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Preface
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continuous support during the writing of this book.
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text.

Bernhard Kutzler & Viasta Kokol-Voljc, July 2005



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 two and three
dimensions. The main strengths 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 or learning mathematics.

For a teacher and student, DERIVE is the ideal tool for supporting the teaching and
the learning of mathematics. DERIVE enables new approaches in teaching, learning, and
understanding mathematics by providing seamless integration of numeric, algebraic, and
graphic capabilities. You will find that many topics can be treated more efficiently and
effectively with DERIVE 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 and on the beauty of mathematics. DERIVE has
proven to be highly supportive for the development of advanced mathematical concepts.

For an engineer, DERIVE is the ideal tool for fast effective access to numerous
mathematical operations and functions and for visualizing problems together with 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 teaches you how to use DERIVE 6 by independent study. Install DERIVE 6
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 to learn 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 images
ensure that you will not get lost on this journey.

Through solving typical mathematical high school level problems, you will learn to
handle DERIVE 6 so you may use the program for everyday purposes 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 the chapter.
The Reference Guide accompanying this book is an overall summary of commands, keys,
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functions, and utility files. The index at the end is useful if you need to locate a particular
portion of the text.

All you need to run DERIVE 6 is a PC compatible computer with WINDOWS 2000 or
WINDOWS XP. Compatibility with WINDOWS 98 and WINDOWS ME will be added soon.

It is assumed that you know how to use the computer and WINDOWS operating
system. The screen shots in this book were produced from DERIVE 6 running on WINDOWS
XP. If you are running DERIVE 6 on WINDOWS 2000, some of the screens may appear slightly
different.

This book introduces those features and functions that are required for routine use
of DERIVE 6. There is more functionality than can be described here. This book is nota
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.

This text was written for DERIVE Version 6.00. If you use a later (updated)
version of Derive 6, some of the screen images may be different.

Note to DERIVE 5 users:

If you are familiar with DERIVE 5 and have read our book “Introduction to DERIVE 5”, you
will find both the software and this manual an (upward-compatible) extension. Here is a
list of the major new features and where they are described in this text:

- Display Step Mode (Ch 13) - Multi-line editing (Ch 9)

- Interconnectivity with TI-89, TI-92+, - Derive Unicode font (Ch 1)
and Voyage 200 (Ch 16) - Parentheses matching (Ch 4)

- Customizability of menus, toolbars, - New options for connected point
and short-cut keys (Ch 17) plots (Ch 9)

- Slider bars to animate expression - New options for 3D data-point plots
plots (Ch 6) (Ch 9)

- Automatic plot labeling (Ch 6) - Control 3D plot mesh lines (Ch 7)

- Rotate 3D-plot with mouse (Ch 7)

- Improved and extended online help
(Ch9)

Chapters 13, 16, and 17 are new. Most other chapters contain updates or additions. For
your convenience we added vertical bars to these parts of the text. (See the vertical bar
added to this paragraph as an example.)

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 computa-
tions — just like on a piece of paper. This chapter teaches the basic techniques of using
DERIVE 6. For simplicity we will abbreviate this as DERIVE throughout this text.

This text assumes that you use a factory default DERIVE. Only then (and when you use
WiNDOWS XP) 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 some-
one else earlier, we recommend that you turn it into a factory default version now.
Appendix B gives instructions on how to do this.

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

The following screen appears after a few seconds:

O Derive 6 - [Algebra 1] =Joed
FFle Edt Dnsert Author Simplify Solve Calculus Options Window Help _ = x|
D||@|S| s|w|@x| EE|efe] =[] alw mla] i sln] +|x] &

A

[x=-]

User

v=zm¥x|
[ 8] ¥| 8] <] [ n| & | | [ | v| &l of | o] of x| of of x| || ||| L] £[[] |2 2] =] <] =] | =] A o] [ =] &] nf = B] [ | &] ]
T T e T 0 i 2

The DERIVE screen comprises (from top to bottom):

e the Titlebar

e the Menubar

e the Command Toolbar

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

o 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 work-
sheet. 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 activated with the Command Toolbar’s tenth button from the left, labeled .

E  Learn more about the button | /4 by moving the mouse pointer onto it.

©) Derive 6 - [Algebra 1] E]@

Eile Edit Insert Author Simplify Solve Calculus Options Window Help — &= ﬁ
D||@|a] s[m@|x| Bl =|~]lafs) wmla] o] sln] +|x] &
4
‘ Author Expression
|
Enter new expression in active waorksheet U=ser

The message Author Expression below the cursor is the button’s title. The Status Bar mess-
age Enter new expression in active worksheet isthe button’s function description.

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

(8]

Enter the fraction: 2/3

«=xﬁx|2/3

E  End the input with the ‘Enter’-key (&).

©) Derive 6 - [Algebra 1] E}@

Eile Edit Insert Author Simplify  Solve Calculus  Options  Window Help _ =2 X

D@ &|m|@x| Bl =@l mla] ] =ln] +/x] €
P

#1: —
3

DERIVE displays this expression as a fraction with a horizontal line, a numerator, and a de-
nominator, 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 focus) is still in the entry line. Also observe that a copy of the input is
still in the entry field and is completely highlighted. This has the same meaning as in text
editors and word processors. You can remove the highlighting with the right arrow key,
and then edit the string of symbols, or you can replace the marked string by typing new
symbols.

v =¥ = ¥ [2/3
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1 1
Replace the last input by E + E with an intentional typographical error:

E Enter 1/2+1&3 (<&).

Synkax error; Unexpected special character

v =¥z KX |112+1l,&3

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.

Update the input to 1/2+1/3: use the (Del) key (or the right arrow key (&) followed
by the backspace key (ae_)) to delete the incorrect character, and then type the
division operator. Conclude with (&).

1

2

1

#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
(Esc) to move the focus into the algebra window, use the ‘Delete’ key (Del) to delete the
highlighted expression, and 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.

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

5
#3: —
5]

The result becomes the next expression with the label #3. By default, simplified expres-
sions are displayed centered. This makes it easy to distinguish between an entry and a
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, \/ﬁ . To enter the square root symbol, use the respective button on the Math
Symbol Toolbar:

LI L2 ] = < < e 2| A o] ] o] ] | =] 3] ] T 2 x]

1 = el e Y e K P N B B 1 T
|SQRT|

2 Enter /24 as: 24 (¢)

|#4: J24
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E  Simplify using [=].
#5: 25

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:

E  Highlight expression #4 by moving the mouse pointer anywhere in the row occupied by
the expression, and then click the left mouse button.

#4: 24

Selecting an expression with the mouse button is one technique of highlighting it. An alter-
native technique is first to move the focus into the algebra window (if necessary) using the
(Esc) key, and then use the cursor keys (¥2) or (¥4) to move the highlighting one expres-
sion up or down.

