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Important Information

Texas Instruments makes no warranty, either express or implied, including but not limited
to any implied warranties of merchantability and fitness for a particular purpose,
regarding any programs or book materials and makes such materials available solely on
an "as-is" basis. In no event shall Texas Instruments be liable to anyone for special,
collateral, incidental, or consequential damages in connection with or arising out of the
purchase or use of these materials, and the sole and exclusive liability of Texas
Instruments, regardless of the form of action, shall not exceed the purchase price of this
product. Moreover, Texas Instruments shall not be liable for any claim of any kind
whatsoever against the use of these materials by any other party.

USA FCC Information Concerning Radio Frequency Interference

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses, and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation.

If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, you can try to correct the
interference by one or more of the following measures:

* Reorient or relocate the receiving antenna.
* Increase the separation between the equipment and receiver.

»  Connect the equipment into an outlet on a circuit different from that to which the
receiver is connected.
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»  Consult the dealer or an experienced radio/television technician for help.

Caution: Any changes or modifications to this equipment not expressly approved
by Texas Instruments may void your authority to operate the equipment.

© 2005 Texas Instruments Incorporated
Windows and Macintosh are trademarks of their respective owners.
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Getting Started

Initial start-up

Installing the AAA Batteries

The TI-89 Titanium uses four AAA alkaline batteries and a backup silver oxide battery
(SR44SW or 303). The backup battery is already installed, and the AAA batteries are
provided with the product.

1. Remove the battery cover from the back of the calculator.

2. Unwrap the four AAA batteries provided with your product and insert them in the
battery compartment. Arrange the batteries according to the polarity (+ and -)
diagram in the battery compartment.

3. Replace the battery cover on the calculator. The cover should snap into place.
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Turning on your TI-89 Titanium for the first time

After installing the batteries included with the calculator, press [ON]. The Apps desktop
appears.

Note: If your calculator initializes the preinstalled Apps, a progress bar will appear with
the message “Instal lation in progress . . . Do not interrupt!”instead of the
Apps desktop. To avoid losing Apps, do not remove the batteries during initialization.
(You can re-install Apps from either the Product CD-ROM or education.ti.com.)

Progress bar

Adjusting the contrast

« To lighten the display, press and hold [¢] and tap
(=]

« To darken the display, press and hold [¢] and tap
4.

CHAR

The Apps desktop

The Apps desktop is the starting point for operating your TI-89 Titanium. Your installed
Apps appear on the Apps desktop as icons organized in categories for easy access.
From the Apps desktop, you can:

*  Open Apps.
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» Select and edit categories of Apps.

* View all of the Apps installed on your calculator.
* View the full name of the highlighted App.

* View and edit the time and date.

*  Check status line information.

* View split-screen mode information.

Fi o Edi B:57 AL
@ — |Henu Frodram Ediber o 0B 9
Clock DatasHMatri... GFarh e
/
u
fil=0 Hi
Heors Huragric So.. [l gl = W -

@ —LMAIN ERD ALTO FUMNLC

TI1-89 Titanium Apps desktop

0 View full name of highlighted App.

® View time and date.

© Press to open highlighted App.
@ Scroll down to view additional Apps.

® Check status line information.
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0O Edit categories.

To return to the Apps desktop at any time, press [APPS]. The last category selected
appears with the last open App highlighted.

Turning off the calculator

Press [0FF]. The next time you turn on the calculator, the Apps desktop appears with
the same settings and memory contents retained. (If you turned off the Apps desktop,
the calculator Home screen appears.)

You can use either of the following keys to turn off the TI-89 Titanium.

Press: Description
[OFF] (press Settings and memory contents are retained by
and then press [0FF]) the Constant Memory™ feature.

+  You cannot, however, use [OFF] if an error
message is displayed.

*  When you turn the TI-89 Titanium on again, it
displays either the Home screen or the Apps
desktop (regardless of the last application you
used).

(¢][OFF] (press[¢]  Similarto [OFF] except:

and then press [0FF]) . yoy can use [¢] [OFF] if an error message is
displayed.

*  When you turn the TI-89 Titanium on again, it
will be exactly as you left it.

Getting Started 7



Note: [0FF] is the second function of the key.

The calculator’'s Automatic Power Down™ (APD ™) feature prolongs battery life by
turning the calculator off automatically following several minutes of inactivity. When you
turn on the calculator after APD:

« The display, cursor, and any error conditions are exactly the same as before APD.
»  All settings and memory contents are retained.
Note: APD does not occur if a calculation or program is in progress, unless the program

is paused. If a program is running but waiting for a key press, APD will occur after
several minutes of inactivity.
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TI1-89 Titanium keys
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TI-89 Titanium keys

O Function keys ([F1]— [F8]) open toolbar menus, access Apps, and edit categories of
Apps.

@ Cursor keys (©, ®, ®, @) move the cursor.
® Numeric keypad performs math and scientific functions.

O Modifier keys ([2nd], (¢], [(1]) add features by increasing the number of key commands.

Entering special characters

Use the CHAR (Character) menu and key commands to enter special characters. The
CHAR menu lets you access Greek, math, international, and other special characters.
An on-screen keyboard map shows the locations of shortcuts used to enter other
commonly used characters.

To select characters from the CHAR menu:

Press [CHAR]. The CHAR menu appears.

2. Use the cursor keys to select a category. A submenu lists the characters in that
category.

3. Use the cursor keys to select a character, and press [ENTER].
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Example: Enter the right arrow symbol (- ) in the Text Editor.

Press Result

[CHAR] CHAF

iMa
SiPunctuation
4i5pecial |
St International

wrwrw

CHRE

1:Gre=k
ZtMath _
4 2t Punctuation

e

Scroll down for
more characters.

Tools|Compuand|Yigw |Executs|Find...
—or- i e e
Press ® repeatedly to ]

select 9: - Symbol displayed at cursor
and press [ENTER location.
MAIM FAD ALTO FUHC 0/z0

To open the keyboard map, press [¢][KEY]. The keyboard map appears.
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To type most characters, press (¢] and the corresponding key. Press to close the
map.

Example: Use the keyboard map to find the “not equal to” symbol (%) shortcut and enter
the symbol in the Program Editor.

Press Result

(] [KeY]

I A A |

1-]_ Fer [FaFuid FE
Tools|Contr o1fl 0 |Yar|Find...|Mode

I%FEIE— Symbol
tEndPran  displayed at

cursor location.

HMAIN EAD AUTO FUHC
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Modifier keys

Modifier keys add features by increasing the number of keyboard operations at your

fingertips. To access a modifier function, press a modifier key and then press the key for
the corresponding operation.

Keys Description

2nd Accesses Apps, menu options, and other

(Second) operations. Second functions are printed above
their corresponding keys in the same color as
the key.

K Accesses Apps, menu options, and other

(Diamond) operations. Diamond functions are printed
above their corresponding keys in the same
color as the [¢] key.

Types an uppercase character for the next letter

(Shift) key you press. Also used with © and ® to
highlight characters when editing.

Lets you type alphabetic characters without a

(Alpha) QWERTY keypad. Alpha characters are printed

above their corresponding keys in the same

color as the key.

Getting Started
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Example: Access the VAR-LINK [All] screen, where you can manage variables and Apps.

Press Result
[VAR'LINK] WAk-LINK [AT1]
Fi- | Fe [Fa-[Fq [F5] FE F7
Hanade|View|Link{ n11'1contents F1asln‘|w]
~ MAIM=
a MAT 25
3} MAT =~ S&
w2 caloculus STOY 229324
ean EWFR 55
o foliool FLIO 13
HIN T EAD AUTO FUNC [T

Function keys
Use the function keys to perform the following operations:

* On the Apps desktop, open Apps and select or edit Apps categories.

*  On the calculator Home screen, open toolbar menus to select math-related
operations.

*  Within Apps, open toolbar menus to select App options.

Numeric keypad
The numeric keypad lets you enter positive and negative numbers.
To enter a negative number, press [(-)] before typing the number.

Note: Don’t confuse the negation key ([)]) with the subtraction key ([-]).

Getting Started
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To enter a number in scientific notation:

1. Type the numbers that precede the exponent. (This value can be an expression.)
Press [EE]. The exponent symbol (E) follows the numbers you entered.

Type the exponent as an integer with up to three digits. (As the following example
shows, you can use a negative exponent.)

Example: On the calculator Home screen, enter 0.00685 using scientific notation.

Press Result
6(]85 i el ]
E.25e-3
HalN FAD ALTO FUHLC [T
@ 3

ENTER (i oo el rnleredre] )
u  AQEST  DEEST
HalN FAD ALTO FUHLC 150

Other important keys

Key Command Description

Ce]ly=] Displays the Y= Editor.

Getting Started
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Key Command

Description

(e] [WiNDOW] Displays the Window Editor.

[¢] [GRAPH] Displays the Graph screen.

(¢] [TBLSET] Sets parameters for the Table
screen.

(¢ ] [TABLE] Displays the Table screen.

[+][cuT] These keys let you edit entered

[¢][coPY] information by performing a cut,

[+] [PASTE] copy, or paste operation.

Displays the Apps desktop.

(¢][APPS With the Apps desktop off,
displays the FLASH
APPLICATIONS menu.

(=] Switches between the last two
chosen Apps.

[cusToMm] Turns the custom menu on and off.

[»] Converts measurement units.

(][] Designates a measurement unit.

Deletes the character to the left of
the cursor (backspace).

(e [DEL] Deletes the character to the right
of the cursor.

[INS] Switches between insert and

overwrite modes.

Getting Started
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Key Command Description

[MEM] Displays the MEMORY screen.
CATALOG Displays a list of commands.

[ReL] Recalls the contents of a variable.
Stores a value to a variable.
[CHAR] Displays the CHAR menu, which

lets you select Greek letters,
international accented characters,
and other special characters..

l[aui] + Infull-screen mode, displays

the Apps desktop.

. In split-screen mode, displays
the full-screen view of the active
App.

. With the Apps desktop off,
displays the calculator Home
screen.

Mode settings

Modes control how the TI-89 Titanium displays and interprets information. All numbers,
including elements of matrices and lists, are displayed according to the current mode
settings. When the TI-89 Titanium is turned off, the Constant Memory™ feature retains
all of the mode settings you have selected.

To view the TI-89 Titanium mode settings:
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1. Press [MODE]. Page 1 of the MODE dialog box appears.
2. Press or to display the modes listed on Page 2 or Page 3.
Note: Modes that are grayed out are available only if other required mode settings are

selected. For example, the Custom Units mode listed on Page 3 is available only if the
Unit System mode is set to CUSTOM.

Viewing mode settings

Press Result
MODE - HODE =

F1 T Fz | F=
Fade 1{Fade 2|Fadg 2

Fon

Complex Format.
Weckar Format.....
Fretty Frink ...

REAL ¥
... RECTANGLULAR ¥
... OIN3

Enter=EAVE ESC=CAMCEL

r MOLE )

F1 T Fz | F=
Fads 1{Fads 2|Fads 2
z

Enber=3ANE ESC=CAMCEL
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Press Result
MODE

Fi | Fz | Fz
Fadg 1{Fads |Fade 2
< Unit Sweskem
Rt H
Landuads..
APES Deskiop

Enter=EAVE

W

Endlich
oK+

ESC=CAMCEL

Changing mode settings

Example: Change the Language mode setting to Spanish (Espafriol).

Press Result
\VIODE v MODE Ty
FL1 | Fe | F¥
Fade 1[Fade g|Fads 3
Grarh FUMCTION +
ain +
FLOAT 6+
E
NORHMAL +
REAL *
. RECTAMGULAFR *
[[E)
Entcr=sRYE ESC=CANCEL
r HODE o

F1 T Fz | F=
Fade 1{Fade 2|Fadg 2

Entgr=3AYE

ESC=CAMCEL

Getting Started
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Press Result

Scroll down to the Language o

MOLE "*
field. T T
eld
O

PreSS @ - MODE ™

and th(~an press @ until

3:Espaiiol is highlighted. + Uit SUSEEm . .,
Tathen LI y
Note: Your menu list might

vary, depending on the
languages installed.

Enter=3AVE ESC=CAMCEL

ENTER

“ Unit Swsken....

Siiern HLIPE
Landuads
APES Desk

Entsr=FAVE ESC=CAMCEL
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Press Result

ENTER [FirI Fir '[rer ruvl FE I Fi- '[ ‘l
Tools|A13cbralCalc|Othsr |Frami0|Clean Uk
Note: The previous open App

appears (in this example, the
calculator Home screen).

HMAIN KAD AUTO FUNC [T

To return the Language mode setting to English, repeat the steps, selecting 1:English in
the Language field.

Using the Catalog to access commands

Use the Catalog to access a list of TI-89 Titanium commands, including functions,
instructions, and user-defined programs. Commands are listed alphabetically.
Commands not beginning with a letter are found at the end of the list (&, /, +, —, etc.).

The Catalog Help App includes details about each command.
Options not currently valid are grayed out. For example, the Flash Apps
([F3]) menu option is grayed out if no Flash applications are installed on your TI-89

Titanium; the User-Defined ([F4]) menu option is grayed out if you have not created a
function or program.
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Note: Typing a letter takes you to the first command in the list starting with the same

letter.

Press

Result

CATALOG
(displays Built-in commands)

CATALOG

(displays Flash Apps
commands, if any)

CATALOS

binomcdEy .
binomPdfd ...
celllfi souas T
ch;ZEwa%( -
chiZCdfi .

(displays User-Defined
commands, if any)

CATALOG

Select commands from the Catalog and insert them onto the calculator Home screen

entry line or paste them to other Apps, such as the Y= Editor, Text Editor, or CellSheet™

Apps.

Getting Started
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Example: Insert the comDenom( command on the calculator Home screen entry line.

Note: Before selecting a command, position the cursor where you want the command to
appear.

Pressing ® advances the Catalog list one page at a time.

Press Result
CATALOG] C CATALOG
Tz ] F2
©) ClrTable
colbimd
colMatmi
Then press @ until the pointeris | *EgmEenent
at the comDenom( function. C':'F“EIUE"‘
[wdn =3
. cosil
ENTER A T M
Tools|A13cbra|Calc|Other |Framib{Clean U
combenomt
EXFRLMAR]T

The status line displays any required and optional parameters for the selected
command. Optional parameters appear in square brackets.

Note: Pressing [F1] will also display the parameters for the selected command.
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[if CHTALOG

[Hrtj:IP]-BuiF'I%:-inIS ‘=-.-.E:>-;::= 9'.iunr-FDH-zfin-zdI ]
ClrTable
colbimy

colHorml
Selected rcomDenom

command ConjC

Command ERFRLAUAR]
parameters

Brackets [ ] indicate optional parameters

To exit the Catalog without selecting a command, press [ESC].
Calculator Home screen

The calculator Home screen is the starting point for math operations, including executing
instructions, evaluating expressions, and viewing results.

To display the calculator Home screen, press: [HOME

You can also display the calculator Home screen from the Apps desktop by highlighting
the Home icon and pressing [ENTER].

Getting Started 24



(1] (2]

Fir] Far [FZ4] Fir [ FE Fa~
Tools|A13cbra|Calg|0ther [FEAMIOICTzan Uk
T

.14
s © e

[Z
= O

=0
FAD AUTO FUHT ETE]

o

O History area lists the entry/answer pairs entered.

® Tabs display menus for selecting lists of operations. Press [Fi], [F2], and so on to
display menus.

©® Result of last entry is displayed here. (Note that results are not displayed on the entry
line.)

O Status line shows the current state of the calculator.
® Entry line displays your current entry.
O Your previous entry is displayed here.

To return to the Apps desktop from the calculator Home screen, press [APPS].
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About the history area

The history area displays up to eight entry/answer pairs, depending on the complexity
and height of the expressions. When the display is filled, information scrolls off the top of
the screen. Use the history area to:

* Review previous entries and answers. Use the cursor keys to view entries and
answers that have scrolled off the screen.

* Recall or auto-paste a previous entry or answer onto the entry line to reuse or edit.
(For more information, see the electronic Operating the Calculator chapter.)

The cursor, which normally rests on the entry line, can be moved into the history area.
The following table shows you how to move the cursor around in the history area.

To Do this
View entries/answers From the entry line, press @ to highlight the last
scrolled off the screen answer.

Continue using ® to move the cursor from
answer to entry through the history area.

Go to the oldest or If the cursor is in the history area, press[¢] @ or
newest entry/answer pair .

View an entry or answer  Move the cursor to the entry or answer. Use (0
too long for one line (DEL] or () to scroll left or right and ©or ®to

is displayed at the end of go to the beginning or end.
the line)

Return cursor to the entry  Press , or press @ until the cursor is back
line on the entry line.
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Interpreting history information on the status line

Use the history indicator on the status line for information about the entry/answer pairs.

For example:

If the cursor is on the entry line:

Total number of pairs 8/30 Maximum number of
currently saved pairs that can be saved

If the cursor is in the history area:

Pair number of the 8/30 Total number of pairs
highlighted currently saved
entry/answer

Modifying the history area
To change the number of pairs that can be saved:

1. From the calculator Home screen, press and select 9:Format.
2. Press ® and use ® or @ to highlight the new number.
3. Press (ENTER].

To clear the history area and delete all saved pairs:

*  From the calculator Home screen, press and select 8:Clear Home.

Getting Started
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« Enter ClrHome on the calculator Home screen entry line.

To delete an entry/answer pair, move the cursor to either the entry or answer, and press
or [CLEAR].

Working with Apps

The TI-89 Titanium organizes Apps by category on the Apps desktop. To select a
category, press a function key ([F2] through [F8] ). The App icons for the selected
category appear on the Apps desktop.

Note: If the name under an Apps desktop icon is truncated, use the cursor keys to
highlight the icon. Now view the full name at the top of the Apps desktop.

Opening Apps

Use the cursor keys or press the first letter of the App name to highlight the Apps icon on
the Apps desktop and press [ENTER]. The App either opens directly or displays a dialog

box. The most common dialog box lists these options for the App:

Note: The TI-89 Titanium uses the general term variable to refer to the App data files that
you create.

Option Description

Current Returns the screen displayed when you last viewed
the App. If no current App variable exists, the New
dialog box appears.

Open Lets you open an existing file.
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Option Description
Creates a new file with the name typed in the field.

New

Select an option, enter any required information, and press [ENTER]. The App appears.

Example: Create a new program using the Program Editor.

Press Result
Use cursor keys to highlight F1 Frodram Editor T3 PN
M-znul 11,4180
IF -
ulT3M f
o D)
Frodram Ed... MeoteFolio  MUReric 5o Flanner
x= EEH Ab
Folenomial ... [ILELLIONOMR Sirulkangs... W
TIRIN FAD AUTO FUNC
ENTER
1:Curtent.
3 Fradram Editak
1iCurrent
21 0pen...
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Press Result
ENTER Fir Fer 2+ Fid FE Far
Toaols|Contr ol]l/ 0 [Yar|Find...[Mode|
i NEW ~y

Tepe:  DEGDTN*
Folder: [ H

Yariabls:

EECSCANEEL

USE + AMD + TO OFEM CHOICES

0@

programi1

Fi=| Fz= [FZdFud FE Fa~
Tools{Contk o)l O {Yar|Find.. |Mod

i HEH ™y

Teps: Frodram *
Folder:  madin3

Yariable: [predraml |
e Enter=OF__-3 £EZLSCANCEL 2

HMAIN KAD ALTO FUHC

ENTER] [ENTER

Fir] Fz= [FZqFid FE | Fo-
Teols{Conkr o1fl 0 |Yar(Find...Med

=Brugram1()
iPranm

;EndPPgm

HMAIN KAD AUTO FUNC

The newly created program variable, program1, is saved to the Main folder.
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Returning to the Apps desktop from within an App

Press [APPS]. The icons for the last Apps category selected appear on the Apps desktop
with the icon for the last App opened highlighted.

You can also return to the Apps desktop by pressing [QuIT] in full-screen mode. In
split-screen mode, press [QuIT] twice.

To return to the last open App from the Apps desktop, press (=]

Selecting an Apps category

On the TI-89 Titanium, the Apps category names appear only in the F1 Menu. To select
an Apps category, press 2:Select Category and use the cursor keys to highlight an
Apps category, and then press to select the highlighted category. You can also
use the function key shortcuts to select a category from the keypad (use the key if
necessary). The App icons for the selected category appear on the Apps desktop.

The App icons for the selected category appear on the Apps desktop.

Key Description

All Icons for all installed Apps displayed. Not
customizable.

English Customizable category. English is the default.

SocialSt Customizable category. SocialSt (social studies)

is the default.

Math Customizable category. Math is the default.
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Key Description

[F6] Graphing Customizable category. Graphing is the default.

[F7] Science Customizable category. Science is the default.

[F8] Organizr Customizable category. Organizr (organizer) is
the default.

Example: Select the All category.

Press Result
Fi I HutgFolio =33 FM
Fanu| 0l 1805

fid=0 |_[IliJ “

Hurigric Fao... Flannsy

X= HiM Alb

Folenamial ... Frodram Ed... Simugltangs... W

HMAIN KAD AUTO FUNC

If you select an Apps category containing no Apps, a message appears to confirm that
the category is empty and point you to the 1:Edit Categories menu, where you can
add App shortcuts to the category. (See “Customizing the Apps categories” on page 33.)

Press or to clear the message and return to the Apps desktop.
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Customizing the Apps categories

The TI-89 Titanium organizes your Apps into seven categories, six of which you can
customize to fit your individual needs. (The All category contains every installed App and
cannot be edited.)

To customize the through Apps categories:

1. Select 1:Edit Categories. A submenu displays the six customizable Apps
category names. (The All category is not listed.)

2. Highlight an Apps category and press [ENTER]. The Edit Categories dialog box
appears with a list of installed Apps and a text box with the category name
highlighted.

3. To change the Apps category name, type the desired name.

Note: Enter a name of up to eight characters, including letters with or without
capitalization, numbers, punctuation, and accented characters.

4. To add or remove an App shortcut from the category, press @ as required to
highlight the box next to the App, then press () to add or remove the check mark (v').

5. To save the changes and return to the Apps desktop, press [ENTER].
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Example: Replace the Social Studies category with the Business category and add the
CellSheet™ and Finance App shortcuts.

Press Result

F1 NokeFolin
Menu
1:Edit
a

tSelec
ZiAbout....
diClock..

X= e Alb

Folenemmial ... Froedram Ed.. Simultange... ™

TVFE OF USE £+t + [EMTER] OF [E3C]

55
& 0rganizr..
ERE T, Ab
Folenemial ... Frodram Ed.. Simoltanco... W

TVFE OF USE £314 + [EMTEE] OF [E3C]

2 - Edik Cakedorics

—or— Cakedary Hare
Usg 3 bo chowss ARF Sherbouks,
@ ENTER Calendar
CaT15hgkt
Cleck
Conkacks
w Data/Matrix Editor

Enter=0K ESC=CAMCEL

]
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Press

Result

(2nd] [a-lock]
(t]Business

i Edik Catedorics

Usg # o choose ARP Shorkcuts,

Calendar (|
CaT15heet |:|
Clock D
Conkacks O
+ Daka/Matrix Ediber (]
Enter=0E EZC=CAMCEL
r Edik Catedorics

Cakedary Hare
Usg 3 bo chowss ARF Sherbouks,

@ Calendar a
Cel15heet =
Clock (|
Conkacks D
w Duata/Matrix Editor O
. ¢ Enter=OKE ESC=CAMCEL 3,
i Edik Catedorics

Cakedory Hams
Use % to choose AFF Shortcuts.

& Clack D
Conkacks (]
Datas/Matrix Editor |:|
EEFFo D
 Fihdnce [ ks
! «EEC=CAMIEL 3/
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Press Result

ENTER F1 NeteFolin =4I FM
M-znul niv1B0E
e
o [
Humgric Za... Flanner

X= HiM Alb

Folenamial ... Frodram Ed... Simugltangs... W

HMAIN KAD AUTO FUNC
Fi Ce11Zhest FHY FM
HManu 01, 18 05

$

Finance

HMAIN KAD ALTO FUHC

Open Apps and split-screen status

Your TI-89 Titanium lets you split the screen to view two Apps simultaneously. For
example, view the Y= Editor and Graph screens simultaneously to see the list of
functions and how they are graphed.

Select the Split Screen mode from Page 2 of the MODE screen. The TI-89 Titanium

displays the selected Apps in the split-screen view as shown. Split the screen
horizontally (top-bottom) or vertically (left-right).
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Top-bottom split screen

SFLOTE
s
Z=
HYES |

2

f
;

yilwa=

Hall KAD ALTO FUMWC

To return to the Apps desktop, press [APPS]. The split-screen status appears at the top of
the Apps desktop with the names of the open Apps and the portions of the screen in
which each is displayed. The highlighted numeral indicates the split-screen portion
where the next App you open will appear.

Note: The Apps desktop always appears in the full-screen view.

Split-screen status (highlight
indicates the portion where the
next App selected will open.)

Names of open Apps

Fi Eéi: = Editor
HMnu & GFakh

— | 1020 AM
11M0%M0%
s
o M ol
alTam == Ca
Frodram Ed... Table Texk Editor
TI=Eeader  Kindow Edit...
HalW FAD ALITO FLUMWC
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More information is available about using split screens. (For more information, see the
electronic Split Screens chapter.)

Checking status information

Look to the status line, located at the bottom of the screen, for information about the
current state of your TI-89 Titanium.

HAIN ZHD RAD AUTO GRH#L FUMC cz/s0 [ IRlanad
(1) (2} ® O (5] (6] (7] 60 o
Indicator Meaning
O Current folder Name of the selected folder (MAIN is the
default folder.)
® Modifier key Selected modifier key ((2nd], (], (1)), if any.
© Angle mode Selected units in which angle values are

displayed and interpreted (RAD, DEG, GRAD)

O Exact/Approx mode Mode in which answers are calculated and
displayed (AUTO, EXACT, APPROX)

© Graph number Active of two independent graphs in split-
screen mode (GR#1, GR#2)

® Graph mode Selected type of graph that can be plotted
(FUNC, PAR, POL, SEQ, 3D, DE)
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Indicator

Meaning

@ Entry/Answer pairs

22/30—Number of entry/answer pairs (default is
30, maximum is 99) in the history area of the
calculator Home screen.

© Replace batteries

Displayed when batteries are low (BATT). If
BATT is highlighted with a black background,
change the batteries as soon as possible

(EATT )R

© Busy/Pause,
Locked/Archived
variable

BUSY-Calculation or graph is in progress
PAUSE-You paused a graph or program

H—Variable opened in the current editor is
locked or archived and cannot be modified

Turning off the Apps desktop

You can turn off the Apps desktop from the MODE dialog box. If you do, open Apps from
the APPLICATIONS menu. To open the APPLICATIONS menu, press [APPS].

Example: Turn off the Apps desktop.
Press Result
\VIODE TO0E
Pquit 1] Pursze 2 PuFSSt k|
. FUHE;IIIN-}

YT
.. FLOAT B+
. FADIRH *
Exponenkial Forrat WORMAL ¥
Corapley Format.... REAL ¥
L+ Meckor Format....... EEEJ&NGULHR-)

Fretiw Frink...........
€ Enksr=SAVE 2 € EXC=CRMCEL 2
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Press Result

r HOE o

Fi Fz [E
Fadg i[Fads 2|Fads 3

\ EREer=ERTE o < EECECANIEL 1 /
@@@@ i HOBE "

Fi Fe Fz
Fads 1[Fads |Fads 3
i I

¢ Enter=fAlE 3 ¢ EEC=CAMCEL 1
ENTER] (ENTER hare| i ear al e Dthar [Framin cnrusn'upm
Note: The previous open App
appears (in this example, the
calculator Home screen).
HMAIN EAD AUTO FUNC 0430

To turn on the Apps desktop, repeat the procedure, selecting ON in the Apps Desktop
mode field. To return to the Apps desktop from the calculator Home screen, press [APPS].

Using the clock

Use the CLOCK dialog box to set the time and date, select the clock display format, and
turn the clock off and on.
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The clock is turned on by default. If you turn off the clock, all Clock dialog box options
except Clock ON/OFF are grayed out.

CLOCK 1

Tirax Forraak: EERIEITE*
Hour: 1z |
HMinute: ]

AMAFHM: AM ¥
Date Forrat: DOAPRAYY 3

¥ indicates you Year:

~ Month: danuare ¥
can scroll down Enter=0F__ s ¢ EZC=CAMLEL -
for more options)

Displaying the CLOCK dialog box

1. Use the cursor keys to highlight the Clock icon on the Apps desktop.
2. Press [ENTER]. The CLOCK dialog box appears with the Time Format field highlighted.

Note: Because the CLOCK dialog box displays the settings current at the time you open
the dialog box, you might need to update the time before exiting.

Setting the time

Press (» to open the list of time formats.

2. Press ® or @ to highlight an option, then press [ENTER]. The selected format appears
in the Time Format field.

3. Press @ to highlight the Hour field.
Type the hour, then press @ to highlight the Minute field.
Type the minute(s).
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If the time format is 24 hours, proceed to step 9.

—or —

If the time format is 12 hours, press ® to highlight the AM/PM field.
Press ® to open the list of AM/PM options.

Press @ or @ to highlight an AM/PM option, then press [ENTER]. The selected AM/PM
option appears.

Set the date (for procedures, see Setting the date).

To save your settings and exit, press [ENTER]. The time is updated in the top right
corner of the Apps desktop.

Setting the date

N o o A

Press @ or @ as required to highlight the Date Format field.
Press () to open the list of date formats.

Press ® or @ to highlight an option, then press [ENTER]. The selected format appears
in the Date Format field.

Press ® to highlight the Year field.
Type the year, then press @ to highlight the Month field.
Press (» to open the list of months.

Press @ or @ to highlight an option, then press [ENTER]. The selected month appears
in the Month field.

Press @ to highlight the Day field.
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9. Type the day, then press to save your settings and exit. The date is
updated in the top right corner of the Apps desktop.

Example: Set the time and date to 19/10/02 (October 19, 2002) at 1:30 p.m.

Press Result

Time and date —‘
@ Fi I Cleck 2:E0 AM
FMenu| 01 18/ 08

Use cursor keys to highlight

Clock
Calendar
H B
Contacts  DatalMatri.. EEFFn W
HAIN FAD AUTO FUHL
ENTER - CLOCK R
Time Format: FE T+
Haour: 1 ]
HMinukte: 0]
AMAFH: AM *
Dakte Formak: bMADDMY *
Yeedr: 1887
* Month: Januare +

EC=CRMCEL

@1 a CLOCK ™y

Tirme Format: 1z Hour +
Hour:
HMinuks:
AM/FH: A+
Dats Forrat: ME/DDSYY +
Tear:

* HMonkh: Januar ¥

Enter=0F EXC=CHMCEL
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Press Result
30 4 CLOCKE ™y

Tirie Format: 1z Hour #

Hour: 1]

HMinuks:

ArM/FH: A *

Dake Format: MMADDAYY *

Year: 1987

* Monkh: Januare *

ESCZCANCEL

O,

i CLOCKE

Hour:
HMinuke:
AMAFH:
Date Farmak:
Yeedr:

* Month:

Time Forpak:

1c Hour ¥

L
Januare +

EC=CRMCEL

ENTER] ©

CLOCK

Time Format: 12 Hour+

Hiowr:
Minut.e:
ArM<FrMz P+
Date Format: |HEEeEatel-
Year:

- Mionthd Janaryg+

L ¢Enter=0E__ > (ESC=CHAHCEL >
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Press Result
OIS) a CLOCK ~y
Tirg Format: 12 Hour *
Hour:
HMinuks:
AM/FM:
Dake Formak:
Year:
Manth:
ENTER @ . CLOCK ™y
Timg Formak: 1z Hour
Heur: 1 ]
Minuk:
AMAFH: FM*
Daks Formak: DDAPFAYY 3+
Vear: 1097 B
= Month: Januare
EZL-CAMCEL
2002 i CLOCK ™y
Time Format: 12 Hour +
Hour: 1 ]
HMinuks:
AM/FH: FHM*
Date Farrak: DDARMAYY +
Vear:
* Monkh: January

Enksr=0F EZC=CAMCEL
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Press

Result

@0

i CLOCK Ty
Time Format: 12 Hour *

B 11 January
1 - -
AMPH: puard

Dats Forrmak:
ear:

Scroll down to October

a CLOCK
and press ENTER Tirg Farmak: 12 Hour *

Hour: 1 |
HMinuks:
AAFH: FH*
Date Formak: DOARFMAYY >
Ygar:

T Mankh: AR T+

@ 19 a CLOCK Ty

* Hour: 1 ]
HMinuks:
AAFH: FH*
Daks Formak: DDARMAYY
Year: |2l:|l:|2
Mankh: Ockober 3+

T Do {1500

EEC=CHHLEL
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Press

Result

ENTER] [ENTER

Revised time and date{

Clock 1:30 FH

19/ 40 02

Fi
HMiny

Calendar
Eiii ==
Contacts  Data/Matri..  EEFro W
FIRIN FAL AITO FINE

Turning off the clock

From the Apps desktop, open the CLOCK dialog box and select OFF in the Clock field.

Example: Turn off the clock.

Press Result
Use cursor keys to highlight Clock on
e,
@ Fi I Clock 1:30 FM
Fanul 19/10/02

Clock

B

Calendar

Ei ==

Contacts  DatefMatei..  EEFra W
RN FAD AUTD FURC
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Press Result

ENTER . o LR .
Scroll down to the Clock field. e
AFFH: FH ¥
Datg Forrak: DOARMAYY 3
Fear: [0z
Fanth: Ockabgr *
D
Clack: OH *

v, B Enksr=0F EZC=CAMCEL 2

® @ [ENTER]

Enter=0F EZC=CAMCEL

ENTER Clock off —|
ﬁl Clack I

Calendar

B ES

Conkacks DatasHMakri...

HMAIN KAD ALTO FUHC

To turn on the clock, repeat the procedure, selecting ON in the Clock field. Remember to
reset the time and date.
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Using menus

To select most TI-89 Titanium menus, press the function keys corresponding to the
toolbars at the top of the calculator Home screen and most App screens. Select other
menus using key commands.

Toolbar menus

The starting point for TI-89 Titanium math operations, the calculator Home screen
displays toolbar menus that let you choose math-related options.

Toolbar menus also appear at the top of most App screens. These menus list common
functions of the active App.

Other menus

Use key commands to select the following menus. These menus contain the same
options regardless of the screen displayed or the active App.

Press To display
[CHAR] CHAR menu. Lists characters not available on the

keyboard; characters are organized by category
(Greek, math, punctuation, special, and
international).

[MATH] MATH menu. Lists math operations by category.
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Press To display

APPLICATIONS menu. Lists the installed Apps.
(Menu is available only when the Apps desktop is
turned off; Apps are normally accessed from the
Apps desktop.)

K3 FLASH APPLICATIONS menu. Lists the installed
Flash Apps. (Menu is available only when Apps
desktop is turned off; Flash Apps are normally
accessed from the Apps desktop.)

Selecting menu options

* Press the number or letter to the left of the option you want to select.
*  Press ® or @ to select the option, and press [ENTER].

Note: If the first menu option is selected, press @ to select the last option on the menu. If
the last menu option is selected, press @ to select the first option on the menu.
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Example: Select factor( from the Algebra menu on the calculator Home screen.

Press Result

Press: e e e et ]
Ll H b a|Cal) eF|Fr3Im| ean U

HOME

From the Apps desktop, use the
cursor keys to highlight

|
HMAlH EAD AUTO FUHC [T

Harng
and press [ENTER
o
w indicates
TPactors Algebra menu will
= expan
EZE'E"-‘SCC open when you
iohmherone | press (F2.
tpropFract
dnSolued
2 [ A R
Tools|A13chbra|Calc|Other|Framl0|Clean Ur
© [ENTER

factord]
MAIN FAD ADTO FUNC [T
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Selecting submenu options

A small arrow symbol (») to the right of a menu option indicates that selecting the option
will open a submenu.

Fir

For 1Fir] FY-

o]

MATH

33 Fa-
B[C1san U

TYFE O
L

[agLl

F
*

*oror T T

FUSE €37+ + [ENTERT OF [ESCT { points to

Example: Select ord( from the MATH menu on the calculator Home screen.

additional options.

Press Result
[MATH] “

tProbability
SlTest

TVFE OF USE £+t + [EMTER] OF [E3C]
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Press Result

D
—or-—
@30
fmide
finStringd
tle
Sdrightc
TYFE OF UFE %14 + [EMTER] OF [EZC]
B W
—or— Tools|Aldchbra|Calc|0ther|FramibjClean Ur
@ [ENTER

o]
HAIH FAD ALTO FUNC 0750

Using dialog boxes

An ellipsis (...) at the end of a menu option indicates that choosing the option will open a
dialog box. Select the option and press [ENTER].

|T'|'P‘E OF USE £%14 + [EMTER] OF [ESC]
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Example: Open the SAVE COPY AS dialog box from the Window Editor.

Press Result
APPS Hindaw Editor I
Use the cursor keys to highlight -
[ .é
T Ca
Tasks Texk Edikor
Hindow Edi...
and press [ENTER Y:
= Edikor
FAD ALUTO FUHC
]
:PaEEe
t0elete “
sl Lrgac
MAIN RAD AUTO FUHC
2

—or— Press ) to display ~ TYPe the name of
® a list of folders. the variable.

\
Fir| Fer
Toals|2oam
] SHYE COFY AT
S — T —
#ad  Twee GOE

drY pelder:  maind
32 Variable:
it CEMEGF=SAVE 3 CEZCCAMCEL

UZE + AMWD + TO OFEW CHOICES

Press [ENTER] twice to save and
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Note: Pressing the (¢] S key shortcut also opens the SAVE COPY AS dialog box in most
Apps.
Canceling a menu

To cancel a menu without making a selection, press [ESC].

Moving among toolbar menus
To move among the toolbar menus without selecting a menu option:

«  Press the function key ([F1] through (F8]) of a toolbar menu.

* Press a function key, then press ® or (© to move from one toolbar menu to the next.
Press (® from the last menu to move to the first menu. Press (© to move from the first
menu to the last menu.

Note: If you press () when a menu option with a submenu is selected, the submenu will
appear instead of the next toolbar menu. Press () again to move to the next menu.

More information is available about menus. (See the electronic Operating the Calculator
chapter.)

Custom menu
The custom menu provides quick access to your most commonly used options. Use the

default custom menu or create your own using the Program Editor. You can include any
available TI-89 Titanium command or character.
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The custom menu replaces the standard toolbar menu on the calculator Home screen.
(For details on creating a custom menu, see the electronic Programming chapter.) More

information is available about custom menus. (See the electronic Operating the
Calculator chapter.)

Example: Turn on and turn off the custom menu from the calculator Home screen.

Press Result

[cusToMm] Default custom menu

i4Fz~| F3= |Fui~| FE~ Far Fir
War|Fixd | Folug|Unik|Zembal]inkernat ) Tool

MAIM FAD ALUTO FUHC Rk
[cusTOM] Normal toolbar menu

| Fi- Fer [F3=] Fh- | [ Far |
Tools|AT1A¢bra|Calc|0ther |Framid|Clzan Ur

HMAIN EAD AUTO FUHC [FET]

Example: Restore the default custom menu.
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Note: Restoring the default custom menu erases the previous custom menu. If you
created the previous custom menu with a program, you can run the program again to
reuse the menu.

Press Result

[cusToMm] Fir| Fix [Fiv| Fav| F& | Fé=
(tO turn Off the custom menu and Tools|A13cbrajCalc|0ther |FramiO{Clean Ue
turn on the standard toolbar
menu)

1
HMAIN KAD ALTO FUHC [RED]

[FG] Fir] Fir |[Fir FE Far
Tools{Aldebra|Calc Llgll] Clean Ue

1:tClear a—=z=..
u k] ]

t HewPrab
3tRestore custom default

TVFE OF USE £314 + [EMTEE] OF [E3C]

3 Fir] Fer [Fa-[ Fi=| FE Far
Tools|ATachbra|Calc|0ther |Framib|Clean Uk

© © [ENTER]

LstmOff " tEndCustmE Custmln]
MAIN FAD ALTO FUNC [T
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Press Result

ENTER T-Fzx| Fa= [FWz| FE= |  FBe  [Fr=
narric|seinelinit szt internat{Tast

B Cystom = Title "Uar" @ e

Dot
LShmOFe "t EndCustm: Custmdn
FRD AUTO FUMNC 1450

Opening Apps with the Apps desktop turned off

If you turn off the Apps desktop, use the APPLICATIONS menu to open Apps. To open
the APPLICATIONS menu with the Apps desktop off, press [APPS].

Note: If you press with the Apps desktop turned on, the Apps desktop will appear
instead of the APPLICATIONS menu.

Example: With the Apps desktop turned off, open the Window Editor from the
APPLICATIONS menu.

Press Result

APPS

iv= Edifar
Jilindow Editor
4=Gr'a§vh
StTable . .
&:0ata Matrix Editor »
FiPFrogram Editor g
S4Text Editor

TVFE OF UZE €371 + [ENTEF] OF [EZC1
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Press Result

3 Fir] Fer
TO&'!! 2004

—or— e
®=cl=1.

@ & [ENTER unin=-ia.

umax=10,
uscl=l.
wres=Z.

HAI RAD ATO FUNL

To access Apps not listed on the APPLICATIONS menu, select 1:FlashApps.
Using split screens

The TI-89 Titanium lets you split the screen to show two Apps at the same time. For
example, display both the Y= Editor and Graph screens to compare the list of functions
and how they are graphed.

Setting split-screen mode

You can split the screen either top to bottom or left to right from the MODE dialog box.
The split-screen setting stays in effect until you change it.

Press to display the MODE dialog box.
Press [F2] to display the Split Screen mode setting.
Press (» to open the Split Screen mode menu.

Press ®@ as required to highlight either TOP-BOTTOM or LEFT-RIGHT.
Press [ENTER]. The Split Screen mode setting displays the option you selected.

2B

Press again to save this change and display the split screen.
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Example: Set split-screen mode to TOP-BOTTOM.

Press

Result

-

Grarh....
CuFrent Folde
Disp 1w Didits
A3l

Frekty Frink ...

Enter=:AYE

Fi Fe Fz
Fads 1|Fads Z|Fade 2

n
Expongnkial Format NORMAL +
Complex Farmak
Weckor Format

MODE N

FUHCTION *
(L]

.. RADIAM *

.. REAL >
KRECTANGLLAR *

. ON%*
ESC=CAMCEL

O

HMODE ™

ESC=CAMCEL
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Press Result

ENTER i MODE "y
Fi | Fz | F=

= Eplit foreen.
et L AFe

SRTik 2 HER
Hurabet of
e e e

TOF=-EOTTOM
Hore >

I3 ie
. ExdctReErox
Ease

Enter=fAVE ESCSCAMCEL

ENTER

Fir| Fer |F3e| Fir | F5 Far
Too1s|AT13ebra|Calc|Other [FramiO|Clcan Ur

Setting the initial Apps for split screen

After you select either TOP-BOTTOM or LEFT-RIGHT split-screen mode, additional
mode settings become available.

Full-screen mode Split-screen mode

r MODE ™y & FO0E "y

Fi Fz | F=
Fadg 1|Fads 2

HUTD #
ECH
Enter=sAvE EZCZCANLEL

Enter=ZAYE ESC=CAMCEL
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Mode Description

Split 2 App Lets you specify the App displayed in the bottom or
right portion of the split screen. Works together with
Split 1 App, which lets you specify the App displayed
in the top or left portion of the split screen.

Number of Graphs Lets you set up and display two independent graphs.

To set the initial App for each split-screen portion:

1. Select the Split 1 App mode setting and press ® to display a menu of available
Apps. (See “Setting split-screen mode” on page 59.)
Press @ or ® to highlight the App and press [ENTER].
Repeat steps 1 and 2 for the Split 2 App mode setting.

Example: Display the Y= Editor in the top screen and the Graph App in the bottom
screen.

Press Result

CJO,
._

1= Home
U=

f] Mlndnw EdltDP

EH A

=H Tab

% Data-Matrix Editor

=

Frogram Editor
L Tewxt. Editor
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Press

+ ZRlit FcFecn TOF-EOTTOM

Zrlit 1 Arp ¥
ZETiE £ AER o

@0

HMODE

5:Table .
Data-Matrix Editor

riProgram Editor

Sl Text Editor

+ EFlit Forecn
SPIik L AFF
SFNE Z AFF ..
Hu

b of GFarhs
by v

L
Entg WE ESCSCAMCEL

Fi-| Fex|FZ |F4 |FE- Far
Too1s|200m|Edit] + [ATT [SEe1y

+FLOTS

Getting Started

63



If you set Split 1 App and Split 2 App to the same nongraphing App or to the same
graphing App with Number of Graphs set to 1, the TI-89 Titanium exits split-screen mode
and displays the App in full-screen mode.

Selecting the active App
In split-screen mode, only one App can be active at a time.

»  To switch between active Apps, press [E=.

* To open a third App, press and select the App. This App replaces the active
split-screen App.

Exiting split-screen mode
Exit split-screen mode in any of the following ways:
* Press [auIT] to close the active App and display the full-screen view of the other

open App.

» If the Apps desktop is turned off, pressing [auIT] replaces the active split-screen
App with the calculator Home screen. Pressing [uIT] again turns off the split-
screen mode and displays the calculator Home screen in full-screen mode.

»  Select Split Screen on Page 2 of the MODE dialog box, set split-screen mode to
FULL, and press [ENTER].

*  Press [auIT] twice to display the Apps desktop

More information is available about using split screens. (See the electronic Split Screens
chapter.)
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Managing Apps and operating system (OS) versions

Using the TI-89 Titanium connectivity features, you can download Apps from:

* The Tl Educational & Productivity Solutions (E&PS) Web site at:
education.ti.com/latest

*  The CD-ROM included with your TI-89 Titanium.

* A compatible graphing calculator.

Adding Apps to your TI-89 Titanium is like loading software on a computer. All you need
is TI Connect™ software and the USB computer cable that came with your TI-89
Titanium.

For system requirements and instructions to link to compatible calculators and download
Tl Connect software, Apps, and OS versions, see the Tl E&PS Web site.

Before downloading Apps to your TI-89 Titanium, please read the license agreement on
the CD-ROM or Tl Web site.

Finding the OS version and identification (ID) numbers
If you purchase software from the TI E&PS Web site or call the customer support

number, you will be asked to provide information about your TI-89 Titanium. You will find
this information on the ABOUT screen.
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To display the ABOUT screen, press 3:About from the Apps desktop. The ABOUT
screen displays the following information about your TI-89 Titanium:

1) r HEOUT ™
TI-B3 Titaniurm
T | B, s o sz00n
Advancid Makhematics Sofbwars
Har durak & Uersion .00 I 0 ]
@ | Froductin:na-

9-3-p-18
I0 #09201 EFAEZ2 ZCA?

For helps wisik education.ti.com
/ Copbridht @ £004 Texas Instrumenks.
0 AT1 Fidhts Feserped.

3]

-

0 OS version

® Hardware version

® Unit ID (required to obtain certificates for installing purchased Apps). Similar to a serial
number. Write this number down and keep it in a safe place in case the calculator is ever
lost or stolen.

@ Apps certificate revision number (Cert. Rev.)

@ Product identifier (Product ID). Similar to a model number.

Note that your screen will be different than the one shown above.
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Deleting an Application

Deleting an application removes it from the TI-89 Titanium and increases space for other
applications. Before deleting an application, consider storing it on a computer for
reinstallation later.

1. Quit the application.

2. Press [VAR-LINK] to display the VAR-LINK (All) screen.
3. Press [F7] to display the list of installed applications.
4

Select the application you want to delete by pressing [F4]. (Press again to
deselect.)

Press [F1] 1:Delete. The VAR-LINK delete confirmation dialog box displays.
Press to delete the application.

Note: Only Flash Apps can be deleted.
Connecting your TI-89 Titanium to other devices

The TI-89 Titanium includes both a mini-USB port and a standard 1/O port. Ports are
used to link two compatible graphing calculators or connect to a computer or peripheral
device.

In addition, the teacher model of the TI-89 Titanium includes an accessory port. This port
is used to output visual data so that a classroom can view the calculator’s display on a
video device or overhead screen.

To connect your calculator to a computer — Connect your TI-89 Titanium using the
USB port and the included USB computer cable.
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To connect your calculator to another calculator — Use the USB unit-to-unit cable or
an /O unit-to-unit cable to connect the TI-89 Titanium to a compatible graphing
calculator or peripheral device, such as a TI-89 or TI-92 Plus graphing calculator or the
CBL 2™ and CBR™ systems.

To show your calculator’s display to the classroom — Use the accessory port to
connect the TI-Presenter™ video adapter to the teacher model of the TI-89 Titanium.
The TI-Presenter video adapter provides a video interface between the calculator and
video display or recording devices. Or use the accessory port to connect the

Tl ViewScreen™ overhead panel to your calculator. The Tl ViewScreen overhead panel
enlarges and projects the display so an entire class can view it. For more information
about the TI-Presenter video adapter and Tl ViewScreen panel, see the TI E&PS Web
site at education.ti.com.

[ /'

USB port ' = @L_ I/O port
= s J

Vo

TI1-89 Titanium ports
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[E=—

(=
USB port e — o |_1/0 port
s Vo ;

7
Accessory port

TI-89 Titanium ports (teacher model)

Batteries

The TI-89 Titanium uses four AAA alkaline batteries and a backup silver oxide battery
(SR44SW or 303). The backup battery is already installed, and the AAA batteries are
provided with your product.

Important OS download information

New batteries should be installed before beginning an OS download.

When in OS download mode, the APD™ feature does not function. If you leave your
calculator in download mode for an extended time before you actually start the

download, your batteries may become depleted. You will then need to replace the
depleted batteries with new batteries before downloading.

Getting Started 69



You can also transfer the OS to another TI-89 Titanium using a USB unit-to-unit cable . If
you accidentally interrupt the transfer before it is complete, you will need to reinstall the
OS via a computer. Again, remember to install new batteries before downloading.

Please contact Texas Instruments as described in Service & Support Information, if you
experience a problem.

Battery Precautions

Take these precautions when replacing batteries:

Do not leave batteries within the reach of children.

Do not mix new and used batteries. Do not mix brands (or types within brands) of
batteries.

Do not mix rechargeable and non-rechargeable batteries.
Install batteries according to polarity (+ and —) diagrams.

Do not place non-rechargeable batteries in a battery recharger.
Properly dispose of used batteries immediately.

Do not incinerate or dismantle batteries.

Installing the AAA Batteries

Remove the battery cover from the back of the calculator.

Unwrap the four AAA batteries provided with your product and insert them in the
battery compartment. Arrange the batteries according to the polarity (+ and -)
diagram in the battery compartment.
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3. Replace the battery cover on the calculator. The cover should snap into place.

Replacing the AAA (alkaline) batteries

As the batteries lose power, the display begins to dim, especially during calculations. If
you find yourself increasing the contrast frequently, replace the AAA alkaline batteries.

The status line also gives battery information.

Indicator Meaning
ERTT Batteries are low.
ERTT Replace batteries as soon as possible.

Before replacing the batteries, turn off the TI-89 Titanium by pressing [0FF] to avoid
losing information stored in memory. Do not remove both the back-up battery and the
AAA alkaline batteries at the same time.
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Replacing the backup (silver oxide) battery

1. To replace the silver oxide backup battery, remove the battery cover and unscrew
the tiny screw holding the BACK UP BATTERY cover in place.

