereennenne Branch ..o
approximate step by step .......cccccevcvernnene bring embedded plots alive ..................... 56
approximation tools ..........ccceceevvevvennnenns Buchberger ........cccoevvievenveninienienceeene,

arbitrary number of digits ....

asSpect ratio ....cceceevereevienenrieneeiee
assignment expression ............c..c......
assignment Operator ...........ccccceeeeeeenne
ASEEFISK et
audit trail ........cceeeeerieeeee e
Author and Simplify button [Z] ...... .. 8
Author Expression  button EJ .............. 4
Author Expression button [~ .................. 8
Author Matrix button

Author Vector button ™7 ...................... 153
AUthOr>E Xpression .......ccccecevvevcveneeeenns 13
AUthOr>M atriX ooceeeveeeeeeieeeeeeeeeeeeieeees 162
Author>V ector ... ... 153
Auto Plot Color scheme ..........c..c.c....... 125
automatic color cycling mode .............. 156
automatic renumbering ..................... 10, 52
AULO-PASLE ..ot 36
autoscale Mode ........cocevevveniiieneninienene 118
avoid display ......cccceeceeveeveniienenceeeeee 72
avoid generation of duplicates ............. 197
AXES cvveuerrenreteteee ettt ettt 129
axes labels .......cccoceveeveeeiecieneeeeeeeee 103
axes titles .....ccovveeeeeiieeeeeee 107
B

back accent operator " ..........ccccceeeennenne.
background color ..........cccoceeecerinennen.
baCKSPACE ..cevveveeereeieereeie e

base of natural logarithm e
BaSIC Fil e
BiNary ..cccoccoceeemeneneeeeeeeneeeeeene
Bold button [B] ...
books about DERIVE .........ccccceevveriennnnne

built-in functions ...

C

CFle oot 201
Calculus>D ifferentiate .......c.cccceevveeneeen. 205
Calculus>I_ntegrate ........ccceceeeeeeveevevennen. 211
Calculus>L imit .....ccoevveeeiiieeeiieeenes 104, 203
Calculus>T able 110
Calculus>V ector 109
cancellation ..........ccccceeeveeveeeeecienienne 90, 145
cannot integrate .........c..coceceveeerenreneene 214
case insensitive mode ..........cccccevervennenne. 65
Case Sensitivity .....ccoceveeveeriereennenne. 66, 246
catastrophic cancellation ......................... 90
cautious .. 230
CENLET ittt 26
center coordinates ..........cccceeeeeeeieeneennee. 101
Center Justify button [Z] ........ccccceeeeenen. 37
Center on cross button E ...................... 32
Center on origin button ..................... 32
change of Sign ......ccccccocvvviniiciiiniiens 33
change Windows ........ccccccevevevennininennns 26
Character mode ......cccccceevvveeevveeennenn. 66, 246
character String ..........cccceeveeeeeneeceesiennenns 188
CITCLE .o 68, 199
CIRCUMCIRCLE ....covvieuienvenueeienieeeeneeenensenne 199
circumscribed circle .........cccceveeieriennene 196
Clipart ....oocevcieeee e,
clipboard ..........cccceeveriieninninnienne

Close button
close window
coefficient ........ccccoeeveeeciieicciiecceeeee,
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Colorby ..oocveieieennee. v 125
Command Toolbar ..........cccceevereecrerervennene 3
COMMANAS ...ovvevveireierieeieee e eeeaes 12
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complex branch ........c..ccccocevvevieeiieeeneens 230
Complex factorization ...........c.cccceeveeeene 60
complex plotting mode .............ccce.ce.. 231
complex-valued function ....................... 229
ComMPresSSed ...occeeceeveereniereenieererieseeneas 247
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(0311101 4111 (o) AU 77
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CONtigUOUS ODJECES ...oovvvnveeereiereeeieiierenne 53
CONVENIENCE .......cueeneee.. ... 203
convenient fast input .........ccceeeeeierenieenen. 9

