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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.

«  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, 2010 Texas Instruments Incorporated

Windows and Macintosh are trademarks of their respective owners.



Getting Started

Initial start-up

Installing the AAA Batteries

The TI-89 Titanium uses four AAA alkaline batteries and one button cell backup battery.
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 “Installation 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
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Adjusting the contrast

To lighten the display, press and hold [¢] and tap
=l
To darken the display, press and hold [¢] and tap
(4.

CHAR

The Apps desktop

The Apps desktop is the starting point for operating your T1-89 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.

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.
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TI-89 Titanium Apps desktop

O View full name of highlighted App.

A View time and date.

O Press to open highlighted App.
O scroll down to view additional Apps.
© Check status line information.

O Edit categories.

To return to the Apps desktop at any time, press [APPS]. The last category selected
appears with the last open App highlighted.
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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 [*] Similar to [2nd] [0FF] except:

and then press [0FF]) . you can use [#][0FF] if an error message is
displayed.

¢« When you turn the TI-89 TitaniumVoyage™
200 on again, it will be exactly as you left it.

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.
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« 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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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), [+], [1J) 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] HAR

iMa
SiPunctuation
4i5pecial |
St International

wrwrw

CHRE

1:Gre=k
tiath .
4 Z: Punctuat.ion

i

e

Scroll down for
more characters.

9 Fir Fir Fae| F4 FE
Tools|Command|Vicw|Execute|Find...

—or— i e L
Press @ repeatedly to ]
select 9: > Symbol displayed at cursor
and press [ENTER location
MAIM FRD AUTO FUHC nlzn

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

(] [kev]

1= [FirI Fer ]‘Fsilruil TE T rs—] ]
Tools|Contr o1l 0 [VYar|Find... |Mods

fchat ol

tPranm

fC1lrI0

:If A#—— Symbol

tEndPran  displayed at
cursor location.

HMAIN EAD AUTO FUMC
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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.

K3 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.
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Example: Access the VAR-LINK [All] screen, where you can manage variables and Apps.

Press Result

(2nd) [VAR-LINK]

Mhk-LINE [ATT]

Fir 1 F2 | o[ 4 [F5. T8 H
Hanade|View|Link{ n11'1contents F1asln‘|w]
+  MAIM=

a MAT 35
] MAT S

w2 caloculus STOY 229324
eqn EXFR 25

m  foliofl FLIO 13

AIN W EAD AUTO FUNC 0ED

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:

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 D 85 Fix| Far |FEv| Fa=| FE T
14075 | 134bta|CaTe |0tk e |PrarainjcIcan e
6.85E-3
3 HAIN RAD AT FIIAE [T
ENTER Fi- [Fir 5 [ Fi-
(R A A
L, QHESS . HEEES
HRIN FAD ALTO FIRC 150

Other important keys

Key Command Description
(] [v=] Displays the Y= Editor.
(o] [WiNDOW] Displays the Window Editor.

Getting Started
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Key Command

Description

(¢][GRAPH] Displays the Graph screen.

(e][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.

K3 With the Apps desktop off,
displays the FLASH
APPLICATIONS menu.

[=3]] Switches between the last two
chosen Apps.

[cusTom] Turns the custom menu on and off.

[»] Converts measurement units.

(][] Designates a measurement unit.

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

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

[ins] Switches between insert and
overwrite modes.

[MEM] Displays the MEMORY screen.

Getting Started
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Key Command Description

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..

[auiT] * 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:

1. Press [MODE. Page 1 of the MODE dialog box appears.
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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 o HODE -,

FL | Fz | F2
Fadg 1{Fads |Fade 2
ararh

FUMCTIOM *

rdin*
FLOAT 5%
.. KADIAW
HORMA
KEAL *
. KECTAMGULAFR *
Fretty Frint......... OH#*
Enter=:AVE EZC=CAMCEL
r MODE )

F1 T Fz | F=
Fadsg 1{Fads 2|Fads 2
t1Ar

Enber=3ANE ESC=CAMCEL
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Press

+ Unik Swskern..
Dith i

Landuad

i,
APES Deskiop

Enter=EAVE

ESC=CAMCEL

Changing mode settings

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

Press Result
MODE - HODE "
FI | Fz | F2
Fads i|Fads z|Fade 3
GFarh... . FUMCTIOM *
Curkent LHES
Disp1ax I FLOAT &%
ARl KADIAM
EXFan
Complex Format ... REAL *
- Mector Farmat. RECTAMGLLAR *
Fratky Frint . ON3
Entgr=5AVE ESC=CAMCEL
o MODE Ty

FL | Fz | F2

Fadg 1{Fads |Fade 2
« lnit Sstery

o

: H
nuads ..
Ares Deskbor

Entgr=3AYE

ESC=CAMCEL
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Press Result
Scroll down to the Language . TO0E =
field. FL ] FZ | F2
© ~ Unit Eyst-zm H'al I
R Enalish%
AEFS [lﬂkh!lﬂ' OH *
Press () - TO0E -,

and then press @ until
3:Espafiol is highlighted.

Note: Your menu list might
vary, depending on the
languages installed.

FI | Fz | F3
Fadsg 1{Fads 2|Fads 2

* Unit Zuskem

Enter=3AVE ESC=CAMCEL

ENTER

Entsr=FAVE ESC=CAMCEL
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Press Result

ENTER [ri—I Fir '[r:—I ru—]’ FE '[ Fir l ]
Too15|AT3 sk ra|Calc|Othr|Frami0|CTsan Ue
Note: The previous open App

appeatrs (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 CATALDG
(dlsplays Bu”t-ln Commands) HF::W‘ B:uiF'I%-in F1ﬂ5rh3ﬁPP‘5 Ustr-FDI'tFin-zd

(displays Flash Apps
commands, if any)

CATALOS

binomcdEy .
binomPdfd ...
celllfd (..., T
chiZZuwag? ...T
chiZEdF‘E‘ .
CHTALDG
(dlsplays User-Deflned Hrij:lp' BuiF]%-il'l F1d!Fh3ﬁPP5 u:-zr'-rl::'tﬁn-zd

commands, if any) rprogld L.l .. main

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.
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Example: Insert the combDenom( 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 CATHLOG
Tt . [
C) ClrTable
colbimd
. . . colHormd
Then press @ until the pointer is Fggmﬂ?nnm{
at the comDenom( function. c:.;.,:.“‘u;.r
C-IIISIEI
. cosil
ENTER W
Tools|A13cbralCalc|Obher|Frami0{Clean Ue|
corberom
ERFRLAAR]

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 CATALOG

[Hrtj:IPIBuFI%-inIS '!-':E:’-g::: # u:-zr-FDI'-zFin-zdI ]
ClrErr
ClrGraph

ClrHome
Selected EINT

r
command ClrTable
collimg

| colHormd
L toomnDenon

Command ERFELURE]
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].
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(1] (2]

Fle| Fir [Fia] Fir [ FE [
Tools)A13cbra|Calg|Other [FEAMIOICTcan Ur
T

=].7-4.2 .14
P42

[Z
=— O

EAD AUTO FUHC ERED]

o

(1] History area lists the entry/answer pairs entered.

O Tabs display menus for selecting lists of operations. Press [F1], [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.
(5] Entry line displays your current entry.

® 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 © or
too long for one line (» is @ to scroll left or right and ©or ® togo
displayed at the end of to the beginning or end.

the line)

Return cursor to the entry  Press [ESC], 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:

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

Getting Started
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« Enter CIrHome 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 I Frodram Editor TET PN
Fenul 01 18/05
IF -
ulFAM i
oo [
Frodram Ed... MoteFolio  MUmeric So..  Planmer
= Ll Ab
Folenemmial ... GEEEIDIGNGIN Simultancs... W
MAIN RAD AUTO FUMEC
ENTER
3 Frodram Editar
1:Current.
25 0pen...
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Press Result

ENTER Fir] Fzr [FzdFid FE | Fix
Teols{Conkr o)l D |Yar(Find...Med

i HEH ™y

ToR&: [FFedramg
Folder:  mdin®

Yariable:

Enter=0kE ESCSCAMCEL

USE + AWD + TO OFEM CHOICES

OXC
programl

Fir Fir qdF4+ FE Fa=
Teols|Contr o1fl/D|Yar(Find... |Mode

i HEH ™

Tepi: Frodram ¥
Falder:  main¥

Yariable: [Predramd |
eEnter=OK__.3 £EZC=CANCEL 2

MAIN RAD AUTO FUNC
ENTER ENTER Fir Fer = FY FE Far
Touls|Contr o|I70 [War|Find... Maeds
=Brugram1()
Hag=1T]
fEndPram
HAIN FRAD 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 MokeFalia HIZFM
I ' i 18 05
&
2= i
oo [
Hurigric ... Flannsy
e Alb
Fol#nemial ... Frodram Ed.. Simultango...
MAIN RRD AUTO FLUMEC

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 31.)

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 [F3] through [F8] Apps categories:

1.

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

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.

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.

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').

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

d:Clock. =

X= e Alb

Folenemmial ... Fredram Ed.. Simultange... W

TVFE OF USE £3t4 + [EMTER] O [E5C]

HakeFalia

aries

1:2English..
sSocla ..
Jilath...
41 Graphing..
fScience..

&i0rganizr..
R Ab
Folenamial ... Prodram Ed.. Zimulbanss... W

TVFE OF USE £314 + [EMTEE] O [E3C]

2 - Edik Cabedorics

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

Enter=0K EZC=CAMCEL

]
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Press

Result

[2nd) [a-lock]
(MJBusiness

i Edik Catedorics

Cakedory Hams
Use % to choose AFF Shortcuts.
Calendar
CeTZhesk
Clock
Conkacks

w Data/Matrix Editar

Enter=0K ESCSCAMCEL

| ]

' Edik Catedories

Catedory Hams
Usg # ko choose ARE Sharkouks,

Calendar D

Ce15heet =

Clack O

Conkacks (]
w Data/Matrix Editor |
, ¢EnterzOE ESCECAMCEL 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 NoteFolio M5 FH
04/ 4B/0E
g
SRR
w0 |
Mumgric Sa... Flanngy
u
affam Alb
Folenemial ... Frodram Ed.. Zimultangs.., W
FAIN FRD AUTD FUHE
F1 TeTisheet 4 F1
Henu 0i/1B/0E
Financg
FAIN FRD AUTD FIINE

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

“FLOTE .
wgl=|pd = e

2= =g l1)
RS |
f
3
i iwa=
[RGIL] FAD ALUTO FlUKE

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 E% 1: ¥= Editor
HMa:ny & GFarh

— | 10:20 AM
110 0%
s
i M ol
alTam == Ca
Frodram Ed... Tabls Texk Editor
TI=E&ader  Rindow Edit...
MAIN RAD AUTO FLUMC
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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.

FAIM ZHD FAD AUTO GRE#1 FUNC zz/z0  [SAalaEd
(1] (2} e 0 (5] (6 (7] e o
Indicator Meaning
© current folder Name of the selected folder (MAIN is the
default folder.)
@ Modifier key Selected modifier key (2nd], (], (1)), if any.
(3) Angle mode Selected units in which angle values are
displayed and interpreted (RAD, DEG, GRAD)
(4) Exact/Approx Mode in which answers are calculated and
mode displayed (AUTO, EXACT, APPROX)

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

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

Meaning

(7] 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.

(8] 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
f@—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
MODE OE
F1 F& Fx
Fade 1|Fads z|Fade 3|
Grarh FUMCTION *
Fadin 3
FLOAT B+
FADIAN >
HORMAL *
Complex Formal REAL ¥
. Vector Farmat RECTAMGULAR #
Frekiy Prink............ OH +
¢ Enkgr=fAVE CESC=CRMCEL 2
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Press Result

¢ HOBE ™

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

\, CEnker=TRIE < EEC=CANCEL s /
@@@@ i HODE ™

Fi Fe Fz
Fads 1[Fads |Fads 3

+ Unit fuster ...

¢ Enter=EATE 3 & ESC=CAMLEL 3
ENTERJ |ENTER hare| i ear al e Dthar [Framin cnrusn'upm
Note: The previous open App
appeatrs (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.

Getting Started 38



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: ]

AMAFH: AM >
. . Dats Formak: DOAMMAYY >
w indicates you Vear:

~ Month: danuare ¥
can scroll down Enter=OF__ 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.

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

w

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
Use cursor keys to highlight Time and date —‘
@ Fi I Cleck 9:EQ0 AM
Fnu| ni/18/05

Clock
Calendar
H B
Contacks  DatasMatri... EEFra W
MAIN FAD AUTO FUNC
ENTER ¢ CLOCK K
Time Format: FE T+
Haour: 1 ]
HMinukte: 0]
AMAFH: AM *
Dakte Formak: bMADDMY *
Yeedr: 1887
* Month: Januare +
ESC=CANIEL
©le i CLOCK o
Tirme Format: 1z Hour +
Hour:
HMinuks:
AM/FH: A+
Dats Forrat: ME/DDSYY +
Tear: 1987
* HMonkh: Januar ¥

Enter=0F EXC=CHMCEL

Getting Started



Press Result
30@ 4 CLOCKE ™y
Tirie Format: 1z Hour #
Hour: 1]
HMinuks:
ArM/FH: A *
Dake Format: MMADDAYY *
Year: 1987
* Monkh: Januare *
ESCECANCEL
OJC i CLOCK ™y
Time Format: 1& Hour ¥
Haour: 1 ]
HMinukte: 0]
AMAFH:
Dake Faknaak: mll:;]ﬁ.
ear: L —
* Month: Januare +
ESC=CANIEL
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
OJS 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 Forrat: 1e Hour +

Hour: 1 |
HMinuks:
AAFH: FH*
Dake Formak: ODARPAYY *
Ygar:

T Mankh: AR T+

©19 i CLOCK ™y

* 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

Resul

t

ENTER] [ENTER

Revised time and datef

Fi Clock
Pl

1:30 FM
10/10/ 02

Calendar

i

[

Conkacks

DatasHatkri...

EEFra

-

HalH

ERD AUTO

FLUHC

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 —

@ Fi Clock 1:30 FM
M-znul 19/10/02

Clock E g 2

Calendar
|_Ei| H
Conkacts DatasMatri... EEFFa -
HMAIN EAD AUTO FUMC

Getting Started



Press Result

ENTER o Coow .
Scroll down to the Clock field. e
AMAFH: FM*
Datg Forrak: DOARMAYY 3
War: [Emoz
Fanth: Ockabgr *
Do
Clack: OM *

v, B Enksr=0F EZC=CAMCEL 2

® @ [ENTER]

Enter=0F EZC=CAMCEL

ENTER Clock off —|
I

Fi Clock
HMa:ny

Calendar
|EEI =
Contacts  Data/Matei..  EEFre W
FIRIH FAD AUTH FIRC

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
HOME Ll H ebra|Cal) & |FFIm| ean Ur

From the Apps desktop, use the
cursor keys to highlight

1
HalH

EaD AUTO FLUHC [RED]
Horg
and press [ENTER
-
w5 w indicates
5 Algebra menu will
%?appgm ( open when you
2ipropFract press [F2].
SlnSolued
2 |‘ Fivl Fer [Fi-] Fl- FE FB~ '|
Tools|A13¢brajCalc|0ther|Framl0jClean Ue
© [ENTER
factor(
AN FAD AUTO FLUHC (D]
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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.

Ft Fa~
B[C1san U

r o

*oror T T

TYFE OF USE £314 + [EW

TERI R [EZLT { points to

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

additional options.

Press Result
2nd] [MATH
") ATH PR e L)

£ Humber
ftHngle
iList
iMatrix

Complex
Statistics
tProbability

SlTest

1
3
3
3
&

rrvwvwvw vkl

-1

TVFE OF USE £3t4 + [EMTER] O [E5C]
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Press Result

D
—or-—
®®0
tmide
finStringd
tlefie
Sdrightc
TYFE OF UFE %14 + [EMTER] OF [EZC]
B Fir Fer [F3=] Fh- FE FB+
—or— |T-:--:-1s A13cbra|Cale|0kher|Fr3mil|Clean UPl
@ |ENTER

o]
MAIN RAD AUTO FUNC [T

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'|'PE OF USE £%14 + [EMTER] OF [E5C]
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Example: Open the SAVE COPY AS dialog box from the Window Editor.

Press Result
APPS Fi I Hindaw Editor I
. . FMenul
Use the cursor keys to highlight
— -é -
== 2
Table Tasks Texk Edikor
Hindow Edi...
and press [ENTER Yr=
= Edikor
HAIH FEAaD AUTO FUKE
]
MAIN RAD AUTO FUMEC
2 .
—or— Press ® to display  Type the name of
i he variable.
© TR a list of folders. the variable

(3 )

Tools|2aom|

M ZAVE COFY A3 K

Tvr&: GDE

Folder: main ¥

Yariable:

£ Enter=SAVYE A £ ESCSCAMCEL 2

UZE £ AMD + T0 OFEM CHOICES

Press [ENTER] twice to save and
close the dialog box.
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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:

e 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
[cusTOM] Default custom menu
I‘ﬁ.:IFEv F= |Fi=|_ FE- FE~ Fir '|
War|Foxd] SoTug|UnikjSebalfint eF nat'|Tool
i
HMAlM EAD AUTO FUNC [T
[2nd] [cusTOM] Normal toolbar menu
| Fi=| Fe= [F3=| Fi=] FE FE~ |
Tools|A13cbralCalc|Obher|Frami0|Clean Ur|
i
HMAIN EAD AUTO FUMC (]
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

[cusToM] W
(tO turn Oﬁ: the custom menu and Toaols|a1dchra|Calc|0bher|Frami0|Clean Ur|
turn on the standard toolbar
menu)

1
MAIN RAD AUTO FUMC [RET]

[Fe] Fir| Fe- |Fi- Fé-
Tools|A1dcbralCalc] Clean Ue

1:Clear a—=..
Sy =

tHewPrab
StRestore custom default

TVFE OF USE £314 + [EMTEE] O [E3C]

3 Firj Fe- |Fer| Fu [ FE | Fé=
—or— TouTz|A13ebralcdlc|Dther [Framin|cizan U
© @ (ENTER

LStmOF " fEndCustmE Custmlng
MAIN FAD AUTO FUNC 0730
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Press Result

ENTER 1 Fze| F3= |Fhr| FE= Fa~ Fre
Var|Fiad | EoeTue|Unit [ Fembe Ik ernak! | Tael

B Cystom = Title "Uar" & e
Dore

LEhmOFe " fEndCustmE Custmdn
FAD AUTO FUMC 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
LERE e

—or- e
wacl=1,

@ @ ENTER umin=-10.

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

HAIH RAD AITO 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.

2L T L

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

(MODE)

r MOBE N
Fi Fe Fz
Fads 1|Fads z|Falds =

Grarh....
CuFFent Folde
Disp 1w Didits
Andlk..... .. RADIAM #
Expongnkial Format NORMAL +

FUMCTION *
m

Cormplex Farmak..... KEAL

Weckor Format KRECTAMGLLAFR *

Frette Frink............ ON%

Enter=iAVE EZC=CHHCEL
OIS " MOE )

AUTO *
DEC *

EZC=CAMCEL
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Press Result

ENTER o~ MODE B

Fi | Fz | F=

= Zplit foreen .
SENE L Arp .
S

FF .. .
¥ of GFARhs .

Enter=fAVE EZC=CHMCEL

ENTER Fiz| Fer |Fa=| Fur | FE G-
Tools|a13ebralcale|okher|Pramin|clcan ue

FAIN EAD ALUTO FUMC LRl

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= F1 Fz ] F=
Fads 1ffade 2 Fads 1fFade z

+ EZRNik SCFEgh *
Rt 1 AFF

Enter=S6VE ESCSCANCEL ENfer=zAvE i ESC=CANCEL
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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 57.)
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
®® MODE

P

L

g

4:5

5=Tab?e

&:Data Matrix Editor

riProgram Editor

2l Text Editor
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Press Result
2
* gElitsereen TOF_E0TTOM
EIEE e i T
@0 MODE
5:Table
Data-Matrix Editor
riProaram Editor
Sl Text Editor
r -,
4

+ ERlit opeen
RNt 1 APE
SFNE E AFE ...
Humber of GFarhs

el

EXactrARPrax .

Eask...
EntersSAVE

gliwi=

FAIN EAD ALUTO FUMC
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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.)

Getting Started 62



Managing Apps and operating system (OS) versions

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

e The TI 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
TI Connect software, Apps, and OS versions, see the TlI 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:

o P REDLT ™
TI-B8 Titaniur,
T | R, ousz00n
Advanced Makhematics Safbwars
HaFdwar ¢ Yersien .00 I O }
© | Feaduckib:089-2-p

19
I0 #29201 EFAEZ ZCA?

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

3]

-

© 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.

(4] 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.

Quit the application.
Press [VAR-LINK] to display the VAR-LINK (All) screen.
Press [F7] to display the list of installed applications.

A w0 bd P

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

Press 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 1/0 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

T1 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 = I/O port
: > vo

TI-89 Titanium ports
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A (L))

USB port —
-

Accessory port

1/0 port

TI-89 Titanium ports (teacher model)

Batteries

The TI-89 Titanium uses four AAA alkaline batteries and a button cell backup battery.
The backup battery is already installed, and the AAA batteries are provided with your
product.

Installing the AAA Batteries

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.
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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.
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 battery

1. To replace the 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 button cell battery, positive (+) side up.

Replace the cover and the screw.

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

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.
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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(m/4) and display the result in et toeal oot el |
symbolic and numeric format. To clear the
history area of previous calculations, press
and select 8:Clear Home.

2
] Brone o

] Er

= sin[

wla wla

= sin[

RAD AUTO FUNC 2430

(2nd] [SIN] (2nd] [n] (=] 4 D] (ENTER] [¢] [<]
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Finding the Factorial of Numbers

Steps and keystrokes

Display

Compute the factorial of several numbers to
see how the TI-89 Titanium handles very
large integers. To get the factorial operator (!),
press [MATH], select 7:Probability, and then
select 1:!.

5 [MATH] 7 1 20 [MATH] 7 1
30 [MATH] 7 1

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

= 3! 120
= zg! 24329020021 7 e S4HRE0)
Lt

ZESZS2E5921 2191053636302

FRIN EAD AUTO FUNC T

Expanding Complex Numbers

Steps and keystrokes

Display

Compute (3+5i)2 to see how the TI-89
Titanium handles computations involving
complex numbers.

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

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

w3+5-§)° 198 + 18-

CI+5E 073

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 and selecting 2:factor(.

Press 2 2634492

(Optional) Enter other numbers on your own.

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

= factor( 2634492)
22.3.7-79- 397

factorC2e34492)

FRIN EAD AUTO FUNC 17E0

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 [[] Y 0] [ENTER]

Fer [Fir FE Fiir
A13xbrafCals) Frami0)Clgan Uef

1

[ Wl
root (gl
[ RAD AT FINEC 1750
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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:expand(.

Press [F2) 3[(J X[ 5 0] (8] 3 ] [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) toits
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[ 2E 2 XE 500 EFEOXE
1] D] [ENTER]

+x-1

=1

LopFrac i (™ 2-2x-00 (-1
HAIN

EAD AUTO FUNC 1430
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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
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 | ZEEEEC?

selecting “solve(” from the Catalog menu, by
typing SOLVE( on the keyboard, or by pressing
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[E]12X[E)6 (] 25 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

Previews



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.

F21X2E2X([H6E=20]X0IM 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 (x2>1,x) with respect to x.

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

Fiv| Few | FEe| FM FE
Tools[Corimand|visuw|Execut|Find..

SFUHCTIONALTTY
sHOT _AVAILAELE
tPLACEHOLDER

s IMERUALITY . brp

HalN GRDALTO FUNC
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Finding the Derivative of Functions

Steps and keystrokes Display
Find the derivative of (x—y)3/(x+y)2 with [Titi,mEE;ncﬂ%'cbfﬁ‘;rhfsi.ucﬁ;up{ ]
| lxow)”
respect to x. o P
: . . (= w1® (e + 504
This example illustrates using the calculus (ot )T
differentiation function and how the function is |[Egxmu™Saachn™2, <

displayed in “pretty print” in the history area.

Press nd) [d] [OXE YD W3 EHMAXHY
0J [ 2] X[ [ENTER)

Finding Implicit Derivatives

Steps and keystrokes Display

Compute implicit derivatives for equations in  [ilniZ bS]

two variables in which one variable is defined

implicitly in terms of another. w inpDiflx2 + w2 = 100, %, )
3

d

This example illustrates using the calculus

impDifis"2+gn2=100, 5, 98
HMAIN AUTO FUNC 130

implicit derivative function.

PressF3]DX[*]2[#H Y[ 25100 X[ YD)
ENTER

Previews



Finding the Integral of Functions

Steps and keystrokes

Display

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

This example illustrates using the calculus
integration function.

(2nd] [s] X [x] (2nd] [siN] X O] (-] X O] [ENTER]

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

® [ sindx)dx
Sin(x) — - coslx)

Somsinted, )

FRIN EAD AUTO FUNC 17E0

Solving Problems Involving Vectors

Steps and keystrokes

Display

1. Input a row or column of vectors.

Press[[][5] 6] O[] O[1][STO*d[[]4 ] O[] 2
Lo altll]@ 1020 1] [ET0) bl 7] 6
L5 ET0r e

Fi-1 Fe- [FE-| Fi- | FE FE~
[Too1sTnlStbru ca1cTntnerTPrsmmTc1mn up] ]

m[-5 O @]+d [-& O o]
w4 0O 2]+a [4 o 2]
a-1 2 114k [-1 2 1]
w7 & Sl+c [7 & 5
[I7,6,511+c]

HAIN GEDALTOD FUNC 4T

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

Pressf 1 XXlalHyXbHzXcEIHIXETY
CJZ [ (] [ENTER)

a[4 O 2]+a [4 @ 27
=[-1 2 1]*b [-1 2 1]
57 & 5]+c [7 & 3]

msolvelx a+tuyb+z-c=d,
and =3 and z= -1
btk = 3
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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 (0] (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]

Fi-| F2= JF3«] Fi=] FE Fér
Tools|h13ebralCale|0kher (Frami0{Clean U

u (345 PErad [L;B]G

L2450 ) v Grad
FHIN BEG AITH FIRLC 1750
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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,
or from the Math menu by pressing
[MATH] and selecting 2:angle, B:»RAD.

Note: You can also use °,", or © to
override the angle mode setting

temporarily.

=(345° PRad [23'“]"

12

2457 kRad
HAIN DEG AITH FIRLC 1750

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 Dlsplay the Home screen and clear the [Tgtis ddied Crdglvc'[nFR;P'[PPFSEV\.IDIU&E;LIJ ]
entry line. Solve the equation 2x - 3y = 4
for x.

_mM
= =+ —msZ =

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

Catalog.
(HOME] [CLEAR] [CLEAR] 12X[E3Y[F4
L] X

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

Press 2] 1 [ XH7Y[E @12 YD]

3. Use the “with” operator to substitute the A5 e
expression for x that was calculated from  |*selvetzx-3-u=4.30

. . . K L]

the first equation. This gives the value of Tz
y msoluel X+ Fou= c12,00 |k b
) u=-20-11

[T ] . . a A= 12, =03 ENE]
The “with” operator is displayed as | on [ —wtin w2

the screen.

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

(1] ® (ENTER] [ENTER
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Steps and keystrokes Display

4. Highlight the equation for x in the history

area.
PreSS@@@ msolvel x+ 7oy c12,u) | x b
u= - 20011
e PY= ~1E, Ud L= 3y 02
HMAlN EAD AUTO FUNC Fra

5. Auto-paste the highlighted expression t0 [l kbl |
the entry line. Then substitute the value of |« cciuec-x+ 7= -12, 0| x>
y that was calculated from the second e u=-z0-11
equation. ma=—|u= 2011

w= 811
(ENTER] (1] ® (ENTER] [ENTER]

ﬁ:ss*g‘*‘t )I's:l?ﬁlu?lfl: -2B:I.I1N% 330
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

Previews
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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 ¢ Hioie ~
Unit System mode, select SI for the metric | [ drsdsas ]
* lUnit Zvstem .
system of measurements.