2. Remove the old battery and install a new SR44SW or 303 battery, positive (+) side
up. Replace the cover and the screw.
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Previews

Performing Computations

This section provides several examples for you to perform from the Calculator Home
screen that demonstrate some of the computational features of the TI-89 Titanium. The
history area in each screen was cleared by pressing and selecting 8:Clear Home,
before performing each example, to illustrate only the results of the example’s
keystrokes.

Showing Computations

Steps and keystrokes Display

Compute sin(n/4) and display the result in e i e il |
symbolic and numeric format. To clear the
history area of previous calculations, press
and select 8:Clear Home.

) £

] Brone o

= sin[

wla wla

= sin[

RAD AUTO FUNC 2430

Press [2nd] [SIN] [n] [£] 4 (] [=]
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Finding the Factorial of Numbers

Steps and keystrokes Display
Compute the factorial of several numbers to [Tl i |
see how the TI-89 Titanium handles very

LR=1] 120

large integers. To get the factorial operator (!),
press [MATH], select 7:Probability, and then
select 1:1.

Press 5 [MATH] 7 1 20 [MATH] 7 1
30 [2nd] [MATH] 7 1

= zg! 24329020021 7 e S4HRE0)
Lt

ZESZS2E5921 2191053636302

FRIN EAD AUTO FUNC T

Expanding Complex Numbers

Steps and keystrokes

Display

Compute (3+5i)3 to see how the TI-89
Titanium handles computations involving
complex numbers.

Press (] 3 (4] 5 [2nd) [¢] 0] (%] 3 [ENTER]

w3+5-§)° 198 + 18-
TISL T

HMAIN RAD AUTO FUNC 1230
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Finding Prime Factors

Steps and keystrokes

Display

Compute the factors of the rational number
2634492. You can enter “factor” on the entry
line by typing FACTOR on the keyboard, or by
pressing [F2] and selecting 2:factor(.

Press [F2] 2 2634492

(Optional) Enter other numbers on your own.

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

® factor(2634492)
22.3.7-75- 397

Tactor (26344927

HMAIN EAD AUTO FUNC i/30

Finding Roots

Steps and keystrokes

Display

Find the root of the expression (x,y). You can
enter “root” on the entry line by typing ROOT
on the keyboard, or by pressing [¢] 9.

This example illustrates using the root

function and how the expression is displayed
in “pretty print” in the history area.

Press (¢]9 X [1] Y ] [ENTER]

Fer [Fir FE Fiir
A13xbrafCals) Frami0)Clgan Uef

1
[ Wl

root Gyl
[

-]
KAD ALTO FUNC 1450
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Expanding Expressions

Steps and keystrokes

Display

Expand the expression (x—5)3. You can enter
‘expand” on the entry line by typing EXPAND
on the keyboard, or by pressing and
selecting 3:expandy(.

Press [F2) 3 [(J X[ 5 0] (8] 3 O] [ENTER]

(Optional) Enter other expressions on your
own.

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

L] expand[(x - 5)3]
%5 - 15 %2 + 75-x - 125

expandf (x—-51"3)

FIRIN EAD AUTO FUNC 17E0

Reducing Expressions

Steps and keystrokes

Display

Reduce the expression (x2-2x-5)/(x-1) to its
simplest form. You can enter “propFrac” on
the entry line by typing PROPFRAC on the
keyboard, or by pressing and selecting
7:propFrac(.

Press(F2) 7[O X[ 2E2XE 500 EFEOXE]
1 0] (O] [ENTER]

+x-1

=1
LopFrac i (™ 2-2x-00 (-1
HAIN FAD ALT FINEC 1750
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Factoring Polynomials

Steps and keystrokes

Display

Factor the polynomial (x2—5) with respect to x.
You can enter “factor” on the entry line by
typing FACTOR on the keyboard or by
pressing [F2] and selecting 2:factor(.

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

= f‘ac.t,or‘[xz -5, x]
[ + [5) (- [5)

factor ™25, x)

Press [F2] 2 X [*] 2 (=] 5 (5] X [0] [ENTER
Solving Equations
Steps and keystrokes Display
Solve the equation x2-2x-6=2 with respectto |f————mme__ ]
[Eh\':f]’?nﬂt—in‘[ﬂa:hml;er—nerinedT ]
X. sihic
SinRe:
bsgiue
You can enter “solve(” on the entry line by | E%EEEC?

selecting “solve(” from the Catalog menu, by
typing SOLVE( on the keyboard, or by
pressing [F2] and selecting 1:solve(.

The status line area shows the required
syntax for the marked item in the Catalog
menu.

Press(F2] 1 X[F]12[F]1 2 X[E)6 (] 2(G] X[O]

ERUATION.NAR

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

lsolue[x2—2-x—6=2,><]
w=4 or w= 2

Solue (et P—te—p=2, w)

FRIN EAD AUTO FUNC 17E0
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Solving Equations with a Domain Constraint

Steps and keystrokes

Display

Solve the equation x2-2x-6=2 with respect to
x where x is greater than zero. The “with” (1)
operator provides domain constraint.

Press(F2] 1 X[A]2[E 2 X[E6[E 20 XDIM
X [2nd] [>] O [ENTER]

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

lsolue(xz—Z-x—6=2,xj|>¢P
=4

Solue (et P—tw—B=2, ) (=30

FRIN EAD AUTO FUNC 17E0

Solving Inequalities

Steps and keystrokes

Display

Solve the inequality (x?>1,x) with respect to x.

Press (F2] 1 X[ 2 [2nd] [>] 1 (0] [ENTER]

Fi=|" Fe= [Faw| Fa=| FE FEr
To 015|134k rajCale(0thr (FrArl0{Clean U

mzalue(sZ 31,5
w4 7l ok wiil

Solue 2], x)
HAIN RAD ALTO FINEC 1750
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Finding the Derivative of Functions

Steps and keystrokes

Display

Find the derivative of (x-y)3/(x+y)? with [rzti,msFEsm&z&iﬁaﬁi.uu:ﬂ%u,[ ]
respect to x. 1

P T 5+ )2

(=2 (x+5-4)

This example illustrates using the calculus —g(x,,gjs *
differentiation function and how the function is |[fmx=2 Sxbn™20
displayed in “pretty print” in the history area.
Press2nd [¢] [OXE YD HXA3IEOXHY
2[lJX
Finding Implicit Derivatives
Steps and keystrokes Display

Compute implicit derivatives for equations in
two variables in which one variable is defined
implicitly in terms of another.

This example illustrates using the calculus
implicit derivative function.

Press [B]DX[H2HY [ 2[E 100 XY

Fi=|" Fe= [Faw| Fa=| FE FEr
To 015|134k rajCale(0thr (FrArl0{Clean U

wimpDif{x? +uZ =100, %, 4]

impDif o 24hgt2=100, %, 9)
HalN KAD ALTO FUNC 1450
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Finding the Integral of Functions

Steps and keystrokes Display

Find the integral of x*sin(x) with respect to x.

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

This example illustrates using the calculus
integration function. " [ sinGaldn

Sin(x) — - coslx)
Somsinted, )
HMAIN EAD AUTO FUNC i/30

Press U1 XX [sIN] X 0] (5] X O] [ENTER

Solving Problems Involving Vectors

Steps and keystrokes Display
1. Input a row or column of vectors. e o el ]

Press [2nd) [t] [) 6 [.] O[] O [2nd) [] (STO¥] “[-& 8 @]+d [& 0 0]
(alpha] d [ENTER] (2nd] [[] 4 [5] O (5] 2 [2nd] "4 B Z1+a 4 o 2
[3] [STO¥) (aloha) a [ENTER) 2nd) [[] (@) 1] 2 |afz e mse 7 & =
1 [1] (STO>) [alpha) b [ENTER]) [2nd) [[] == bt
7G16[]5 [1] [STO»] [alpha] c [ENTER]

2. Solve (x* aty*b+z*c=d {x,y,z}) me
e 3 :

Press [F2) 1 X [x] [abha] a [+] y [x] [alpha] b [H]z [s¢ © 21>2 = (4 & 2

(x] (alpha] ¢ [=] (alpha) d (] [2nd] [{] XY [at7 & =13 7 & 5

E] Z [}] ENTER . SOLUECIX laan; HH.E ; za.ncd=zd; ?1

kb ko=
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Log to Any Base

Steps and keystrokes

Display

Find log (x,b). You can enter “log” on the entry
line by typing LOG on the keyboard, or by

pressing [¢] 7.

Press [¢]7 X, [alpha] b (1] [ENTER]

Fi1-1 Fe- |Fe-| Fi- | FE FE~
[raanmbru ta1cTﬂtherTPrSmlnTt1ean u»] ]

= logy(x) logpl

HMAIN RAD AUTO FUNC 130

Converting Angle Measures

Steps and keystrokes

Display

1. Display the MODE dialog box. For Angle
mode select DEGREE. Convert 345
degrees to Gradian angle measure.

You can enter “»Grad ” on the entry line
by selecting “»Grad ” from the Catalog
menu, or from the Math menu by pressing
[MATH] and selecting 2:angle, A:>Grad.

Press [MODE] ® ® @ ® 2 [ENTER] 345 [2nd]
[°] (2nd] [MATH] 2 [alpha] A [ENTER]

Fer [Fir FE Fiir
A13xbrafCals) Frami0)Clgan Uef

u (345 Erad [LSSB]G

C3450 0 kG ad

HalN BEGALTO FUNC 1450
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Steps and keystrokes Display
2. Convert 345 degrees to Radian angle el ]

measure.

You can enter “»Rad ” on the entry line by

selecting “»Rad ”from the Catalog menu, |*(343° Iksd (55
or from the Math menu by pressing o o m— —

[MATH] and selecting 2:angle, B:>Rad.

Press [MODE] ® @ @ ® 2 [ENTER] 345 [2nd)
[°] (2nd] [MATH] 2 [alpha) B [ENTER]

Note: You can also use °,", or
override the angle mode setting
temporarily.

Cto

Symbolic Manipulation

Solve the system of equations 2x - 3y = 4 and -x + 7y = -12. Solve the first equation so
that x is expressed in terms of y. Substitute the expression for x into the second
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equation, and solve for the value of y. Then substitute the y value back into the first

equation to solve for the value of x.

Steps and keystrokes

Display

1. Display the Home screen and clear the
entry line. Solve the equation 2x - 3y = 4
for x.

1 selects solve( from the Algebra
menu. You can also type solve( directly
from the keyboard or select it from the
Catalog.

Press [HOME] [CLEAR] [CLEAR] 12X[F3Y
E40X

Fi-| Fer JF2-] Fir| FE [
Touls| A3 brajCale(0kher (FrIrl0fCTean UF|

2. Begin to solve the equation -x + 7y =-12
fory, but do not press yet.

Press 2] 1[I XH7Y[E @120 YD

3. Use the “with” operator to substitute the
expression for x that was calculated from
the first equation. This gives the value of
y.

The “with” operator is displayed as | on
the screen.

Use the auto-paste feature to highlight the
last answer in the history area and paste
it to the entry line.

Press [1] @ [ENTER] [ENTER

Fir| Fir JFi«] Fir] FE [
Tools|Ald¢bralCalc(0ther [FrImi0jCTean UP|

msoluelZ-x -3 u=d4,x)
Iy+4d
RETE

mopluel -k +Fou= c12,0 | x b

u=-28-11

wAT= 12, o L= O3yt g 0 3
HMAIN RAD AUTO FUNC 2430
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Steps and keystrokes Display

4. Highlight the equation for x in the history

area.
Press®@ @ @ msolyel x+Foy= c1Z,0) |k b
g=-20-11
e HAPY= 10, g L= (3 0 3
HMAIN RAD AUTO FUNC 2le

5. Auto-paste the highlighted expression to  [TEl & el |
the entry line. Then substitute the value of |v.ciuec-x+7.0=-12, 0| x>

y that was calculated from the second S u=-za011

equation. CEEE e TR Ye¥!
®=-8s11

Press [ENTER] (1) @ [ENTER] [ENTER a2 7

The solution is:
x =-8/11 and y = -20/11

This example is a demonstration of symbolic manipulation. A one-step function is
available for solving systems of equations.

Constants and Measurement Units

Using the equation f = m=a, calculate the force when m = 5 kilograms and a = 20
meters/second?. What is the force when a = 9.8 meters/second?. (This is the
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acceleration due to gravity, which is a constant named _g). Convert the result from
newtons to kilograms of force.

Steps and keystrokes Display

1. Display the MODE dialog box, Page 3. For ¢ FiOiE B
Unit System mode, select Sl for the metric | %M
system of measurements. N R
Results are displayed according to these
default units. EREEF=SAVE 1 CEZCZCANCEL 1
Press ® 1 [ENTER

2. Create an acceleration unit for T

meters/second? named _ms2.

The UNITS dialog box lets you select units
from an alphabetical list of categories.
You can use ® and @ to scroll
one page at a time through the
categories.

Constants
Lendth

i
ACCeTeration.
R T
Lurinous Inkgn:

5iky
T Amount oF SI.ID!WI'ICt .I'ﬂﬂ'}

¢ EntersOE 3 € ESCSCAMCEL o3

Fir| Fex JF2«] Flir | FE [
Tools)i13cbra|Cale(Okher (FramlOfCTcan Ur|

If you use the UNITS dialog box to select a
unit, the _is entered automatically. Now,

P
* _msZ
=2

instead of re-entering _m/_s? each time

S e V]

HMAlN

RAD AUTO FOL

you need it, you can use _ms2. Also, you
can now use the UNITS dialog box to
select _ms2 from the Acceleration
category.

Press [2nd] [UNITS] @ ® M E] 2nd

=

(UNTS] © ©@ © @ ® S [ENTER] (] 2 (STO] [¢]

[]-[alock]MSm2m

!
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Steps and keystrokes

Display

3. Calculate the force when
m = 5 kilograms (_kg) and
a = 20 meters/second? (_ms2).

If you know the abbreviation for a unit,
you can type it from the keyboard.

Press 5 (] [_] [2nd] [a-lock] KG [alpha] [x] 20
(e] [-] (2nd] [a-lock] MS [alpha] 2 (ENTER]

Fi-| Fex [Fi«] Fu=] FE Fiir
Tools[R13ebra|Cale|Dther |Frami0|clean Uef

_M _m
* _msZ2
== =2

B5-_kg-20-_ms2 100. - _H

Dkl _ms2
MAIN

RAD AUTO POL FRET]

4. Using the same m, calculate the force for
an acceleration due to gravity
(the constant _g).

For _g, you can use the pre-defined
constant available from the UNITS dialog
box or you can type _g.

Press 5 [#] [_] [2nd] [a-lock] KG [alpha] [x] [2nd]

[UNITS] O [alpha) G [ENTER] [ENTER]

Fir| Fex JF2«] Flir | FE [
Tools)i13cbra|Cale(Okher (FramlOfCTcan Ur|

_F _n
*_msZ
=2 =2

=5 _kg 20 _msZ 100, - _H
=mS-_ka-_g 43, 0353 - _H

S_kgk_

FRIN EAD AUTO FOL 3E0

5. Convert to kilograms of force (_kgf).

[»] displays the » conversion operator.
Press ¢ e (L] [a-lock] KGF

ENTER

Fiz|™ Fx [Fiw| Fur | FE F=
T e 15| 134 bra|Cale(Oth sk (FrIral0fCTean U

_F _n
= *_msZ

=2 =2
=5 kg 20 msZ 100, - _H
=5 _kg-_g 49, 0333 _H

=5-_ka-_gr _kaf . _kaf

5 kg* ar_kaf

EAD AUTO FOL 430

Basic Function Graphing |

The example in this section demonstrates some of the graphing capabilities of the TI-89

Titanium keystrokes. It illustrates how to graph a function using the Y= Editor. You will
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learn how to enter a function, produce a graph of the function, trace a curve, find a
minimum point, and transfer the minimum coordinates to the Home screen.

Explore the graphing capabilities of the TI-89 Titanium by graphing the function
y=(|x2-3|-10)/2.

Steps and keystrokes Display

1. Display the Y= Editor. Rl ]

Press [¢] [Y=] .

5= entry line

HMAIN RAD AUTO FUNC

2. Enter the function (abs(x?-3)-10)/2.

The screen shot shows the “pretty print” ,x2-3l-1
. Jg —
display at y1=. uz- 2
4z
d=
Press [(] [CATALOG] A [ENTER] X [*] 2] 3 Mzgx>=<at;sﬂ»n<;<u;u2—3>;u1“g>/2

C1100]JE 2
3. Display the graph of the function.

Select 6:ZoomStd by pressing 6 or by \ /
moving the cursor to 6:ZoomStd and

pressing [ENTER].

PreSS 6 HMAIN RAD AUTI FUNC
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Steps and keystrokes

Display

4. Turn on Trace.

The tracing cursor, and the x and y
coordinates are displayed.

Press

woi . 126582 / uci -3, 50301

USE £+1+ OK TYFE % [E3CI=CAMCEL

tracing cursor

5. Open the MATH menu and select

3:Minimum.
Press @ @ [ENTER

1 I L Fa- [FPef
\\\ aximum
ntersection

?1uaL1ues>
flection

A

H
il
h

HMAIN

RAD AUTO FUNC

6. Set the lower bound.

Press () (right cursor) to move the tracing
cursor until the lower bound for x is just to
the left of the minimum node before
pressing the second time.

Press ® ... ® [ENTER

Fir
Touls

FZ F4
Track

Lower Bound?

Ml\IN

113924 ot 4, 14893
RAD ALT FIRE

7. Set the upper bound.

Press @ (right cursor) to move the tracing
cursor until the upper bound for x is just to
the right of the minimum node.

Press® ... ®

Upper Bourd?
XE?2.1519

HMAIN

uci =4, 18467
AL AUT FUNE
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Steps and keystrokes

Display

8. Find the minimum point on the graph
between the lower and upper bounds.

Press [ENTER

Mikirmue
®oil.7E2E5 gt -5,
HAIN_| RAD AUT FUNEC

minimum point
minimum coordinates

9. Transfer the result to the Home screen,
and then display the Home screen.

Press [¢] HOME

Fi-| Fer TF2-] Fir| FE [
Tools|f13cbralCalc[Dkher (FramlDfCTcan Ur|

E[1.7320002073682  -4.999%
[1.73205 -5.]
HAIN RAD AUTD FUNEC FYET]

Basic Function Graphing Il

Graph a circle of radius 5, centered on the origin of the coordinate system. View the
circle using the standard viewing window (ZoomStd). Then use ZoomSqr to adjust the

viewing window.

Steps and keystrokes

Display

1. Display the MODE dialog box. For Graph
mode, select FUNCTION.

Press [MODE] ® 1 [ENTER

MOBE

[
Fi F [}
Fads i|Fade 2|Fade 2
™

3l

Expongntial Forrat MORMAL +
ComElex Format..... KEAL 3

Weckor Farmak ... RECTAMGLULAR ¥
Frekty Print ... 0N3>

© Enter=SAUE < ESL=CANCEL
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Steps and keystrokes Display

2. Display the Home screen. Then store the
radius, 5, in variable r. [55r

Press [HOME] 5 [STO»] [alpha] R [ENTER]

3. Display and clear the Y= Editor. Then
define y1(x) = 4/(r2 —x2), the top half of

acircle.

In function graphing, you must define
separate functions for the top and bottom
halves of a circle.

Press [#] [Y=] [F1] 8 [ENTER] [ENTER] (2nd] [v*]
[aipha] R 7] 2 (5] X [7) 2 O] [ENTER]

4. Define y2(x) = —«/r2 —x2, the function for
the bottom half of the circle.

The bottom half is the negative of the top
half, so you can define y2(x) = -y1(x). 1 (=T (g

HMAIN RRD AUTO FUNC

Use the full function name y1(x), not
simply y1.
Press [ENTER] () Y 1 [0 X 0] [ENTER]
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Steps and keystrokes Display

5. Select the ZoomStd viewing window,
which automatically graphs the ot s
functions. e f
In the standard viewing window, both the : )
x and y axes range from -10 to 10. Notice slight gap

between top and

However, this range is spread over a
bottom halves.

longer distance along the x axis than the
y axis. Therefore, the circle appears as
an ellipse.

Press [F2] 6
6. Select ZoomSqr.

ZoomSgqr increases the range along the Fk
X axis so that circles and squares are \{/

shown in correct proportion.
Press 5

Note: There is a gap between the top and bottom halves of the circle because each half
is a separate function. The mathematical endpoints of each half are (-5,0) and (5,0).
Depending on the viewing window, however, the plotted endpoints for each half may be
slightly different from their mathematical endpoints.
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Basic Function Graphing Ill

Use the “Detect Discontinuities” graph format to eliminate faux asymptotes and
connections in a jump discontinuity.

Steps and keystrokes Display

1. Display the MODE dialog box. For Graph S
mode, select FUNCTION. For Angle mode, %Mﬁ]
select RADIAN. S

onpleg s

T FreERY PRiRE.. R
Press [MODE] ® 1 © @ @ ® 1 [ENTER

HMIODE Y

2. Open the Y= Editor and enter y1(x)=1/(x-
1).

Press[¢][v=] 1 E [ X[ 1

o
glimi=1-Cx—12
HHIN RO AUTD FUNC

3. Display the Graph Formats dialog box GRAFH FURHATE
and set “Detect Discontinuities” to OFF Eoordinates. - RecTe
Note: The second item on the Graph b s

Format dialog is not greyed out, which Labets... mFF &
means it can be set to sequential “Seq” or ' ZEtr=E > FECCRRCEL >
simultaneous “Simul”.

Press M1 @@ @@ @ ® 1[ENTER]
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Steps and keystrokes

Display

4. Execute the Graph command, which
automatically displays the Graph screen.
Observe the “faux” asymptotes contained
in the graph.

Press [¢] [GRAPH]

HMAlN

5. Display the Graph Formats dialog box
and set “Detect Discontinuities” to ON.

Note: The second item on the Graph
Format dialog is greyed out, which means
the graph order is set to sequential “Seq”.

Press (]I @ @ @ @ @ @ ® 2 [ENTER

Disconkinuity Dekeckion B3+

€ Enker=SAYE T3 o ESCSCAMCEL o3

6. Execute the Graph command, which
automatically displays the Graph screen.
No’faux” asymptotes are present on the
graph.

Note: Graphing speed may slow
considerably when “Detect
Discontinuities” is set to ON.

Press [¢] [GRAPH]

Fir [E] F4 Fé [Fr
Ty Trace|fedrapn) D awFen|

HMAlN

GROAUTI

FUNC
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Parametric Graphing

Graph the parametric equations describing the path of a ball kicked at an angle (6) of 60°
with an initial velocity (vq) of 15 meters/sec. The gravity constantg = 9.8 meters/sec?.

Ignoring air resistance and other drag forces, what is the maximum height of the ball and
when does it hit the ground?

Steps and keystrokes Display
1. Display the MODE dialog box. For Graph e
mode, select PARAMETRIC. bbhbchidia]

Press [MODE] ® 2 [ENTER

ComEles Format..... KEA
- Mwctor Format...o RECTANGULAE 3
Fretb Frink ... 0N

© Enter=FAUE = < ESC=CANCEL

Display and clear the Y= Editor. Then
define the horizontal component [xt1(t)=15t+cos(60°) |
xt1(t) = vyt cos 6.

Enter values for vy and 6.

Press [¢] [Y=] [F1) 8 [ENTER] 15T [¥]
[cos] 60 (2nd] [°]

Type T [cos], not T [cos].

Enter a ° symbol by typing either [°]

or [MATH] 2 1. This ensures a number
is interpreted as degrees, regardless of

the angle mode.
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Steps and keystrokes

Display

3. Define the vertical component
yt1(t) = vot sin 6 - (g/2)t.

Enter values for vg, 6, and g.

Press [ENTER] 15T [x] [SIN] 60 [2nd] []
098 20] T 2 [ENTER)

yti=
ublctd=104t ks in (0% —3, 8-
FIRIN FAD AOTD FAE

4. Display the Window Editor. Enter
Window variables appropriate for
this example.

You can press either @ or [ENTER] to enter
a value and move to the next variable.

Press [¢] [Wwnoow] 0 ©® 3@ .02 @ [() 2
©@2505002210@5

[nTTrET ]
[Tow 15|20 0m|

tmin=g.

tmax=3I.

tstep=.0

HMIN= 2.

arin=-2.

arax=106,

g=cl=4

FRIN FiAD AUTO FAR

5. Graph the parametric equations to model
the path of the ball.

Press [(¢] [GRAPH]

o :

\\

MAIN KA AUTO FAK

6. Select Trace. Then move the cursor
along the path to find the:

* yvalue at maximum height.

« tvalue where the ball hits the
ground.

Press ® or (© as necessary

AR N R R R

i
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Polar Graphing

The graph of the polar equation r1(6) = A sin B6 forms the shape of a rose. Graph the
rose for A=8 and B=2.5. Then explore the appearance of the rose for other values of A
and B.

Steps and keystrokes Display
1. Display the MODE dialog box. For Graph T
mode, select POLAR. For Angle mode, %Mﬁ]
select RADIAN. :
Press [MODE] O 3 ® @ @ ® 1 [ENTER Pl

2. Display and clear the Y= Editor. Then [ FElr ]
define the polar equation r1(0) = A sin B6. S in(2. 58

Enter 8 and 2.5 for A and B, respectively.

Press E] [Y=:| 8 [ENTER] (ENTER] 8 [S"\'] rligr=oksinte. Stes
2.5 E] [9] ENTER AN WAD AT POL
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47 will be evaluated to a number when
you leave the Window Editor.

Press [¢] [wiNnDOW] @ 4 [r]

Steps and keystrokes Display
3. Select the ZoomStd viewing window,
which graphs the equation.
«  The graph shows only five rose ®
petals.
- In the standard viewing window,
the Window variable 6émax = 2x.
The remaining petals have 6
values greater than 2.
* The rose does not appear
symmetrical.
- Both the x an y axes range from
-10 to 10. However, this range is
spread over a longer distance
along the x axis than the y axis.
Press [F2] 6
4. Display the Window Editor, and change Tl
Omax to 4. gnint.

Bmax=4mn
Bstep=, LIOS9I69389957
®min=-10.

smax=10,
xscl=1,
umin=-10.
ymax=10.
yscl=1.

HalN KAD ALTO FOL
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Steps and keystrokes Display

5. Select ZoomSqr, which regraphs the
equation.

ZoomSgqr increases the range along the
x axis so that the graph is shown in
correct proportion.

Press 5

You can change values for A and B as
necessary and regraph the equation.

Sequence Graphing

A small forest contains 4000 trees. Each year, 20% of the trees will be harvested (with
80% remaining) and 1000 new trees will be planted. Using a sequence, calculate the
number of trees in the forest at the end of each year. Does it stabilize at a certain
number?

Initially After 1 Year After 2 Years After 3 Years
4000 .8 x 4000 .8x(.8x4000+ .8x(.8x(.8x
+ 1000 1000) + 1000 4000 + 1000) +

1000) + 1000
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Steps and keystrokes

Display

1. Display the MODE dialog box. For Graph FiTE
mode, select SEQUENCE. PGqu‘en”quzeah?is
Press ®4 E’*t{s{d
.{Entvzr=sﬁ'ﬂt 2 € ESLECAMCEL
2. Display and clear the Y= Editor. Then il fode] |
define the sequence as - RN
u1(n) = iPart(.8+u1(n-1)+1000). Mgt
u3=
Use iPart to take the integer part of the M .
result. No fractional trees are harvested. — [fan™ = Caaairr a0
To access iPart(, you can use [MATH],
simply type it, or select it from the
CATALOG.
Press [¢][v=] 1) 8 [MATH]
14 . 8 [alpha] U1 [ [alpha] N (=] 1 D] [+] 1000
3. Define ui1 as the initial value that will be
used as the first term.
Press 4000
4. Display the Window Editor. Set the n and mnin=g,
plot Window variables. EEE%Q;:%:
nmin=0 and nmax=50 evaluate the size of §gg>fg?g:
the forest over 50 years. g

Press (¢] WNDOW] 0 @ 50 @ 1@ 1@

[ala
gscl=1000,
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Steps and keystrokes

Display

5. Setthe x and y Window variables to
appropriate values for this example.

Press 0 © 50 ©® 10 ® 0 ® 6000 @ 1000

6. Display the Graph screen.
Press [¢] [GRAPH]

R R A AR FR e

——

HMAIN KfiP fuTO EQ

7. Select Trace. Move the cursor to trace
year by year. How many years (nc) does it
take the number of trees (yc) to stabilize?

Trace begins at nc=0.

nc is the number of years.

XC = nc since n is plotted on the x axis.
yc = u1(n), the number of trees at
year n.

Press [F3] ® and (© as necessary

R R A AR FR e
1

By default, sequences
use the Square
display style.
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3D Graphing

Graph the 3D equation z(x,y) = (x3y - y3x) / 390. Animate the graph by using the cursor
to interactively change the eye Window variable values that control your viewing angle.
Then view the graph in different graph format styles.

Steps and keystrokes

Display

1. Display the MODE dialog box. For Graph
mode, select 3D.

Press [MODE] ® 5 [ENTER

HMODE

F1 Fz F2
Fadg 1|Pade 2|Fade X
. i

. KE
R T 0N

E EnteF=SAVE 2 E_ESCSCHNCEL

2. Display and clear the Y= Editor. Then
define the 3D equation
z1(x,y) = (%y - y3x) / 390.
Notice that implied multiplication is used
in the keystrokes.

Press [¢] [=] [F1) 8 [ENTER] [ENTER] [ X [*] 3
YE Y[ 3 X[ [ 390 [ENTER]

Z1 Lo 0= G B S 75
E)

HMAIN RAD AUTO

3. Change the graph format to display and
label the axes. Also set Style = WIRE
FRAME.

You can animate any graph format style,
but WIRE FRAME is fastest.

Press(¢][J@®2®@ ®2® ® 1[ENTER]

SRAFH FORMATSE

Conrdinabes RECT 3

AXES ... RHES 3
Labsls........ [l kg
£t HIRE FRAME +

CEREer=AYE 3  EECCANLEL 7
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Steps and keystrokes

Display

4.

Select the ZoomStd viewing cube, which
automatically graphs the equation.

As the equation is evaluated (before it is
graphed), “evaluation percentages” are
shown in the upper-left part of the screen.

Press [F2] 6

Note: If you have already used 3D
graphing, the graph may be shown in
expanded view. When you animate the
graph, the screen returns to normal view
automatically. (Except for animation, you
can do the same things in normal and
expanded view.)

Press [x] (press [x] to switch between
expanded and normal view)

HMAIN RAD AUTO 0

HAlW EAD AUTO 0

Animate the graph by decreasing the
eyed Window variable value.

@ or ® may affect eyeb and eyey, but to
a lesser extent than eye¢.

To animate the graph continuously, press
and hold the cursor for about 1 second
and then release it. To stop, press [ENTER].

Press @ eight times

Fir
Touls

HalN EAD AUTO 0
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Steps and keystrokes Display

6. Return the graph to its initial orientation.
Then move the viewing angle along the
“viewing orbit” around the graph.

Press 0 (zero, not the letter O) © © ©

7. View the graph along the x axis, the
y axis, and then the z axis.

Press X

This graph has the same shape along the
y axis and x axis.

Press Y
Press Z

8. Return to the initial orientation.
Press 0 (zero)
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Steps and keystrokes

Display

9. Display the graph in different graph

format styles.

Press (1] (press (1] to switch from each

style to the next)

HIDDEN SURFACE

— -

CONTOUR LEVELS
(may require extra
time to calculate
contours)

WIRE AND
CONTOUR

WIRE FRAME
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Note: You can also display the graph as an implicit plot by using the GRAPH FORMATS
dialog box ([¢] (1). If you press [1] to switch between styles, the implicit plot is not
displayed.

Differential Equation Graphing

Graph the solution to the logistic 1st-order differential equation y' = .001y=(100-y). Start
by drawing only the slope field. Then enter initial conditions in the Y= Editor and
interactively from the Graph screen.

Steps and keystrokes Display
1. Display the MODE dialog box. For Graph e y
mode, select DIFF EQUATIONS. %Mﬁ] —

Press [MODE] (® 6 [ENTER

T Pretty Print.. T 0N

o Enker=IRUE e ESCSCHMCEL 3
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Steps and keystrokes

Display

2. Display and clear the Y= Editor. Then
define the 1st-order differential equation:

y1'(t)=.001y1%(100-y1)

Press [x] to enter the * shown above. Do
not use implied multiplication between the
variable and parentheses. If you do, it is
treated as a function call.

Leave the initial condition yi1 blank.

Note: With y1' selected, the device will
graph the y1 solution curve, not the
derivative y1'.

Press [¢] [¥=] [F1) 8 [ENTER] .001 Y1
100 (5] Y1

HMAIN RAD AUTO DE

3. Display the GRAPH FORMATS dialog box.
Then set Axes = ON, Labels = ON, Solution
Method = RK, and Fields = SLPFLD.

Note: To graph one differential equation,
Fields must be set to SLPFLD or FLDOFF.
If Fields=DIRFLD, an error occurs when
you graph.

Press( ][ @@ 020002001
® ® 1 [ENTER]

GRAFH FORMATS

£ EREF=IAVE £ EZC=CRMCEL
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Steps and keystrokes

Display

4. Display the Window Editor, and set the
Window variables as shown to the right.

Press[(¢][WNnDOW] 0 © 10 @ .1 ®@ 0@
(10 1M0®@10@[[10® 120 10

©®0.001® 20

tﬂ .
tmax=10,
tstep=.1
tplo =i,
#min=-10.
®max=110a,

®sC1=10,
umin=-10.
umax=120,
gscl=10.
noures=0,
diftol=,001
flarez=2a.

5. Display the Graph screen.

Because you did not specify an initial
condition, only the slope field is drawn (as
specified by Fields=SLPFLD in the GRAPH

Fl-| Fa-] F2 (3] FE-| Fa~ |F7-FB
Tools|2eom|Track|FeGrarh(tHath) by aw|Fen(lC

]

o R e o e e L e o e
PR RSNy
B
B
B
/////////////////t‘

o e o i o e e

R

I e

FORMATS dlalog bOX). HAIN hAD AUTD OE
Press [¢] [GRAPH]
6. Return to the Y= Editor and enter an initial [FEEEr meLL] ]
condition: .
“yl'=.001 ul-(188 - ul)
yi1=10 z%;m
=
Press [+] [v-] (ENTER) 10 [ENTER et o

7. Return to the Graph screen.
Initial conditions entered in the Y= Editor
always occur at ty. The graph begins at

the initial condition and plots to the right.
Then it plots to the left.

Press [¢] [GRAPH]

Fir] Fir| F= F4 | FE=| Fi= [FF=FH
To e Is|200 | TP ac|RedraphMath|Deaw| Penfic

- r= R ——————

PPy P P R
///////////////t"

T

e

=y
HAIN FAD ALTD [

The initial condition is
marked with a circle.
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Steps and keystrokes

Display

8. Return to the Y= Editor and change yi1 to
enter two initial conditions as a list:

to=a.
wyl'=001 gl (100 - 1)

yi1={10,20} E%Eﬁm 203
Press [(¢] [v] @ (1020 Lhe
2nd [}] MAIN FAD ALTO 3
9. Return to the Graph screen. NS E
o

Press [¢] [GRAPH]

-
Py NSNSy
PRy T NNy
By TNy
P TN NNy N
N R Y

P o o e

e

HalW EAD AUTO bE
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Steps and keystrokes Display

10. To select an initial condition interactively, [ErmErnrremmTE

Toals|Zonm|Trace|Redraphfrath|praw|Fenfic

press: l
5 T
en prompited, enter 1= an = . A s
When prompted, enter t=40 and y1=45 : SLLLILLg
st CoRditigneia 1200
When selecting an initial condition B T

interactively, you can specify a value for t
other than the t value entered in the

Y= Editor or Window Editor.

Instead of entering t and y1 after pressing
(2nd] [Fé] .
you can move the cursor to a point on the k=% st
screen and then press [ENTER].

You can use to trace curves for initial
conditions specified in the Y= Editor.

However, you cannot trace the curve for
an initial condition selected interactively.

Press [F8] 40 45

e
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Additional Graphing Topics

From the Home screen, graph the piecewise defined function: y = -x when x < 0 and

y = 5 cos(x) when x > 0. Draw a horizontal line across the top of the cosine curve. Then
save a picture of the displayed graph.

Steps and keystrokes

Display

1. Display the MODE dialog box. For Graph T
mode, select FUNCTION. For Angle mode, ?Mﬁ]
select RADIAN.
Press [M0DE] ® 1 @ © © ® 1 [ENTER) Pl
2. Display the Home screen. Usg the Graph Graph when(x<0:x,
command and the when function to 5cos(X))
specify the piecewise defined function.
2 selects Graph from the Other toolbar
menu and automatically adds a space.
Press 2 [a-lock] WHEN
(J X[2nd] [<] 0 [J [@ X [ 5 [x] [2nd] [cOS] X
3. Execute the Graph command, which

automatically displays the Graph screen.

The graph uses the current Window
variables, which are assumed to be their
standard values ([F2] 6) for this example.

Press [ENTER

HalW EAD AUTI FUNC
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Steps and keystrokes Display

4. Draw a horizontal line across the top of
the cosine curve.

The calculator remains in “horizontal”

mode until you select a different operation \,
or press [ESC]. 1
Press [F7] 5 @ (until the line is
positioned)

5. Save a picture of the graph. Use PIC1 as TAVE COFY AZ 5
the variable name for the picture. Toper  Fictures

Foldgr: mdin ¥

= Pj i variable il ]
Be sure to set Type = Picture. By default, it e T

is set to GDB.
Press (F1] 2 ®) 2 ® @ PIC [alpha] 1
ENTER

6. Clear the drawn horizontal line.

You can also press to regraph.
Press [F6] 1 Ny

HalW EAD AUTI FUNC
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Steps and keystrokes Display

7. Open the saved picture variable to - BFEN o
redisplay the graph with the line. Tere:  Fictured

Folder:  mdin#
Variable: ricl¥

Be sure to set Type = Picture. By default, it
is set to GDB.

Press 1 ® 2 (if not already shown,
also set Variable = pic1)

e Entsr=0F A c EXCSCAMCEL 2

HMAlN RAD AUTI FUNC

Tables

Evaluate the function y=x3—2x at each integer between -10 and 10. How many sign
changes are there, and where do they occur?

Steps and keystrokes Display
1. Display the MODE dialog box. For the AT -
Graph mode, select FUNCTION. M ;

Press [MODE] ® 1 [ENTER

E EnteF=SAVE 2 E_ESCSCHNCEL

Previews 112



Steps and keystrokes

Display

2. Display and clear the Y= Editor. Then
define y1(x) = x3 - 2x. :
3=

Press [#] [v-] (FT) 8 [EVTER) (ENTER) X [ 3(3) | &
2 X [ENTER S
Set the table parameters to: ThELE SETUF

EbISEarE: | T
tbiStart = -10 —
Atbl =1 Graph £-3 lelﬂe: OFF +
Graph < - > Table = OFF [ —

Independent = AUTO

Press [¢][BLSETI [ 10 @ 1@ D10 0M 1

ENTER

Display the Table screen.

Press [¢] [TABLE]

R BE

FL- | Fz |
2 ul
-S89,
-9,
-2
il
£

“vil.
. “496,
. -329,
. —20d,
x=—10,
HAIN RAD ATO FIIRLC

Scroll through the table. Notice that y1
changes sign at x =-1, 1, and 2.

To scroll one page at a time, use ©)

and .

Press ©® and ® as necessary.

=

i ey

|==3.
R FAE ATD  FUNE

Previews

113



Steps and keystrokes Display

6. Zoom in on the sign change between [
x =-2 and x = -1 by changing the table |

1.9

125

[

parameters to: :35323
tbiStart = -2 S
Atbl = .1 —

~.H9E
HMAlN EAD AUTO FUNC
Press 2 @ .1 [ENTER] [ENTER

Split Screens

Split the screen to show the Y= Editor and the Graph screen. Explore the behavior of a
polynomial as its coefficients change.

Steps and keystrokes Display
1. Display the MODE dialog box. i [T |
For Graph, select FUNCTION. it |

For Split Screen, select LEFT-RIGHT.
For Split 1 App, select Y= Editor.
For Split 2 App, select Graph.

PressMODE] ® 12 3@ 020 O 4
ENTER

¢ Enber=3RUE 2 ¢ ESC=CHMCEL 2
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Steps and keystrokes Display

2. Clear the Y= Editor and turn off any stat AR N S A

data plots. Define y1(x) = .1x3-2x+6. W
A thick border around the Y= Editor EEE
indicates it is active. When active, its -

w
B
-
=
o

n

entry line goes all the way across the

display.
Press [F1] 8 [ENTER] 5 (ENTER] .1 X[7] 3 [5]
2X[t]6

3. Select the ZoomStd viewing window,

which switches to the Graph screenand |7} | s _,
graphs the function. §§§

The thick border is now around the Graph b {
screen.

Press [F2] 6
4. Switch to the Y= Editor and edit y1(x) to
change Ax3 to .5x3.

2nd) [EE]] is the second function of [APPS].
The thick border is around the Y= Editor.

Press [2nd) [=1] @ [ENTER] © @ ® ] 5
ENTER
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Steps and keystrokes Display

5. Switch to the Graph screen, which

regraphs the edited function.
His
The thick border is around the Graph Egg
screen. e= {
Press =]
6. Switch to the Y= Editor and open the AR
Window Editor in its place. m;:’ffl o
Press [2nd) [=E1] (+] [WiNDow] inareiol {
Hres=E.

7. Open the Home screen and then exit to a
full-sized Home screen.

Press:
[QuIT] (HOME
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Data/Matrix Editor

Use the Data/Matrix Editor to create a one-column list variable. Then add a second
column of information. Notice that the list variable (which can have only one column) is
automatically converted into a data variable (which can have multiple columns).

Steps and keystrokes Display
1. Use to display the Data/Matrix o HEW ™
Editor. Create a new list variable named T Pl

TEMP- Yariable:
Press 3 0 3 ©® @ TEMP [ENTER] [ENTER]

ESCCANLEL

2. Enter a column of numbers. Then move  [Fil lidwsiel o |
the cursor up one cell (just to see thata |
highlighted cell’s value is shown on the 5
entry line). :

2 o3

]

_]m#c‘
|

LIST is shown in the upper-left corner to [ —me

indicate a list variable.

You can use @ instead of [ENTER] to enter
information in a cell.

Press 1 [ENTER) 2 (ENTER] 3 (ENTER] 4 ENTER] 5
6 >
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Steps and keystrokes Display

3. Move to column 2, and define its column [T clolem i |
header so that it is twice the value of e
column 1.

.

cZ =]

2
101

(|| | Y

i

DATA is shown in the upper-left corner to — !
indicate that the list variable was T a— —
converted to a data variable. @ means the cell is in

a defined column.
Press ¢ 2 C 1 [ENTER

RAD AUTO FUNC

4. Move to the column 2 header cell to show [Tl iae ol |
its definition in the entry line. Bl i - =
When the cursor is on the header cell, : B—4
you do not need to press [F4] to define it. |* P*—1°

. . . . 2=kc ]
Simply begin typing the expression. X T T
Press ®>®
5. Clear the contents of the variable. AN N Al

DATAH | |

Simply clearing the data does not convert ez L3

the data variable back into a list variable.
PreSS 8 rici=

HRIN EAD ALTOD FUNC

E I ] =
&
=

Note: If you don’t need to save the current variable, use it as a scratchpad. The next time
you need a variable for temporary data, clear the current variable and re-use it. This lets
you enter temporary data without wasting memory by creating a new variable each time.
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Statistics and Data Plots

Based on a sample of seven cities, enter data that relates population to the number of

buildings with more than 12 stories. Using Median-Median and linear regression

calculations, find and plot equations to fit the data. For each regression equation, predict

how many buildings of more than 12 stories you would expect in a city of 300,000

people.

Steps and keystrokes

Display

1. Display the MODE dialog box. For Graph
mode, select FUNCTION.

Press [MODE] ® 1 [ENTER

HODE

Fi F [E]
Fade i|Fade EFads =
. UNCTIN

T Pr&tR Prin

o Enker=IRUE e ESCSCHMCEL 3

2. Use to display the Data/Matrix
Editor. Create a new data variable named
BUILD.

Press 3 ® @ BUILD

HEW

Trre Data¥
Folder: madin ¥

Variable build
B
1
CEnter=0K e ESCSCAMCEL 3
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Steps and keystrokes

Display

3. Using the sample data below, enter the
population in column 1.

Fir Fz F2 FY FE JFEF?
Tools|Flok Zebupr|Cell|Header|Calc|UtilfFkat

DATA

cl

[=5]

=]

5 SiEE
Pop. (in 1000s) Bldgs > 12 stories & =
150 4 S
500 31 :351= DEG AUTD FURC
800 42
250 9
500 20
750 55
950 73
Press 150 [ENTER] 500 [ENTER] 800 [ENTER]
250 [ENTER] 500 [ENTER] 750 [ENTER] 950
ENTER
4. Move the cursor to row 1 in column 2 ol s Bt ]|
(r1c2). Then enter the corresponding B —
number of buildings. D B
T EE] ]
(¢] ® moves the cursor to the top of the |

page. After typing data for a cell, you can
press or @ to enter the data and
move the cursor down one cell. Pressing
@ enters the data and moves the cursor
up one cell.

Press O [¢] @ 4 [ENTER] 31 [ENTER] 42 [ENTER]
9 (ENTER) 20 [ENTER] 55 [ENTER] 73 (ENTER]

roce=

FRIN

DEG AUTO

FUNC
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Steps and keystrokes Display

5. Move the cursor to row 1 in column 1
(r1c1). Sort the data in ascending order of
population.

This sorts column 1 and then adjusts all
other columns so that they retain the

same order as column 1. This is critical
for maintaining the relationships between | jimms—=

columns of data. I B
4 SOE 20
To sort column 1, the cursor can be 3
anywhere in column 1. This example has
you press
(J®
so that you can see the first four rows.
Press © [¢] ® [Fe] 4
6. Display the Calculate dialog box. Set (i i CaTeitats_
Calculation Type = MedMed :
x=C1 Fras nd £aLeIeriess NI3
y=C2 K :
Store RegEQ to = y1(x) T < EECEEL
Press [F5] ® 7 @ C [alpha] 1 © [alpha)] C2 @
OXS]
7. Perform the calculation to display the ¢ STAT VAkz =
MedMed regression equation. E“""" 075556

As specified on the Calculate dialog box,
this equation is stored in y1(x).

Press [ENTER CERrEIE_>
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Steps and keystrokes

Display

8.

Close the STAT VARS screen. The
Data/Matrix Editor displays.

Press [ENTER

Display the Calculate dialog box. Set:
Calculation Type = LinReg

x=C1

y =C2

Store RegEQ to = y2(x)

Press (5 ) 5@ @ @ ® @ [ENTER]

mdintbuild Calculate

o Enter=3AYE 2 r_ ESCZCHMCEL 3

10.

Perform the calculation to display the
LinReg regression equation.

This equation is stored in y2(x).
Press

Enker=0kK

1.

Close the STAT VARS screen. The
Data/Matrix Editor displays.

Press [ENTER

12.

Display the Plot Setup screen.
Plot 1 is highlighted by default.

lets you clear highlighted Plot settings.

Press

Il Tdin s build Y

Fi F& | F% |F4
DaFing|Cory|Clear|
b &2
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Steps and keystrokes Display

13. Define Plot 1 as: ! muin'\bnﬂds?:::ti“‘}
Plot Type = Scatter " | B

el
Mark = Box : E

x=C1 L
y= C2 m} ek ESC-CAMCEL
Notice the similarities between this and
the Calculate dialog box.
Press[F1] ® 1® ® 1@ C [aipha) 1 & [alpha]
C2
14. Save the plot definition and return to the ¢ S T )
Plot Setup screen.
Notice the shorthand notation for Plot 1’s ﬁég
definition. Ht
Press twice
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Steps and keystrokes

Display

15.

Display the Y= Editor. For y1(x), the
MedMed regression equation, set the
display style to Dot.

Note: Depending on the previous contents

of your Y= Editor, you may need to move
the cursor to y1.

PLOTS 1 at the top of the screen means
that Plot 1 is selected.

Notice that y1(x) and y2(x) were selected
when the regression equations were
stored.

Press [(¢] [Y=] [F6] 2

gl = PSS!
HAIN

oD DDDSDDDE .,

RAD AUTO

FUNC

16.

Scroll up to highlight Plot 1.

The displayed shorthand definition is the
same as on the Plot Setup screen.

Press ®

“DRTR: MBI 4

LTt vk
~yl=, 072000090 00090906 x + -
d2=, 0515607345066 - w +

i

EAD AUTO

FUNC

17.

Use ZoomData to graph Plot 1 and the
regression equations y1(x) and y2(x).

ZoombData examines the data for all
selected stat plots and adjusts the viewing
window to include all points.

Press [F2] 9

Fi-1 Fe-[ F2 (%] FE-| Fa=[FP-{¢5
[Ioo1stoomI1ruce RtSrarh‘[MathTﬂraw]Perﬂ:-: ]

o

a

=]
o

FRIN

EAD ALTOD

FUNC
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Steps and keystrokes Display

18.

Return to the current session of the
Data/Matrix Editor.

Press [APPS] D [ENTER] (ENTER]

19.

Enter a title for column 3. Define
column 3’s header as the values
predicted by the MedMed line.

To enter a title, the cursor must highlight
the title cell at the very top of the column.

lets you define a header from
anywhere in a column. When the cursor is
on a header cell, pressing is not
required.

Press®) 0 ® ® [a-lock] MED
Y1 [ (alpha] C1 0] [ENTER]

20.

Enter a title for column 4. Define T R M N A

column 4’s header as the residuals B

(difference between observed and 3 Tlioas oy

predicted values) for MedMed. i B ae
d=ci-c3

Press ® @ [2nd) [a-lock] RESID ENTER] [l wowms e

(alpha] C2 (-] [alpha] C3 [ENTER]

21.

Enter a title for column 5. Define
column 5’s header as the values
predicted by the LinReg line.

Press ® & @ [2nd] [a-lock] LIN
Y2 C1
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Steps and keystrokes

Display

22. Enter a title for column 6. Define
column 6’s header as the residuals for
LinReg.

Press 9) ® [a-lock] RESID (alpha] (ENTER

Fir Fz F2 FY FE JFEF?
Tools|Flok Zebupr|Cell|Header|Calc|UtilfFkat

C2(4] C5 [ENTER

PATH |resid |1in resid
cd [

1 SBEEET] . Z21E9S. FrEE

2 -1.2583]2. 377al, 6200

3 1, 2222|258, Fagl2. 232

4 ~9. FrEl2e. el -8, YeR

cE=c2-co

HHIN RAD AUTD FUNEC

23. Display the Plot Setup screen and
deselect Plot 1.

Press

24. Highlight Plot 2 and define it as:
Plot Type = Scatter
Mark = Box
x=C1
y = C4 (MedMed residuals)

Press @ [F1] ©® @ C [alpha) 1 @ [alpha)] C4

radintbuild Flak 2

. Scatter ¥
o Eoxd
1

i E
ERter IRIE EEC-CANLEL

25. Highlight Plot 3 and define it as:
Plot Type = Scatter
Mark = Plus
x=C1
y = C6 (LinReg residuals)

Press ® [F] ©® ® 3 ® C [aibha) 1 ® [alpha]
C6 [ENTER] (ENTER]

fi radintbuild Flak >

. SCatter
.. Flus¥
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Steps and keystrokes

Display

26.