conversion constant ...... . 148
coordinate geOmMEtTY .......ccevcvevverrervennen. 185
Copy button 53 ........ccoceveiieieieeeene 54
COTTECt INPUL ..eovveeieieieieeeeieneeteeeee 10
count number of digits ..........ccccevereruennen. 8
Crop rectangle .........ccoceeeeevveeeenieneenueenenns 33
CrOSS ceeeeieieeteriteteee ettt eaee 26
Cross Product ........ccceceeceeeeveeneenen. 154, 158
CrosShair .......coceeeerencncnenerccece 33
CUDE oo 118, 128
CUDIC TOOL ..o 229, 232
CUrve’s Shape ......ccoceeeeeeeveeveeceecreeeenn, 174
CUSIOM ot 124
Cut button [d8] .........ccoveeieieiereeeeeeeee 54
cylindrical coordinates ..........c.ccceeeunnnee 182
D

danger of approximate arithmetic ......... 90
data MatrixX .....ccccocceverveeneniieneeieneneeene

decide ...................
decimal fractions

decimal numbers ........c.ccceccevvvercieenieennen.
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Declare>nput Settings ......c.cceceeuene
Declare>Q utput Settings ......... 47, 246, 249
Declare>S implification Set ... 84, 144, 232
Declare>Variable D omain ............. 136, 229
default ......ccocvevirvienieeneeeeeeee 68, 141
default text font Size .......cccceevvecvevereeninne. 17
definite integral ........c..cccoevvievininnnicnene 211
DEG .vevetereneeneeneerersessensensenseneenesaeesessessensens 147
AEZIEES ...oovvveieeieieieeieieeteie e 148, 155
DEIBLE oo 122
delete all PlOtS .....cceevveveeeiiinieieeene, 98
delete eXPression ..........coeeveeveeveneeeenne. 60
Delete Object button [X] ............. 10, 60, 98
delete text object ........cccoeveeriieriiecienen. 16
delete variable declaration expr. .......... 141
demo files ......ccccevveeviereeiienenieeeeeee
Aerivative .......c.cccoeceevveenieereeieeeeeeen
Derive Startup dialog ......ccccoceevevenuennene
determinant of matrix ........c.cceceeverenene
DIW fil€ .ooovieieieeieeeeereeeeeceeee e
dialog box .....

DIB File .........

die ....

DIF_APPS.MTH ...ooiiiiiiiiiiieeeeeeee,
difference of Sets ......ccccccvevvevieeciienieenee,
differential equation ............ccccceevveneenee.
differentiation ..........cccocceeveenvienveeneennen.
Digits field .......ccoeeeeecieieieeeeieee
digits of precision ..........ccceceevececcninennns

dimmed buttons ..........ccccevveeriiiiienienn.
disguised subexpression ...........cccecceueeeee.
disjunction ......c..cccceeveeveeveneennenne.
display large expressions ...........cccceeuee.
display of aXes .......ccocceeeeeeveerieriieenienne,
document mathematical work
documentation ........c.cceceveveenerenenennns
domain declaration .........c.ccceeeeerciennenne
dot Operator .........cccceceeeeveceereennenne
Double Click Feature .........cccccceverennnnnne.
double click on embedded plot
drag line ........ccocceevievvieniieieeieeeeeeeene



272 Index

drag text field ........cccooeninenninineee 107 Expression Entry Toolbar ............cccu...... 3
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Edit>COopY oot 54, 201 factory default ............... 1, 23, 245, 264, 265
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Edit>Mark and Copy ....cccceceeeveeveriernnnnn. 201 family of lines ........cccceeeeevevieeieienne

Edit>Paste ....ccoceveecieeeeeeeeeeeeeee 54 family of points .........cccceceeeevveeenneen.