Results are displayed according to these

default units.  Enker=zoE < EECECARCEL
Press [MODE ® 1 [ENTER
2. Create an acceleration unit for TRITE

Constants
Lendth

meters/second? named _ms2.
The UNITS dialog box lets you select units | it

. . . Temperature..... o
from an alphabetical list of categories. s T
You can use @ and @ to scroll  NEEETE > CETGNOL
one page at a time through the
Categories' A L A o

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

instead of re-entering _m/_s? each time =
. — — =M s A _mss

you need it, you can use _ms2. Also, you HH BADBUTD 0L 3730

can now use the UNITS dialog box to

select _ms2 from the Acceleration

category.

[UNITS] @ ® M [ENTER] (=] [2nd) [UNITS] @
® © @ ® S[ENTER] (1] 2 [STO» [*] [-]
[a-lock] MS [alpha] 2 [ENTER]

P
= _msZ
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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.

5@[ ] [2nd] [a-lock] KG [alpha] (x] 20 [¢] [-]
(2nd] [a-lock] MS [alpha] 2 [ENTER]

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

_M _m
L] * _msZ2

== =2
BS-_kg-20-_ms2 106, - _H
Dkl _ms2

MAIN KAD AUTO FIL F2ET]

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

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

5 [*] [_] [2nd] [a-lock] KG [alpha] [X] [2nd] [UNITS]

® [aloha] 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 T

5. Convert to kilograms of force (_kgf).
[»] displays the » conversion operator.

® (2nd) [»] (o] [-] (2nd] [e-lock] KGF

ENTER

Fix Fi= Fi=] Flr FE FB=

Towlz|3ebr alcdle|Oth ek [Framiojcizan U

_F _n
= *_msZ

=2 =2
B5-_kg 20 _ms2 100, - _H
=5 _kg-_g 49, 0333 _H
=5-_ka-_gr _kaf 5. - _kaf]
5 kg* ar_kaf

FiAl ALTO FIIL LT

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=(|x?-3|-10)/2.

Steps and keystrokes Display

1. Display the Y= Editor. Rl ]

Press [¢] [Y=] e

93z entry line

HMAIN RAD AUTO FUNC

2. Enter the function (abs(x2-3)-10)/2.

The screen shot shows the “pretty print” ,x2-3l-1

. gl =
display at y1=. uz- 2

g3=
[CATALOG) A ETER) X ( 2[H 3 [H 10 [orceczromz
£ 2
3. Display the graph of the function.

Select 6:zoomStd by pressing 6 or by \ /
moving the cursor to 6:ZoomsStd and
pressing [ENTER].

Press 6

Previews



Steps and keystrokes

Display

4. Turn on Trace.

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

Press

Woi 126582 / gci -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

Mirimue
wo! 1. FE2ES gt -5,
HAIN_| RAD AUT FUNEC

minimum point
minimum coordinates

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

(¢] 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

Heckal Farrat .
Frekty Print ...

© Enter=SAUE < ESL=CANCEL

REAL +
RECTAMGLULAR ¥
0N3>
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Steps and keystrokes Display

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

(HOME] 5 [STO»] (alpha] R [ENTER]

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

a circle.

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

(4] [v-] 1) 8 (ENTER) (ENTER) (2nd) [v] (@ha) R
@20 X[ 2 (0 R

Lo Fi

4. Define y2(x) = —r2—x2, the function for [Tl ...
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 yi(x), not
simply y1.

Press [ENTER Y1[(X ENTER
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Steps and keystrokes

Display

5.

Select the zoomstd viewing window,
which automatically graphs the
functions.

In the standard viewing window, both the
x and y axes range from -10 to 10.
However, this range is spread over a
longer distance along the x axis than the
y axis. Therefore, the circle appears as
an ellipse.

Press 6

o
N

Notice slight gap
between top and
bottom halves.

Select ZoomSqr.

ZoomSqr increases the range along the
X axis so that circles and squares are
shown in correct proportion.

Press 5

o
NE

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 IllI

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

Steps and keystrokes Display

HMIODE Y

1. Display the MODE dialog box. For Graph S—T
mode, select FUNCTION. For Angle mode, %Mﬂi .
select RADIAN.

. : . REC
Press[MODE] ® 1 ©® @ @ ® 1 [ENTER

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

Press [(¢][v=] 1[5 [d X & 1 ] [ENTER)

o
glimi=1-Cx—12
HHIN RO AUTD FUNC

3. Display the Graph Formats dialog box GRAFA FORFIATS
and set “Detect Discontinuities” to OFF Coerdinates -

Note: The second item on the Graph
Format dialog is not greyed out, which LabeTs
means it can be set to sequential “Seq” or ' ZECEr=EUE > FECCRRCEL >
simultaneous “Simul”.

Lo ®® 1[ENER
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Steps and keystrokes Display

4. Execute the Graph command, which

automatically displays the Graph screen.
Observe the “faux” asymptotes contained L

in the graph.

PreSS E [GRAPH] HMAIN GRDAUT FUNC

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

Disconkinuity Dekeckion B3+

the graph order is set to sequential “Seq".
KINECICICICICICIOY

€ Enker=SAYE T3 o ESCSCAMCEL o3

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

graph.

Note: Graphing speed may slow 3

considerably when “Detect
Discontinuities” is set to ON.

Press [¢] [GRAPH]
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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 constant g = 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. %‘ﬁm

Press [MODE] ® 2 [ENTER

T Pretts Print.
< Enter=sRVE < ESC=CANCEL

2. Display and clear the Y= Editor. Then
define the horizontal component [xtl()=15t-cos(60°) |
Xtl(t) = vgt cos 6.

Enter values for vy and 6.

[+ [v=] (1] 8 [ENTER] [ENTER] 15T [x] [2nd) [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
ytl(t) = vt sin 6 - (g/2)t2.

Enter values for v, 6, and g.

(ENTER] 15T (x] [2nd] [SIN] 60 (2nd] [°] 0] (=] (O
9.8(x) 2] T [1J 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 [¢] [wWiNDOW] 0 ® 3@ .02 @ [ 2
®@25@5@E2®10@5

[nTTrET ]
[Tow 15|20 0m|

tmin=g.

tmax=3I.

tstep=.0

HMIN= 2.

arin=-2.

arax=106,

g=cl=4

FRIN FiAD AT FAE

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

Press [¢] [GRAPH]

i

\\

MAIN KA AUTO FAK

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

e yvalue at maximum height.
* tvalue where the ball hits the

ground.

Press [F3] ® or © as necessary

AR N R R R

i

cil.
cIS. yc 12, 50354
TIAIN FiR 0 AUTD PR
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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 i
mode, select POLAR. For Angle mode, M
select RADIAN.
Press [M0DE] ® 3 @ @ @ ® 1 [ENTER i i

2. Display and clear the Y= Editor. Then [ Fll
define the polar equation r1(6) = A sin B®6. S zinZ

Enter 8 and 2.5 for A and B, respectively.

(¢] [Y=] [F1] 8 [ENTER] [ENTER] 8 [2nd] [SIN] 2.5 [¢] Fi (g ne S
[6] ENTER
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Steps and keystrokes

Display

3. Select the ZoomsStd viewing window,
which graphs the equation.

» The graph shows only five rose
petals.

- Inthe 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 6

oo
>

4. Display the window Editor, and change
Omax to 4m.

47 will be evaluated to a number when
you leave the window Editor.

Press [¢] [WINDOW] @ 4 [r]

Fi-| Fir
Tools[Zoom)

emin=E.

Bmax=4mn

Bstep=, LIOS9I69389957
min= =16,

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

HalN KAD ALTO FOL
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Steps and keystrokes Display

5. Select zoomSgr, which regraphs the
equation.

ZoomSqr 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 e
mode, select SEQUENCE. P lpade afpae 3

Press [MODE] ® 4 [ENTER

e Enter=3AYE 2 & ESC=CAMCEL 2

~ [ Fer[FE [Fq

2. Display and clear the Y= Editor. Then OGN N A

define the sequence as i
ul(n) = iPart(.8+ul(n-1)+1000). uz=

Use iPart to take the integer part of the i

result. No fractional trees are harvested. [Pt tit0.

ADALTO

To access iPart(, you can use [MATH],
simply type it, or select it from the
CATALOG.

(] [v=] [F1) 8 (ENTER] [ENTER] (2nd) [MATH] 1 4. 8
(aloha] U1 [(] (aloha] N (=] 1 0] () 1000 (1]

3. Define uil as the initial value that will be
used as the first term.

Press 4000

4. Display the Window Editor. Setthe nand  nmin=a.

| ind iabl Plakarriy
plot Window variables. Elgtsagp;ﬁ
. #min=0,
nmin=0 and nmax=50 evaluate the size of  xmax=a.

the forest over 50 years. umin=i,

gmax=akEL.
gscl=1000,
Press(#][WNDOW] 0 @ 50 @ 1@ 1®
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Steps and keystrokes

Display

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

Press0 ® 50 ® 10 ©® 0 ® 6000 @ 1000

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

ihbizhi ]

——

e ——————————————
HMAIN KAl 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 = ul(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

E EnteF=SAVE 2 E_ESCSCHNCEL

2. Display and clear the Y= Editor. Then

define the 3D equation
z1(x,y) = 3y - y3x) / 390.

Notice that implied multiplication is used

in the keystrokes.

Press [¢] [v=] [F1) 8 [ENTER] [ENTER] (O X [*] 3

Y5 Y [ 3 X [J (2] 390 [ENTER]

Fil-| F2-|F2 JF4 [FE =i B
Tools|2eom|Edit| « [A1T] " w7

Z1 Lo 0= G B S 75
HMAlN EAD AUTO E)

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.

MIDe®2@02® ® 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 zoomsStd 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 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 eyed 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.

(0 (press (M 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 ((¢] (1J). 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 ¢ T
PqulelPquzethﬁiz
mode, select DIFF EQUATIONS. LI—]—]GM .

Press [MODE] (® 6 [ENTER

. . RE!
Fretky Print..... [CES

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: |™t&=s.
"U}iziElEll syl (188 - ul)
y1'(t)=.001y1%(100-y1) E?é:

u3t=
HiZ=

Press [x] to enter the = shown above. Do |Fi=

not use implied multiplication between the """ —*
variable and parentheses. If you do, it is
treated as a function call.

Leave the initial condition yil blank.

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

Press [¢][v=] [F1] 8 .001 Y1
1005 Y1 (]

3. Display the GRAPH FORMATS dialog box. GRAFH FURHATS

Then set Axes = ON, Labels = ON, Solution
Method = RK, and Fields = SLPFLD.

Note: To graph one differential equation,

£ EREF=IAVE £ EZC=CRMCEL

Fields must be set to SLPFLD or FLDOFF. If
Fields=DIRFLD, an error occurs when you
graph.

LINood®20002001001
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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@
(102110 10®[[10® 120® 10

@0 .001 ® 20

L=,
tmax=10,
tstep=.1
tplot=0Q,
#min=-10.
®max=110a,
#scl1=10,
umin=-10.
umax=120,
gscl=10.
noures=0,
diftol=,001
fldres=20.

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

4

;;;;;;;;;;;;;;;;;;
PR RSNy
B
B
B
/////////////////t.‘

o e o i o e e

R

I e

FORMATS dialog box). FHAIN BAL AUTD DE
Press [(¢] [GRAPH]
Return to the Y= Editor and enter an initial [ GEELa] |
condition: R

¥yl 'f.EIBl syl [1eE - ygl)
yi1=10 el

I'=

Press [#] [v=] [ENTER] 10 [ENTER et o

HalW EAD AUTO bE

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=FB
ToaIs|2e0 | TPac|RedraphMath|Deaw| Penfic

e e T e
B o S A A S S P
E s N e
E .y N N e
By P P R
g/ ///////////////t."'

T

e

=
HhalW EKAD AUTO DE

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:

yi1={10,20}

Press[¢][y=] ® [t]10(]J20

2nd) [}]

to=a.
gl t=, 001 gl (108 - 1)
uil={1E  Z0%

2! =

gizZ=
d3i=

uii=
y2'(ta=

HMAlN RAD AUTO DE

9. Return to the Graph screen.

Press [¢] [GRAPH]

Fir] Fir| F= F4 | FE= | Fi= [FF=FB
ToaIs|2e0 | TPac|RedraphMath|Deaw| Penfic

e -
Py NSy
PRy T RN
B PN
LT NNy NN
R e

P o o e e

R e

HalW EAD AUTO bE
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Steps and keystrokes Display

10. To select an initial condition interactively, [ErErmT e

Toals|Zonm|Trace|Redraphfrath|praw|Fenfic

press: 5
[Fé] 7 000000000000
B S
When prompted, enter t=40 and y1=45. A
. L N IFia] ThAditidness 10

When selecting an initial condition e .

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

Y= Editor or Window Editor.
Instead of entering t and y1 after pressing

[F8]

you can move the cursor to a point on the
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.

[F8] 40 [ENTER] 45 [ENTER]

o
| EETE] KAD ALTO OE

Previews 107



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 S—
mode, select FUNCTION. For Angle mode, M@]m!mm
select RADIAN. . pans

Press[MODE] ® 1 ©® @ @ ® 1 [ENTER i i

2. Display the Home screen. Use the Graph  [Graph when(x<0,x
command and the when function to 5+%cos(X))
specify the piecewise defined function.

2 selects Graph from the Other toolbar
menu and automatically adds a space.

2 [2nd) [a-lock] WHEN [aiphe]
(0 X[2nd) [<] 0[] @) X [] 5 (x] [2nd)
[cos] X 0] [0

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.  |mm T TS
Press [ENTER
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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]. T Be—r !
[F7] 5 @ (until the line is
positioned)
5. Save a picture of the graph. Use PIC1 as THVE COFY A

the variable name for the picture.

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

2(® 2 ® @ PIC [aipha) 1 [ENTER] [ENTER]

Teps:
Foldgr:

Enter=iAVE ESCSCAMCEL

Ficture *
mdin ¥

Yarible:

6. Clear the drawn horizontal line.
You can also press [F4] to regraph.

(2nd) [F6] 1

HalW

EAD AUTI

FUNC
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Steps and keystrokes Display

7. Open the saved picture variable to - TFER -
redisplay the graph with the line. Tepe  Fictured

Folder: mdin *
Be sure to set Type = Picture. By default, it Mariable: picid
. Enker=0K EXC=CAMCEL
is set to GDB. Sl CECONE

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

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. b eS8 s .

Press [MODE] ® 1 [ENTER

T Frefky Frink...
E EnteF=SAVE 2 E_ESCSCHNCEL
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Steps and keystrokes

Display

2. Display and clear the Y= Editor. Then
define y1(x) = x3 - 2x. !
g3I=
Press (] [Y=] [F1] 8 [ENTER] [ENTER] X [*] 3[1] E%
2 X [ENTER o=
EHIN RAD AUTO FUNC
3. Set the table parameters to: THELE SETUF
ark: | ST
tbiStart = =10 -
Atb| =1 Graph <=3 Table: OFF 3
Ind&penhdnt: AUTO *
Graph < - > Table = OFF — —

Independent = AUTO

Press[¢][BLSETI [ 10 @ 1001001

ENTER

4. Display the Table screen.
Press [¢] [TABLE]

HMAIN RAD AUTO FUNC

5. Scroll through the table. Notice that y1
changes signatx=-1, 1, and 2.

To scroll one page at a time, use ®
and .

Press @ and ® as necessary

[HalH EAD AUTO FUNC
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Steps and keystrokes

Display

6.

Zoom in on the sign change between
x =-2 and x = -1 by changing the table
parameters to:

tblStart =-2

Atbl = .1

Press 2 @ .1 [ENTER] [ENTER

R BE

EA5E]

Fi-t7Fe (7
P gl
-4

~Z2. 237

-1.513

~. 296

Lt I Y 51

HMAIN RAD AUTO FUNC

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. %]@l@lm i
For Split Screen, select LEFT-RIGHT. it o B
For split 1 App, select Y= Editor. T
For split 2 App, select Graph. N - —
Press(MODE] ® 1[F2 ® 3@ ®2@ O 4
ENTER
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Steps and keystrokes Display

2. Clear the Y= Editor and turn off any stat e ] A

data plots. Define y1(x) = .1x3-2x+6. jég:si1-x3-:v
A thick border around the Y= Editor EEE
indicates it is active. When active, its -

entry line goes all the way across the

display.
Press [Fi] 8 [ENTER] 5[ENTER] .1 X [*] 3 [5]
2X[#6

3. Select the zoomsStd viewing window,

which switches to the Graph screenand |77 | .3,
graphs the function. i

das
The thick border is now around the Graph e {
screen.

Press 6
4, Switch to the Y= Editor and edit y1(x) to
change .1x3 to .5x5.

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

Press [2nd) [E1] @ [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 EEE
screen. e= {
Press =]
6. Switch to the Y= Editor and open the SEAAE
Window Editor in its place. naretn.
Press [2nd) [=E1] (+] [WiNDow] inareiol {
Hres=E.

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

Press:
[QuUIT] [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 [APPS]to display the Data/Matrix Editor. WEL ™
Create a new list variable named TEMP. T L

Yariablg:

Press 3 () 3 @ @ TEMP [ENTER] [ENTER]

ESCCANLEL

2. Enter a column of numbers. Then move
the cursor up one cell (just to see that a
highlighted cell’s value is shown on the
entry line).

Fi-1 F& [F2 | Fi [ [FEJEF
[rm; F 1t SttnPIC&"]HtuderI-:.;‘.'.II.ItH StutT ]
LIET

2 o3

]

=]
&
T

_]m#c‘
|

. f )
LIST is shown in the upper-left corner to v —mwam e

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 T el |
header so that it is twice the value of e

column 1. :
£

DATA is shown in the upper-left corner to |”_—— !
indicate that the list variable was 7 — —
converted to a data variable. B means the cellis in

a defined column.
® [F4] 2 [x] [alpha] C 1 [ENTER

.

[=5] =]
]
1

(i) P | Y

RAD AUTO FUNC

4. Move to the column 2 header cell to show [Tl el iae ol |
H T 1 H H DATA
its definition in the entry line. I =
When the cursor is on the header cell, : B—4
you do not need to press [F4) to define it.  |* P—

. . . . Z=2#c]

Simply begin typing the expression. T o
Press ®>®

5. Clear the contents of the variable. AN N Al

GATA | I

Simply clearing the data does not convert R [

the data variable back into a list variable.
Press 8 [ENTER FiEis

HRIN EAD ALTOD FUNC

L B e =
fal
[~

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

T Pr&tR Prin

c Enter=fAlE

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

o
e ESCSCHMCEL 3

2. Use [APPS] to display the Data/Matrix Editor.

Create a new data variable named
BUILD.

Press 3 @ @ BUILD

HEW

Trre
Folder:
Variable

e EntersOE 3

Data¥
main ¥

build

e ESCSCAMCEL 3
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Steps and keystrokes Display

3. Using the sample data below, enter the oot Eere o lpester il |
population in column 1. B e
5 SOE
Pop. (in 1000s) Bldgs > 12 stories S =
150 4 : -
500 31 ST
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 ot 2 e el |
(rlc2). Then enter the corresponding B e —
number of buildings. 2 pPEe A
T EE] ]
(¢] ® moves the cursor to the top of the |
page. After typing data for a cell, you can s

press or @ to enter the data and
move the cursor down one cell. Pressing
@ enters the data and moves the cursor
up one cell.

® [¢] ® 4 [ENTER] 31 [ENTER] 42 [ENTER] 9
[ENTER] 20 [ENTER] 55 [ENTER] 73 [ENTER]
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Steps and keystrokes

Display

5. Move the cursor to row 1 in column 1
(rlcl). 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
columns of data.

To sort column 1, the cursor can be
anywhere in column 1. This example has
you press

B Mo

so that you can see the first four rows.

© (] ® [2nd) [Fe] 4

[ I
Cl [=5] =]
T 4

2 256 E]
3 SO 21
4 SE el
rici=1

S
HHIN RAD ATO FIIRLC

6. Display the Calculate dialog box. Set
Calculation Type = MedMed
x=C1
y=C2
Store RegEQ to = y1(x)

(F5] ® 7 © C [aoha) 1 © [alpha] C2 © ® ©

maintbuild Calculate

Calculation T#eg ... Medbed#
=

fp— 2

Stare RedEQ ko 1000+
Freq and Cated, T NO%

Frat -

o Enter=3AYE 2 r_ ESCZCHMCEL 3

7. Perform the calculation to display the
MedMed regression equation.

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

Press [ENTER

Enksr=0k
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Steps and keystrokes

Display

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

Press [ENTER

9. Display the Calculate dialog box. Set:
Calculation Type = LinReg
x=C1
y=C2
Store RegEQ to = y2(x)

Press[[5 ® 5@ @ @ ® ®© [ENTER]

raaintbuild Calculate
CaleuTation T¥F% s Linkzd ¥
x el

r_ ESCZCHMCEL 3

10. Perform the calculation to display the £ STAT VAES )
LinReg regression equation. AT miss
. . : fore  sasrie
This equation is stored in y2(x). E = 81GhE?
Press [ENTER —
11. Close the STAT VARS screen. The
Data/Matrix Editor displays.
Press [ENTER
12. Display the Plot Setup screen. L roin' buitd N

Plot 1 is highlighted by default.

lets you clear highlighted Plot settings.

Press

Fi Fi | Fx |F4
DfinfCopw|Clcar]
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Steps and keystrokes Display

13 Define Plot 1 as: i rainsbuild Flot 1
Plot Type = Scatter
Mark = Box
S e
y = C2 - EZC=CHMCEL

Notice the similarities between this and
the Calculate dialog box.

FH® 1 0® 1® C[abha 1 [aipha] C2

14. Save the plot definition and return to the  ———_ mimna o
Plot Setup screen.

~Flokd: |-
. . Flak 3:
Notice the shorthand notation for Plot 1's | it
definition. Flit b

Press [ENTER] twice

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

Note: Depending on the previous 5= &:Belon
. 1C:0=. OFSSS555555 50560t
contents of your Y= Editor, you may need [ swam—ane-

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.

(] [v=] (nd] [Fe] 2
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Steps and keystrokes Display

16.

Scroll up to highlight Plot 1.

TR
L Oweed v

The displayed shorthand definition is the  |-yi=.orsssssssssssse « + -o
same as on the Plot Setup screen. '

Press ®

HMAIN RAD AUTO FUNC

17.

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

ZoomData examines the data for all o
selected stat plots and adjusts the viewing | a
window to include all points. i IR La—T

Press 9

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.

® ® @ @ [2nd] [a-lock] MED
Y1 [(] [alpha] C1 0] [ENTER]
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Steps and keystrokes Display
20. Enter a title for column 4. Define R 2 I N A
column 4’s header as the residuals B
(difference between observed and Pl
predicted values) for MedMed. P e A
® @ [2nd) [a-lock] RESID [apha) (ENTER] [alpha) [ sar s —rume
C2(7] C3 [ENTER
21. Enter atitle for column 5. Define
column 5's header as the values
predicted by the LinReg line.
O®® [a-lock] LIN ENTER Y2
C1 ENTER
22. Enter a title for column 6. Define bl B e ] |
column 6’s header as the residuals for T jre=id Hlin sty
LinReg. N
: B
®»>® [a-lock] RESID ENTER _
C2 E] CS ENTER 53:62_65 FAD AUTD FURL
23. Display the Plot Setup screen and
deselect Plot 1.
Press
24. Highlight Plot 2 and define it as: iU Flot &

Plot Type = Scatter

Mark = Box

x=C1

y = C4 (MedMed residuals)

® [F[1] ® ®© C [alpha) 1 ® [alpha] C4 [ENTER]

. Feather ¥
L oBoxd

T TEFERE
kd

o ESL=CANLEL 1
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Steps and keystrokes

Display

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

@ FH© ® 3© Cabha) 1 © [alpha) C6

radintbuild Flak >

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 ZoombData to graph the residuals.

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

Press 9

Fi-| Fe-| F2 Fu T FE- T Fa~ [Fe-{*5
Tools|Zoom| Tr acelkedrarh|Hath|oraw]F en)-!
# a
A +
o+
.0

s}

&
=]

B q

HMAIN RAD AUTO FUNC

28. Display the Home screen.
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Steps and keystrokes Display
29. Use the MedMed (yl(X)) and [ e e

LinReg (y2(x)) regression equations to
calculate values for x = 300 (300,000
population). ® round(u1{308), 0) 15.

B ol g20 3000, 0) 12.
The round function (2nd) [MATH] 1 3) R e
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[(J3000](]0
® © (eight times) [+] 2

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 [APPS] to display the Program Editor. Frodram Eaar
Create a new program. %;gugmnt
Press 3
2. Type PROG1 (with no spaces) as the HEW
name of the new program variable. T e e
variable [rredl)
© @ PROG 1
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Steps and keystrokes Display

3. DISp|ay the “template" for a new program. |Esl e el e
The program name, Prgm, and EndPrgm  |ifr3a’©
are shown automatically. tEnopran
After typing in an input box such as
Variable, you must press [ENTER] twice. FiA AD YD ¥

Press [ENTER] twice
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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.

O>temp
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.

temp+i>temp

Adds current value of i to temp.
EndFor

Marks the end of the For loop.
Disp temp

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)ldD [ar|Find.. |Fode|
T

ferpr Chl+h

PEFLemp

tFor i,1,n.1
tempt+i+barp

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

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.

[a-lock] PROG 1

ENTER

[progl()

6. Type 5 in the displayed dialog box.

Press 5

Fie|” Fir [Fae| Fuv | FE F=
Toels|A134bra|Cale(0khsr (FrIral0|CTean UF|
[ o
Enter an inteder: £
Enter =0k ESC=CANCEL

proglc)
HMAIN EAD AUTO FAE [FED]

7. Continue with the program. The
Disp command displays the result on the
Program I/O screen.

The result is the sum of the integers from

1 through 5.

Although the Program I/O screen looks
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

HHIH \  EAP AUTD FAk [FET]

Output from
other programs
may still be on
the screen.
Result of integer 5
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Steps and keystrokes Display

8. Leave the Program I/O screen and return [5G b |
to the Home screen.

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

HOME mproglil Dot
to return to the Home screen. T T —rT
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 '
2. Create a text variable called TEST, which ] )

will automatically store any text you enter | rus mans
. . l!uriabh:_
in the new session.

CEnker=OE__a e ESCSCAMECEL 1
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 [ENTER] twice.

Press ©® TEST
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Steps and keystrokes Display

3. Type some Sample text. oo ormand|iam]Ex ke ..

. =TEXt entry iz =imple. Te
« To type a single uppercase letter, e
press 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:

e The cursor pad to move the text
Cursor.

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

2nd] [a-lock] 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.

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 [=a]]

Numeric Solver

Consider the equation a=(m2-m1)/(m2+m1)xg, where the known values are m2=10 and
0=9.8. If you assume that a=1/3 g, find the value of m1.

Steps and keystrokes Display
1. Use to display the Numeric Solver. TE ]

Enter Equation
eqni]

HRAIN AR AITD FUNEC

2. Enter the equation.

When you press [ENTER] or ®@, the screen
lists the variables used in the equation.