Approximate using the Command Toolbar’s Approximate button @
| 5! 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
expression was obtained as a result of a computation. For expression #6 this is:

| Approx (#4) 3 0.000s |

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, ...

| User |

B2 ... and then expression #5.
| S mp (#4) O ooos |

The annotation of expression #4, User, means that it was entered by the user; the anno-
tation 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 worksheet. Other objects (including text objects) are added after the highlighted
object. To insert a text object above \/ﬁ , first highlight the object that is now above it.
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E  Highlight expression #3.

5
#3 —
5]

B2 Display a function description of the Insert Text button by moving the mouse
pointer onto it.

Insert news text object in ackive worksheet Simp(#2) 3 o0.000s |

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

#3: —_—
6 I3

|
#4:  f24

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 the 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 and delete any characters therein:

E Enter 1234”56 by using the Author Expression button , and then type 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 fifth symbol from the left in the
first row.)

56
#7: 1234

o

Simplify using E

#8: 12991190255487145194103 2084396235137 754657 820101273923 8427901 27046 24~
25943305509464 85 2567 848536247290 2010613951564 73849109445211 8652386~
58490562/535906626.235 2911682504 7659929216

This is a very big number. There are at least two methods to find out the number of digits,
first, you can count them, second, you can approximate the number.

E  Approximate using .

173
#9: 1.299119025 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.
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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 =¥ ® XX |xf3+></4

Note the six 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:

E  Enter the above expression with , then simplify as usual using the Command
Toolbar’s Simplify button E

7 ox

#11:

12

Unlike ordinary calculators, DERIVE can perform non-numeric (symbolic, algebraic) compu-
tations such as simplifying expression #10 into expression #11.

To simplify an expression immediately, i.e. without displaying the unsimplified expression,

type the expression into the entry line, and then select the entry line’s Simplify button E

The annotation of such an entry is Simp(User).

For the next example use the Expression Entry Toolbar’s third button, :

E  Enter and simplify xy +sinx by typing xy+sinx and then use the entry line’s Author
and Simplify button .

#12: ® oy + SINCz)
#13: SINCx) + %y
b
Simp(#123 3 o.000s
v =¥z XX |xy+5'inx

This button produced two expressions, #12 and #13, and has the same effect as entering the
unsimplified expression with (&) or , and then simplify 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 bet-

ween x and y . For ‘Sine of x’ simply enter sin x . No parentheses are needed around x .

The Expression Entry Toolbar has buttons for entering (), simplifying (E), entering &

simplifying (), approximating (), and entering & approximating expressions (). The
sixth button | X|is for deleting all characters in the entry line.
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The simplified expression #13 differs from the unsimplified expression #12 only in the
order its terms are displayed. While unsimplified expressions are displayed similar to how
they were entered (except for the 2-dimensional pretty print format), simplified
expressions are displayed in a standardized format using a certain term ordering.

o
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
(such as x and y ). This suffices most of the time, but if you need multicharacter variable
names, DERIVE allows this, too (for example time or x12). Multicharacter variable names
are controlled via Options>Mode Settings and will be explained in Chapter 15.

Clearly, you cannot omit all parentheses. For example, you will need to parenthesize the

2
denominator to enter a rational expression such as —1 . If the parentheses are omitted in
X+
this example, the resulting expression has a different meaning.

E  Enter: 2/x+1

P
#14: — + 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 example, the 2-dimensional
screen display of an input provides you with valuable feedback about the correctness of
your input.'

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.

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

(®).

2
#15:
=+ 1

Now it looks correct. Since you don’t need expression #14 any more, delete it:

! Educator’s footnote: A very simple educational exercise with DERIVE consists of asking
the students to input expressions given to them on the chalkboard or a piece of paper.
Because DERIVE features two-dimensional output of expressions, the students obtain an
immediate feedback. If the expression on the screen looks different from the one on the
chalkboard or paper, then the input was incorrect, 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, 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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E  Prepare for deletion: highlight expression #14 either with the mouse or with the
keyboard’s arrow keys after moving the focus into the algebra window using (Esc).
2

—+1
]

#14:

(8]

Delete expression #14: use the Delete Object button or press the (Del) key.
2

#14.
=+ 1

The expression that was expression #14 disappears. The expression that was expression
#15 has become expression #14. By default, automatic renumbering adjusts expression
numbers so that they begin with #1 and have no gaps. (This default can be changed via the
Options>Display>Renumber Expressions command.)

Errors such as omitting a whole pair of parentheses may change the meaning of an expres-
sion, 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 form of an
appropriate syntax error message:

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

Syntay error: Unexpected delimiter User

X X |4><—1f’x—5[)

= o

DERIVE attempts to position the cursor in front of the expected error. Since a superfluous
closing parenthesis is obvious, whereas an intended position of a missing opening
parenthesis is not, the cursor is placed before the extra closing parenthesis, with a
corresponding message. Depending on how the expression should look, you either have to
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/x-(5) |4x-1/(x-5) |4x-(1/x-5) |4(x-1/x-5) (4x-1/x-5)
output 4x—l—5 4x—l—5 4x— ! 4x—[l—5j 4(x—l—5j 4x—l—5
X X x—5 X X X

To choose the third variant insert an opening parenthesis after the division operator.

£ Edit the input string to 4x-1/(x-5) and then press (‘:l:).2

1
#15: 4% —

¥ -5

? 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 parentheses 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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When working with DERIVE, focus can be either in the entry line or in the algebra window
(also called the “View”). When focus is in the entry line, (Esc) 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.
Focus is visually indicated by the presence or absence of the cursor in the entry line.
Ensure that focus is in the entry line by moving the mouse pointer into the entry line’s
entry field, and then click with the left mouse button.

v o= ¥ = ¥ x| 4-1/(x-5)

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 can clear the entry line with the Expression Entry Toolbar’s Delete All button
or its hot key equivalent, (Ctrl)+(Del). If you don’t want to delete all characters but
merely highlight them, perform the following:

£ Highlight the contents of the entry line with the tab key (3/).
v =¥ ® g x |4%=-1Uk&-5) i

Enter and simplify Vx*2. Ttis 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

\' can be obtained from the Math Symbol Toolbar ) or entered as (Ctr1)+(Q).

E Type Vx*2 and then press (Ctr1)+(&). This is the same as , i.e. this is a simple
way to perform an “enter and simplify” operation without using the mouse.

2
#16:  Jx

#17: X

As an alternative, introduce a pair of parentheses around x*2.
E  Enter and simplify: V(x*2)

2
#18: Jx )

#19: [

The last two examples demonstrate the importance of using parentheses to differentiate
2 2 [2 2
between \/; (meaning (\/; ) )and vx~ (meaning , I(x ) ). These examples show how

carefully DERIVE simplifies expressions.