Edit>Plot oo 121, 123 family of tangents .........cccoceevvereriennennen.
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Educator’s footnote .. 9, 11, 46, 64, 65, 93 File>Embed .....cccoooiiieniiiiniieneeeeeeiee

Educator’s footnote ........... 138, 143, 146 FIlESEXIt wovieeviiieieeeeeeeeeeeee e
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EQUIVALENT .....ooeveeiieeieeee e Find Derivative button @
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function as ordered pairs ..........c.cccu..... 169 imaginary component ..................... 139, 231
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function invocations ...........c.cccevveennnne 187 implicit plot .......coeevveeieerienee. 70, 93, 235
function plots ......ccceeevveeeieveeecieeceeeeeee, 70 implicit solution .........c.ccccceeeiecveiieeneenne 217
functional programming ........................ 259 import numerical data ............c.ceeuenene.. 256
fundamental theorem of algebra .......... 232 inaccessible buttons ............cccoceveevienienne 14
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Gaussian elimination method ................. 73 incrementally rotated figures ................ 223
generic coefficient ..........ccoccecerieennen. 112 indefinite integration ..........c..cccccceceenniee 211
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Sraphics Cross .......cccceceevereenieneeenne. 27,121 inequality in two variables ....................... 75
graphics SqUAre ........cccoceeveeveneenieneneenne 29 INF cooieeeteeieenrenreeeneeeeeesatesneesneesanens 104, 138
Greek 1etters ......coovvevieveevieneerieneeieeene 145 1141 1101177 104, 138, 204
Greek Symbol Toolbar .................. 3,112, 51 influence of parameter ..........c..ccceueneee.. 177
ST oo 70, 122 initialization file ..........cccccooceievenenne. 23, 264
grid intervals ......cccoceveviieniniinieneee, 101 iNNer product ........cccceeceeeveverrienenieenienens 154
Srid POINt ..oovveiiieiicieeeeeeeeee 98, 114 INPUEt MOAE ..o 66, 245
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Groebner-bases method ...........cc.cc.cu.e..e. 73 insert eXpression ........c.cceeceeceenenne 49, 191
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highlight entire expression ..................... 45 INT oottt sae e nenene 211, 216
highlight expression with mouse ............. 6 INEEGETS .oveevvieeeierieeieeteeee e eeereeeeeaeseeas 142
highlight multiple objects ..........cccceevennene 52 INEEGration ........ccccceeeeevveeeecveneennenne. 205, 211
highlight texXt ....c..cccooevininieeee. 15 integration constant ...........c..ccccceeeeenee 211
highlight text object ........cccoevereveruereecuenne 16 interactive plot .......ccccoceeveevienerneenieieniene 27
highlighting subexpression ..........c..c...... 43 interchange window positions .............. 157
ROlES ..o 139 Internet Mailing LiSt .......ccccocvveninenncnns 261
horizontal drag line ..........ccccccecvvenenenne. 51 INEEITUPT ..o 259
horizontal length INTERSECT ..veveeenieneeiereiereneeneeeneeeneennennens 189
horizontal line ........c.cccceoeeerenenieene. intersection of Sets .......c.coccevevevercnennne 168
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J multi-character variable names ................. 9
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Multiplication Operator — .......ccceevveevennne 248
L
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limitations .........cccceeeeeveennee. 83, 87, 107, 234 nonreal valued function ............cccc.......
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MAGNILY .eovieeieieneeieeeeeeeeeeee e 31, 119
Magnify plot button ] .......... 119, 131, 240
Math file .....cccooeevieiieieeeeeeeeeeeeee 188
Math Symbol Toolbar ............ccoeeuvenee. 3,5
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mathematical identities ..........c.ccccce...... 233
10 F21 1 ¢ b. Ut 100, 110, 161, 256
matrix extraction .........c..ccceceeverernenne. 167
MATiX INVETSE ....eoeveeereieeeeeveeeeieseeeeeenne 164
matrix multiplication ............ccccceeveneee. 163
Matrix Operations ........ccecceveverveereereenne 166
Maximum COIOT .......cceveevverreereiereeenrenne 124
memory requested ........cccceeveeevereennenne. 263
TOETIUL coonnvvieeniieeeiieeeeireeesbeeesareesenraeesnneeeens 12
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MIDPOINT «..couieienieniinreieeeneeseereneeseenseneenens 187
1011 11T} 4 O SUUUUTUPE 86
minimal restriction ............ccceeeveeieennnnn. 137
minimum color
Mode field .......cooovvvereiiieieeeeeeeeeeeeeeee