(aloha] A [=] [(] (aloha] M2 [-] (aloha) M1 [] (=]
M2 (+] [alpha] M1 (0] (x] [alpha) G

ENTER

[FEi%

i T s e '.-.:TErﬂsns]CWFus—z...].]

e
Enter Equation
eqn: a=(nZ-ml i (m2Z+ml i%g

FRIN KAD AUTD FUNC
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Steps and keystrokes

Display

3. Enter values for each variable, except the
unknown variable m1.

Define m2 and g first. Then define a. (You
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.

@lE®©®98>®® @ (apha] G[z]3

|‘r1-1 Fz | Fe- ]’ Fy FE F& ﬂ
Toolz|soTue|araph| et Cursor|Eans|cir a-z...
a=tmnZ—mld (w2 +ml g

a=g- 3

mZ=10.

mi=

g=9.8

bound={-1.el14,1. 14>

FRIN RAD AUTD FUNC

4. Move the cursor to the unknown variable

m1l.

Optionally, you can enter an initial guess
for m1. Even if you enter a value for all
variables, the Numeric Solver solves for
the variable marked by the cursor.

Press® ®

|‘n~I FZ ] FEe ]’ &) Trs ] & ﬂ
Tools|Solue|Grarh|Gek Cursor|Eans|CTr a-z.. |
a=tmZ-ml) Cm2Z+mli*g

a=3. PEEELEEEEEEET

g9=9.5
bound={-1.e14. 1. 143

g/3 is evaluated when
you move the cursor
off the line.

5. Solve for the unknown variable.

To check the solution’s accuracy, the left
and right sides of the equation are
evaluated separately. The difference is
shown as left-rt. If the solution is precise,

left-rt=0.
Press

|‘n~I FZ ] FEe ]’ &) Trs ] & ﬂ
Tools|Solue|Grarh|Gek Cursor|Eans|CTr a-z.. |
a=tmZ-mll) Cm2Z+mli*g

a=3. ZAEEEEEEEEEET

mzZ=1a.
w1 =0

9=9.5

bound={-1.e14, 1. 14}
mleft—ri=0.
AT RAD AITH FIIHE

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

mZ=10.
m1=5A
g=9.8

a=Cm2-ml)somd
=3, 2EEEEEE

bourc=£-1. 1]
left-rt=0.

HMAIN

RAD AUTI

FUNC

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

You can press [ENTER] 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 ) %Mﬁ!um
number base. g
Integer results are displayed according to e
. . < Enter=smiE £ ETC=CANLEL 1
the Base mode. Fractional and floating-
point results are always displayed in
decimal form.
Press [MODE (use @ to move to Base
mode) ® 1 [ENTER
2. Calculate 0b10+0hF+10. et te] ]

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.

O [alpha] B 10 (+] O [2nd] [a-lock] HF [alpha] [+] 10

=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.
1 »] [a-lock] BIN ENTER
4, Add 1 to the result and convert it to
hexadecimal.
1 »] [a-lock] HEX ENTER
5. Add1to 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 0Ob or Oh prefix to identify  [*(27 + 1)Ein Ebl1160
w{@kh1110E + 13FHex Bh1D|
the base. = @hiD + 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] ]
0 B 10 (] O (2nd) [a-lock] HF 10 [s(or+imsin  ewiisee
=(Ob11100 + 11rHex ahi0
ENTER =Qghl0+ 1 30|
= Eh10 + OWF + 18 AhiE
Emﬂ-*ahﬁ‘kgnanum FUHC EA%0
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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 entde] ]
w27 + 1*Bin Obb11100)
Press [ENTER mOb11168 + 1I+Hes Ak1D)
" hl0+ 1 30|
= Qb1d + 0OhF + 10 AhlE
= dbid + OkF + 10 Abiidil
Ez:ﬂ*‘ah{":%bﬁﬁuﬂl 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 [Tl ialiemeksaman] |
with the following variable types. ot ]
Expression: 5 >x1 w2+ d s £00 Done
ion- 2 :[{359 ;g]} :nlll Ega 128535
F_unctlon. X“+4 >f(x) L3024
LlSt. {5'10} 9L1 HMAIN EAD AUTO FUMC 430
Matrix: [30,25] >m1
(HOME] [CLEAR] 5 [STO») X1 [ENTER] X [*] 2 [+] 4
(STO») (aloha] F [(J X (0] [ENTER] [2nd] [{] 5
(J10 [}] [STO»] [alpha) L1 [ENTER]
(€] 30 [L] 25 [2nd) [1] (STO¥) M1
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 VAR IR iER b
function variables. et dariabiess

Foldir.. A

Although this may not seem particularly | fo B s
useful in an example with four variables,
consider how useful it could be if there

were many variables of all different types.

Press [[2] © @ ® 5 [ENTER]

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

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

©) [Fe]
6. Close the Contents window.
Press

7. With the f variable still highlighted, close
VAR-LINK to paste the contents of the

variable to the entry line. Notice that “(” is &
pasted.
Press
8. Complete the operation.
Press 2 [542)
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Archiving a variable

Steps and keystrokes

Display

1. Redisplay VAR-LINK, and highlight the

VAE-LINK [A111

. . i A < [ Jconinto  agpee
variable you want to archive. AT
. o i LINF 12
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 Manage toolbar menu to

archive the variable. 5 ﬁgﬁgme

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

T

Press 8

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

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 [

Previews

139



Steps and keystrokes

Display

4. Attempt to store a different value to the

archived variable.

Press 10 X1

[ ERROR Y

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.

HOME] [ENTER

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

={T 102 =11 3 1el

B[3E 28]+ ml [30 23]
=502 40
=gl 30

10

EAD AUTO FUNC EFE0
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Deleting variables

Steps and keystrokes Display

1.

Display VAR-LINK, and use the [F5] All
toolbar menu to select all variables.

. . . S:Sg?gcicﬁurrent
A v mark indicates items that are tExpand ALl

. X %=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

NhE-LINK [A111

Use to delete.

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

Press 1

Confirm the deletion. I WRELINE >
DTk MainsFa1lsmiaxl
Press [ENTER

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

4. Because 1 also selected the MAIN T E—
dnl;t an ih. Ed Onkents| F1ashAFF|
folder, an error message states that you [t rmme s leemine s

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 (] [oFF]) 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: [OFF] 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 U @
X

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 [¢] [-] to lighten the
display.

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

Indicator in status line Description

ERATT 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]
aBn
(1) — [2nd] [F8] open toolbar menus. Select applications (when used with [¢])
® [2nd), [¢], (1], and [alpha] add functionality by increasing the available key commands.
© X, Y, and Z are often used in symbolic calculations.
0 O, @ @, and @ move the cursor.
(5) lets you select an application.
(6] ENTE evaluates an expression, executes an instruction, selects a menu item, etc.
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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. 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.

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

Description

(] [TABLE] Displays the Table screen.
= These keys let you edit entered information by
(o] [cuT] performing a cut, copy, or paste operation.
[¢] [copY]
(¢] [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+y? to enter variable names
and in the Text Editor (Text Editor module).

Entering a Letter Character on the TI-89 Titanium

The letters x, vy, 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 Iy [z J[T]
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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 [()] key)

Turn on lowercase [a-lock]

alpha-lock. (status line shows Il

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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e On the TI-89 Titanium, you do not need or alpha-lock to type X, vy, z, or t. But
you must use or uppercase ALPHA-lock for X, Y, Z, or T.

e 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
=(-2)" 4

[ ]
HAH EAD AT FIRC FZET]

If you use (] instead of [()] (or vice versa), you may get an error message or you may get
unexpected results. For example:

e 9 7=-63
—but —
9 (x] (] 7 displays an error message.
e 6(]2=4
— but —
6 [0 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: Trl+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 +, —, *, .

e 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: «/(5) and
min(5,8).

Instruction Initiates an action.

. Instructions cannot be used in expressions.

e 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%T

4 sin(46) 4#sin(46)

5(1+2) or (1+2)5  5%(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 [ENTER] 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]

e Select it from a menu, if available. For example, select 2:abs from the Number
submenu of the MATH menu.

e 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 + v/5) + 2 log 45.  this example.
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TI-89 Titanium

Press Display

3.76 [+] [3.76/(~7.9+( |

7.9 _ _

V] [v] inserts v/ ( because its
argument must be in
parentheses.

5 [3.76/(-7.9+V(5)) |
Use ] once to close +/(5) and again
to close (-7.9 +/5).

2 3.76/(-7.9+ (5))+2I0

. . g(45)

[a-lock] LOG | |

45 log requires () around its argument.

ENTER 3.76

+ 2- loa(4D)

2. 64258

AL Y N =1 =6
HAH AL AUTD FUNE 1750

-Foa S

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 o—l
instruction at a time, separate them with a voea:zop: 2 -
colon by pressing [:]. S
ENIN EAD AUTO FUNC 1430
(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. T 1405 + 0455 4 2801

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.

L] expand[(x + 2)?]

Expandt Ex+23 773 -
FMAIN EAD AUTO FUNC i’

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:

=, G5, X, =], Replaces the entry line with the variable ans(1),

(7], or which lets you use the last answer as the beginning
of another expression.

Any other key Erases the entry line and begins a hew 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

3.76 [ 7.9 576
(2nd ] 5 0] D) e

B - BE3E497TI22035 + 2 loalk
2. 64255

=« BEIEG)

m
=
=
m
Bl

anstl3+21090450

2 [2nd) [a-lock] LOG ’_""'" RADRUTL __FUNC __E/%

45 When you press [#], the
entry line is replaced with
the variable ans(1), which
contains the last answer.

g
=
Qo
B

p

m
=
=
m
2

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 i ERRDR
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 IEZT
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.).

"z.52 5|—— Shows whole-number results.
2.5 3 152
LR 2 . ‘g .
"ot z-2l—— Shows simplified fractional results.
%ﬁ RAD EXACT FUMC CrED]
"in 2-n1—— Shows symbolic 7.
L2 I
J; z_f—; "~ shows symbolic form of roots that
.5 27
e T cannot be evaluated to a whole number.
FAIN RAD EXACT FUMC 2430
[ 2.7 Press [¢] [ENTER] to temporarily override
e e the EXACT setting and display a
T R e floating-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.
mgod 1.5

Ged
MAIN FAD AFFEDR  FUNC L

Symbolic forms, where possible, are

LIRS 3 6, 28319 X
% 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.r2,

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.

o 6. zoonn A decimal in the entry forces a
i 27 floating-point result.
v

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 51/2 255 25.5 — Adecimal in the
entry forces a
V(2)12 J2 -707107 J2 floating-point result
2 2 in AUTO.
T*2 27 6.28319 2
k2. 2 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. (FIX 0) 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 1E2 (FLOAT 1) Results are rounded to the total
(1-12) 1.2E2 (FLOAT 2) number of selected digits.
123. (FLOAT 3)
1235 (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.

e 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. 1 HORTTAL
You can use [MODE] to select from three 3t ENEIHEERTHE

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 1.23456 x 10%
T
(1] (2]

ENGINEERING  1.23456E 3 12.3456 x 103
T
(3] (4]

© 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.
® 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 e =

toward the side of the expression you want to | 7 Z

ed it. L] |_|'iﬁD AUTD FUHC 130
© -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:

e [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

Ouerilype mode
character.

|—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
characters you want to highlight.

2] g
|: Eintm- 42
HAIN EhD ALTO FUHC 130
To replace sin( with
cos(, place the cursor

beside sin.
2. Hold [1] and press © or (» to highlight () =
characters left or right of the cursor. e z
[Hold (1] and press

0JOJOJO2

To replace or delete the highlighted characters:

Type the new characters. =

=sin 5] ¥
2. Press[<]. L —
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).

[cusTOM] 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.

e 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.

ripropFract
SlnSolued

| 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.
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Because of limited
screen size, the T1-89
Titanium overlaps
these menus.

,7 For example,
2ifngle T 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 176



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.

Tilelete
SdClear Home

- indicates that you can press () to
display and select from a menu.

\

I SAYE COFY AS

Tupes Text
Folder:  main ¥

wrie: [ 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 [ENTER] 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 = to three decimal places. Starting from a clear entry line on the
Home screen:

1.

Press [MATH] to display the MATH menu.

Press 1 to display the Number submenu.

(Or press since the first item is
automatically highlighted.)

Press 3 to select round. (Or press ® @
and [ENTER].)

Press [x] ] 3 (0] and then to
evaluate the expression.

@ Selecting the function in Step 3 automatically
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: APFLICATIONG
Use the cursor pad @ or ® to
highlight the application and then EH gaﬂ/mémx Editor »
press (ENTER). SRCEEELETT

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 HIZPM
HMenul 0118/ 05

wo B

HUMSFic 5o, PIONR&E

X= HT Alb

Folynemial .. Frodram Ed.. Simuttaneo.., W
HMAIN RAD AUTO FUNC
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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:

e Press [APPS].
e In full-screen mode, press [auiT].

e In split-screen mode, press [auIT] 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]

Y= Edior (1] poplcatons led

Window Editor (] [WINDOW] Eg,'gf gs"gie same

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 (O 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 [F1], [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.
5. 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 [ oo e T

screen, press: B "
SiRestore custom default
(2nd) [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 [ENTER] 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
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.

e Turns off all functions and stat plots (FNOff and
PlotsOff) in the current graphing mode.

. Performs ClrDraw, CIrErr, ClrGraph, ClrHome,
CIrlO, and ClrTable.

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(

e

ndPic I

angled 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.

ChraLis 1 <« Commands are listed in alphabetical order.

[..F:%DI;..EE-MLm?nmfum-%“mm] ] Commands that do not start with a letter

aps

32551% (+, %, +, %, etc.) are at the end of the list.

angle

LA ¢ To exit the CATALOG without selecting a
| Archiuve
*arelent 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 atime & or®
One page at a time @ or S

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
com mand and its < LmunmumlNn:P-unmn:rENn-vnk J
parameters AT
' Dellar

rdeSolued
et

FAIN__ ECWEAD AUTD FUNC [¥ED)

Some commands, such as ClrDraw, 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 F& F3 4 . . .
e 1ot e asined] | The left column lists functions. The right
balt France . . .
ESHEET column lists the Flash application that
Eggggg contains the function.
nance . . . .
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 atime & or®

One page at a time @ or >
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

j
F1 | FE Fz FH4
HéTp [Buitk-in|F 1ash fpps|User-Defined
. .amain

wroot

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.
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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 1to 8 characters consisting of letters and digits. This includes Greek letters
(but not m), 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.
Logl 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

ELDR

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. I 1

- STl
Note: TI-89 Titanium users should use [ BANGITD TN 1730
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. =l 517
fue 1
2. Press ENTER . FAIN RAD ALTO FUNC 120

If the variable is undefined, the variable name is shown in the result.

In this example, the variable a is undefined. - rant 17
Therefore, it is used as a symbolic variable. |5l +a 2+517
Note: Refer to Symbolic Manipulation for
information about symbolic manipulation.
Using a Variable in an Expression
1. Type the variable name into the .3 el 1351
expression. sl 217
2. Press [ENTER] to evaluate the expression.
. . L . 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 [v5 unt + 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 [2nd] [ReL] to display a dialog box. oo o elrtr] |

2. Type the variable name. [ -
3. Press [ENTER] twice.

2
FAIN EAD RUTD FUNL [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.

23 (¢] — 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 [1] 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
MODE| 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 [MODE] 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.
7| The variable opened in the current editor (Data/Matrix
Editor, Program Editor, or Text Editor) is locked or
archived and cannot be modified.
Notes:

e 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(Z]] T
©—|= sin[%] 7E7107 — @

—|sintn 43
e MAIN EAD AUTO FUMC 330
ol

@ 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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@ 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

o +~=|2 ruZay
[x+1]
#2oulewZ e zowenan | [3)
Q—— xZ4Zom 1
comDenomd g™ 24yl O+l 2 24 [ — 0
HAIN 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 () to scroll left and right (or ©
and ® to go to the beginning or end),
respectively.
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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 [F1] 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 [CLEAR].

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 [F1] and select 2:Save Copy As.
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2. Specify a folder and text variable that you SWVE COFY it

want to use to store the entries. Tt i

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:Open 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.

|

1 Fir
i1

2. Starting with the cursor on the first line of [rEr—=—Trrm—Tr

the script, press [F4] repeatedly to execute  [[kix o2t 1o
CralCf (g, aadf (0

the commands line by line. Gt Zeroedat i), 50
s LorE|
3. Display the restored calculator Home " zerosdf(x),x) €103 13
screen. A FAG ATTD — FURT

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 [t ] and press
© or ® to highlight characters to the left or right of the cursor, respectively.

2. Press [F1] and select 4:Cut or 5:Copy.
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Clipboard = (empty or the previous contents)

x50 Fex [Fie| F4=| FE Fa
RETAH A3 cbra|Cals|0khe k| PEArIO)Clean Ur

solve( o, ) S
FAD AUTO TN [7EL] HAIN RAD AUTD FUNLC [TED

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]® or [1]@© to highlight the
expression.

b) Press:
[Ce] [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 d (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 to save the new
definition.

Note: By copying and pasting, you can easily transfer information from one

application to another.

Calculator Home Screen
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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
ENTER

=+ e

G+l

FAIM ERD AUTO FUNC

1530

NUM [alpha] [+] 1 (STO»]

[a-lock] NUM
[:INuUM[Y] 2
ENTER

=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

LRCIE e
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=nr?, 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 N 5
- [ 4 * TT|
[ ] m R 2 E:I::HPAQ KRD AUTO FUNWC 130
nd] [7t] [alpha] i
ENTER
(¢ [ENTER -
L= S & -l
mgspr o morl 201.062
E:I:. 2 ERD AUTO FUWC 230
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TI-89 Titanium Display

O 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]  If 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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It the entry line contains the last kot vt e ot |
Too1s(A13cbralCalc|Other |FramiDjCgan U

entry, [ENTRY] recalls this entry.

LEE N A 4 -m

If the entry line is edited or cleared, mAtrf e 201.062
[ RN T 198,557

[ENTRY] recalls this entry. e

HAlN FAD AUTD FUKC R

[ ST o}

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. vioaz s
1.7 (x] 4.2 [ENTER ;4??1.41?4 - 20. 5862

2. F|nd the y|e|d FAIN | EAD AUTD FUNC D
1475 [ANS] [ENTER Variable ans(1) is

inserted, and its value
is used in the
calculation.

Just as ans(1) always contains the last answer, ans(2), ans(3), etc., also contain previous
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 toolbar menu.
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Auto-Pasting an Entry or Answer

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.

e 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 ® and ©.

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) = x3 xroot(x,y) =y
00 © 00 ©

@ Function name

® 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)
1

By * s ooz, W)

Dol

Dokl

[N B Er = PN E]

HalN EAD AUTO FUNC

230

Define command

Define a function name (including the argument

list) as an expression.

mDefine cubelx) =x°

wDefine xroot(x, yi=yg®

Dot

Define xroolix,gr=g™i{l x}

HMAIN RAD AUTO FUMC

2430

Program Editor

Refer to Programming o
user-defined function.

r information on creating a
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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):

Sk

et
n-1

=

When creating the definition of a multi-statement function, it may be helpful to visualize it
first in a block form.

Func

Local temp,i

IT fPart(nn)20 or nn<0
Return “bad argument”

O>temp

For 1,nn,1,-1
approx(temp+1/i)>temp

EndFor

Return temp

EndFunc

© © ©o¢

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.
® 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.

Calculator Home Screen 224



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 [ReL] 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.
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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.

- epand[(x +2)7] | Press®or ®

L+ 14w .
to scroll right.

expand( G
MAIN ERD AUTO FUNC i1

Press@ or(2nd] © __|

to scroll left.

» 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.

OF Press® or[1]® to scroll up

[>) Press (1] @ to scroll down

L -
randmat (25, 255

® Press () or @© to scroll left A Ent ald

O Press (p) 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-| Far [Fa-| F4=| FE Fe~
[Tools|f13cbra|Calc|Other|Frami0[Clean Ur|

Ml Fifilh ALTO FUNC

Calculator Home

screen normal toolbar

menu

[cusTOM]
-

FEx FB Fre
sembalfinternatiifTee

e}
dicoloed and , Oourd

|T\'PE OF USE 314 + [ENTERI OF [E5C]

Custom 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 Items related to solving equations.

Unit Common units such as _m, _ft, and _|I.
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 [ e TS
select 3:Restore custom default.

[Fe]

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. 2 Fi7age DeRBL L1E2

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

e OS (Advanced Mathematics Software) version
e Product identifier (Product ID)

e 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.

Calculator Home Screen 232



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.

« Ifthe variable is undefined, itis treated as [az . +w+u 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.

» If xis undefined, the result is in the form 2(.3) 3.2

you probably expected. T

FAIN RAD ALTO FUNC 120
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* Ifxis defined, the result may be ina form (e 5

you did not expect.

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

s

o

73
5

=
FAIN ERD AUTD FUIN;

F2ED]

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.

" getTupe(x) "HUM"
® getTupeluy "HOME"
et Tapely?

HMAIN FAD AUTO FUNT L]

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
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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
L J
Enter=VES 2  ESC=CAMCEL

Temporarily Overriding a Variable

By using the “with” operator ( | ), you can:

»  Temporarily override a variable’s defined [az75 P
value. =x?|x=3 3
[ ¥ 27
*
HMAIN FAD AUTO FUNC EXEL]
» Temporarily define a value for an " Deluzr = Daons
undefined variable. =x?|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:
[
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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 2% = x, have solutions that cannot all be finitely
represented in terms of the functions and operators on the handheld.

Symbolic Manipulation 238



*  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: x2:0

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, If 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 avariable 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.

e  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.

» Identities 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 T s
Canceled' (x"2+>;:+26)/(><+2)
HAIN EhD ALTO FUHC 130
. Polynoml_als are expanded unlessno key [ 1z 2 w1
cancellation can occur. e 202 (k1
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 " IniZ - It 1n(2)
example: =y (zinea)? +y leosta)®
]
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(xr2-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.

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.

x is not simplified. The function uses x3,

—— )

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.

x is simplified to t. The function uses 38—

" Delllar = Done|
Iri
[ E[ x 3] Tox?
2T, 0
MAIN FAD AUTO FUNEC FTED)
LR-1E S
]
AT, Wy
HAIN FAD AUTO FIHL FTED]
" Delllar t Done|
LR AT t
i
= E[ Ey 3] 3742

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:
[

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.
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axrZ|r=5 25-m
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HAIN EAD AUTD FIRC 1750

1.2
w2+ 42 |%=3 and u=4
=1

220 (1220 1 %= and =4
MAIN FAD AUTD FUNE FYED]

247



Substituting for a Simple Expression

For every occurrence of a simple expression, [ "5 "m0

you can substitute a variable, numeric value, _ sFips41

or another expression. T 1. = T2
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 + (20s0a)2 | 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.

e 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 x% was
replaced, not x2. _‘

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.
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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 - c2=e substitution

2, =
orc” m=e) may not work as you etz m D) |meZ o
anticipate. iz o2 )
SimCkeke2) | mkea=e
HMAIN EAD RUTO FUME FYEL]

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/or y is
not negative

sin"1(sin(0)) = 6 only if > -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 1ncx- 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'l(sin(e)) = 0 is not always valid, the Psintisin(8)  sini(sin(ed)
expression is not simplified. *sintsin(e) | £ and o
=)

wSih (B |85 -nr2 and SEn-2
MAIN FAD AUTO FUNE FRED)

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 wer 22 [m 1 .
effect as a substitution by defining the "1ax 1
. [ Z z El

variable. "2 2)
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. cxErzd e+
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 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 Item

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:

Siclerost

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 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. P BT

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])

Factor x° - 1. Then expand the resullt.

Notice that factor and expand perform

opposite operations.

Finding Prime Factors of a Number

for partial expansion with respect to a

variable

® factor(x9 - 1)
(x—l)-[x4+x3+x2+x+1]
L] expand[(x - 1)-[><4 P ]

%7 -1

expand (ans 1)
HAIN Rab AITO FINL FTET]

The factor ([F2] 2) function lets you do more than simply factor an algebraic polynomial.

You can find prime factors of a rational
number (either an integer or a ratio of

integers).
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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 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.
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L} expand[[xz - x]'[uz - u]]
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To see intermediate results, you can manually solve the equation step-by-step.

x[#y [ 5= 2x [ by

E]ZX /'(x+u—5=2-x—5-gj—2-x
/l('x+g—5='5-gj—g
Oy 5= 6y
//l('x—5='6-gj+5 o e
Sw=S-6-y
5  /'('><=5—6-9)-'1 . 5
W=6ou-
X [) 1

By+y—-S5=2-x-5-y
H+y-3=2-x-35-y

TE+y=T= "0y

ans(lak-1
HAIN FAD AUTO FIHL CTED]

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.

(|

47 -
1 @ -&8/11
o1 -za-11

reef 2, -T,4: -1 -121y

MAIN RAD ALTD FUNC 1730

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 " zeros(xSin(x) +Cos(x), X b
L2, 73839

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
O<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
(x4 - 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:
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If you do this example
on your handheld, the
propFrac function
scrolls off the top of the
screen.
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31—)(81@9 is the remainder of x*-2x2+x divided by 2x2+x+4.

2
X
2

—15/8 is the quotient.

BiIXx

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
Liate 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.

Zsum Evaluates an expression at discrete variable values
within a range and then calculates the sum.

IT 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 d symbol for differentiate is a special symbol. It is not the same as typing the
letter D on the keyboard. Use 1or [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.

J (expression, var [,low] [,up])

‘—l—lets you specify limits or a constant of
integration

d (expression, var [,order])

Integrate x%*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 getd, usé lor
[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 O = both

Find the limit of sin(3x) / x as x approaches 0. N [sin@_x)] i
xrpl %

limitdsint 3wy, O

HAlW EAD AUTO FUNC 1230

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.

Btaglor(singx), =, 6}
S 3
¥ *
fZ@ & ¥
=] 3
I%—XT+><->91(><) Donegl

nsiloegl Cac
]

Al
Ml RAD AUTO FUNC 2430

Graph sin(x):Graph

_

[

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.
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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.

e “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 [o.iua +. 4 Dond
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) + sec(x) Daonel
COSX = lim seclx) Iz
n
. . . b el
Then find the limit of sec(x) as x N O T
HMAIN EAD AUTO FUMC 30

approaches /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) = JSLtn_t J(sin(t)/t,t,0,x).
0

= Define h(>)=|B [%mlp
Then find a 5th order Taylor polynomial . LaulorChO0, 5, 5. 0
3

for h(x) with respect to x. :Tfa Sk
taglorthix, x, 5,0
MAIN FAD AUTO FUNC L

Doke

Note: To select [ from the Calc toolbar
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
x>0 5 cos(x)

A

N

» If you were to create a multi-statement user-defined function with the form:

Func
If x<O0 Then
Return éx
Else
Return 5cos(x)
EndIf
EndFunc

Then numerically integrate y1(x) with
respect to x.

Define
y1(x)=Func:If x<0
Then: ... :EndFunc

\

1
®Define gl(x)=Func Dore|

= rlnt(ul(x, =, 8, 1
4. 20735

nlink (glded, = B, 1)
HAIN

EAD AUTO FUNC 2430

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<O0,
-X, 5c0s(X))
\ ; N mwaw{a
= Oefine alcx) _{5-cos(x),e.
Do
'Jé ulxds S5-=in(1)
'Jé iz 4. 20735
JOgl Cxd e, BALY
HalW FAD ALY FUNWC 330
Press é 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.

e 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(axb=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*c?, substitute e for m*c?.

(a+b)* +J(a+b)’

- Inthe expression > , Substitute c for (a+b) and use L
l-(a+bh) l1-c
the solution, replace ¢ with (a+b).
» For expressions combined over a common denominator, replace sums in
denominators with unique new undefined variables.
- Inthe expression X + Y , Substitute d for A/a2 +b%+c and

A/a2+b2+c A/a2+b2+c
are § + ﬁ . In the solution, replace d with A/a2 +hi+c.

e Substitute known numeric values for undefined variables at an earlier stage,
particularly if they are simple integers or fractions.