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

2 Enter (o-1)"3. (Insert Alpha with the Greek Symbol Toolbar button El.)

3
#2000 (o = 1)
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E  Try to expand expression #20, first by simplifying with E

3
#21: (o = 1D

This did not change anything. Now you have an opportunity to apply one of those com-

mands 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.

Olczlolal yelel sl

Eile Edit Insert Author Simplify, Solve Calculus  Options Window Help _ = ﬁ
el —lel ol@lal el al elolyl Al a] gl |

(8]

Open the Simplify menu by clicking the left mouse button.

Eile Edit Insert Author §impliE! Solve Calculus  Options  Window  Help _ 5 X

" ) = Basic Chrl+B .
Dl=|@|a| 4] = E | im| 8| S| =[] 4% @
" Display Step Chrl+D
#1504 - 5 Expand... Chi+E )
¥ —
Factor... Cerl+F
2 Approximate. .. Chrl+3
#16: Jx
Sup Wariable Substitution, ., Chrl+w
#17: g~
Subexpression Substitution, ., Chrl+T

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 ...

Eile Edit Insert Author §impIiFy| Solve Calculus  Ophions  Window  Help — 1= X
" 3 = Basic Ctr+B .
D[c|m|&| 4% =" | im| 0| S| (0| A% @
™ Display Step Ctrl+D
#1504 - Expand. .. CH+E lad
-5 %
Eactor... Chrl+F
2 Approximate, ., Chrl+a
#6: Jx
#17 S'-'B Yariable Substitution. .. Chrl+w
Subexpression Substitution...  Ctr+T

B ... and then invoke the command by clicking on it with the left mouse button.

Expand Expression #21 M
a3
Expanzion Yariables Denominator Factonng Tepe
o ™ Trivial content

(" Squarefree polynomial
{* Rational polynornial

" Radical polynomial

Ok | Expand | Cancel
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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 (determined in the
field Denominator Factoring Type). 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
(_Cancel ) button or the (Esc) key to cancel the command. Use (_OK ) if you want an
unsimplified application of the EXPAND function.
E  Perform the expansion with the suggested parameters by using (_Expand_) (either
press (&) because this is the default button or click on (_Expand_).)

3 P
#22: o - 3 + 3w -1

A keyboard alternative for selecting the Expansion command from the Simplify menu is the

following standard WINDOWS technique: (AlIt)+(S) opens the Simplify menu (use (S) be-

cause of the underscore under the letter S in Simplify), and then press (E) (again the letter

with the underscore, but now without the (Alt), 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, and then approximate sin(;z/ 4) :

To enter the above expression, select the Author>Expression command, then type
sin(n/4) (&) . (Obtain © from the Math Symbol Toolbar. Please be aware of the
difference between the Math Symbol Toolbar button , which denotes the area of the

unit circle, and the Greek Toolbar button , which denotes the lower case Greek
letter. Observe the different appearance of the two toolbar symbols. The area of the
unit circle has one slanted vertical “leg”.)

m
#23: SINf—
4

B Simplify expression #23 with the Simplify>Basic command.
J2
#24: —
2

This is another “beautiful” result. Before computing an approximation, add an appropriate
comment to the worksheet in form of a text object.
2 Insert a text object with the Insert>Text Object command, and then type:

The following is an approximation of sin(m/4).
(Get the symbol m from the Math Symbol Toolbar.)

The following is an approximation of sin{m/4).
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(Try to) conclude the input with (¢).

The following is an approximation of sin(m/4).

The ‘Enter’-key, used from within text editing mode, added an extra line to the text object.
This is not what was intended.

E  Delete the extra line using the backspace key (ae_).

The following is an approximation of sinfm/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.
gl =l x| Aalsd wed o 1] 5lm] A% @]

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

[x=-]

£ Highlight expression #23, and then approximate it with Simplify>Approximate.

Approximate Expression #23 I
"5

Digits of precision: |10 _I;I
QK | Approsimate | Cancel |

Unlike the Command Toolbar’s Approximate button, the Simplify>Approximate 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>Approximate command allows you to temporarily change the default value for
the next computation.

Change the number to 35, and then use the default dialog exit:
35 (_Approximate_ )
| #25: 0. 7071067 811865475 24400844362104 84903

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 pati-
ence. As explained later, computing time increases with increasing precision. (On our
computer a 1,000 digits approximation of expression #23 took 0.161 seconds, a 2,000 digit
approximation took 0.531 seconds.)

Update your text to indicate the chosen precision:

B Bring the text object into editing mode by clicking in it. Position the cursor imme-
diately after the word: an

The following dis ar| approximation of sin(m/4).
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Change the text appropriately by using the backspace key (ae_) to delete the letter n
and then adding: 35-digit

The following is a 35-digit approximation of sin(m/4).

Reducing the text’s font size requires the Formatting Toolbar to be on. An elegant way to
do this is the following:

E  Move the mouse pointer anywhere in the Menubar or Command Toolbar.
.File Edit Insert Author Simplify Solve Calculus Options  Window  Help % = ﬁ
D=|a|] #|w=e i =[xl el mf o] o] s[r] +4] €

Open the context sensitive menu by clicking the right mouse button.

[22x]

(8]

Eile Edit Insert Author Simplify Solve Calculus Options  indow Help

= EREE Bl =] %] & s 2

— =] %]
H x| €

%v Expression Enkry
v Gresk Symbols
v Math Svrbols

[and]

3 v flgebra
2D-plot
3D-plat
Dema

File

Plak Tracing
Formatting

#21: (o - 1)

3 2

#22: o - 3w o+ 3w -1

el "]

This menu contains switches for all available toolbars. The checkmarks indicate which
ones are on. Toggle a switch by moving the mouse pointer over it, then clicking the left
mouse button.

#2233

Turn the Formatting Toolbar on by toggling the Formatting switch.

Eile Edit Insert Author Simplify Solve Calculus Options  Window  Help

D|={dlS| & 5 I P ISV
3
#21: (o - 13
3 2
#22: o - 3w + 3 -1

SI N(lw

w Expression Entry
u Greek Symbols
—  Math Symbols

v Algebra
ZD-plot
3D-plat
Demao
File
Plat Tracing
Forrnatking %

—l=]x]
x| 2

The Formatting Toolbar appears under the Command Toolbar.

ﬂFiIe Edit Insert Author Simplify Solve Calculus  Options

D|={=|&] 4[%=|e k| =

window Help

[2ad]

Lol o] 5] 0] ~|x|

=] x|

| Derive Unicode

BB ﬂ B|1|g

For editing DERIVE texts 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.
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o

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

| The following is a 35-digit approximation of sin{m/4). |

(8]

Prepare for chaEnIging the font size: open the Font Size field’s dropdown selection menu
by clicking on L.

|DeliveL|nicode j|12 :Pk B|f| u £ §|§| E

¥21: 1 (a - 1) ~
3 Z

#22: o -3 o+ 3w -1

m
#23:  SIN|—

B Select the number 10.