Display the Y= Editor and turn all the y(x)
functions off.

From [F5], select 3:Functions Off, not
1:All Off.

Plots 2 and 3 are still selected.

Press [(¢] [Y=] 3

HMAIN RAD AUTO FUNC

27.

Use ZoomData to graph the residuals.

O marks the MedMed residuals;
+ marks the LinReg residuals.

Press [F2] 9

Fi-| Fe-| F2 Fu FE-] Far [FP-%:
Tools|2oar|TEace|Reararh{Math)DF awfF enf:-
: E
- ®
n & H.
=]
L
: g
HAIN ERD AUTO FUNC

28.

Display the Home screen.

Press [HOME

20.

Use the MedMed (y1(x)) and

LinReg (y2(x)) regression equations to
calculate values for x = 300 (300,000
population).

The round function ( [2nd] [MATH] 1 3)
ensures that results show an integer
number of buildings.

After calculating the first result, edit the
entry line to change y1 to y2.

Press MATH] 13Y1[(3000](]0
® © (eight times) (] 2

Filr| Fer JF2<] Flir] FE [
Tools|A13ebralCalc(0kher (FramlOfCTean Up|

= round(9 10300, O 13.
B round(y2] 000, O 12,

Pound<52(3ElEl) AR
FAD ALTO FIINL FYET]
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Programming

Write a program that prompts the user to enter an integer, sums all integers from 1 to the
entered integer, and displays the result.

Steps and keystrokes

Display

1.

Use to display the Program Editor.
Create a new program.

Press 3

Frodrarm Editar

1:Current
25 Jpen..

Type PROG1 (with no spaces) as the
name of the new program variable.

Press ©® @ PROG 1

HEH

Tvps: Frodram
Folder:  mdin ¥

Variable:
ESCECAMCEL

Display the “template” for a new program.

The program name, Prgm, and EndPrgm
are shown automatically.

After typing in an input box such as
Variable, you must press twice.

Press [ENTER] twice.

[thisIco;tzr:o 'ITIF}D-T'FCII‘I:]. Find..| Mrosd;"' ]
Er

: helPrar

FRIN EAD AUTO FRE
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Steps and keystrokes

Display

4. Type the following program lines.

Request "Enter an integer",n
Displays a dialog box that prompts
“Enter an integer”, waits for the user
to enter a value, and stores it (as a
string) to variable n.

expr(n)=>n
Converts the string to a numeric
expression.

0>t enp
Creates a variable named temp and
initializes it to 0.

For i,1,n,1

Starts a For loop based on variable i.

First time through the loop, i = 1. At
end of loop, i is incremented by 1.
Loop continues until i > n.

t enp+i >t enp
Adds current value of i to temp.

EndFor

Marks the end of the For loop.
Disp tenp

Displays the final value of temp.

Type the program lines as shown.
Press at the end of each line.

Filr| Fir [F2FY4« FE For
Tools)Contral)l D [War|Find.. |Fode|
T

N

FeRPrOR) AR

1E*emp

tFor i,1,n.1
Lemp+ i-){,emp

fEndFor

t0izp temp

EndPran

HMAIN RAD AUTO FUNC
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Steps and keystrokes Display

5. Go to the Home screen. Enter the
program name, followed by a set of

prog1()
parentheses. |
You must include () even when there are
no arguments for the program.
The program displays a dialog box with
the prompt specified in the program.
Press [a-lock] PROG 1
6. Type 5 in the displayed dialog box. [l st oot o] |
Press 5 — 3
Entgr aninkeder: [E
5:‘;391() EAD AUTO FAE [FED]

7. Continue with the program. The

Disp command displays the result on the |1
Program /O screen. :
i@
The result is the sum of the integers from 1\5
1 through 5 HIH \ _EAD AUTO FAE (75T
Although the Program 1/0 screen looks Output from

other programs

may still be on

the screen.
Result of integer 5

similar to the Home screen, it is for
program input and output only. You
cannot perform calculations on the
Program I/O screen.

Press [ENTER] twice
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Steps and keystrokes Display

8. Leave the Program I/O screen and return  [nl e |
to the Home screen.

You can also press [ESC], [auiT], or

HOME mprogliy Dol
to return to the Home screen. R — —rr
Press

Text Operations

Start a new Text Editor session. Then practice using the Text Editor by typing whatever
text you want. As you type, practice moving the text cursor and correcting any typos you
may enter.

Steps and keystrokes Display
1. Start a new session of the Text Editor.
1:Current.
Press 3 i '
2. Create a text variable called TEST, which | ]
will automatically store any text you enter | ror:  mans
in the new session e

Use the MAIN folder, shown as the default
on the NEW dialog box.

After typing in an input box such as
Variable, you must press twice.

Press © TEST
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Steps and keystrokes Display

3. Type some sample text. [Feecrmand] o oxctut re],

i =T€xt ertrg iz =imple. Te
+ To type a single uppercase letter, Kb wrapd
press [1] and then the letter.

- To type a space, press (]
(alpha function of the )] key).

- To type a period, press to
turn alpha-lock off, press (-], and
then press [a-lock] to turn
alpha-lock on again.

HMAIN W RAD AUTO FUNC

Practice editing your text by using:

* The cursor pad to move the text
Cursor.

. or [¢] [DEL] to delete the character
to the left or right of the cursor,
respectively.

Press [a-lock] and type anything you
want.

4. Leave the Text Editor and display the
Home screen.

Your text session was stored
automatically as you typed. Therefore,
you do not need to save the session
manually before exiting the Text Editor.

Press [HOME
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Steps and keystrokes Display

5. Return to the current session on the Text
Editor. Notice that the displayed session
is exactly the same as you left it.

Press [F=]

Numeric Solver

Consider the equation a=(m2-m1)/(m2+m1)xg, where the known values are m2=10 and
g=9.8. If you assume that a=1/3 g, find the value of m1.

Steps and keystrokes Display

1. Use [APPS] to display the Numeric Solver.  [FRiol o Farenl]
Enter Equation
eqni]

HRAIN AR AITD FUNEC

2. Enter the equation. [ o e e ]|

er Hqua IOI‘:I
When you press [ENTER) or @, the screen  |FHiaTinmmiz inzaniane
lists the variables used in the equation.

Press (alpha] A (=] (] [alpha] M2 [-] [alpha] M1 |
0] (2] (A (alpha) M2 [+] [alpha] M1 [] (%] [alpha]
G [ENTER

Previews 133



Steps and keystrokes

Display

3. Enter values for each variable, exceptthe [l el tel]
unknown variable m1. a;gz%"“""?*”“"‘g
Ma= -
. . . 1=
Define m2 and g first. Then define a. (You 523;3=c-1 a1 s
must define g before you can define a in
terms of g.) Accept the default for bound. ™=
If a variable has been defined previously,
its value is shown as a default.
Press @ 10© © 9.8 ® ® @ [aha) G [3]
3
4. Move the cursor to the unknown variable [FE G e temlale o]l
a=(nZ=ml ) CmZ+ml I%g
m1 . a;3i§66666666666?
s
. e ey 19
Optionally, you can enter an initial guess | a=s.5
. bound=C-1. 14, 1. 14>
for m1. Even if you enter a value for all
variables, the Numeric Solver solves for
the variable marked by the cursor. .
IS evaluated wnen
/3 luated wh
Press ©® @ you move the cursor
off the line.
5. Solve for the unknown variable. R A A 3 A
- mliimnlie
To check the solution’s accuracy, the left ne=ia;
. . . mrl
and right sides of the equation are 9=9.8
. . bound=L-1. 14, 1. 14>
evaluated separately. The difference is mleftort=o.
HalN EAD ALTO FUHC

shown as left-rt. If the solution is precise,
left-rt=0.

Press

m marks the calculated
values.
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Steps and keystrokes

Display

6. Graph the solution using a ZoomStd
viewing window.

The graph is displayed in a split screen.
You can explore the graph by tracing,
zooming, etc.

The variable marked by the cursor
(unknown variable m1) is on the x axis,
and left-rt is on the y axis.

Press 3

a=Cm2-ml s tm
=3, 2EEEEEE
m2=10,
m1=EA

g=9.8
bourc=£-1. 1]
left-rt=0.

HMAIN RAD AUTI

FUNC

7. Return to the Numeric Solver and exit the
split screen.

You can press or @ to redisplay the
list of variables.

Press =] 2
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Number Bases

Calculate 10 binary (base 2) + F hexadecimal (base 16) + 10 decimal (base 10). Then,

use the » operator to convert an integer from one base to another. Finally, see how

changing the Base mode affects the displayed results.

Steps and keystrokes

Display

1.

Display the MODE dialog box, Page 2. For

Base mode, select DEC as the default
number base.

Integer results are displayed according to
the Base mode. Fractional and floating-
point results are always displayed in
decimal form.

Press [MODE (use @ to move to Base
mode) ® 1 [ENTER

HODE

Fi F [E]
Fade i|Fade EFads =

4 SENE SCFER e, FULL
i 3

N REILEL]
o Enker=IRUE e ESCSCHMCEL 3

Calculate 0b10+0hF+10.

To enter a binary or hex number, you
must use the Ob or Oh prefix (zero and the
letter B or H). Otherwise, the entry is
treated as a decimal number.

Note: The Ob or Oh prefix is a zero, not the
letter O, followed by B or H.

Press 0 B10[# 0 [a-lock] HF
(alpha) [+] 10 [ENTER]

Fi- 1 Fe- [Fa=| Fi= | FE FEr
Tools[R13ebralCale|Other |FrImiD|clean Uef

=Obid + OhF + 10

27

BblC+ERF+10
HAIN

RAD AUTO FUNC

FPED]
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Steps and keystrokes Display

3. Add 1 to the result and convert it to binary.
[»] displays the » conversion operator.
Press [+] 1 »] [a-lock] BIN

ENTER
4. Add 1 to the result and convert it to
hexadecimal.
Press [+] 1 »] [a-lock] HEX
ENTER
5. Add 1 to the result and leave it in the [Isﬁs'[n]gfﬁru cFa?iETnfﬁ'ngPr';iwlnTclerasn'up] ]
default decimal base.
B Ebld + OhF + 10 27
Results use the Ob or Oh prefix to identify ~ ["(27 + 1)*Bin Beliion
w(Ob1110@ + 11rHex Bh1D|
the base. = GhiD +1 30
ansC13+1
Press 1 ENTER HalW KAD ALTO FUKHC 4/E0
6. Change the Base mode to HEX.
When Base = HEX or BIN, the magnitude of
a result is restricted to certain size
limitations.
Press [MODE (use @ to move to Base
mode) ® 2 [ENTER
7. Calculate 0b10+0hF+10. et vt w] ]
Press 0 B 10 (] 0 (2nd) [a-lock] HF sizre B obiiion
(alpha] [#] 10 [ENTER] Siobl 110+ Lrkex enip
= Eh10 + OWF + 18 Bh1E
W%W
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Steps and keystrokes Display
8. Change the Base mode to BIN.
Press [MODE (use @ to move to Base
mode) ® 3 [ENTER
9. Re-enter 0b10+0hF+10. bt o e P lentdre] ]
(27 + 1)+Bin Obb11100)
Press [ENTER = (Ob11108 + LIFHex BhiD]
" hl0+ 1 30|
= Qb1d + 0OhF + 10 AhlE
= dbid + OkF + 10 Abiidil
Ez:ﬂ*‘ah*‘:ggﬁufﬂ FUHC [T

Memory and Variable Management

Assign values to a variety of variable data types. Use the VAR-LINK screen to view a list
of the defined variables. Then move a variable to the user data archive memory and
explore the ways in which you can and cannot access an archived variable. (Archived
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variables are locked automatically.) Finally, unarchive the variable and delete the unused

variables so that they will not take up memory.

Steps and keystrokes Display

1. From the Home screen, assign variables [R5 Jaebmak ot |
with the following variable types. - 5
Expression: 5 >x1 mxl i d s FO0 Done

ion- 2 :[{359 ;g]} :nlll Ega 128535

Fynctlon. x“+4 >f(x) L5029
L|St {5’1 0} 9L1 AN EAD AUTO FUNC HAT0
Matrix: [30,25] >m1
Press [HOME] [CLEAR] 5 [STO»] X1 [ENTER] X
2 (#] 4 (570> (apha) F ([0 X (0] [ENTER] (2nd) [(]
5] 10 [}] [STO»] (alpha) L1 [ENTER]
[f130[]25 [1] [STO»] (alpha) M1 [ENTER]

2. Suppose you start to perform an
operation using a function variable but [5+
can’t remember its name.
Press 5

3. Display the VAR-LINK screen.

This example assumes that the variables
assigned above are the only ones
defined.

Press [VAR-LINK]
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Steps and keystrokes Display

4. Change the screen’s view to show only YRE-LINK VEL ™
function variables. et dariabiess
Folder.. AlT¥

Although this may not seem particularly e e

useful in an example with four variables,
consider how useful it could be if there AT
were many variables of all different types.  [usdiaJial? [iilcotfndrio |

W

Press [[2] © @ ® 5 [ENTER]

5. Highlight the f function variable, and view [=z=
its contents.

Notice that the function was assigned
using f(x) but is listed as f on the screen.

Press @ [F6]
6. Close the Contents window.
Press
7. With the f variable still highlighted, close

VAR-LINK to paste the contents of the BX
variable to the entry line. Notice that “(” is
pasted.
Press
8. Complete the operation.
Press 2 [ 5+f(2)
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Archiving a variable

Steps and keystrokes

Display

1. Redisplay VAR-LINK, and highlight the

VAE-LINK [A111

: : e A [ coRenteF e
variable you want to archive. TR
. o 1y LI57 10
The previous change in view is no longer Bt Al 1z
in effect. The screen lists all defined
variables.
Press [VAR-LINK] (use @ to highlight
x1)
2. Use .the Mapage toolbar menu to

archive the variable. §=5353me

. . . . . : Mowe
= indicates the variable is archived. Zifreate Folder

i

Press 8

3. Return to the Home screen and use the
archived variable in a calculation.

Press [HOME] 6 [x] X1 [ENTER

Fer [Fir FE Fiir
A13brafCal:) Frami0)Clgan Uef

I><2+4->F(x) Dare
=T 1er=+11 {5 1@l
BL3E 25]+ ml [38 23]
=352 4
LA-E3Y g
[l

HAIN AD AUTO FINL [
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Steps and keystrokes

Display

4. Attempt to store a different value to the

archived variable.

Press 10 X1

i ERROR v

Warjable or Flash apelication is Teckeds
protecteds oF archived

C ESCCHMCEL 2

5. Cancel the error message.

Press

6. Use VAR-LINK to unarchive the variable.
Press [VAR-LINK] (use ® to highlight

x1)[F1] 9

7. Return to the Home screen and store a
different value to the unarchived variable.

Fir| Fex JF2«] Flir | FE [
Tools)i13cbra|Cale(Okher (FramlOfCTcan Ur|

={T 102 =11 3 1er

W[3I0 25]+ ml [30 25]
Press [HOME] [ENTER .52 4]
LR 3
10
EAD AUTOD FUMC EA30
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Deleting variables

Steps and keystrokes Display

1. Display VAR-LINK, and use the All
toolbar menu to select all variables.

. . . SESE?SGEGEuPPent
A v mark indicates items that are tExpand ALl

. . %=E§T1§pse All
selected. Notice that this also selected
the MAIN folder.

Note: Instead of using (if you don’t
want to delete all your variables), you can
select individual variables. Highlight each
variable to delete and press [F4].

Press 1
2. Use to delete.

Note: You can press (instead of [F1] 1)
to delete the marked variables.

Press 1
3. Confirm the deletion. I TRE-LINE ~y
DTk MainsFa1lsmiaxl
Press [ENTER

NhE-LINK [A111

< Enter=1E: = <EECHl
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Steps and keystrokes Display

4. Because 1 also selected the MAIN A |41 B
dnl;t kL ih. £ Onkenks) [AshAFF|
folder, an error message states that you [t mmmres

cannot delete the MAIN folder. ;
Acknowledge the message.

When VAR-LINK is redisplayed, the
deleted variables are not listed.

Press [ENTER

5. Close VAR-LINK and return to the current
application (Home screen in this
example).

When you use (instead of [ENTER]) to
close VAR-LINK, the highlighted name is
not pasted to the entry line.

Press
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Operating the Calculator

Turning the Calculator On and Off

You can turn your graphing calculator on and off manually by using the and [OFF]
(or (] [0FF]) keys. To prolong battery life, the APD™ (Automatic Power Down™) feature
lets the calculator turn itself off automatically.

Turning the Calculator On

Press [ON].

* If you turned the unit off by pressing [OFF], the unit returns to either the Apps
desktop or the Home screen.

« If you turned the unit off by pressing [¢] [0FF] or if the unit turned itself off through
APD, the unit returns to whichever application you used last.
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Turning the Calculator Off

You can use either of the following keys to turn off your graphing calculator.

Press: Description
[OFF] Settings and memory contents are retained by the

(press and Constant Memory™ feature. However:
then press [OFF])  «  You cannot use [OFF] if an error message is
displayed.

*  When you turn the calculator on again, it displays
either the Home screen or the Apps desktop
(regardless of the last application you used).

(+][OFF] Similar to [OFF] except:
(press[¢]andthen .  voy can use [(¢] [OFF] if an error message is
press [OFF]) displayed.

*  When you turn the calculator on again, it will be
exactly as you left it.

Note: [0FF] is the second function of the key.

APD (Automatic Power Down)

After several minutes without any activity, the calculator turns itself off automatically. This
feature is called APD.

When you press [0N], the calculator will be exactly as you left it.
+ The display, cursor, and any error conditions are exactly as you left them.

+ All settings and memory contents are retained.
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APD does not occur if a calculation or program is in progress, unless the program is
paused. If a program is running, but waiting for a key press, APD will occur after several
minutes of inactivity.

Setting the Display Contrast

The brightness and contrast of the display depend on room lighting, battery freshness,
viewing angle, and the adjustment of the display contrast. The contrast setting is
retained in memory when the graphing calculator is turned off.

Adjusting the Display Contrast

You can adjust the display contrast to suit your viewing angle and lighting conditions.

To: Press and hold both:
Decrease (lighten) the contrast (¢]and 5]
Increase (darken) the contrast [¢] and
1
CHAR [ O
+ U
Contrast keys

If you press and hold [¢][-] or [¢][4] too long, the display may go completely black or
blank. To make finer adjustments, hold [¢] and then tap -] or [+].
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When to Replace Batteries

As the batteries get low, the display begins to dim (especially during calculations) and
you must increase the contrast. If you have to increase the contrast frequently, replace
the four alkaline batteries.

Note: The display may be very dark after you change batteries. Use [¢] [5] to lighten the
display.

The status line along the bottom of the display also gives battery information.

Indicator in status line Description

EATT Batteries are low.

ERTT Replace batteries as soon as possible.

The TI-89 Titanium Keyboard

Most keys can perform two or more functions, depending on whether you first press a
modifier key.
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TI-89 Titanium
TEXAS INSTRUMENTS

(2}

(3]

(1) - [F8] open toolbar menus. Select applications (when used with [¢])

® [2nd), (¢], (1], and add functionality by increasing the available key commands.
© X, Y, and Z are often used in symbolic calculations.

O O, 0, >, and @ move the cursor.

© [APPS] lets you select an application.

@ [ENTER] evaluates an expression, executes an instruction, selects a menu item, etc.

Operating the Calculator 149



Modifier Keys

Modifier Keys

Modifier Description

2nd Accesses the second function of the next key you

(second) press. On the keyboard, these are printed in the same
color as the key.

(¢] Activates keys that select certain applications, menu

(diamond) items, and other operations from the keyboard. On the
keyboard, these are printed in the same color as the (¢ ]
key.

Types an uppercase character for the next letter key

(shift) you press. [1] is also used with ®) and (© to highlight
characters in the entry line for editing purposes.

Used to type alphabetic letters, including a space

character. On the keyboard, these are printed in the
same color as the key.

Note: Information is available about using and (alpha).

Examples of [2nd] and [diamond] Modifiers

The key is one of several keys that can perform three operations, depending on
whether you first press or[¢].

The following TI-89 Titanium example shows using the or [¢] modifier key with the

key.
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[QuIT] accesses —— QUIT PASTE — [#] [PASTE] accesses

QUIT, which is the same PASTE, which is the same

color as the key. ‘ color as the [¢] key.

accesses the key’s
primary function.

Some keys perform only one additional operation, which may require either or[¢],
depending on the color in which the operation is printed on the keyboard and where it is
positioned above the key.

CUT On the TI-89 Titanium,
[¢][cuT] accesses CUT, which is

the same color as the [¢] key.

When you press a modifier such as or[#], a 2ND or & indicator appears in the status
line at the bottom of the display. If you press a modifier by accident, press it again (or
press [ESC]) to cancel its effect.

Other Important Keys You Need to Be Familiar With

Key Description

(o] [y=] Displays the Y= Editor.

(e] [WinDOW] Displays the Window Editor.

(¢] [GRAPH] Displays the Graph screen.

(o] [TBLSET] Sets parameters for the Table screen.
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Key

Description

(¢] [TABLE] Displays the Table screen.
=k These keys let you edit entered information by
(o] [cuT] performing a cut, copy, or paste operation.
[¢] [copY]
(o] [PASTE]
(=] Toggles between the last two chosen Apps or between
split screen portions.
[cusToMm] Toggles the custom menu on and off.
[»] Converts measurement units.
(][] Designates a measurement unit.
Deletes the character to the left of the cursor
(backspaces).
[INS] Toggles between insert and overtype mode for entering
information.
(e] DEL] Deletes the character to the right of the cursor.
1 Enters the “with” operator, which is used in symbolic
calculations.
1, Performs integrations and derivatives.
[d]
2nd] [/] Designates an angle in polar, cylindrical, and spherical
coordinates.
[MATH] Displays the MATH menu.
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Key Description

[MEM] Displays the MEMORY screen.

[VAR-LINK] Displays the VAR-LINK screen for managing variables
and Flash applications.

[rReL] Recalls the contents of a variable.
[unITS]  Displays the UNITS dialog box.

[CHAR] Displays the CHAR menu, which lets you select Greek
letters, international accented characters, etc.

[ENTRY], Recalls the previous entry and the last answer,

[ANS] respectively.

Entering Alphabetic Characters

Alphabetic characters are used in expressions such as x2+y2 to enter variable names
and in the Text Editor (Text Editor module).

Entering a Letter Character on the TI-89 Titanium

The letters x, y, z, and t are commonly used in algebraic expressions. So that you can
type them quickly, these letters are primary keys on the TI-89 Titanium keyboard.

(X ]y J[z J[T]

Operating the Calculator 153



Other letters are available as the function of another key, similar to the and [¢]
modifiers described in the previous section. For example:

[] types ', which is A [A] displays an A,
the same color as the El which is the same color as
key. the key.

Typing Alphabetic Characters on the TI-89 Titanium

To: Press:

Type a single and then the letter

lowercase alpha key (status line shows 1)

character.

Type a single and then the letter

uppercase alpha key (status line shows =)

character.

Type a space. [] (alpha function
of the [(4)] key)

Turn on lowercase [a-lock]

alpha-lock. (status line shows IFll)

Turn on uppercase [a-lock]

ALPHA-lock. (status line shows Hl)

Turn off alpha-lock. (turns off upper-
and lowercase lock)

Notes:
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«  On the TI-89 Titanium, you do not need or alpha-lock to type X, y, z, or t. But
you must use or uppercase ALPHA-lock for X, Y, Z, or T.

*  On the TI-89 Titanium, alpha-lock is always turned off when you change
applications, such as going from the Text Editor to the Home screen.

On the TI-89 Titanium, while either type of alpha-lock is on:

» Totype a period, comma, or other character that is the primary function of a key, you
must turn alpha-lock off.

» To type a second function character such as [{], you do not need to turn alpha-
lock off. After you type the character, alpha-lock remains on.

Automatic Alpha-Lock in TI-89 Titanium Dialog Boxes

There are certain times when you do not need to press or [a-lock] to type
alphabetic characters on the TI-89 Titanium. Automatic alpha-lock is turned on whenever
a dialog box is first displayed. The automatic alpha-lock feature applies to these dialog
boxes:

Dialog box Alpha-lock

Catalog dialog box All commands are listed in alphabetical order.
Press a letter to go to the first command that
begins with that letter.

Units dialog box In each unit category, type the first letter of a
unit or constant. See Constants and
Measurement Units for more information.

Dialog boxes with entry These include, but are not limited to: Create
fields New Folder, Rename, and Save Copy As.
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Note: To type a number, press to turn alpha-lock off. Press or [a-lock] to
resume typing letters.

Alpha-lock is not turned on in dialog boxes that require numeric-only entries. The dialog
boxes that accept only numeric entries are: Resize Matrix, Zoom Factors, and Table
Setup.

For Special Characters

Use the [CHAR] menu to select from a variety of special characters. For more
information, refer to “Entering Special Characters” in the Text Editor module.

Entering Numbers

The keypad lets you enter positive and negative numbers for your calculations. You can
also enter numbers in scientific notation.

Entering a Negative Number

1. Press the negation key [)]. (Do not use the subtraction key [-].)
2. Type the number.

To see how your graphing calculator evaluates a negation in relation to other functions,
refer to the Equation Operating System (EOS™) hierarchy in the Technical Reference
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2

module. For example, it is important to know that functions such as x“ are evaluated

before negation.

Use [(J and ] to include parentheses if you
have any doubt about how a negation will be
evaluated.

r Evaluated as -(22)

=-z2? -4
w22 4
Tz

HilH KAD AUTO FUHC 230

If you use (] instead of [()] (or vice versa), you may get an error message or you may get
unexpected results. For example:

9 7=-63
— but -
9 (x] (] 7 displays an error message.
« 6(]2=4
— but —
6 () 2 =-12 since it is interpreted as 6(-2), implied multiplication.

. 2#4=2
— but —
(5] 2 [#] 4 subtracts 2 from the previous answer and then adds 4.

Important: Use (-] for subtraction and use [-)] for negation.

Entering a Number in Scientific Notation

1. Type the part of the number that precedes the exponent. This value can be an
expression.
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2. Press:

E appears in the display.

3. Type the exponent as an integer with up to 3 digits. You can use a negative

exponent.

Entering a number in scientific notation does not cause the answers to be displayed in

scientific or engineering notation.

The display format is determined by the
mode settings and the magnitude of the
number.

B1.2345

1.2345

123,452

FAIN | EAD AUTD

FUNC 1730

Represents 123.45 x 102

Entering Expressions and Instructions

You perform a calculation by evaluating an expression. You initiate an action by
executing the appropriate instruction. Expressions are calculated and results are

displayed according to the mode settings.
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Definitions

Expression Consists of numbers, variables, operators, functions, and
their arguments that evaluate to a single answer. For
example: rl+3.

. Enter an expression in the same order that it normally is
written.

. In most places where you are required to enter a value,
you can enter an expression.

Operator Performs an operation such as +, —, *, A,

. Operators require an argument before and after the
operator. For example: 4+5 and 52.

Function Returns a value.

. Functions require one or more arguments (enclosed in
parentheses) after the function. For example: v/ (5) and
min(5,8).

Instruction Initiates an action.

. Instructions cannot be used in expressions.

*  Some instructions do not require an argument. For
example: ClrHome.

. Some require one or more arguments. For example:
Circle 0,0,5.

Note: For instructions, do not put the arguments in

parentheses.

Notes:

« The Technical Reference module describes all of the built-in functions and

instructions.
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»  This guidebook uses the word command as a generic reference to both functions
and instructions.

Implied Multiplication

The graphing calculator recognizes implied multiplication, provided it does not conflict
with a reserved notation.

If you enter: The calculator interprets it as:
Valid 2n 2%

4 sin(46) 4%sin(46)

5(1+2) or (1+2)5  5x(1+2) or (1+2)*5

[1.2]a [a 2a]

2(a) 2%a
Invalid Xy Single variable named xy

a(2) Function call

a[1,2] Matrix index to element a[1,2]
Parentheses

Expressions are evaluated according to the Equation Operating System (EOS™)
hierarchy described in the Technical Reference module. To change the order of
evaluation or just to ensure that an expression is evaluated in the order you require, use
parentheses.

Calculations inside a pair of parentheses are completed first. For example, in 4(1+2),
EOS first evaluates (1+2) and then multiplies the answer by 4.
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Entering an Expression

Type the expression, and then press to evaluate it. To enter a function or
instruction name on the entry line, you can:

« Press its key, if available. For example, press:[2nd] [SIN]

+ Select it from a menu, if available. For example, select 2:abs from the Number
submenu of the MATH menu.

«  Type the name letter-by-letter from the keyboard. (On the TI-89 Titanium, use
and [a-lock] to type letters.) You can use any mixture of uppercase or lowercase
letters. For example, type sin( or Sin(.

Example

Type the function name in
Calculate 3.76 + (-7.9 + /5) + 2 log 45.  this example.
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TI-89 Titanium

Press Display

3.76 [ [3761(-7.9( |

7.9

[ [v] inserts v/ ( because its
argument must be in
parentheses.

5 [3.76/(~7.9+V(5)) |

Use (0] once to close +/ (5) and again
to close (-7.9 +/5).

2 3.76/(~7.9+y (5))+2lo

. . g(45)
[a-lock] LOG | |
alpha 45 log requires ( ) around its argument.

ENTER . 376

BT o jagias
T.a+5 a9t4a)
2. 64258

AL Y N =1 =6
HAIH FAD AUTD FUNE 1750

Note: You can also select log by using [CATALOG
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Entering Multiple Expressions on a Line

To enter more than one expression or 0—|
instruction at a time, separate them with a vooaizep: 2 o
colon by pressing [:]. T —
E...,. it AT FINE L%
(2]

O Displays last result only.
® > is displayed when you press to store
a value to a variable.

If an Entry or Answer Is Too Long for One Line

In the history area, if both the entry and its answer cannot be displayed on one line, the
answer is displayed on the next line.

If an entry or answer is too long to fit on one -
L] expand[(x +32) ]

line, » is displayed at the end of the line. w7+ 1455 + 8425 + 280 5P

Expand Gt A F
FAIN EAD AUTD FUNC 1430

To view the entire entry or answer:

1. Press @ to move the cursor from the entry line up into the history area. This
highlights the last answer.
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2. As necessary, use @ and @ to highlight the entry or answer you want to view. For
example, ® moves from answer to entry, up through the history area.

3. Use® and @ or[2nd ® and © to scroll
right and left.

Note: When you scroll to the right, <« is
displayed at the beginning of the line.

4. To return to the entry line, press [ESC].

Continuing a Calculation

When you press to evaluate an expression, the graphing calculator leaves the
expression on the entry line and highlights it. You can continue to use the last answer or
enter a new expression.

If you press: The calculator:

=, ), X, =], Replaces the entry line with the variable ans(1),

(%], or which lets you use the last answer as the beginning
of another expression.

Any other key Erases the entry line and begins a new entry.

Example

Calculate 3.76 + (-7.9 + +/5). Then add 2 log 45 to the result.
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TI-89 Titanium

Press Display
376 I 79H [ sz
+[5

[\/_] 5 2693849??522833 +2-loaik
ENTER ans<1)+2109(45> S
2 ond [a |OCk] LOG ’_ RAD ALTD FUNC T 50
45 When you press [#], the
ENTER entry line is replaced with

the variable ans(1), which
contains the last answer.

Stopping a Calculation

When a calculation is in progress, BUSY appears on the right end of the status line. To
stop the calculation, press [ON].

There may be a delay before the Break { ERKDR
message is displayed. Breal J
£ ESCCAMEEL (2

Press to return to the current application.

Formats of Displayed Results

A result may be calculated and displayed in any of several formats. This section
describes the modes and their settings that affect the display formats. You can check or
change your current mode settings.
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Pretty Print Mode

By default, Pretty Print = ON. Exponents, roots, fractions, etc., are displayed in the same
form in which they are traditionally written. You can use to turn pretty print off and
on.

Pretty Print
ON OFF

e, g — 72, /2, ((x=3)/2)

The entry line does not show an expression in pretty print. If pretty print is turned on, the
history area will show both the entry and its result in pretty print after you press [ENTER].
Exact/Approx Mode

By default, Exact/Approx = AUTO. You can use to select from three settings.

Because AUTO is a combination of the other I
two settings, you should be familiar with all

three settings.
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EXACT — Any result that is not a whole number is displayed in a fractional or symbolic
form (1/2, &, /2, etc.).

"2.52 5s|—— Shows whole-number results.
=253 15-2
L NP 2 . epr .
"ot z-2l—— Shows simplified fractional results.
S;: RAD EXACT FUMC CrED]
"im 2-n—— Shows symbolic 7.
L Iz

: z_f—; "~ Shows symbolic form of roots that
e 7 be evaluated to a whol b
ATy cannot be evaluated to a whole number.
FAIN RAD EXACT FUMC 2430
e 2.7 Press [¢] [ENTER] to temporarily override
. [T J—— the EXACT setting and display a
g;l:/?) RAD EXACT FUMC CrED] ﬂoatlng-pOInt reSUlt

Note: By retaining fractional and symbolic forms, EXACT reduces rounding errors
that could be introduced by intermediate results in chained calculations.
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APPROXIMATE — All numeric results, where possible, are displayed in floating-point
(decimal) form.

Note: Results are rounded to the precision of your graphing calculator and displayed
according to current mode settings.

P 2 Fractional results are evaluated
" eI z. numerically.
m G 1.5

Ged
MAIN FAD AFFEDR  FUNC L

Symbolic forms, where possible, are

LIRS 3 6, 28319 .
% R evaluated numerically
= [47 L TOD929

Ted 7
MRIN KAD RFFEDR _ FUNC ETE]

Because undefined variables cannot be evaluated, they are treated algebraically.
For example, if the variable r is undefined, nré= 3.14159[%.

AUTO — Uses the EXACT form where possible, but uses the APPROXIMATE form when
your entry contains a decimal point. Also, certain functions may display APPROXIMATE

results even if your entry does not contain a decimal point.

[ -2 3 ?-n . .
.rom 6. 20913 A degmal in the entry forces a
. z-?ﬁ floating-point result.

L] 47 L TID929

il
MAIN AL AUTD FUNE [T
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Note: To retain an EXACT form, use fractions instead of decimals. For example, use 3/2
instead of 1.5.

The following chart compares the three settings.

Exact Approximate Auto
Entry Result Result Result
8/4 2 2. 2
8/6 4/3 1.33333 4/3
8.5%3 51/2 25.5 25.5 — A decimal in the
entry forces a
V(2)12 2 707107 J2 floating-point result
3 3 in AUTO.
T*2 2t 6.28319 2[#
T*2. 2[1t 6.28319 6.28319

Note: To evaluate an entry in APPROXIMATE form, regardless of the current setting,
press (¢ ] [ENTER].

Display Digits Mode
By default, Display Digits = FLOAT 6, which means that results are rounded to a

maximum of six digits. You can use to select different settings. The settings apply
to all exponential formats.
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Internally, the calculator calculates and retains all decimal results with up to 14
significant digits (although a maximum of 12 are displayed).

Setting Example Description
FIX 123. (FIX0) Results are rounded to the
(0-12) 123.5 (FIX 1) selected number of decimal
123.46 (FIX 2) places.
123.457 (FIX 3)
FLOAT 123.456789012 Number of decimal places varies,
depending on the result.
FLOAT 1.E2 (FLOAT 1) Results are rounded to the total
(1-12) 1.2E2 (FLOAT 2) number of selected digits.
123. (FLOAT 3)
123.5 (FLOAT 4)

123.46 (FLOAT 5)
123.457  (FLOAT 6)

Notes:

» Regardless of the Display Digits setting, the full value is used for internal floating-
point calculations to ensure maximum accuracy.

* Aresult is automatically shown in scientific notation if its magnitude cannot be
displayed in the selected number of digits.

Exponential Format Mode

By default, Exponential Format = NORMAL. 13 HORMAL
You can use [MODE] to select from three 3t EHETHEER THI

settings.
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Setting Example

Description

NORMAL 12345.6

If a result cannot be displayed in the
number of digits specified by the
Display Digits mode, the calculator
switches from NORMAL to
SCIENTIFIC for that result only.

SCIENTIFIC 1.23456E 4
T
o o

1.23456 x 104

ENGINEERING 1.23456E 3
T
® 0

12.3456 x 103

O Always 1 digit to the left of the decimal point.

® Exponent (power of 10).

© May have 1, 2, or 3 digits to the left of the decimal point.

O Exponent is a multiple of 3.

Note: In the history area, a number in an entry is displayed in SCIENTIFIC if its absolute

value is less than .001.

Editing an Expression in the Entry Line

Knowing how to edit an entry can be a real time-saver. If you make an error while typing
an expression, it's often easier to correct the mistake than to retype the entire

expression.
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Removing the Highlight from the Previous Entry

After you press to evaluate an expression, the calculator leaves that expression
on the entry line and highlights it. To edit the expression, you must first remove the
highlight; otherwise, you may clear the expression accidentally by typing over it.

To remove the highlight, move the cursor

= zip| I E

toward the side of the expression you want to 5) 2

edit. itk |_m i R VT
© -0

© moves the cursor to the beginning.
® moves the cursor to the end of the expression.

Moving the Cursor

After removing the highlight, move the cursor to the applicable position within the
expression.

To move the cursor: Press:

Left or right within an ©or® Hold the pad to repeat the
expression. movement.

To the beginning of the ©

expression.

To the end of the expression. ®

Note: If you accidentally press @ instead of @ or (), the cursor moves up into the history
area. Press or press @ until the cursor returns to the entry line.
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Deleting a Character

To delete: Press:

The character to the left of Hold [+] to delete multiple
the cursor. characters.

The character to the right of  [¢]

the cursor.

All characters to the right of  [CLEAR If there are no characters to
the cursor. (once only) the right of the cursor, [CLEAR

erases the entire entry line.

Clearing the Entry Line
To clear the entry line, press:

» [CLEAR] if the cursor is at the beginning or end of the entry line.

. if the cursor is not at the beginning or end of the entry line. The first
press deletes all characters to the right of the cursor, and the second clears the entry
line.
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Inserting or Overtyping a Character

The calculator has both an insert and an overtype mode. By default, the calculator is in
the insert mode. To toggle between the insert and overtype modes, press [INS].

If in: The next character you
type:

Will be inserted at the
cursor.

Inserf mode
|—Thin cursor between characters

Will replace the highlighted
character.

Oueriluypse mode
|—Cursor highlights a character

Note: Look at the cursor to see if you're in insert or overtype mode.

Replacing or Deleting Multiple Characters

First, highlight the applicable characters. Then, replace or delete all the highlighted
characters.
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To highlight multiple characters:

1. Move the cursor to either side of the e =
characters you want to highlight. E:[i]j z
[To replace sin( with

cos(, place the cursor

beside sin.
2. Hold [1] and press © or ® to highlight ceinlZ) =
characters left or right of the cursor. e z
[Hold (1] and press

OJOJOJO2

To replace or delete the highlighted characters:

1. Type the new characters. =

sir(3) =z
2. Press[<]. sestndy
Note: When you highlight characters to
replace, remember that some function
keys automatically add an open
parenthesis.

Menus

To leave the keyboard uncluttered, the calculator uses menus to access many operations.
This section gives an overview of how to select an item from any menu. Specific menus
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are described in the appropriate modules.

Displaying a Menu

Press:

To display:

(F1], [F2), etc.

A toolbar menu — Drops down from the toolbar at the
top of most application screens. Lets you select
operations useful for that application.

APPS Apps desktop or APPLICATIONS menu — Lets you
select from a list of applications.

[CHAR] CHAR menu — Lets you select from categories of
special characters (Greek, math, etc.).

[MATH] MATH menu — Lets you select from categories of
math operations.

CATALOG CATALOG menu — Lets you select from a complete,
alphabetic list of built-in functions and instructions.
Also lets you select user-defined functions or Flash
application functions (if any have been defined or
loaded).

[cusTOoM] CUSTOM menu — Lets you access a menu that you

can customize to list any available function,
instruction, or character. The calculator includes a
default custom menu, which you can modify or
redefine. Refer to the Calculator Home Screen and/or
the Programming module for more information on the
custom menu.
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Selecting an Item from a Menu

To select an item from the displayed menu, either:

*  Press the number or letter shown to the left of that item. For a letter on the TI-89
Titanium, press and then a letter key.

* Use the cursor pad @ and @ to highlight the item, and then press [ENTER]. (Note that
pressing @ from the first item moves the highlight to the last item, and vice versa.)

w indicates that a menu will drop down from
the toolbar when you press [F2].

ELIFEYTISEN —— To select factor, press 2 or & [ENTER].

= 2XPand

fzerost i i
HEEA, This closes the menu and inserts the

fcombenom? function at the cursor location.

ftpropFract
dnSolue

| factor( |

Items Ending with » (Submenus)

If you select a menu item ending with », a submenu is displayed. You then select an item
from the submenu.

Operating the Calculator 177



Because of limited
screen size, the TI1-89
Titanium overlaps
these menus.

,7 For example,
List displays a

submenu that
lets you select a
specific List
function.

{ indicates that you can
use the cursor pad to
scroll down for additional
items.

For items that have a submenu, you can use the cursor pad as described below.

+ To display the submenu for the highlighted item, press ®.
(This is the same as selecting that item.)

« To cancel the submenu without making a selection, press @. (This is the same as
pressing [ESC].)

* To wrap to the last menu item directly from the first menu item, press ®. To wrap to
the first menu item directly from the last menu item, press ®.

Operating the Calculator 178



Items Containing “. . .” (Dialog Boxes)

If you select a menu item containing “...” (ellipsis marks), a dialog box is displayed for
you to enter additional information.

For example, Save Copy As ... displays a
dialog box that prompts you to select a folder
name and type a variable name.

- indicates that you can press () to
display and select from a menu.

\

I SAYE COFY AS

Tupes Text
Folder:  main ¥

vrie: [ F+—————— An input box indicates that you must type a
<ECorsTRUE v CESESCRNEEL value. (Alpha-lock is automatically turned
on for the TI-89 Titanium.)

After typing in an input box such as Variable, you must press twice to save the
information and close the dialog box.

Canceling a Menu
To cancel the current menu without making a selection, press [ESC]. Depending on

whether any submenus are displayed, you may need to press several times to
cancel all displayed menus.
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Moving from One Toolbar Menu to Another

To move from one toolbar menu to another without making a selection, either:

Press the key ([F1], [F2], etc.) for the other toolbar menu.

Use the cursor pad to move to the next (press () or previous (press ©) toolbar
menu. Pressing ® from the last menu moves to the first menu, and vice versa.

When using (), be sure that an item with a submenu is not highlighted. If so, ®) displays
that item’s submenu instead of moving to the next toolbar menu.

Example: Selecting a Menu Item

Round the value of n to three decimal places. Starting from a clear entry line on the
Home screen:

1.

2.

@ Selecting the function in Step 3 automatically

Press [MATH] to display the MATH menu.

Press 1 to display the Number submenu.
(Or press since the first item is
automatically highlighted.)

S raundt

HEa
Press 3 to select round. (Or press ® ® Sice??gng(
and (ENTER).) =1
Press [TE] [] 3 and then ENTER to = roundin, 3y 3,142
evaluate the expression. nﬁh‘”r"‘ . T

typed round( on the entry line.
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Selecting an Application

The graphing calculator has different applications that let you solve and explore a variety
of problems. You can select an application from a menu, the Apps desktop, or you can
access commonly used applications directly from the keyboard.

From the APPLICATIONS Menu

1. If the Apps desktop is off, press to display a menu that lists the applications.
Note: To cancel the menu without making a selection, press [ESC].

2. Select an application. Either: AFFLICATIING
* Use the cursor pad ® or ® to
highlight the application and then giggﬂsmm* Editor +
press [ENTER). SITCE AT )
—or—
*  Press the number or letter for that
application.
Application: Lets you:
FlashApps Display a list of Flash applications, if any.
Y= Editor Define, edit, and select functions or equations for
graphing.
Window Editor Set window dimensions for viewing a graph.
Graph Display graphs.
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Application:

Lets you:

Table

Display a table of variable values that correspond to
an entered function.

Data/Matrix Editor

Enter and edit lists, data, and matrices. You can
perform statistical calculations and graph statistical
plots.

Program Editor

Enter and edit programs and functions.

Text Editor

Enter and edit a text session.

Numeric Solver

Enter an expression or equation, define values for all
but one variable, and then solve for the unknown
variable.

Home

Enter expressions and instructions, and perform
calculations.

From the Apps Desktop

Press the first letter of the application name, or use the cursor keys to highlight an
application icon on the Apps desktop and press [ENTER]. (If you press the first letter of the
application and more than one application begins with that letter, the first one
alphabetically is highlighted). The application either opens directly or displays a dialog
box. (Your Apps desktop may vary from the one shown below.)

Fi MaksFalie
FMeny

HIZPM
0118/ 05

HMAIN RAD AUTO FUNC

wo B

HUMSFic 5o, PIONR&E

HT Alb

Folynemial .. Frodram Ed.. Simuttaneo.., W
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The most common dialog box lists these options for the application:

Option Description

Current Returns the screen displayed when you last viewed the
App. (If there is no current file/variable for the selected
App, this option defaults to New if you press [ENTER].)

Open Lets you select an existing file.

New Creates a new file with the name typed in the field.

Select an option and press [ENTER]. The application appears.

Note: The general term variable is used to refer to the application data files that you
create.

Use any of these methods to return to the Apps desktop from within an application:

*  Press [APPS].
* Infull-screen mode, press [auiT].

* In split-screen mode, press [QuIT] to open the full-screen view of the active
application, then press [QuIT] again.

To return to the last open application from the Apps desktop, press (=]
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From the Keyboard
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You can access commonly used applications from the keyboard. On the TI-89 Titanium
for example, [(¢][Y=] is the same as pressing [(¢] and then [F1]. This guidebook uses the
notation [¢][Y=], similar to the notation used in second functions.

Application: Press:

Home
[CALC HOME] [N 30

Y= Editor Cel[v=]

Window Editor (o] [WiNDOW]

Graph [¢] [GRAPH]

Table Setup (¢ ] [TBLSET]

Table Screen (¢ ] [TABLE]

Setting Modes

Modes control how numbers and graphs are displayed and interpreted. Mode settings
are retained by the Constant Memory™ feature when the graphing calculator is turned
off. All numbers, including elements of matrices and lists, are displayed according to the
current mode settings.

Checking Mode Settings

Press to display the MODE dialog box, which lists the modes and their current
settings.
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HMODE

Q — FL | Fz ] F%
Fads 1fpads z[pase
M 0

(2] [~ Frefis Frint.... o0 iM%
CEnter=SAVE 1 C"ESCECANCEL 1

@ There are three pages of mode listings. Press [F1], [F2], or to quickly display a particular
page.

® Indicates you can scroll down to see additional modes.

® > indicates that you can press () or (0 to display and select from a menu.

Note: Modes that are not currently valid are dimmed. For example, on Page 2, Split 2 App
is not valid when Split Screen = FULL. When you scroll through the list, the cursor skips
dimmed settings.

Changing Mode Settings
From the MODE dialog box:
1. Highlight the mode setting you want to change. Use @ or @ (with [E1], [F2], or [F3]) to

scroll through the list.

2. Press () or © to display a menu that lists the valid settings. The current setting is
highlighted.

3. Select the applicable setting. Either:
+  Use @ or ® to highlight the setting and press [ENTER].
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*  Press the number or letter for that setting.

Note: To cancel a menu and return to the MODE dialog box without making a
selection, press [ESC].

Change other mode settings, if necessary.
When you finish all your changes, press to save the changes and exit the
dialog box.

Important: If you press instead of to exit the MODE dialog box, any mode
changes you made will be canceled.

Overview of the Modes

Note: For detailed information about a particular mode, look in the applicable section of
this guidebook.

Mode Description

Graph Type of graphs to plot: FUNCTION, PARAMETRIC,
POLAR, SEQUENCE, 3D, or DE.

Current Folder  Folder used to store and recall variables. Unless you
have created additional folders, only the MAIN folder is
available. Refer to “Using Folders to Store Independent
Sets of Variables” in Calculator Home Screen.

Display Digits Maximum number of digits (FLOAT) or fixed number of
decimal places (FIX) displayed in a floating-point result.
Regardless of the setting, the total number of displayed
digits in a floating-point result cannot exceed 12.

Angle Units in which angle values are interpreted and displayed:
RADIAN, DEGREE or GRADIAN.
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Mode Description

Exponential Notation used to display results: NORMAL, SCIENTIFIC,
Format or ENGINEERING.

Complex Format used to display complex results, if any:

Format REAL (complex results are not displayed unless you use

a complex entry), RECTANGULAR, or POLAR.

Vector Format

Format used to display 2- and 3-element vectors:
RECTANGULAR, CYLINDRICAL, or SPHERICAL.

Pretty Print

Turns the pretty print display feature OFF or ON.

Split Screen Splits the screen into two parts and specifies how the
parts are arranged: FULL (no split screen),
TOP-BOTTOM, or LEFT-RIGHT. Refer to the Split
Screens module.

Split 1 App Application in the top or left side of a split screen. If you
are not using a split screen, this is the current application.

Split 2 App Application in the bottom or right side of a split screen.
This is active only for a split screen.

Number of For a split screen, lets you set up both sides of the screen

Graphs to display independent sets of graphs.

Graph 2 If Number of Graphs = 2, selects the type of graph in the
Split 2 part of the screen. Refer to Calculator Home
Screen.

Exact/Approx Calculates expressions and displays results in numeric
form or in rational/symbolic form: AUTO, EXACT, or
APPROXIMATE.

Base Lets you perform calculations by entering numbers in

decimal (DEC), hexadecimal (HEX), or binary (BIN) form.
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Mode Description

Unit System Lets you select from three systems of measurement to
specify the default units for displayed results: SI (metric or
MKS); Eng/US (feet, pounds, etc.); or Custom.

Custom Units Lets you select custom defaults. The mode is dimmed
until you select Unit System, 3: CUSTOM.

Language Lets you localize the calculator into one of several
languages, depending on which language Flash
applications are installed.

Apps Desktop ~ Turns the Apps desktop ON or OFF.

Using the Clean Up Menu to Start a New Problem

On the Home screen, the Clean Up toolbar menu lets you start a new calculation from a
cleared state without resetting the memory.

Clean Up Toolbar Menu

To display the Clean Up menu from the Home  [5]05 o e ra DR
1:C1ear

ar -2

screen, press: tHewProb
JiRestore custom default
[Fe]

TYFE OF UZE €314 + [ENTER] OR [ESC]
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Menu Item Description

Clear a-z Clears (deletes) all single-character variable names in the
current folder, unless the variables are locked or
archived. You will be prompted to press to confirm
the action.

Single-character variable names are often used in
symbolic calculations such as:

solve(a-x2+b-x+c=0,x)

If any of the variables have already been assigned a
value, your calculation may produce misleading results.
To prevent this, you can select 1:Clear a—z before
beginning the calculation.