Symbolic Manipulation 272



* Reformulate a problem to avoid fractional powers.
e 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.

Symbolic Manipulation

273



@nl ... @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 = solvel=inG:d =8, Sl-n
times in the same session, each occurrence is |s:atvetsinco=1,:0

numbered consecutively. After it reaches 255, x=2pp g
arbitrary integer consecutive numbering 131 1

restarts at @n0. Use Clean Up 2:NewProb to gy @n and @n2

reset tO @nl 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 humbering
restarts at @0. Use Clean Up 2:NewProb to
resetto @1.

Note: For @, press: [¢]

o, e

o represents infinity, and e represents the "

constant 2.71828... (base of the natural | [[1 4] ] e
logarithms).  m— 15— —e

These constants are often used in entries as
well as results.

Notes:
For e, 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

6.3

UNITE

il
Rcceleration .
TamFErature,

Lurainous Intgnsiky

T HFMOURE o SUbStancE

Enter=OF__»

UMITE

Inductancs....

Enter=OE___ 3

< ESCCANCEL 4
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4. To select the highlighted (default) unit, . T .

press ENTER ) - E]hﬁlf'tﬂrelc CUFF&Rt ... :232)1?
To select a different unit from the :
category, press (®. Then highlight the G ) Sl

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, Xx_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 i T
velocity in meters per second. In the UNITS
dialog box, however, the Velocity category
does not contain this unit.

Enter=0Fk )‘ e
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.

Constants and Measurement Units
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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
2.s 100_m/(2_s) 50 —-S—
| _

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:

[200_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% 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 b conversion operator as
described later. The following examples assume that your default units are set to the Sl
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,
26 _km
20%6_km Shown in the default
unit for Length, (_m
in S| system).
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If you want to convert to a unit other than the default, use the » conversion operator.

expression_unitl b _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

=g _ltue b kM

. 186999--—": '

J.7E4ZLELT k|

_km

—hr
—km
1.87782eR =0

—kms _hr

12ERMHN_mi ok
HAIN KAD AUTI

a 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/_hr"2

Constants and Measurement Units

Because a Time
conversion is not
specified, it is shown
in its default unit (_s
in this example).

_km

2IUIIENT
—_mi 1
= " T

107762612 A0

= 156000

—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).

)
Z

=

L =

2P

= =

2P AR

HAIN RAD AUTD FURC 1730
_n 1

AT ==}
=% el

M

I.4992E8 - 5
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: " LmPCru(100 - _°C, _°F)

212. - _"F|
tmpochuCl0E_2c, _2f)
HMHIN EAD AUTO FUNC 1/30

tmpCnv(100_°c, °f)

S

32 212
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For Temperature Ranges

To convert a temperature range (the difference between two temperature values), use
AtmpCnv().

AtmpCnv(expression_°tempUnit1, °tempUnit2)

For example, to convert a 100_°C range to itS  [a .oprcrwcion. o, ok
equivalent range in _°F: S ——

FAIN EAD AUTD FUNC 1450

AtmpCnv(100_°c, °f)

+—100_°C —

Note: For A, press: ’ ' -

(< AG&JID]

y '
u t
32 212

«+— 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 e

(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

Fi Fz Fz
Faode 1[Fade z(Fade 2
- il

If Unit System=SI or
ENG/US, the Custom
Units itemis dimmed.
You cannot set a
default for individual
categories.

. MIODE

Fi Fz Fz
Faode 1[Fade z(Fade 2
- il

Enter=SAVE ESCSCAMCEL
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4. For each category, you can highlight its
default, press @, and select a unit from
the list.

5. Press [ENTER] twice to save your changes
and exit the MODE screen.

Notes:

CUSTOM UMIT DEFAULTS

El&ctric Current..... -A*
Chardg.. _ﬁ?}u'l‘}

¥
_SiglMEns ¥

a3 Flux Densiky
Madnetic F1
Inductanc

__{Ent-zr:sﬁ'.'E A
You can also’move
the cursor by typing
the first letter of a
unit.

* 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
displayed in the default units of its
components.

For example, Area = Length?, so Length is the
component of Area.

Constants and Measurement Units
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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/_s2 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.

e Can have up to 8 characters.
e First character must be an underscore. For _, press:

(L]

e 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 examp|e7 to define a dekameter unit: N e
= 1@ m* _dn 16|
i, 2 =N
10 m > _dm 2™ .2
n4E_msZ 24,15
. . . ==
To define an acceleration unit: N — 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 195 _blinks

_blinks/_min: -man Lg5.=hlinks
—=

195 _blinks (S _min
2T RADAUTD _ FUNC 1730

195 blinks/(5_min) A ) "
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 SI 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 (SI) 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/_52
_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 g70400E-8 W/ m?%/ °k?
_60 magnetic flux quantum 2.06783372E-15_Wb

_M0  permeability of avacuum 1 566370614359E -6_N/_AZ
_b  Bohr magneton 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.

Constants and Measurement Units 292



* 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 (SI) (ENG/US)
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Acceleration

no pre-defined units

Temperatu re
_°C | °celsius (For °, press _°K | °Kelvin
(1)
_°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

_ftlb 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 (Sl)

_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

‘ _St ’ 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 (SlI) (ENG/US) _mA milliampere

_kA kiloampere _MA microampere
Charge
‘ _coul | coulomb (SI) (ENG/US) | ‘

Potential

_kv kilovolt Vv 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 (Sl)
_mmho millimho _umho micromho
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Capacitance

F farad (SI) (ENG/US)

_PF

picofarad

_nF nanofarad

_MWF

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
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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
I [¥=D).

3. Select ([F4]) which defined functions to
graph. G
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,
. . #acl=1. )
Zoom also changes the viewing dnin=10.
i 1=1."
window. g=cl=i.
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.

» Use the [F2] Zoom toolbar menu to zoom in or out on a portion of the graph.
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e Usethe 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 AS—
box, which shows the current mode M -
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 x1/3,

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

Basic Function Graphing 303



the current graphing mode. For example, in POLAR graphing mode, function names are
r1(0), r2(0), etc.)

Defining a New Function

1. Press[¢] [Y=] to display the Y= Editor.

[apil L] ) Plots — You can scroll above y1= to see
a list of stat plots.

2=-glix) . .
Eg: : Function List — You can scroll through
G- 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 [ENTER] 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.

e 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]J.

A function from the entry line  Press [CLEAR] once or twice (depending on
the cursor’s location) and then press

ENTER].

All functions Press [F1] 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,
(@ 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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If PLOT nUmMbers are
displayed, those stat plots are

Selected ~ [esireenk

ggmTeiea selected.
ud=
Deselected o2 In this example, Plots 1 and 2
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.
e 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.

: es
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 [F4] to deselect them.

From the Home Screen or a Program

You can also select or deselect functions from the Home screen or a program.
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e Use the FnOn and FnOff commands (available from the Home screen’s Other
toolbar menu) for functions. Refer to the Technical Reference module.

e 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: [Fé]

» 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

/
ysel  ymax

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:

e 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.

—ShnrH PO , + The GRAPH FORMATS dialog box shows
R — the current settings.

Graph Order.

» To exit without making a change, press

i Ll

+
e ERt2F=sAVE .1 EESL=CAMLEL -1 ESC .

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.

FAIN AD AUT FUNC L EL=Y |

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.

e 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.)

e 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;— yl(x)=x2

— The “c” indicates these are cursor coordinates.
%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 yoid. 73604 the function.

HMAIN EAD AUTO FUHC

To increase the accuracy:

e 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.

Basic Function Graphing 318



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 (O 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
Hoi2, 1519 yo: 4. 630 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 L\ A A
VARV, 4 RV A
xoild, ot -4, 19538 #cil1@, 2532 yc: -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 [F2] 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: nBio
fZoomln
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.

Zoomin, 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.

ZoomsSqr 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 = 1t/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.

ZoombData 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(4)=2.sin(x)
you want to define, and then press [ENTER].

The cursor changes to a small square, ml
and the screen prompts for 2nd Corner?

2nd _Eorner?
LE3Z5911

Note: To move the cursor in larger yeiz. 36342

increments, use ®, @, etc.

3. Move the cursor to the opposite corner of
the zoom box. = ]
As you move the cursor, the box 2nd Corner?
Stretches. £4.81013 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:ZoomIn
or 3:ZoomOut.
A cursor appears, and the screen New Cenber?
#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

ENTER]. t hd

~x0il, 31899 ol TETY

The TI-89 Titanium adjusts the Window
variables by the Zoom factors defined in
SetFactors.

e For a Zoomin, 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 Zoom menu, select C:SetFactors to display the ZOOM FACTORS dialog
box.

Zoom factors must be > 1, but they do
Y E— .
B — not have to be integers. The default

Fa 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 [ENTER] (after typing in an input box, you must press [ENTER] 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 12 ZoomPrew
B:Memory to display its submenu. 2 SnamBel

2. Select the applicable item.
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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:ZoomsStd.

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 [F5] from the Graph screen.

fIntersection
iDerivativesy
SOF O
LInflection

On the Derivatives submenu, only

dy/dx is available for function
/ graphing. The other derivatives

are available for other graphing
modes (parametric, polar, etc.).

Er o
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 Oc 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:Vvalue.

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

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].
2(X)=2x—
The cursor moves to the intersection, and y2(q 7\

its coordinates are displayed. \ [ f{
%’iﬂ.zmﬁg

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 \
dudie= -2, 0O5E

The derivative at that point is displayed.

Finding the Numerical Integral over an Interval

1. From the Graph screen, press and select 7:Jf(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. Set the lower limit for x. Either use @ and ¢ to move the cursor to the lower limit or
type its x value.

4. Press [ENTER]. A » at the top of the screen marks the lower limit.
Note: To erase the shaded area, press (ReGraph).

5. 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.

4. Press [ENTER]. A » at the top of the screen marks the lower bound.

5. 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? \

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 \
u= -2 9345 3x+d, BI2S,

The tangent line is drawn, and its
equation is displayed.
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Finding an Arc Length

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
length is displayed. /
Arc=1Z2.6638

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 [F5] and select C:Shade. The screen prompts for Above

X axis?
2. Select one of the following. To shade the function’s area:
e Above the x axis, press [ENTER].

» Below the x axis, press:

(aloha) N
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3. 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.

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].

Basic Function Graphing 336



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 | e
set Angle mode, if necessary. M

REAL +
EECTANIGLLAR
OH*

Enksr=SAVE ESCECANCEL

2. Define x and y components on Y= Editor
eI [¥=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.

rligi=Sksint2, Skd
HRIN KAD AUTD FOL
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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]). ~ gnir=d. . . .,

f=tep=. 63889969389 =ry

Zoom also changes the viewing
window.

GRAFH FORMATS

Coopdinates ... @UTI*
Graeh Order ... SEQ3

6. Change the graph format if necessary.

9 arid. . OFF#
RXES.. .. ON%
—or-— Leading Curser OFF 3
LOB&TE e, OFF 3
IZI II]

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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e Usethe Zoom toolbar menu to zoom in or out on a portion of the graph.

e 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)

F1C87=Ers iz Swey through r99(0).

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(0) 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(6min)
r(0min+0step)
r(6min+2(Ostep))
... not to exceed ...
r(0max)

Xxmin, 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 Zoom toolbar menu) are:

Omin = 0. xmin = -10. ymin =-10.

Omax = 2x (6.2831853... radians or ~ xmax = 10. ymax = 10.
360 degrees)

Ostep =m/24  (.1308996... radians or 7.5 xscl = 1. yscl = 1.
degrees)

You may need to change the standard values for the 0 variables (6min, 6max, Ostep) to
ensure that enough points are plotted.

Setting the Graph Format

To display coordinates as r and 6 values, use:

Polar Graphing 342



F19
—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.

e Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

*  The 6 Window variables (6Bmin, @max, Ostep) are not
affected unless you select 6:ZoomStd (which sets
Omin = 0, Bmax = 2m, 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 0 value.

6:Derivatives finds dy/dx or dr/d© at a point defined for
a specified 6 value.

During a trace, you can also evaluate r(0) 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

Graph..
CUFFEnt
ak
Andle....
Expaonen
Cormplex Farmat
- Buctor farmat.

FEGEES PFINE e,

Fi Fz [}
Fade 1[Fade z|Fade 3

gf 3=
sb 10t =154
MAIN FAD AT FAE:

Cos CELY )
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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 mins g
window. Anin==2.
umax=10.
yszcl=5
6. Change the graph format if necessary. (_GRAFH FURHATS
9
()

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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e Usethe Zoom toolbar menu to zoom in or out on a portion of the graph.

e 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
ﬁgz(i)qmwcos(san thg(t) and ytl(t) through yt99(t)

EAD AUTO FhE
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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))
... hot to exceed ... ... not 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 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 = 2w, and tstep = w/24).

Trace Lets you move the cursor along a graph one tstep ata
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.

Parametric Graphing
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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.

[Fel
For sequences, the default style is
Square.

Sequence Graphing

HMODE

Fi Fz Fx
Fads 1|Fads 2[Fade >

cCEnter=fANE L ESCSCAMCEL

Fix
TW'I: Zoo-m Ed LK ﬁ'l StP'It th:

ui(ni=iFarte. 8*u1<n—1)+1El
HIH

EAD AUTO
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5. Define the viewing window (] [WINDOW]). ~ rmir=g,

nmax=a0,
plotStri=1.

. . plotStep=1.
Zoom also changes the viewing s,
window. peeloli.

6. Change the graph format if necessary.

9
E II] Ik{El\ut-u*‘:Sﬁ'.'E ] e ESC=CAMCEL
7. Graph the selected equations o " 1
(C+] [GRAPH]). d
noi 27,
HoldP. uc 4o,

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 ul(n) through u99(n).

s ™ Use ui only for recursive sequences, which
TP ol eduire 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

UiZ=i1,0r X A
RN BAL AT FEG 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.

You Can select a IPO:;:SZOOM Edit| ~ A1) ZkeTe|Axes...
—" i IR VER
sequence uizeen
. ulgz
You cannot select its u“i*§=
o s
initial value. ulcro=iFarte, Brul ire Lo +in.
IMN KAD 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 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 ﬁ

* 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.
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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 !nltb: TRACE *
«  To exit without making any changes, o
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 ul(n) = /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 ((¢] [Y=]), define ul(n) = -.8ul(n-1) + 3.6. Set initial value uil = -4.
Set Axes = TIME.
3. On the Window Editor ((#] [wiNDOW]), set the Window variables.

nmin=1 xmin=0 ymin=-10
nmax=25 Xxmax=25 ymax=10
plotstrt=1 xscl=1 yscl=1
plotstep=1

4. Graph the sequence ([#] [GRAPH]).  y(n) | .

By default, a sequence uses the — EE Tkl
Square display style. I n

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=".8Xx + 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. Onthe Y= Editor (#] [=]), define ul(n) = 3.2ul(n-1) - .8(ul(n-1))2. Set initial value
uil = 4.45.

2. Set Axes = TIME.

3. 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

4. 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.
6. 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. \=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: ul(n) = 3.2ul(n-1) - .8(u1(n—1))2. Set initial value uil = 0.5.

Set Axes = TIME.

On the Window Editor ((¢] [wiNnDOW]), 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 Xxmax=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=X

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 = Ry (@+M-KWq)

Wn = W,;(1+GR,-D)

1. On the Y= Editor ((+] [¥=]), define the sequences and initial values for R, and W,,.
ul(n) =ul(n-1) = (1 +.05 - .001 * u2(n-1))

uil = 200
u2(n) = u2(n-1) * (1 +.0002 * ul(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)). 1)
uin) - -
Note: Use to individually \/\/\
trace the number of rabbits U2(N) = oo™
ul(n) and foxes u2(n) over time
(n).

5. Onthe Y= Editor, set Axes = CUSTOM, X Axis =ul, 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. u2(n)
Note: Use to trace both the number of
rabbits (xc) and foxes (yc) over the cycle
of 400 generations. ul(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 Tables 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. Onthe Y= Editor ((¢] [Y=]), define the
sequence and set the initial values as
shown.

2. Set table parameters ([¢] [TBLSET]) to:
tblStart = 1
Atbl =1
Independent = AUTO

Sequence Graphing

Fi-| Fer [Fx |F4 JFE Faxr| F?
Tools|2Zoam|Edit « JAT1)FEuTefAxes.. |

~FLOTS

v oul=ulin = 1+ ulin — 22
Uilm

uZ=

il=fi 17
Hnll

'
EAD AUTO SEQ

You must enter {1,1},
although {1 1}is
shown in the
sequence list.

THELE SETUF

[
EbISEart: 1.

atbl: 1.
Grarh <= Table: OFF 3+
Independent: AUTO*

This item is dimmed
if you are not using
TIME axes.
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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 ®) to see
more of the sequence.

Sequence Graphing

Firfir

FMax= -
plotStrt=1.
plotstep=1.
wmin=-10.
HMax=1e.

n=1 /

HMAIN / RAD AUTD ZEQ

. / R .
Fibonacci sequence is
in column 2.
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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
CeJ [v=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 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

HMODE

Fi Fz [}
Fade 1[Fade z|Fade 3
q

T1 Lo, 0y = S o S 7 590
MAIN EAD AUTD El]

eged=20,
eded=ri,
eley=0,

wrax=10,
warid=14.
umin=-16.

Zmax=1.
hoohtour=3,
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5. Change the graph format if necessary. GRAPH FURHATS

Cosrdinates RECT

L E.C SO HHEF #
9 LabiTs ... ON3

T, MIRE FRAME
—or-
E] [I] EEnkeF=SAVE 1 _ESCSCAMCEL 2

Note: To help you see the orientation of
3D graphs, turn on Axes and Labels.

6. Graph the selected equations

(C+] [GRAPH)).

Note: Before displaying the graph, the
screen shows the “percent evaluated.”

Exploring the Graph
From the Graph screen, you can:

» Trace the equation.

* Use the [F2) 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,
zmin, 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:

Xmax — xmin

X increment = -
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 Zoom toolbar menu) are:

eyed = 20. xmin = -10. ymin =-10. zmin =-10.
eyed = 70. xmax = 10. ymax = 10. zmax = 10.
eyey = 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:

9
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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:Zoomln, 3:ZoomOQut, 5:ZoomSqr, 6:ZoomStd,
A:ZoomFit, B:Memory, C:SetFactors
e Only x (xmin, xmax), y (ymin, ymax), and z (zmin,
zmax) Window variables are affected.
« Thegrid (xgrid, ygrid) and eye (eye0, eyeo, eyey)
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 eyed=70 eyey=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 PRI et -1, 4za57
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_ .
. HMax=0.
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:

e xc and yc are within the viewing cube.
- but —
e  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.

* eyed — angle in degrees from the
positive z axis.

* eyey — angle in degrees by which the
graph is rotated counter-clockwise Sae¢=ri.
around the line of sight set by eye6 xmin=-im.
and eyeo. saidoil,

Zrax=10.
ncontour=5.

Do not enter a °symbol. For
example, type 20, 70, and
0, not 20°, 70° and 0°.

Note: When eyey=0, the z axis is vertical on the screen. When eyey=90, the z axis is
rotated 90° counterclockwise and is horizontal.

In the Window Editor ((¢] [WINDOW]), always enter eye0, eyed, and eyey in degrees,
regardless of the current angle mode.
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Effect of Changing eye

The view on the Graph screen is always oriented along the viewing angle. From this
point of view, you can change eye®0 to rotate the viewing angle around the z axis.

z1(x,y) = (x3y — y3x) / 390 In this example eye¢ =
70

eyed = 20 7\@
Y

eyeb =50

eyeb = 80 y .

Note: This example increments eye6 by 30.
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Effect of Changing eye

By changing eyed, you can elevate your viewing angle above the xy plane. If 90 < eyed <
270, the viewing angle is below the xy plane.

z1(x,y) = (x3y —y3x) /390 In this example eyef =
20
z
eyed = 90
— W Y
z
eyed =70
yed —=
z
eyed =50
\ -
e

Note: This example starts on the xy plane (eye$ = 90) and decrements eyed by 20 to
elevate the viewing angle.

Effect of Changing eye

The view on the Graph screen is always oriented along the viewing angles set by eye6
and eye¢. You can change eyey 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,
21(x,y)=(x3y—y°>x) / 390 eye0=20 and eye¢=70

eyey =0

eyey =90

z
%v
eyey = 45 Z Y
R
y
Zﬁg
=

When eyey=0, the z axis runs the height of
the screen. z=10

z="10

When eyey=90, the z axis runs the width of
the screen. 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 eyey. You can access
or store to these variables as necessary.

To type ¢ or v, press [¢] [F] or [¢] [ [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
Ccursor.

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. ©Qor®

Change the viewing orbit’s elevation. & or ®
(primarily increases or decreases

eyed)

Animate the graph continuously. Press and hold the cursor for about
1 second, and then release it.
To stop, press [ESC], [ENTER], [ON], or
(][] (space).

Change between 4 animation Press [+] or [=].

speeds (increase or decrease the
incremental changes in the eye
Window variables).

Change the viewing angle of anon- Press X, Y or Z, respectively.
animated graph to look along the x,
y, Or Z axis.

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 eyey, 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 -

» The dialog box shows the current graph ¢ SRAFH FORFATS
. Coordinates RECT
format settings. .

Labs1s Fa

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 1:0FF
the current setting and press Q.

z1(x,y) = x2+.5y2

» AXES — Shows standard xyz axes. %
W

e 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 (.

*  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 eyey 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, eye = 55, eyey =0 eyeB = 20, eyed = 120, eyey=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 9
from the Y= Editor, Window editor, or Graph screen. Then set:

Style = CONTOUR LEVELS ; B T
—or-— Eig:?ffﬁ.‘f‘.’. EEE'{
Style = WIRE AND CONTOUR ste.] 1:UTRE FRAME

?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:

e From the Graph screen, you can switch from one graph format style to the next
(skipping IMPLICIT PLOT) by pressing:

™

* Pressing:

I
to select CONTOUR LEVELS does not affect the viewing angle, view, or Labels
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format as it does if you use:

()

Style z1(x,y)=(x3y—y°>x) / 390 21(X,y)=x%+.5y°-5

Looking down z axis
CONTOUR
LEVELS » (

), ¢

Using eye0=20, eye(=70, eyey=0

V7N
N2

s

CONTOUR T
—— i ::
LEVELS = ;: - = \;i
) %._ -
——
— -
WIRE AND
CONTOUR

Note: These examples use the same X, y, and z Window variable values as a ZoomStd
viewing cube. If you use ZoomsStd, press Z to look down the z axis. Do not confuse the
contours with the grid lines. The contours are darker.
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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 a=20,
increment = ZMaX —zmin §§§+=?m.
ncontour + 1 edeyp=0,
H=min=-10
Hmax=10
xar-id=14
The z values for the contours are: dnins Jbo-
ygrid=14
. . Zmin=-10
zmin + increment Tmax=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]

L QLI

2wl Lo

Select 7:Draw Contour.

3. 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 zl(x,y):x2+.5y2—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.

(M
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. _ AN
2. Press[#][Y=], and define the equation:  |vzt=lix+u-i)%+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: SEAPH FORHATS

Coordinates RECT »

(¢] (1] Turn on the axes, set
Style = CONTOUR LEVELS, and return to
the Window editor.

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:

NE

.1 ﬁ 3.
1,2 |and 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 eyey=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 m\\

each value of x.

Many equations, however, have an implicit
form f(x,y)=g(x,y), where you cannot explicitly
solve for y in terms of x or for x in terms of y.

y is not unique for
each x, so you cannot
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 fory or x.

Rearrange the implicit form as an f(x,y)-9(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+.5y2:30,
shown to the right, enter the implicit form 2, 22

. . ! then z1(x,y)=x“+.5y“-30.
in the Y= Editor. ) 4

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. (AT 2T
e WSS
Labels........ OFF %

Hrle., 1 WIRE FRAME

pressing:

™

However, to return to IMPLICIT PLOT press:
(10

* 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—y2=4 sin(x)+cos(y)= e(x*y)

Style 21 (X’y)zxz_yz_ 4 z1(x,y)=sin(x)+cos(y)-e(x*y)

ot | 7 X<
N
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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 ZoomsStd, press Z to look down the z axis.

Notes About Implicit Plots
For an implicit plot:

e 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.

e 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—x3y) = .1.

Use to set Graph=3D.
2. Press [#] [v=], 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 [#][wiNDoW], and set the Window £ud= 90,
variables as shown. shine-ie,

4. Press: : GRAFH FORMATE
[+] (D 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

3D Graphing
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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. €xample shows
eye6=-127.85,

eye(=52.86, and
eyey=-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 ((¢] [¥=]).

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
z

]

<FLOT:
o

Qiz=
ol 'chi= Bolaglis I0E—yl s
HAIH EAD ALTD 13
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4. Set the display style for a function.
(2nd] [Fe]

5. Set the graph format. Solution Method
and Fields are unique to differential
equations.

9

L]0

Note: The Fields format is critical,
depending on the order of the equation.

Lo

31 Soquate
<4 Thick
SiAnimate
&:Fath

FixMs.....

£ Enter=iAvE £ EZC=CAMCEL 1

6. Setthe axes as applicable, depending on | RS .

the Fields format.

(2nd) [F7]

Note: Valid Axes settings depend on the
Fields format.

7. Define the viewing window ([(¢] [WINDOW]).

Note: Depending on the Solution Method
and Fields formats, different Window
variables are displayed. Zoom also
changes the viewing window.

Differential Equation Graphing

Axes:  TIME %

€ Enter=SAVE 3 e ESCSCAMCEL 3

La=0,
tmax=10,
tstep=.1
tplot=0Q,
®min=-10.
®max=110,
#sio1=10,
umin=-10.

Fldrez=20,
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8. Graph the selected functions ([¢] [GRAPH]). [Tt arerm 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.

Llon ol You can also set t0 in the Window Editor.
Eg?; \\ 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).
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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 [F4] 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 GRHFH FORHATS .
screen, press: A

9

—or— Fit M5 .. .3

E m eZERteF=ZAYE ESC=CHMCEL 7

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: TIMES

T Ra hes

m [F?] S R e

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

t0 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'(tO+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

Xxmin, Xxmax, 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
Increment =
ncurves+1

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 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.

fldpic 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.

e Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl)
Window variables are affected.

. The t Window variables (tO, 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.

e 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.

Differential Equation Graphing
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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 yil 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 \ u

the graph. wult=. 001 y1-(188 - yl)
uil=t10 283

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  [FHEER Rk ]
the same number of initial conditions for each |™ts-e,

equation in the system. Otherwise, a :Eélf%él .53
Dimension error occurs. siz=(l 1.93
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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— [Fe]

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 tO 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

 xig: £ tis a valid selection. It will let
Y oAxis vl .
J you specify a value for t0.

Enter=fAYE 3« ESC=CAMCEL 2

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.

Differential Equation Graphing 422



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

" ' — X
as necessary. | yryry=e ‘
a) Solve for the highest-ordered |y.. —eX-y -y ‘
derivative.
b) Expressitintermsofy andt. |y" =el-y -y |

c) On the right side of the equation only,
substitute to eliminate any references
to derivative values.

Note: To produce a lst-order equation,
the right side must contain non-derivative
variables only.
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In place of: Substitute:

y yl ‘y":et—yz—yl

y y2

y" y3 L Do not substitute
y™ y4 on the left side at
y(4) yS this time.

d) On the left side of the equation,
substitute for the derivative value as
shown below.

In place of: Substitute:
y yl y2'=el -y2 -yl

y” y2'

y" y3’

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
yl, y2 Lo=0,
y3'=y4 St
—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:

yl'=y’
y2'=y"
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.