The following is an approximation of =din{m/43.

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

& Prepare for entering text using the Insert Text button .

The following is an approximation of sin{m/4).

#25: 0. 7071067 811865475 244008443621 0484903

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>Text Object command) adds the text
object after the highlighted object, you need to highlight expression #25 first. (Alternatively
you could move the empty text object to the end of the document. You will learn how to
move objects within a worksheet later.)

E  Select expression #25.

The following is an approximation of sin(mf4).

#25: O.70?106?8118654?52440084436210484%33

Although the frame around the empty text object disappeared, it is still there. It can be
deleted like any other object only after it is highlighted.
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E  Highlight the text object by clicking into it.

The following is an approximation of sin{m/f4).

l i
#25: 0. ¥O7FL06TELLBAS4ATE 24400844 36 2104 84903

E  Try to delete it, using the (Del) key.
This has no effect. Remember: clicking inside a text object starts text editing mode. To sel-

ect a text object for deletion, copying, or moving, click (precisely) on the frame or the
narrow space left or right of the text object, or press (Esc) from within text editing.

E  Select the text object for deletion using (Esc).

The text object is selected now as is indicated by the frame around it and no cursor in it. If
there is still a cursor, press (Esc) again.

E  Delete the empty text object using the (Del) key.

The following is an approximation of sin(m/4).

#25: 0. 7071067811 865475 244008443621 0484903

You will not need the Formatting Toolbar any more in this session, so switch it off to
provide more space for other purposes. You can switch a toolbar off the same way you
switched it on. But now we invite you to apply an alternative technique for controlling the
display of toolbars:

E  Open the Customize tab dialog box using the Window>Customize command.
Customize

Toalbars ]Eommands] Shorteut Keys |

Toolbars:

[wiidenu bar i Iv¥ Show Tooltips Mew...

';EZ'IJ;‘? v Cool Laok —
- gzl

[13D-plat

1Demo

[ |Filz

[ |Plat Tracing

Ff%matting
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|

=

(8]

Turn the Formatting Toolbar off by clicking with the left mouse button on the check
mark left of the word “Formatting”.

Toolbars:

[wibdenu bar ¥ Show Tooltips Mew...
vitlgebra v Cool Look

[12D-plat Reset
[]3D-plat

[1Dema

[IFile:

[ Plat Tracing

%g.rm@.ttjng ........................................

Leave the dialog with (_OK ) to make the Formatting Toolbar disappear.

Eile Edit Inmsert Author Simplify Solve Calculus Options  Window Help _ 15 ﬁ
D|={E|S| &% @] x| FlEedi] =~ ]]as] mla] 1] 20| 4] €
#20: (> - 1D iad

Learn more about customizing your DERIVE (and the various options of the
Window>Customize command) in Chapter 17.

Experiment with the commands from the Options>Display submenu to become familiar
with changing the “look” of a DERIVE worksheet:

|

=

o

Open the Options>Display submenu.

Eile Edit Insert Author Simplify Solve Caloulus thionsl Window Help
i ; o . ispla L4 alignment of New Objects..,
D|=|ala] #|=|e]x| FlEts-E & e ]
Printing 4 Font of all Expressions. .. L
#200 (o - 13 Hide 4 Fort of Mew Text Objects. .,
Background Calar ...
#21: Mode Settings...  Ctrl+M
Startup... Multi-line Expression Entry
- = v Renumber Expressions
#22: o - 3w o+ 3o - ~

Select this submenu’s first choice (i.e. Alignment of New Objects)

Hew Object Alignment

¥ wiap Mew Espressions
Alignment

Unsimplified Espressions: | Left -

Simplified Expressions: | Center -
Plot Objects: | Center hd

Text Objects: | Left -

OLE Dbjects: [Center =

ak. | Cancel | Flezet |




Kutzler & Kokol-Voljc: Introduction to DERIVE 6 19

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 applying 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 is
done by the default setting.

E  To keep the settings as they are, exit the dialog with (_Cancel_) or the (Esc) key.

Try the next command in the Options>Display submenu:

E  Try the menu’s second choice, Options>Display>Font of All Expressions.

Font
Font: Font style: Size:
|Derive Unicode Regular 12 | QK. |
B Derive Unicode | |Regular 12 -
" DA Printer = |italic Tl | G
()} Lucida Conzole Eald 16
(I OCRA Altermate Bold Italic 18
€I Prestige Elite | 20
B Tl Math | 22 ]
T T Uni hd 24 |v
Effects Sample
[~ Stikeout
[ Undeine AaBbryZz
Calar:
I Eack - Script:
Thiz iz a TrueType font. This same font will be used on bath wour
prinker ahd pour screeh,

The language used in this and similar dialogs is determined by the language setting of your
operating system.

&H  Choose 22 point and Bold ...

Font
Fant: Font style: Size:
[Derive Unicode [Bald |22 [ ok ]
| Derive Unicade | |Regular 12 -
T DA Printer = e VO | | (T
) Lucida Corsole Bold 16
€ OCRA Altemate Bold Italic % 18
 Prestige Elite | 20
Ty 71 Math | 22 |
T T Uni ] 24 [
Effects Sample
[ Strikeout
[ Undedine AaB bez rd
Color:
Gk - Script:
Thizg iz a TrueType font. This zame font will be used on both wour
printer and pour screen.
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(8]

..., then carry out the change by leaving the dialog box with (_0K ).
J2
#24:
2

The following is an approximation of sin{m/d43.

#25: 0.70710678118654752440084436210484903

A large font is useful for demonstration purposes, especially when using a projector. For
personal work a smaller font may be preferable. The large font will be used for the last two
examples in this chapter.

Earlier you entered the constant = via the Math Symbol Toolbar. There are several methods
for entering special constants such as r, the base of the natural logarithm e, or the imagi-
nary unit Z Also, it is important to distinguish between variables with names e, i, and (the
lower case Greek letter) m and the famous constants usually denoted with these letters.

E  To enter a sum of three 7’s (the constant), first move the focus into the entry line using
(F2). Enter the first = from the Math Symbol Toolbar, the second one by typing pi,
and the third one as (Ctr1)+(P). (The pluses in between are all entered via the
keyboard.) Finally add the lower case Greek letter Pi from the Greek Toolbar.

v =2~ ¥ x |THPI+THT

These are the three methods of entering the constant n. While the second and fourth terms
in the entry line look different, all three terms look and mean the same thing in the
worksheet. Note the different appearance of the lower case Greek letter Pi.

E  Conclude the input with (&).

#26: WA+ T+ T+ T

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, and 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.

E  Enter the first e from the Math Symbol Toolbar using El, the second one by typing #e,

and the third one as (Ctr1)+(E). Then type: +e= (Note the use of the postfix equals
operator.)

v = v~ x x |e+t#etet+e=
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End the input of the sum of three €s and the variable e with (&).