NewProb Places NewProb in the entry line. You must then press

ENTER] to execute the command.

NewProb performs a variety of operations that let you

begin a new problem from a cleared state without

resetting the memory:

*  Clears all single-character variable names in the current
folder (same as 1:Clear a-z), unless the variables are
locked or archived.

«  Turns off all functions and stat plots (FnOff and
PlotsOff) in the current graphing mode.

. Performs ClrDraw, CIrErr, CirGraph, CirHome,
CIrlO, and CirTable.

Restore If a custom menu other than the default is in effect, this
custom lets you restore the default. Refer to the Calculator Home
default Screen module for information on the custom menu.
Notes:
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*  When defining a variable that you want to retain, use more than one character in the
name. This prevents it from being deleted inadvertently by 1:Clear a-z.

»  Forinformation about checking and resetting memory or other system defaults, refer
to Memory and Variable Management.

Using the Catalog Dialog Box

The CATALOG provides a way to access any built-in command (functions and
instructions) from one convenient list. In addition, the CATALOG dialog box lets you
select functions used in Flash applications or user-defined functions (if any have been
loaded or defined).

Displaying the CATALOG

To display the CATALOG dialog box, press:

CATALOG

The CATALOG defaults to Built-in, which displays an alphabetic list of all pre-

installed commands (functions and instructions).

CATALDG |

9 FL [ 1T T3 [
He 16 BuiTE-inF 1ash eesfliser—Defined

rabs(

Ande:

ndPic I

anglet 9

ansi p

SRR
| HArchive
arclent

EXFR
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© Defaults to [F2] Built-in.

(2] Help displays a command’s parameters in a dialog box.

(3] and allow access to Flash application functions and User-Defined functions and
programs.

Note: Options that are not currently valid are dimmed. For example, Flash Apps is
dimmed if you have not installed a Flash application. User-Defined is dimmed if you
have not created a function or a program.

Selecting a Built-in Command from the CATALOG

When you select a command, its name is inserted in the entry line at the cursor location.
Therefore, you should position the cursor as necessary before selecting the command.

1. Press:
CATALOG

2. Press Built-in.

ThTLES 1 Commands are listed in alphabetical order.
[..F:%DI;..EE-MLm?nmfum-%“mm] ] Commands that do not start with a letter
aps
32551% (+, %, v, %, etc.) are at the end of the list.
angle
AR «  To exit the CATALOG without selecting a
;xpkgﬁﬁféﬁ? command, press [ESC].

Note: The first time you display the Built-in list, it starts at the top of the list. The next time
you display the list, it starts at the same place you left it.
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3. Move the » indicator to the command, and press [ENTER].

To move the » indicator:

Press or type:

One function or program at a time & or @
One page at a time @or >

To the first function that

begins with a specified letter

The letter key. (On the TI-89
Titanium, do not press first. If
you do, you need to press or
[a-lock] again before you can
type a letter.)

Note: From the top of the list, press @ to move to the bottom. From the bottom, press ®

to move to the top.

Information about Parameters

For the command indicated by », the status line shows the required and optional
parameters, if any, and their type.

CATALOS

[ FL T Fz [ i
[HaTr(Builk-in|F1ash ARFs|USek-DeFingd

]

expandC

EXPE(
wpRe

6 3 {‘agt.org*(

Fill
| floord
fHaxd
[EXFRLAAED

— o

@ Indicated command and its parameters
@ Brackets [ ] indicate optional parameters
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From the example above, the syntax for factor is:

factor(expression) required
factor(expression,variable) optional

Note: For details about the parameters, refer to that command’s description in the
Technical Reference module.

Viewing CATALOG Help

You can display a command's parameters in a dialog box by pressing Help. The
parameters are the same as those displayed on the status line.

rd CATALDG

Indlcated Hre’ira Bnir'li—in r1a:rn2nw= LI:»zr—rDHtFiMd
. l Helr 1
comma nd and |tS | LmunmumlNn:P-unmn:rENn-vnk J
{EECSLAMCEL 2
parameters. EI T

rdeSolued
et

FAIN__ ECWEAD AUTD FUNC [¥ED)

Some commands, such as CIrDraw, do not require parameters. If you select one of these
commands, parameters will not display on the status line and you will see Unavailable if
you press Help.

Press to exit the CATALOG Help dialog box.
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Selecting a Flash Application Function

A Flash application may contain one or more functions. When you select a function, its
name is inserted in the entry line at the cursor location. Therefore, you should position
the cursor as necessary before selecting the function.

1. Press:
CATALOG

2. Press Flash Apps. (This option is dimmed if no Flash applications are installed.)

TRTALDS , + Thelistis alphabetized by function name.
Fi Fz F3 4 . . .
[Feleuff-idriofiseeduser Sesined | The left column lists functions. The right
balt France . . .

ESHEET column lists the Flash application that

Enance contains the function.

France . . . .

Enance . Information about a function is displayed

in the status line.

»  To exit without selecting a function, press
ESC].

3. Move the » indicator to the function, and press [ENTER].

To move the » indicator: Press or type:

One function or program at a time & or @

One page at a time @or S
To the first function that The letter key. (On the TI-89
begins with a specified letter Titanium, do not press first. If

you do, you need to press or
[a-lock] again before you can
type a letter.)
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Selecting a User-Defined Function or Program

You can create your own functions or programs and then use User-Defined to access

them. For instructions on how to create functions, see “Creating and Evaluating
User-Defined Functions” in Calculator Home Screen, and “Overview of Entering a
Function” in the Programming module. See Programming for instructions on how to
create and run a program.

When you select a function or program, its name is inserted in the entry line at the cursor

location. Therefore, you should position the cursor as necessary before selecting the

function or program.

1. Press:
CATALOG

2. Press User-Defined. (This option is dimmed if you have not defined a function or

created a program.)

r CHTALDG

i
F1i T F& Fz Fu
Help [Euilt=in[F1ash APPS|User=0gFined

Finds cubic polnorial

The list is alphabetized by function /
program name. The left column lists
functions and programs. The right column
lists the folder that contains the function or
program.

If the function or program’s first line is a
comment, the comment text is displayed in
the status line.

To exit without selecting a function or
program, press ESC|.

Note: Use the VAR-LINK screen to manage variables, folders, and Flash
applications. See the Memory and Variable Management module.

Operating the Calculator

196



3. Move the » indicator to the function or program, and press [ENTER].

To move the » indicator: Press or type:

One function or program atatime & or@®

One page at a time ®@or >
To the first function or program that The letter key. (On the TI-89
begins with a specified letter Titanium, do not press first. If

you do, you need to press or
[a-lock] again before you can
type a letter.)

Storing and Recalling Variable Values

When you store a value, you store it as a named variable. You can then use the name
instead of the value in expressions. When the calculator encounters the name in an
expression, it substitutes the variable’s stored value.

Rules for Variable Names
A variable name:
+ Canuse 1 to 8 characters consisting of letters and digits. This includes Greek letters

(but not ©t), accented letters, and international letters.

- Do not include spaces.
- The first character cannot be a digit.

+ Can use uppercase or lowercase letters. The names AB22, Ab22, aB22, and ab22 all
refer to the same variable.
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« Cannot be the same as a name that is preassigned by the calculator. Preassigned
names include:

- Built-in functions (such as abs) and instructions (such as LineVert). Refer to the
Technical Reference module.

- System variables (such as xmin and xmax, which are used to store graph-
related values). Refer to the Technical Reference module for a list.

Examples

Variable Description

myvar OK

a OK

Log Not OK, name is preassigned to the log function.
Log1 OK

3rdTotal Not OK, starts with a digit.

circumfer Not OK, more than 8 characters.

Data Types

DataTypes Examples

Expressions 2.54, 1.25E6, 21, xmin/10, 2+3i, (x=2)2, /2/2

Lists {2468}, {112}
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DataTypes Examples

bod-[5

Character strings “Hello”, “The answer is:”, “xmin/10”

A A
Y v

Functions myfunc(arg), ellipse(x,y,r1,r2)

Matrices

Pictures

Storing a Value in a Variable

Enter the value you want to store, which can be an expression.
2. Press [ST0». The store symbol (>) is displayed.

3. Type the variable name. s+ 85t 17

S5+2°3+huml

Note: TI-89 Titanium users should use &= BANAITD _FUNC 170
as necessary when typing variable
names.

4. Press [ENTER].

To store to a variable temporarily, you can use the “with” operator. Refer to “Substituting
Values and Setting Constraints” in Symbolic Manipulation.
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Displaying a Variable

1. Type the variable name. .t —
furl
2. PreSS ENTER i FMAIN EAD ALTO FUNC 1420

If the variable is undefined, the variable name is shown in the result.

In this example, the variable a is undefined. - rant 517,
Therefore, it is used as a symbolic variable. |2 *a 2+517

numl+s
HMAIN FAD AUTO FUNC L]

Note: Refer to Symbolic Manipulation for
information about symbolic manipulation.

Using a Variable in an Expression

1. Type the variable name into the "3 runl 1551
expression. ol 2

ruel
2. Press [ENTER] to evaluate the expression.

FRAIN ERD AUTD FUNC EE

. . - , The variable’s value _
Note: To view a list of existing variable did not change.

names, use [VAR-LINK] as described in
Memory and Variable Management.

If you want the result to replace the variable’s [i5 i + mumt 1551
previous value, you must store the result. 2 nuni 1551

riar
HAIN FAD AUTO FUNE 2]
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Recalling a Variable’s Value

In some cases, you may want to use a variable’s actual value in an expression instead of
the variable name.

1. Press [RcL] to display a dialog box. i o el ]

2. Type the variable name. (am— -

3. Press twice.
ERIN FAD AUTO FIINE [T

In this example, the value stored in num1 will be inserted at the cursor position in the
entry line.

Status Line Indicators in the Display

The status line is displayed at the bottom of all application screens. It shows information
about the current state of the calculator, including several important mode settings.

Status Line Indicators

FAIM zMD_EAD AFFROR G1 FUMC ISARAEE/ 20

| | | | | | | |
(1) e o (4] e 0 o (8]

©® Current Folder
@ Modifier Key
© Angle Mode
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O Exact/Approx Mode

© Graph Number
® Graph Mode

@ Replace Batteries
© History Pairs, Busy/Pause, Locked Variable

Indicator

Meaning

Current Folder

Shows the name of the current folder. Refer to “Using
Folders to Store Independent Sets of Variables” in
Calculator Home Screen. MAIN is the default folder.

Modifier Key Shows which modifier key is in effect, as described
below.

2nd (2nd] — will use the second function of the next key you
press.

. (¢] — will use the diamond feature of the next key you
press.

- — will type the uppercase letter for the next key you
press. On the TI-89 Titanium, you can use to type a
letter without having to use [alpha).

q — will type the lowercase letter for the next key
you press.

[ | [a-lock] — lowercase alpha-lock is on. Until you turn
this off, will type the lowercase letter for each key you
press. To cancel alpha-lock, press [alpha].

[ f | — uppercase ALPHA-lock is on. Until you turn

this off, will type the uppercase letter for each key you
press. To cancel ALPHA-lock, press [alpha].
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Indicator

Meaning

Angle Mode Shows the units in which angle values are interpreted
and displayed. To change the Angle mode, use the
key.

RAD Radians
DEG Degrees
GRAD Gradian
Exact/Approx Shows how answers are calculated and displayed. To
Mode change the Exact/Approx mode, use the key.
AUTO Auto
EXACT Exact
APPROX Approximate

Graph Number

If the screen is split to show two independent graphs,
this indicates which graph is active — G1 or G2.

Graph Mode Indicates the type of graphs that can be plotted. To
change the Graph mode, use the key.
FUNC y(x) functions
PAR x(t) and y(t) parametric equations
POL r(6) polar equations
SEQ u(n) sequences
3D z(x,y) 3D equations
DE y'(t) differential equations
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Indicator

Meaning

Battery

Displayed only when the batteries are getting low. If
BATT is shown with a black background, change the
batteries as soon as possible.

History Pairs,

The information shown in this part of the status line

Busy/Pause, depends on the application you are using.
Archived
23/30 Displayed on the Home screen to show the number of
entry/answer pairs in the history area. Refer to History
Information on the Status Line in the Calculator Home
Screen module.
BUSY A calculation or graph is in progress.
PAUSE You paused a graph or program.
a The variable opened in the current editor (Data/Matrix
Editor, Program Editor, or Text Editor) is locked or
archived and cannot be modified.
Notes:

«  To cancel [2nd], [¢], (aloha], or (1], press the same key again or press a different

modifier key.

« If the next key you press does not have a diamond feature or an associated letter,
the key performs its normal operation.
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Calculator Home Screen

Calculator Home Screen

The calculator Home screen is the starting point for math operations, including executing
instructions, evaluating expressions, and viewing results.

Fix| Fir [FZ=| Fi=] FE Fir
Tools[A13cbrajCale|Othr|Franld)Tean Ur

|
HilN RO ERACT FUNC [Tk

A blank calculator Home screen

This module describes the parts of the calculator Home screen, how to scroll through or
modify the history area; how to use cut, copy, and paste, and more.

Note: The term “calculator Home screen” is used in this module. Other modules use the
term “Home screen.” Both terms are interchangeable and refer to the same screen.
Displaying the Calculator Home Screen

When you first turn on your TI-89 Titanium, the Apps desktop is displayed. To display the
calculator Home screen, highlight the Home icon and press [ENTER]. You can also display

the calculator Home screen by pressing (T1-89 Titanium). If you turn off the Apps
Desktop mode, the calculator Home screen appears automatically.
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Parts of the Calculator Home Screen

The following example contains previously entered data and describes the main parts of
the calculator Home screen. Entry/answer pairs in the history area are displayed in
“pretty print.” Pretty print displays expressions in the same form in which they are written
on the board or in textbooks.

hd
rhe|ud e ol o nfhver e dhaln -:nruﬁn'wm
u = K=l
13
12

n Iz

® —|x[cos(2]] T
e —|= sin[%] 77107 — @

—|sintn 43
e MAIN EAD AUTO FUMC 330
ol

O Toolbar
Lets you display menus for selecting operations applicable to the calculator Home screen. To
display a toolbar menu, press [F1], [F2], etc.

@ Pretty Print Display
Shows exponents, roots, fractions, etc., in traditional form.

© Last Entry
Your last entry.

O Entry Line
Where you enter expressions or instructions.

O Status Line
Shows the current state of the calculator, including several important mode settings.
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O Last Answer
Result of your last entry. Note that results are not displayed on the entry line. Note: [ ] [ENTER
(Approx) was used in this example.

The following example shows an answer that is not on the same line as the expression.
Note that the answer is longer than the screen width. An arrow (») indicates the answer
is continued. The entry line contains ellipsis (...). Ellipsis indicates the entry is longer
than the screen width.

Fix| Fir [FZ=| Fiu=] FE Fir
Tools[A13cbrajCale|Other|Framib|Clean U

2
u +"'2+92+g
[x+1]

#2oulewZ e zowenan | [3)
Q—— xZ4Zom 1

comDenomd g™ 24yl O+l 2 24 [ — 0
MAIN FAD AUTD FUNC 1730

Q — |= combenam

O Last Entry
"Pretty print" is ON. Exponents, roots, fractions, etc., are displayed in the same form in which they
are traditionally written.

@ History Area
Lists entry/answer pairs you have entered. Pairs scroll up the screen as you make new entries.

© Answer Continues
Highlight the answer and press () to scroll right and view the rest of it. Note that the answer is not
on the same line as the expression.

@ Expression Continues (...)

Press () to scroll right and view the rest of the entry. Press ©or ® to go to the beginning
or end of the entry line.
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History Area

The history area shows up to eight previous entry/answer pairs (depending on the
complexity and height of the displayed expressions). When the display is filled,
information scrolls off the top of the screen. You can use the history area to:

* Review previous entries and answers. You can use the cursor to view entries and
answers that have scrolled off the screen.

* Recall or auto-paste a previous entry or answer onto the entry line so that you can

re-use or edit it.

Scrolling through the History Area

Normally, the cursor is in the entry line. However, you can move the cursor into the

history area.

To:

Do this:

View entries or answers
that have scrolled off
the screen

. From the entry line, press @ to highlight
the last answer.

. Continue using ® to move the cursor from
answer to entry, up through the history
area.

Go to the oldest or newest
history pair

If the cursor is in the history area, press

[(¢] ® or[*] @, respectively.

View an entry or answer
that is too long for one
line (> is at end of line)

Move the cursor to the entry or answer. Use
© and Q to scroll left and right (or ©
and ® to go to the beginning or end),
respectively.

Calculator Home Screen

208



To: Do this:

Return the cursor to the Press , or press @ until the cursor is
entry line back on the entry line.

Note: An example of viewing a long answer is available.

History Information on the Status Line

Use the history indicator on the status line for information about the entry/answer pairs.
For example:

If the cursor is Total number of Maximum number of
on the entry pairs that are pairs that can be
line: currently saved. \ / saved.

8/30
If the cursor is Pair number of / \ Total number of pairs
in the history the highlighted that are currently

area: entry or answer. saved.

By default, the last 30 entry/answer pairs are saved. If the history area is full when you
make a new entry (indicated by 30/30), the new entry/answer pair is saved and the
oldest pair is deleted. The history indicator does not change.
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Modifying the History Area

To: Do this:

Change the number of Press and select 9:Format, or press
pairs that can be saved o1

Then press (), use @ or @ to highlight the
new number, and press [ENTER] twice.

Clear the history area Press and select 8:Clear Home, or enter
and delete all saved pairs ClrHome on the entry line.

Delete a particular Move the cursor to either the entry or answer.
entry/answer pair Press or (CLEARJ.

Saving the Calculator Home Screen Entries as a
Text Editor Script

To save all the entries in the history area, you can save the calculator Home screen to a
text variable. When you want to reexecute those entries, use the Text Editor to open the
variable as a command script.

Saving the Entries in the History Area

From the calculator Home screen:

1. Press and select 2:Save Copy As.

Calculator Home Screen 210



2. Specify a folder and text variable that you ¢ SWVE COFY it

want to use to store the entries. Tt i

. variablea [ ]
Note: Only the entries are saved, notthe | .o oo
answers.
Item Description
Type Automatically set as Text and cannot be changed.
Folder Shows the folder in which the text variable will be

stored. To use a different folder, press () to display a
menu of existing folders. Then select a folder.

Variable Type a valid, unused variable name.

Note: For information about folders, see the Memory and Variable Management
module.

3. Press (after typing in an input box such as Variable, press twice).

Restoring the Saved Entries
Because the entries are stored in a script format, you cannot restore them from the

calculator Home screen. (On the calculator Home screen’s toolbar menu, 1:0Open is
not available.) Instead:
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1. Use the Text Editor to open the variable containing the saved calculator Home
screen entries.

The saved entries are listed as a series of command lines that you can execute
individually, in any order.

2. Starting with the cursor on the first line of [rr—r=—Trrm—w
the script, press [F4] repeatedly to execute [tz s 2o 1770
the commands line by line. R
s LorE|
3. Display the restored calculator Home " zeros(df,x) €103 13
screen. HRH FAD AITE _ FUNC

This split screen shows the Text Editor (with the command line script) and the
restored calculator Home screen.

Note: For complete information on using the Text Editor and executing a command
script, refer to the Text Editor module.

Cutting, Copying, and Pasting Information

Cut, copy, and paste operations let you move or copy information within the same
application or between different applications. These operations use the clipboard, which
is an area in memory that serves as a temporary storage location.

Auto-paste vs. Cut/Copy/Paste

Auto-paste is a quick way to copy an entry or answer in the history area and paste it to
the entry line.
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1. Use ® and @ to highlight the item in the history area.
2. Press to auto-paste that item to the entry line.

To copy or move information in the entry line, you must use a cut, copy, or paste
operation. (You can perform a copy operation in the history area, but not a cut or paste.)

Cutting or Copying Information to the Clipboard

When you cut or copy information, that information is placed in the clipboard. However,
cutting deletes the information from its current location (used to move information) and
copying leaves the information.

1. Highlight the characters that you want to cut or copy.

In the entry line, move the cursor to either side of the characters. Hold and press
© or ® to highlight characters to the left or right of the cursor, respectively.

2. Press and select 4:Cut or 5:Copy.
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Clipboard = (empty or the previous contents)

Sl _Fi= [Fi«] Fi= [ FE Fa
rafcatz]other|Prari0jcican e

After cut

soluet=H,
HAIN FAD AUTO TN [7EL]

Clipboard = x"4—-3x"3—-6x"2+8x Clipboard = x"4-3x"3-6x"2+8x

Note: You can cut, copy or paste without having to use the toolbar menu. Press:

[¢] [cuT], [¢] [cOPY], or [#] [PASTE]

Cutting is not the same as deleting. When you delete information, it is not placed in the
clipboard and cannot be retrieved.

Note: When you cut or copy information, it replaces the clipboard’s previous contents, if
any.
Pasting Information from the Clipboard

A paste operation inserts the contents of the clipboard at the current cursor location on
the entry line. This does not change the contents of the clipboard.

1. Position the cursor where you want to paste the information.
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2. Press and select 6:Paste, or use the key shortcut:

[(¢] [PASTE]

Example: Copying and Pasting
Suppose you want to reuse an expression without retyping it each time.

1. Copy the applicable information.

a) Use[t]O® or (1] © to highlight the
expression.

b) Press:
(+] [copY]

c) For this example, press to
evaluate the entry.

2. Paste the copied information into a new entry.

a) Begin a new entry and place the cursor where you want to paste the copied
information.
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b) Press 1 to select the 4 (differentiate) function.

c) Press:

[¢] [PASTE]

to paste the copied expression.

d) Complete the new entry, and press

ENTER|.

Note: You can also reuse an expression by creating a user-defined function.

lsolue[x4—3 S -G xZ+ab
#=4 or ®x=1 or x=0 ar k

R e P o =S 4= P

FAIN EAD AUTD FUNC 1450

moolue(xt -3 -6 xZ 4 g b
#=4 or x=1or =0 ar kb

Id—[x“'—S PEET- N x]
4x7-9x2-12.x+8

P R o 2 S = = [P 3)
MAIN

EAD AUTD FUNC 2430

3. Paste the copied information into a different application.

a) Press [¢][Y=] to display the Y= Editor.
b) Press to define y1(x).

c) Press:

[¢] [PASTE]

to paste.

d) Press [ENTER] to save the new

definition.

Note: By copying and pasting, you can easily transfer information from one
application to another.
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Reusing a Previous Entry or the Last Answer

You can reuse a previous entry by reexecuting the entry “as is” or by editing the entry
and then reexecuting it. You can also reuse the last calculated answer by inserting it into

a new expression.

Reusing the Expression on the Entry Line

When you press to evaluate an expression, the TI-89 Titanium leaves that
expression on the entry line and highlights it. You can type over the entry, or you can
reuse it as necessary.

For example, using a variable, find the square of 1, 2, 3, etc. As shown below, set the
initial variable value and then enter the variable expression. Next, reenter to increment
the variable and calculate the square.

TI-89 Titanium

Display

0
[a-lock] NUM

=+ e

G+l

FMAIM ERD AUTO FUNT

1530

NUM (alpha] [+] 1 (STO»]

[a-lock] NUM
[:INUM[Y] 2

=3 F PUm

Wrwn 1 Frun e

numt 1 Fhum s nun ™2

HAIN EnD AUTO FUNT

430
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TI-89 Titanium Display
ENTER] (ENTER .02

mrum+ 1 Frun 2 num?

®hun+ 1+ num B onum

o = O

Brum+ 1 ¥ num 2 num
nurt 1 +hum s e ™2
MAIN EAD AUTD FUNC LT

Note: Reexecuting an entry “as is” is useful for iterative calculations that involve
variables.

Using the equation A=rr?, use trial and error to find the radius of a circle that covers 200
square centimeters.

Note: Editing an entry lets you make minor changes without retyping the entire entry.
The example below uses 8 as the first guess and then displays the answer in its

approximate floating-point form. You can edit and reexecute using 7. 95 and continue
until the answer is as accurate as you want.

TI-89 Titanium Display
8 R ot »
- [ 4 * TT|
[ ] m R 2 E:I::HPAQ KRD AUTO FUNWC 130
nd] 7] [alpha] R [
ENTER
(¢ [ENTER -
[E- N N & -l
mgspr o morl 201.062
E;:-HF‘ 2 ERD AUTO FUWC 230
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TI-89 Titanium Display

© D] . .
[l A of - M|
7.95 [ENTER TR O 201,062
7954k & morl 195.557)
S E (e
MAIN KRD AUTO FUNWC 30

Note: When the entry contains a decimal point, the result is automatically displayed in
floating-point.

Recalling a Previous Entry
You can recall any previous entry that is stored in the history area, even if the entry has

scrolled off the top of the screen. The recalled entry replaces whatever is currently
shown on the entry line. You can then reexecute or edit the recalled entry.

To recall: Press: Effect:
The last entry [ENTRY]  [f the last entry is still shown on the
(if you've changed once entry line, this recalls the entry prior
the entry line) to that.
Previous entries [ENTRY]  Each press recalls the entry prior to

repeatedly the one shown on the entry line.

Note: You can also use the entry function to recall any previous entry. Refer to entry( ) in
the Technical Reference module.

For example:
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If the entry line contains the last
entry, [ENTRY] recalls this entry.

If the entry line is edited or cleared,
[ENTRY] recalls this entry.

Recalling the Last Answer

Each time you evaluate an expression, the TI-89 Titanium stores the answer to the
variable ans(1). To insert this variable in the entry line, press [ANS].

For example, calculate the area of a garden plot that is 1.7 meters by 4.2 meters. Then
calculate the yield per square meter if the plot produces a total of 147 tomatoes.

1. Find the area.
1.7x]4.2

2. Find the yield.
147 (5] [ANS]

Just as ans(1) always contains the last answer, ans(2), ans(3), etc., also contain previous

Fi=] Fe- TF3«] Fi= | FE Fir
Tools[A13cbrajCale|Other|Framib|Clean Us

LEE N A 4 -m
LEE N A 201.0852

[ ST o}

— - I T 198,557

FEE etk (e

HAlN FAD AUTD FUKC R

147
T

mi.7-4.2 v.14
20. 5882

147 ans 1y

MAIN ] EAD AUTD FUNC

Variable ans(1) is

inserted, and its value

is used in the
calculation.

answers. For example, ans(2) contains the next-to-last answer.

Note: Refer to ans() in the Technical Reference module.
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Auto-Pasting an Entry or Answer from the History
Area

You can select any entry or answer from the history area and “auto-paste” a duplicate of
it on the entry line. This lets you insert a previous entry or answer into a new expression
without having to retype the previous information.

Why Use Auto-Paste

The effect of using auto-paste is similar to [ENTRY] and [ANS] as described in the
previous section, but there are differences.

For entries:  Pasting lets you: [ENTRY] lets you:
Insert any previous Replace the contents of the entry

entry into the entry line. line with any previous entry.

For answers: Pasting lets you: [ANS] lets you:
Insert the displayed Insert the variable ans(1), which
value of any contains the last answer only.
previous answer Each time you enter a calculation,
into the entry line. ans(1) is updated to the latest
answer.

Note: You can also paste information by using the [F1] toolbar menu.
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Auto-Pasting an Entry or Answer

1. On the entry line, place the cursor where you want to insert the entry or answer.

Press @ to move the cursor up into the history area. This highlights the last answer.

Use @ and @ to highlight the entry or answer to auto-paste.

* @™ moves from answer to entry
up through the history area.

*  You can use @ to highlight items that
have scrolled off the screen

Note: To cancel auto-paste and return to

the entry line, press [ESC]. To view an entry

or answer too long for one line (indicated
by » at the end of the line), use ® and ©
or [2nd) ® and 2nd) ©.

4. Press [ENTER].

The highlighted item is inserted in the
entry line.

(3]

14

IES

SintmsIa"2+

HMAIN EAD AUTD FUNC

2/ g

“(eo2)]

. Lan[%]

14

1K

SininA3 24 (cos (n 30342

FAIN EAD AUTO FUNC

L

This pastes the entire entry or answer. If you need only a part of the entry or answer, edit

the entry line to delete the unwanted parts.
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Creating and Evaluating User-Defined Functions

User-defined functions can be a great time-saver when you need to repeat the same
expression (but with different values) multiple times. User-defined functions can also
extend your TI-89 Titanium’s capabilities beyond the built-in functions.

Format of a Function
The following examples show user-defined functions with one argument and two

arguments. You can use as many arguments as necessary. In these examples, the
definition consists of a single expression (or statement).

cube(x) = x° xroot(x,y) = y "X
0606 6 o 0 (3]

@ Function name

O Argument list
© Definition

When defining functions and programs, use unique names for arguments that will not be
used in the arguments for a subsequent function or program call.

Note: Function names follow the same rules as variable names. Refer to “Storing and
Recalling Variable Values” in Operating the Calculator.

In the argument list, be sure to use the same arguments that are used in the definition.
For example, cube(n) = x3 gives unexpected results when you evaluate the function.
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Arguments (x and y in these examples) are placeholders that represent whatever values
you pass to the function. They do not represent the variables x and y unless you
specifically pass x and y as the arguments when you evaluate the function.

Creating a User-Defined Function

Use one of the following methods.

Method Description
Store an expression to a function name (including

the argument list).

L ><3 3 cubex) Do)

1

By * s ooz, W) Dot

[N B Er = PN E]
HAIN FAD AUTO ___FUNE FTET]

Define command Define a function name (including the argument
list) as an expression.

mDefine cubelx) =x° Doneg

wDefine xroot(x, yi=yg®
Dot

Define xroolix,gr=g™i{l x}
FHIN EAD AUTD ___FUMC 2730

Program Editor Refer to Programming or information on creating a
user-defined function.
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Creating a Multi-Statement Function

You can also create a user-defined function whose definition consists of multiple
statements. The definition can include many of the control and decision-making
structures (If, Elself, Return, etc.) used in programming.

Note: For information about similarities and differences between functions and
programs, refer to Programming.

For example, suppose you want to create a function that sums a series of reciprocals
based on an entered integer (n):

1,1

S
N

I
—_

When creating the definition of a multi-statement function, it may be helpful to visualize it
first in a block form.

Func

Local tenp,i

If fPart(nn)=0 or nn<0
Return “bad argunent”

O>tenp

For i,nn,1,-1
approx(tenp+l/i)>tenp

EndFor

Return tenp

EndFunc

© © ©o¢

<]

@ Func and EndFunc must begin and end the function.
@ Variables not in the argument list must be declared as local.
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© Returns a message if nn is not an integer or if nn<0.
O Sums the reciprocals.
© Returns the sum.

When entering a multi-statement function on the calculator Home screen, you must enter
the entire function on a single line. Use the Define command just as you would for a
single-statement function.

Use a colon to separate each

’_ statement.

| Define sumrecip(nn)=Func:Local temp,i: ... :EndFunc |

L Use argument names that will never be used
when calling the function or program.

Multi-statement

functions show as —‘
On the calculator Home

screen:

T
B0efine sumrecipinni=Func

Define sumrecipChni=Funct .
HRIN RAD AUTD FUNE 0D

Enter a multi-statement function on
one line. Be sure to include colons.

Note: It's easier to create a complicated multi-statement function in the Program Editor
than on the calculator Home screen. Refer to Programming.
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Evaluating a Function

You can use a user-defined function just as
you would any other function. Evaluate it by
itself or include it in another expression.

m oot E, 125) =1
m3Is i 125344 5 oot b
o

u3-wrootl(3, 125) 15
" sumrecip(20)
Sumrecipl 20

suMrecip (200

HMAIN KAD ALTO FUNC L]

Displaying and Editing a Function Definition

To: Do this:

Display a list of all Press [VAR-LINK] to display the VAR-LINK

user-defined functions  screen. You may need to use the [F2] View toolbar
menu to specify the Function variable type. (Refer
to Memory and Variable Management.)

Press:

CATALOG

Display a list of Flash  Press:
application functions

CATALOG
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To:

Do this:

Display the definition
of a user-defined
function

From the VAR-LINK screen, highlight the function
and display the Contents menu.

[Fe]

From the calculator Home screen, press [ReL.
Type the function name but not the argument list
(such as xroot), and press [ENTER] twice.

From the Program Editor, open the function. (Refer
to Programming.)

Edit the definition

From the calculator Home screen, use [RCL] to
display the definition. Edit the definition as
necessary. Then use or Define to save the
new definition.

From the Program Editor, open the function, edit it,
and save your changes. (Refer to Programming.)

Note: You can view a user-defined function in the CATALOG dialog box, but you cannot
use the CATALOG to view or edit its definition.

If an Entry or Answer Is “Too Big”

In some cases, an entry or answer may be “too long” and/or “too tall” to be displayed
completely in the history area. In other cases, the TI-89 Titanium may not be able to

display an answer because there is not enough free memory.

Calculator Home Screen
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If an Entry or Answer Is “Too Long”

Move the cursor into the history area, and highlight the entry or answer. Then use the
cursor pad to scroll. For example:

»  The following shows an answer that is too long for one line.

Press @or2nd © __|" pam’[(’” 2] ~_ Press® or[2nd] ®

o f 4+ 14 -7 i
to scroll left. Expandt Gtz to scroll right.

MAIN ERDALTD FUNC 171

» The following shows an answer that is both too long and too tall to be displayed on
the screen.

Note: This example uses the randMat function to generate a 25 x 25 matrix.

0F Press ® or [t ] ® to scroll up

(2] Press (1] @ to scroll down

randmat (25, 255

® Press (O or © to scroll left A Ent ald

O Press () or ® to scroll right

If There Is not Enough Memory

A << ...>>symbol is displayed when the TI-89 Titanium does not have enough free
memory to display the answer.
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For example:

" seglh, b, 1, 25000 &5

seqingn, 1, 25000
HAN RHD AUTO FURC FRED]

Note: This example uses the seq function to generate a sequential list of integers from 1
to 2500.

When you see the << ...>> symbol, the answer cannot be displayed even if you highlight
it and try to scroll.

In general, you can try to:

*  Free up additional memory by deleting unneeded variables and/or Flash
applications. Use [VAR-LINK] as described in Memory and Variable Management.

+ If possible, break the problem into smaller parts that can be calculated and displayed
with less memory.

Using the Custom Menu

The TI-89 Titanium has a custom menu that you can turn on and off at any time. You can
use the default custom menu or create your own as described in the Programming
module.
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Turning the Custom Menu On and Off

When you turn on the custom menu, it replaces the normal toolbar menu. When you turn
it off, the normal menu returns. For example, from the calculator Home screen’s normal
toolbar menu, press [CATALOG] to toggle the custom menu on and off.

Fi- | Fe- |Fer| Fu- | FE FE- M
Tools|tdebealCale|Bther P ramiD|c1can Ue Internat el

[CUSTOM] A b e}
-

|T\'PE OF USE £314 + [EMTER] OF [ESC]

HMAlN FRD ALTO FUHC [P
Calculator Home Custom menu
screen normal toolbar

menu

Note: You can also turn the custom menu on and off by entering CustmOn or CustmOff in
the entry line and pressing [ENTER].

Unless the menu has been modified, the default custom menu appears.

Menu Function

Var Common variable names.

f(x) Function names such as f(x), g(x), and f(x,y).
Solve ltems related to solving equations.

Unit Common units such as _m, _ft, and _|.
Symbol Symbols such as #, ?, and ~.
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Menu Function

International Commonly accented characters such as &, é,and é.

[Fe]

Tool ClrHome, NewProb, and CustmOff.
[F7]

Note: A custom menu can give you quick access to commonly used items. The
Programming module shows you how to create custom menus for the items you use
most often.

Restoring the Default Custom Menu
If a custom menu other than the default is displayed and you want to restore the default:

1. From the calculator Home screen, use [CATALOG] to turn off the custom menu and
display the calculator Home screen’s normal toolbar menu.

2. Display the Clean Up toolbar menu, and
select 3:Restore custom default.

[Fe]

Fir| Fir [Fi-] Fir | FE Fr
Touls|A13cbra|Calc|0ther|Fr3m DL PRI
1
i

This pastes the commands used to create the default menu into the entry line.

Note: The previous custom menu is erased. If that menu was created with a
program, it can be recreated later by running the program again.

3. Press to execute the commands and restore the default.
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Finding the Software Version and ID Number

In some situations, you may need to find out information about your TI-89 Titanium,
particularly the software version and the unit’'s ID number.

Displaying the “About” Screen

1. From either the calculator Home screen
or the Apps desktop, press and then
select A:About.

Your screen will be different from the one REDUT
shown to the right. firm

Froduct I Fo3-1-1-27
1D 3

2. Press [ENTER] or to close the screen. |t farags De08t 1182

Copyridhk & 1998 Texar Instruments
HITFidhES Feierued

When Do You Need this Information?
The information on the About screen is intended for situations such as:

* If you obtain new or upgraded software or Flash applications for your TI-89 Titanium,
you may need to provide your current software version and/or the ID number of your
unit.

» If you have difficulties with your TI-89 Titanium and need to contact technical
support, knowing the software version may make it easier to diagnose the problem.
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The About screen displays the following information about your calculator:

* Hardware version

* OS (Advanced Mathematics Software) version
*  Product identifier (Product ID)

« UnitID

* Apps certificate revision number (Cert. Rev.)

I AEOUT

UogzgeTM) 2ZEE_PLT
@ — | 05¥iErsion Z.67, 63,03 2002
Adwvanced Mathematics Software
Harduare Uerzion 2.00 _ 0
@ — | Froduct 10F BE-2-A-50

I0 #3282 EADLC &74C _—
© — | Cert. Reu. # 2 2]

For help, wizit education.ti.com

Copvridht @ 2002 Texas Inskrurents, ATT Fidhts Feserved.

@ OS version

® Product identifier

© Apps certificate revision number

O Hardware version

® Unit ID (required to obtain certificates for installing purchased Apps)

Your screen will be different from the one shown above.
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Symbolic Manipulation

Using Undefined or Defined Variables

When performing algebraic or calculus operations, it is important that you understand
the effect of using undefined and defined variables. Otherwise, you may get a number
for a result instead of the algebraic expression that you anticipated.

How Undefined and Defined Variables Are Treated

When you enter an expression that contains a variable, the TI-89 Titanium treats the
variable in one of two ways.

* If the variable is undefined, it is treated as sz . +.+4 Tty
an algebraic symbol. o —

» If the variable is defined (even if defined [a5.- 5
as 0), its value replaces the variable. e 4t 13

FAIN RAD ALTO FUNC 220

To see why this is important, suppose you want to find the first derivative of x3 with
respect to x.

3-%2

you probably expected. T

FAIN RAD ALTO FUNC 120

+ Ifxis undefined, the result is in the form 2 (3]
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+ If xis defined, the result may be in a form - L(,3)

you did not expect.

o

73
5

F2ED]

Note: When defining a variable, it's a good "*——=#=—>

practice to use more than one character
in the name. Leave one-character names
undefined for symbolic calculations.

Determining If a Variable Is Exists

X previously, the

answer 75 could be

misleading.

Unless you knew that
5 had been stored to

Method:

Example:

Enter the variable name.

If defined, the variable’s

value is displayed.

LB 3
=y o
&

HATN FAD AT EERC T

If undefined, the variable

name is displayed.

Use the isVar() function.

If defined, “true” is

displayed.
mislar(x) L]
m jsl)ar(uy false

MAIN KRR AUTOD ErE0

If undefined, “false” is
displayed.
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Method:

Example:

Use the getType function.

If defined, the variable’s
type is displayed.

WM

= get. Tupel )
"HOME"

® getTupeluy
et Tapely?
MAIN EAD AUTD FUNT F2ED]

If undefined, “NONE” is
displayed.

Note: Use [VAR-LINK] to view a list of defined variables, as described in Memory and

Variable Management.
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Deleting a Defined Variable

You can “undefine” a defined variable by deleting it.

To delete:

Do this:

One or more specified variables

Use the DelVar function.

= Delllar = Dare
= Delllar 2.4, test.radius
Done

Dellar x, g, test,radius
FMAIN EAD ALTO FUNC FEL]

You can also delete
variables by using the
VAR-LINK screen

((2nd) [VAR-LINK]) as
described in Memory and
Variable Management.

All variables of a specific type

Note: The Deltype function deletes all
variables of the specified type in all
folders.

Use the Deltype function.

=0elTupe "nun" Do

DelTgpe "Hum"
HAIN E RAD RUTO FUMC 1730

Symbolic Manipulation

238



To delete: Do this:

All one-letter variables (a — z) in the From the Home screen
current folder. Clean Up menu, select
1:Clear a-z. You will be
Note: For information about folders, prompted to press to
refer to the Calculator Home Screen confirm the deletion.
module.
i CleaF a-T ™y

C1ear 1-characker nariables
4-Z in currint Falder?
CEnber=VES T TESC=CAMCEL

Temporarily Overriding a Variable

By using the “with” operator ( | ), you can:

« Temporarily override a variable’s defined [.z.. 27
value. RS 3
[ ¥ 27
*
HMAIN FAD AUTO FUNC EXEL]
«  Temporarily define a value for an " Deluzr = Done
undefined variable. nx2|x=3 E
oy ¥
ERIN DEG ALTOD FUHC E30

Note: For more information about the | operator, refer to Typing the “With” Operator.

To type the “with” operator ( | ), press:

M
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Using Exact, Approximate, and Auto Modes

The Exact/Approx mode settings, which are described briefly in Operating the Handheld,
directly affect the precision and accuracy with which the TI-89 Titanium calculates a
result. This section describes these mode settings as they relate to symbolic
manipulation.

EXACT Setting

When Exact/Approx = EXACT, the handheld uses exact rational arithmetic with up to
614 digits in the numerator and 614 digits in the denominator. The EXACT setting:

« Transforms irrational numbers to standard forms as much as possible without

approximating them. For example, /12 transforms to 2./3 and In(1000) transforms
to 3 In(10).

»  Converts floating-point numbers to rational numbers. For example, 0.25 transforms
to 1/4.

The functions solve, cSolve, zeros, cZeros, factor, |, fMin, and fMax use only exact
symbolic algorithms. These functions do not compute approximate solutions in the
EXACT setting.

- Some equations, such as 27* = x, have solutions that cannot all be finitely
represented in terms of the functions and operators on the handheld.

Symbolic Manipulation 240



*  With this kind of equation, EXACT will not compute approximate solutions. For

example, 2" = x has an approximate solution x = 0.641186, but it is not displayed in
the EXACT setting.

Advantages Disadvantages

Results are exact. As you use more complicated rational
numbers and irrational constants, calculations
can:

. Use more memory, which may exhaust the
memory before a solution is completed.

. Take more computing time.

. Produce bulky results that are harder to
comprehend than a floating-point number.

APPROXIMATE Setting

When Exact/Approx = APPROXIMATE, the handheld converts rational numbers and
irrational constants to floating-point. However, there are exceptions:

«  Certain built-in functions that expect one of their arguments to be an integer will
convert that number to an integer if possible. For example: d(y(x), x, 2.0) transforms
to d(y(x), x, 2).

*  Whole-number floating-point exponents are converted to integers. For example: x%0

transforms to x? even in the APPROXIMATE setting.
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Functions such as solve and | (integrate) can use both exact symbolic and approximate
numeric techniques. These functions skip all or some of their exact symbolic techniques

in the APPROXIMATE setting.

Advantages

Disadvantages

If exact results are not needed, this
might save time and/or use less
memory than the EXACT setting.
Approximate results are sometimes
more compact and comprehensible
than exact results.

Results with undefined variables or
functions often exhibit incomplete
cancellation. For example, a
coefficient that should be 0 might be
displayed as a small magnitude such
as 1.23457E-11.

If you do not plan to use symbolic
computations, approximate results
are similar to familiar, traditional
numeric calculators.

Symbolic operations such as limits
and integration are less likely to give
satisfying results in the
APPROXIMATE setting.
Approximate results are sometimes
less compact and comprehensible
than exact results. For example, you
may prefer to see 1/7 instead of
.142857.

AUTO Setting

When Exact/Approx = AUTO, the handheld uses exact rational arithmetic wherever all of
the operands are rational numbers. Otherwise, floating-point arithmetic is used after
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converting any rational operands to floating-point. In other words, floating-point is
“infectious.” For example:

1/2 - 1/3 transforms to 1/6
but
0.5 - 1/3 transforms to .16666666666667

This floating-point infection does not leap over barriers such as undefined variables or
between elements of lists or matrices. For example:

(1/2 - 1/3) x + (0.5 - 1/3) y transforms to x/6 + .16666666666667 y
and
{1/2 - 1/3, 0.5 - 1/3} transforms to {1/6, .16666666666667}

In the AUTO setting, functions such as solve determine as many solutions as possible
exactly, and then use approximate numerical methods if necessary to determine
additional solutions. Similarly, ] (integrate) uses approximate numerical methods if
appropriate where exact symbolic methods fail.

Advantages Disadvantages

You see exact results when practical, [f you are interested only in exact
and approximate numeric results results, some time may be wasted
when exact results are impractical. seeking approximate results.

You can often control the format of a If you are interested only in

result by choosing to enter some approximate results, some time may
coefficients as either rational or be wasted seeking exact results.
floating-point numbers. Moreover, you might exhaust the

memory seeking those exact results.
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Automatic Simplification

When you type an expression on the entry line and press [ENTER], the TI-89 Titanium
automatically simplifies the expression according to its default simplification rules.

Default Simplification Rules

All of the following rules are applied automatically. You do not see intermediate results.

« If a variable has a defined value, that
value replaces the variable.

If the variable is defined in terms of
another variable, the variable is replaced
with its “lowest level” value (called infinite
lookup).

LRI P ]
il 14

S
35

CHERLIM

FAIN

RAD ALTO

FUNC

220

LR
L R=1 ]
7P nun

a
5
335

THAUM

MAIN

ERD AUTD

FUNC

EED]

Default simplification does not modify variables that use path names to indicate a
folder. For example, x+class\x does not simplify to 2x.

Note: For information about folders, refer to the Calculator Home Screen module.

«  For functions:

- The arguments are simplified. (Some built-in functions delay simplification of

some of their arguments.)

- If the function is a built-in or user-defined function, the function definition is

applied to the simplified arguments. Then the functional form is replaced with

this result.
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*  Numeric subexpressions are combined.

¢ Products and sums are sorted into order.

=23
YTl

gy

><2+3-><-|=|+1

kSt B ]

FAIN RAD ALTO

FUNC 220

Products and sums involving undefined variables are sorted according to the first letter

of the variable name.

- Undefined variables r through z are assumed to be true variables, and are

placed in alphabetical order at the beginning of a sum.
- Undefined variables a through g are assumed to represent constants, and are

placed in alphabetical order at the end of a sum (but before numbers).

e Similar factors and similar terms are

collected.

* |dentities involving zeros and ones are

exploited.

This floating-point number causes numeric
results to be shown as floating-point.

If a floating-point whole number is entered as
an exponent, it is treated as an integer (and
does not produce a floating-point result).
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* Polynomial greatest common divisors are ] X2+5+_;+6 e
Canceled' (x"2+>;x+6)/(><+2)
HAIN EhD ALTO FUHC 130
. Polynom|_als are expanded unless nokey [, 2"z poxtd
cancellation can occur. wix+ 292 (x4 1)
et 100t 207
[P R A B
FMAIN FAD ALTD FUNC 230

No key cancellation

«  Common denominators are formed

G Zw 1 1
unless no key cancellation can occur. Ao ET S

T |

1%+~

FMAIN EAD AUTO FUNC FrEL]

No key cancellation

* Functional identities are exploited. For " Iz Int) 1n(2)
example: 'g-(sin(x))2+g-(cos(x))2
]
In(2x) = In(2) + In(x) e
and

sin(x)2 + cos(x)2 =1

How Long Is the Simplification Process?

Depending on the complexity of an entry, result, or intermediate expression, it can take a
long time to expand an expression and cancel common divisors as necessary for
simplification.

To interrupt a simplification process that is taking too long, press [ON]. You can then try

simplifying only a portion of the expression. (Auto-paste the entire expression on the
entry line, and then delete the unwanted parts.)
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Delayed Simplification for Certain Built-In Functions

Usually, variables are automatically simplified to their lowest possible level before they
are passed to a function. For certain functions, however, complete simplification is
delayed until after the function is performed.

Functions that Use Delayed Simplification

Functions that use delayed simplification have a required var argument that performs the
function with respect to a variable. These functions have at least two arguments with the
general form:

function(expression, var [, ... ])

Note: Not all functions that use a var argument use delayed simplification.

For example: solve(x*2-x-2=0,x)
d(x*2-x-2,x)
J(x*2-x-2,x)
limit(x2-x-2,x,5)

For a function that uses delayed simplification:

1. The var variable is simplified to the lowest level at which it remains a variable (even if
it could be further simplified to a non-variable value).
2. The function is performed using the variable.

3. If var can be further simplified, that value is then substituted into the result.
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Note: You may or may not want to define a numeric value for var, depending on the

situation.

For example:

x cannot be simplified.

" Delllar =
n2 (%)

Done|
3x2

2T, 0

HMAIN EAD AUTD FUMC

L]

x is not simplified. The function uses x3,

L=

—— 206

[

73

and then substitutes 5 for x.

Note: The example to the right finds the derivative

of x3 at x=5. If x° was initially simplified to 75, you
would find the derivative of 75, which is not what
you want.

AT, Wy

FAIN RAD AUTD FUMC

2430

x is simplified to t. The function uses t>.— ]|

" Delllar t
LRAE S

-0

Done|

312

2T, 0
HMAIN

EAD RUTD FUNL

ETED)

x is simplified to t. The function uses t3, ]

=5+t
"ty

e

o

I

and then substitutes 5 for t.
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Substituting Values and Setting Constraints

The “with” operator ( | ) lets you temporarily substitute values into an expression or

specify domain constraints.

Typing the “With” Operator

To type the “with” operator ( | ), press:

M

Substituting for a Variable

For every occurrence of a specified variable,
you can substitute a numeric value or an
expression.

To substitute for multiple variables at the
same time, use the Boolean and operator.

Symbolic Manipulation

w2y =1 E

axrZ|r=5 25-m
d 3 =

o3| x=5 75

A0, w1 w=h I

HAIR RALROTD — FINC 750

First derivative of x3 -
atx=5

wx+2)|x=a+1  (a+3)7

LA 23 | m=at]
HAIN EAD AUTD FIRC 1750
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Substituting for a Simple Expression

For every occurrence of.a simple eXPression, [\ 5.2 cinoo+ 1|=ib

you can substitute a variable, numeric value, _ sZ+2.541

or another expression. I B 11 1.1 s om0
Substituting s for 4-|

sin(x) shows that
the expression is a
polynomial in terms
of sin(x).

By replacing a commonly used (or long) term, |, 5ot + (205002 | cosch

you can display results in a more compact cZvzog

LElxI P lcosxi=sc and a=2
form. FAAIR EAD AUTH FIRC 1750

Note: acos(x) is different from a*cos(x).

Substituting Complex Values

You can substitute complex values just as you | b |2 bes [
would for other values. ikl k=243 I3

b (ool [=2434
HAl Rab AITD FINL FTET]

All undefined variables are treated as real numbers in symbolic calculations. To perform
complex symbolic analysis, you must define a complex variable. For example:

x+yi>z

Then you can use z as a complex variable. You can also use z_. For more information
see the _ (underscore) topic in the Technical Reference module.
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Note:

»  For an overview of complex numbers, refer to the Technical Reference module.