Numerically radio button

o

observation point ............cccceeeveeereeeneennen. 122
odd Multiples ......ccceeeevveviereecieseeieieeene 142
ODELMTH oottt 216
OLE ODbjJECtS ...ccevvvrvereieieienienienieieniene 243
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online help .....ocoeeevveeieeiieieeeeceeeeee, 206
Open button [ ..........ccceecveveeeeiieieiene 191
10013 118 1113 110 KRR S 13
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Options>C hange Plot Color ........... 99, 173
Options>D isplay .....ccccveevveveercvecieneeiennens 128
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Options>D isplay>Font of New T_ext ...... 17
Options>D isplay>G ridS ......cccceevvverunnne
Options>D isplay>P lot Color

Options>D isplay>Pq ints ........ 99, 155, 194
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orient the plot .......cccccvevvievcieeieeeeeee 117
oscillations ........cccceeeeeene 127, 133, 234, 235
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parametric form .........c.ceceeeveeerieeeenienne 172
Parametric Plot Parameters ...... . 174
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part of a circle ..... e 172
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persistent parentheses ....................... 43, 47
phase angle .........cccvveevievieneneeniieieiene 232
PhoOtOZraph ......ccceeveevevieeeeiieeeeeeeeene, 243
physical screen length .........c.ccccceeeeneee 69
Pl oo 13,20, 83
PIXEIS oo 69
POt e 24, 74
plot a vector 97
Plot button (%] 117, 126
Plot Color tab 124

Plot Expression button @ ..................... 26
Plot Parameters tab ........cccccoocvvvcevncnnns 123
Plot Properties dialog .........ccccovereennenne. 123
plot unsimplified expressions ............... 102
PLOTINT oot 212
POINE oottt 98
point of intersection ...........c..ccceeeveenneenne 189
POIAT ... 235, 236
polynomial .........ccccoveriiiiienieee. 56, 111
postfix equals ........cccccveeveeneennen. 21, 82,135
POWER_SET ...eeeueeueruinienieneenieeeeneerensensensens 169
powers of trig functions ...........cccceeuennn. 145
precision mode ..........coceeveveenienenieniennen. 248
Precision section .........cccccceeeeveeeveeneennen. 84
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Principal ...ocooeveeieeeeeeeeee e 232
011 0L 40
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procedural programming..... ... 256, 259
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programming languages ............coceeuennee. 201
progress bar/dialog boxX .........cccceeceeevenienne 90
Prompt to use factory default ... 259, 263
PIrOVE ittt 87, 151
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QUATANT ..o 139, 150
quartic equation ..........cccceeeeeeeecreerveennnn. 91
quintic equation ...........cccecveeeeveerieseennenne. 90
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Radical factorization ...........ccccccceevveenneen. 59
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Right Justify button [Z] .ooooovveeeeeees 37
root functions .....................

Rotate down button m

Rotate left button [ ...........ooooooocccc.... 118
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Set 2D Aspect Ratio dialog ............c........
Set Eye Position button [£ ...................

Set range with box button [

Set>Aspect Ratio ....... 69, 80, 172, 198, 240
Set>Coordinate System ........ 182, 236, 237
Set>Eye PoSItion .....ccccevvevievieiieieiee. 120
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Solution Domain field ........ccccceeeveeeennennen. 92
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