#27: e+e +e+e=¢e+ 3-e

The postfix “equals” operator causes an automatic simplification and the generation of an
equation whose left side is the unsimplified expression and whose right 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 7 from
the Math Symbol Toolbar, type #i, or enter it via the key combination (Ctri)+(l).

Conclude this chapter by exiting DERIVE. The Exit command can be found in the File menu:

B Exit DERIVE using the File>Exit command.

Derive 6
! E Save changes ko 'algebra 1'7
L
es Mo Cancel ‘

DERIVE asks if the yet unnamed worksheet should be saved under the suggested file name
“Algebra 1”.

E  To exit without saving the worksheet select (_No_).
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Summary

Algebra window

OF (D) e delete highlighted expression
or Insert>Text Object or (F5) ................ insert text object after the highlighted object
or Author>Expression or (F2) ................. enter expression, move focus into entry line
E or Simplify>BasiC .........ccccceeeiieiiiniiceecee e simplify highlighted expression
or Simplify>Approximate ............c.ccceeeueeennee approximate highlighted expression
L[ = 1 TR exit DERIVE
SIMPlIfy>EXPaNd .........ooooiiiiiiieiiececee e e expand highlighted expression
OPptioNsS>DISPIAY .......oooeviiiieiiieceeee e change display settings
Window>Customize: TOOIDArS ...........ccccceeeiieeiiecieniiieeieeee e control display of toolbars
: (Y2), (M4) oottt move highlighting one expression up, down
(ST TP cancel command
click left mouse button into row occupied by the expression ................ highlight expression
click left mouse button into text ObJect .......ccccecvvvvveievieerieerinennns edit contents of text object
click onto text object frame or left or right of it, or press (Esc) from within text editing .....
............................................................. highlight text object (without text editing)

10 (-3 TP enter expression
E ....................................................................................................... enter simplified expression
OF (CErD) (@) it enter expression then simplify
................................................................................................ enter approximated expression
OF (B)4+(E) ot enter expression then approximate
............................................................................................................................ clear entry line
(ESC) ettt move focus into the algebra window
() ottt sttt tans highlight contents of entry field
OF (CEFD)+(P) OF P oottt area of unit circle n
El OF (CErD)+(E) OF #E oottt base of natural logarithm e
OF (CErD) (1) OF #1 ottt imaginary unit 7
El S BB, e et et te et e e be e e beeeraeenaaean Greek letters
OF (CErD)+(Q) OF SOPT wiroieeieieeieeeee ettt ettt ee e square root symbol

= (postfix equals operator) ...... show unsimplified and simplified expression as an equation



Chapter 2:
Documenting Polynomial Zero Finding

The emphasis in this chapter is on creating a simple mathematical document about
determining 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?

Yes Mo

[ Do not display this dialog box in the future.

Your first session with DERIVE left information in an initialization file. This file stores
information about the status of the DERIVE window before you last exited DERIVE. 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, which are some of the
changes from the first chapter. This book is written so that each chapter starts with a
factory default DERIVE. You should do the same so that your results will look similar.

B Start with a factory default DERIVE by exiting the dialog with (_Yes_).
Start the new document with an appropriate headline.

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

Finding the zeros of a polynomial

2
1
You will look for the zeros of the polynomial y = p(x), y = x° —% —3% 3

E  Enter the above polynomial by preparing for expression input with , and then type:
y=x"3-x"2-3x/2-1/2
(Intentionally omit the /2 in the second term.)

3 2 R 1
#1: ¥o=% - % -

P P




24 (2) Documenting Polynomial Zero Finding

From here on, the key (&) or the button (_0K ) will be displayed only in ambiguous situ-
ations. 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 you entered it properly.

As you know, it was not! The /2 in the second addend is missing. This is easily repaired by
applying the Edit>Expression command to the highlighted expression.

B Edit the highlighted expression by issuing the Edit>Expression command.

R R PR 0000 ’
E E] 2 3 x 1
E E
#1 ¥=x -x - - —
E
E 2 2=
R PR R PR R PR PSR R PR PR A

Editing expression #1; press Esc to cancel U=zer

T
& = w |y =x"3 - x"2 - 3%/2-1/2

This brings a copy of the expression into the entry line with the cursor positioned at its left
end. A status bar message indicates editing mode and how to cancel it. A hatched pattern
surrounds the original expression until the edit operation is either completed (by entering
possible changes to the characters in the entry line) or cancelled (with (ESC)).

£ Insert /2 after x"2 then end the input with ().

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>Expression 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 third degree polyno-
mial 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, ...

... insert the following text:

We try a graphic approach by plotting the polynomial in a 20-plot window.

* “Plot” includes different aspects of drawing and graphical representation. 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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E  Prepare for plotting a 2D graph: open a 2D-plot window by clicking on the 2D-plot
Window button or issuing the Window>New 2D plot Window command.

EHE\IB Edit Insert Set Options MWindow Help — | = ﬂ
NEEE B =~ F v £4 &1 4o m
. . Pl
¥

3

2

1 +

®

-4 -3 -2 -1 1 2 3 4

-1

-2

-3

-4
Ba Cross: 1,1 Center: 0, 0 Scale: 11

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 toggle between win-
dows or change their sizes and positions:

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

FH 20-plot 1:1 =< k3
- - - y T - - -
Finding the zeros of a polynomial
3 2
3 ® 3% 1
#l: y=x - —- — - —
2 2 2 2
We try a graphic approach by plotting the
1 + polynomial in a 2D-plot window.
b3
4 -3 -2 -1 1 2 3 4
-1
-2
-3
. . 4
FH cross: 1,1 Center: 0, 0 Scalei 111

Each window is labeled with the window type in its upper left corner (2D-plot and Algebra).
The active window’s Titlebar is dark; the inactive window’s Titlebar is dimmed. Since the
plot window is active, the Menubar, the Command Toolbar, and the Status Bar are all



26

(2) Documenting Polynomial Zero Finding

different from that of the algebra window. In particular, the Status Bar displays the
following graphics information:

The crossed square icon preceding the word Cross indicates Cartesian coordinates,
Cross gives the coordinates of a movable cross,

Center gives the coordinates of the picture center,

Scale gives the scale factors of both axes.

E  Draw the graph using the Plot button .

DEWS B L B[ ]t e
LN

[ 20-plot 1:1 Flot exprassion E]@
- . e . . -
¥

Finding the zeros of a polynomial

We try a graphic approach by plotting the
1 + polynomial in a 20-plot window.

Oops —the Plot button is dimmed inaccessible (disabled).

The reason is that the Plot button (as well as its equivalent, the Insert>Plot 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.

jmm]

=

Highlight the polynomial by clicking on it. This makes the algebra window the active
window. Therefore, make the 2D-plot window active again by clicking on its Titlebar.