+ To get the complex i, press [¢]. Do not simply type the letter i on the keyboard.

Be Aware of the Limitations of Substitutions

»  Substitution occurs only where there is an
exact match for the substitution.

Symbolic Manipulation

Only x2 was
replaced, not x4. —‘

I
e To? [ wf=y wtezy
lx4+3-x2|x=91/2

uf+3ey

P A P L B
HAIN Rab AUTD FINL FTET]

Define the
substitution in
simpler terms for
a more complete
substitution.
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» Infinite recursions can occur when you define a substitution variable in terms of

itself.

Substitutes sin(x+1), sin(x+1+1),

sin(x+1+1+1), etc

[ sin(x)[x=x+1

When you enter a substitution that causes an infinite recursion:

- An error message is displayed.

- When you press [ESC], an error is
shown in the history area.

» Internally, an expression is sorted according to the automatic simplification rules.

EREOR

HMermuarw

 ESCSCAMCEL Ja

lsin(x)|x=x+1
Errori Memory

Sinlma [m=mtl
HMAIN

EAD RUTD FUNL 1730

Therefore, products and sums may not match the order in which you entered them.

- As ageneral rule, you should
substitute for a single variable.

Symbolic Manipulation

lsolve(m-c2=e,m] m=i2
[

lsin[2-m-c.2]|n=i2

sinf2-e)
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- Substituting for more general No match for

expressions (either m - c=e substitution
2,
orcc-m e) may not work as you etz m D) |meZen
anticipate. cin(ze2 m)
Sint2mmte ™20 | mko 2=
FMAIN EAD HUTO FUNC FPED]

Note: Use the solve function to help determine
the single-variable substitution.
Specifying Domain Constraints

Many identities and transformations are valid for only a particular domain. For example:

In(x*y) = In(x) + In(y) only if x and/ory is
not negative

sin"1(sin()) = 0 only if 6 > -n/2 and 6
< m/2 radians

Use the “with” operator to specify the domain constraint.

Because In(x*y) = In(x) + In(y) is not always valid, [a 1w w1 - 1r00
the logarithms are not combined. N ln(xji‘f:: 2

IriCoekgd =100 D2l
MAIN RAD AUTD FUHE FYED)

With a constraint, the identity is valid and the
expression is simplified.
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Note: Enter In(x*y) instead of In(xy); otherwise, xy is interpreted as a single variable
named Xxy.

Because sin'1(sin(9)) = 0 is not always valid, the Psintisin(8)  sini(sin(ed)
expression is not simplified. *sintsin(e) | £ and o
=)
LSIiNCEN Y [8E -2 and Bdns2
FAIN RAD AUTD FUMC 2430

With a constraint, the expression can be simplified.

Note: For > or <, press [¢] [>] or [¢] [<]. You can also use [MATH] 8 or [CHAR] 2 to
select them from a menu.

Using Substitutions vs. Defining a Variable

In many cases, you can achieve the same wGer 2 |xm 1 .
effect as a substitution by defining the "1ax 1
. [ 2 z 9

variable. S r2)
HMAIN EAD RUTO FUME 2430

However, substitution is preferable for most cases because the variable is defined only
for the current calculation and does not accidentally affect later calculations.

= Oelllar Done
Substituting x=1 does not affect the next w22 x=1 3
calculation. ML TS o+l
x2 -9 x =1

a0 A 210
MAIN EAD RUTD FUMC 30
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LIS 1

Storing 1>x affects the subsequent "(x+2)° 3

. . 2 .
calculations.calculation. . % undef

wo-1

L1 DA
HAIN EAD AUTD FIRC K7D

Caution: After x is defined, it can affect all calculations that involve x (until you delete x).
Overview of the Algebra Menu

You can use the [F2] Algebra toolbar menu to select the most commonly used algebraic
functions.

The Algebra Menu

From the Home screen, press [F2] to display:

This menu is also available from the MATH
menu. Press [MATH] and then select
9:Algebra.

fapproxy
fcombenomt
tpropFract
hSoluet
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Note: For a complete description of each function and its syntax, refer to the Technical
Reference module.

Menu Item Description

solve Solves an equation for a specified variable. This returns
real solutions only, regardless of the Complex Format
mode setting. Displays answers with "and" and "or"
connecting solutions. (For complex solutions, select
A:Complex from the Algebra menu.)

factor Factors an expression with respect to all its variables or
with respect to only a specified variable.

expand Expands an expression with respect to all its variables or
with respect to only a specified variable.

zeros Determines the values of a specified variable that make
an expression equal to zero. Displays in a list.

approx Evaluates an expression using floating-point arithmetic,
where possible. This is equivalent to using to set
Exact/Approx = APPROXIMATE (or using [¢] to
evaluate an expression).

comDenom Calculates a common denominator for all terms in an
expression and transforms the expression into a reduced
ratio of a numerator and denominator.

propFrac Returns an expression as a proper fraction expression.

nSolve Calculates a single solution for an equation as a floating-
point number (as opposed to solve, which may display
several solutions in a rational or symbolic form).
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Menu Iltem

Description

Trig Displays the submenu:
tExpand — Expands trig expressions with angle sums
and multiple angles.
TCollect — Collects the products of integer powers of
trig functions into angle sums and multiple angles.
tCollect is the opposite of tExpand.
Complex Displays the submenu:
1icSolust
: arr
These are the same as solve, factor, and zeros; but
they also compute complex results.
Extract Displays the submenu:

1:getHumt

fgetlenomn
3=?eFti
dirightc

getNum — Applies comDenom and then returns the
resulting numerator.

getDenom — Applies comDenom and then returns the
resulting denominator.

left — Returns the left-hand side of an equation or
inequality.
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Menu Item Description

right — Returns the right-hand side of an equation or

inequality.

Note: The left and right functions are also used to return a specified number of elements
or characters from the left or right side of a list or character string.

Common Algebraic Operations

This section gives examples for some of the functions available from the [F2] Algebra
toolbar menu. For complete information about any function, refer to the Technical
Reference module. Some algebraic operations do not require a special function.

Adding or Dividing Polynomials

You can add or divide polynomials directly, T3

2w+ 0

ot A Mt (et

without using a special function. PR A0 T

FUMC

EYED]

.><2+5-><+6
Wt 2

®+ 3

LB THE ) S (kD
HAIN RAD AUTD

FUMC

EYED]
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Factoring and Expanding Polynomials

Use the factor ([F2] 2) and expand ([F2] 3) functions.

factor(expression [,var])

for factoring with respect to a variable

expand(expression [,var])

for partial expansion with respect to a

variable
Factor x° - 1. Then expand the result. ® factor(x5 - 1)
(x—l)-[x4+x3+x2+x+1]
. - SRR ) 3 ]
Notice that factor and expand perform xpanal(x = 1) [ x wr
opposite operations. B

Finding Prime Factors of a Number

The factor ([F2] 2) function lets you do more than simply factor an algebraic polynomial.

You can find prime factors of a rational " factor(1729) 71319
number (either an integer or a ratio of - Factor{ 21475 52859
. 1548 22,32,43
mtegers). Faclor (21475-1548)

HAIN EhD HUTO FUNC 230
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Finding Partial Expansions

With the expand ([F2] 3) function’s optional var value, you can do a partial expansion that

collects similar powers of a variable.

Do a full expansion of (x2-x) (y2-y) with
respect to all variables.

Then do a partial expansion with respect to x.

Solving an Equation

Use the solve ([F2] 1) function to solve an equation for a specified variable.

solve(equation, var)
Solve x +y - 5 = 2x - 5y for x.

Notice that solve displays only the final result.

Symbolic Manipulation

L} expand[[xz - x]'[uz—u]]
w2yZowZy - ey

= expand[[x2 - x]-[gz - ‘:l], X]

%2y (g =11=xg-(u-1)

expand ¢ (™ 2—w gt R -yl wd

HAIN EhD HUTO FUNC 230

Bzolueix ty-9=2"x

-5y,
=6

o
oy -
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To see intermediate results, you can manually solve the equation step-by-step.

x[#Hy[) 5= 2x [ 5y

O2x sz
/l('x+g—5='5-gj—g
Oy 5= 6y
//l('x—5='6-gj+5
“x=5-6-y
5  /'('><=5—6-9)-'1
-
1 ans il k- * 2

By+y—-S5=2-x-5-y
H+y-3=2-x-35-y

1
FAIN RAD AUTD FUMC D]

Note: An operation such as [=] 2 [x] subtracts 2x from both sides.

Solving a System of Linear Equations

Consider a set of two equations with two 2x - 3y=4

unknowns:

“x+7y=-12

To solve this system of equations, use any of the following methods.

Method

Example

Use the solve function for a one-step

solution.

solve(2x-3y=4 and ~x+7y="12,{x,y})

Use the solve function with
substitution ( | ) for step-by-step

manipulation.

Substitutions are in the form of an
equality, such as x=3 or y=sin(x). To
be most effective, the left side should
be a simple variable.

See "Symbolic Manipulation” in the
Previews chapter, which solved for
x =-8/11 and y =-20/11.
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Method

Example

Use the simult function with a

matrix.

Enter the coefficients as a matrix and
the results as a constant column
matrix.

et 1%)

-g-11 ]

- Ze-11
LAlEE02, -T2 -1,V [4s 1270
MAIN FAD ALTH FUNC 1730

Use the rref function with a matrix.

Enter the coefficients as an
augmented matrix.

2 -3 4
= pret] 47 12
o o-a8-11
1 -2a-11

1

o]
reef 2, -T,4: -1 1273
MAIN

FRD AUTO FUNC 1r3n

Note: The simult and rref matrix functions are not on the Algebra menu. Use
[MATH] 4 or the Catalog.
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Finding the Zeros of an Expression
Use the zeros ([F2] 4) function.

zeros(expression, var)

Use the eXpreSSion X B zatosiy- SinCe) + cos(El, Kk
£2.798392

e oo () e [0 and
HAIN RAD RUTD | FUNC 1750

sin(x) + cos(x).
Use the “with”

Find the zeros with respect to x in the interval operator to specify

0<xandx<3. the interval.

Note: For > or <, type [#] [>] or [¢] [<].You can

also use [MATH] 8 or [CHAR] 2 to select
them from a menu.
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Finding Proper Fractions and Common Denominators

Use the propFrac ([F2) 7) and comDenom ([F2] 6) functions.

propFrac(rational expression [,var])

for proper fractions with respect
to a variable

comDenom(expression [,var])

for common denominators that collect
similar powers of this variable

Find a proper fraction for the expression
(x* = 2x% + x) [ (2x2 + x + 4).

Then transform the answer into a ratio of a
fully expanded numerator and a fully
expanded denominator.

Notice that propFrac and comDenom perform
opposite operations.

Note: You can use comDenom with an
expression, list, or matrix.

In this example:

Symbolic Manipulation

x4—2-x2+x]
2wt a

Il + 0 ® ®

—=lmteld

gz %2+ xrd)

= conbenom 31;7+6B »
gz %2+ +a)

stz en

2 w24+ 4

" PPopFr'ac.[

R L R L v Y i b T =3
MAIN FAL AUTD FUHE | 2730

If you do this example
on your handheld, the
propFrac function
scrolls off the top of the
screen.
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31x + 60

3 is the remainder of x*-2x?+x divided by 2x°+x+4.

2
L
2

g —15/8 is the quotient.

Overview of the Calc Menu

You can use the Calc toolbar menu to select commonly used calculus functions.

The Calc Menu

From the Home screen, press to display:

This menu is also available from the MATH
differentiste menu. Press [MATH] and then select
A:Calculus.

Note: For a complete description of each function and its syntax, refer to the Technical
Reference module.

Menu Item Description
d differentiate Differentiates an expression with respect to a specified
variable.
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| integrate Integrates an expression with respect to a specified
variable.

limit Calculates the limit of an expression with respect to a
specified variable.

2 sum Evaluates an expression at discrete variable values
within a range and then calculates the sum.

1 product Evaluates an expression at discrete variable values
within a range and then calculates the product.

fMin Finds candidate values of a specified variable that
minimize an expression.

fMax Finds candidate values of a specified variable that
maximize an expression.

arcLen Returns the arc length of an expression with respect to
a specified variable.

taylor Calculates a Taylor polynomial approximation to an
expression with respect to a specified variable.

nDeriv Calculates the numerical derivative of an expression
with respect to a specified variable.

nint Calculates an integral as a floating-point number using
quadrature (an approximation using weighted sums of
integrand values).

deSolve Symbolically solves many 1st and 2nd order differential
equations, with or without initial conditions.

impDif Computes implicit derivatives for equations in two
variables in which one variable is defined implicitly in
terms of another.
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Note: The 4 symbol for differentiate is a special symbol. It is not the same as typing the
letter D on the keyboard. Use 1o0r [d].

Common Calculus Operations

This section gives examples for some of the functions available from the [F3] Calc toolbar
menu. For complete information about any calculus function, refer to the Technical
Reference module.

Integrating and Differentiating

Use the [ integrate ([F3] 2) and d differentiate ([F3] 1) functions.

| (expression, var [,low] [,up])

‘—l—lets you specify limits or a constant of
integration

d (expression, var [,order])

Integrate xZ*sin(x) with respect to x. =1l = into]ax
[2 - xz]-c.os(x) + 2 x-sin(x)
l%[[Q - xz]-cos(x) +2-x-=ip

%2 2in()

Differentiate the answer with respect to x.

diansily, xr——
MAIN KAD AUTO | FUNC FTET]

|
To get d, use [F3] 1 or

[d]. Do not
simply type the letter
D on the keyboard.
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Note: You can integrate an expression only; you can differentiate an expression, list, or
matrix.

Finding a Limit
Use the limit ([F3] 3) function.

limit(expression, var, point [,direction])

negative number = from left
positive number= from right
omitted number or 0 = both

= lim

bt
limitsint3xa- e, o, O
HAIN FAD AUTD FIINE 1750

Find the limit of sin(3x) / x as x approaches 0. [sin(j.x)]

Note: You can find a limit for an expression, list, or matrix.
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Finding a Taylor Polynomial

Use the taylor ([F3] 9) function.

taylor(expression, var, order [,point])

if omitted, expansion point is 0

Find a 6th order Taylor polynomial for sin(x)
with respect to x.

Store the answer as a user-defined function
named y1(x).

Then graph sin(x) and the Taylor polynomial.

Important: Degree-mode scaling by n/180 may cause calculus application results to

appear in a different form.

User-Defined Functions and Symbolic Manipulation

You can use a user-defined function as an argument for the TI-89 Titanium ’s built-in

algebra and calculus functions.

Symbolic Manipulation
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For Information about Creating a User-Defined Function
Refer to:

*  “Creating and Evaluating User-Defined Functions” in the Calculator Home Screen
module.

*  “Graphing a Function Defined on the Home Screen” and “Graphing a Piecewise
Defined Function” in the Calculator Home Screen module.

*  “Overview of Entering a Function” in the Programming module.

Undefined Functions

You can use functions such as f(x), g(t), r(6), etc., that have not been assigned a
definition. These “undefined” functions yield symbolic results. For example:

Usg DelVar to ensure that f(x) and g(x) are not [, .5 bong
defined. oo go)

F0) - 300 + o 500]- Fr
Then find the derivative of f(x) g(x) with RGOkl

respect to x.

Note: To select d from the Calc toolbar menu,
press 1 (or press [d] on the keyboard).

Single-Statement Functions

You can use user-defined functions consisting of a single expression. For example:
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e Use to create a user-defined secant function, where:

secx = —1— .c.osl(x) F secix) Dol
COSXx = lim seci) IE
n
wAT
. _— 4
Then find the limit of sec(x) as x Timitieec o )
HMAIN EAD AUTO FUMC 30

approaches n/4.

Note: To select limit from the Calc toolbar
menu, press 3.

* Use Define to create a user-defined function h(x), where:

X Define h(x)=
h(x) = [Sin [(sin(t)/t,t,0,%).

0

=Define hio =]y [EE]
Then find a 5th order Taylor polynomial tadlorthoo s
for h(x) with respect to x. = xR
eQE 13

Note: To select | from the Calc toolbar e

menu, press [F3] 2 (or press [/]1onthe
keyboard). To select taylor, press 9.

Multi-Statement vs. Single-Statement Functions

Multi-statement user-defined functions should be used as an argument for numeric
functions (such as nDeriv and nint) only.
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In some cases, you may be able to create an equivalent single-statement function. For
example, consider a piecewise function with two pieces.

When: Use expression: }\

x<0 -X
o

x>0 5 cos(x) '

* If you were to create a multi-statement user-defined function with the form:

Func Define

If x<0 Then y1(x)=Func:If x<0

Return éx Then: ... :EndFunc
El se \

Ret urn 5COS( X) lDe\Pine ulx) =Func Done|
Endl f =nlnt{gl(xr, =, 8, 13 Jp—

nlink (glded, = B, 1)
HAIN FAD AUTO FINE 50

EndFunc

Then numerically integrate y1(x) with
respect to x.

Note: To select nint from the Calc toolbar menu, press B:nint.
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Create an equivalent single-statement user-defined function.

Use the TI-89 Titanium’s built-in when

function.

Then integrate y1(x) with respect to x.

Note: To select | from the Calc toolbar
menu, press (F3] 2 (or press [/] onthe

keyboard).

Define

y1(x)=when(x<0,

-X, 5cos(x))

- \ ; R P ]
Define alix) _{5-cos(x),e.

Do

'Jé ulxds S5-=in(1)

'Jé iz 4. 20735

JOgl Cxd e, BALY

HalW FAD ALY FUNWC 330

Press [ﬁ ENTER

for a floating-point
result.

If You Get an Out-of-Memory Error

The TI-89 Titanium stores intermediate results in memory and then deletes them when

the calculation is complete. Depending on the complexity of the calculation, the

handheld may run out of memory before a result can be calculated.

Freeing Up Memory

Delete unneeded variables and/or Flash applications, particularly large-sized ones.

-  Use [VAR-LINK] as described in Memory and Variable Management to view
and delete variables and/or Flash applications.

On the Home screen:
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- Clear the history area ([F1] 8) or delete unneeded history pairs.
- You can also use 9 to reduce the number of history pairs that will be saved.

+ Use to set Exact/Approx = APPROXIMATE. (For results that have a large
number of digits, this uses less memory than AUTO or EXACT. For results that have
only a few digits, this uses more memory.)

Simplifying Problems

«  Split the problem into parts.

- Split solve(a*xb=0,var) into solve(a=0,var) and solve(b=0,var). Solve each part and
combine the results.

+ If several undefined variables occur only in a certain combination, replace that
combination with a single variable.

- If mand c occur only as m#c2, substitute e for m*c2.

(a+b)2+A/(a+b)2 (:2+Jc_2

- Inthe expression > , substitute ¢ for (a+b) and use > - In
1-(a+b) l-c¢
the solution, replace ¢ with (a+b).
*  For expressions combined over a common denominator, replace sums in
denominators with unique new undefined variables.
- In the expression X + Y , Substitute d for A/az +b%+¢ and

A/a2+b2+c /\/a2+b2+c
are fﬁg In the solution, replace d with /a* + b +c.

»  Substitute known numeric values for undefined variables at an earlier stage,
particularly if they are simple integers or fractions.
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* Reformulate a problem to avoid fractional powers.

*  Omit relatively small terms to find an approximation.

Special Constants Used in Symbolic Manipulation

The result of a calculation may include one of the special constants described in this
section. In some cases, you may also need to enter a constant as part of your entry.

true, false

These indicate the result of an identity or a x=x is true for

Boolean expression. any value of x.

mpluex =x, x)
S W I wi3

trugl
falsg

Sewiwi3

FRIN EAD AUTO

FUNC

EE

5<3 is false.
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@n1 ... @n255

This notation indicates an “arbitrary integer” A solution is at every

that represents any integer. integer multiple of .
When an arbitrary integer occurs multiple " eolus(sinGa = 8,00~
. . . . -1

times in the same session, each occurrence is | zaivetsinca=1,x
numbered consecutively. After it reaches 255, . x=2pp g
arbitrary integer consecutive numbering A L

restarts at @n0. Use Clean Up 2:NewProb to g, @n and @n2

resetto @n1. represent any
arbitrary integer, but

Note: For @, press: [¢] this notation identifies
separate arbitrary
integers.
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@1 ... @255

This notation indicates an “arbitrary constant”
that represents any integer.

When an arbitrary constant occurs multiple
times in the same session, each occurrence is
numbered consecutively. After it reaches 255,
arbitrary integer consecutive numbering
restarts at @0. Use Clean Up 2:NewProb to
reset to @1.

Note: For @, press: [¢]

oo, e

o represents infinity, and e represents the L

constant 2.71828... (base of the natural “nse [[1 +3) ] ‘
logarithms).  m— 15— —e

These constants are often used in entries as
well as results.

Notes:
For =, press:

(][]

For e, press:

(o] [e4]
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undef

This indicates that the result is undefined.

. . '% undef
Mathematically undefined 1
lﬁ undef
. . B lim sinx) undef
+eo (undetermined sign) >
limitsinCun,x, —od
HMAIN EAD RUTO FUNC 330

Non-unique limit
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Constants and Measurement Units

Entering Constants or Units

You can use a menu to select from a list of available constants and units, or you can type

them directly from the keyboard.

From a Menu

The following shows how to select a unit, but you can use the same general procedure

to select a constant.

From the Home screen:
1. Type the value or expression.

2. Display the UNITS dialog box. Press:
[uNITS]

3. Use @ and ® to move the cursor to the
applicable category.

Note: Use ® and ® to scroll one
page at a time through the categories.

Constants and Measurement Units

UNITE

Luriinous

Int:
T AFSURt of SUbSEARCE

—cd¥
—ragl

£ Enter=OE

€ ESCZCANCEL 2

UMITE

Inductancs ..

+ ETectric CUFFent...
Charde ...

Enter=0Fk

]

< ESCCANCEL 4
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4. To select the highlighted (default) unit, . T .

-3

press [ENTER. " H e
—or-— ; rah %
To select a different unit from the e
category, press (. Then highlight the sEnter R EhiEL
applicable unit, and press [ENTER]. You can also move
Note: If you created a user-defined unit for ~ the cursor by typing
an existing category, it is listed in the the first letter of a
menu. unit.

The selected unit is placed in the entry line. [6.3_pF |

Constant and unit names always begin with
an underscore ( _ ).

From the Keyboard

If you know the abbreviation that the TI-89 Titanium uses for a particular constant or unit,
you can type it directly from the keyboard. For example:

256_m
» The first character must be an underscore ( _ ). For _, press:

L]

* A space or a multiplication symbol (*) before the underscore is optional. For
example, 256_m, 256 _m, and 256*_m are equivalent.

* However, if you are adding units to a variable, you must put a space or * before the
underscore. For example, x_m is treated as a variable, not as x with a unit.

Note: You can type units in either uppercase or lowercase characters.
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Combining Multiple Units

You may need to combine two or more units from different categories.

For example, suppose you want to enter a { UNITE y
velocity in meters per second. In the UNITS
dialog box, however, the Velocity category
does not contain this unit.

<Enterzlk__ < ESC=CANCEL 4

You can enter meters per second by [3x9.8_m/_s |
combining _m and _s from the Length and ZS
Time categories, respectively. Combine the units _m

and _s. There is no
pre-defined m/_s unit.

Note: Create a user-defined unit for frequently used combinations.
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Using Parentheses with Units in a Calculation

In a calculation, you may need to use parentheses () to group a value and its units so
that they are evaluated properly. This is particularly true for division problems. For
example:

To calculate: Enter:
100 m m
2s 100_m/(2_s) 50« —;

i _

L You must use parentheses
for (2_s). This is important
for division.

If you omit the parentheses,
you will get unexpected units.
For example:

‘ 100_m/2_s 50. *_m *_s

Note: If you have any doubt about how a value and its units will be evaluated, group
them within parentheses ().

Here’s why you get unexpected units if you do not use parentheses. In a calculation, a
unit is treated similar to a variable. For example: 100_m is treated as 100x_m and 2_s is
treated as 2+_s. Without parentheses, the entry is calculated as:

100 m

100%_m/2*x_s = * s = 50.%_m *_s.
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Converting from One Unit to Another

You can convert from one unit to another in the same category, including any user-
defined units.

For All Units Except Temperature

If you use a unit in a calculation, it is converted and displayed automatically in the
current default unit for that category, unless you use the » conversion operator as
described later. The following examples assume that your default units are set to the SI
system of metric units.

Notes:

* Refer to the list of pre-defined units.

* From the UNITS dialog box, you can select available units from a menu.

To multiply 20 times 6 kilometers. =206 _kn 120000 - _p
26 _km
20%6_km Shown in the default
unit for Length, (_m
in Sl system).
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If you want to convert to a unit other than the default, use the » conversion operator.

expression_unitl ¥ _unit2

L For b, press »].

To convert 4 light years to kilometers:
4 Ityr» _km

To convert 186000 miles/second to
kilometers/hour:

186000_mi/_s » _km/_hr

Constants and Measurement Units

=4 _ltur v _kn
I.7E4Z1ELT _km
= 15600 =1Lk »-—P':’rf

—km
1'9776259'_hp

12ERHEH_mi - sk kM ki
MHIN

EAD AUTO FUNC ESE0
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If an expression uses a combination of units, you can specify a conversion for some of

the units only. Any units for which you do not specify a conversion will be displayed

according to your defaults.

To convert 186000 miles/second from miles to
kilometers:

186000_mi/_s » _km

To convert 186000 miles/second from
seconds to hours:

186000_mi/_s » 1/_hr

To enter meters per second squared:

27_m/_s*2

To convert meters per second squared from
seconds to hours:

27_m/_s*2»1/_hrr2

Constants and Measurement Units

Because a Time
conversion is not
specified, it is shown
in its default unit (_s
in this example).

_km
_=

2OAFILN

—_mi 1

= lgeenn-——F —

107762612 A0

—hr
126080 _mi skl _hr
THIN

EAD AUTO FUNY/ E4ED

Because a Length
conversion is not
specified, it is shown
in its default unit (_m
in this example).

) )
L 2P
=2 =2
2P AR
HAIN RAD AUTD FURC 1730
_n 1
L.y P —
=% el

5.4992e8 —z
b

2r_ms_s 2kl et 2

FAIN EAD AUTO FUNC L
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For Temperature Values

To convert a temperature value, you must use tmpCnv( ) instead of the » operator.

tmpCnv(expression_tempUnitl, °tempUnit2)

'—For©, press [°]

For example, to convert 100_°C to _°F:

= tmpCra 100 _°C, _°F)

212. - _"F
trpchnue(lOB_2c, 2§32
t c (100 ° of) HAIN RAD AUTD FUNC 170
mpCnv ¢,

(o] e}

t t fie

= —_F
e 24 212
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For Temperature Ranges

To convert a temperature range (the difference between two temperature values), use
AtmpCnv( ).

AtmpCnv(expression_°tempUnitl, °tempUnit2)

For example, to convert a 100_°C range to itS  [a prcrwcion. o, oF
equivalent range in _°F: I

FAIN EAD AUTD FUNC 1450

. _°F

AtmpCnv(100 °c, °f)

—1mc—
Note: For A, press: ’ -
1[I (D] s —F
«— 180 °F—

Setting the Default Units for Displayed Results

All results involving units are displayed in the default unit for that category. For example,
if the default unit for Length is _m, any length result is displayed in meters (even if you
entered _km or _ft in the calculation).
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If You’re Using the Sl or ENG/US System

The Sl and ENG/US systems of measurement

(set from Page 3 of the MODE screen) use
built-in default units, which you cannot
change.

The default units for these systems are
available.

Setting Custom Defaults

To set custom defaults:

1. Press ® 3 to set Unit System =
CUSTOM.

Press @ to highlight SET DEFAULTS.

Press () to display the CUSTOM UNIT
DEFAULTS dialog box.

Constants and Measurement Units

MODE

Fi Fz Fz
Faode 1[Fade z(Fade 2
- it By

e Enter=SAVE 3

E_ ESCSCAMCEL 3

If Unit System=SI or
ENG/US, the Custom
Units item is dimmed.
You cannot set a
default for individual
categories.

HMODE

Fi Fz Fz
Faode 1[Fade z(Fade 2

Landuads...,

Enter=SAVE

SRR
HULTE +

Endlish *

ESCSCAMCEL
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4. For each category, you can highlight its
default, press @, and select a unit from
the list.

5. Press twice to save your changes
and exit the MODE screen.

CUSTOM UMIT DEFAULTS

El%ctric
Chards ..
Fotenkia
Rsistance...
Conduckanc
Capacibancs
[1a Fiz1d =
a3 Flux Densi
Madnetic Flux.

Induckance.....oeeees
_CEREer=zAvE
You can also’move
the cursor by typing
the first letter of a
unit.

Notes:

*  You can also use setUnits( ) or getUnits( ) to set or return information about default
units. Refer to the Technical Reference module.

*  When the CUSTOM UNIT DEFAULTS dialog box first appears, it shows the current
default units.

What is the NONE Default?

Many categories let you select NONE as the default unit.

This means that results in that category are ELTTOR UNIT BEFAILTE
displayed in the default units of its "
components.

Fog
T Fressurs

k(Enttr:Sﬁ'.'E A ESC=CAM

For example, Area = Lengthz, so Length is the
component of Area.
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» If the defaults are Area = _acre and Length = _m (meters), area results are shown
with _acre units.

2

» If you set Area = NONE, area results are shown with _m* units.

Note: NONE is not available for base categories such as Length and Mass that have no
components.

Creating Your Own User-Defined Units

In any category, you can expand the list of available units by defining a new unit in terms
of one or more pre-defined units. You can also use “standalone” units.

Why Use Your Own Units?
Some example reasons to create a unit are:

* You want to enter length values in dekameters. Define 10_m as a new unit named
_dm.

+ Instead of entering _m/_s? as an acceleration unit, you define that combination of
units as a single unit named _ms2.

* You want to calculate how many times someone blinks. You can use _blinks as a
valid unit without defining it. This “standalone” unit is treated similar to a variable that
is not defined. For instance, 3 _blinks is treated the same as 3a.

Note: If you create a user-defined unit for an existing category, you can select it from the

UNITS dialog box menu. But you cannot use to select the unit as a default for
displayed results.
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Rules for User-Defined Unit Names
The naming rules for units are similar to variables.

* Can have up to 8 characters.

*  First character must be an underscore. For _, press:

(L]

+ Second character can be any valid variable name character except _ or a digit. For
example, 9fis not valid.

* Remaining characters (up to 6) can be any valid variable name character except an
underscore.

Defining a Unit

Define a unit the same way you store to a variable.
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definition >_newUnit

L For >, press

For example, to define a dekameter unit: o ol ]|
=10 _m* _dm 18_m
=y, 2 =N
10_m >_dm =z =2
m4Ge msZ 24,15

- . . ==

To define an acceleration unit: T A

Assuming unit
defaults for Length
and Time are set to
_mand _s.

_m/_s*2 > ms2

To calculate 195 blinks in 5 minutes as L 195 _blinks

_blinks/_min: -man Lg5.=hlinks
—=

195 _blinks- (S _min
2T RADAUTD _ FUNC 1730

195_blinks/(5_min) A X "
ssuming uni
default for Time is
setto _s.

Notes:

» User-defined units are displayed in lowercase characters, regardless of the case you
use to define them.

» User-defined units such as _dm are stored as variables. You can delete them the
same as you would any variable.
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List of Pre-Defined Constants and Units

This section lists the pre-defined constants and units by category. You can select any of
these from the UNITS dialog box. If you use to set default units, note that
categories with only one defined unit are not listed.

Defaults for S| and ENG/US

The Sl and ENG/US systems of measurement use built-in default units. In this section,
the built-in defaults are indicated by (Sl) and (ENG/US). In some categories, both
systems use the same default.

Some categories do not have default units.

Constants
Description Value
C speed of light 2.99792458E8 m/_s
_Cc  coulomb constant 8.9875517873682E9_N+_m? /_coul?
9 acceleration of gravity 9.80665_m/_s2
_Gc  gravitational constant 6.6742E -11_m3/_kg/_s?
_h Planck’s constant 6.6260693E-34_J+_s
k Boltzmann’s constant 1.3806505E -23_J/_°K
_Me  electron rest mass 9.1093826E -31_kg
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Description Value
_Mn neutron rest mass 1.67492728E -27_kg
_Mp proton rest mass 1.67262171E-27_kg
_Na Avogadro’s number 6.0221415E23 /_mol
q electron charge 1.60217653E -19_coul
_Rb  Bohr radius 5.291772108E-11_m
_Rc molar gas constant 8.314472_J/_mol/_°K
_Rdb  Rydberg constant 10973731.568525 /_m
_Vm  molar volume 2.2413996E -2_m3/_mol
_€0 permittivity of a vacuum 8.8541878176204E-12_F/_m
o Stefan-Boltzmann constant 5 570400E-8 W/ m?%/ °K*
_60 magnetic flux quantum 2.06783372E-15_Wb
_M0  permeability of a vacuum 4 2566370614359E -6_N/_A2
_ub  Bohrmagneton 9.27400949E -24_J +_m?/_Wb
Notes:

»  The calculator simplifies unit expressions and displays results according to your
default units. Therefore, constant values displayed on your screen may appear
different from the values in this table.

* For Greek characters, refer to Quick Reference Key Table.
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» These values represent the most up-to-date constants available at time of printing
from the CODATA Internationally recommended values of the Fundamental Physical
Constants available on the National Institute of Standards and Technology (NIST)

web site. (http://physics.nist.gov/cuu/Constants/index.html).

Length
_Ang angstrom _mi mile
_au astronomical unit _mil 1/1000 inch
_cm centimeter _mm millimeter
_fath fathom _Nmi nautical mile
fm fermi _pc parsec
_ft foot (ENG/US) _rod rod
in inch _vyd yard
km kilometer M micron
_ltyr light year A angstrom
_m meter (SI)
Area
_acre acre NONE (SI) (ENG/US)
_ha hectare
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Volume

_cup cup _ml milliliter
_floz fluid ounce _pt pint
_flozUK British fluid ounce _qt quart
_gal gallon _tbsp | tablespoon
_galuK British gallon _tsp teaspoon
_ liter NONE (SI) (ENG/US)
Time
_day day _S second (SI) (ENG/US)
_hr hour _week | week
_min minute _yr year
_ms millisecond _us microsecond
_ns nanosecond
Velocity
_knot | knot _mph | miles per hour
_kph | kilometers per hour NONE (Sl) (ENG/US)
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Acceleration

no pre-defined units

Temperature
_°C | °Celsius (For °, press _°K | °Kelvin
[].)
_°F °Fahrenheit _°R | °Rankine (no default)

Luminous Intensity

‘ _cd | candela (no default)

Amount of Substance

‘ _mol ’ mole (no default)

Mass

_amu | atomic mass unit _oz ounce
_gm gram _slug slug

_kg kilogram (SI) _ton ton

_Ib pound (ENG/US) _tonne | metric ton
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_mg milligram _tonUK | long ton

_mton | metric ton

Force

_dyne |dyne _N newton (SI)

_kof kilogram force _tonf ton force

_Ibf pound force (ENG/US)

Energy

_Btu | British thermal unit J joule (SI)
(ENG/US)

_cal calorie _kcal kilocalorie

_erg |erg _kWh | kilowatt-hour

eV electron volt _latm liter-atmosphere

_ftib | foot-pound

Power

_hp horsepower (ENG/US) W watt (SI)

_kW | kilowatt
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Pressure

_atm atmosphere _mmHg millimeters of mercury

_bar bar _Pa pascal (SI)

_inH20 inches of water _psi pounds per square
inch (ENG/US)

_inHg inches of mercury _torr millimeters of mercury

_mmH20 | millimeters of water

Viscosity, Kinematic

N

stokes

Viscosity, Dynamic

‘ P l poise

Frequency

_GHz gigahertz _kHz kilohertz
_Hz hertz (SI) (ENG/US _MHz megahertz
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Electric Current

_A ampere (Sl) (ENG/US) _mA milliampere

_kA kiloampere _MA microampere
Charge
‘ _coul | coulomb (SI) (ENG/US) | ‘

Potential

_kv kilovolt % volt (SI) (ENG/US)

_mV millivolt _volt volt
Resistance

_kQ kilo ohm _ohm ohm

_MQ megaohm _Q ohm (SI) (ENG/US)
Conductance

_mho mho (ENG/US) _siemens | siemens (SI)

_mmho millimho _umho micromho
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Capacitance

F farad (SI) (ENG/US)

_PF

picofarad

_nF nanofarad

_uF

microfarad

Mag Field Strength

‘ _Oe | oersted

| NONE (SI) (ENG/US)

Mag Flux Density

‘ _Gs | gauss ‘ T ‘ tesla (SI) (ENG/US)
Magnetic Flux
‘ Wb | weber (SI) (ENG/US) | |
Inductance
_henry henry (SI) (ENG/US) _nH nanohenry
_mH millihenry _uH microhenry

Constants and Measurement Units

301



Basic Function Graphing

Overview of Steps in Graphing Functions

To graph one or more y(x) functions, use the general steps shown below. For a detailed
description of each step, refer to the following pages. You may not need to do all the
steps each time you graph a function.

Graphing Functions

1. Set Graph mode ((MODE]) to FUNCTION. BT
Also set Angle mode, if necessary. [—I—IJ, e

2. Define x and y components on Y= Editor
1 [v=D).

3. Select ([F4]) which defined functions to
graph. e —
Note: To turn off any stat data plots, press
5 or use [F4] to deselect them.
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4. Set the display style for a function.
[Fe]

This is optional. For multiple equations,
this helps visually distinguish one from

another.
5. Define the viewing window [¢] [WINDOW]). smin= 10,
. . #scl=1. )
Zoom also changes the viewing dnin=10.
i 1=1."
window. gscl=l.
6. Change the graph format if necessary. RAEA FORHATE )
Coordinates. ... .-
9
Dis<ontinuity Detsckion Dldd+
(1[0

7. Graph the selected functions ((¢] [GRAPH]).

Exploring the Graph
From the Graph screen, you can:

» Display the coordinates of any pixel by using the free-moving cursor, or of a plotted
point by tracing a function.

*+ Usethe Zoom toolbar menu to zoom in or out on a portion of the graph.
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« Use the Math toolbar menu to find a zero, minimum, maximum, etc.
Setting the Graph Mode

Before graphing y(x) functions, you must select FUNCTION graphing. You may also
need to set the Angle mode, which affects how the TI-89 Titanium graphs trigonometric
functions.

Graph Mode

1. Press to display the MODE dialog
box, which shows the current mode
settings.

Enter=3AVE EZC=CANCEL

2. Set the Graph mode to FUNCTION. Refer to “Setting Modes” in Operating the
Calculator.

For graphs that do not use complex numbers, set Complex Format = REAL.
Otherwise, it may affect graphs that use powers, such as x'’3.

While this module specifically describes y(x) function graphs, the calculator lets you
select from six Graph mode settings.

Graph Mode Setting Description
FUNCTION y(x) functions
PARAMETRIC x(t) and y(t) parametric equations
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Graph Mode Setting Description

POLAR r(0) polar equations
SEQUENCE u(n) sequences
3D z(x,y) 3D equations

DIFFERENTIAL EQUATION y'(t) differential equations

Angle Mode

When using trigonometric functions, set the Angle mode for the units (RADIAN,
DEGREE or GRADIAN) in which you want to enter and display angle values.

Checking the Status Line

To see the current Graph mode and Angle mode, check the status line at the bottom of
the screen.

MAIN RAD AUTO FUMC
Angle Graph
Mode Mode

Defining Functions for Graphing

In FUNCTION graphing mode, you can graph functions named y1(x) through y99(x). To
define and edit these functions, use the Y= Editor. (The Y= Editor lists function names for
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the current graphing mode. For example, in POLAR graphing mode, function names are
r1(6), r2(0), etc.)

Defining a New Function

1. Press [¢][¥=] to display the Y= Editor.

[ipiEP LR | Plots — You can scroll above y1=to see
a list of stat plots.

E%E_glm Function List — You can scroll through
it the list of functions and definitions.

ol Cegd=l o2 =2
HHAIN FAD AUTO FUHLC

Entry Line — Where you define or edit the
function highlighted in the list.

Note: The function list shows abbreviated function names such as y1, but the entry
line shows the full name y1(x).

2. Press @ and ® to move the cursor to any undefined function. (Use ® and
® to scroll one page at a time.)

Press or [F3] to move the cursor to the entry line.
Type the expression to define the function.
* The independent variable in function graphing is x.

» The expression can refer to other variables, including matrices, lists, and other
functions. Only floats and lists of floats will produce a plot.

Note: For an undefined function, you do not need to press or [F3]. When you
begin typing, the cursor moves to the entry line.

5. When you complete the expression, press [ENTER].
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The function list now shows the new function, which is automatically selected for
graphing.

Note: If you accidentally move the cursor to the entry line, press to move it back to
the function list.

Editing a Function
From the Y= Editor:

Press @ and ® to highlight the function.
Press or [F3] to move the cursor to the entry line.
Do any of the following:

* Use ® and © to move the cursor within the expression and edit it. Refer to
“Editing an Expression in the Entry Line” in Operating the Calculator.

*  Press [CLEAR] once or twice to clear the old expression, and then type the new
one.

4. Press [ENTER].

The function list now shows the edited function, which is automatically selected for
graphing.

Note: To cancel any editing changes, press instead of [ENTER].
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Clearing a Function

From the Y= Editor:

To erase: Do this:

A function from the function Highlight the function and press or
list (CLEAR].

A function from the entry line  Press [CLEAR] once or twice (depending on
the cursor’s location) and then press

ENTER].

All functions Press and then select 8:Clear
Functions. When prompted for

confirmation, press (ENTER].

Note: 8 does not erase any stat plots.

You don’t have to clear a function to prevent it from being graphed. You can select the
functions you want to graph.

Shortcuts to Move the Cursor

From the Y= Editor:

Press: To:
(¢]®or Go to function 1 or to the last defined function,
f® respectively. If the cursor is on or past the last

defined function, [¢] ® goes to function 99.
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From the Home Screen or a Program
You can also define and evaluate a function from the Home screen or a program.

* Use the Define and Graph commands. Refer to:

“Graphing a Function Defined on the Home Screen” and “Graphing a Piecewise
Defined Function” in Additional Graphing Topics.
- “Overview of Entering a Function” in Programming.

+  Store an expression directly to a function variable. Refer to:

- “Storing and Recalling Variable Values” in Operating the Calculator.
“Creating and Evaluating User-Defined Functions” in Calculator Home Screen.

Note: User-defined functions can have almost any name. However, if you want them to
appear in the Y= Editor, use function names y1(x), y2(x), etc.

Selecting Functions to Graph

Regardless of how many functions are defined in the Y= Editor, you can select the ones
you want to graph.

Selecting or Deselecting Functions
Press [¢] [Y=] to display the Y= Editor.

A “v” indicates which functions will be graphed the next time you display the Graph
screen.
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Selected ez If PLOT numbers are
\,Hlm displayed, those stat plots are
922 Tule) selected.
gd=
Deselected o2 In this example, Plots 1 and 2
T R T are selected. To view them,

scroll above y1=.

To select or deselect: Do this:

A specified function «  Move the cursor to highlight the function.

+  Press (F4].

This procedure selects a deselected
function or deselects a selected function.

All functions +  Press(F5] to display the All toolbar menu.
*  Select the applicable item.

1:A11 OFF

thunctions Oh
JiFunctions Off
4:iReset. Stules
Sibats Plots OFF

You don’t have to select a function when you enter or edit it; it is selected automatically.
To turn off any stat plots, press 5 or use to deselect them.

From the Home Screen or a Program

You can also select or deselect functions from the Home screen or a program.

Basic Function Graphing 310



* Use the FnOn and FnOff commands (available from the Home screen’s Other
toolbar menu) for functions. Refer to the Technical Reference module.

» Use the PlotsOn and PlotsOff commands for stat plots. Refer to the Technical
Reference module.

Setting the Display Style for a Function

For each defined function, you can set a style that specifies how that function will be
graphed. This is useful when graphing multiple functions. For example, set one as a
solid line, another as a dotted line, etc.

Displaying or Changing a Function’s Style
From the Y= Editor:

1. Move the cursor to highlight the applicable function.
2. Select the Style menu and press: [F6]

* Although the Line item is initially
highlighted, the function’s current style is
indicated by a v mark.

+ To exit the menu without making a
change, press [ESC].
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3. To make a change, select the applicable style.

Style Description

Line Connects plotted points with a line. This is the default.

Dot Displays a dot at each plotted point.

Square Displays a solid box at each plotted point.

Thick Connects plotted points with a thick line.

Animate A round cursor moves along the leading edge of the graph
but does not leave a path.

Path A round cursor moves along the leading edge of the graph
and does leave a path.

Above Shades the area above the graph.

Below Shades the area below the graph.

To set Line as the style for all functions, press and select 4:Reset Styles.

If You Use Above or Below Shading
The TI-89 Titanium has four shading patterns, used on a rotating basis. If you set one

function as shaded, it uses the first pattern. The next shaded function uses the second
pattern, etc. The fifth shaded function reuses the first pattern.

When shaded areas intersect, their patterns
overlap.

bl
Il
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From the Home Screen or a Program

You can also set a function’s style from the Home screen or a program. Refer to the Style
command in the Technical Reference module.

Defining the Viewing Window

The viewing window represents the portion of the coordinate plane displayed on the
Graph screen. By setting Window variables, you can define the viewing window’s
boundaries and other attributes. Function graphs, parametric graphs, etc., have their
own independent set of Window variables.

Displaying Window Variables in the Window Editor

Press [¢] [wiNDOW] to display the Window Editor.

ymax
/Xmin wscl

yscl xmax/

ymin
Window Variables Corresponding Viewing Window
(shown in Window Editor) (shown on Graph screen)
Variable Description
Xmin, xmax, Boundaries of the viewing window.
ymin, ymax
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Variable Description

xscl, yscl Distance between tick marks on the x and y axes.

xres Sets pixel resolution (1 through 10) for function graphs.
The default is 2.

* At1, functions are evaluated and graphed at each pixel
along the x axis.

* At 10, functions are evaluated and graphed at every 10th
pixel along the x axis.

To turn off tick marks, set xscl=0 and/or yscl=0. Small values of xres improve the graph’s
resolution but may reduce the graphing speed.
Changing the Values

From the Window Editor:

1. Move the cursor to highlight the value you want to change.
2. Do any of the following:

* Type a value or an expression. The old value is erased when you begin typing.

*  Press to clear the old value; then type the new one.

*  Press (© or ® to remove the highlighting; then edit the value.
Values are stored as you type them; you do not need to press [ENTER]. simply

moves the cursor to the next Window variable. If you type an expression, it is evaluated
when you move the cursor to a different Window variable or leave the Window Editor.
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From the Home Screen or a Program

You can also store values directly to the Window variables from the Home screen or a
program. Refer to “Storing and Recalling Variable Values” in Operating the Calculator.

Changing the Graph Format

You can set the graph format to show or hide reference elements such as the axes, a
grid, and the cursor’s coordinates. Function graphs, parametric graphs, etc., have their
own independent set of graph formats.

Displaying Graph Format Settings

From the Y= Editor, Window Editor, or Graph screen, press and select 9:Format.

GRAFH

y » The GRAPH FORMATS dialog box shows
the current settings.

Codbdinatss

« To exit without making a change, press

Discontinuity Dekeckion Dldd+

e ERt2F=sAVE .1 EESL=CAMLEL -1 ESC N

You also can display the GRAPH FORMATS dialog box from the Y= Editor, Window
Editor, or Graph screen. Press: [¢] [1]

Format Description

Coordinates Shows cursor coordinates in rectangular (RECT) or polar
(POLAR) form, or hides (OFF) the coordinates.
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Format

Description

Graph Order

Graphs functions one at a time (SEQ) or all at the same
time (SIMUL). Not available when Discontinuity Detection
is set to ON.

Grid Shows (ON) or hides (OFF) grid points that correspond to
the tick marks on the axes.
Axes Shows (ON) or hides (OFF) the x and y axes.

Leading Cursor

Shows (ON) or hides (OFF) a reference cursor that tracks
the functions as they are graphed.

Labels

Shows (ON) or hides (OFF) labels for the x and y axes.

Discontinuity
Detection

Eliminates (ON) or allows (OFF) faux asymptotes and
connections in a jump discontinuity.

To turn off tick marks, define the viewing window so that xscl and/or yscl = 0.

Changing Settings

From the GRAPH FORMATS dialog box:

Move the cursor to highlight the format setting.

Press (» to display a menu of valid settings for that format.

Select a setting. Either:
«  Move the cursor to highlight the setting, and then press [ENTER].

*  Press the number for that setting.
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4. After changing all applicable format settings, press to save your changes and
close the GRAPH FORMATS dialog box.

Note: To cancel a menu or exit the dialog box without saving any changes, use
instead of [ENTER].

Graphing the Selected Functions

When you are ready to graph the selected functions, display the Graph screen. This
screen uses the display style and viewing window that you previously defined.

Displaying the Graph Screen

Press [¢] [GRAPH]. The TI-89 Titanium automatically graphs the selected functions.

BUSY indicator shows while
graphing is in progress.

[ZrI] EAD AUT FIRC L ELY |

If you select an Zoom operation from the Y= Editor or Window Editor, the TI-89
Titanium automatically displays the Graph screen.

Interrupting Graphing

While graphing is in progress:
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»  To pause graphing temporarily, press [ENTER]. (The PAUSE indicator replaces BUSY.) To
resume, press [ENTER] again.

» To cancel graphing, press [ON]. To start graphing again from the beginning, press
(ReGraph).

If You Need to Change the Viewing Window

Depending on various settings, a function may be graphed such that it is too small, too
large, or offset too far to one side of the screen. To correct this:

* Redefine the viewing window with different boundaries.

* Use a Zoom operation.

Smart Graph

When you display the Graph screen, the Smart Graph feature displays the previous
window contents immediately, provided nothing has changed that requires regraphing.

Smart Graph updates the window and regraphs only if you have:

+ Changed a mode setting that affects graphing, a function’s graphing attribute, a
Window variable, or a graph format.

» Selected or deselected a function or stat plot. (If you only select a new function,
Smart Graph adds that function to the Graph screen.)

» Changed the definition of a selected function or the value of a variable in a selected
function.

* Cleared a drawn object.
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* Changed a stat plot definition.
Displaying Coordinates with the Free-Moving Cursor

To display the coordinates of any location on the Graph screen, use the free-moving
cursor. You can move the cursor to any pixel on the screen; the cursor is not confined to
a graphed function.

Free-Moving Cursor

When you first display the Graph screen, no cursor is visible. To display the cursor, press
a cursor pad arrow. The cursor moves from the center of the screen, and its coordinates
are displayed.

\/Q;— y1 (x)=x2

— The “c” indicates these are cursor coordinates.
x%c1. 253165 | we:.526316 The values are stored in the xc and yc system
variables. Rectangular coordinates use xc and
yc. Polar coordinates use rc and Oc.

If your screen does not show coordinates, set the graph format so that Coordinates =
RECT or POLAR. Press:

()

To move the free-moving cursor: Press:

To an adjoining pixel A cursor pad arrow for any direction.
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To move the free-moving cursor: Press:

In increments of 10 pixels and then a cursor pad arrow.