Press [MODE] 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'=-yl
y2'=-yl

yil is the initial
condition for y(0).

yi2 is%e initial
condition for y'(0).

{ GRAFH FORMATS y

Coordinates . RECT#
k3 e

Enter=iAvE £ EZC=CAMCEL 1
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6. Inthe Y= Editor, press: £ e -

[F7land r_nake sure :xﬁt:;s: cUsTob >
Axes = CUSTOM with y1 and y2 as the e vz

axes. L EnteFSSAVE 3 e ESCSCAMCEL 2

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 Xxmax=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
RN L2 A
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
settings on Page 2 as shown. Then close
the MODE dialog box, which redraws the
graph.

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'.

The right side uses the same equations
as the left side. However, no equations
are selected initially in the right side.

12. Press:
9
(¢] (1] Set Fields = FLDOFF.

Important: Because Fields=DIRFLD cannot
plot a time axis, you must change the
Fields setting. FLDOFF turns off all fields.

13. In the Y= Editor, press:
[F7]and make sure Axes = TIME.

Differential Equation Graphing

HMODE

Fi Fz Fx
Fads 1|Fads 2|Fads F

.. LEFT-RIGHT ¥

Ti EF
SFNiE E ARE
Hurber of
GFa
G

EEnter=SHYE T3 E_ESCSCAMCEL 3

Leadind Cursor. O
Labs:1s... .
Solukion
Fie s ...

< Erter=smiE  ESC=CANCEL

AHES

Rues: TIME *
R i
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
F . A
[ e e W

SEIAVAN
NN S S >J<<
R 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 [MODE] 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

y"' 2yt 2y +y =

sin(x)

y™ =sin(x) — 2y" - 2y'
-y

y™ =sin(t) - 2y" - 2y'
-y

y™ =sin(t) - 2y3 - 2y2
_ yl

y3'=sin(t) — 2y3 - 2y2

gl Py

uil=n

u2'=u3

giz=1
UZ'=sinfta-2-u3-2-yd -yl

Important: The
solution to the y1'
equation is the
solution to the 3rd-
order equation.
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6. Press: : GRAFH FORMATS :

oo RECT
:r i
I I ﬂ:F;)
IZI mset Axes = ON, Labels = ON, e b oaFr
Solution Method = RK, and < Enber=3AIE < EEESCRAEEL

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

T Eaa e

CERteFSSANE 3 e ESCSCHMCEL 2

Note: With Axes=TIME, the solution to the
selected equation is plotted against time

(t).

8. In the Window Editor ((¢] [winDOw]), set
the Window variables.

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

yl', 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:

yl'=-yl+ 0.1yl *y2 and y2' = 3y2 -yl *y2

where:

yl = Population of foxes

yil = Initial population of foxes (2)
y2 = Population of rabbits

yi2 = Initial population of rabbits (5)

1. Use to set Graph = DIFF

EQUATIONS.
2. Inthe Y= Editor ([¢] [v=]), define the T A 0
differential equations and enter the }a—a et
e age oy glt=-ul +.1-yl-y
initial conditions. BIZ L
yiz2=5

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: | GRAFH FORMATS
9 Coordingtes . REC{T?
[¢] (1] Set Axes = ON, Labels = ON, thod RS e
Solution Method = RK, and < EOEEP=zAiE_s < ESCoCRRLEL

Fields = FLDOFF.
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4. Inthe Y= Editor, press: £ e -
[F7] Set Axes = TIME. s TIME>

CRam e

L EnteFSSAVE 3 e ESCSCAMCEL 2

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 y2(t)

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.

Ptk uct3. 25165

y1(1)
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10.

11.

12.

Return to the Y= Editor. Press: , SEAFH FURHATE ,

19
—or —

8 MO

Set Fields = DIRFLD. < EREer=3AE < EECANEEL

Note: In this example, DIRFLD is used for
two related differential equations that do
not represent a 2nd-order equation.

Press: - HEES 2
[2nd] [F7] wais vy
Confirm that the axes are set as shown. ¥ fis: vE®

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 [FiGe riewee] |

dit=
VHZI=SuZ - dl gz
aiz=

Return to the Graph screen, which WZ J 7 e
. . . . D e
displays only the direction field. e
N e

| ‘.\‘kf’f//ffffl-’

o

o ey

To graph a family of solutions, return to e ] )
the Y= Editor and enter the initial "’“‘1’2 e Lot

-y \/g I=_H . ‘ygl-y
conditions shown below. ail=(Z & 73

2! =3-u2 - ul-u2
yi1={2,6,7} and yi2={5,12,18}

uiz={5 12 183}

Note: Use a list to specify more than one
initial condition.
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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 [MODE] 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 |
- ‘PLII'IS=
I [v=D). ,;;i%ﬂ\\%l (10091
gil=1@

4. Enter the initial condition: ) )
t0 is the time at

yi1=10 which the initial
condition occurs.
By default, t0=0.

5. Press: { GRAFA FORMATS :
9 '
—or—
(][ R et e
Set Solution Method = RK and ¢ EREGr=IAVE 2 < EFCECANCEL ™

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 |

HOME] [CALC HOME]
use BldData to create a data variable

containing the RK graphing points.

8. Return to the Y= Editor, press: i SRAFH FURHITS .
9 '
IZI m Fitd5... Ilgll.'ln!n!?:-}
Set Solution Method = EULER. < ERCar=zAvE s < EECANEEL

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
create a new data variable named
errorlog.

MEW ™y

Data ¥
adin +

Errorted ]

Note: errorlog lets you combine the data

Enter=O0K___ 2 e ESC=CAMCEL 3
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 AN
in rklog and eulerlog. Also, enter column  |ww [eise [RE | [Euldr

cl =]

titles as shown. T (g, 7. |ia.
W=
To define a column header, move the 1 [ e odz[12, 917

cursor to that column, press [F4], type the [cEeulerlcalz]

reference expression (such as rklog[1] for

cl), and press [ENTER]. O cl=rklog[1] or
cl=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 | O
press and define Plot 1 for the RK o
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=cl
y=c3

14. Return to the Y= Editor, press [MODE], and
set Graph = FUNCTION.

Differential Equation Graphing
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15.

16.

17.

18.

19.

The exact solution to the differential

equation is given below. Enter it as y1. AR e

y1 = (100%e™(x/10))/(e™(x/10)+9) T

Note: You can use deSolve() to find this £l 43

exact, general solution. , You can use ® to
scroll up to see Plot
1 and Plot 2.

In the Window Editor, set the Window

variables.

xmin=-10 ymin=-10. Xres=2.

xmax=100 ymax=120.

xscl=10 yscl=10.

Display the Graph screen ([¢] [GRAPH]).

Note: The fuzzy line on the graph
indicates differences between the RK and B

Euler values.

In the Window Editor, set the Window
variables to zoom in so that you can
examine the differences in more detail.

Xxmin=39.7 ymin=85.5 xXres=2
xmax=40.3 ymax=86
xscl=.1 yscl=.1

Return to the Graph screen.
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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

Exac{ solution (y1)

ylis 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.
e 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(1stOr2ndOrderODE, independentVar, dependentVar)

Using the logistic 1st-order differential equation, find the general solution for y with
respect to t.

deSolve(y' = 1/1000 ﬁ(lOO—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. Inthe Home screen

HOME] [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

_ 1om-el
4T

219 4 jog 61
]

M =1 A0EEgEC 198—#}@, u
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
[¢] (STO]
(2nd) R
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4. Evaluate the general solution (y) with the %
constant @1=9/100 to obtain the particular |=s|e1=—125 e

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
screen, press: 5 .

F19
— or —

B MO

What Order Equation Are You Graphing?

If the equation is: Valid Fields settings are:

1st-order SLPFLD or FLDOFF
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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 | glieg sl ned ons setestes
the nght ist-srdir squatiens anly

€ ESCSCAMCEL T3

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 ERROR ™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 ERROR ™y
Inuatid axss
€ ESC=CANCEL 1
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 ZoompFit:

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 patrticular
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 ((MODE]).

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

(Ce] [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

y
i
Fl
RHDIAN
Exponential Fori MWOEMAL *
Corples Farmal REAL *
» Weckor Formak...... KECTAN
Frette Frint............ ON¥

Enter=SHVE

ESCSCHMCEL

o=
HMAIN RAD AUTD FUNC

THELE SETUF

[
Eb1Skart: 10,

atbr [ —
Grarh <=7 Tabls: OFF #
Inderendent: AUTOD+
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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

tblStart 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 If Independent = AUTO:
OFF — The table is based on the values you enter for
tblStart 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
tblStart, 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 tbiStart, but you can use @ to scroll to prior values.

Which Setup Parameters to Use

To generate: tblStart Atbl Graph <-> Table Independent

An automatic table

. Based on initial value value OFF AUTO
values
e 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:

tblStart 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 e 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. After 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:

e 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 tblStart and Atbl.

Before You Begin

Define and select the applicable functions on the Y= Editor ((¢] [¥=]). This example uses
yi1(x) = x3-x/3.

Then enter the initial table parameters ¢ TRELE SETUF 5
(CeJ [TBLSET). e —
st 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” (Rl FAD AUTO FLUHC

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 “e” 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 ’ T N
screen: CaTl Widths 63

<Enter=:AWE 2 CEZCSCAMCEL &

1. Press 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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« If anumber’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.

e 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 1.2 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—
e 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 necessatry.

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 ShOWS names Of \ th;s SEEuP l:F-z3'I1 H-zf::‘i-zr Dt;%ow Insrgow
independent variable (x) and % ul

selected functions (yl)'/
Enter a value here.

W=
(AL FAD AUTO FUKC

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.

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.

Tables 463



Enter values in any —— Fi

numerical order.

1956.2

Enter a new value here. \ i)

Shows full value of

ylcxi=

DE4E. BEEEEEEET

highlighted cell.

Hrll

FRD AUTO FUHC

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

1. Move the cursor to highlight any cell in the independent variable column.

2. Press to move the cursor to the entry line.

3. 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 [F1] 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.

3. Save the information to the Home screen or the sysData variable.[+] )] (Home
screen) or [¢] [] (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.
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Fx F4 Fér i
Trace|keGrarh| praw

A
VARV

Hoid. 28571
DATA FLACED IN HOME &

)
O

doi m2. 06925
KEEN HIZTORT

l

Displayed coordinates are
stored in a data variable named
sysData, which you can open in
the Data/Matrix Editor.

Displayed coordinates are
added to the Home screen’s
history area (but not the entry
line) as a single-row matrix or
vector.

(R e o Earue| o acter fmre et
W[1,93277310924 -1.77OE15H PATR L 4

[1.93277 -1.77062] cl c2 c3

_ T [1l.95z8| l.7rL

W[3. 10924369748 4. 997354 I o e

[3.10924 -4.99738] : i 22
W[4.28571428571 -2.069225 a *

[4.28571  -2.06323] I I

rIcl=4.2eor 1428571

MAIN FRD AUTO FUNC ETED] FMHIN EAD AUTO FUNC

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.
[ 2x"3+3x2-4x+122y1(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 al 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 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 fl(aa)=1.25aa cos(aa).

Define fl(aa)=1.25aa*cos(aa)
Graph f1(x)

Refers to the function by using the native
independent variable.

and:

Define fl(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 /\\,
x>0 5 cos(x) I

In the Y= Editor:

The function is “pretty s
printed” in this form.

Enter the function in this

gl Ced=when Cod [, —x, ShoosOx...

form.

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)
x2-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< = 1t,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
IT x<-n Then
Return 4*sin(x)
Elself x>=-tr and x<O0 Then
Return 2x+6
Else
Return 6—x72
Endlf
® 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< -1t Then:Return 4*sin(x): ... :EndIf:EndFunc

In the Y= Editor:

Only Func is shown for a i —
multi-statement function. e

e

L
Enter a multi-statement P

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.

SPLOTE

“yl=L{2 4 &I -sin(x)

e A JAY
= | ‘
i

o i VI AV

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 o oo For these example functions, the TI-89
THz=el 2 Fhew+d Titanium / Voyage™ 200 graphing

vu3=cos()

calculator graphs three groups.
e 2sin(x), x+4, cos(x)

e 4sin(x), 2x+4

¢ 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:
CJ
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 [F2] to display Page 2.

2. Set the following required modes. A
. Fadg 1{Fade Z|Fade ¥
* Split Screen = TOP-BOTTOM or "R AN

LEFT-RIGHT

*  Number of Graphs =2

3. Optionally, you can set the following modes.

Page 1: *  Graph = Graph mode for top or left side of the
split
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Page 2: e 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: left or — e A A S Graph 2: right or
top side \ A bottom side
Thick border U W

indicates active I

graph Slde HMAIN FAD AUTD 51 FUNC

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.

e Table setup parameters and Table screens.

e 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 sides use different graphing il [ ]
modes, each side shows a different ;";‘Eimsm,;’}&"gés.sin@_,
. . o= 1 - _p| ri=
function list. 3%'1 S =
& e
ol =1, 254sckons ()
FHIN KAD AUTO  G1 FUNC
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* When both sides use the same graphing [ErEGEEGL ]
mode, each side shows the same function (7 e 121 25 o
list. Jé%-l-ﬁ—:i E%g.l-ﬁ—:b
- You can use [f4] to select different SEs 5

functions and stat plots (indicated T R

by v) for each side.

- Ifyou set a display style for a
function, that style is used by both
sides.[2nd] [F6]

e 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.
e To exit two-graph mode:

Additional Graphing Topics 483



- Use [MODE] 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):<

+FLOTS

For Graph 1, the —[-ai=1.25x-c» I For Graph 2, the

Y=Editorlistsy(x) |4 R polar graph uses

functions. ng r(0) equations that
RN 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 [,6min] [,6max] [,0step]

For example:

1. Define y1(x)=.1x3-2x+6 on the Y= Editor, /\t\/
and graph the function.

o
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2. Onthe 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

(2nd] [F6] and select 1:ClrDraw

Drawing the Inverse of a Function

Execute Drawinv from the Home screen or a program. You cannot draw an inverse
function interactively from the Graph screen.

DrawlInv 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:Drawlnv

To display the Home screen and put DrawlInv 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
(xy)- 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:

. [Fe]

and select 1:ClrDraw.

tC1rDraw
]

Oz Iy
—or — fOrawPol
 Or-awkarm
&2 0raws]

« Press [F4] to regraph.

Note: You can also enter CirDraw 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

- =Unr~%znn%al
tllertica

location. Pyeriies

tSawve 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.

e 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. [2nd) [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 technigues 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.

e 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\
Vo

* To continue drawing another line, move

the cursor to a new 1st point.
e To quit, press [ESC].

Drawing a Circle

From the Graph screen:

1. [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. [nd) [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

e 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 &{ \
= 2L 9454 2x+4 . 5558

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 DrawSlIp in the
entry line.

2. Complete the command, and press [DrawSlp 4,0,6.37 |

(ENTER].
A

The calculator automatically switches to \

the Graph screen and draws the line.
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Typing Text Labels

From the Graph screen:

1.

[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[5><*c.os(x€\

“text” mode.
N \

* To continue, move the cursor to \/
another location.

e 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, PxlILine, 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

ENTER] 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
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[Fi] and select 1:Open.

2. Select the type (Picture), folder, and i FE
Teres Fickure ¥

variable that contain the graph picture T e
yOU want to Open_ Wariable: ricl®

CEnter=0F__a ¢ EEC=CANLEL 1

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:Open, 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 picl, pic2, pic3, .. .).

To cycle the pictures, use the syntax:
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CyclePic picNameString, n [,wait] [,cycles] [,direction]
(1] e © 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

cycQ

Prgm

zlocal 1

:@Set mode and Window variables
:setMode(“graph’,”’3d”)
:70>eyeo

z-10>xmin

:10>xmax

:14>xgrid

:-10>ymin

:10>ymax

:14>ygrid

:-10>zmin

:10>zmax

:1>zscl

:@Define the function

T (xXN3xy—y"3*x)/390>z1(X,Y)
:@Generate pics and rotate
For 1,1,10,1

:  1*10>eyed

DispG

- StoPic #('pic” & string(i))
EndFor

:@Display animation
: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
cyc().

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:

e 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 ((¢] [¥=]), including display styles and which functions
are selected.

e Table parameters ((#] [TBLSET]), Window variables ([¢] [WiNDOW]), and graph formats:

[F19
—or—

()
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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 [F1] 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—|

€ ESC=CANCEL 3

£ Enter=3aYE 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 [F1] and select 1:Open.

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
RclIGDB 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.
e 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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M Jhrsze zlngn:] When you set Split Screen =
- TOP-BOTTOM or LEFT-RIGHT,
previously dimmed modes such

as Split 2 App become active.

TOF-EOTTOM * ——
Hore >
V= Editor 3

Enter=2RYE EZC=CANCEL

Setting the Initial Applications

Before pressing to close the MODE
dialog box, you can use the Split 1 App and

§=g1ndﬁ¢ Editar
Split 2 App modes to select the applications o Table
7
g

Data-Matrix Editaor
Program Editaor

you want to use.
L Text Editar

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.

Note:

* For alist of drawing commands, refer to “Drawing on the Graph Screen” in
Programming.

» Due to the border that indicates the active application, split screens have a smaller
displayable area than a full screen.

TI-89 Titanium:

Split 1 App Split 2 App
Split Ratio X y X Y
FULL N/A 0-158 0-76 N/A N/A
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Split 1 App Split 2 App

Split Ratio X y X y

TOP-BOTTOM 1:1 0-154 0-34 0-154 0-34

LEFT-RIGHT 1:1 0- 76 0-72 0- 76 0-72

Voyage™ 200:

Split 1 App Split 2 App
Split Ratio X y X y
FULL N/A 0-238 0-102 N/A N/A
TOP-BOTTOM 1:1 0-234 0-46 0-234 0-46

1:2 0-234 0-26 0-234 0-68
2:1 0-234 0-68 0-234 0-26

LEFT-RIGHT 1:1 0-116 0-98 0-116 0-98
12 0- 76 0-98 0-156 0-98
2:1 0-156 0-98 0- 76 0-98

Exiting the Split Screen Mode

Method 1: Press to display the MODE dialog box. Then
set Split Screen = FULL. When you press to
close the dialog box, the full-sized screen shows the
application specified in Split 1 App.

Split Screens
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Method 2: Press [uIT] twice to display a full-sized Home
screen.

When You Turn Off the Calculator

Turning the calculator off does not exit the split screen mode.

If the calculator is turned off: ~ When you turn the calculator on
again:

When you press [OFF] The split screen is still in effect, but the
Home screen is always displayed in
place of the application that was active

when you pressed [OFF].

By the Automatic Power Down™ The split screen is just as you left it.
(APD™) feature, or when you

press [¢] [OFF].

Split-Screen Status Indicators on the Apps Desktop

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 App is displayed.

Note: The Apps desktop always appears in the full-screen view.
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Split-screen indicator ~ Names of open Apps

F1 TNE L= Editor I 10:50 AN
rul : Grarh 1103203

Pan e ©

FrodramEd..  Table Tt Editor

Split screen indicator Description

g Top-bottom split screen

* 1lindicates the application that will appear in the
top portion of the screen.

e 2indicates the application that will appear in the
bottom portion of the screen.

The highlighted numeral indicates the active

portion of the split screen.

1 B Left-right split screen

. 1 indicates the application that will appear in the
left portion of the screen.

e 2indicates the application that will appear in the
right portion of the screen.

The highlighted numeral indicates the active

portion of the split screen.
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Selecting the Active Application

With a split screen, only one of the two applications can be active at a time. You can
easily switch between existing applications, or you can open a different application.

The Active Application

» The active application is indicated by a thick border.

* The toolbar and status line, which are always the full width of the display, are
associated with the active application.

* For applications that have an entry line (such as the Home screen and Y= Editor),
the entry line is the full width of the display only when that application is active.

Toolbar is for Y= Editor. ——— [ETEa G ks
+FLOTS
Thick border indicates the =
Y= Editor is active. Eég
. . . 5=
Entry line is full widthwhen___ H;m:_S*XAH*X,,S
[T

Y= Editor is active. = A LI —TUK

Switching between Applications

Press [E=]] (second function of [APPS]) to switch from one application to the other.
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Toolbar is for Graph screen.

Thick border indicates the Graph
screen is active.

Graph screen does not have an
entry line.

MAIN RAD AUT FUMC

Opening a Different Application

Method 1: 1. Use [H] to switch to the application you
want to replace.

2. Use or [¢] (such as [¢] [WiNDOW]) to select

the new application.

If you select an application that is already displayed, the calculator switches to that
application.

Method 2: 3. Press and then [F2).
Change Split 1 App and/or Split 2 App.

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.

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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Using 2nd QUIT to Display the Home Screen

Note: Pressing [auIT] twice always exits the split screen mode.

If the Home screen: Pressing [QuiT]:
Is not already displayed Opens the Home screen in place of the

active application.

Is displayed, but is not the active  Switches to the Home screen and
application makes it the active application.

Is the active application Exits the split screen mode and
displays a full-sized Home screen.

When Using a Top-Bottom Split

When you select a TOP-BOTTOM split, remember that the entry line and the toolbar are
always associated with the active application. For example:

Entry line is for the active
Y= Editor, not the Graph
screen.
T |yl G as, St Bt
MAIN FRD ALTO FUNC
_ 751Tsfzﬁr'wfrﬁufmé?a»n]rﬁ(nfnﬁl«]rffﬁrc?
+pLOTE
Toolbar is for the active “gé=.5-x3 -Zwt6
des
Graph screen, not the ———— ais
Y= Editor. L

m—
HMAIN RAD AUT FUNC
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Note: Both Top-Bottom and Left-Right splits use the same methods to select an
application.
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Data/Matrix Editor

Overview of List, Data, and Matrix Variables

To use the Data/Matrix Editor effectively, you must understand list, data, and matrix
variables.

List Variable

A list is a series of items (numbers, expressions, or character strings) that may or may
not be related. Each item is called an element. In the Data/Matrix Editor, a list variable:

» Is shown as a single column of elements, w ]
. o 1)
each in a separate cell. [ -
. 3 C0E ()
* Must be continuous; blank or empty cells 4 [&

are not allowed within the list.
e Can have up to 999 elements.

@ Column title and header cells are not saved as part of the list.

If you enter more than one column of elements in a list variable, it is converted
automatically into a data variable.
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On the Home screen (or anywhere else you can use a list), you can enter a list as a
series of elements enclosed in braces { } and separated by commas.

Although you must use commas to separate [, 0 coeon 6 1

i {bob 180 (=) & 1
elements on the entry line, spaces separate |18 _cosim £ 2

the elements in the history area. H PRSI et
To refer to a specified element in a list, use [Tisti[]
the format shown to the right. l) é

© Name of list variable
® Element number (or index number)

Note: After creating a list in the Data/Matrix Editor, you can use the list in any application
(such as the Home screen).

Data Variable

A data variable is essentially a collection of lists that may or may not be related. In the
Data/Matrix Editor, a data variable:

e Can have up to 99 columns. W |

1 =] =]
stone [35
zally [ross |75
Jane  [smith |97
hnick [castle[83

i

» Can have up to 999 elements in each
column. Depending on the kind of data, all
columns may not have to be the same
length.

EoR )

* Must have continuous columns; blank or empty cells are not
allowed within a column.
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Note: For stat calculations, columns must have the same length.

From the Home screen or a program, you
can use the NewData command to create
a data variable that consists of existing
lists.

@ Name of data variable to create
® Names of existing list

Although you cannot directly display a
data variable on the Home screen, you
can display a specified column or
element.

@ Name of data variable

@ Column number

© Column number

O Element number in the column

For example:
@ Displays column 1 of the variable datal.

@ Displays element 1 in column 1 of the
variable datal.

Data/Matrix Editor

| NewData datal,listl,list2 ]

o o

D7

datal[1]
(datal[1])[1]

| |
0

r (1)
= datall1]

ifred zally  jane nicle

m{datal[110[1] fred
Codatal 112011
AR FAD AITD __ TURE T

(2]
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Matrix Variable

A matrix is a rectangular array of elements. When you create a matrix in the Data/Matrix
Editor, you must specify the number of rows and columns (although you can add or
delete rows and columns later). In the Data/Matrix Editor, a matrix variable:

» Looks similar to a data variable, but all BT | I
=51 c c3
columns must have the same length. t z 3
2 4 S =
» Isinitially created with O in each cell. You Shows the size of the
can then enter the applicable value in matrix.
place of 0.

From the Home screen or a program, you can (1] (2]
use to store a matrix with either of the | |

equivalent methods shown to the right. [[1.2,3][4.5,6]]>matl
[1,2,3;4,5,6]>matl

Orowl | |

A row 2 e 0

O row 1

O row 2

Although you enter the matrix as shown _[1 2 3 [1 2 3]

i . . . . Fmatl
above, it is pretty printed in the history area in |3 253]6[]4 T

traditional matrix form. — BbRlll PO Lo

After creating a matrix in the Data/Matrix Editor, you can use the matrix in any
application (such as the Home screen).

Note: Use brackets to refer to a specific element in a matrix. For example, enter mat1[2,1]
to access the 1st element in the 2nd row.
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Starting a Data/Matrix Editor Session

Each time you start the Data/Matrix Editor, you can create a new variable, resume using
the current variable (the variable that was displayed the last time you used the
Data/Matrix Editor), or open an existing variable.

Creating a New Data, Matrix, or List Variable

1. Press and then select the
Data/Matrix icon. Press [ENTER].

2. Select 3:New.

3. Specify the applicable information for the ¢ NEF o

Teres Daka 3

new variable. Folgar: main
Wariabls:

<Enter=if__ < EEC=CANCEL

Item Lets you:
Type Select the type of variable to
create. Press () to display a EH

menu of available types.

Folder Select the folder in which the new variable will be stored.
Press () to display a menu of existing folders. For
information about folders, refer to the Calculator Home
Screen module.
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Item Lets you:

Variable Type a new variable name.
If you specify a variable that already exists, an error
message will be displayed when you press [ENTER|. When

you press or [ENTER] to acknowledge the error, the
NEW dialog box is redisplayed.

Row dimension If Type = Matrix, type the ( ek
and number of rows and columnsin | % g
1 1 1 tariable:
Col dimension  the matrix. oo =]
Col dimension: [L__]
<Enter=lE__2 £ ESC=CANCEL o

Note: If you do not type a variable name, your calculator displays the Home screen.

4. Press (after typing in an input box such as Variable, press twice) to
create and display an empty variable in the Data/Matrix Editor.

Using the Current Variable

You can leave the Data/Matrix Editor and go to another application at any time. To return

to the variable that was displayed when you left the Data/Matrix Editor, launch
Data/Matrix Editor again and select 1:Current.
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Creating a New Variable from the Data/Matrix Editor

From the Data/Matrix Editor:

1. Press and select 3:New.

2. Specify the type, folder, and variable
name. For a matrix, also specify the
number of rows and columns.

Opening Another Variable
You can open another variable at any time.

1. From the Data/Matrix Editor, press and select 1:Open.

From any application, launch Data/Matrix Editor again and select 2:Open.

2. Select the type, folder, and variable to . e
open. Ftdar: an

Wariable: datald

3. Press [ENTER].

Note: Variable shows the first existing variable in alphabetic order. If there are no existing
variables, nothing is displayed.
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Deleting a Variable

Because all Data/Matrix Editor variables are saved automatically, you can accumulate
quite a few variables, which take up memory.

To delete a variable, use the VAR-LINK screen ((2nd] [VAR-LINK]). For information about
VAR-LINK, refer to Memory and Variable Management.

Entering and Viewing Cell Values

If you create a new variable, the Data/Matrix Editor is initially blank (for a list or data
variable) or filled with zeros (for a matrix). If you open an existing variable, the values in
that variable are displayed. You can then enter additional values or edit the existing
ones.