DEEE WX A0 v L FF| 1o % § e @
£ 2D-plot 1:1 N |==|
- - Pl . - -
¥ L .
Finding the zeros of a polynomial
3 2
3 % 3x 1
#1 =2 - — = — - —
2 2 2 2

There are several techniques to make a different window active:

Use (Ctrl)+(F6) to make the other window active.

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 any mouse button, in the window’s Titlebar.

From a plot window you can use (Ctrl)+(1) to make the algebra window active.

Now that the Plot button is available, you are ready to plot the graph of the equation.
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&2 Draw the polynomial’s graph using the Plot expression button .

FH 20 plot 1:1 ok X
g
¥ L .
Finding the zeros of a polynomial
3 2
3 = 3 1
#1: ¥=% - — - — - —
2 2 pa 2
We try a graphic approach by plotting the
1 + polynomial in a 20-plot window.
%
4 -3 -2 - 1 2 3 4

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.

EH 20-plot 1:1 =JolEd X
- - ris -
¥ _ .
Finding the zeros of a polynomial
3 2
3 X 3 1
#1: ¥=% - — = —— - —
2 2 2 2
We try a graphic approach by plotting the
1 + polynomial in a 20-plot window.
g
% ¥
<4 -3 -2 - 1 2 3 4

Homow

4 -3 -2

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 one, two, or three 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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/N

|EH Cross: 1,1

Center: 0,0

Scale: 101 |

The color of the cross can be changed via the Cross tab of the Options>Display dialog.

When the plot window is active, the cross can be repositioned by either moving the mouse
pointer and clicking with the left mouse button or by using the arrow keys (/), (a), (¥2),

and (V4).

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 (CtrD)+(&), (Ctr)+(2e), (Ctr1)+(¥2), and (Ctrl)+(¥4) to move the

cross in bigger steps.
11

Wi

rl

+

AV

The (Home) 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>Trace Plots command, or the corresponding
hot key (F3). As is 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 for the Options>Trace Plots command:

E2  Open the Options menu.

File Edit Insert 3Set |Options| Window Help
DEHd& e Do P o2 | e Y oae |
Printing 4 .
[1]20-plot 1:1 =JoEd
: Simplify Befare Platting :
Approgimate Eefore Plotting Finding the zeros of a polynomial
. Trace Plots F3 2
L Ly 3 x 3. 1
Annotate Mew Plots #1: y=x - S —
Plot Real and Imaginary Parts 2 2 2
We try a graphic approach by plotting the
Follow Cross . . .
polynomial in a 20-plot window.
Autoscale New Plots
- - : P
¥
+ ) 3
® 7.
4 -3 -2 —1/ 1 ;’I 2 3 4 1+
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E  Turn trace mode on by selecting the Trace Plots command.

Bﬂ?[)—plut 1:1 Tracing expression #1 g@
L3
¥ Lo .
Finding the zeros of a polynomial
3 2
3 X 3 1
#1 ¥=% - — = —— - —
z2 2 2 2

We try a graphic approach by plotting the
1 - (| polynomial in & 2D-pTlot window.

e
® ¥

3 . .
2
\_%3 1+
%

!

When trace mode is switched on, the cross changes its shape into a square and jumps verti-
cally to the curve with its horizontal coordinate unchanged. The expression number of the
traced curve is displayed in the plot window’s Titlebar (here: Tracing Expression #1%).
When trace mode is on, the square can be moved only along the curve. This can be done
using (/) and (&), or using (Ctr1)+(4&£) and (Ctrl)+ (&) for larger steps. It can also be
done by moving the mouse pointer and clicking with the left mouse button to the new posi-
tion. If there are several graphs displayed, use (¥2) and (¥4) to select another graph.

E  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, 8.25 Center: 0, 0 Scaler 101

What happened to the square? It disappeared. The status line indicates the reason. The
square’s vertical coordinate is 8. 25, so it is outside the current plot area. You can ask
DERIVE to move the plot area where the cross or square is.

E  Move the plot area where the cross is by flipping the switch Options>Follow Cross.

Bﬂll}—plul 1:1 Tracing expression #1 E]@
¥ L .
12 Finding the zeros of a polynomial
2
1 3 x 3 1
#1 =X - — = — - —
2 2 2

We try a graphic approach by plotting the
polynomial in a 20-plot window.

g
¥

3
2
1

i

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

* To conserve space this titlebar message is an abbreviation for “Tracing the graph of the
function defined by expression #...”.
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this mode can alter a chosen plot range, Follow Cross mode should be used carefully and is
therefore switched off by default.

E  Turn Follow Cross mode off by issuing Options>Follow Cross again.

There are several ways to restore a previous range:

~ e Use the Center on origin button .

e Issue the Set>Plot Range>Length/center or the Set>Plot Range>Minimum/maximum

| command, use the (_Reset ) button, and then leave the dialog with (_0K ).

e [favailable, double click on an embedded version of the original graph. This last option
is particularly elegant and convenient.

o

Restore the original graph by double clicking on the embedded graph.
FH 20-plot 1:1 9= <
. . . — .

Finding the zeros of a polynomial

We try a graphic approach by plotting the
1 + polynomial in a 2D-plot window.

Trace mode is abandoned 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:

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

|

-2 - 1 P

DERIVE displays the square coordinates as Cross: 1.615385, -0.01251707. (Your numbers
might be different.) Using the right arrow key (/) once moves the square to Cross:
1.634615, 0.07973231. You have not found a position at which the j~coordinate is zero, but
you can say that the polynomial zero must be between 1.615385 and 1.634615, probably
being closer to 1.615385. An obvious approach for getting closer is magnification.
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E  Zoom in using the Command Toolbar’s Zoom in button (left picture), then try
moving the square closer to the rightmost zero.

On our computer we couldn’t get any closer than we did previously (it may be different on
your computer).

E  Restore the original scale factors by zooming out with the Zoom out button .
1 /
4 3 2 ]1/ 1 / 2 3 4

Document what you found so far by inserting appropriate text objects:

B 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.

We try a graphic approach by plotting the We try a graphic approach by plotting the
polynomial in a 20-plot window. polynomial in a 20-plot window.
PR T — -
2
1+
i X
a "
4 -3 2 1/2 3 4:
E 1 . I
2 . -
-3 .
Boeverirreriritibcionen A . 1

When you choose one of the four corner points, the size changes proportionally, so that the
aspect ratio is preserved. '

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

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

Using trace mode we found 1.615385 < x < 1. 634615, I

& Search for more zeros: make the plot window active, and then move the square to the
uncertain zero between x =—1 and x=0:

1 /.X.
N
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You will find that there is one zero between -0.6346154 and -0.6153486. (Again, your
numbers may be different). Another zero seems to be at exactly x =—0.5. To obtain a

picture with intersections of the graph, magnify again:

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

0.5

It becomes obvious that there are two zeros. Continue to magnify the graph:
E  Zooming in once more with ;< lets the square leave the plot window because follow
mode is switched off (left picture). The very useful Center on cross button shifts the

plot range so that the square/cross is in the center of the new plot image.
0.1

-0.1

-0.2

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.