Note: To hide the cursor and its coordinates temporarily, press [CLEAR], (ESC], or [ENTER].
The next time you move the cursor, it moves from its last position.

When you move the cursor to a pixel that appears to be “on” the function, it may be near
the function but not on it.

Fi-| Fa-] F2 [X] FE- | Fi= [FP=%:0
[T o s|2 o0 | T acg|ReGr aph|Makh|braw|Fenf:2

Cursor coordinates are for

\g the center of the pixel, not
xci2.1519 uctd. 7654 the function.

HMAIN EAD AUTO FUHC

To increase the accuracy:

» Use the Trace tool described on the next page to display coordinates that are on the
function.

* Use a Zoom operation to zoom in on a portion of the graph.
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Tracing a Function

To display the exact coordinates of any plotted point on a graphed function, use the
Trace tool. Unlike the free-moving cursor, the trace cursor moves only along a function’s
plotted points.

Beginning a Trace
From the Graph screen, press [F3].

The trace cursor appears on the function, at the middle x value on the screen. The
cursor’s coordinates are displayed at the bottom of the screen.

If multiple functions are graphed, the trace cursor appears on the lowest-numbered
function selected in the Y= Editor. The function number is shown in the upper right part
of the screen.

If any stat plots are graphed, the trace cursor appears on the lowest-numbered stat plot.

Moving along a Function

To move the trace cursor: Do this:
To the previous or next plotted point Press (© or (.
Approximately 5 plotted points Press ©or ®.

(it may be more or less than 5,
depending on the xres Window variable)
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To move the trace cursor: Do this:

To a specified x value on the function Type the x value and

press [ENTER].

Note: If you enter an x value, it must be between xmin and xmax.

The trace cursor moves only from plotted point to plotted point along the function, not
from pixel to pixel.

Function number being traced.
For example: y3(x).

\Bz —— Trace coordinates are
xeiZ, 1519 goi 4. B30 those of the function, not

HMAlN EAD AUTI FUNC
the pixel.

If your screen does not show coordinates, set the graph format so that Coordinates =
RECT or POLAR. Press:

)M

Each displayed y value is calculated from the x value; that is, y=yn(x). If the function is
undefined at an x value, the y value is blank.

You can continue to trace a function that goes above or below the viewing window. You
cannot see the cursor as it moves in that “off the screen” area, but the displayed
coordinate values show its correct coordinates.

Note: Use QuickCenter to trace a function that goes above or below the window.
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Moving from Function to Function

Press ® or @ to move to the previous or next selected function at the same x value. The
new function number is shown on the screen.

The “previous or next” function is based on the order of the selected functions in the Y=
Editor, not the appearance of the functions as graphed on the screen.

Automatic Panning

If you trace a function off the left or right edge of the screen, the viewing window

automatically pans to the left or right. There is a slight pause while the new portion of the
graph is drawn.

4 4
A A A A
VARV 4 VAV \#
xcill, ot ~4. 19538 #cil1B, 2532 ot -3, 38033
Before automatic pan After automatic pan

After an automatic pan, the cursor continues tracing.

Note: Automatic panning does not work if stat plots are displayed or if a function uses a
shaded display style.
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Using QuickCenter

If you trace a function off the top or bottom of the viewing window, you can press
to center the viewing window on the cursor location.

AN

Hoid. 17722 Qi 17 4491

Before using QuickCenter  After using QuickCenter

After QuickCenter, the cursor stops tracing. If you want to continue tracing, press [F3].

You can use QuickCenter at any time during a trace, even when the cursor is still on the
screen.

Canceling Trace
To cancel a trace at any time, press [ESC].

A trace is also canceled when you display another application screen such as the Y=
Editor. When you return to the Graph screen and press to begin tracing:

» If Smart Graph regraphed the screen, the cursor appears at the middle x value.

« If Smart Graph does not regraph the screen, the cursor appears at its previous
location (before you displayed the other application).
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Using Zooms to Explore a Graph

The [F2] Zoom toolbar menu has several tools that let you adjust the viewing window. You
can also save a viewing window for later use.
Overview of the Zoom Menu

Press from the Y= Editor, Window Editor, or Graph screen.

Procedures for using ZoomBox, Zoomin,
ZoomOut, ZoomStd, Memory, and SetFactors
are given later in this section.

1: omBos
Zoomln
31 ZoomOut,
4 ZoombDec

2t ZoomSor
&1 ZoomSto

viZoomTrig
SlloomInt

For more information about the other items,
refer to the Technical Reference module.

Note: If you select a Zoom tool from the Y=Editor or Window Editor, the TI-89 Titanium
automatically displays the Graph screen.

Zoom Tool Description

ZoomBox Lets you draw a box and zoom in on that box.

Zoomln, Lets you select a point and zoom in or out by an amount

ZoomOut defined by SetFactors.

ZoomDec Sets Ax and Ay to .1, and centers the origin.

ZoomSqr Adjusts Window variables so that a square or circle is
shown in correct proportion (instead of a rectangle or
ellipse).
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Zoom Tool Description

ZoomStd Sets Window variables to their default values.
xmin =-10 ymin =-10 xres = 2
xmax =10 ymax =10
xscl =1 yscl =1

ZoomTrig Sets Window variables to preset values that are often
appropriate for graphing trig functions. Centers the origin
and sets:

Ax = 1/24 (.130899... radians ymin = -4
or 7.5 degrees) ymax = 4

xscl = n/2 (1.570796... radians  yscl = 0.5
or 90 degrees)

Zoomint Lets you select a new center point, and then sets Ax and
Ay to 1 and sets xscl and yscl to 10.

ZoomData Adjusts Window variables so that all selected stat plots are
in view.
ZoomFit Adjusts the viewing window to display the full range of

dependent variable values for the selected functions. In
function graphing, this maintains the current xmin and
xmax and adjusts ymin and ymax.

Memory Lets you store and recall Window variable settings so that
you can recreate a custom viewing window.

SetFactors Lets you set Zoom factors for ZoomIn and ZoomOut.

Ax and Ay are the distances from the center of one pixel to the center of an adjoining
pixel.
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Zooming In with a Zoom Box

1. From the [F2] Zoom menu, select 1:ZoomBox.
The screen prompts for 1st Corner?

2. Move the cursor to any corner of the box y1(x)=2 * sin(x)
you want to define, and then press [ENTER].

The cursor changes to a small square, T:I
and the screen prompts for 2nd Corner?

2hd Corpner?
o L B32911 | ucs2.36842

Note: To move the cursor in larger
increments, use ®, @, etc.

3. Move the cursor to the opposite corner of
the zoom box. =]
As you move the cursor, the box T
StretCheS. =cid 81013 uct -3.42185

4. When you have outlined the area you
want to zoom in on, press [ENTER].

The Graph screen shows the zoomed .
area. You can cancel ZoomBox by
pressing before you press [ENTER].
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Zooming In and Out on a Point

1.

From the [F2) Zoom menu, select 2:Zoomlin
or 3:ZoomOut.
A cursor appears, and the screen New Camber?
#cil.51899 ycs. TEI4TS

prompts for New Center?

Move the cursor to the point where you

want to zoom in or out, and then press t -

ENTER].

The TI-89 Titanium adjusts the Window
variables by the Zoom factors defined in
SetFactors.

~x0il, 31899 ol TETY

* For aZoomin, the x variables are divided by xFact, and the y variables are

divided by yFact.

new xmin = xmin/xFact , etc.

* For a ZoomOut, the x variables are multiplied by xFact, and the y variables are

multiplied by yFact.

new xmin = xmin * xFact , etc.

Changing Zoom Factors

The Zoom factors define the magnification and reduction used by Zoomin and ZoomOut.
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1. From the [F2) Zoom menu, select C:SetFactors to display the ZOOM FACTORS dialog
box.

Zoom factors must be > 1, but they do
not have to be integers. The default
setting is 4.

Note: To exit without saving any changes, press [ESC].
2. Use @ and @ to highlight the value you want to change. Then:

« Type the new value. The old value is cleared automatically when you begin
typing.
+  Press © or ® to remove the highlighting, and then edit the old value.

3. Press (after typing in an input box, you must press twice) to save any
changes and exit the dialog box.

Saving or Recalling a Viewing Window

After using various Zoom tools, you may want to return to a previous viewing window or
save the current one.

1. From the [F2) Zoom menu, select 15 ZoomPrey
B:Memory to display its submenu. i SoomRol

2. Select the applicable item.

Basic Function Graphing 329



Select: To:

1:ZoomPrev Return to the viewing window displayed before the
previous zoom.

2:ZoomSto Save the current viewing window. (The current Window
variable values are stored to the system variables
zxmin, zxmax, etc.)

3:ZoomRcl Recall the viewing window last stored with ZoomSto.

Note: You can store only one set of Window variable values at a time. Storing a new set
overwrites the old set.

Restoring the Standard Viewing Window

You can restore the Window variables to their default values at any time. From the
Zoom menu, select 6:ZoomStd.

Using Math Tools to Analyze Functions

On the Graph screen, the Math toolbar menu has several tools that help you analyze
graphed functions.
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Overview of the Math Menu

Press from the Graph screen.

teerg
SiHinimum

&3 Flasimum

St Intersection
tilerivativesy

Tiifoadds
Sdlnflection

On the Derivatives submenu, only

dy/dx is available for function
/graphing. The other derivatives

are available for other graphing
modes (parametric, polar, etc.).

P Lo |
oL DL AL
E
.
b atand

Math Tool Description

Value Evaluates a selected y(x) function at a specified x value.
Zero, Finds a zero (x-intercept), minimum, or maximum point
Minimum, within an interval.

Maximum

Intersection

Finds the intersection of two functions.

Derivatives Finds the derivative (slope) at a point.

Jf(x)dx Finds the approximate numerical integral over an interval.

Inflection Finds the inflection point of a curve, where its second
derivative changes sign (where the curve changes
concavity).

Distance Draws and measures a line between two points on the
same function or on two different functions.

Tangent Draws a tangent line at a point and displays its equation.

Arc Finds the arc length between two points along a curve.
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Math Tool Description

Shade Depends on the number of functions graphed.

. If only one function is graphed, this shades the
function’s area above or below the x axis.

. If two or more functions are graphed, this shades the
area between any two functions within an interval.

Note: For Math results, cursor coordinates are stored in system variables xc and yc (rc
and 6c if you use polar coordinates). Derivatives, integrals, distances, etc., are stored in
the system variable sysMath.

Finding y(x) at a Specified Point

1. From the Graph screen, press and select 1:Value.

2. Type the x value, which must be a real value between xmin and xmax. The value can
be an expression.

3. Press [ENTER]. y1(x)=1.25x * cos(x)

The cursor moves to that x value on the
first function selected in the Y= Editor, \ i /\
and its coordinates are displayed. \/ v,

=i uct -3, 71247

1

4. Press @ or ® to move the cursor between functions at the entered x value. The
corresponding y value is displayed.

If you press © or ®), the free-moving cursor appears. You may not be able to move it
back to the entered x value.
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You can also display function coordinates by tracing the function ([F3]), typing an x value,
and pressing (ENTER].

Finding a Zero, Minimum, or Maximum within an Interval

From the Graph screen, press and select 2:Zero, 3:Minimum, or 4:Maximum.
2. As necessary, use @ and @ to select the applicable function.
Note: Typing x values is a quick way to set bounds.

3. Set the lower bound for x. Either use (© and () to move the cursor to the lower bound
or type its x value.

4. Press [ENTER]. A » at the top of the screen marks the lower bound.

5. Set the upper bound, and press (ENTER]. \

The cursor moves to the solution, and its
coordinates are displayed.

Zero
#oid 71239 ycsi. \

Finding the Intersection of Two Functions within an Interval

1. From the Graph screen, press and select 5:Intersection.

2. Select the first function, using @ or @ as necessary, and press [ENTER]. The cursor
moves to the next graphed function.

Select the second function, and press [ENTER].

Set the lower bound for x. Either use © and () to move the cursor to the lower bound
or type its x value.
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5. Press [ENTER]. A » at the top of the screen marks the lower bound.

6. Set the upper bound, and press [ENTER].
. . y2(x)=2x~
The cursor moves to the intersection, and 7\

its coordinates are displayed. \ [ /(
%2%{2.20452

Finding the Derivative (Slope) at a Point

1. From the Graph screen, press and select 6:Derivatives. Then select 1:dy/dx from
the submenu.

2. As necessary, use @ and @ to select the applicable function.

3. Set the derivative point. Either move the
cursor to the point or type its x value. it
4. Press [ENTER]. X/ .! N \
dusdie= -2 BESY

The derivative at that point is displayed.

Finding the Numerical Integral over an Interval

1. From the Graph screen, press and select 7:]f(x)dx.
2. As necessary, use @ and @ to select the applicable function.
Note: Typing x values is a quick way to set the limits.
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3.

4.

Set the lower limit for x. Either use © and ) to move the cursor to the lower limit or
type its x value.

Press [ENTER]. A » at the top of the screen marks the lower limit.
Note: To erase the shaded area, press (ReGraph).

Set the upper limit, and press [ENTER].

The interval is shaded, and its
approximate numerical integral is
displayed.

JE =13, 6334

Finding an Inflection Point within an Interval

From the Graph screen, press and select 8:Inflection.
As necessary, use @ and ® to select the applicable function.

Set the lower bound for x. Either use © and () to move the cursor to the lower bound
or type its x value.

Press [ENTER]. A » at the top of the screen marks the lower bound.

Set the upper bound, and press [ENTER]. \ [ J\
The cursor moves to the inflection point (if <7
gc:z.szssk

any) within the interval, and its
coordinates are displayed.

Finding the Distance between Two Points

1.

From the Graph screen, press and select 9:Distance.
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As necessary, use @ and ® to select the function for the first point.

Set the first point. Either use © or ® to move the cursor to the point or type its x
value.

Press [ENTER]. A + marks the point.
If the second point is on a different function, use ® and @ to select the function.

Set the second point. (If you use the cursor to set the point, a line is drawn as you
move the cursor.)

7. Press [ENTER]. \

The distance between the two points is
displayed, along with the connecting line.

Distance=10. !93?

h

Drawing a Tangent Line

From the Graph screen, press and select A:Tangent.
2. As necessary, use @ and @ to select the applicable function.
Note: To erase a drawn tangent line, press (ReGraph).

3. Set the tangent point. Either move the
cursor to the point or type its x value. /\
4. Press [ENTER]. X / j \
y=-2, 93453 +4, 83823,

The tangent line is drawn, and its
equation is displayed.
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Finding an Arc Length

1. From the Graph screen, press and select B:Arc.
As necessary, use @ and @ to select the applicable function.

Set the first point of the arc. Either use @ or ¢) to move the cursor or type the x
value.

4. Press [ENTER]. A + marks the first point.

5. Set the second point, and press [ENTER].
A + marks the second point, and the arc
F|r*c,=é.6638

length is displayed.

A

Shading the Area between a Function and the x Axis

You must have only one function graphed. If you graph two or more functions, the Shade

tool shades the area between two functions.

1. From the Graph screen, press and select C:Shade. The screen prompts for Above

X axis?
2. Select one of the following. To shade the function’s area:
« Above the x axis, press [ENTER].

* Below the x axis, press:
N

Basic Function Graphing

337



3. Set the lower bound for x. Either use @ and () to move the cursor to the lower bound
or type its x value.

Note: If you do not press © or (), or type an x value when setting the lower and
upper bound, xmin and xmax will be used as the lower and upper bound,
respectively.

4. Press [ENTER]. A » at the top of the screen marks the lower bound.

5. Set the upper bound, and press [ENTER].

The bounded area is shaded. To erase
the shaded area, press (ReGraph).

Shading the Area between Two Functions within an Interval

You must have at least two functions graphed. If you graph only one function, the Shade
tool shades the area between the function and the x axis.

1. From the Graph screen, press and select C:Shade. The screen prompts for
Above?

As necessary, use @ or @ to select a function. (Shading will be above this function.)

Press [ENTER]. The cursor moves to the next graphed function, and the screen
prompts for Below?

4. As necessary, use @ or @ to select another function. (Shading will be below this
function.)

5. Press [ENTER].
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6. Setthe lower bound for x. Either use @ and () to move the cursor to the lower bound
or type its x value.

Note: If you do not press © or (), or type an x value when setting the lower and
upper bound, xmin and xmax will be used as the lower and upper bound,
respectively.

7. Press [ENTER]. A » at the top of the screen marks the lower bound.

8. Set the upper bound, and press [ENTER]. Below
The bounded area is shaded. To erase function
the shaded area, press (ReGraph).
Above
function
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Polar Graphing

Overview of Steps in Graphing Polar Equations

To graph polar equations, use the same general steps used for y(x) functions as
described in Basic Function Graphing. Any differences that apply to polar equations are
described on the following pages.

Graphing Polar Equations

1. Set Graph mode (MODE]) to POLAR. Also S—
set Angle mode, if necessary. M

REAL +
EECTANIGLLAR
OH*

Enksr=SAVE ESCECANCEL

2. Define x and y components on Y= Editor
I [v=)).

3. Select ([F4]) which defined equations to
graph. Select the x or y component, or
both.

Note: To turn off any stat data plots press
5 or use [F4] to deselect them.

EAD AUTO FOL

rligi=Sksint2, Skd
HRIN
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4. Set the display style for an equation. You
can set either the x or y component.

[Fe]

This is optional. For multiple equations,
this helps visually distinguish one from
another.
5. Define the viewing window ([¢] [WINDOW]). ~ grir=s. __ .

651;,9p=_.é3989969389 =re
Zoom also changes the viewing )

window.
6. Change the graph format if necessary. i GRAFH FORHATS
Codrdinates ..., LI+
GFarh OFder ... SEQ 3
9 it T2
—or- Lonets o oEr s
ol

7. Graph the selected equations

(C¢] [GRAPH]).

Exploring the Graph
From the Graph screen, you can:
» Display the coordinates of any pixel by using the free-moving cursor, or of a plotted

point by tracing a polar equation.
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*  Use the [F2] Zoom toolbar menu to zoom in or out on a portion of the graph.

*+ Usethe Math toolbar menu to find derivatives, tangents, etc. Some menu items
are not available for polar graphs.

Differences in Polar and Function Graphing

This module assumes that you already know how to graph y(x) functions as described in
Basic Function Graphing. This section describes the differences that apply to polar
equations.

Setting the Graph Mode

Use to set Graph = POLAR before you define equations or set Window variables.
The Y= Editor and the Window Editor let you enter information for the current Graph
mode setting only.

You should also set the Angle mode to the units (RADIAN or DEGREE) you want to use
for 6.

Defining Polar Equations on the Y= Editor

You can define polar
equations for r1(0)
o T T ) through r99(6).

KAD AUTO POL
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You can use the Define command from the Home screen (see the Technical Reference
module) to define functions and equations for any graphing mode, regardless of the
current mode.

The Y= Editor maintains an independent function list for each Graph mode setting. For
example, suppose:

* In FUNCTION graphing mode, you define a set of y(x) functions. You change to
POLAR graphing mode and define a set of r(6) equations.

*  When you return to FUNCTION graphing mode, your y(x) functions are still defined
in the Y= Editor. When you return to POLAR graphing mode, your r(0) equations are
still defined.

Selecting the Display Style

The Above and Below styles are not available for polar equations and are dimmed on the
Y= Editor’s Style toolbar menu.

Window Variables

The Window Editor maintains an independent set of Window variables for each Graph
mode setting (just as the Y= Editor maintains independent function lists). Polar graphs
use the following Window variables.

Variable Description

Omin, Omax Smallest and largest 0 values to evaluate.
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Variable Description

Ostep Increment for the 6 value. Polar equations are evaluated
at:
r(dmin)
r(@min+0step)
r(0min+2(Ostep))
... not to exceed ...
r(0max)

xmin, xmax, Boundaries of the viewing window.
ymin, ymax

xscl, yscl Distance between tick marks on the x and y axes.

Note: You can use a negative Ostep. If so, Omin must be greater than 6max.

Standard values (set when you select 6:ZoomStd from the [F2] Zoom toolbar menu) are:

Omin = 0. xmin =-10. ymin =-10.

Omax = 21 (6.2831853... radians or ~ xmax = 10. ymax = 10.
360 degrees)

Ostep = /24  (.1308996... radians or 7.5 xscl = 1. yscl = 1.
degrees)

You may need to change the standard values for the 6 variables (6min, 6max, Ostep) to
ensure that enough points are plotted.

Setting the Graph Format

To display coordinates as r and 6 values, use:
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[F1 9
—or—

()

to set Coordinates = POLAR. If Coordinates = RECT, the polar equations will be graphed
properly, but coordinates will be displayed as x and y.

When you trace a polar equation, the 6 coordinate is shown even if Coordinates = RECT.

Exploring a Graph

As in function graphing, you can explore a graph by using the following tools. Any
displayed coordinates are shown in polar or rectangular form as set in the graph format.

Tool For Polar Graphs:

Free-Moving ~ Works just as it does for function graphs.
Cursor

Zoom Works just as it does for function graphs.

*  Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

+  The 6 Window variables (Omin, Omax, Ostep) are not
affected unless you select 6:ZoomStd (which sets
Omin = 0, Bmax = 27, and Ostep = 1/24).
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Tool For Polar Graphs:

Trace Lets you move the cursor along a graph one Ostep at a
time.

*  When you begin a trace, the cursor is on the first selected
equation at Omin.

*  QuickCenter applies to all directions. If you move the
cursor off the screen (top or bottom, left or right), press
ENTER| to center the viewing window on the cursor
location.

*  Automatic panning is not available. If you move the cursor
off the left or right side of the screen, the TI-89 Titanium /
Voyage™ 200 Graphing Calculator will not automatically
pan the viewing window. However, you can use
QuickCenter.

Math Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent, and
B:Arc are available for polar graphs. These tools are
based on 6 values. For example:

* 1:Value displays an r value (or x and y, depending on the
graph format) for a specified 6 value.

- 6:Derivatives finds dy/dx or dr/d6 at a point defined for
a specified 0 value.

During a trace, you can also evaluate r(6) by typing the 6 value and pressing [ENTER].

Note: You can use QuickCenter at any time during a trace, even if the cursor is still on
the screen.
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Parametric Graphing

Overview of Steps in Graphing Parametric

Equations

To graph parametric equations, use the same general steps used for y(x) functions as

described in Basic Function Graphing. Any differences that apply to parametric

equations are described on the following pages.

Graping Parametic Equations

1. Set Graph mode ([MODE]) to PARAMETRIC.
Also set Angle mode, if necessary.

2. Define x and y components on Y= Editor
CJLy=D).

3. Select ([F4]), which defined equations to
graph. Select the x or y component, or
both.

Note: To turn off any stat data plots, press
5 or use [F4] to deselect them.

Parametric Graphing

HMODE
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4. Set the display style for an equation. You
can set either the x or y component.

) o]

This is optional. For multiple equations,
this helps visually distinguish one from

another.
5. Define the viewing window ([¢] [WINDOW]). ~ tnir=g.
tstep=02
Zoom also changes the viewing ynins g
window. Smine s,
grax=10,
yszcl=5
6. Change the graph format if necessary. A
9
(][O

7. Graph the selected equations

(C#] [GRAPH]).

Exploring the Graph
From the Graph screen, you can:

+ Display the coordinates of any pixel by using the free-moving cursor, or of a plotted
point by tracing a parametric equation.
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*  Use the [F2] Zoom toolbar menu to zoom in or out on a portion of the graph.

* Usethe Math toolbar menu to find derivatives, tangents, etc. Some menu items
are not available for parametric graphs.

Differences in Parametric and Function Graphing

This module assumes that you already know how to graph y(x) functions as described in
Basic Function Graphing. This section describes the differences that apply to parametric
equations.

Setting the Graph Mode

Use to set Graph = PARAMETRIC before you define equations or set Window
variables. The Y= Editor and the Window Editor let you enter information for the current
Graph mode setting only.

Defining Parametric Equations on the Y= Editor

To graph a parametric equation, you must define both its x and y components. If you
define only one component, the equation cannot be graphed. (However, you can use
single components to generate an automatic table as described in Tables.)

Enter x and y components on
separate lines.

§§§§ You can define xt1(t) through

A TR 7T (o) xt99(t) and yt1(t) through yto9(t).

EAD AUTO Fhk
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Be careful when using implied multiplication with t. For example:

Enter: Instead of: Because:

t¥cos(60)  tcos(60) tcos is interpreted as a user-defined function
called tcos, not as implied multiplication.
In most cases, this refers to a nonexistent
function. So the TI-89 Titanium simply returns
the function name, not a number.

Note: When using t, be sure implied multiplication is valid for your situation. You can use
the Define command from the Home screen (see the Technical Reference module) to
define functions and equations for any graphing mode, regardless of the current mode.

The Y= Editor maintains an independent function list for each Graph mode setting. For
example, suppose:

* In FUNCTION graphing mode, you define a set of y(x) functions. You change to
PARAMETRIC graphing mode and define a set of x and y components.

*  When you return to FUNCTION graphing mode, your y(x) functions are still defined
in the Y= Editor. When you return to PARAMETRIC graphing mode, your x and y
components are still defined.

Selecting Parametric Equations

To graph a parametric equation, select either its x or y component or both. When you
enter or edit a component, it is selected automatically.

Selecting x and y components separately can be useful for tables as described in Tables.

With multiple parametric equations, you can select and compare all the x components or
all the y components.
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Selecting the Display Style

You can set the style for either the x or y component. For example, if you set the
x component to Dot, the TI-89 Titanium automatically sets the y component to Dot.

Note: Use the Animate and Path styles for interesting projectile-motion effects.

The Above and Below styles are not available for parametric equations and are dimmed
on the Y= Editor’s Style toolbar menu.

Window Variables

The Window Editor maintains an independent set of Window variables for each Graph
mode setting (just as the Y= Editor maintains independent function lists). Parametric

graphs use the following Window variables.

Note: You can use a negative tstep. If so, tmin must be greater than tmax.

Variable Description

tmin, tmax Smallest and largest t values to evaluate.

tstep Increment for the t value. Parametric equations are
evaluated at:
x(tmin) y(tmin)
x(tmin+tstep) y(tmin+tstep)
x(tmin+2(tstep)) y(tmin+2(tstep))
... not to exceed ... ... hot to exceed ...
x(tmax) y(tmax)

Xmin, xmax, Boundaries of the viewing window.

ymin, ymax
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Variable Description

xscl, yscl Distance between tick marks on the x and y axes.

Standard values (set when you select 6:ZoomStd from the [F2) Zoom toolbar menu) are:

tmin =0 xmin =-10. ymin =-10.

tmax = 27 (6.2831853... radians xmax = 10. ymax = 10.
or 360 degrees)

tstep =m/24  (.1308996... radians xscl = 1. yscl = 1.
or 7.5 degrees)

You may need to change the standard values for the t variables (tmin, tmax, tstep) to
ensure that enough points are plotted.

Exploring a Graph
As in function graphing, you can explore a graph by using the following tools.
Note: During a trace, you can also evaluate x(t) and y(t) by typing the t value and

pressing [ENTER]. You can use QuickCenter at any time during a trace, even if the cursor is
still on the screen.

Tool For Parametric Graphs:
Free-Moving Works just as it does for function graphs.
Cursor
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Tool For Parametric Graphs:

Zoom Works just as it does for function graphs, with the
following exceptions:

Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

The t Window variables (tmin, tmax, tstep) are not
affected unless you select 6:ZoomStd (which sets
tmin = 0, tmax = 2%, and tstep = n/24).

Trace Lets you move the cursor along a graph one tstep at a
time.

When you begin a trace, the cursor is on the first
selected parametric equation at tmin.

QuickCenter applies to all directions. If you move the
cursor off the screen (top or bottom, left or right), press
ENTER] to center the viewing window on the cursor
location.

Automatic panning is not available. If you move the
cursor off the left or right side of the screen, the TI-89
Titanium will not automatically pan the viewing window.
However, you can use QuickCenter.

Math Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent,
and B:Arc are available for parametric graphs. These
tools are based on t values. For example:

1:Value displays x and y values for a specified t value.

6:Derivatives finds dy/dx, dy/dt, or dx/dt at a point
defined for a specified t value.
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Sequence Graphing

Overview of Steps in Graphing Sequences

To graph sequences, use the same general steps used for y(x) functions as described in

Basic Function Graphing. Any differences are described on the following pages.

Graphing Sequences

1. Set Graph mode ((MODE]) to SEQUENCE.
Also set Angle mode, if necessary.

2. Define sequences and, if needed, initial
values on Y= Editor ((¢] [Y=]).

3. Select ([F4]) which defined sequences to
graph. Do not select initial values.

Note: To turn off any stat data plots, press
5 or use [F4] to deselect them.

4. Set the display style for a sequence.

[Fe]
For sequences, the default style is
Square.

Sequence Graphing
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5. Define the viewing window ([¢] [WINDOW]).  rmir=g,

=00,
plotStri=1.

. . plgt§tep=1.
Zoom also changes the viewing s,
window. peeloli.

6. Change the graph format if necessary. £ GEAFH FURHATS )

Conrdinates..... RECT #
9 g HE ]

E |I] e EnkzF=ZAVE ¢ ESC=CAMCEL

7. Graph the selected equations 1

(%] [GRAPH)). -

nciZP.
HCIOV. Uctd4a9e,

L 3

Exploring the Graph
From the Graph screen, you can:

« Display the coordinates of any pixel by using the free-moving cursor, or of a plotted
point by tracing a sequence.

* Use the [F2) Zoom toolbar menu to zoom in or out on a portion of the graph.

+ Usethe Math toolbar menu to evaluate a sequence. Only 1:Value is available for
sequences.

* Plot sequences on Time (the default), Web, or Custom axes.

Note: You can also evaluate a sequence while tracing. Simply enter the n value directly
from the keyboard.
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Differences in Sequence and Function Graphing

This module assumes that you already know how to graph y(x) functions as described in
Basic Function Graphing. This section describes the differences that apply to
sequences.

Setting the Graph Mode

Use to set Graph = SEQUENCE before you define sequences or set Window
variables. The Y= Editor and the Window Editor let you enter information for the current
Graph mode setting only.

Defining Sequences on the Y= Editor

Fir| Fir[Fx [F4 |FEq Fér| F?
Ton1g|zonra|Edit] « |AT7|steTefAxes.

FLOTE

You can define sequences u1(n) through u99(n).

s ™ Use ui only for recursive sequences, which
e e Tee—| | fequire one or more initial values.
FAIN SEQ

EhD HUTD

If a sequence requires more than one initial value, enter them as a list enclosed in
braces { } and separated by commas. You must use a list to enter two or more initial
values.

S UEEUEn = L+ u3ih - 2)
uiz={1 o

uid= | Enter {1,0} even though {1 0} is

Wiz={1,0r . .
L] LT TR shown in the sequence list.
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If a sequence requires an initial value but you do not enter one, you will get an error
when graphing.

On the Y= Editor, Axes lets you select the axes that are used to graph the sequences.
Optionally, for sequences only, you can select different axes for the graph. TIME is the
default.

Axes Description

TIME Plots n on the x axis and u(n) on the y axis.
WEB Plots u(n-1) on the x axis and u(n) on the y axis.
CUSTOM Lets you select the x and y axes.

The Y= Editor maintains an independent function list for each Graph mode setting. For
example, suppose:

* In FUNCTION graphing mode, you define a set of y(x) functions. You change to
SEQUENCE graphing mode and define a set of u(n) sequences.

*  When you return to FUNCTION graphing mode, your y(x) functions are still defined
in the Y= Editor. When you return to SEQUENCE graphing mode, your u(n)
sequences are still defined.

Note: You can use the Define command from the Home screen (see Technical

Reference) to define functions and equations for any graphing mode, regardless of the
current mode.
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Selecting Sequences

With TIME and WEB axes, the TI-89 Titanium graphs only the selected sequences. If
you entered any sequences that require an initial value, you must enter the
corresponding ui value.

Note: With TIME and CUSTOM axes, all defined sequences are evaluated even if they
are not plotted.

Fir| Fi=|FZ [y i51 Fa~ | F7 '|
You Can Select a Tools|Zoom|Edit] ~ [RT1 e Te|Axes...
— N eEECEEYEST
sequence uil=4008
2=
. ulgz
You cannot select its u“i‘§=
L wd=
initial value. UL =TFarty, Bral (ro 1D +10.
IMN RAD AUTO SEQ

With CUSTOM axes, when you specify a sequence in the custom settings, it is graphed
regardless of whether it is selected.

Selecting the Display Style
Only the Line, Dot, Square, and Thick styles are available for sequence graphs. Dot and

Square mark only those discrete integer values (in plotstep increments) at which a
sequence is plotted.
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Window Variables

The Window Editor maintains an independent set of Window variables for each Graph
mode setting (just as the Y= Editor maintains independent function lists). Sequence
graphs use the following Window variables.

Variable Description

nmin, nmax Smallest and largest n values to evaluate. Sequences are
evaluated at:
u(nmin)
u(nmin+1)
u(nmin+2)
... hot to exceed ...
u(nmax)

plotStrt The term number that will be the first one plotted
(depending on plotstep). For example, to begin plotting
with the 2nd term in the sequence, set plotstrt = 2. The
first term will be evaluated at nmin but not plotted.

plotStep Incremental n value for graphing only. This does not affect
how the sequence is evaluated, only which points are
plotted. For example, suppose plotstep = 2. The
sequence is evaluated at each consecutive integer but is
plotted at only every other integer.

Xmin, xmax, Boundaries of the viewing window.
ymin, ymax
xscl, yscl Distance between tick marks on the x and y axes.

Note: Both nmin and nmax must be positive integers, although nmin can be zero; nmin,
nmax, plotstrt and plotstep must be integers > 1. If you do not enter integers, they will be
rounded to integers.
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Standard values (set when you select 6:ZoomStd from the [F2] Zoom toolbar menu) are:

nmin = 1. xmin =-10. ymin =-10.
nmax = 10. xmax = 10. ymax = 10.
plotstrt = 1. xscl = 1. yscl = 1.
plotstep = 1.

You may need to change the standard values for the n and plot variables to ensure that

sufficient points are plotted.

To see how plotstrt affects graph, look at the following examples of a recursive
sequence.

This graph is plotted beginning with the 1st term.

plotStrt=1

This graph is plotted beginning with the 9th term. —

plotStrt=9

Note: Both of these graphs use the same Window variables, except for plotstrt.

Sequence Graphing
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With TIME axes (from Axes on the Y= Editor), you can set plotstrt = 1 and still graph only
a selected part of the sequence. Simply define a viewing window that shows only the
area of the coordinate plane you want to view.

You could set:

« xmin = first n value to graph

* xmax = nmax (although you can use other

values) plotStrt= nma

* ymin and ymax = expected values for the
sequence

Changing the Graph Format
The Graph Order format is not available.

+  With TIME or CUSTOM axes, multiple sequences are always plotted simultaneously.
+  With WEB axes, multiple sequences are always plotted sequentially.

Exploring a Graph

As in function graphing, you can explore a graph by using the following tools. Any
displayed coordinates are shown in rectangular or polar form as set in the graph format.

Tool For Sequence Graphs:

Free-Moving Works just as it does for function graphs.
Cursor
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Tool

For Sequence Graphs:

Zoom

Works just as it does for function graphs.

Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

The n and plot Window variables (nmin, nmax, plotStrt,
plotStep) are not affected unless you select 6:ZoomStd

(which sets all Window variables to their standard
values).

Trace

Depending on whether you use TIME, CUSTOM, or WEB
axes, Trace operates very differently.

With TIME or CUSTOM axes, you move the cursor along
the sequence one plotstep at a time. To move
approximately ten plotted points at a time, press ®
or @©.

- When you begin a trace, the cursor is on the first
selected sequence at the term number specified by
plotstrt, even if it is outside the viewing window.

- QuickCenter applies to all directions. If you move the
cursor off the screen (top or bottom, left or right),
press to center the viewing window on the
cursor location.

With WEB axes, the trace cursor follows the web, not the
sequence.

Math

Only 1:Value is available for sequence graphs.

With TIME and WEB axes, the u(n) value (represented
by yc) is displayed for a specified n value.

With CUSTOM axes, the values that correspond to x and
y depend on the axes you choose.

Sequence Graphing
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During a trace, you can evaluate a sequence by typing a value for n and pressing [ENTER].
You can use QuickCenter at any time during a trace, even if the cursor is still on the
screen.

Setting Axes for Time, Web, or Custom Plots

For sequences only, you can select different types of axes for the graph. Examples of the
different types are given later in this module.

Displaying the AXES Dialog Box

From the Y= Editor, Axes:

+ Depending on the current Axes setting, ¢ REES "w.
some items may be dimmed. fues TIMES
Buih_i !ﬂltb: TRACE *
+ To exit without making any changes, A
press [ESC].
e Enker=3AYE 3 € ESCSCAMCEL 2
Item Description
Axes TIME — Plots u(n) on the y axis and n on the x axis.

WEB — Plots u(n) on the y axis and u(n—1) on the x axis.
CUSTOM — Lets you select the x and y axes.

Build Web  Active only when Axes = WEB, this specifies whether a web
is drawn manually (TRACE) or automatically (AUTO).
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Item Description

X Axis Active only when Axes = CUSTOM, these let you select the
and value or sequence to plot on the x and y axes.
Y Axis

To change any of these settings, use the same procedure that you use to change other
types of dialog boxes, such as the MODE dialog box.

Using Web Plots

A web plot graphs u(n) vs. u(n-1), which lets you study the long-term behavior of a
recursive sequence. The examples in this section also show how the initial value can
affect a sequence’s behavior.

Valid Functions for Web Plots

A sequence must meet the following criteria; otherwise, it will not be graphed properly on
WEB axes. The sequence:

*  Must be recursive with only one recursion level; u(n-1) but not u(n-2).
« Cannot reference n directly.

« Cannot reference any other defined sequence except itself.

When You Display the Graph Screen

After you select WEB axes and display the Graph screen, the TI-89 Titanium:
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» Draws a y=x reference line.

* Plots the selected sequence definitions as functions, with u(n-1) as the independent
variable. This effectively converts a recursive sequence into a nonrecursive form for
graphing.

For example, consider the sequence u1(n) = J/5—-ul(n—1) and an initial value of ui1=1.

The TI-89 Titanium draws the y=x reference line and then plotsy =y = J/5-x.

Drawing the Web

After the sequence is plotted, the web may be displayed manually or automatically,
depending on how you set Build Web on the AXES dialog box.

If Build Web = The web is:

TRACE Not drawn until you press [F3]. The web is then drawn
step-by-step as you move the trace cursor (you must
have an initial value before using Trace).

Note: With WEB axes, you cannot trace along the
sequence itself as you do in other graphing modes.

AUTO Drawn automatically. You can then press to trace the
web and display its coordinates.

The web:

1. Starts on the x axis at the initial value ui (when plotstrt = 1).

2. Moves vertically (either up or down) to the sequence.
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3. Moves horizontally to the y=x reference line.

4. Repeats this vertical and horizontal movement until n=nmax.

Note: The web starts at plotstrt. The value of n is incremented by 1 each time the web
moves to the sequence (plotStep is ignored).

Example: Convergence

On the Y= Editor ((¢] [¥=]), define u1(n) = -.8u1(n-1) + 3.6. Set initial value ui1 = -4.
Set Axes = TIME.
On the Window Editor ((#] [winDow]), set the Window variables.

nmin=1 xmin=0 ymin=-10
nmax=25 xmax=25 ymax=10
plotstrt=1 xscl=1 yscl=1
plotstep=1

4. Graph the sequence ([#] [GRAPH]).  y(n)

By default, a sequence uses the R ol Aok ek
Square display style. I

5. On the Y= Editor, set Axes = WEB and Build Web = AUTO.
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6. On the Window Editor, change the Window variables.

nmin=1 xmin=-10 ymin=-10
nmax=25 xmax=10 ymax=10
plotstrt=1 xscl=1 yscl=1
plotstep=1

7. Regraph the sequence.

Web plots are always shown as u(n

lines, regardless of the selected y=".8x + 3-¢ JI e | [u(n=1)
display style.

y=x
Note: During a trace, you can
move the cursor to a specified n
value by typing the value and

pressing [ENTER].

8. Press[F3). As you press (»), the trace cursor follows the web. The screen displays the
cursor coordinates nc, xc, and yc (where xc and yc represent u(n-1) and u(n),
respectively).

As you trace to larger values of nc, you can see xc and yc approach the convergence
point.

Note: When the nc value changes, the cursor is on the sequence. The next time you
press ®, nc stays the same but the cursor is now on the y=x reference line.
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Example: Divergence

1.

On the Y= Editor (3] [v=]), define u1(n) = 3.2u1(n-1) - .8(u1(n-1))2. Set initial value

ui1l =4.45.
Set Axes = TIME.

On the Window Editor ((#] [winDow]), set the Window variables.

nmin=0 xmin=0 ymin=-75
nmax=10 xmax=10 ymax=10
plotstrt=1 xscl=1 yscl=1
plotstep=1

Graph the sequence ((¢] [GRAPH]). u(n)|

Because the sequence quickly
diverges to large negative values,
only a few points are plotted.

On the Y= Editor, set Axes = WEB and Build Web = AUTO.

On the Window Editor ((#] [winDow]), set the Window variables.

nmin=0 xmin=-10 ymin=-10
nmax=10 xmax=10 ymax=10
plotstrt=1 xscl=1 yscl=1
plotstep=1
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Regraph the sequence. u(n

The web plot shows how quickly the u(n-1)
sequence diverges to large negative

values. y=3.2x—.8x2

Example: Oscillation

This example shows how the initial value can affect a sequence.

1.

On the Y= Editor ([¢] [Y=]), use the same sequence defined in the divergence
example: u1(n) = 3.2u1(n-1) - .8(u1(n-1))2. Set initial value ui1 = 0.5.

Set Axes = TIME.

On the Window Editor ((¢] [winDOow]), set the Window variables.

nmin=1 xmin=0 ymin=0
nmax=100 xmax=100 ymax=5
plotstrt=1 xscl=10 yscl=1
plotstep=1

Graph the sequence ((¢] [GRAPH]). u(n)
Note: Compare this graph with the L

divergence example. This is the same
sequence with a different initial value.

On the Y= Editor, set Axes = WEB and Build Web = AUTO.
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6. On the Window Editor ((¢] [winDOW]), set the Window variables.

nmin=1 Xmin=2.68 ymin=4.7
nmax=100 Xmax=6.47 ymax=47
plotstrt=1 xscl=1 yscl=1
plotstep=1
7. Regraph the sequence. u(n)
Note: The web moves to an orbit Lé[ ; u(n-1)
oscillating between two stable points. 4' \

y=3.2x—.8x2

8. Press [F3]. Then use O to trace the web.

As you trace to larger values of nc, notice that xc and yc oscillate between 2.05218
and 3.19782.

9. On the Window Editor, set plotstrt=50.
Then regraph the sequence.

Note: By starting the web plot at a later 4' \

term, the stable oscillation orbit is
shown more clearly.

Using Custom Plots

CUSTOM axes give you great flexibility in graphing sequences. As shown in the
following example, CUSTOM axes are particularly effective for showing relationships
between one sequence and another.
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Example: Predator-Prey Model

Using the predator-prey model in biology, determine the numbers of rabbits and foxes
that maintain population equilibrium in a certain region.

R = Number of rabbits

M = Growth rate of rabbits if there are no foxes (use .05)
K = Rate at which foxes can kill rabbits (use .001)

w = Number of foxes

G = Growth rate of foxes if there are rabbits (use .0002)
D = Death rate of foxes if there are no rabbits (use .03)
Rn = R4 (1+M-KW,,)

Wn = W, (1+GR, -D)

1. On the Y= Editor ([¢] [¥=]), define the sequences and initial values for R, and W,,.
ul(n) =u1(n-1) * (1 +.05 - .001 * u2(n-1))

ui1 =200
u2(n) = u2(n-1) * (1 +.0002 * u1(n-1) - .03)
ui2 =50

Note: Assume there are initially 200 rabbits and 50 foxes.
2. Set Axes = TIME.
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3. On the Window Editor ((¢] [winDOW]), set the Window variables.

nmin=0 xmin=0 ymin=0
nmax=400 xmax=400 ymax=300
plotstrt=1 xscl=100 yscl=100
plotstep=1
4. Graph the sequence u(n)
(C+] [GRAPH]). Ao}
ut(n)- -
Note: Use [F3] to individually \VAVAN
trace the number of rabbits U2(N) = ™

u1(n) and foxes u2(n) over time

(n).

On the Y= Editor, set Axes = CUSTOM, X Axis = u1, and Y Axis = u2.
On the Window Editor ((¢] [winDow]), set the Window variables.

nmin=0 xmin=84 ymin=25
nmax=400 xmax=237 ymax=75
plotstrt=1 xscl=50 yscl=10
plotstep=1
7. Regraph the sequence. w2(n)
Note: Use to trace both the number of
rabbits (xc) and foxes (yc) over the cycle
of 400 generations. u1(n)
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Using a Sequence to Generate a Table

Previous sections described how to graph a sequence. You can also use a sequence to
generate a table. Refer to Tubles for detailed information.

Example: Fibonacci Sequence

In a Fibonacci sequence, the first two terms are 1 and 1. Each succeeding term is the

sum of the two immediately preceding terms.

1. On the Y= Editor ((¢] [Y=]), define the
sequence and set the initial values as
shown.

2. Set table parameters ((¢] [TBLSET]) to:
tbiStart = 1
Atbl =1
Independent = AUTO

Sequence Graphing
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3. Set Window variables ([¢] [WINDOW]) so
that nmin has the same value as tblStart.

4. Display the table ((¢] [TABLE]).

5. Scroll down the table (® or [2nd] @) to see
more of the sequence.

Sequence Graphing
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3D Graphing

Overview of Steps in Graphing 3D Equations

To graph 3D equations, use the same general steps used for y(x) functions as described
in Basic Function Graphing. Any differences that apply to 3D equations are described on

the following pages.

Graphing 3D Equations

1. Set Graph mode ([MODE]) to 3D. Also set
Angle mode, if necessary.

2. Define 3D equations on Y= Editor
I [¥=D).

3. Select ([F4]) which equation to graph. You
can select only one 3D equation.

To turn off any stat data plots, press 5
or use [F4] to deselect them.

4. Define the viewing cube ((¢] [WINDOW]).

For 3D graphs, the viewing window is
called the viewing cube. Zoom also
changes the viewing cube.

3D Graphing
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5. Change the graph format if necessary. GRAPH FURHATS

Covrdinates RECT»
[ L. Jea— RHEZ *
9 Labsls....... ON#
1., MIRE FEAME #
j— Or’ -
E] m E Enter=SAVE T2 E_ESCSCHMCEL 2

Note: To help you see the orientation of
3D graphs, turn on Axes and Labels.

6. Graph the selected equations

(C¢]J [GRAPH]).

Note: Before displaying the graph, the
screen shows the “percent evaluated.”

Exploring the Graph
From the Graph screen, you can:

» Trace the equation.

* Usethe Zoom toolbar menu to zoom in or out on a portion of the graph. Some of
the menu items are dimmed because they are not available for 3D graphs.

* Usethe Math toolbar menu to evaluate the equation at a specified point. Only
1:Value is available for 3D graphs.

You can also evaluate z(x,y) while tracing. Type the x value and press [ENTER]; then type
the y value and press [ENTER].
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Differences in 3D and Function Graphing

This module assumes that you already know how to graph y(x) functions as described in
Basic Function Graphing. This section describes the differences that apply to 3D
equations.

Setting the Graph Mode
Use to set Graph = 3D before you define equations or set Window variables. The

Y= Editor and the Window Editor let you enter information for the current Graph mode
setting only.

Defining 3D Equations on the Y= Editor

You can define 3D equations
| for z1(x,y) through z99(x,y).

L=
Z1 Gy =™ By —g ™ Ik 0 390
HAIH FAD AUTO =0

The Y= Editor maintains an independent function list for each Graph mode setting. For
example, suppose:

* In FUNCTION graphing mode, you define a set of y(x) functions. You change to 3D
graphing mode and define a set of z(x,y) equations.
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*  When you return to FUNCTION graphing mode, your y(x) functions are still defined
in the Y= Editor. When you return to 3D graphing mode, your z(x,y) equations are
still defined.

Note: You can use the Define command from the Home screen (see the Technical
Reference module) to define functions and equations for any graphing mode, regardless
of the current mode.

Selecting the Display Style

Because you can graph only one 3D equation at a time, display styles are not available.
On the Y= Editor, the Style toolbar menu is dimmed.

For 3D equations, however, you can use:

9

—_ or -

CJ

to set the Style format to WIRE FRAME or HIDDEN SURFACE.

Window Variables

The Window Editor maintains an independent set of Window variables for each Graph
mode setting (just as the Y= Editor maintains independent function lists). 3D graphs use
the following Window variables.

Variable Description

eye0, eyed, Angles (always in degrees) used to view the graph.
eyey
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Variable Description
xmin, xmax, Boundaries of the viewing cube.
ymin, ymax,
zZmin, zmax
xgrid, ygrid  The distance between xmin and xmax and between ymin
and ymax is divided into the specified number of grids. The
z(x,y) equation is evaluated at each grid point where the
grid lines (or grid wires) intersect.
The incremental value along x and y is calculated as:
x increment = XMax —xmin
xgrid
y increment = YMax _ymin
ygrid
The number of grid wires is xgrid + 1 and ygrid + 1. For
example, when xgrid = 14 and ygrid = 14, the xy grid
consists of 225 (15 x 15) grid points.
z(xmin,ymin) z(xmin,ymax)
& "
z(xmax,ymin) z(xmax,ymax)
ncontour The number of contours evenly distributed along the

displayed range of z values.
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Note: If you enter a fractional number for xgrid or ygrid, it is rounded to the nearest whole
number > 1. The 3D mode does not have scl Window variables, so you cannot set tick
marks on the axes.

Standard values (set when you select 6:ZoomStd from the [F2] Zoom toolbar menu) are:

eyef = 20. xmin = -10. ymin =-10. zmin =-10.
eye¢ = 70. xmax = 10. ymax = 10. zmax = 10.
eyel) = 0. xgrid = 14. ygrid = 14. ncontour = 5.

You may need to increase the standard values for the grid variables (xgrid, ygrid) to
ensure that enough points are plotted.

Note: Increasing the grid variables decreases the graphing speed.

Setting the Graph Format

The Axes and Style formats are specific to the 3D graphing mode.

Exploring a Graph

As in function graphing, you can explore a graph by using the following tools. Any
displayed coordinates are shown in rectangular or cylindrical form as set in the graph
format. In 3D graphing, cylindrical coordinates are shown when you use use:

(F19
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()

to set Coordinates = POLAR.

Tool For 3D Graphs:
Free-Moving The free-moving cursor is not available.
Cursor
Zoom Works essentially the same as it does for function graphs,
but remember that you are now using three dimensions
instead of two.
*  Only the following zooms are available:
2:Zoomlin, 3:ZoomOut, 5:ZoomSqr, 6:Zoom$Std,
A:ZoomFit, B:Memory, C:SetFactors
*  Only x (xmin, xmax), y (ymin, ymax), and z (zmin,
zmax) Window variables are affected.
«  The grid (xgrid, ygrid) and eye (eye0, eye0, eyel))
Window variables are not affected unless you select
6:ZoomStd (which resets these variables to their standard
values).
Trace Lets you move the cursor along a grid wire from one grid

point to the next on the 3D surface.