The Data/Matrix Editor Screen

A blank Data/Matrix Editor screen is shown below. When the screen is displayed initially,
the cursor highlights the cell at row 1, column 1.

O Variable type (et Rerurl e '[rs}[ A
0 —_— Tools|Flek Sctupr|Cell|Headgr |Calc|Ukil|=kat
@ Column headers WA | [ (5]

© Row numbers 0 — C cZ cs

® Row and column number © —
of highlighted cell

AMMH‘
R

©® Column title cells, used 0 — |=
to type a title for each FiAIH FAD AITOD ___FUNE
column
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When values are entered, the entry line shows the full value of the highlighted cell.

Note: Use the title cell at the very top of each column to identify the information in that
column.

Entering or Editing a Value in a Cell
You can enter any type of expression in a cell (number, variable, function, string, etc.).

Move the cursor to highlight the cell you want to enter or edit.
Press or [F3] to move the cursor to the entry line.

Type a new value or edit the existing one.

Press to enter the value into the highlighted cell.

e A

When you press [ENTER], the cursor automatically moves to highlight the next cell so that
you can continue entering or editing values. However, the variable type affects the
direction that the cursor moves.

Note: To enter a new value, you can start typing without pressing [ENTER] or first.
However, you must use [ENTER] or [F3] to edit an existing value.

Variable Type  After pressing [ENTER], the cursor moves:

List or data Down to the cell in the next row.

Matrix Right to the cell in the next column. From the last cell in a
row, the cursor automatically moves to the first cell in the
next row. This lets you enter values for rowl, row2, etc.
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Scrolling through the Editor

To move the cursor: Press:
One cell at a time @,®,0®,0r©®
One page at a time andthen ®,®, ®,or©®

Go to row 1 in the current column ortothe [¢] @ or
last row that contains data for any column  [¢] @
on the screen, respectively. If the cursor is

in or past that last row, [¢] @ goes to row

999.

Go to column 1 or to the last column that (¢J®or
contains data, respectively. If the cursoris  [¢]®

in or past that last column, [¢] ® goes to

column 99.

Note: To enter a value from the entry line, you can also use @ or ®.
When you scroll down/up, the header row remains at the top of the screen so that the

column numbers are always visible. When you scroll right/left, the row numbers remain
on the left side of the screen so that they are always visible.

How Rows and Columns Are Filled Automatically
When you enter a value in a cell, the cursor moves to the next cell. However, you can

move the cursor to any cell and enter a value. If you leave gaps between cells, your
device handles the gaps automatically.
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« Inalist variable, a cell in the gap is undefined until you enter a value for the cell.

T [

ol ol
2 2 3 3
3 ] 4 utidef
4 — s 5
F— o p—

Note: If you enter more than one column of elements in a list variable, it is converted
automatically into a data variable.

* In a data variable, gaps in a column are handled the same as a list. However, if you
leave a gap between columns, that column is blank.

|

=] [

1
2
H - 3
4

[

CZ [
undef
undef

o | A [ B2 | 0
[P | LA | -2 | |0

* In a matrix variable, when you enter a value in a cell outside the current boundaries,
additional rows and/or columns are added automatically to the matrix to include the
new cell. Other cells in the new rows and/or columns are filled with zeros.

o

i = =] o4 * =] =] cd

1 Q 3 1 2 3 [E]

Z ] Z ] ] 0]

3 3 [F] (7]

: H —_ : P
I 1 1 1

Note: Although you specify the size of a matrix when you create it, you can easily
add additional rows and/or columns.
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Changing the Cell Width

The cell width affects how many characters are displayed in any cell. To change the cell
width in the Data/Matrix Editor:

1. To display the FORMATS dialog box, press:

9
FORMATE ) Cell width is the maximum number of
Rt ateatats: T characters that can be displayed in a cell.
< EOeroEAiE s« EECSCANCEL All cells have the same cell width.

Note: Remember, to see a number in full precision, you can always highlight the cell
and look at the entry line.

2. With the current Cell width setting highlighted, press ® or © to display a menu of
digits (3 through 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.
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Clearing a Column or all Columns

This procedure erases the contents of a column. It does not delete the column.

To clear: Do this:
A column 1. Move the cursor to any cell in the column.
2. Press:

[F6] and select 5:Clear Column.
(This item is not available for a matrix.)

All columns Press and select 8:Clear Editor. When prompted for
confirmation, press (ENTER] (or to cancel).

Note: For a list or data variable, a clear column is empty. For a matrix, a clear column
contains zeros.

Defining a Column Header with an Expression

For a list variable or a column in a data variable, you can enter a function in the column
header that automatically generates a list of elements. In a data variable, you can also
define one column in terms of another.

Entering a Header Definition

In the Data/Matrix Editor:
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1. Move the cursor to any cell in the column and press [F4].

Move the cursor to the header cell (c1, c2, etc.) and press [ENTER].
Notes:

. is not required if you want to type a new definition or replace the existing
one. However, if you want to edit the existing definition, you must press [ENTER].

« To view an existing definition, press or move the cursor to the header cell
and look at the entry line.

2. Type the new expression, which replaces any existing definition.

If you used (F4] or in Step 1, the cursor moved to the entry line and highlighted
the existing definition, if any. You can also:

» Press to clear the highlighted expression. Then type the new expression.
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« Press © or (® to remove the highlighting. Then edit the old expression.
Note: To cancel any changes, press before pressing [ENTER].

You can use an expression that: For example:

Generates a series of numbers. cl=seq(x"2,x,1,5)
c1={1,2,3,4,5}
Refers to another column. c2=2%*cl

c4=cl*c2-sin(c3)

Note: The seq function is described in the Technical Reference module. If you refer
to an empty column, you will get an error message unless Auto-calculate = OFF.

3. Press [ENTER], @, or ® to save the o O
definition and update the columns. S
=5} =] o]
é—gd:
3 3 5
4 4 g
9— Arici=1

D cl=seq(x,x,1,7); @ c2=2*c1; © You cannot directly change a locked
cell (@) since it is defined by the column header.

Note: For a data variable, header definitions are saved when you leave the Data/ Matrix
Editor. For a list variable, the definitions are not saved (only their resulting cell values).
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Clearing a Header Definition

1. Move the cursor to any cell in the column and press [F4].
—or—
Move the cursor to the header cell (c1, c2, etc.) and press [ENTER].
Press to clear the highlighted expression.
Press [ENTER], @, or ®.

Using an EXisting List as a Column

Suppose you have one or more existing lists, and you want to use those existing lists as
columns in a data variable.

From the: Do this:

Data/Matrix Editor In the applicable column, use to
define the column header. Refer to the
existing list variable. For example:
cl=listl

Home screen or a program Use the NewData command as
described in the Technical Reference
module. For example:

NewData daltavar, I|ist1 [, list2] [, list3] ...
(1] (2]

@ Data variable. If this data variable already exists, it will be redefined
based on the specified lists.
@ Existing list variables to copy to columns in the data variable.
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Note: If you have a CBL 2™ or CBR™, use these techniques for your collected lists. Use
(2nd] [VAR-LINK] to see existing list variables.

To Fill a Matrix with a List

You cannot use the Data/Matrix Editor to fill a matrix with a list. However, you can use
the list,mat command from the Home screen or a program. For information, refer to the
Technical Reference module.

The Auto-calculate Feature

For list and data variables, the Data/Matrix Editor has an Auto-calculate feature. By
default, Auto-calculate = ON. Therefore, if you make a change that affects a header
definition (or any column referenced in a header definition), all header definitions are
recalculated automatically. For example:

» If you change a header definition, the new definition is applied automatically.

» If column 2’'s header is defined as c2=2*c1, any change you make in column 1 is
automatically reflected in column 2.

To turn Auto-calculate off and on from the Data/Matrix Editor:

1. Press: I FORMATS ™y
9 CeTl kWidth: )

Aubo-calculats: PRl+

— 0or — e Enter=FAVE 1 £ EXCSCAMCEL 2

2. [¢]J [0 Change Auto-Calculate to OFF or
ON.

3. Press to close the dialog box.
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If Auto-calculate = OFF and you make changes as described above, the header
definitions are not recalculated until you set Auto-calculate = ON.

Note: You may want to set Auto-calculate = OFF to make changes without recalculating
each time, enter a definition such as c1=c2+c3 before you enter columns 2 and 3, or
override any errors in a definition until you can debug the error.

Using Shift and CumSum Functions in a Column
Header

When defining a column header, you can use the shift and cumSum functions as

described below. These descriptions differ slightly from the Technical Reference module.
This section describes how to use the functions in the Data/Matrix Editor. The Technical
Reference module gives a more general description for the Home screen or a program.

Using the Shift Function

The shift function copies a base column and shifts it up or down by a specified number of
elements. Use to define a column header with the syntax:

shift (colun|1n [,inte%er])

(1] (2]

@ Column used as the base for the shift.
® Number of elements to shift (positive shifts up; negative shifts down).
Default is 1.

For example, for a two-element shift up and down:
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e
®

@ c2=shift(c1,2)
| @ c3=shift(c1,-2)
] © Shifted columns have the same length as the base

uhdef

i
[

e lealo [ 4 —

e |CA [P0 | O

T O Last two elements of c1 shift down and out the
under 7" —-®  pottom; undefined elements shift into the top.
'@ '9 @ First two elements of c1 shift up and out the top;

undefined elements shift into the bottom.

Note: To enter shift, type it from the keyboard or select it from the CATALOG.

Using the CumSum Function

The cumSum function returns a cumulative sum of the elements in a base column. Use
to define a column header with the syntax:

cumSum (column)

I— Column used as the base for the cumulative sum.

For example:

—— c2=cumSum(cl)

cZ
§ — 142
10— 142+3+4

[~

P ) = 1

Note: To enter cumSum, type it, select it from the CATALOG, or press [MATH] and
select it from the List submenu.
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Sorting Columns

After entering information in a data, list, or matrix variable, you can easily sort a specified
column in numeric or alphabetical order. You can also sort all columns as a whole, based

on a “key” column.

Sorting a Single Column

In the Data/Matrix Editor:

1. Move the cursor to any cell in the column.

2. Press:
[F6] and select 3:Sort Column.

Numbers are sorted in ascending order.

Character strings are sorted in alphabetical
order.

Data/Matrix Editor

C1 Cc1
fred 75
sally 82
chris 98
jane chris

75 fred

98 jane

82 sally
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Sorting All Columns Based on a “Key” Column

Consider a database structure in which each column along the same row contains
related information (such as a student’s first name, last name, and test scores). In such a
case, sorting only a single column would destroy the relationship between the columns.

In the Data/Matrix Editor:

1. Move the cursor to any cell in the “key”
cl =] [
Column fred |stone |99

sally [ross (V5
Jdane  |smith |97

2. Inthis example, move the cursor to the nick
second column (c2) to sort by last name.

Note: For a list variable, this is the same
as sorting a single column.

3. Press: S EE—
[Feland select 4:Sort Col, adjust all. ;_;glfg castlelas

. . 3 . . ane  |=mith |97
Note: This menu item is not available if fred EFNENYS
any column is locked.

When using this procedure for a data variable:

» All columns must have the same length.

* None of the columns can be locked (defined by a function in the column header).
When the cursor is in a locked column, @ is shown at the beginning of the entry line.
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Saving a Copy of a List, Data, or Matrix Variable

You can save a copy of a list, data, or matrix variable. You can also copy a list to a data
variable, or you can select a column from a data variable and copy that column to a list.

Valid Copy Types

You can copy a: To a:

List List or data
Data Data

Data column List

Matrix Matrix

Note: A list is automatically converted to a data variable if you enter more than one
column of information.

Procedure
From the Data/Matrix Editor:

1. Display the variable that you want to copy.
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2. Press and select 2:Save Copy As.

3. Inthe dlalog box: SHYE COFY OF [mainnEd] A5
Tvkc  Datad
Folder:  mdins

e Select the Type and Folder for the
copy.
» Type a variable name for the copy.

Enter=ZRVE EZC=CRNCEL

* When available, select the column to
copy from.

Note: If you type the name of an existing
variable, its contents will be replaced.

@ Column is dimmed unless you copy a data column to a list. The
column information is not used for other types of copies.

4. Press (after typing in an input box such as Variable, you must press
twice).

To Copy a Data Column to a List

A data variable can have multiple columns, but a list variable can have only one column.
Therefore, when copying from a data variable to a list, you must select the column that

you want to copy.

@ List variable to copy to.
Tvpe: List»
Folder:  main¥

e L—— @ Data column that will be copied to the

list. By default, this shows the column that
contains the cursor.

Entir=SHVE ESCECAMCEL
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Statistics and Data Plots

Overview of Steps in Statistical Analysis

This section gives an overview of the steps used to perform a statistical calculation or
graph a statistical plot. For detailed descriptions, refer to the following pages.

1. Set Graph mode (MODE]) to FUNCTION. [ ol EerlEaripobor Frlt ]|
tATR | T
2. Enter stat data in the Data/Matrix Editor. 2;0  ——
3 S 31
Note: Refer to the Data/Matrix Editor M e

module for details on entering data in the =
Data/Matrix Editor.

3. Perform stat calculations to find stat i s Celcsloe
variables or fit data to a model ([F5)).

E Enter=SAVE 1 E ESCECAMCEL

4. Define and select stat plots ([F2) and then ———nswmm ™
(E1)). =

Note: You can also use the Y= Editor to
define and select stat plots and y(x)
functions.

5. Define the viewing window ((¢] [WINDOW]).
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6. Change the graph format if necessary.
7. 9

()™

Graph the selected equations

(C¢] [GRAPH]).

Performing a Statistical Calculation

From the Data/Matrix Editor, use the Calc toolbar menu to perform statistical
calculations. You can analyze one-variable or two-variable statistics, or perform several
types of regression analyses.

The Calculate Dialog Box

You must have a data variable opened. The Data/Matrix Editor will not perform statistical
calculations with a list or matrix variable.
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From the Data/Matrix Editor:

1. Press [F5] to display the Calculate dialog Pathname of the data
box. variable

This example shows all items as active.
On your calculator, items are active only if
they are valid for the current settings of
Calculation Type and Freq and Categories. | ...

Catedory...
™ Include Cat

Note: If an item is not valid for the current | sm=me < EETSCRREEL
settings, it will appear dimmed. You
cannot move the cursor to a dimmed item

fi radintbuild Calculats
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2. Specify applicable settings for the active items.

Item Description

Calculation Select the type of calculation.

Type

X Type the column number in the Data/Matrix Editor
(C1, C2, etc.) used for x values, the independent
variable.

Y Type the column number used for y values, the

dependent variable. This is required for all
Calculation Types except OneVar.

Store RegEQ to

If Calculation Type is a regression analysis, you can
select a function name (y1(x), y2(x), etc.). This lets
you store the regression equation so that it will be
displayed in the Y= Editor.

Use Freq and

Select NO or YES. Note that Freq, Category, and

Categories? Include Categories are active only when Use Freq
and Categories? = YES.

Freq Type the column number that contains a “weight”
value for each data point. If you do not enter a
column number, all data points are assumed to have
the same weight (1).

Category Type the column number that contains a category
value for each data point.

Include If you specify a Category column, you can use this

Categories item to limit the calculation to specified category

values. For example, if you specify {1,4}, the
calculation uses only data points with a category
value of 1 or 4.
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Note: To use an existing list variable for X, y, Freq, or Category, type the list name
instead of a column number. An example using Freq, Category, and Include

Categories is available.
3. Press [ENTER] after typing in an input box, press [ENTER] twice).

The results are displayed on the STAT VARS screen. The format depends on the
Calculation Type. For example:

For Calculation Type = OneVar  For Calculation Type = LinReg

( STAT YARKE ( STAT VARS

= =3F.MZBETL
Ix SEEM.

Ixz =1iE78.

x =zE.01z:7A
nitat =T

mint =N,

=8,
1.

When V¥ is shown
instead of =, you
can scroll for
additional results.

Note: Any undefined data points (shown as undef) are ignored in a stat calculation.

4. To close the STAT VARS screen, press [ENTER].

Redisplaying the STAT VARS Screen

The Data/Matrix Editor’s Stat toolbar menu redisplays the previous calculation results
(until they are cleared from memory).

[F7]
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Previous results are cleared when you:

« Edit the data points or change the Calculation Type.

» Open another data variable or reopen the same data variable (if the calculation
referred to a column in a data variable). Results are also cleared if you leave and
then reopen the Data/Matrix Editor with a data variable.

» Change the current folder (if the calculation referred to a list variable in the previous
folder).

Statistical Calculation Types

As described in the previous section, the Calculate dialog box lets you specify the
statistical calculation you want to perform. This section gives more information about the
calculation types.
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Selecting the Calculation Type

From the Calculate dialog box ([F5]), highlight the current setting for the Calculation Type
and press (.

You can then select from a menu of available
types.

c ESC=CAMCEL

\
If an item is dimmed,
it is not valid for the
current Calculation

Type.
Calc Type Description
OneVar One-variable statistics — Calculates the statistical variables.
TwoVar Two-variable statistics — Calculates the statistical variables.

CubicReg Cubic regression — Fits the data to the third-order

polynomial y:ax3+bx2+cx+d. You must have at least four
data points.

. For four points, the equation is a polynomial fit.
. For five or more points, it is a polynomial regression.

ExpReg Exponential regression — Fits the data to the model

equation y=ab* (where a is the y-intercept) using a least-
squares fit and transformed values x and In(y).
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Calc Type

Description

LinReg

Linear regression — Fits the data to the model y=ax+b
(where a is the slope, and b is the y-intercept) using a least-
squares fit and x and y.

LnReg

Logarithmic regression — Fits the data to the model
equation y=a+b In(x) using a least-squares fit and
transformed values In(x) and y.

Logistic

Logistic regression — Fits the data to the model
y=a/(1+b*e”(c*x))+d and updates all the system statistics
variables.

MedMed

Median-Median — Fits the data to the model y=ax+b (where
a is the slope, and b is the y-intercept) using the median-
median line, which is part of the resistant line technique.
Summary points medx1, medyl, medx2, medy2, medx3,
and medy3 are calculated and stored to variables, but they
are not displayed on the STAT VARS screen.

PowerReg

Power regression — Fits the data to the model equation

y=axb using a least-squares fit and transformed values In(x)

and In(y).

QuadReg

Quadratic regression — Fits the data to the second-order

polynomial y:ax2+bx+c. You must have at least three data
points.

. For three points, the equation is a polynomial fit.
. For four or more points, it is a polynomial regression.
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Calc Type Description

QuartReg Quartic regression — Fits the data to the fourth-order

polynomial y:ax4+bx3+cx2+ dx+e. You must have at least
five data points.

. For five points, the equation is a polynomial fit.
. For six or more points, it is a polynomial regression.

SinReg Sinusoidal regression — Calculates the sinusoidal
regression and updates all the system statistics variables.
The output is always in radians, regardless of the angle
mode setting.

Note: For TwoVar and all regression calculations, the columns that you specify for x and y
(and optionally, Freq or Category) must have the same length.

From the Home Screen or a Program

Use the applicable command for the calculation that you want to perform. The
commands have the same name as the corresponding Calculation Type. Refer to the
Technical Reference module for information about each command.

Important: These commands perform a statistical calculation but do not automatically
display the results. Use the ShowStat command to show the calculation results.

Statistical Variables

Statistical calculation results are stored to variables. To access these variables, type the
variable name or use the VAR-LINK screen as described in Memory and Variable
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Management. All statistical variables are cleared when you edit the data or change the
calculation type. Other conditions that clear the variables are listed.

Calculated Variables

Statistical variables are stored as system variables. However, regCoef and regeq are
treated as a list and a function variable, respectively.

One Two Regressions

Var Var
mean of x values X X
sum of x values 2X X
sum of x? values G G
sample std. deviation of x Sx Sx
population std. deviation of x oX oX
number of data points nStat nStat
mean of y values y
sum of y values Xy
sum of y2 values Zyz
sample standard deviation of y Sy
population std. deviation of y oy
sum of x *y values Zxy
minimum of x values minX minX
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One Two Regressions

Var Var
maximum of x values maxX maxX
minimum of y values minY
maximum of y values maxyY
1st quartile ql
median medStat
3rd quartile q3
regression equation regeq
regression coefficients regCoef
(a, b, c,d, e)
correlation coefficient 7 corr
coefficient of determination tt R2
summary points medx1, medyl,
(MedMed only) T medx2, medy2,

medx3, medy3

Tt corr is defined for a linear regression only; R? is defined for all polynomial
regressions.

Note:

* Ifregeqis 4x + 7, then regCoef is {4 7}. To access the “a” coefficient (the 1st element
in the list), use an index such as regCoef[1].
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e 1st quartile is the median of points between minX and medStat, and 3rd quartile is
the median of points between medStat and maxX.

Defining a Statistical Plot

From the Data/Matrix Editor, you can use the entered data to define several types of
statistical plots. You can define up to nine plots at a time.

Procedure

From the Data/Matrix Editor:

1. Press[F2)to display the Plot Setup screen. (—___mawiuns B
Inltlally, none Of the p|0ts are dEfined. efine|core|clzar]

2. Move the cursor to highlight the plot
number that you want to define.

3. Press [F1] to define the plot. Pathname of the data
This example shows all items as active. variable

On your calculator, items are active only if
they are valid for the current setting of
Plot Type and use Freq and Categories?.

ragintbuild Flot 1

Note: If an item is not valid for the current
settings, it will appear dimmed. You < ERterISIE 3 ZESCeLANEL
cannot move the cursor to a dimmed item.

Includs l:qte!ories..:: 2
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4. Specify applicable settings for the active items.

Item Description

Plot Type Select the type of plot.

Mark Select the symbol used to plot the data points: Box (O),
Cross (x), Plus (+), Square ((==]), or Dot (*).

X Type the column number in the Data/Matrix Editor (C1,
C2, etc.) used for x values, the independent variable.

y Type the column number used for y values, the

dependent variable. This is active only for Plot Type =
Scatter or xyline.

Hist. Bucket Width

Specifies the width of each bar in a histogram.

Freq and Select NO or YES. Note that Freq, Category, and

Categories? Include Categories are active only when Freq and
Categories? = YES. (Freq is active only for Plot Type =
Box Plot or Histogram.)

Freq Type the column number that contains a “weight” value
for each data point. If you do not enter a column
number, all data points are assumed to have the same
weight (1).

Category Type the column number that contains a category value
for each data point.

Include If you specify a Category, you can use this to limit the

Categories calculation to specified category values. For example, if
you specify {1,4}, the plot uses only data points with a
category value of 1 or 4.

Note:
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Plots defined with column numbers always use the last data variable in the
Data/Matrix Editor, even if that variable was not used to create the definition.

To use an existing list variable for x, y, Freq, or Category, type the list name instead
of the column number.

An example using Freq, Category, and Include Categories is available.

Press (after typing in an input box, press twice).

The Plot Setup screen is redisplayed. £ TR B

The plot you just defined is automatically
selected for graphing.

Notice the shorthand definition for the
plot.

Plot Type = Scatter
Mark = Box

Plot, 1zle- O xclmce

x=cl y=c2

Note: Any undefined data points (shown as undef) are ignored in a stat plot.

Selecting or Deselecting a Plot

From Plot Setup, highlight the plot and press [F4] to toggle it on or off. If a stat plot is
selected, it remains selected when you:

Change the graph mode. (Stat plots are not graphed in 3D mode.)
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« Execute a Graph command.
» Open a different variable in the Data/Matrix Editor.

Copying a Plot Definition

From Plot Setup:

Highlight the plot and press [F2]. —— T:'Lu:iﬂs:‘ \\

Copy Flab 1 b Flab i3

2. Press (® and select the plot number that
you want to copy to.

3. Press [ENTER].

Note: If the original plot was selected (v), the copy is also selected.

Clearing a Plot Definition
From Plot Setup, highlight the plot and press [F3]. To redefine an existing plot, you do not

necessarily need to clear it first; you can make changes to the existing definition. To
prevent a plot from graphing, you can deselect it.

Statistical Plot Types

When you define a plot as described in the previous section, the Plot Setup screen lets
you select the plot type. This section gives more information about the available plot

types.
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Scatter

Data points from x and y are plotted as coordinate pairs. Therefore, the columns or lists
that you specify for x and y must be the same length.

+ Plotted points are shown with the symbol o
that you select as the Mark. "

oo

» If necessary, you can specify the same
column or list for both x and y.

Xyline

This is a scatter plot in which data points are
plotted and connected in the order in which
they appear in x and y.

You may want to sort all the columns in the
Data/Matrix Editor before plotting.
[Fé] 3 or [2nd] [F6] 4
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Box Plot

This plots one-variable data with respect to the minimum and maximum data points
(minX and maxX) in the set.

* Abox is defined by its first quartile (Q1), Q1 Med, Q3
median (Med), and third quatrtile (Q3). : | | |
. : = T
*  Whiskers extend from minX to Q1 and :
from Q3 to maxX. f | |
: Lminx maxxJ

*  When you select multiple box plots, they are plotted one above the other in the same
order as their plot numbers.

» Use NewPlot to show statistical data as a modified box plot.

» Select Mod Box Plot as the Plot Type when you define a plot in the Data/Matrix
Editor.

A modified box plot excludes points outside the interval [Q1-X, Q3+X], where X is defined
as 1.5 (Q3-Q1). These points, called outliers, are plotted individually beyond the box
plot's whiskers, using the mark that you select.
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Histogram

This plots one-variable data as a histogram. The x axis is divided into equal widths called
buckets or bars. The height of each bar (its y value) indicates how many data points fall
within the bar’s range.

*  When defining the plot, Xxmax — Xxmin

you can specify the Hist. Number of bars = Hist. Bucket Width

Bucket Width (default is 1)
to set the width of each

bar.
» Adata point at the edge of N
a bar is counted in the bar L wmin + Hist. Bucket Width
to the right.
Xmin

e ZoombData ([F2] 9 from the Graph screen, Y= Editor, or Window Editor) adjusts xmin
and xmax to include all data points, but it does not adjust the y axis.

- Use [¢] [winbow] to set ymin = 0 and ymax = the number of data points expected
in the tallest bar.

Statistics and Data Plots 555



e When you trace ([F3]) a histogram, the Trace cursor
screen shows information about the _ /
traced bar. :

‘minid.
[max:5.5

Range of the
traced bar

# of data points in
the traced bar

Using the Y= Editor with Stat Plots

The previous sections described how to define and select stat plots from the Data/Matrix
Editor. You can also define and select stat plots from the Y= Editor.
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Showing the List of Stat Plots

Press [¢] [¥=] to display the Y= Editor. Initially, the nine stat plots are located “off the top”
of the screen, above the y(x) functions. However, the PLOTS indicator provides some

information.

For example, PLOTS 23 means
that Plots 2 & 3 are selected.

To see the list of stat plots, use ® to scroll
above the y(x) functions.

If a Plot is highlighted, this shows —______
the data variable that will be used
for the plots.

If a Plot is defined, it shows the /

same shorthand notation as the
Plot Setup screen.

From the Y= Editor, you can perform most of
the same operations on a stat plot as you can
on any other y(x) function.

Statistics and Data Plots
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Note: Plots defined with column numbers always use the last data variable in the
Data/Matrix Editor, even if that variable was not used to create the definition.

To: Do this:

Edit a plot definition Highlight the plot and press [F3]. You will see the
same definition screen that is displayed in the
Data/Matrix Editor.

Select or deselect a plot  Highlight the plot and press [F4].

Turn all plots and/or Press and select the applicable item. You
functions off can also use this menu to turn all functions on.

Note: You can not use [Fe] to set a plot’s display style. However, the plot definition
lets you select the mark used for the plot.