®

-0.9 -V?/-os -0.5704 0.3 -0.2

Now the change of sign happens between x =—-0.6192308 and x =—0.6173077 . Produce a
graph with steeper intersections to get a more accurate answer:

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

-0.% -0.8 -0.7--0.6 -0, -0.4 -0.2 -0.2

A highly recommended tool is the Set range with box button , which allows you 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.
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E  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.

-0.9 -0.& -0.7--06 —Ow -0.3 -0.2

-0.9

-0.8&

-0.7

-0.6

N

E Release the mouse button.
Set Plot Range Minimum/maximum .
I inimum b @i Intervals

Hoizontal: [{0E5192307632  |045769230769 |8

Vttical: [-0.025 |0.023 [

Ok, | Cancel | Reset

The Set 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 using the
Set>Plot Range>Minimum/maximum command, but a graphical choice of the plot range is

often more convenient.

B See what happens if you confirm with (_0K ).

7/[5 -0.58269 —0.53413 —-0,48558

Notice the complicated numbers below the tick marks (your numbers are likely to be diffe-
rent) 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 .

—0‘65?/15 -0.58269 —0.53413 7\)\48558

Set Plot Range Minimum/maximum P

Minimim P ainnum Intervals

Horizontal |-0.631 25 |-0.4BE57R32308 [

Wertical [-0.00552 |0.005534 E

ok | Cancel | Reset
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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 (3/) to make the next input field active. Enter the following values:

-0.7 (¥) 0.4 () 6 ()

Set Plot Range Minimum/maximum
I imirnum [GERTI Intervals
Harizontal: |-D_? |-D.4 |B
Wertical: [-0.00552 |0.00584 [
0K | Cancel | Reget |

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

B -0.01 () 0.01 () 4 (OK)

X

7 -0.65/3-06 _0.55 -oi _0.45 -0

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

The left zero lies between -0.6185714 and -0.6178571; 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.

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

P ) .

A .

1+ .

® -4 -3 -2 1z 3 4

7 -0.65 -0.6 -0.55 -035 -0.45 -0 -

By using the variable names hcross and vcross you can transfer the current graphic cross
coordinates into the Algebra window.
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E Enter and approximate: hcross
#2: hross

#3: -0.6178571428

o

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

Using zooming we found x=-0.5 and
-0.6185714 = x < —-0.6178571.

Close the plot window, and then open the algebra window to full size:

E  Close the plot window by clicking the left mouse button on the &3 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 & button.

We try a graphic approach by plotting the polynomial in a 20-plot window.

Using trace mode we found 1.615385<x<1 634615,

#2: hCross

#3: —0.6178571428

Using zooming we found x=—0.5 and 0, 6185714<x<—0 6178571

Next compute the zeros by solving the corresponding polynomial equation. Before doing
S0, enter an appropriate textual description of your approach:

B2 Enter the text:

We apply the SOLWE function to the corresponding polynomial equation.

Generate the corresponding polynomial equation:

E  Highlight the polynomial #1, move focus into the entry line with (F2) (which is the hot
key for authoring expressions), and then auto-paste a copy of the polynomial using the
hot key (F3).

| v = 2w g ) |v=¥3- X2~ 3%2 - 1/

(F2) may become your most frequently used hot key.

E Replace y with 0 and then conclude the input with (&).
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For solving this equation either use the Solve>Expression command or the corresponding

toolbar button .
Prepare for solving the equation by applying the Solve Expression button .
Solve Expression #4 I
Solution " ariables Solution Method Solution Domain Solution Bounds
M) + Algebraically &+ Complex ’—
" Numerically " Real
" Either -
QK | Solve Cancel ‘
E  Solve the equation. Accept all suggested parameters by selecting (_Solve ).
2
3 ® 3% 1
#5: SOLVE| 0 =% - —4 - —— - —— %
2 2 2
1 J5 45 1 1
#a: K= — — W R o= b v ¥ = - —
2 2 2 2 2

Here v is the mathematical symbol for the logical operator OR.

For online help with any DERIVE dialog box, press (F1) when the dialog box is visible.
Similar to the Entry Toolbar’s Author and Simplify button , (_Solve_) generated both an
unsimplified expression (which is the formal application of the SOLVE function to the equa-

tion) and a simplified expression (which is the solution of the equation.) The exit (_0K )
would have generated the unsimplified expression only.

You can approximate expression #6 to compare these results with what you found
graphically. Before doing so, again add a textual description of your approach:

Enter the following text:

Expression #6 gives the four exact zeros of the polynomial.
We approximate #6 so that we can compare 1t with what we found graphically.
More about Derdive at w.der“ive—eur‘ope.@n.

If you type in a URL, DERIVE automatically makes it a link.

Approximate expression #6 by first highlighting it, and then applying the Approximate

button .

|#?:

# = 1. 618033988 v x = —0.61803398&7 v x = -0.5

To turn this worksheet into a polished mathematical document, do some more editing, then
print it out and save it, but first, add a signature documenting author(s) and date:

B Switch the Formatting Toolbar on using Window>Customize.

| T
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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 . 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 [=].
- [Deiive Unicod ~ =] B~ u @ =
~|Right Justifsy [T

Enter the following text:

| Thi= document was creatad by B Kutzler & % Hokol-Valic on May 24, 20032, ‘

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 the zeros OFD\? polynomial |

Choose a format that is suitable for a title line, for example ...
... change to 22 points font size, bold (.), centered (.), and then add a blank line.
IDenva Uricode _"22 _I B 7~ U B2

Finding the zeros of a polynomial 1

Switch the Formatting Toolbar off via Window>Customize.
Before printing a document, it is wise to do a print preview.

Look at the print preview using the File>Print Preview command.

@Denve 6 - [Algebra 1]

3] MewPage | FievFoe | IwoPage | Zoomin | ZoonOui | Close

L dlahre bate oni 003 [e——

Finding the zeros of a polynomial

]
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Print preview offers various options including a button for zooming in.
Zoom in with (_Zoom_In_).
(@] Derive 6 - [Alzebra 1] =]

Print I Mext Page | Fiew Page | Two Page | i Zoom Out I Close

File: Algebra 1 Date: 06.07.2003 Tine: 1540118

Finding the zeros of a polynomial

Q,

Using trace mode we found 1.615385 < x < 1.634615.
The magnifying glass shaped cursor in the upper right quarter of the page indicates that an
alternative to using the (_Zoom_In_) button is to click with the left mouse button.