When you begin a trace, the cursor appears at the
midpoint of the xy grid.

QuickCenter is available. At any time during a trace,
regardless of the cursor’s location, you can press to
center the viewing cube on the cursor.

Cursor movement is restricted in the x and y directions.
You cannot move the cursor beyond the viewing cube
boundaries set by xmin, xmax, ymin, and ymax.
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Tool For 3D Graphs:

Math Only 1:Value is available for 3D graphs. This tool displays
the z value for a specified x and y value.
After selecting 1:Value, type the x value and press [ENTER].

Then type the y value and press [ENTER|.

Note: During a trace, you can also evaluate z(x,y). Type the x value and press [ENTER];
then type the y value and press [ENTER].

Moving the Cursor in 3D

When you move the cursor along a 3D surface, it may not be obvious why the cursor
moves as it does. 3D graphs have two independent variables (x,y) instead of one, and
the x and y axes have a different orientation than other graphing modes.

How to Move the Cursor

On a 3D surface, the cursor always follows along a grid wire.

Cursor Key Moves the cursor to the next grid point in the:
® Positive x direction
© Negative x direction
o) Positive y direction
® Negative y direction
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Note: You can move the cursor only within the x and y boundaries set by Window
variables xmin, xmax, ymin, and ymax.

Although the rules are straightforward, the actual cursor movement can be confusing
unless you know the orientation of the axes.

In 2D graphing, the x and y axes always
have the same orientation relative to the
Graph screen.

In 3D graphing, x and y have a different z
orientation relative to the Graph screen. 7\@ Y
Also, you can rotate and/or elevate the

viewing angle.

eye0=20 eye=70 eyel=0

Note: To show the axes and their labels from the Y= Editor, Window Editor, or Graph
screen, use:

()

Simple Example of Moving the Cursor

The following graph shows a sloped plane that has the equation z1(x,y) = =(x +y)/ 2.
Suppose you want to trace around the displayed boundary.
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When you press [F3], the trace cursor appears
at the midpoint of the xy grid. Use the cursor
pad to move the cursor to any edge.

® moves in a positive & moves in a negative
x direction, up to xmax. / y direction, back to ymin.

@ moves in a positive (© moves in a negative
y direction, up to ymax. x direction, back to xmin.

By displaying and labeling the axes, you can more easily see the pattern in the cursor
movement. To move grid points closer together, you can increase Window variables
xgrid and ygrid.

When the trace cursor is on an interior point in the displayed plane, the cursor moves
from one grid point to the next along one of the grid wires. You cannot move diagonally
across the grid. Notice that the grid wires may not appear parallel to the axes.

Example of the Cursor on a Hidden Surface

On more complex shapes, the cursor may appear as if it is not on a grid point. This is an
optical illusion caused when the cursor is on a hidden surface.
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For example, consider a saddle shape z1(x,y) = (x2-y2) / 3. The following graph shows
the view looking down the y axis.

ZeiT iR, \gc,: -1.,42857 2ol 2RI et 1. 4zas7
You can move the cursor so If you cut away the front side,
that it does not appear to be you can see the cursor is
on a grid point. actually on a grid point on the

hidden back side.

Note: To cut away the front of the saddle in this example, set xmax=0 to show only
negative x values.

Example of an “Off the Curve” Cursor
Although the cursor can move only along a grid wire, you will see many cases where the

cursor does not appear to be on the 3D surface at all. This occurs when the z axis is too
short to show z(x,y) for the corresponding x and y values.
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For example, suppose you trace the paraboloid z(x,y) = X2 + .5y2 graphed with the
indicated Window variables. You can easily move the cursor to a position such as:

egeSfZB.
Trace cursor bt o
\ ®Min= -5,
; el
Valid trace 4 53’{}1:;5_ .
. gmax=5.
coordinates dorid=id,
zc127, 551 zmin=0.
H . ZMmax=9.
®oid. 28571 gt ~4, 28571 oontour=5.

Although the cursor is actually tracing the paraboloid, it appears off the curve because
the trace coordinates:

* xc and yc are within the viewing cube.
— but —

» zc is outside the viewing cube.

Note: QuickCenter lets you center the viewing cube on the cursor’s location. Simply
press [ENTER].

When zc is outside the z boundary of the viewing cube, the cursor is physically displayed
at zmin or zmax (although the screen shows the correct trace coordinates).

Rotating and/or Elevating the Viewing Angle

In 3D graphing mode, the eye6 and eyed¢ Window variables let you set viewing angles that
determine your line of sight. The eyey Window variable lets you rotate the graph around
that line of sight.
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How the Viewing Angle Is Measured

The viewing angle has three components:
+ eyef — angle in degrees from the
positive x axis.

+ eye¢ — angle in degrees from the
positive z axis.

+ eyel — angle in degrees by which the
graph is rotated counter-clockwise =e$=70.
around the line of sight set by eyef xmin=—ig.
and eye. St

Zrax=10.
ncontour=5.

Do not enter a °symbol. For
example, type 20, 70, and
0, not 20°, 70° and 0°.

Note: When eye)=0, the z axis is vertical on the screen. When eye)=90, the z axis is
rotated 90° counterclockwise and is horizontal.

In the Window Editor ([¢] [WINDOW]), always enter eye®, eyed, and eyel in degrees,
regardless of the current angle mode.
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Effect of Changing eyeb theta

The view on the Graph screen is always oriented along the viewing angle. From this
point of view, you can change eyef to rotate the viewing angle around the z axis.

z1(x,y) = (x°y — y°x) / 390 In this example eye¢ =
70

eyef = 20 7\@
v

eyeb =50

eyeb =80 y .

Note: This example increments eye6 by 30.
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Effect of Changing eye¢ phi

By changing eyed, you can elevate your viewing angle above the xy plane. If 90 < eye¢ <
270, the viewing angle is below the xy plane.

z1(x,y) = (x°y — y3x) / 390 In this example eye6 =
20
Z
eyed =90
— Y
z
=70
eyet L,
z
eyed = 50
° -
A

Note: This example starts on the xy plane (eye$ = 90) and decrements eye¢ by 20 to
elevate the viewing angle.

Effect of Changing eyel psi

The view on the Graph screen is always oriented along the viewing angles set by eye6
and eyed. You can change eye to rotate the graph around that line of sight.
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Note: During rotation, the axes expand or contract to fit the screen’s width and height.
This causes some distortion as shown in the example.

In this example,
z1(x,y)=(x>y-y>x) / 390 eye0=20 and eye¢=70

eyel =0

eyel =90

z
%v
eyel) = 45 z Y
K
y
Zﬁg
"

When eye=0, the z axis runs the height of
the screen. z=10
z="10
When eye)=90, the z axis runs the width of - >
the screen. =10 2=-10
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As the z axis rotates 90°, its range (-10 to 10 in this example) expands to almost twice its
original length. Likewise, the x and y axes expand or contract.

From the Home Screen or a Program

The eye values are stored in the system variables eye6, eyed, and eyel. You can access
or store to these variables as necessary.

To type ¢ or y, press [¢] [F] or (o] ([ [Y], respectively.
You can also press [cHAR] and use the Greek menu.

Animating a 3D Graph Interactively

After plotting any 3D graph, you can change the viewing angle interactively by using the
Cursor.

The Viewing Orbit

When using © and (® to animate a graph, think of it as moving the viewing angle along
its “viewing orbit” around the graph.

Moving along this orbit can
cause the z axis to wobble
slightly during the animation.
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Note: The viewing orbit affects the eye Window variables in differing amounts.

Animating the Graph

To:

Do this:

Animate the graph incrementally.

Press and release the cursor quickly.

Move along the viewing orbit.

©or®

Change the viewing orbit’s elevation.

(primarily increases or decreases
eyeo)

®or@

Animate the graph continuously.

Press and hold the cursor for about
1 second, and then release it.

To stop, press [ESC], (ENTER], [ON], or
C¢] [] (space).

Change between 4 animation
speeds (increase or decrease the
incremental changes in the eye
Window variables).

Press [+] or [=].

Change the viewing angle of a non-
animated graph to look along the x,
y, Or Z axis.

Press X, Y or Z, respectively.

Return to the initial eye angle values. Press 0 (zero).

Notes: If the graph is shown in expanded view, it returns to normal view automatically

when you press a cursor key.
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» After animating the graph, you can stop and then re-start the animation in the same
direction by pressing:
or (]

» During an animation, you can switch to the next graph format style by pressing:

™

* You can view a graphic that shows the eye angles.

Animating a Series of Graph Pictures

You can also animate a graph by saving a series of graph pictures and then flipping (or
cycling) through those pictures. Refer to “Animating a Series of Graph Pictures”

Additonal Graphing Topics. This method gives you more control over the Window
variable values, particularly eyel, which rotates the graph.

Changing the Axes and Style Formats

With its default settings, the TI-89 Titanium displays hidden surfaces on a 3D graph but
does not display the axes. However, you can change the graph format at any time.

Displaying the GRAPH FORMATS Dialog Box

From the Y= Editor, Window Editor, or Graph screen, press:
9
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_or_

()M
* The dialog box shows the current graph S
format settings. ren e D 5

Labsls....... OFF 3
Stule.......... HIDDEN SURFRCE #

« To exit without making a change, press
ESC].

Enter=SAVE ESC=CAMCEL

To change any of these settings, use the same procedure that you use to change other
types of dialog boxes, such as the MODE dialog box.

Examples of Axes Settings

To display the valid Axes settings, highlight 11 0FF
the current setting and press .

z1(x,y) = x2+.5y2

* AXES — Shows standard xyz axes. %
W

«  BOX — Shows 3-dimensional box axes.

The edges of the box are determined by
the Window variables xmin, xmax, etc.

In many cases, the origin (0,0,0) is inside the box, not at a corner. For example, if
Xmin = ymin = zmin =-10 and xmax = ymax = zmax = 10, the origin is at the center of
the box.
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Note: Setting Labels = ON is helpful when you display either type of 3D axes.

Examples of Style Settings

Note: WIRE FRAME is faster to graph and may be more convenient when you’re
experimenting with different shapes.

To display the valid Style settings, highlight
the current setting and press Q.

+  WIRE FRAME — Shows the 3D shape
as a transparent wire frame.

+ HIDDEN SURFACES — Uses shading
to differentiate the two sides of the 3D
shape.

Later sections in this module describe CONTOUR LEVELS, WIRE AND COUNTOUR,
and implicit plots.

Be Aware of Possible Optical lllusions

The eye angles used to view a graph (eye6, eyed, and eyel) Window variables) can result

in optical illusions that cause you to lose perspective on a graph. Typically, most optical
illusions occur when the eye angles are in a negative quadrant of the coordinate system.
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Optical illusions may be more noticeable with box axes. For example, it may not be
immediately obvious which is the “front” of the box.

Looking down Looking up
from above the xy plane from below the xy plane

eyeB = 20, eyed = 55, eyel) =0 eyeb = 20, eyed = 120, eye=0

Note: The first two examples show the graphs as displayed on the screen. The second
two examples use artificial shading (which is not displayed on the screen) to show the
front of the box.

To minimize the effect of optical illusions, use the GRAPH FORMATS dialog box to set
Style = HIDDEN SURFACE.

Contour Plots

In a contour plot, a line is drawn to connect adjacent points on the 3D graph that have
the same z value. This module discusses the CONTOUR LEVELS and WIRE AND
CONTOUR graph format styles.
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Selecting the Graph Format Style

In 3D graphing mode, define an equation and graph it as you would any 3D equation,
with the following exception. Display the GRAPH FORMATS dialog box by pressing [F1] 9
from the Y= Editor, Window editor, or Graph screen. Then set:

Style = CONTOUR LEVELS ; GEAFH FURHATE
—or-— e Ty
Style = WIRE AND CONTOUR e[ TTUTRE FRATE

?EﬂaDDEH.SURFHCE

d:WTRE AND COHTOUR
S:IMPLICIT PLOT

* For CONTOUR LEVELS, only the contours are shown.

- The viewing angle is set initially so that you are viewing the contours by looking
down the z axis. You can change the viewing angle as necessary.

- The graph is shown in expanded view. To switch between expanded and normal
view, press [x].

- The Labels format is set to OFF automatically.

* For WIRE AND CONTOUR, the contours are drawn on a wire frame view. The
viewing angle, view (expanded or normal), and Labels format retain their previous
settings.

Notes:

*  From the Graph screen, you can switch from one graph format style to the next
(skipping IMPLICIT PLOT) by pressing:
M

* Pressing:

M
to select CONTOUR LEVELS does not affect the viewing angle, view, or Labels
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format as it does if you use:

CJ
Style z1(x,y)=(x°y-y>x) / 390 z1(x,y)=x2+.5y°~5
Looking down z axis
CONTOUR
LEVELS » ( Py
? ( P\
Using eye0=20, eye(=70, eye=0
CONTOUR
LEVELS
WIRE AND
CONTOUR

Note: These examples use the same X, y, and z Window variable values as a ZoomStd
viewing cube. If you use ZoomStd, press Z to look down the z axis. Do not confuse the
contours with the grid lines. The contours are darker.

3D Graphing
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How Are Z Values Determined?

You can set the ncontour Window variable ([¢] [wiNDOW]) to specify the number of
contours that will be evenly distributed along the displayed range of z values, where:

. —7mi 6=20.
increment = ZMaX—zmin ST,
ncontour + 1 eUep=0,
H=min=-10
xmax§1?4
Harid=
The z values for the contours are: dnins Jbo-
ygrid=14
. . zMmin=-10
zmin + increment zmax=10,
. . ncontour=5,
zmin + 2(increment)
zmin + 3(increment) The default is 5. You
: can set thisto 0
zmin + ncontour(increment) through 20.

If ncontour=5 and you use the standard viewing window (zmin=-10 and zmax=10) , the
increment is 3.333. Five contours are drawn for z=-6.666, -3.333, 0, 3.333, and 6.666.

Note, however, that a contour is not drawn for a z value if the 3D graph is not defined at
that z value.
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Drawing a Contour for the Z Value of a Selected Point Interactively

If a contour graph is currently displayed, you can specify a point on the graph and draw a
contour for the corresponding z value.

1. To display the Draw menu, press:
[Fe]

LI
2wl Lo

Select 7:Draw Contour.

Either:
+ Type the point’s x value and press [ENTER], and then type the y value and press
[ENTER].

*  Move the cursor to the applicable point. (The cursor moves along the grid lines.)
Then press [ENTER].

For example, suppose the current graph is z1(x,y)=x?+.5y?-5. If you specify x=2 and
y=3, a contour is drawn for z=3.5.

Note: Any existing contours remain on the graph. To remove the default contours, display
the Window editor ((¢] [winDow]) and set ncontour=0.
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Drawing Contours for Specified Z Values

From the Graph screen, display the Draw menu and then select 8:DrwCtour. The Home
screen is displayed automatically with DrwCtour in the entry line. You can then specify
one or more z values individually or generate a sequence of z values.

Some examples are:

DrwCtour 5 Draws a contour for z=5.

DrwCtour {1,2,3} Draws contours for z=1, 2, and 3.

DrwCtour Draws contours for a sequence of z values

seq(n,n,~10,10,2) from -10 through 10 in steps of 2 (-10, -8, -6,
etc.).

Note: To remove the default contours, use [¢] [WINDOW] and set ncontour=0.

The specified contours are drawn on the current 3D graph. (A contour is not drawn if the
specified z value is outside the viewing cube or if the 3D graph is not defined at that z
value.)

Notes about Contour Plots

For a contour plot:

* You can use the cursor keys to animate the contour plot.

* You cannot trace ([F3]) the contours themselves. However, you can trace the wire
frame as seen when Style=WIRE AND CONTOUR.

* It may take awhile to evaluate the equation initially.
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* Because of possible long evaluation times, you first may want to experiment with
your 3D equation by using Style=WIRE FRAME. The evaluation time is much
shorter. Then, after you’re sure you have the correct Window variable values,
display the Graph Formats dialog box and set Style=CONTOUR LEVELS or WIRE
AND CONTOUR.

(]
Example: Contours of a Complex Modulus Surface

The complex modulus surface given by z(a,b) = abs(f(a+bi)) shows all the complex zeros
of any polynomial y=f(x).

Example

In this example, let f(x)=x3+1. By substituting the general complex form x+yi for x, you
can express the complex surface equation as z(x,y)=abs((x+y i)3+1 ).

Use to set Graph=3D. _
2. Press [¢][Y=], and define the equation:  |-zt=le+u-i1% +1]

z1(x,y)=abs((x+y*i)*3+1) zd-

P obs o by )
MAIN EAD AUTO E1

3. Press [¢] [winDow], and set the Window 2ye8= 50
variables as shown. bt

waricd=14.

zmin=-1.
Zmax=2.
ncontour=10.
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4. Display the Graph Formats dialog box: G FOATs
(¢] (M Turn on the axes, set e s
Style = CONTOUR LEVELS, and return to | ™| ITMEETRAE

the Window editor. 2IWIRE ANDCONTOUR

5. Press [¢] [GRAPH] to graph the equation.
It will take awhile to evaluate the graph; so be patient. When the graph is displayed,
the complex modulus surface touches the xy plane at exactly the complex zeros of
the polynomial:
-1, %+ﬁi, and l—[éi

2 2 2

6. Press[F3], and move the trace cursor to
the zero in the fourth quadrant.

The coordinates let you estimate
.428-.857i as the zero.

The zero is precise
when z=0.

7. Press [ESC]. Then use the cursor keys to
animate the graph and view it from
different eye angles.

This example shows
eyeb=70, eye=70,
and eye)=0.
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Notes:

* For more accurate estimates, increase the xgrid and ygrid Window variables.
However, this increases the graph evaluation time.

*  When you animate the graph, the screen changes to normal view. Use [x] to toggle
between normal and expanded views.

Implicit Plots

An implicit plot is used primarily as a way to graph 2D implicit forms that cannot be
graphed in function graphing mode. Technically, an implicit plot is a 3D contour plot with
a single contour drawn for z=0 only.

Explicit and Implicit Forms

In 2D function graphing mode, equations have
an explicit form y=f(x), where y is unique for

each value of x. /u/
Many equations, however, have an implicit

form f(x,y)=g(x,y), where you cannot explicitly Y IS not unique for

. . each x, so you cannot
solve for y in terms of x or for x in terms of y. L .
graph this in function

graphing mode.
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By using implicit plots in 3D graphing mode, you can graph these implicit forms without
solving for y or x.

Rearrange the implicit form as an f(x,y)-g(x,y)=0
equation set to zero.

In the Y= Editor, enter the non-zero side Z1(x,y)=f(x,y)-g(x,y)
of the equation. This is valid because an

implicit plot automatically sets the

equation equal to zero.

For example, given the ellipse equation If x2+.5y%=30,
shown to the right, enter the implicit form 2, 5,2

’ th 1 =x“+.5y“-30.
in the Y= Editor. on Z1(y)=C5y"=9

Notes: You can also graph many implicit forms if you either:
* Express them as parametric equations.

» Break them into separate, explicit functions.

Selecting the Graph Format Style

In 3D graphing mode, define an appropriate equation and graph it as you would any 3D
equation, with the following exception. Display the GRAPH FORMATS dialog box from
the Y= Editor, Window editor, or Graph screen:

() [
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Note: From the Graph screen, you can switch to the other graph format styles by

and then set Style = IMPLICIT PLOT. i SRAF FORHATS

Cospdingtes RECT #
RS RHES ¥
Labels....... OFF+

pressing:

™

However, to return to IMPLICIT PLOT press:
L]0

« The viewing angle is set initially so that you are viewing the plot by looking down the
z axis. You can change the viewing angle as necessary.

* The plot is shown in expanded view. To switch between expanded and normal view,
press [x].

* The Labels format is set to OFF automatically.

x2-y?=4 sin(x)+cos(y)= e(x*y)
z1 (x,y)=x2—y2 _4 z1(x,y)=sin(x)+cos(y)—e(x*y)

o | 7 XX
N

Style
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Note: These examples use the same X, y, and z Window variable values as a ZoomStd
viewing cube. If you use ZoomStd, press Z to look down the z axis.

Notes About Implicit Plots
For an implicit plot:

*  The ncontour Window variable has no affect. Only the z=0 contour is drawn,
regardless of the value of ncontour. The displayed plot shows where the implicit form
intersects the xy plane.

* You can use the cursor keys to animate the plot.

* You cannot trace ([F3]) the implicit plot itself. However, you can trace the unseen wire
frame graph of the 3D equation.

+ It may take awhile to evaluate the equation initially.

*  Because of possible long evaluation times, you first may want to experiment with
your 3D equation by using Style=WIRE FRAME. The evaluation time is much
shorter. Then, after you’re sure you have the correct Window variable values, set
Style=IMPLICIT PLOT.

()

Example: Implicit Plot of a More Complicated
Equation

You can use the IMPLICIT PLOT graph format style to plot and animate a complicated
equation that cannot be graphed otherwise. Although it may take a long time to evaluate
such a graph, the visual results can justify the time required.
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Example
Graph the equation sin(x*+y—x3 y) = .1.

Use to set Graph=3D.
2. Press [¢][Y=], and define the equation:

z1(x,y)=sin(x"4+y— x"3y)-.1

Zl s ui=sin ™ dy—w Ty —
FAIN EAD AUTD £l

3. Press [¢] [wiNnDOW], and set the Window £ud= 90,
variables as shown. mif=-10,

4. Press: : GEAFH FORMATE
[+] [0 Turn on the axes, set e EEe
Style = IMPLICIT PLOT, and return to the
Window editor.

5. Press [¢] [GRAPH] to graph the equation.

It will take awhile to evaluate the graph;
so be patient.

The graph shows where
sin(x4+y—x3y) =1
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6. Use the cursor keys to animate the
graph and view it from different eye
angles.

Note: For more detail, increase the xgrid . _
and ygrid Window variables. However, In expanded view, this

this increases the graph evaluation time. €xa@mple shows
eye0=-127.85,

eye(=52.86, and
eye)=-18.26.

Note: When you animate the graph, the screen changes to normal view. Press [x] to
switch between normal and expanded views.
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Differential Equation Graphing

Overview of Steps in Graphing Differential

Equations

To graph differential equations, use the same general steps used for y(x) functions as
described in Basic Function Graphing. Any differences are described on the following

pages.

Graphing Differential Equations

1. Set Graph mode ((MODE]) to DIFF
EQUATIONS. Also set Angle mode,
if necessary.

2. Define equations and, optionally, initial
conditions on Y= Editor ((¢] [Y=]).

3. Select ([F4]) which defined functions to
graph.

Note: To turn off any stat data plots, press
5 or use [F4] to deselect them.

Differential Equation Graphing

MODE

Fi [H [X]
Fads 1|Fade 2|Pade 3
araeh., . UnTIUN:Eg
CUFFenl . main
Display . FLOAT 6%

n3l ... . RADIAM ¥
EXpantntial Format EIIIRMIILQ
RECTAMGULRE
[LES

E_ESCSCAMCEL 3

T Frekr Frink.

EEnter=SHYE T3

Fie | Fin [FE [F4 [FES Foe| 50
Ton1s[zoor|Edit) « |AT7|tetefn s
<FLOTZ

]

Qiz=
ol 'chi= Bolaglis I0E—yl s
HAIH EAD ALTD 13

410



4. Set the display style for a function.
[Fe]

5. Set the graph format. Solution Method G AT .
and Fields are unique to differential '
equations.

[F1 9
— or —

B MO

Note: The Fields format is critical,
depending on the order of the equation.

i RS
s SLFFLD

£ Enter=iAvE £ EZC=CAMCEL 1

6. Setthe axes as applicable, dependingon | R .
the Fields format. rgs: TIME

(2nd) [F7]

Note: Valid Axes settings depend on the
Fields format.

€ Enter=SAVE 3 e ESCSCAMCEL 3

7. Define the viewing window ([¢] [WINDOW]). £0=0.

max=10,

. . tzfep=,1
Note: Depending on the Solution Method £E1oL=i,
R . . #min=-10.

and Fields formats, different Window xnax=1 18

variables are displayed. [F2] Zoom also dninz 0.

changes the viewing window. geel=ld.
diftol=, 061
fldres=20.
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8. Graph the selected functions ([¢] [GRAPH]). [Firidebateom el

FIRIN EAD AUTD DE

Differences in Diff Equations and Function Graphing

This module assumes that you already know how to graph y(x) functions as described in
Basic Function Graphing. This section describes the differences.

Setting the Graph Mode
Use to set Graph = DIFF EQUATIONS before you define differential equations or set

Window variables. The Y= Editor and the Window Editor let you enter information for the
current Graph mode setting only.

Defining Differential Equations on the Y= Editor

Use t0 to specify when initial conditions occur.

R You can also set t0 in the Window Editor.
E?; \\ Use yi to specify one or more initial conditions
T ALY ER LTI e LI e] for the corresponding differential equation.
- e You can define differential equations y1'(t)
through y99'(t).

Differential Equation Graphing 412



Note: You can use the Define command from the Home screen to define functions and
equations.

When entering equations in the Y= Editor, do not use y(t) formats to refer to results. For
example:

Do not use implied multiplication between a
variable and parenthetical expression. If you
do, it is treated as a function call.

Enter: y1' = .001y1%(100-y1)
Not: y1' = .001y1(t)*(100-y1(t))

Only 1st-order equations can be entered in the Y= Editor. To graph 2nd- or higher-order
equations, you must enter them as a system of 1st-order equations.

Detailed information is available on setting initial conditions.

Selecting Differential Equations

Fi=| Faw(F2 [F4 [FE= Foe | 57
Toois|zoom|Edit) « |AT1|zteefz
~FLOTE

You can use to select a differential
equation, but not its initial condition.

gl 'Cho=. polsg s I0E-—g1d
HAI FAD AUTD LE

Important: Selecting y1' will graph the y1 solution curve, not the derivative y1', depending
on the axis setting.
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Selecting the Display Style

With the Style menu, only the Line, Dot, Square, Thick, Animate, and Path styles are
available. Dot and Square mark only those discrete values (in tstep increments) at which
a differential equation is plotted.

[Fé]

Setting Graph Formats

From the Y= Editor, Window Editor, or Graph (s ,
SCFeen, preSS Eoordmutes .

(F1]9

— or — Fit 145 ...

. §
IZI m CERERFEZAVE 1 £ EZC=CAMCEL 1

The formats affected by differential equations are:

Graph format Description

Graph Order Not available.

Solution Method  Specifies the method used to solve the differential
equations.
*+  RK— Runge-Kutta method. For information about the
algorithm used for this method, refer to the Technical
Reference module.

. EULER — Euler method.

*  The method lets you choose either greater accuracy or
speed. Typically, RK is more accurate than EULER but
takes longer to find the solution.
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Graph format Description

Fields Specifies whether to draw a field for the differential
equation.

*  SLPFLD — Draws a slope field for only one 1st-order
equation, with t on the x axis and the solution on the y
axis.

. DIRFLD — Draws a direction field for only one 2nd-
order equation (or system of two 1st-order equations),
with axes determined by the custom axes settings.

. FLDOFF — Does not display a field. This is valid for
equations of any order, but you must use it for 3rd- or
higher-order. You must enter the same number of initial
conditions for all equations in the Y= Editor.

Important: The Fields graph format is critical in successfully graphing differential
equations.

Note: If you press while a slope or direction field is being drawn, the graph pauses
after the field is drawn but before the solutions are plotted. Press gain to continue.
To cancel graphing, press [ON].

Setting Axes

In the Y= Editor, Axes may or may not be available, depending on the current graph
format.

If it is available, you can select the axes that ¢ i ~

are used to graph the differential equations. Rues: TR

(2nd] [F7]

L EnteFSSAVE 3 e ESCSCAMCEL 2
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Axes Description

TIME Plots t on the x axis and y (the solutions to the selected
differential equations) on the y axis.

CUSTOM Lets you select the x and y axes.

Window Variables

Differential equation graphs use the following Window variables. Depending on the
Solution Method and Fields graph formats, not all of these variables are listed in the
Window Editor ([¢] [wiNDOW]) at the same time.

Variable Description

to Time at which the initial conditions entered in the Y= Editor
occur. You can set t0 in the Window Editor and Y= Editor.
(If you set t0 in the Y= Editor, tplot is set to the same value
automatically.)

tmax, tstep Used to determine the t values where the equations are

plotted:

y'(t0)

y'(t0+tstep)

y'(t0+2*tstep)

... hot to exceed ...

y'(tmax)

If Fields = SLPFLD, tmax is ignored. Equations are plotted
from t0 to both edges of the screen in tstep increments.
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Variable Description

tplot First t value plotted. If this is not a tstep increment, plotting
begins at the next tstep increment. In some situations, the
first points evaluated and plotted starting at t0 may not be
interesting visually. By setting tplot greater than t0, you can
start the plot at the interesting area, which speeds up the
graphing time and avoids unnecessary clutter on the Graph
screen.

Note: If tmax < t0, tstep must be negative. If Fields=SLPFLD, tplot is ignored and is
assumed to be the same as t0.

Variable Description

Xmin, xmax, Boundaries of the viewing window.

ymin, ymax

xscl, yscl Distance between tick marks on the x and y axes.
ncurves Number of solution curves (0 through 10) that will be

drawn automatically if you do not specify an initial
condition. By default, ncurves = 0.
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Variable

Description

When ncurves is used, t0 is set temporarily at the
middle of the screen and initial conditions are distributed
evenly along the y axis, where:

ymax —ymin
ncurves + 1

increment =

The y values for the initial conditions are:
ymin + increment
ymin + 2*(increment)

ymin + ncurves*(increment)

diftol

(Solution Method = RK only) Tolerance used by the RK
method to help select a step size for solving the
equation; must be >1E-14.

fldres

(Fields = SLPFLD or DIRFLD only) Number of columns
(1 through 80) used to draw a slope or direction field
across the full width of the screen.

Estep

(Solution Method = EULER only) Euler iterations
between tstep values; must be an integer >0. For more
accuracy, you can increase Estep without plotting
additional points.

dtime

(Fields = DIRFLD only) Point in time at which a direction
field is drawn.

Differential Equation Graphing
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Standard values (set when you select 6:ZoomStd from the [F2] Zoom toolbar menu) are:

t0=0. xmin =-1. ymin =-10. ncurves = 0.
tmax = 10. xmax = 10. ymax = 10. diftol = .001
tstep = .1 xscl = 1. yscl = 1. Estep = 1.
tplot = 0. fldres = 14.
dtime = 0.

You may need to change the standard values for the t variables to ensure that sufficient
points are plotted.

The fldpic System Variable

When a slope or direction field is drawn, a picture of the field is stored automatically to a
system variable named fldpic. If you perform an operation that regraphs the plotted
equations but does not affect the field, the TI-89 Titanium reuses the picture in fldpic
instead of having to redraw the field. This can speed up the regraphing time significantly.
fidpic is deleted automatically when you exit the differential equation graphing mode or
when you display a graph with Fields = FLDOFF.

Exploring a Graph

As in function graphing, you can explore a graph by using the following tools. Any
displayed coordinates are shown in rectangular or polar form as set in the graph format.

Tool For Differential Equation Graphs:

Free-Moving Works just as it does for function graphs.
Cursor
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Tool

For Differential Equation Graphs:

Zoom

Works just as it does for function graphs.

*  Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

*  The t Window variables (t0, tmax, tstep, tplot) are not

affected unless you select 6:ZoomStd (which sets all
Window variables to their standard values).

Trace

Lets you move the cursor along the curve one tstep at a
time. To move approximately ten plotted points at a time,
press ® or @©.

If you enter initial conditions in the Y= Editor or let the
ncurves Window variable plot curves automatically, you
can trace the curves. If you use:

[Fé]

IC from the Graph screen to select initial conditions
interactively, you cannot trace the curves.

QuickCenter applies to all directions. If you move the
cursor off the screen (top or bottom, left or right), press
to center the viewing window on the cursor location.
Use ® or @ to view results on all plotted curves.

Math

Only 1:Value is available.

»  With TIME axes, the y(t) solution value (represented by
yc) is displayed for a specified t value.

. With CUSTOM axes, the values that correspond to x and
y depend on the axes you choose.

Note: During a trace, you can move the cursor to a particular point by typing a value for t

and pressing [ENTER]. You can use QuickCenter at any time during a trace, even if the

cursor is still on the screen.
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Setting the Initial Conditions

You can enter initial conditions in the Y= Editor, let the TI-89 Titanium calculate initial
conditions automatically, or select them interactively from the Graph screen.

Entering Initial Conditions in the Y= Editor

You can specify one or more initial conditions in the Y= Editor. To specify more than one,
enter them as a list enclosed in braces { } and separated by commas.

To enter initial conditions for the y1' equation,
use the yi1 line, etc.

=FLOTS

eyl =, B01-yg1 (108 - 1]
uil=im

To specify when the initial conditions occur, —
use t0. This is also the first t evaluated for \ 0

the graph. wul'=. @01yl (100 - y1)
wil={1@ =28}

To graph a family of solutions, enter a list of —

initial conditions. Enter{10,20} even
though {10 20} is
displayed.

For a 2nd- or higher-order differential equation, you must define a system of 1st-order
equations in the Y= Editor.

If you enter initial conditions, you must enter  [FEEER Fek ]
the same number of initial conditions for each '”"Jéfa.

equation in the system. Otherwise, a :Eélg%:él 3
Dimension error occurs. giz=tl 1.5
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If You Do Not Enter an Initial Condition in the Y= Editor

If you do not enter initial conditions, the ncurves Window variable ((+#] [WINDOW]) specifies
the number of solution curves graphed automatically. By default, ncurves = 0. You can
enter a value from 0 through 10. However, the Fields graph format and the Axes setting
determine whether ncurves is used.

If Fields = Then:

SLPFLD Uses ncurves, if not set to 0, to graph curves.

DIRFLD Ignores ncurves. Does not graph any curves.

FLDOFF Uses ncurves if Axes = TIME (or if Axes = Custom and the

x axis is t). Otherwise, a Diff Eq setup error occurs.

When ncurves is used, t0 is set temporarily at the middle of the Graph screen. However,
the value of t0 as set in the Y= Editor or Window Editor is not changed.

Notes:

«  Without entering initial conditions, use SLPFLD (with ncurves=0) or DIRFLD to
display a slope or direction field only.

* SLPFLD is for a single 1st-order equation only. DIRFLD is for a 2nd-order equation
(or system of two 1st-order equations) only.
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Selecting an Initial Condition Interactively from the Graph Screen

When a differential equation is graphed (regardless of whether a solution curve is
displayed), you can select a point on the Graph screen and use it as an initial condition.

If Fields = Do this:
SLPFLD Press:
—or— [Fg]
DIRFLD Specify an initial condition. Either:
. Move the cursor to the applicable point and press [ENTER].
. For each of the two coordinates, type a value and press
ENTER].
- For SLPFLD (1st-order only), enter values for t0 and
y(t0).

- For DIRFLD (2nd-order or system of two 1st-order
equations only), enter values for both y(t0) initial
conditions, where t0 is the value set in the Y= Editor
or Window Editor.

A circle marks the initial condition and the solution curve is
drawn.
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If Fields = Do this:

FLDOFF *  Press:
[Fe]
You are prompted to select the axes for which you want to
enter initial conditions.

INTERACTIVE IMITIAL COMDITIONS

W Ris: 3 J t is a valid selection. It will let

Y oAxis vl .
you specify a value for t0.
CEnter=ERTE & ¢ ESCSCAHCEL 1

Your selections will be used as the axes for the graph.
*  You can accept the defaults or change them. Then press

ENTER].

*  Specify an initial condition as described for SLPFLD or
DIRFLD.

Note: With SLPFLD or DIRFLD, you can select initial conditions interactively regardless
of whether you enter initial conditions in the Y= Editor. With FLDOFF, you can select
initial conditions interactively. However, if three or more equations are entered, you must
enter a single value (not a list) as the initial condition for each equation in the Y= Editor.
Otherwise, a Dimension error occurs when graphing.

Note about Tracing a Solution Curve
When you enter initial conditions in the Y= Editor or let ncurves graph solution curves

automatically, you can use to trace the curves. However, you cannot trace a curve
drawn by selecting an initial condition interactively. These curves are drawn, not plotted.
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Defining a System for Higher-Order Equations

In the Y= Editor, you must enter all differential equations as 1st-order equations. If you
have an nth-order equation, you must transform it into a system of n 1st-order equations.

Transforming an Equation into a 1st-Order System

A system of equations can be defined in various ways, but the following is a general
method.

1. Rewrite the original differential equation

"o — X
as necessary. |y tyry=e ‘
a) Solve for the highest-ordered |y.. =X -y -y ‘
derivative.
b) Expressitinterms ofyandt. |y-- =ed-y -y |

c) On the right side of the equation only,
substitute to eliminate any references
to derivative values.

Note: To produce a 1st-order equation,
the right side must contain non-derivative
variables only.

Differential Equation Graphing 425



In place of: Substitute:

y y1 [y =cl-y2-y1

y' y2

y" y3 L Do not substitute
y™ y4 on the left side at
y(4) y5 this time.

d) On the left side of the equation,
substitute for the derivative value as
shown below.

In place of: Substitute:
Yy yr y2'= el - y2 - y1
y" y2'
Y V3
y(4) y4
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2. On the applicable lines in the Y= Editor,

define the system of equations as: [(FroT Fee(Fe Fa Feq Fe Tl
Tools|2aorn|Edit] « [A1T]5kx1e
''= +FLOTH
y1'=y2 Li=0,
y2'=y3 4l a2
y3'=y4 LTt
—upto-— “’3%2;9 -uZ-ul

yn ' = your nth-order equation

Note: Based on the above substitutions, the y' lines in the Y= Editor represent:

yr'=y'
y2l = yll
etc.

Therefore, this example’s 2nd-order equation is entered on the y2' line.

In a system such as this, the solution to the y1' equation is the solution to the nth-order
equation. You may want to deselect any other equations in the system.

Example of a 2nd-Order Equation

The 2nd-order differential equation y"+y = 0 represents a simple harmonic oscillator.
Transform this into a system of equations for the Y= Editor. Then, graph the solution for
initial conditions y(0) = 0 and y'(0) = 1.
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Example

1.

2.

Press and set Graph=DIFF EQUATIONS.

Define a system of equations for the 2nd-
order equation.

Rewrite the equation and make the
necessary substitutions.

In the Y= Editor ([¢] [¥=]), enter the
system of equations.

Enter the initial conditions:
yi1=0 and yi2=1

Note: t0 is the time at which the initial
conditions occur. It is also the first t
evaluated for the graph. By default, t0=0.

Press:

9

[(¢] (1] and set Axes = ON, Labels =
OFF, Solution Method = RK, and

Fields = DIRFLD.

Important: For 2nd-order equations, you
must set Fields=DIRFLD or FLDOFF.

Differential Equation Graphing

y'+y=0
y' ="y
y'=-y1
y2' =-y1

yi1 is the initial
condition for y(0).

yi2 is%e initial
condition for y'(0).

SRAFH FORMATS
. RECT#
N

e
OFF ¥
OH >
OFF %
Labs1s.. . OFF &
FZolukion

EE >
FieMds .. vene DIRFLD ¥

Enter=iAvE £ EZC=CAMCEL 1
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6. Inthe Y= Editor, press: . R \

[F7land make sure precasroms
Axes = CUSTOM with y1 and y2 as the ¥ s 62
axes. CEMLGF=SAYE = CESLECAMCEL -

Important: Fields=DIRFLD cannot plot a
time axis. An Invalid Axes error occurs if
Axes=TIME or if t is set as a CUSTOM axis.

7. In the Window Editor ((¢] [WiNDOW]), set
the Window variables.

t0=0 Xmin=-2 ncurves=0
tmax=10 xmax=2 diftol=.001
tstep=.1 xscl=1 fldres=14
tplot=0 ymin=-2 dtime=0
ymax=2
yscl=1
8. Display the Graph screen ([¢] [GRAPH]). xaxis=yl=y
= / —————————— ]
Y
N N
yaxis=y2=y'

If you select ZoomSqr ([F2] 5), you can see that the phase-plane orbit is actually a circle.
However, ZoomSqr will change your Window variables.
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To examine this harmonic oscillator in more detail, use a split screen to graph the
manner in which y and y' change with respect to time (t).

9. Press and change the mode [ A— -
settings on Page 2 as shown. Then close |. %‘X;i—wm_mm
the MODE dialog box, which redraws the EAE tHikirs

graph.

*

EF EQUATIONE +

. AUTD#

MLECE]
EEnter=SHYE T3 E_ESCSCAMCEL 3

Note: To display different graphs in both
parts of a split screen, you must use the
2-graph mode.

10. Press [EE]] to switch to the right side
of the split screen.
11. Use [F4] to select y1' and y2'. 7 -
4 vt =t
The right side uses the same equations | fﬁ;\\ o
as the left side. However, no equations i
are selected initially in the right side.

12. Press: GRAFH FORMATS
9 E#or’dinutt:....... REET?
(¢] (1) Set Fields = FLDOFF. Fieldi o
Important: Because Fields=DIRFLD cannot —E==ttr <ol
plot a time axis, you must change the
Fields setting. FLDOFF turns off all fields.

13. In the Y= Editor, press: [ RS .
[F7]and make sure Axes = TIME. | fus THes

BT

€ Enter=SAVE 3 e ESCSCAMCEL 3
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14. In the Window Editor, change ymin and
ymax as shown to the right.

Note: When you enter 2-graph mode,
Window variables for the right side are set
to their defaults.

15. Press [¢] [GRAPH] to display the Graph
screen for graph #2.

The left side shows the phase-plane orbit.
The right side shows the solution curve
and its derivative.

16. To return to a full screen of the original
graph, press [E]] to switch to the left
side. Then press and change the
Split Screen setting.

ymin=-2.
ymax=2.

e S

£

Sy

T AN
III__III \
INE2 A }%\
s

y/ y

Split Screen = FULL

Example of a 3rd-Order Equation

For the 3rd-order differential equation y"+2y"+2y'+y = sin(x), write a system of equations

to enter in the Y= Editor. Then graph the solution as a function of time. Use initial

conditions y(0) = 0, y'(0) =1, and y"(0) =1.

Differential Equation Graphing
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Example

1. Press and set Graph=DIFF EQUATIONS.

2. Define a system of equations for the 3rd-
order equation.

Rewrite the equation and make the
necessary substitutions.

3. Inthe Y= Editor ((¢] [¥=]), enter the
system of equations.

4. Enter the initial conditions:
yi1=0, yi2=1, and yi3=1

Note: t0 is the time at which the initial
conditions occur. By default, t0=0.

5. Be sure that only y1' is selected. Use
to deselect any other equations.

Differential Equation Graphing

ylll + 2y|| + 2y| + y =

sin(x)

y" =sin(x) - 2y" - 2y
-y

y" =sin(t) - 2y" - 2y’
-y

y" =sin(t) - 2y3 - 2y2
_ y']

y3' =sin(t) - 2y3 — 2y2

gl Py

uil=n

u2'=u3

giz=1

U '=sinfta-2-u3 -2y -yl

Important: The
solution to the y1'
equation is the
solution to the 3rd-
order equation.
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6. Press: ; GRAFH FORMATS

Coordinates....... RECT#*
9 : i3
—or— OFF &
L ON
[¢] (I)Set Axes = ON, Labels = ON, Y
Solution Method = RK, and ¢ ERter=ZAVE CEECCANCEL 1

Fields = FLDOFF.

Important: For 3rd- or higher-order
equations, you must set Fields=FLDOFF.
Otherwise, an Undefined variable error
occurs when graphing.

7. Inthe Y= Editor, press: £ RHES =
[F7] Set Axes = TIME. e TIME

Note: With Axes=TIME, the solution to the o
selected equation is plotted against time
(®).

8. In the Window Editor ((¢] [winbow]), set
the Window variables.

CERteFSSANE 3 e ESCSCHMCEL 2

t0=0 xmin=-1 ncurves=0
tmax=10 xmax=10 diftol=.001
tstep=.1 xscl=1.
tplot=0 ymin=-3

ymax=3

yscl=1
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9. Display the Graph screen ([¢] [GRAPH]).

Note: To find the solution at a particular
time, use [F3] to trace the graph. L

w

Setting Axes for Time or Custom Plots

Setting the axes can give you great flexibility in graphing differential equations. Custom
axes are particularly effective for showing different kinds of relationships.

Displaying the AXES Dialog Box

From the Y= Editor, press:
[F7]

BN

¢ RHES = If Fields = SLPFLD, Axes is unavailable.
o THE? (20d) [F7]

£ Enter=SAVE 3 € EFC=CAMCEL 2

Item Description

Axes TIME — Plots t on the x axis and y (solutions to all selected
differential equations) on the y axis.
CUSTOM — Lets you select the x and y axes.
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Item

Description

X Axis, Y Axis

Active only when Axes = CUSTOM, these let you select
what you want to plot on the x and y axes.

ESC=CAMCEL

y — solutions (y1, y2, etc.) of all selected differential
equations

y' — values of all selected differential equations (y1', y2',
etc.)

y1, y2, etc. — the solution to the corresponding differential
equation, regardless of whether that equation is selected

y1', y2', etc. — the value of the right-hand side of the
corresponding differential equation, regardless of whether
that equation is selected

Note: t is not valid for either Axis when Fields=DIRFLD. If you select t, an Invalid axes

error occurs when graphing.

Example of Time and Custom Axes

Using the predator-prey model from biology, determine the numbers of rabbits and foxes
that maintain population equilibrium in a certain region. Graph the solution using both

time and custom axes.
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Predator-Prey Model
Use the two coupled 1st-order differential equations:

y1'=-y1 + 0.1y1 *y2 and y2' = 3y2 -y1 *y2

where:

y1 = Population of foxes

yi1 = Initial population of foxes (2)
y2 = Population of rabbits

yi2 = Initial population of rabbits (5)

1. Use to set Graph = DIFF

EQUATIONS.

2. In the Y= Editor ((+] [=]), define the b ]
differential equations and enter the ,HEBZD.A ol
initial conditions. «E%IZE W2 -ul w2

Note: To speed up graphing times, clear
any other equations in the Y= Editor. With
FLDOFF, all equations are evaluated even
if they are not selected.

3. Press: | GRAFA FORMATE
9 .
(+] (1] Set Axes = ON, Labels = ON,
Solution Method = RK, and <ERGGF=ZAvE s < EECECANEEL

Fields = FLDOFF.
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4. Inthe Y= Editor, press:
[F7] Set Axes = TIME.

5. In the Window Editor ((¢] [winDow]), set
the Window variables.

t0=0 xmin=-1 ncurves=0
tmax=10 xmax=10 diftol=.001
tstep=m/24 xscl=5
tplot=0 ymin=-10

ymax=40

yscl=5

6. Graph the differential equations

(C¢] [GRAPH]).

7. Press [F3] to trace. Then press 3 to
see the number of foxes (yc for y1) and
rabbits (yc for y2) at t=3.

Note: Use @ and ® to move the trace
cursor between the curves for y1 and y2.

Differential Equation Graphing

AHES

Axes: TIME 3

L EnteFSSAVE 3 e ESCSCAMCEL 2

Ptk uct3. 25165

y1(t)
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10.

1.

12.

Return to the Y= Editor. Press: { GRAPH FORHATS y
9

]

Set Fields = DIRFLD. < ERTRr=zAvE_ « EFECCANCEL

Note: In this example, DIRFLD is used for
two related differential equations that do
not represent a 2nd-order equation.

Press: - i -,
(2nd] [F7] :x;:;s: cusTam
Confirm that the axes are set as shown. s vz

L EnteFSSAVE 3 e ESCSCAMCEL 2

[Ton 15| Z0om|
for yi1 and yi2. o-a

wyl'=mul + 1wl uz
il=

In the Y= Editor, clear the initial conditions [l fieuee] |

dit=
VHZI=SuZ - dl gz
aiz=

Return to the Graph screen, which R
. . . . Wb A e e N
displays only the direction field. I I
| [ T T
| ‘.\‘kﬂ'f//fifflf

")
\ ey

To graph a family of solutions, return to  [TETRE el

the Y= Editor and enter the initial ‘““{.;5:.3_“ s
ier val'=-gl +.1:4l-y
conditions shown below. ail=¢? & 73

2 =50 - gl a2
uiz={5 12 18}

yi1={2,6,7} and yi2={5,12,18}

Note: Use a list to specify more than one
initial condition.

Differential Equation Graphing
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13. Return to the Graph screen, which
displays a curve for each pair of initial
conditions.

14. Press to trace. Then press 3 [ENTER] to
see the number of foxes (xc) and rabbits
(yc) at t=3.

Because t0=0 and tmax=10, you can trace
in the range 0 < t< 10.

Note: Use @ and ® to move the trace
cursor from one initial condition curve to
another.

Example Comparison of RK and Euler

Consider a logistic growth model dP/dt = .001*P*(100-P), with the initial condition P(0) =
10. Use the BldData instruction to compare the graphing points calculated by the RK and
Euler solution methods. Then plot those points along with a graph of the equation’s exact
solution.

Example

1. Press and set Graph=DIFF
EQUATIONS.
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2. Express the 1st-order equation in terms of y1'=.001y1*(100-y1)
y1' and y1.

Do not use implied
multiplication
between the variable
and parentheses. If
you do, it is treated
as a function call.

3. Enter the equation in the Y= Editor e Bl |
] [y=)). E=a.
wiyl '=.Dl3\l-\gl -[1EE -yl
gil=1@

4. Enter the initial condition:
1 (0] is}he time at

yi1=10 which the initial
condition occurs.
By default, t0=0.

5. Press: | GRAFH FORMATS
9 fi
—or —
(]
Set Solution Method = RK and <ERGAP=ZATE < EECAREL

Fields = FLDOFF.

Note: To speed up graphing times, clear
any other equations in the Y= Editor. With
FLDOFF, all equations are evaluated even
if they are not selected.

6. Inthe Window Editor ((¢] [winDow]), set
the Window variables.
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t0=0. xmin=-1. ncurves=0.
tmax=100. xmax=100. diftol=.001

Q tstep=1. xscl=1.
tplot=0. ymin=-10.
ymax=10
yscl=1.

O Important: Change tstep from .1 (its default) to 1. Otherwise, BldData calculates too
many rows for the data variable and a Dimension error occurs.

7. Inthe Home screen [ BldData rklog |

[CALC HOME]
use BldData to create a data variable

containing the RK graphing points.

8. Return to the Y= Editor, press: i GRAFH FUGHATS
9 fer
] gl
Set Solution Method = EULER. < ERtar=IAvE CETCCERNEEL

Note: You do not need to graph the
equation before using BldData. For more
information about BldData, refer to the
Technical Reference module.

9. Return to the Home screen, and use
BldData to create a data variable
containing the Euler graphing points.

| BldData eulerlog
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10. Use the Data/Matrix Editor ((APPS]) to i NEH Y

create a new data variable named o pata
errorlog variable: rrers ]

1
1

<Enter=iE__> EEC=CANLEL 1

Note: errorlog lets you combine the data
in rklog and eulerlog so that you can view
the two sets of data side by side.