To Graph Plots and Y= Functions

As necessary, you can select and graph stat plots and y(x) functions at the same time.
Graphing and Tracing a Defined Stat Plot

After entering the data points and defining the stat plots, you can graph the selected
plots by using the same methods you used to graph a function from the Y= Editor (as
described in Basic Function Graphing).
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Defining the Viewing Window

Stat plots are displayed on the current graph, and they use the Window variables that
are defined in the Window Editor.

Use [¢] [winbow] to display the Window Editor. You can either:

»  Enter appropriate values.

e Select 9:ZoomData from the [F2) Zoom toolbar menu. (Although you can use any
zoom, ZoomData is optimized for st plots.)

ZoomData sets the viewing window to display

all statistical data points. gTzoonln,

: Zoombec

: ZoomSer
For histograms and box plots, only xmin and igoonztd
xmax are adjusted. If the top of a histogram is  giseaaits
not shown, trace the histogram to find the
value for ymax.

Note: Zoom is available on the Y= Editor, Window Editor, and Graph screen.
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Changing the Graph Format

Press: i GRAFH FORMATS )

F19

B MO

from the Y= Editor, Window Editor, or Graph  “.SImu=me> cicomel.
screen.

Then change the settings as necessatry.

Tracing a Stat Plot

From the Graph screen, press to trace a plot. The movement of the trace cursor
depends on the Plot Type.

Plot Type Description

Scatter or xyline  Tracing begins at the first data point.

Box plot Tracing begins at the median. Press (9 to trace to Q1
and minX. Press () to trace to Q3 and maxX.

Histogram The cursor moves from the top center of each bar,
starting from the leftmost bar.

Note: When a stat plot is displayed, the Graph screen does not automatically pan if you
trace off the left or right side of the screen. However, you can still press to center
the screen on the trace cursor.
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When you press ® or @ to move to another plot or y(x) function, tracing moves to the
current or beginning point on that plot (not to the nearest pixel).

Using Frequencies and Categories

To manipulate the way in which data points are analyzed, you can use frequency values
and/or category values. Frequency values let you “weight” particular data points.
Category values let you analyze a subset of the data points.

Example of a Frequency Column

In a data variable, you can use any column in the Data/Matrix Editor to specify a
frequency value (or weight) for the data points on each row. A frequency value must be
an integer > 0 if Calculation Type = OneVar or MedMed or if Plot Type = Box Plot. For
other statistical calculations or plots, the frequency value can be any number > 0.

For example, suppose you enter a student’s test scores, where:

* The mid-semester exam is weighted twice as much as other tests.

» The final exam is weighted three times as much.
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* In the Data/Matrix Editor, you can enter the test scores and frequency values in two
columns.

Test
scores

Frequency
values

cl

c2

85

97

92

89

91

95

Wl k| R N Rk

@ Frequency of 2
® Frequency of 3

Note: A frequency value of O effectively removes the data point from analysis.

These weighted scores are
equivalent to the single column of
scores listed to the right.

cl

85

97

92

92

89

91

95

95

®

95

To use frequency values, specify the frequency column when you perform a statistical
calculation or define a stat plot. For example:
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Set thIS to YES_ rain~datal Calculate

Calculakion T¥R ... OneWar3
L [e

5 R

TN
I Freq and Catedoricest YES#
o |C2

Type the column number (or list name)

that contains the frequency values. - Includs Catedariss .. [IZ
2 Enter=IAVE 3 ¢ EZC=CAMEEL 1

Note: You can also use frequency values from a list variable instead of a column.

Example of a Category Column

In a data variable, you can use any column to specify a category (or subset) value for the
data points on each row. A category value can be any number.

Suppose you enter the test scores from a class that has 10th and 11th grade students.
You want to analyze the scores for the whole class, but you also want to analyze
categories such as 10th grade girls, 10th grade boys, 10th grade girls and boys, etc.

First, determine the category values you want to use.

Category Value Used to indicate:
1 10th grade girl
2 10th grade boy
3 11th grade girl
4 11th grade boy

Note: You do not need a category value for the whole class. Also, you do not need
category values for all 10th graders or all 11th graders since they are combinations of
other categories.
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In the Data/Matrix Editor, you can enter the scores and the category values in two
columns.

Test scores Category values

cl c2
85
97
92
88
90
95
79
68
92
84
82

Pl W BN PN N W| P

To use category values, specify the category column and the category values to include
in the analysis when you perform a statistical calculation or define a stat plot.
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ragintdatal Calculate
Oneitar
wee €1

Set this to YES.

Type the column number (or 4 B
list name) that contains the [ Cotsr
category values. CEREEFEEANE < ESESCANCEL

Within braces { }, type the category values
to use, separated by commas. (Do not type
a column number or list name.)

Note: You can also use category values from a list variable instead of a column.

To analyze: Include Categories:
10th grade girls {1}

10th grade boys {2}

10th grade girls and boys {1,2}

11th grade girls {3}

11th grade boys {4}

11th grade girls and boys {3,4}

all girls (10th and 11th) {1,3}

all boys (10th and 11th) {2,4}

Note: To analyze the whole class, leave the Category input box blank. Any category
values are ignored.
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If You Have a CBL 2™ or CBR™

The Calculator-Based Laboratory™ System (CBL 2) and Calculator-Based Ranger™
System (CBR) are optional accessories, available separately, that let you collect data
from a variety of real-world experiments. TI-89 Titanium, CBL 2 and CBR programs are
available from the Tl web site at education.ti.com.

How CBL 2™ Data Is Stored

When you collect data with the CBL 2, that data is initially stored in the CBL 2 unit itself.
You must then retrieve the data (transfer it to the TI-89 Titanium) by using the Get
command, which is described in the Technical Reference module.

Although each set of retrieved data can be stored in several variable types (list, real,
matrix, pic), using list variables makes it easier to perform statistical calculations.

When you transfer the collected information to the TI-89 Titanium, you can specify the
list variable names that you want to use.

For example, you can use the CBL 2 to collect temperature data over a period of time.
When you transfer the data, suppose you store:

» Temperature data in a list variable called temp.

 Time data in a list variable called time.

After you store the CBL 2 information on the TI-89 Titanium, there are two ways to use
the CBL 2 list variables.
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Note: For specifics about using the CBL 2 and retrieving data to the TI-89 Titanium, refer
to the guidebook that comes with the CBL 2 unit.

Referring to the CBL 2™ Lists

When you perform a statistical calculation or define a plot, you can refer explicitly to the
CBL 2 list variables. For example:

rainttemel Calculate
i Linkgd ¥
tire —

: ___Type the CBL 2 list variable name
nana ¥ instead of a column number

Fred and Catedories? WO
£t

Fhare

RS

EREer=SAVE 3 ESC=LANLEL -1

Creating a Data Variable with the CBL 2™ Lists

You can create a new data variable that consists of the necessary CBL 2 list variables.
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*  From the Home screen or a program, use the NewData command.
NewData datavar, listl [ list2 ] [,list3 ] ...

CBL 2 list variable names. In the new data
variable, list1 will be copied to column 1, list
2 to column 2, etc.

Name of the new data variable that you
want to create.

For example:

NewData templ, time, temp

creates a data variable called temp1 in which time is in column 1 and temp is in column
2.

« From the Data/Matrix Editor, create a new, empty data variable with the applicable
name. For each CBL 2 list that you want to include, define a column header as that

list name.
) R % A L 5 e
For example, define column 1 — " RETEMTENF
. cl cZ c3

as time, column 2 as temp. i 128
3 ] 85
4[4 T
cl, Title="TIME"
FMHIN M EAD AUTD FUMLC

Note: To define or clear a column header, use [F4]. For more information, refer to the
Data/Matrix Editor module.

At this point, the columns are linked to the CBL 2 lists. If the lists are changed, the
columns will be updated automatically. However, if the lists are deleted, the data will
be lost.

To make the data variable independent of the CBL 2 lists, clear the column header
for each column. The information remains in the column, but the column is no longer
linked to the CBL 2 list.
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CBR™
You can also use the Calculator-Based Ranger™ (CBR) to explore the mathematical

and scientific relationships between distance, velocity, acceleration, and time using data
collected from activities you perform.
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Programming

Running an Existing Program

After a program is created (as described in the remaining sections of this module), you
can run it from the Home screen. The program’s output, if any, is displayed on the
Program I/O screen, in a dialog box, or on the Graph screen.

Running a Program
On the Home screen:

1. Type the name of the program.

2. You must always type a set of [prog1()
parentheses after the name.

L If arguments are not

Some programs require you to required
pass an argument to the
program.
[ prog1(x,y) |

Note: Use [VAR-LINK] to list
existing PRGM variables.
Highlight a variable and press
to paste its name to the
entry line.

L if arguments are required

3. Press [ENTER].
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Note: Arguments specify initial values for a program.

When you run a program, the TI-89 Titanium automatically checks for errors. For
example, the following message is displayed if you:

» Do not enter () after the program name. Rt

APAurnt cFFor

This error message appears if you: < EFE-CANCEL >
* Do not enter enough arguments, if EGALE
req u”"ed . Tow Few arIuments

£ EZC=CRMCEL

To cancel program execution if an error occurs, press [ESC]. You can then correct any
problems and run the program again.

Note: The TI-89 Titanium also checks for run-time errors that are found within the
program itself.

“Breaking” a Program

When a program is running, the BUSY indicator is displayed in the status line.

Programming 571



Press to stop program execution. A message is then displayed.

» To display the program in the Program i Rt
Editor, press [ENTER]. The cursor appears e
at the command where the break
occurred.

» To cancel program execution, press [ESC].

Where Is the Output Displayed?

Depending on the commands in the program, the TI-89 Titanium automatically displays
information on the applicable screen.

* Most output and input commands use the Program 1/O screen. (Input commands
prompt the user to enter information.)

»  Graph-related commands typically use the Graph screen.

After the program stops, the TI-89 Titanium shows the last screen that was displayed.

The Program I/O Screen
On the Program I/O screen, new output is displayed below any previous output (which

may have been displayed earlier in the same program or a different program). After a full
page of output, the previous output scrolls off the top of the screen.
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On the Program I/O screen:

1
3 toolbar is available; all
?a others are dimmed.

Last output —{;5 There is no entry line.

HilN RAD AUTD Fiiki D

Note: To clear any previous output, enter the CIrIO command in your program. You can
also execute CIrIO from the Home screen.

When a program stops on the Program 1/O screen, you need to recognize that it is not
the Home screen (although the two screens are similar). The Program I/O screen is
used only to display output or to prompt the user for input. You cannot perform
calculations on this screen.

Note: If Home screen calculations don't work after you run a program, you may be on the
Program I/O screen.

Leaving the Program I/O Screen
From the Program 1/O screen:

* Press to toggle between the Home screen and the Program 1/O screen.

«  Press [ESC), [auitl, or
HOME

[CALC HOME]to display the Home screen.

« Display any other application screen (with [APPS], [¢] [Y=], etc.).
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Starting a Program Editor Session

Each time you start the Program Editor, you can resume the current program or function
(that was displayed the last time you used the Program Editor), open an existing
program or function, or start a new program or function.

Starting a New Program or Function

1. Press[APPS] and then select Program "o
Editor. Frodram Ed...
2. Select 3:New.
3. Specify the applicable information for the WEH
new program or function. Tops:  Frodrams
Foldgr: rdin *
wariable [ ]
Item Lets you:
Type Select whether to create a new program 1! Program
or function.
Folder Select the folder in which the new program or function will be

stored. For information about folders, refer to the Calculator
Home Screen module.
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Item Lets you:

Variable  Type a variable name for the program or function.
If you specify a variable that already exists, an error message
will be displayed when you press [ENTER]. When you press
or to acknowledge the error, the NEW dialog box is
redisplayed.

4. Press (after typing in an input box such as Variable, you must press
twice) to display an empty “template.”

This is the template for a SEA P ) LR M AT ]

. Tproglcy
program. Functions have a :Pran
similar template. tEnPran

HMAIN FRD AUTO FRE

You can now use the Program Editor as described in the remaining sections of this
module.

Note: A program (or function) is saved automatically as you type. You do not need to
save it manually before leaving the Program Editor, starting a new program, or
opening a previous one.

Resuming the Current Program
You can leave the Program Editor and go to another application at any time. To return to

the program or function that was displayed when you left the Program Editor, launch
Program Editor again and select 1:Current.
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Starting a New Program from the Program Editor

To leave the current program or function and start a new one:

1. Press and select 3:New.

2. Specify the type, folder, and variable for
the new program or function.

3. Press [ENTER] twice.

ete
lear Editor

Opening a Previous Program
You can open a previously created program or function at any time.

1. From within the Program Editor, press and select 1:Open.

From another application, launch Program Editor again and select 2:Open.

2. Select the applicable type, folder, and i DFER -
variable. Py mans
Wariable: Eest3
3. Press [ENTER]. BT e 5T )

Note: By default, Variable shows the first existing program or function in alphabetical
order.
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Copying a Program

In some cases, you may want to copy a program or function so that you can edit the
copy while retaining the original.

Display the program or function you want to copy.
Press and select 2:Save Copy As.

Specify the folder and variable for the copy.
Press twice.

A 0w b

Note about Deleting a Program

Because all Program Editor sessions are saved automatically, you can accumulate quite
a few previous programs and functions, which take up memory storage space.

To delete programs and functions, use the VAR-LINK screen ([2nd] [VAR-LINK]). For
information about VAR-LINK, refer to the Memory and Variable Management module.

Overview of Entering a Program

A program is a series of commands executed in sequential order (although some
commands alter the program flow). In general, anything that can be executed from the
Home screen can be included in a program. Program execution continues until it
reaches the end of the program or a Stop command.
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Entering and Editing Program Lines

On a blank template, you can begin entering commands for your new program.

Program name, which you specify ~~~_ |[rtshlcohéolifiliarlriva. v ]
when you create a new program. [ fEroate?

/ ram

Enter your program commands :EndPran

between Prgm and EndPrgm.

All program lines begin with a colon.

HEIN KD AUTOD Fiiki

Note: Use the cursor pad to scroll through the program for entering or editing commands.
Use [¢] ® or [¢] @ to go to the top or bottom of a program, respectively.

You enter and edit program commands in the Program Editor by using the same
techniques used to enter and edit text in the Text Editor. Refer to “Entering and Editing
Text” in the Text Editor module.

After typing each program line, press [ENTER]. This inserts a new blank line and lets you
continue entering another line. A program line can be longer than one line on the screen;
if so, it will wrap to the next screen line automatically.

Note: Entering a command does not execute that command. It is not executed until you
run the program.

Entering Multi- Command Lines

To enter more than one command on the same line, separate them with a colon by
pressing [:1.
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Entering Comments

A comment symbol (@) lets you enter a remark in a program. When you run the program,
all characters to the right of @ are ignored.

progl()
Prgm
O :@Displays sum of 1 thru n
Request "Enter an integer',n
0 expr(n)>n:@Convert to numeric expression

@ Description of the program .
@ Description of expr.

Note: Use comments to enter information that is useful to someone reading the program
code.

To enter the comment symbol, press:

« [¢J
* Press[F2] and select 9:@

Controlling the Flow of a Program

When you run a program, the program lines are executed in sequential order. However,
some commands alter the program flow. For example:
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*  Control structures such as If...EndIf commands use a conditional test to decide
which part of a program to execute.

e Loops commands such as For...EndFor repeat a group of commands.

Using Indentation

For more complex programs that :1f x>5 Then

use If...EndIf and loop structures : Disp "X is > 5"
such as For...EndFor, you can make :Else
the programs easier to read and : Disp "X is < or = 5"
understand by using indentation. EndIF

Displaying Calculated Results

In a program, calculated results are not displayed unless you use an output command.
This is an important difference between performing a calculation on the Home screen
and in a program.

These calculations will not :12x6

display a result in a program zcos(n/4)

(although they will on the Home  :solve(x"2—x—2=0,Xx)
screen).

Output commands such as Disp  :Disp 12x%6
will display a result in a program. :Disp cos(n/4)
:Disp solve(x"2—x—2=0,x)
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Displaying a calculation result zcos(m/4)>maximum
does not store that result. Ifyou  :Disp maximum
need to refer to a result later,

store it to a variable.

Note: A list of output commands is available.

Getting Values into a Program
To input values into a program, you can:

» Require the users to store a value (with [STO»]) to the necessary variables before
running the program. The program can then refer to these variables.

» Enter the values directly into :Disp 12%*6
the program itself. cos(n/4)>maximum

* Include input commands that :lnput "Enter a value™,i
prompt the users to enter the :Request "Enter an
necessary values when they integer',n
run the program.

* Require the users to pass [progi(3.5)
one or more values to the
program when they run it.

Note: A list of input commands is available.
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Example of Passing Values to a Program

The following program draws a circle on the Graph screen and then draws a horizontal
line across the top of the circle. Three values must be passed to the program: x and y
coordinates for the circle’s center and the radius r.

*  When you write the program in the Program Editor:

In the () beside the program name,
specify the variables that will be
used to store the passed values.

Notice that the program also
contains commands that set up the
Graph screen.

circ(x,y,r) ©

Prgm

FnOff
:ZoomStd
:ZoomSqgr
:Circle x,y,r
:LineHorz y+r
EndPrgm

@ Only circ() is initially
displayed on the blank
template; be sure to edit this
line.

Note: In this example, you cannot use circle as the program name because it

conflicts with a command name.

Before drawing the circle, the program turns off any selected Y= Editor functions,
displays a standard viewing window, and “squares” the window.
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e To run the program from the Home screen:

The user must specify the [circ(0,0,5)
applicable values as \_
arguments within the (). Passed tor
Passed toy
Passed to x

The arguments, in order, are
passed to the program.

MAIN EAD AUT FHE

Note: This example assumes that the user enters values that can be displayed by the
viewing window set up by ZoomStd and ZoomSqr.

Overview of Entering a Function

A function created in the Program Editor is very similar to the functions and instructions
that you typically use from the Home screen.

Why Create a User-Defined Function?
Functions (as well as programs) are ideal for repetitive calculations or tasks. You only

need to write the function once. Then you can reuse it as many times as necessary.
Functions, however, have some advantages over programs.
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* You can create functions that expand on the TI-89 Titanium’s built-in functions. You
can then use the new functions the same as any other function.

« Functions return values that can be graphed or entered in a table; programs cannot.

* You can use a function (but not a program) within an expression. For example:
3*func1(3) is valid, but not 3*prog1(3).

» Because you pass arguments to a function, you can write generic functions that are
not tied to specific variable names.

Note: You can create a function from the Home screen, but the Program Editor is more
convenient for complex, multi-line functions.

Differences Between Functions and Programs

This guidebook sometimes uses the word command as a generic reference to
instructions and functions. When writing a function, however, you must differentiate
between instructions and functions.

A user-defined function:

» Can use the following instructions only. Any others are invalid.

Cycle Define Exit

For...EndFor Goto If...EndIf (all forms)
Lbl Local Loop...EndLoop
Return While...EndWhile > ((STO»] key)
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e Can use all built-in TI-89 Titanium / Voyage™ 200 functions except:

setFold setGraph setMode
setTable switch

» Can refer to any variable; however, it can store a value to a local variable only.

- The arguments used to pass values to a function are treated as local variables
automatically. If you store to any other variables, you must declare them as local
from within the function.

» Cannot call a program as a subroutine, but it can call another user-defined function.
» Cannot define a program.

» Cannot define a global function, but it can define a local function.

Note: Information about local variables is available.

Entering a Function

When you create a new function in the Program Editor, the TI-89 Titanium displays a
blank “template.”

Note: Use the cursor pad to scroll through the function for entering or editing commands.
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Function name, which you ~ 5] itk . [ 5] ]
specify when you create a ifanclyl

new function. i EndFunc

Enter your commands

between Func and

EndFunc. HAIN FiAD AOTD FAE:

Be sure to edit this Iin}to include any

necessary arguments. Remember to use
argument names in the definition that will
never be used when calling the function.

All function lines
begin with a colon.

If the function requires input, one or more values must be passed to the function. (A
user-defined function can store to local variables only, and it cannot use instructions that
prompt the user for input.)

How to Return a Value from a Function

There are two ways to return a value from a function:

e As the last line in the function scube(x)
(before EndFunc), calculate the :Func
value to be returned. X3

:EndFunc
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* Use Return. This is useful for cube(x)
exiting a function and returninga :Func

value at some point otherthan - If x<0

the end of the function. : Return O
IXN3
:EndFunc

Note: This example calculates the cube if x>0; otherwise, it returns a 0.

The argument x is automatically treated as a local variable. However, if the example
needed another variable, the function would need to declare it as local by using the
Local command.

There is an implied Return at the end of the function. If the last line is not an expression,
an error occurs.

Example of a Function

The following function returns the xth root of a value y (%/y ). Two values must be passed
to the function: x and .
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Note: Because x and y in the function are local, they are not affected by any existing x or
y variable.

Function as defined in

Function as called from the Home Screen the Program Editor
| 3>x:125>y ¢
[4*xroot(3,125) 20 | :xroot(x,y)
L | :Func
4 y™N (/%)
5 :EndFunc

Calling One Program from Another

One program can call another program as a subroutine. The subroutine can be external
(a separate program) or internal (included in the main program). Subroutines are useful
when a program needs to repeat the same group of commands at several different
places.
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Calling a Separate Program

To call a separate program, use the same syntax used to run the program from the
Home screen.

:subtest1l()

:Prgm :subtest2(x,y)
:For 1,1,4,1 /////////v:Prgm

> subtest2(i,i*1000) = Disp X,y
:EndFor « EndPrgm
EndPrgm

Calling an Internal Subroutine
To define an internal subroutine, use the Define command with Prgm...EndPrgm.

Because a subroutine must be defined before it can be called, it is a good practice to
define subroutines at the beginning of the main program.
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An internal subroutine is called and executed in the same way as a separate program.

:subtestl1()

Prgm

:local subtest2

:Define subtest2(x,y)=Prgm

: Disp X,y

® EndPrgm
:@Beginning of main program
:For i1,1,4,1

® - subtest2(i,1*1000)
:EndFor
EndPrgm

‘o @

@ Declares the subroutine as a local variable.
@ Defines the subroutine.
@ Callls the subroutine.

Note: Use the Program Editor’s Var toolbar menu to enter the Define and
Prgm...EndPrgm commands.

Notes about Using Subroutines

At the end of a subroutine, execution returns to the calling program. To exit a subroutine
at any other time, use the Return command.

A subroutine cannot access local variables declared in the calling program. Likewise, the
calling program cannot access local variables declared in a subroutine.
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Lbl commands are local to the programs in which they are located. Therefore, a Goto
command in the calling program cannot branch to a label in a subroutine or vice versa.

Using Variables in a Program

Programs use variables in the same general way that you use them from the Home
screen. However, the “scope” of the variables affects how they are stored and accessed.

Scope of Variables

Scope Description

System (Global) Variables with reserved names that are created

Variables automatically to store data about the state of the
calculator. For example, Window variables (xmin, xmax,
ymin, ymax, etc.) are globally available from any folder.

¢ You can always refer to these variables by using the
variable name only, regardless of the current folder.

« A program cannot create system variables, but it can
use the values and (in most cases) store new values.
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Scope

Description

Folder Variables

Variables that are stored in a particular folder.

If you store to a variable name only, it is stored in the
current folder. For example:

5>start

If you refer to a variable name only, that variable must

be in the current folder. Otherwise, it cannot be found
(even if the variable exists in a different folder).

To store or refer to a variable in another folder, you must
specify a path name. For example:

5>class\start
(class = Variable name; start = Folder Name)

After the program stops, any folder variables created by
the program still exist and still take up memory.

Local Variables

Temporary variables that exist only while a program is
running. When the program stops, local variables are
deleted automatically.

To create a local variable in a program, use the Local
command to declare the variable.

A local variable is treated as unique even if there is an
existing folder variable with the same name.

Local variables are ideal for temporarily storing values
that you do not want to save.
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Note: If a program has local variables, a graphed function cannot access them. For
example:

Local a
5>a
Graph a*cos(x)

may display an error or an unexpected result (if a is an existing variable in the current
folder).

Circular Definition Errors

When evaluating a user-defined function or running a program, you can specify an
argument that includes the same variable that was used to define the function or create
the program. However, to avoid Circular definition errors, you must assign a value for

X or i variables that are used in evaluating the function or running the program.

For example:

O X+1>X

For 1,i1,10,1

Q@ Disp i
EndFor

@ Causes a Circular definition error message if x or i does not have a value. The error
does not occur if x or i has already been assigned a value.
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Variable-Related Commands and Functions

Command Description

key Stores a value to a variable. As on the Home screen,
pressing enters a > symbol.

Archive Moves specified variables from RAM to user data archive
memory.

BldData Lets you create a data variable based on the graph
information entered in the Y= Editor, Window Editor, etc.

CopyVar Copies the contents of a variable.

Define Defines a program (subroutine) or function variable within a
program.

DelFold Deletes a folder. All variables in that folder must be deleted
first.

DelType Deletes unarchived variables of the specified type in all
folders.

DelVar Deletes a variable.

getFold Returns the name of the current folder.

getType Returns a string that indicates the data type (EXPR, LIST,
etc.) of a variable.

isArchiv() Indicates if the variable is archived or not.

isLocked() Indicates if the variable is locked or not.

isVar() Indicates if the variable is in the symbol table or not.

Local Declares one or more variables as local variables.
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Command

Description

Lock Locks a variable so that it cannot be accidentally changed
or deleted without first being unlocked.

MoveVar Moves a variable from one folder to another.

NewData Creates a data variable whose columns consist of a series
of specified lists.

NewFold Creates a new folder.

NewPic Creates a picture variable based on a matrix.

Rename Renames a variable.

Unarchiv Moves specified variables from user data archive memory
to RAM.

Unlock Unlocks a locked variable.

Note: The Define, DelVar, and Local commands are available from the Program Editor’s
Var toolbar menu.

Using Local Variables in Functions or Programs

A local variable is a temporary variable that exists only while a user-defined function is
being evaluated or a user-defined program is running.
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Example of a Local Variable

The following program segment shows a For...EndFor loop (which is discussed later in
this module). The variable i is the loop counter. In most cases, the variable i is used only
while the program is running.

d :-Local 1
:For 1,0,5,1
Disp 1
:EndFor
:Disp i

@ Declares variable i as local.

Note: As often as possible, use local variables for any variable that is used only within a
program and does not need to be stored after the program stops.

If you declare variable i as local, it is deleted automatically when the program stops so
that it does not use up memory.

What Causes an Undefined Variable Error Message?

An Undefined variable error message displays when you evaluate a user-defined
function or run a user-defined program that references a local variable that is not
initialized (assigned a value).

This example is a multi-statement function, rather than a program. Line breaks are
shown here, but you would type the text in the entry line as one continuous line, such as:
Define fact(n)=Func:Local... where the ellipsis indicates the entry line text continues off-
screen.
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For example:

Define fact(n)=Func:
® Local m:
While n>1:
n¥m>m: n-1>n:
EndWhile:
Return m:
EndFunc

@ Local variable m is not assigned an initial value.

In the example above, the local variable m exists independently of any variable m that
exists outside of the function.

You Must Initialize Local Variables

All local variables must be assigned an initial value before they are referenced.

Define fact(n)=Func:
® Local m: 1>m:
While n>1:
n*¥m>m: n-1>n:
EndWhile:
Return m:
EndFunc

@ 1 is stored as the initial value for m

The calculator cannot use a local variable to perform symbolic calculations.
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To Perform Symbolic Calculations

If you want a function or program to perform symbolic calculations, you must use a
global variable instead of a local. However, you must be certain that the global variable
does not already exist outside of the program. The following methods can help.

» Refer to a global variable name, typically with two or more characters, that is not
likely to exist outside of the function or program.