Using the commands from the Options>Printing submenu you can make changes to the
printed document. For example, the Options>Printing>Expression Layout command
controls the printing of Annotations and Computation Times. (By default neither is printed).

The worksheet is now ready to be printed.

Prepare for printing the document using print preview’s (_Print_) button.

Print W

— Printer

Mame: ILexmark B3 j Properties... |

Statusz: Ready
Type: Lexmark <E3

Where:  USBOOT
Camment: [~ Print to file
— Print range Copie
i Al Mumnber of copies: |1 3:

" Pages  from: I'I to:l
¥ Callate
7 Selection ﬂ ﬂ

Ok I Cancel |

Make sure that the printer is properly connected, switched on, and set. In the Printing dia-
log box you can change the printer or the printing properties, the print range from All to
either a range of pages or the highlighted expressions, or the number of copies from the
default 1 to however many you want.
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B2 Provided your computer is connected to a printer, send the document to the printer
with (_ 0K ).

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

B Save the worksheet by issuing the File>Save As command.

Save As

Save ir: |_} Uszers j - £F E-

& 5

Iy Recent [CIErrorCorrectingCodes
Documerts () Inkegration

@ [CiLinearAlgebra

() MultivaluedLogic

Desktap (CaMurnber Theary
() Platting
|)RegressionAnalysis
I Simplexiethod
|- SpecialFunctions
1 i Tensaralgebra
. g () Transforms

My Computer
by Netwark File namme: | j Save |
Flaces
Save as type: |wa‘ file [*.dfw) j Cancel

My Documents

DERIVE suggests storing the file in the subdirectory Users. You can choose a different direc-
tory by selecting one from the selection menu that is offered for the Save in field.

B Accept the suggestion and enter the file name chapter02 in the File name input field.
Close the dialog with (_Save_).

[@ Derive 6 - [Algebra 1 chapter02.dfw]

Notice the Titlebar. Previously there was [Algebra 1] as the indication of an unnamed alge-
bra 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.

£ Exit from DERIVE.
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Summary
Algebra Window
OF SOIVESEXPIreSSION ........ooiiiiiiiiiiiiiiiiiiecteetee e solve equation
........................................................................... open new 2D-plot window or switch to one
Window>New 2D plot Window ............cccceeeuiieiiieiieniecieeieeereeeaens open new 2D-plot window
.................................................................................................. right justify highlighted object
........................................................................................................... center highlighted object
File>Save AS .....oooiiiiiiiieecteccee ettt re e save worksheet using a name
File>Print PreVieW ...ttt print preview
Edit>Expression or double-click left or right of expression ...... edit highlighted expression
Options>Printing>Expression Layout ...........ccceccovieiiiiniiiiieeeeninnnnnee format expression layout
double-click left mouse button on embedded plot.......... open embedded plot in plot window
2D-plot window
OF INSEItSPIOL .....oooeviiiiieeeee e plot highlighted expression
or Options>Trace Plots OF (F3) ...cccocevirinininininenenesesese e toggle trace mode
........................................................................................................ center plot region on cross
....................................................................................................... center plot region on origin
OF (FO) ettt sttt b e bbb bbb b e zoom in
OF (FLO) ettt ettt ettt et e bt st s be st e sbeebesbe st e sbesbesbessessesaessessessansans zoom out
B] OF (F7) ettt st be b zoom in vertically
......................................................................................... graphically choose a crop rectangle
FileSEmbed ..........cccoooiiiiiiiiieeceeee e copy plot window into algebra worksheet
Set>Plot Range>Length/center .................ccceeuvrnnen. set length, center, and scale of plot range
Set>Plot Range>Minimum/maximum ........... set minimum, maximum, and scale of plot range
. OPLIONSSFOIIOW CrOSS ......cc.ooiiiiiiiiieiieeiieeieete et sre e seaeessee s toggle follow mode
(FE), (V4),(88), (V2) et move cross one pixel (one dot) on the screen
CtrD)+(AE), (CtrD+ (M), (CtrD)+(a), (CtrD+(¥2) oo move cross several pixels
(HOMB) ettt move cross to plot window center

All windows

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

(FL) ettt sttt display context sensitive online help



	Bernhard KUTZLER
	Vlasta KOKOL-VOLJC
	Introduction to�DeriveTM 6
	ch00-3-toc.pdf
	Table of Contents

	ch00-4-preface.pdf
	Preface

	ch00-5-intro.pdf
	Introduction

	ch01.pdf
	Chapter 1:  First Steps
	Summary
	Algebra window
	Expression Entry Toolbar



	ch02.pdf
	Chapter 2:  �Documenting Polynomial Zero Finding
	Summary
	Algebra Window
	2D-plot window
	All windows



	ch03.pdf
	Chapter 3: �The Whole and Its Parts – Subexpress�
	Summary
	Algebra window
	Expression Entry Toolbar
	2D-plot window



	ch04.pdf
	Chapter 4:  Equations and Inequa˜lities
	Summary
	Algebra window
	Expression Entry Toolbar
	2D-plot window
	Functions



	ch05.pdf
	Chapter 5: �Approximate Versus Exact Computations
	Summary
	Algebra window



	ch06.pdf
	Chapter 6: �Sequences and Families of Curves
	Summary
	Algebra window
	Expression Entry Toolbar
	2D-plot window
	Functions



	ch07.pdf
	Chapter 7:  Investigations in Space
	Summary
	Algebra window
	3D plot window



	ch08.pdf
	Chapter 8:  What is ‘Simple’?
	Summary
	Algebra window
	Functions



	ch09.pdf
	Chapter 9:  Vectors, Matrices, and Sets
	Summary
	Algebra window
	2D-plot window
	Functions and Operators



	ch10.pdf
	Chapter 10:  Parametric Plots
	Summary
	2D plot window
	3D plot window



	ch11.pdf
	Chapter 11:�Towards a Module for Analytic Geometry
	Summary
	Algebra window
	2D plot window
	All windows
	Functions



	ch12.pdf
	Chapter 12:  Some Calculus
	Summary
	Algebra window
	Functions



	ch13.pdf
	Chapter 13:  Displaying How Derive Does It
	Summary
	Algebra window



	ch14.pdf
	Chapter 14:  More about Plotting
	Summary
	Algebra window
	2D plot window



	ch15.pdf
	Chapter 15:  More Things Derive Can Do …
	Summary
	Algebra window
	Functions



	ch16.pdf
	Chapter 16:  Connecting Derive With Your TI-89, TI-92+, or Voyage200 Handheld
	Summary
	Algebra window
	Demo file loading



	ch17.pdf
	Chapter 17:  Make Derive Fit Your Needs
	Summary
	Algebra window



	ch99-1-learnmore.pdf
	Learn More About Derive

	ch99-2-a.pdf
	Appendix A: Derive Startup Options

	ch99-3-b.pdf
	Appendix B: Factory Default Derive

	ch99-4-index.pdf
	Index