11. In this new data variable, define the c1, O O ©
92, and ¢3 column headers to refer to data G RN
in rklog and eulerlog. Also, enter column  |ww [£ise [RE | [Euldr

cl =]

titles as shown. T (g, 7. |ia.
W=
To define a column header, move the 1 = Sotas|iz.oir

cursor to that column, press [F4], type the |cEeulerlcalzl

reference expression (such as rklog[1] for

c1), and press [ENTER]. O c1=rklog[1] or
c1=eulerlog[1]

@ c2=rklog[2]

© c3= eulerlog[2]

RE

Note: rklog[1] and rklog[2] refer to
column 1 and 2 in rklog, respectively.
Likewise with eulerlog[2].

12. In the Data/Matrix Editor, press [F2]. Then
press and define Plot 1 for the RK
data, as shown to the right.

ERECFSSAVE 1 € ESCZLANLEL .2

13. Define Plot 2 for the Euler data. Use the  Plot Type=xyline
values shown to the right. Mark=Cross
x=c1
y=c3
14. Return to the Y= Editor, press [MODE], and
set Graph = FUNCTION.

Differential Equation Graphing
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15. The exact solution to the differential
equation is given below. Enter it as y1.

y1 = (100%e7(x/10))/(e(x/10)+9)

Note: You can use deSolve( ) to find this
exact, general solution. ,

16. In the Window Editor, set the Window
variables.
xmin=-10 ymin=-10. Xres=2.
xmax=100 ymax=120.
xscl=10 yscl=10.

17. Display the Graph screen ([¢] [GRAPH]).

Note: The fuzzy line on the graph
indicates differences between the RK and
Euler values.

18. In the Window Editor, set the Window
variables to zoom in so that you can
examine the differences in more detail.

xmin=39.7 ymin=85.5 xres=2
xmax=40.3 ymax=86
xscl=.1 yscl=.1

19. Return to the Graph screen.

Differential Equation Graphing

~DATR:main e rr or lod
LR el v
BUICE SN = bR

vyl

You can use ® to
scroll up to see Plot
1 and Plot 2.

/
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20. Press [F3] to trace, and then press @ or ®
until y1 is selected. (1 shows in upper
right corner.) Then enter 40.

Euler (Plot 2)
RK (Plot 1)

-HCE 4, yci 85, 8486

Exacl solution (y1)

y1is selected when
1 shows here

By moving the trace cursor to trace each solution to xc = 40, you can find that:

* The exact solution (y1) is 85.8486, rounded to six digits.
* The RK solution (Plot 1) is 85.8952.
*  The Euler solution (Plot 2) is 85.6527.

You can also use the Data/Matrix Editor to open the errorlog data variable and scroll to
time = 40.

Example of the deSolve( ) Function

The deSolve( ) function lets you solve many 1st- and 2nd-order ordinary differential
equations exactly.
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Example

For a general solution, use the following syntax. For a particular solution, refer to the
Technical Reference module.

deSolve(/stOr2ndOrderODE, independentVar, dependentVar)

Using the logistic 1st-order differential equation, find the general solution for y with
respect to t.

deSolve(y' = 1/1000 L*(100—y),t,y)

Do not use implied multiplication between the
For ', type [']. variable and parentheses. If you do, it will be
treated as a function call.

Notes:

* For maximum accuracy, use 1/1000 instead of .001. A floating-point number can
introduce round-off errors.

» This example does not involve graphing, so you can use any Graph mode.
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Before using deSolve( ), clear any existing t and y variables. Otherwise, an error occurs.

1. In the Home screen

[CALC HOME]use deSolve( ) to
find the general solution.

2. Use the solution to define a function.

a) Press @ to highlight the solution in
the history area. Then press to
autopaste it into the entry line.

b) Insert the Define instruction at the
beginning of the line. Then press
(ENTER].

Note: Press © to move to the
beginning of the entry line.

3. For an initial condition y=10 with t=0, use
solve( ) to find the @1 constant.

Note: If you got a different constant (@2,
etc.), solve for that constant.

Differential Equation Graphing

. deSolueLg' =W-g-(108 »
t

_1mm-el
4T

219 4 jog 61

L =1 T EEEk g ] BE— ]
FAIN EAD AUTD C 1450

@1 represents a
constant. You may
get a different
constant (@2, etc.).

t

Lo 10
= Define u o loge "7

Define y=1004a" 0t 108 Ca™

HMAIN RAD AUTO FUNC 2430

mzolve(y=10,E1) [t =0

__a
Bl =1om

soluely=10,E13[+t=0

FIRIN EAD AUTD FUNC EYED)

|
For @, type
(]
R
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4. Evaluate the general solution (y) with the %
constant @1=9/100 to obtain the particular [su]et=+35 T

solution shown. 1049
glE1=9-100
HiIN KAD AUTD FUNWC 430

You can also use deSolve( ) to solve this problem directly. Enter:

deSolve(y' = 1/1000 y*(100-y) and y(0)=10,t,y)

Troubleshooting with the Fields Graph Format

If you have difficulties graphing a differential equation, this section can help you correct

the problem. Many problems may be related to your Fields graph format setting.

Setting the Fields Graph Format

From the Y= Editor, Window Editor, or Graph GRAFH FORHATE

Conrdinates
g

screen, press:

9

—or— TS v

N B> | $ELfiDrE

What Order Equation Are You Graphing?

If the equation is: Valid Fields settings are:

1st-order SLPFLD or FLDOFF

Differential Equation Graphing
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If the equation is: Valid Fields settings are:

2nd-order DIRFLD or FLDOFF
(system of two 1st-order equations)
3rd- or higher-order FLDOFF

(system of three or more 1st-order equations)

Because Fields = SLPFLD is the default . ERROR .
setting, a common error message is Shown to | glessistis need ans seteatsa J

. 1sk-erder cquakions anly
the right. '
C ESC=CAMCEL 3

When you see this or any other error message:

«  For your order of equation, use the previous table to find the valid Fields settings.
Change to the applicable setting.

» For a particular Fields setting, check the following for information that applies to that
setting.
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Fields=SLPFLD

In the Use to select one and only one 1st-order equation. You
Y= Editor can enter mulNotele equations, but only one at a time can be
selected.
The selected equation must not refer to any other equation in
the Y= Editor. For example:
If y1'=y2, an Undefined variable error occurs when you graph.
i EREIOR ™y
Urdefingd wariabls
In the Graph If the slope field is drawn but no solution curve is plotted,
screen specify an initial condition.

Differential Equation Graphing
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Fields=DIRFLD

In the Enter a valid system of two 1st-order equations. For
Y= Editor information about defining a valid system for a 2nd-order
equation, refer to Example of a 2nd-Order Equation.
Set Axes = CUSTOM:
[F7] If Axes = TIME, an Invalid axes error occurs
when you graph.
i EREIOR ™y
Inuatid axss
< ESCEAEL
If you enter initial conditions in the Y= Editor, the equations
referenced by the custom axes must have the same number
of initial conditions.
Otherwise, a Dimension error occurs when you graph.
4 ERKOE )
Dirgnsion
With custom Set axes that are valid for your system of equations.
axes Do not select t for either axis. Otherwise, an Invalid axes error

occurs when you graph.

The two axes must refer to different equations in your system
of equations. For example, y1 vs. y2 is valid, but y1 vs. y1'
gives an Invalid axes error.

Differential Equation Graphing
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In the Graph
screen

If the direction field is drawn but no curve is plotted, enter
initial conditions in the Y= Editor or select one interactively
from the Graph screen. If you did enter initial conditions,
select ZoomFit:

A

The ncurves Window variable is ignored with DIRFLD.
Default curves are not drawn automatically.

Notes

With DIRFLD, the equations referenced by the custom axes
determine which equations are graphed, regardless of which
equations are selected in the Y= Editor.

If your system of equations refers to t, the direction field (not
the plotted curves) is drawn with respect to one particular
time, which is set by the dtime Window variable.

Fields=FLDOFF

In the
Y= Editor

If you enter a 2nd- or higher-order equation, enter it as a valid
system of equations.

All equations (selected or not) must have the same number of
initial conditions. Otherwise, a Dimension error occurs when
you graph.

i ERRIR Yy

Dim&nsion

E_ESCSCAMCEL 3

To set Axes = TIME or CUSTOM, press:
[F7]

Differential Equation Graphing
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With custom If X Axis is not t, you must enter at least one initial condition
axes for each equation in the Y= Editor (whether the equation is
selected or not).
Otherwise, a Diff Eq setup error occurs when you graph.

{ ERROR Y

DiFF E4 Setur

E_ESCSCAMCEL 3

In the Graph If no curve is graphed, set an initial condition. If you did enter
screen initial conditions in the Y= Editor, select ZoomFit:
A
A 1st-order equation may look different with FLDOFF than
with SLPFLD. This is because FLDOFF uses the tplot and
tmax Window variables (page 9), which are ignored with
SLPFLD.

Notes For 1st-order equations, use FLDOFF and Axes = Custom to
plot axes that are not possible with SLPFLD. For example,
you can plot t vs. y1' (where SLPFLD plots t vs. y1). If you
enter mulNotele 1st-order equations, you can plot one
equation or its solution vs. another by specifying them as the
axes.

If You Use the Table Screen to View Differential Equations

You can use the Table screen to view the points for a differential equation graph.
However, the table may show different equations than those graphed. The table shows
only the selected equations, regardless of whether those equations will be plotted with
your current Fields and Axes settings
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Tables

Overview of Steps in Generating a Table

To generate a table of values for one or more functions, use the general steps shown
below. For specific information about setting table parameters and displaying the table,

refer to the following pages.

Generating a Table

1. Set Graph mode and, if necessary, Angle
mode ((MQDE]).

Note: Tables are not available in 3D Graph
mode.

Define functions on Y= Editor ((¢][Y=]).

Select ([F4]) which defined functions to
display in the table.

Note: For information on defining and
selecting functions with the Y= Editor,
refer to Basic Function Graphing.

4. Set up the initial table parameters

(C#] [TBLSET)).

Note: You can specify an automatic table
that is based on initial values or that

matches a graph, or a manual (ask) table.

Tables

HMODE

Fi Fz Fz
Fade 1|Fade &|Fade X

Exponentiai For
Comples Farma RE|
- Bector Format..[ RECTAN

Frette Frint..........
Enter=SHVE ESCSCHMCEL

WA=
FIIN FAD AUTO FORC

THELE SETUF

[
Eb1Skart: 10,

abbl: 1.
@raph <=3 Table: OFF *
Inderndent: AUTO+

EERE4FESAYE 3 L ESCECAMCEL 2
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5. Display the table ([¢] [TABLE]).

-1,
HAIN FAB AITD FUHT

Exploring the Table

From the Table screen, you can:

Scroll through the table to see values on other pages.
Highlight a cell to see its full value.

Change the table’s setup parameters. By changing the starting or incremental value
used for the independent variable, you can zoom in or out on the table to see
different levels of detail.

Change the cell width.
Edit selected functions.

Build or edit a manual table to show only specified values of the independent
variable.

Setting Up the Table Parameters

To set up the initial parameters for a table, use the TABLE SETUP dialog box. After the
table is displayed, you can also use this dialog box to change the parameters.
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Displaying the TABLE SETUP Dialog Box

To display the TABLE SETUP dialog box, press [¢] [TBLSET]. From the Table screen, you
can also press [F2].

£ THELE SETUF )

Eb1Skark: ﬂ
kbl 1.

ararh <=k Table: OFF ¥

Indgpendent: AUTO *

< Enter=ERlE < ESCECANCEL 3 )
Enfer=ImvE ESL=CRRLEL

Setup Parameter Description

tbiStart If Independent = AUTO and Graph < - > Table = OFF,
this specifies the starting value for the independent
variable.

Atbl If Independent = AUTO and Graph < - > Table = OFF,

this specifies the incremental value for the independent
variable. Atbl can be positive or negative, but not zero.

Graph < - > Table [f Independent = AUTO:
OFF — The table is based on the values you enter for
tbiStart and Atbl.
ON — The table is based on the same independent
variable values that are used to graph the functions on
the Graph screen. These values depend on the Window
variables set in the Window Editor and the split screen
size.
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Setup Parameter Description

Independent AUTO — The TI-89 Titanium automatically generates a
series of values for the independent variable based on
tbiStart, Atbl, and Graph < - > Table.

ASK — Lets you build a table manually by entering
specific values for the independent variable.

Note: The table initially starts at tblStart, but you can use @ to scroll to prior values.

Which Setup Parameters to Use

To generate: tbiStart Atbl Graph < -> Table Independent

An automatic table

«  Based on initial value value OFF AUTO
values
«  That matches - - ON AUTO
Graph screen
A manual table - - - ASK
Note: “~” means that any value entered for this parameter is ignored for the indicated

type of table.

In SEQUENCE graphing mode, use integers for tbiStart and Atbl.

Changing the Setup Parameters

From the TABLE SETUP dialog box:
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1. Use @ and @ to highlight the value or setting to change.

2. Specify the new value or setting.

To change: Do this:

tbiStart Type the new value. The existing value is
or erased when you start to type.

Atbl —or—

Press (O or ® to remove the highlighting.
Then edit the existing value.

Graph < - > Table Press (9 or () to display a menu of valid

or settings. Then either:
Independent *  Move the cursor to highlight the setting and
press |ENTER].

*  Press the number for that setting.

Note: To cancel a menu or exit the dialog box without saving any changes, press
instead of [ENTER].

3. Atfter changing all applicable values or settings, press to save your changes
and close the dialog box.

From the Home Screen or a Program
You can set up a table’s parameters from the Home screen or a program. You can:

»  Store values directly to the system variables tbiStart and Atbl. Refer to “Storing and
Recalling Variable Values” in Operating the Calculator.
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» Set Graph < - > Table and Independent by using the setTable function. Refer to the
Technical Reference module.

Displaying an Automatic Table

If Independent = AUTO on the TABLE SETUP dialog box, a table is generated
automatically when you display the Table screen. If Graph < - > Table = ON, the table
matches the trace values from the Graph screen. If Graph < - > Table = OFF, the table is
based on the values you entered for tbIStart and Atbl.

Before You Begin

Define and select the applicable functions on the Y= Editor ((¢] [¥=]). This example uses
y1(x) = x3-x/3.

Then enter the initial table parameters ¢ TRELE SETUF =
(C+] [TBLSET]). e —
atbr: F—

Grarh <-> Tabls: OFF *
Indgpendent: AUTO *

Enter=ZAYE EZCSCAMCEL

Displaying the Table Screen
To display the Table screen, press [¢] [TABLE] or 5.

The cursor initially highlights the cell that contains the starting value of the independent
variable. You can move the cursor to any cell that contains a value.
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First column shows values of Other columns show corresponding
the independent variable. values of the functions selected in
the Y= Editor.

Header row shows names of
independent variable (x) and —
selected functions (y1).

£ |Lfpa ]
-
T
i
-

Entry line shows full value of —oiizi=. CEEEELEEEEEEET
hlghllghted Ce” HAIN FRD AUTO FUHC

Note: You can scroll back from the starting value by pressing @ or ®@.

To move the cursor: Press:
One cell at a time ®,®,0,00
One page at a time and then @, @, ®, or ©

The header row and the first column are fixed so that they cannot scroll off the screen.

*  When you scroll down or up, the variable and function names are always visible
across the top of the screen.

*  When you scroll right or left, the values of the independent variable are always
visible along the left side of the screen.
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Changing the Cell Width

Cell width determines the maximum number of digits and symbols (decimal point, minus
sign, and “t” for scientific notation) that can be displayed in a cell. All cells in the table

have the same width.

Note: By default, the cell width is 6.

To change the cell width from the Table - FiRraTS a
screen: Cell Width: 6%

<Enter=:AWE 2 CEZCSCAMCEL &

1. Press[Fi] 9

B MO

2. Press ® or (© to display a menu of valid
widths (3-12).

3. Move the cursor to highlight a number and press [ENTER]. (For single-digit numbers,
you can type the number and press [ENTER].)

4. Press to close the dialog box and update the table.

How Numbers Are Displayed in a Cell
Whenever possible, a number is shown according to the currently selected display

modes (Display Digits, Exponential Format, etc.). The number may be rounded as
necessary. However:
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+ Ifanumber’s magnitude is too large for the current cell width, the number is rounded
and shown in scientific notation.

+ If the cell width is too narrow even for scientific notation, “...” is shown.

Notes:

» If a function is undefined at a particular value, undef is displayed in the cell.

+ Use to set the display modes.

By default, Display Digits = FLOAT 6. With this mode setting, a number is shown with up

to six digits, even if the cell is wide enough to show more. Other settings similarly affect a
displayed number.

If cell width is:

Full Precision 3 6 9 12
1.2345678901 12 1.2346  1.23457 1.23457*
-123456.78 -1.2E5  -123457. -123457 %
.000005 5.E-6 .000005 .000005
1.2345678E19 1.2E19  1.2346E19 1.23457E19*
-1.23456789012E-200 ... -1.2E-200  -1.2346E-200*

*Note: Depending on display mode settings, some values are not shown in
full precision even when the cell is wide

Note: To see a number in full precision, highlight the cell and look at the entry line.
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If Results are Complex Numbers

A cell shows as much as possible of a complex number (according to the current display
modes) and then shows “...” at the end of the displayed portion.

When you highlight a cell containing a complex number, the entry line shows the real
and imaginary parts with a maximum of four digits each (FLOAT 4).

Editing a Selected Function
From a table, you can change a selected function without having to use the Y= Editor.

1. Move the cursor to any cell in the column for that function. The table’s header row
shows the function names (y1, etc.).

2. Press [F4] to move the cursor to the entry line, where the function is displayed and
highlighted.

Note: You can use this feature to view a function without leaving the table.
3. Make any changes, as necessary.
» Type the new function. The old function is erased when you begin typing.
— or—
* Press to clear the old function. Then type the new one.
— or—
+  Press © or ® to remove the highlighting. Then edit the function.

Note: To cancel any changes and return the cursor to the table, press instead of
(ENTER].
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4. Press to save the edited function and update the table. The edited function is
also saved in the Y= Editor.

If You Want to Change the Setup Parameters
After generating an automatic table, you can change its setup parameters as necessary.

Press [F2) or (] [TBLSET] to display the TABLE SETUP dialog box. Then make your
changes.

Building a Manual (Ask) Table

If Independent = ASK on the TABLE SETUP dialog box, the TI-89 Titanium lets you build
a table manually by entering specific values for the independent variable.

Displaying the Table Screen
To display the Table screen, press [¢] [TABLE].
If you set Independent = ASK (with [¢] [TBLSET]) before displaying a table for the first time,

a blank table is displayed. The cursor highlights the first cell in the independent variable
column.
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Header row ShOYVS names Of \ th;s SEEuP l:F-z3'I1 H-zf::‘i-zr Dt;%ow Insrgow
independent variable (x) and % ul

selected functions (y1/
Enter a value here.

If you first display an automatic table and then change it to Independent = ASK, the table
continues to show the same values. However, you can no longer see additional values
by scrolling up or down off the screen.

W=
(AL FAD AUTO FUKC

Entering or Editing an Independent Variable Value
You can enter a value in column 1 (independent variable) only.

1. Move the cursor to highlight the cell you want to enter or edit.

« If you start with a blank table, you can enter a value in consecutive cells only
(row 1, row 2, etc.). You cannot skip cells (row 1, row 3).

» Ifacellin column 1 contains a value, you can edit that value.
Press to move the cursor to the entry line.
Type a new value or expression, or edit the existing value.

Press to move the value to the table and update the corresponding function
values.

Note: To enter a new value in a cell, you do not need to press [F3]. Simply begin
typing.

The cursor returns to the entered cell. You can use & to move to the next row.
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Enter values in any —— Fi

numerical order.

Enter a new value here. M
\ 1z.6 1996.2|
Shows full value of ———  |gTer=10640, CEALEEGET

Hrll FRD AUTO FUHC

highlighted cell.

Note: In this example, you can move the cursor to column 2, but you can enter values in
column 1 only.

Entering a List in the Independent Variable Column

Move the cursor to highlight any cell in the independent variable column.
Press [F4] to move the cursor to the entry line.

Type a series of values, enclosed in braces { } and separated by commas. For
example:

[x={1,15,1.75,2} |

You can also enter a list variable or an expression that evaluates to a list.

Note: If the independent variable column contains existing values, they are shown as
a list (which you can edit).

4. Press to move the values into the independent variable column. The table is
updated to show the corresponding function values.
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Adding, Deleting, or Clearing

To: Do this:
Insert a new row Highlight a cell in the specified row and
above a specified row press:

[Fe]

The new row is undefined (undef) until you
enter a value for the independent variable.

Delete a row Highlight a cell in the row and press [F5].
If you highlight a cell in the independent
variable column, you can also press [+].

Clear the entire table Press 8. When prompted for
(but not the selected confirmation, press [ENTER].

Y= functions)

Cell Width and Display Formats

Several factors affect how numbers are displayed in a table.

From the Home Screen or a Program

System variable tblInput contains a list of all independent variable values entered in the
table, even those not currently displayed. tblInput is also used for an automatic table, but
it contains only the independent variable values that are currently displayed.

Before displaying a table, you can store a list of values directly to the tblInput system
variable.
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Additional Graphing Topics
Collecting Data Points from a Graph

From the Graph screen, you can store sets of coordinate values and/or math results for
later analysis. You can store the information as a single-row matrix (vector) on the Home
screen or as data points in a system data variable that can be opened in the Data/Matrix
Editor.

Collecting the Points

Display the graph. (This example shows y1(x)=5*cos(x).)
Display the coordinates or math results you want to collect.

Save the information to the Home screen or the sysData variable.[+] (] (Home
screen) or (] (L] (sysData variable)

4. Repeat the process as necessary.

Note: To display coordinates or math results, trace a function with or perform an
Math operation (such as Minimum or Maximum). You can also use the free-
moving cursor.

Additional Graphing Topics 469



VARV

Hoid. 28571

O

doi m2. 06925

DATA FLACED IM HOME 3

KEEM HIZTORY

Displayed coordinates are
added to the Home screen’s
history area (but not the entry
line) as a single-row matrix or

vector.

Fiv [FEie| Fue | FE Fér
AT3g¢bra[Calc(Other|FramibjClean U

W[1.93277I10924
[1.93277

w3, 18924389742
[3.10924

w[4.22571428571
[4.25571

“1.F7RELEp
R |
—4. 397I24p
-4, 39738]
“Z.DEIZZCH
C2. BE3ET]

HMAIN FRD AUTO

FUNC T

l

Displayed coordinates are
stored in a data variable named
sysData, which you can open in
the Data/Matrix Editor.

DHTA

*

Fir Fz Fz F4 FE JFE F7
Tools|Flot S etup|CeT1{Header|Calc|Util)stat)

]

=]

=]

£ LA D |

cl
1, 9323

“1.771

EREER

-4. 397

-2, 0eg

I
ricl=4,2
MHIN

1
207142857

1
FURC

EAD AUTO

Note: Use a split screen to show a graph and the Home screen or Data/Matrix Editor at

the same time.

Notes about SysData Variable

*  When you press:

N

- If sysData does not exist, it is created in the MAIN folder.

- If sysData already exists, new data is appended to the end of any existing data.
Existing titles or column headers (for the affected columns) are cleared; titles are
replaced with the applicable titles for the new data.

* The sysData variable can be cleared, deleted, etc., just as any other data variable.
However, it cannot be locked.
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» If the Graph screen contains a function or stat plot that references the current
contents of sysData, this command will not operate.

Graphing a Function Defined on the Home Screen

In many cases, you may create a function or expression on the Home screen and then
decide to graph it. You can copy an expression to the Y= Editor, or graph it directly from
the Home screen without using the Y= Editor.

What Is the “Native” Independent Variable?

On the Y= Editor, all functions must be defined in terms of the current graph mode’s
“native” independent variable.

Graph Mode Native Independent Variable
Function X

Parametric t

Polar 0

Sequence n

3D X,y

Differential Equation t
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Copying from the Home Screen to the Y= Editor

If you have an expression on the Home screen, you can use any of the following

methods to copy it to the Y= Editor.

Method Description
Copy and 1. Highlight the expression on the Home screen. Press
paste and select 5:Copy.
2. Display the Y= Editor, highlight the desired function, and
press |ENTER].
3. Press and select 6:Paste. Then press [ENTER].
Note: Instead of using [F1] 5 or [F1] 6 to copy and paste,
use:[*] [COPY] or [¢] [PASTE]
Store the expression to a Y= function name.
[ 2x73+3xA2-4x+12>y1(x) |
Use the complete function
name: y1(x), not just y1.
Note: To copy an expression from the Home screen’s
history area to the entry line, use the auto-paste feature or
copy and paste.
Define Define the expression as a user-defined Y= function.
command

| Define y1(x)=2x"3+3x"2—-4x+12 |

Note: Define is available from the Home screen’s
toolbar menu.
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Method Description

[ReL] If the expression is already stored to a variable:
1. Display the Y= Editor, highlight the desired function, and
press [ENTER].

2. Press [RCL]. Type the variable name that contains
the expression, and press twice.

Important: To recall a function variable such as f1(x), type
only f1, not the full function name.

3. Press to save the recalled expression in the

Y= Editor’s function list.

Note: [RcL] is useful if an expression is stored to a
variable or function that does not correspond to the

Y= Editor, such as a1 or f1(x).

Graphing Directly from the Home Screen

The Graph command lets you graph an expression from the Home screen without using
the Y= Editor. Unlike the Y= Editor, Graph lets you specify an expression in terms of any
independent variable, regardless of the current graphing mode.

If the expression is in Use the Graph command
terms of: as shown in this example:

The native . | Graph 1.25x*cos(x)
independent variable |

For function graphing, x is the native
variable.
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If the expression is in Use the Graph command
terms of: as shown in this example:

Anon-native independent [Graph 1.25a*cos(a),a
variable |

Specify the independent variable;
otherwise, you may get an error.

Note: Graph uses the current Window variable settings and is available from the Home
screen’s [F4] toolbar menu.

Graph does not work with sequence graphs or differential equations. For parametric,
polar, and 3D graphs, use the following variations.

In PARAMETRIC graphing mode: Graph xExpr, yExpr, t
In POLAR graphing mode: Graph expr, 6
In 3D graphing mode: Graph expr, x, y

Note: To create a table from the Home screen, use the Table command. It is similar to
Graph. Both share the same expressions.

Graph does not copy the expression to the Y= Editor. Instead, it temporarily suspends
any functions selected on the Y= Editor. You can trace, zoom, or show and edit Graph
expressions on the Table screen, just the same as Y= Editor functions.

Clearing the Graph Screen

Each time you execute Graph, the new expression is added to the existing ones. To clear
the graphs:
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»  Execute the CirGraph command (available from the Home screen’s Other toolbar
menu).

» Display the Y= Editor. The next time you display the Graph screen, it will use the
functions selected on the Y= Editor.

Extra Benefits of User-Defined Functions

You can define a user-defined function in terms of any independent variable. For
example:

l— Define f1(aa)=1.25aa cos(aa).

Define f1(aa)=1.25aa*cos(aa)
Graph f1(x)

Refers to the function by using the native
independent variable.

and:

Define f1(aa)=1.25aa*cos(aa)
f1(x)>y1(x)

Graphing a Piecewise Defined Function

To graph a piecewise function, you must first define the function by specifying
boundaries and expressions for each piece. The when function is extremely useful for
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two-piece functions. For three or more pieces, it may be easier to create a multi-
statement, user-defined function.

Using the When Function
To define a two-piece function, use the syntax:

when(condition, trueExpression, falseExpression)

For example, suppose you want to graph a function with two pieces.

When: Use expression: I\

x<0 =X /—\
o

x>0 5 cos(x)

In the Y= Editor:

The function is “pretty s
printed” in this form.

Enter the function in this
form.

gl Ced=when Cod [, —x, ShoosOx...

For three or more pieces, you can use nested when functions.
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Note: To enter when, type it or use the CATALOG.

When: Use expression: [
X<-T 4 sin(x)
x=>-mandx<0 2x +6 | \
x>0 6 — x2
In the Y= Editor: ‘Pms{ 4rsin0o < n g
A2 xw+E,else ?
1= 2
o= B - xS, else
uz=
g
yl Cxd=when (el @, when txd -, ...
where:

| y1(x)=when(x<0,when(x< - w,4*sin(x),2x+6),6—-x"2)

This nested function is in effect when x<0.

Nested functions quickly become complex and difficult to visualize.

Using a Multi-Statement, User-Defined Function

For three or more pieces, you may want to create a multi-statement, user-defined
function.
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For example, consider the previous three-piece function.

When: Use expression:

X<-T 4 sin(x) [
x>-mwand x<0 2x +6 ' \
x=0 6 — x2

Note: For information about similarities and differences between functions and
programs, refer to Programming.

A multi-statement, user-defined function can have many of the control and decision-
making structures (If, Elself, Return, etc.) used in programming. When creating the
structure of a function, it may be helpful to visualize it first in a block form.

O Func
If x<-m Then
Ret urn 4*si n(x)
El sel f x>=-n and x<0 Then
Return 2x+6
El se
Return 6—x"2
Endl f
® EndFunc

©® Func and EndFunc must begin and end the function.

When entering a multi-statement function on the Y= Editor or Home screen, you must
enter the entire function on a single line.
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Use a colon () to separate each statement.

| Func:If x< - Then:Return 4*sin(x): ... :EndIf:EndFunc |

In the Y= Editor:

Only Func is shown for a i —
multi-statement function. e

L
Enter a multi-statement 2Lz

alixi=FunciIf x<-m Then:R.

function on one line. Be sure
to include colons.

From the Home Screen or a Program

From the Home screen, you can also use the Define command to create a multi-
statement, user-defined function.

Information is available on copying a function from the Home screen to the Y= Editor.

From the Program Editor, you can create a user-defined function. For example, use the
Program Editor to create a function named f1(xx). In the Y= Editor, set y1(x) = f1(x).

Graphing a Family of Curves

By entering a list in an expression, you can plot a separate function for each value in the
list. (You cannot graph a family of curves in SEQUENCE or 3D graphing mode.)
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Examples Using the Y= Editor
Enter the expression {2,4,6} sin(x) and graph the functions.

Note: Enclose list elements in braces (2nd] [{] and [}]) and separate them with
commas.

3 VV}V‘

ulcxy={2,4,6x*sintxa

Graphs three functions:
2 sin(x), 4 sin(x), 6 sin(x)

Enter the expression {2,4,6} sin({1,2,3} x) and graph the functions.

ulcxo={2,4,6x#sinc{l,2, 3.

Graphs three functions:
2 sin(x), 4 sin(2x), 6 sin(3x)

Note: The commas are shown in the entry line but not in the function list.

Example Using the Graph Command

Similarly, you can use the Graph command from the Home screen or a program.
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graph {2,4,6}sin(x)
graph {2,4,6}sin({1,2,3}x)

Simultaneous Graphs with Lists

When the graph format is set for Graph Order = SIMUL, the functions are graphed in
groups according to the element number in the list.

T e % 632in00 For these example functions, the TI-89
“i2=i1 2 Trox4d Titanium / Voyage™ 200

wy3=cas(x)
. Graphing Calculator graphs three groups.

*  2sin(x), x+4, cos(x)
*  4sin(x), 2x+4
e 6sin(x), 3x+4

The functions within each group are graphed simultaneously, but the groups are graphed
sequentially.

Note: To set graph formats from the Y= Editor, Window Editor, or Graph screen, press:
(]
When Tracing a Family of Curves

Pressing @ or @ moves the trace cursor to the next or previous curve in the same family
before moving to the next or previous selected function.
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Using the Two-Graph Mode

In two-graph mode, the calculator’s graph-related features are duplicated, giving you two
independent graphing calculators. The two-graph mode is only available in split screen
mode. For more information about split screens, refer to Split Screens.

Setting the Mode

Several mode settings affect the two-graph mode, but only two settings are required.
Both are on Page 2 of the MODE dialog box.

1. Press [MODE]. Then press to display Page 2.

2. Set the following required modes.

e Split Screen = TOP-BOTTOM or
LEFT-RIGHT

Horg 3
Grarhs

INCTION *
RUTD*
HEX

*  Number of Graphs =2 < EREr IR <EETREL

3. Optionally, you can set the following modes.

Page 1: *  Graph = Graph mode for top or left side of the
split

Additional Graphing Topics 482



Page 2: *  Split 1 App = application for top or left side

*  Split 2 App = application for bottom or right
side

*  Graph 2 = Graph mode for bottom or right side

4, Press to close the dialog box.

The Two-Graph Screen

A two-graph screen is similar to a regular split screen.

Graph 1 . Ieﬁ or 15%1.5'[253;\ T;Ece‘[neé:wh‘[rﬁ&‘[nr'g.w'[lfe?n sc
top side ™~

Graph 2: right or
bottom side

L
Thick border  ~_|[|/ 1V
indicates active
graph side

h—
HAIN RAD AUTOD  G1 FUNHC

Graph mode of active graph

Active graph side: GR#1 or GR#2

Independent Graph-Related Features
Both Graph 1 and Graph 2 have independent:
*  Graph modes (FUNCTION, POLAR, etc.). Other modes such as Angle, Display

Digits, etc., are shared and affect both graphs.
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*  Window Editor variables.

* Table setup parameters and Table screens.

*  Graph formats such as Coordinates, Axes, etc.

* Graph screens.

« Y= Editors. However, both graphs share common function and stat plot definitions.

Note: The Y= Editor is completely independent only when the two sides use different
graphing modes (as described below).

Independent graph-related applications (Y= Editor, Graph screen, etc.) can be displayed
on both sides of the screen at the same time.

Non-graph-related applications (Home screen, Data/Matrix Editor, etc.) are shared and
can be displayed on only one side at a time.

The Y= Editor in Two-Graph Mode

Even in two-graph mode, there is actually only one Y= Editor, which maintains a single
function list for each Graph mode setting. However, if both sides use the same graphing
mode, each side can select different functions from that single list.

*  When both sidgs use differer?t graphing il [ ]
modes, each side shows a different ;";‘féim,;",&"gés.sin@_.
. . o= 1w _ p| FE=
function list. gt N
% res
ol =1, 254sckons ()
FHIN KAD AUTO  G1 FUNC
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* When both sides use the same graphing [T |
mode, each side shows the same function ([ e 121 25 o
list. Ja%z.lwﬁ—:’ Egz.l-xz—?

ud= ud=

. 5= S=

- You can use [F4] to select different 2= Sa=
functions and stat plots (indicated T R

by v') for each side.

- If you set a display style for a
function, that style is used by both
sides.[2nd] [F6]

» Suppose Graph 1 and Graph 2 are set for function graphing. Although both sides
show the same function list, you can select (v') different functions for graphing

Note: If you make a change on the active Y= Editor (redefine a function, change a style,
etc.), that change is not reflected on the inactive side until you switch to it.

Using a Split Screen

For more complete information about split screens, refer to Split Screens.

« To switch from one graph side to the other, press [H] (second function of
(APPS]).

+ To display different applications:

- Switch to the applicable graph side and display the application as you normally
would.

- Use to change Split 1 App and/or Split 2 App.
* To exit two-graph mode:

Additional Graphing Topics 485



- Use to set Number of Graphs = 1, or exit the split screen by setting Split
Screen = FULL.

- Press [auIT] twice. This always exits a split screen and returns to a full-sized
Home screen.

Note: You can display non-graph-related applications (such as the Home screen) on only
one side at a time.

Remember that the Two Sides Are Independent

In two-graph mode, the two sides may appear to be related when, in fact, they are not.
For example:

Fl=] Fee| FZ [X] FE=| Faw [F7e5ii
To 15[ 22 oro| TP A |ReGr arhirakh{or awlPin):<

For Graph 1, the —|“i=1.25.2- o I For Graph 2, the

Y=Editorlists y(x) |4 R polar graph uses

functions. ng r(0) equations that
Mmr: AL AT GZ FOL are not shown.

After the two-graph mode is set up, graph-related operations refer to the active graph
side. For example:

10>xmax

affects either Graph 1 or Graph 2, depending on which is active when you execute the
command.
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To switch the active sides, press [E]] or use the switch function, switch(1) or
switch(2).

Drawing a Function or Inverse on a Graph

For comparison purposes, you may want to draw a function over your current graph.
Typically, the drawn function is some variation of the graph. You can also draw the
inverse of a function. (These operations are not available for 3D graphs.)

Drawing a Function, Parametric, or Polar Equation

Execute DrawFunc, DrawParm, or DrawPol from the Home screen or a program. You
cannot draw a function or equation interactively from the Graph screen.

DrawFunc expression
DrawParm expressionl, expression2 [,tmin] [,tmax] [,tstep]

DrawPol expression [,0min] [,0max] [,Ostep]

For example:

1. Define y1(x)=.1x>-2x+6 on the Y= Editor, /\t\/
and graph the function.

o
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2. On the Graph screen, press: [F6]
and select 2:DrawFunc.

To display the Home screen and put
DrawFunc in the entry line, press:[2nd] [F6] 2

3. On the Home screen, specify the function [DrawFunc y1(x)-6 |

to draw.
4. Press to draw the function on the
Graph screen.
You cannot trace, zoom, or perform a // !

math operation on a drawn function.

Note: To clear the drawn function, press

[F6] and select 1:ClrDraw

Drawing the Inverse of a Function

Execute Drawlnv from the Home screen or a program. You cannot draw an inverse
function interactively from the Graph screen.

Drawlnv expression

For example, use the graph of y1(x)=.1x3—2x+6 as shown above.
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1. On the Graph screen, press: [F6] and select 3:Drawinv

To display the Home screen and put Drawlnv in the entry line, press:
[Fe] 3

2. On the Home screen, specify the inverse [Drawinv y1(x) |
function.

3. Press [ENTER]. /\i\%-
The inverse is plotted as (y,x) instead of
(). A

Drawing a Line, Circle, or Text Label on a Graph

You can draw one or more objects on the Graph screen, usually for comparisons. For
example, draw a horizontal line to show that two parts of a graph have the same y value.
(Some objects are not available for 3D graphs.)

Clearing All Drawings

A drawn object is not part of the graph itself. It is drawn “on top of” the graph and
remains on the screen until you clear it.
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From the Graph screen:

. [Fé]
and select 1:CirDraw.

tC1rDraw
]

Oz Iy
—or— fOrawPol
 Or-awkarm
&2 0raws]

* Press [F4] to regraph.

Note: You can also enter ClrDraw on the Home screen’s entry line.

You can also do anything that causes the Smart Graph feature to redraw the graph (such
as change the Window variables or deselect a function on the Y= Editor).
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Drawing a Point or a Freehand Line

From the Graph screen:

1. [2nd) [F7]
and select 1:Pencil.

2. Move the cursor to the applicable fhirele 01
location. tlertical

Text
fSave Picture

To draw a: Do this:

Point (pixel-sized) Press [ENTER].

Freehand line Press and hold (1], and move the cursor to draw
the line.

Note: When drawing a freehand line, you can move the cursor diagonally.

After drawing the point or line, you are still in
Pencil mode. L A

» To continue drawing, move the cursor to
another point.

«  To quit, press (ESC].

Note: If you start drawing on a white pixel, the pencil draws a black point or line. If you
start on a black pixel, the pencil draws a white point or line (which can act as an eraser).
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Erasing Individual Parts of a Drawing Object

From the Graph screen:

1. [F7]
and select 2:Eraser. The cursor is shown as a small box.

2. Move the cursor to the applicable location.

To erase: Do this:

Area under the box Press [ENTER].

Along a freehand line  Press and hold [1], and move the cursor to
erase the line.

Note: These techniques also erase parts of graphed functions.

After erasing, you are still in Eraser mode. I
. p

+  To continue erasing, move the box cursor “—l N
to another location.

+ To quit, press [ESC].

Drawing a Line Between Two Points

From the Graph screen:

1. [F7]
and select 3:Line.
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Move the cursor to the 1st point, and press [ENTER].

Move to the 2nd point, and press [ENTER]. (As you move, a line extends from the 1st
point to the cursor.)

Note: Use to move the cursor in larger increments; ®, etc.

After drawing the line, you are still in Line

mode. \ M\
VS

* To continue drawing another line, move

the cursor to a new 1st point.
+ To quit, press [ESC].

Drawing a Circle

From the Graph screen:

1. [2nd) [F7]

and select 4:Circle.

2. Move the cursor to the center of the circle,
and press [ENTER]. /\

3. Move the cursor to set the radius, and \/ w \

press [ENTER].

Note: Use to move the cursor in larger increments; ®, etc.
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Drawing a Horizontal or Vertical Line

From the Graph screen:

1. [2nd [F7]
and select 5:Horizontal or 6:Vertical. A horizontal or vertical line and a flashing cursor
are displayed on the screen.

If the line is initially displayed on an axis, it may be difficult to see. However, you can
easily see the flashing cursor.

2. Use the cursor pad to move the line to the appropriate position. Then press [ENTER].

After drawing the line, you are still in “line” -

mode. \ / \

» To continue, move the cursor to X/ N \
another location. Rt geaT. BT

+  To quit, press [ESC].

Note: Use to move the cursor in larger increments; ®, etc.

Drawing a Tangent Line
To draw a tangent line, use the Math toolbar menu. From the Graph screen:

1. Press [F5) and select A:Tangent.
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2. As necessary, use @ and ® to select the applicable function.

3. Move the cursor to the tangent point, and

press [ENTER]. \ \{ /\

The tangent line is drawn, and its X/ j »\{ \
= "2 94542 +4 . 8568

equation is displayed.

Note: To set the tangent point, you can also type its x value and press [ENTER].

Drawing a Line Based on a Point and a Slope

To draw a line through a specified point with a specified slope, execute the DrawSIp
command from the Home screen or a program. Use the syntax:

DrawsSlp x, y, slope

You can also access DrawSlp from the Graph screen.

1.

[Fe]
and select 6:DrawSlp. This switches to the Home screen and puts DrawSlp in the
entry line.

Complete the command, and press [DrawSip 4,0,6.37 |
(ENTER].

The calculator automatically switches to

the Graph screen and draws the line. /\

Vo
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Typing Text Labels

From the Graph screen:

1.

(2nd) [F7]

and select 7:Text.

Move the text cursor to the location where you want to begin typing.

Type the text label.
After typlng the teXt’ you are Stl” in \ Ul(x)=1.2‘5x*cos(x€\

“text” mode.
N \

« To continue, move the cursor to \/
another location.

*  To quit, press [ENTER] or [ESC].

Note: The text cursor indicates the upper-left corner of the next character you type.

From the Home Screen or a Program

Commands are available for drawing any of the objects described in this section. There
are also commands (such as PxIOn, PxILine, etc.) that let you draw objects by specifying
exact pixel locations on the screen.

For a list of the available drawing commands, refer to “Drawing on the Graph Screen” in
Programming.
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Saving and Opening a Picture of a Graph

You can save an image of the current Graph screen in a PICTURE (or PIC) variable.
Then, at a later time, you can open that variable and display the image. This saves the
image only, not the graph settings used to produce it.

Saving a Picture of the Whole Graph Screen

A picture includes any plotted functions, axes, tick marks, and drawn objects. The
picture does not include lower and upper bound indicators, prompts, or cursor

coordinates.

Display the Graph screen as you want to
save it; and then:

1. Press and select 2:Save Copy As.

2. Specify the type (Picture), folder, and a
unique variable name.

3. Press [ENTER]. After typing in an input
box such as Variable, you must press
twice.

Additional Graphing Topics

SRYE COFY AT

— Tees: Ficture
Folder:  main+
Variable:

Enker=SAVE 3

e ESCSCAMCEL Ja

Important: By default,
Type = GDB (for graph
database). You must
set Type = Picture.
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Saving a Portion of the Graph Screen

You can define a rectangular box that encloses only the portion of the Graph screen that
you want to save.

1.

[F7]

and select 8:Save Picture.

A box is shown around the outer edge
of the screen.

Note: You cannot save a portion of a
3D graph.

Set the 1st corner of the box by
moving its top and left sides. Then
press [ENTER].

Note: Use ® and ® to move the top or
bottom, and use ¢ and © to move the
sides.

Set the 2nd corner by moving the
bottom and right sides. Then press
(ENTER].

Specify the folder and a unique
variable name.

Press [ENTER]. After typing in an input
box such as Variable, you must press

ENTER] twice.

Additional Graphing Topics

tHorizontal

tlertical

\

ra SAYE COFY RE ™y

Tupe Fickurs
Folder:  ragin %

LI L I—

< Enter=iavE 3 <EEC=CANCEL 4

Note: When saving a
portion of a graph, Type
is automatically fixed as
Picture.
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Opening a Graph Picture

When you open a graph picture, it is superimposed over the current Graph screen. To
display only the picture, use the Y= Editor to deselect any other functions before opening
the graph picture.

From the Graph screen:

1. Press and select 1:0pen.

2. Select the type (Picture), folder, and i IFEN
variable that contain the graph picture T e re?
you Want to Open Yariable: picl¥
cEnterzOE CESC=LANCEL

Note: If a variable name is not shown
on the dialog box, there are no graph
pictures in the folder.

Important: By default,
Type = GDB (for graph
database). Be sure to
3. Press [ENTER]. set Type = Picture.

A graph picture is a drawing object. You cannot trace any curve on a picture.

For Pictures Saved from a Portion of the Graph Screen

When you press [F1] and select 1:0pen, the picture is superimposed starting at the upper-
left corner of the Graph screen. If the picture was saved from a portion of the Graph
screen, it may appear shifted from the underlying graph.

You can specify which screen pixel to use as the upper-left corner.
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Deleting a Graph Picture

Unwanted Picture variables take up calculator memory. To delete a variable, use the
VAR-LINK screen ([2nd] [VAR-LINK]) as described in Memory and Variable Management.

From a Program or the Home Screen

To save (store) and open (recall) a graph picture, use the StoPic, RclPic, AndPic, XorPic,
and RplcPic commands as described in the Technical Reference module.

To display a series of graph pictures as an animation, use the CyclePic command. For an
example, refer to CyclePic Command.

Animating a Series of Graph Pictures

As described earlier in this module, you can save a picture of a graph. By using the
CyclePic command, you can flip through a series of graph pictures to create an
animation.

CyclePic Command

Before using CyclePic, you must have a series of graph pictures that have the same
base name and are sequentially numbered starting with 1 (such as pic1, pic2, pic3, . . .).

To cycle the pictures, use the syntax:
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CyclePic picNameString, n [,wait] [,cycles] [,direction]
(1] o © o (5]

© base name of pictures in quotes, such as "pic"
@ # of pictures to cycle

© seconds between
O # of times to repeat cycle

Example

This example program (named cyc) generates 10 views of a 3D graph, with each view
rotated 10 ° further around the Z axis. For information about each command, refer to the
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Technical Reference module. For information about using the Program Editor, refer to
Programming.

Program Listing Every Other Graph from
Program

scyce()

Prgm

:local |

: @Set npde and W ndow vari abl es
: set Mode(“graph”, ”3d")
1 70>eyeo
:-10>xm n
: 10>xmax
:14>xgrid
:=10>ym n
: 10>y max
:14>ygrid
:-10>zm n
: 10>zmax
: 1>zscl
:@Define the function
D (XN 3*y—y"3*x) /[ 390>z1(x,Y)
:@Cenerate pics and rotate
:For i,1,10,1
i *10>eyeb
D spG
StoPic #("pic" & string(i))
: EndFor
: @Di splay ani mation
:CyclePic "pic",10,.5,5,-1
: EndPrgm
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Comments start with ®@. Press:

10

Note: Due to its complexity, this program takes several minutes to run.

After entering this program on the Program Editor, go to the Home screen and enter
cyce().

Saving and Opening a Graph Database

A graph database is the set of all elements that define a particular graph. By saving a
graph database as a GDB variable, you can recreate that graph at a later time by
opening its stored database variable.

Elements in a Graph Database
A graph database consists of:

*  Mode settings ([MODE]) for Graph, Angle, Complex Format, and Split Screen (only if you
are using the two-graph mode).

«  All functions in the Y= Editor ((¢] [Y=]), including display styles and which functions
are selected.

+ Table parameters ([#] [TBLSET]), Window variables ([¢] [WINDOW]), and graph formats:
9

()
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A graph database does not include drawn objects or stat plots.

Note: In two-graph mode, the elements for both graphs are saved in a single database.

Saving the Current Graph Database

From the Y= Editor, Window Editor, Table screen, or Graph screen:

Press and select 2:Save Copy As.

2. Specify the folder and a unique
variable name.

3. Press [ENTER]. After typing in an input

box such as Variable, you must press

ENTER] twice.

Opening a Graph Database

SRYE COFY RS

\
Twre: GDE
Folder:  magin
LLL ) I—|

£ Enter=3aYE 3

€ ESC=CANCEL 3

Note: If you start from
the Graph screen, be
sure to use Type=GDB.

Caution: When you open a graph database, all information in the current database is
replaced. You may want to store the current graph database before opening a stored

database.
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From the Y= Editor, Window Editor, Table screen, or Graph screen:

Press and select 1:0pen.

2. Select the folder and variable that
contain the graph database you want
to open.

3. Press [ENTER].

Deleting a Graph Database

OFEMW

Tere: GDE
Folder:  mdin®
Variable: Irafdbl s

CEnter=0F__2 o EEC=CAMLEL 1

Note: If you start from
the Graph screen, be
sure to use Type=GDB.

Unused GDB variables take up calculator memory. To delete them, use the VAR-LINK
screen ([2nd] [VAR-LINK]) described in Memory and Variable Management.

From a Program or the Home Screen

You can save (store) and open (recall) a graph database by using the StoGDB and
RclGDB commands as described in the Technical Reference module.
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Split Screens

Setting and Exiting the Split Screen Mode

To set up a split screen, use the MODE dialog box to specify the applicable mode
settings. After you set up the split screen, it remains in effect until you change it.

Setting the Split Screen Mode

Press to display the MODE dialog box.

2. Because the modes related to split screens are listed on the second page of the
MODE dialog box, either:

*+ Use ®@ to scroll down.
*  Press [F2] to display Page 2.

3. Set the Split Screen mode to either of the following settings. For the procedure used
to change a mode setting, refer to Operating the Calculator.

Split Screen Settings
TOP-BOTTOM
LEFT-RIGHT
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HOBE

f TR s When you set Split Screen =
TOP-BOTTOM or LEFT-RIGHT,
previously dimmed modes such
as Split 2 App become active.

Setting the Initial Applications

Before pressing to close the MODE
dialog box, you can use the Split 1 App and

= 1tar
JiWindow Editor

- . . LY
Split 2 App modes to select the applications E=E;ETEM i Edit
sHata-Matrix 1Lor
you want to use. 7iProaran Editor

24 Text Editor

Mode Specifies the application in the:
Split 1 App Top or left part of the split screen.
Split 2 App Bottom or right part of the split screen.

If you set Split 1 App and Split 2 App to the same application, the calculator exits the split
screen mode and displays the application full screen.

You can open different applications after the split screen is displayed.

Note: In two-graph mode, described in Additional Graphing Topics, the same application
can be in both parts of a split screen.
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Other Modes that Affect a Split Screen

Mode Description

Number of Graphs Lets you set up and display two

Note: Leave this set to 1 unless you independent sets of graphs.

have read the applicable section This is an advanced graphing feature

in Additional Graphing Topics. as described in “Using the Two-
Graph Mode” in Additional Graphing
Topics.

Split Screens and Pixel Coordinates

The calculator has commands that use pixel coordinates to draw lines, circles, etc., on
the Graph screen. The following charts show how the Split Screen and Split Screen Ratio
mode settings affect the number of pixels available on the Graph screen.