* Include Delvar within the function or program to delete the global variable, if it exists,
before referring to it. (Delvar does not delete locked or archived variables.)

String Operations

Strings are used to enter and display text characters. You can type a string directly, or
you can store a string to a variable.
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How Strings Are Used

A string is a sequence of characters enclosed in "quotes." In programming, strings allow
the program to display information or prompt the user to perform some action. For

example:

Disp "The result is",answer

—or—

Input "Enter the angle in degrees'",angl
_or—

"Enter the angle in degrees”>strl
Input strl,angl

Some input commands (such as InputStr) automatically store user input as a string and
do not require the user to enter quotation marks.

A string cannot be evaluated mathematically, even if it appears to be a numeric
expression. For example, the string "61" represents the characters "6" and "1", not the
number 61.

Although you cannot use a string such as "61" or "2x+4" in a calculation, you can convert
a string into a numeric expression by using the expr command.
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String Commands

Note: See the Technical Reference module for syntax for all commands and functions.

Command Description

# Converts a string into a variable name. This is called
indirection.

& Appends (concatenates) two strings into one string.

char Returns the character that corresponds to a specified
character code. This is the opposite of the ord command.

dim Returns the number of characters in a string.

expr Converts a string into an expression and executes that
expression. This is the opposite of the string command.
Important: Some user input commands store the entered
value as a string. Before you can perform a mathematical
operation on that value, you must convert it to a numeric
expression.

format Returns an expression as a character string based on the
format template (fixed, scientific, engineering, etc.)

inString Searches a string to see if it contains a specified substring. If
S0, inString returns the character position where the first
occurrence of the substring begins.

left Returns a specified number of characters from the left side
(beginning) of a string.

mid Returns a specified number of characters from any position
within a string.

ord Returns the character code of the first character within a

string. This is the opposite of the char command.
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Command

Description

right

Returns a specified number of characters from the right side
(end) of a string.

rotate

Rotates the characters in a string. The default is -1 (rotate
right one character).

shift

Shifts the characters in a string and replaces them with
spaces. The default is -1 (shift right one character and

replace with one space). Examples: shift("abcde",2)="cde "

and shift("abcde")=" abcd"

string

Converts a numeric expression into a string. This is the
opposite of the expr command.

Conditional Tests

Conditional tests let programs make decisions. For example, depending on whether a
test is true or false, a program can decide which of two actions to perform. Conditional

tests are used with control structures such as If...EndIf and loops such as

While...EndWhile (described later in this module).
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Entering a Test Operator

» Type the operator directly from the keyboard.

* Press [MATH] and select 8:Test. Then
select the operator from the menu.

» Display the built-in functions. Press:
[CATALOG] The test operators are listed near
the bottom of the Built-in menu.

Relational Tests

Relational operators let you define a conditional test that compares two values. The
values can be numbers, expressions, lists, or matrices (but they must match in type and
dimension).

Operator True if: Example
> Greater than a>8
< Less than a<0
> Greater than or equal to a+b>100
< Less than or equal to a+6<b+1
= Equal list1=list2
# Not equal to matl#mat2
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Note: From the keyboard, you can type:
>= for >

<= for <

/= for =#

(To get the / character, press [5].)

Boolean Tests

Boolean operators let you combine the results of two separate tests.

a>0 and a<10

a<0 or b+c>10

Operator True if:

and Both tests are true

or At least one test is true
xor One test is true and the

other is false

a+6<b+1 xor c<d

The Not Function

The not function changes the result of a test from true to false and vice versa. For

example:

not x>2 is true if X<2
is false if xX>2

Note: If you use not from the Home screen, it is shown as ~ in the history area. For

example, not x>2 is shown as ~(x>2).
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Using If, Lbl, and Goto to Control Program Flow

An If...EndIf structure uses a conditional test to decide whether or not to execute one or
more commands. Lbl (label) and Goto commands can also be used to branch (or jump)

from one place to another in a program.

F2 Control Toolbar Menu

To enter If...EndIf structures, use the Program
Editor’s Control toolbar menu.

The If command is available directly from the
menu.

To see a submenu that lists other If structures,

select 2:1f...Then.

When you select a structure such as
If...Then...EndIf, a template is inserted at the
cursor location.

Programming
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If Command

To execute only one command if a conditional test is true, use the general form:

1T x>5
: Disp "x is greater than 5"

(1]
® :Disp x

@ Executed only if x>5; otherwise, skipped.
@ Always displays the value of x.

In this example, you must store a value to x before executing the If command.

Note: Use indentation to make your programs easier to read and understand.

If...Then...EndIf Structures

To execute one group of commands if a conditional test is true, use the structure:

:1f x>5 Then
® : Disp "X is greater than 5"
QO - 2*xX>X
® EndIf

:Disp x

@ Executed only if x>5.
@ Displays value of:

e 2xif x>5

e X if x<5
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Note: EndIf marks the end of the Then block that is executed if the condition is true.

If...Then...Else... EndIf Structures

To execute one group of commands if a conditional test is true and a different group if
the condition is false, use this structure:

:1f x>5 Then
(1] Disp "x is greater than 5"
(1] 2% X>X

tElse
(2] Disp "x is less than or
(2] equal to 5"

5#X>X

EndIf

® :Disp X

@ Executed only if x>5.
@ Executed only if x<5.
© Displays value of:

e 2x if x>5

* 5x if x<5

If...Then...Elself... EndIf Structures

A more complex form of the If command lets you test a series of conditions. Suppose
your program prompts the user for a number that corresponds to one of four options. To
test for each option (If Choice=1, If Choice = 2, etc.), use the If...Then...Elself...EndIf
structure.
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Refer to the Technical Reference module for more information and an example.

Lbl and Goto Commands
You can also control the flow of your program by using Lbl (label) and Goto commands.

Use the Lbl command to label (assign a name to) a particular location in the program.

Lbl labelName

L nameto assign to this location (use the same
naming convention as a variable name)

You can then use the Goto command at any point in the program to branch to the
location that corresponds to the specified label.

Goto labelName

L specifies which Lbl command to branch to
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Because a Goto command is unconditional (it always branches to the specified label), it
is often used with an If command so that you can specify a conditional test. For example:

I x>5
Goto GT5
:Disp x

®©eQ

:Lbl GT5
:Disp "The number was > 5”

@ If x>5, branches directly to label GT5.

@ For this example, the program must include commands (such as Stop) that prevent Lbl GT5

from being executed if x<5.

Using Loops to Repeat a Group of Commands

To repeat the same group of commands successively, use a loop. Several types of loops
are available. Each type gives you a different way to exit the loop, based on a conditional

test.

F2 Control Toolbar Menu

To enter most of the loop-related commands,

use the Program Editor’s Control toolbar
menu.
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When you select a loop, the loop command :For | ©

and its corresponding End command are :EndFor

inserted at the cursor location.
@ If the loop requires
arguments, the cursor
is positioned after the
command.

You can then begin entering the commands that will be executed in the loop.

Note: A loop command marks the start of the loop. The corresponding End command
marks the end of the loop.

For...EndFor Loops

A For...EndFor loop uses a counter to control the number of times the loop is repeated.
The syntax of the For command is:

Note: The ending value can be less than the beginning value, but the increment must be
negative.

For(variable, begin, end [, increment])
(1) e 6 (4]

@ variable used as a counter

@ counter value used the first time For is executed

© exits the loop when variable exceeds this value

O added to the counter each subsequent time For is executed
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When For is executed, the variable value is compared to the end value. If variable does
not exceed end, the loop is executed; otherwise, program control jumps to the command
following EndFor.

1>5 [Ti<s [

Note: The For command automatically increments the counter variable so that the
program can exit the loop after a certain number of repetitions.

At the end of the loop (EndFor), program control jumps back to the For command, where
variable is incremented and compared to end.

For example:

:For i1,0,5,1

O : Disp |
:EndFor
® :Disp i

@ Displays 0, 1, 2, 3, 4, and 5.
@ Displays 6. When variable increments to 6, the loop is not executed.

Note: You can declare the counter variable as local if it does not need to be saved after
the program stops.
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While...EndWhile Loops

A While...EndWhile loop repeats a block of commands as long as a specified condition is
true. The syntax of the While command is:

While condition

When While is executed, the condition is evaluated. If condition is true, the loop is
executed; otherwise, program control jumps to the command following EndWhile.

X25 ————— :While x<5 w«—

EndWwhile —

Note: The While command does not automatically change the condition. You must
include commands that allow the program to exit the loop.

At the end of the loop (EndWhile), program control jumps back to the While command,
where condition is re-evaluated.

To execute the loop the first time, the condition must initially be true.

» Any variables referenced in the condition must be set before the While command.
(You can build the values into the program or prompt the user to enter the values.)

» Theloop must contain commands that change the values in the condition, eventually
causing it to be false. Otherwise, the condition is always true and the program
cannot exit the loop (called an infinite loop).
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For example:

9 :0>x

:While x<5
® : Disp X
O : X+1>X
:EndWhile
@ :Disp x

@ Initially sets x.

@ Displays 0, 1, 2, 3, and 4.

© Increments x.

O Displays 5. When x increments to 5, the loop is not executed.

Loop...EndLoop Loops

A Loop...EndLoop creates an infinite loop, which is repeated endlessly. The Loop
command does not have any arguments.
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Typically, the loop contains commands that let the program exit from the loop. Commonly
used commands are: If, Exit, Goto, and Lbl (label). For example:

:0>x
:Loop
Disp x
X+1>X
O : If x5
Exit
:EndLoop
® :Disp x

O An If command checks the condition.
@ Exits the loop and jumps to here when x increments to 6.

Note: The Exit command exits from the current loop.

In this example, the If command can be anywhere in the loop.

When the If command is: The loop is:
At the beginning of the loop Executed only if the condition is true.
At the end of the loop Executed at least once and repeated

only if the condition is true.

The If command could also use a Goto command to transfer program control to a
specified Lbl (label) command.
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Repeating a Loop Immediately

The Cycle command immediately transfers program control to the next iteration of a loop
(before the current iteration is complete). This command works with For...EndFor,
While...EndWhile, and Loop...EndLoop.

Lbl and Goto Loops

Although the Lbl (label) and Goto commands are not strictly loop commands, they can
be used to create an infinite loop. For example:

Lbl START  ~=—

Goto START ——

As with Loop...EndLoop, the loop should contain commands that let the program exit
from the loop.

Configuring the TI-89 Titanium

Programs can contain commands that change the configuration of the calculator.
Because mode changes are particularly useful, the Program Editor’s Mode toolbar menu
makes it easy to enter the correct syntax for the setMode command.
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Configuration Commands

Command Description

getConfg Returns a list of calculator characteristics.

getFold Returns the name of the current folder.

getMode Returns the current setting for a specified mode.

getUnits Returns a list of default units.

setFold Sets the current folder.

setGraph Sets a specified graph format (Coordinates, Graph Order,
etc.).

setMode Sets any mode except Current Folder.

setTable Sets a specified table setup parameter (tblStart, Atbl, etc.)

setUnits Sets default units for displayed results.

switch Sets the active window in a split screen, or returns the

number of the active window.

Note: The parameter/mode strings used in the setMode( ), getMode( ), setGraph( ), and
setTable() functions do not translate into other languages when used in a program. See
the Technical Reference module.

Entering the SetMode Command

In the Program Editor:
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1. Position the cursor where you want to insert the setMode command.

2. Press:
[Fe] to display a list of modes.

Z:POCAR

gg%EG&UENCE b
Note: The Mode menu does not let you set | 2i5%r eavarions

the Current Folder mode. To set this
mode, use the setFold command.

Select a mode to display a menu of its valid settings.

4. Select a setting.

The correct syntax is :setMode('Graph™,""FUNCTION™)
inserted into your program.

Getting Input from the User and Displaying Output

Although values can be built into a program (or stored to variables in advance), a
program can prompt the user to enter information while the program is running.
Likewise, a program can display information such as the result of a calculation.

F3 I/0 Toolbar Menu

To enter most of the commonly used

input/output commands, use the Program JHEEIG
Editor’s I/0 toolbar menu. i Input,

: InputSte
:Prompt

fOutput
fgetkeyll
tlink ]
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To see a submenu that lists additional

commands, select 1:Dialog. 3
St0ialog.EndOlog
&: ToolBar. EndTBar
FiTitle
giltem

Input Commands

Command Description

getKey Returns the key code of the next key pressed. See the

Technical Reference module for a listing of key codes.

Input Prompts the user to enter an expression. The expression is
treated according to how it is entered. For example:

¢ A numeric expression is treated as an expression.
¢ An expression enclosed in "quotes" is treated as a string.

Input can also display the Graph screen and let the user
update the variables xc and yc (rc and 6c in polar mode) by
positioning the graph cursor.

InputStr Prompts the user to enter an expression. The expression is
always treated as a string; the user does not need to enclose
the expression in "quotes".

PopUp Displays a pop-up menu box and lets the user select an
item.

Prompt Prompts the user to enter a series of expressions. As with
Input, each expression is treated according to how it is
entered.
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Command Description

Request Displays a dialog box that prompts the user to enter an
expression. Request always treats the entered expression
as a string.

Note: String input cannot be used in a calculation. To convert a string to a numeric
expression, use the expr command.

Output Commands

Command  Description

CcirIo Clears the Program I/O screen.

Disp Displays an expression or string on the Program I/O screen.
Disp can also display the current contents of the Program
1/0 screen without displaying additional information.

DispG Displays the current contents of the Graph screen.

DispHome Displays the current contents of the Home screen.

DispTbl Displays the current contents of the Table screen.

Output Displays an expression or string starting at specified
coordinates on the Program 1/O screen.

Format Formats the way in which numeric information is displayed.

Pause Suspends program execution until the user presses [ENTER].

Optionally, you can display an expression during the pause.
A pause lets users read your output and decide when they
are ready to continue.
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Command Description

Text Displays a dialog box that contains a specified character
string.

Notes:

* Inaprogram, simply performing a calculation does not display the result. You must

use an output command.

» After Disp and Output, the program immediately continues. You may want to add a

Pause command.

Graphical User Interface Commands

Command Description

Dialog... Defines a program block (consisting of Title, Request, etc.,
EndDlog commands) that displays a dialog box.

Toolbar... Defines a program block (consisting of Title, Item, etc.,

EndTbar commands) that replaces the toolbar menus. The redefined
toolbar is in effect only while the program is running and only
until the user selects an item. Then the original toolbar is

redisplayed.
CustmOn... Activates or removes a custom toolbar.
CustmOff
Custom... Defines a program block that displays a custom toolbar when

EndCustm the user presses [CATALOG]. That toolbar remains in effect
until the user presses [CATALOG] again or changes
applications.
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Command Description

DropDown Displays a drop-down menu within a dialog box.

Item Displays a menu item for a redefined toolbar.

Request Creates an input box within a dialog box.

Text Displays a character string within a dialog box.

Title Displays the title of a dialog box or a menu title within a
toolbar.

Notes:

* When you run a program that sets up a custom toolbar, that toolbar is still available
even after the program has stopped.

* Request and Text are stand-alone commands that can also be used outside of a
dialog box or toolbar program block.

Creating a Custom Menu

The custom menu feature lets you create your own toolbar menu. A custom menu can
contain any available function, instruction, or set of characters. The calculator has a
default custom menu that you can modify or redefine.
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Turning the Custom Menu On and Off

When you create a custom menu, you can let the user turn it on and off manually, or you
can let a program turn it on and off automatically.

To: Do this:
Turn on the From the Home screen or any other application:
custom menu «  Press [2nd) [CATALOG].

From the Home screen or a program:
*  Execute the CustmOn command.

Turn off the From any application:
custom menu «  Press [2nd) [CATALOG] again.

«  Go to a different application.
Using the default custom menu on the Home
screen:
1. Select the Tools menu:

[F7] Select 3:CustmOff. 1:CleHome
This pastes CustmOff in the entry line.

i Custmdfs
2. Press [ENTER].

You can also use CustmOff in a program. | CustmOff |

Fr=
Tools

Note: When the custom menu is turned on, it replaces the normal toolbar menu. Unless a
different custom menu has been created, the default custom menu is displayed.
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Defining a Custom Menu

To create a custom menu, use the following general structure.

Custom —

. Title title of F1 menu:
Item item 1
Item item 2

. Title title of F2 menu

" Title title of F3 menu

Note: When the user selects a menu item, the text defined by that item command is
pasted to the current cursor location.

For example:

:Custom

:Title "Vars"

sltem "L1":1tem "M1":Item "Prgml':ltem "Funcl™:Iltem "Datal"
sltem "Textl:Iltem "Picl™:ltem "GDB1":Iltem "'Stri1"

QO :Title "fF(X)"
QO :ltem "F(X)":ltem "g(x)":ltem "F(Xx,y)":Item "g(Xx,y)"
QO :lItem "F(x+h)":1tem "Define f(x) ="

:Title "Solve"

:lItem "Solve(*':1tem " and ":ltem "{X,y}"
:1tem "Solve( and ,{x,y}p"
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® :Title "Units"
A :ltem " m/ _s™2":ltem " _ft/ _s™2":ltem " _m":ltem " _ft':ltem " IV
@ :ltem "_gal”:1tem " \o\C":ltem " \o\F"':Item "_kph":ltem "_mph"

:Title "Symbols"
sltem "#':1tem "\beta\":Iltem "?":ltem "~":ltem "'&"

Title "Internat™1"
sltem "\e \":ltem "\e"\":ltem "\e™\":ltem "\a " \"
sltem "\u"\":ltem "\u™\":ltem "\oM\":ltem "\c,\":ltem "\u..\"

:Title "Tools"
sItem "ClrHome":ltem "NewProb'":Item "CustmOff"

:EndCustm
:CustmOn

Note: The following may be slightly different than the default custom menu on your
calculator.

[

- Fi-
52 rabals
]

:?(xl 2
Define fixdy =

Note: See how " \o\C" and " \o\F" display as °C and °F in the menu. Similarly, see the
international accented characters.

To modify the default custom menu, use 3:Restore custom default (as described below)
to get the commands for the default menu. Copy those commands, use the Program

Programming 623



Editor to create a new program, and paste them into the blank program. Then modify the
commands as necessary.

Note: This inserts all the commands on a single line. You do not need to split them into
separate lines.

You can create and use only one custom menu at a time. If you need more, write a
separate program for each custom menu. Then run the program for the menu you need.

Restoring the Default Custom Menu
To restore the default:

1. From the Home screen’s normal menu (not the custom menu), select Clean Up:

(2nd) [F6]

2. Select 3:Restore custom default.

This pastes the commands used to create the
default menu into the entry line.

3. Press to execute the commands and restore the default.
When you restore the default, any previous custom menu is erased. If the previous

menu was created with a program, you can run the program again if you want to reuse
the menu later.
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Creating a Table or Graph

To create a table or a graph based on one or more functions or equations, use the

commands listed in this section.

Table Commands

Command Description

DispThl Displays the current contents of the Table screen.

setTable Sets the Graph <—> Table or Independent table
parameters. (To set the other two table parameters, you
can store the applicable values to the tbiStart and Atbl
system variables.)

Table Builds and displays a table based on one or more

expressions or functions.

Graphing Commands

Command Description

ClrGraph Erases any functions or expressions that were graphed
with the Graph command.

Define Creates a user-defined function.

DispG Displays the current contents of the Graph screen.

FnOff Deselects all (or only specified) Y= functions.

FnOn Selects all (or only specified) Y= functions.
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Command Description

Graph Graphs one or more specified expressions, using the
current graphing mode.

Input Displays the Graph screen and lets the user update the
variables xc and yc (rc and Oc¢ in polar mode) by positioning
the graph cursor.

NewPlot Creates a new stat plot definition.

PlotsOff Deselects all (or only specified) stat data plots.

PlotsOn Selects all (or only specified) stat data plots.

setGraph Changes settings for the various graph formats
(Coordinates, Graph Order, etc.).

setMode Sets the Graph mode, as well as other modes.

Style Sets the display style for a function.

Trace Lets a program trace a graph.

ZoomBox Perform all of the Zoom operations that are available from

—to— the toolbar menu on the Y= Editor, Window Editor, and

ZoomTrig Graph screen.

Note: More information is available about using setMode.

Graph Picture and Database Commands

Command Description

AndPic Displays the Graph screen and superimposes a stored
graph picture by using AND logic.
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Command Description

CyclePic Animates a series of stored graph pictures.

NewPic Creates a graph picture variable based on a matrix.

RclGDB Restores all settings stored in a graph database.

RclPic Displays the Graph screen and superimposes a stored
graph picture by using OR logic.

RplcPic Clears the Graph screen and displays a stored graph
picture.

StoGDB Stores the current graph settings to a graph database
variable.

StoPic Copies the Graph screen (or a specified rectangular

portion) to a graph picture variable.

XorPic Displays the Graph screen and superimposes a stored
graph picture by using XOR logic.

Note: For information about graph pictures and databases, also refer to Additional
Graphing Topics.

Drawing on the Graph Screen

To create a drawing object on the Graph screen, use the commands listed in this section.

Pixel vs. Point Coordinates

When drawing an object, you can use either of two coordinate systems to specify a
location on the screen.
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» Pixel coordinates — Refer to the pixels that physically make up the screen. These
are independent of the viewing window because the screen is always:
159 (0 to 158) pixels wide and 77 (0 to 76) pixels tall.

e Point coordinates — Refer to the coordinates in effect for the current viewing window
(as defined in the Window Editor).

0,0 158,0 7| -10,10 10,10

0,76 158,76

0,102 -10,-10 10,-10
Pixel coordinates Point coordinates
(independent of viewing window) (for standard viewing window)

Note: For information about pixel coordinates in split screens, refer to the Data/Matrix
Editor module.

Many drawing commands have two forms: one for pixel coordinates and one for point
coordinates.

Note: Pixel commands start with PxI, such as PxIChg.

Erasing Drawn Objects

Command Description

ClrDraw Erases all drawn objects from the Graph screen.
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Drawing a Point or Pixel

Command Description

PtChg or Toggles (inverts) a pixel at the specified coordinates.

PxIChg PtChg, which uses point coordinates, affects the pixel
closest to the specified point. If the pixel is off, it is turned
on. If the pixel is on, it is turned off.

PtOff or Turns off (erases) a pixel at the specified coordinates.

PxIOff PtOff, which uses point coordinates, affects the pixel
closest to the specified point.

PtOn or Turns on (displays) a pixel at the specified coordinates.

PxIOn PtOn, which uses point coordinates, affects the pixel
closest to the specified point.

PtTest or Returns true or false to indicate if the specified coordinate

PxITest is on or off, respectively.

PtText or Displays a character string at the specified coordinates.

PxIText

Drawing Lines and Circles

Command Description

Circle or Draws, erases, or inverts a circle with a specified center

PxICrcl and radius.

DrawSlp Draws a line with a specified slope through a specified
point.

Line or Draws, erases, or inverts a line between two sets of

PxILine coordinates.
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Command

Description

LineHorz or Draws, erases, or inverts a horizontal line at a specified

PxIHorz row coordinate.

LineTan Draws a tangent line for a specified expression at a
specified point. (This draws the tangent line only, not the
expression.)

LineVert or Draws, erases, or inverts a vertical line at a specified

PxIVert column coordinate.

Drawing Expressions

Command Description

DrawFunc Draws a specified expression.

Drawinv Draws the inverse of a specified expression.

DrawParm Draws a parametric equation using specified expressions
as its x and y components.

DrawPol Draws a specified polar expression.

DrwCtour Draws contours in 3D graphing mode.

Shade Draws two expressions and shades the areas where

expressionl < expression2.
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Accessing Another TI1-89 Titanium, a CBL 2, or a
CBR

If you link two graphing calculators (described in the Connectivity module), programs on
both units can transmit variables between them. If you link a TI-89 Titanium to a
Calculator-Based Laboratory™ (CBL 2™) or a Calculator-Based Ranger™ (CBR™), a
program on the TI-89 Titanium can access the CBL 2 or CBR.

F3 I/0 Toolbar Menu

Use the Program Editor’s I/0 toolbar menu
to enter the commands in this section.

1:Send

bmpt
HES) t
JiSendCale [
4:GetCalc uL
S:SendChat

1. Press and select 8:Link.

2. Select a command.
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Accessing Another TI-89 Titanium

When two calculators are linked, one acts as a receiving unit and the other as a sending
unit.

Command Description

GetCalc Executed on the receiving unit. Sets up the unit to receive a
variable via the 1/O port.

«  After the receiving unit executes GetCalc, the sending
unit must execute SendCalc.

«  After the sending unit executes SendCalc, the sent
variable is stored on the receiving unit (in the variable
name specified by GetCalc).

SendCalc Executed on the sending unit. Sends a variable to the
receiving unit via the 1/0 port.

. Before the sending unit executes SendCalc, the
receiving unit must execute GetCalc.

Note: For a sample program that synchronizes the receiving and sending units so that
GetCalc and SendCalc are executed in the proper sequence, refer to “Transmitting
Variables under Program Control” in Connectivity.

Accessing a CBL 2 or CBR

For additional information, refer to the manual that comes with the CBL 2 or CBR unit.

Command Description

Get Gets a variable from an attached CBL 2 or CBR and
stores it in the graphing calculator.
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Command Description

Send Sends a list variable from the graphing calculator to the
CBL 2 or CBR.

Debugging Programs and Handling Errors

After you write a program, you can use several techniques to find and correct errors. You
can also build an error-handling command into the program itself.

Run-Time Errors

The first step in debugging your program is to run it. The graphing calculator
automatically checks each executed command for syntax errors. If there is an error, a
message indicates the nature of the error.

» To display the program in the Program { ERRIR
Editor, press [ENTER]. The cursor appears Fising
in the approximate area of the error.

» To cancel program execution and return to the Home screen, press [ESC].

If your program allows the user to select from several options, be sure to run the
program and test each option.
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Debugging Techniques

Run-time error messages can locate syntax errors but not errors in program logic. The
following techniques may be useful.

« During testing, do not use local variables so that you can check the variable values
after the program stops. When the program is debugged, declare the applicable
variables as local.

e Within a program, temporarily insert Disp and Pause commands to display the
values of critical variables.

- Disp and Pause cannot be used in a user-defined function. To temporarily
change the function into a program, change Func and EndFunc to Prgm and
EndPrgm. Use Disp and Pause to debug the program. Then remove Disp and
Pause and change the program back into a function.

» To confirm that a loop is executed the correct number of times, display the counter
variable or the values in the conditional test.

» To confirm that a subroutine is executed, display messages such as Entering
subroutine and Exiting subroutine at the beginning and end of the subroutine.

Error-Handling Commands

Command Description

Try...EndTry  Defines a program block that lets the program execute a
command and, if necessary, recover from an error
generated by that command.

ClrErr Clears the error status and sets the error number in system
variable Errornum to zero.

PassErr Passes an error to the next level of the Try...EndTry block.
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Example: Using Alternative Approaches

The example in the Previews module shows a program that prompts the user to enter an
integer, sums all integers from 1 to the entered integer, and displays the result. This
section gives several approaches that you can use to achieve the same goal.

Example 1

This example uses InputStr for input, a While...EndWhile loop to calculate the result, and
Text to display the result.

®©e

oo

:progl()

Prgm

:InputStr “Enter an integer',n
zexpr(n)>n

:0>temp:1>1

:Whille i<n

temp+i>temp
i+1>1

:EndWhile
:Text "The answer is "&string(temp)
:EndPrgm

@ Prompts for input on Program 1/O screen.

@ Converts string entered with InputStr to an expression.
© Loop calculation.

O Displays output in a dialog box.

Programming 635



Note: For <, type [¢] [0] (zero). For &, press:
(¢] [¥] (times)

Example 2

This example uses Prompt for input, Lbl, and Goto to create a loop, and Disp to display
the result.

:prog2(Q)
Prgm
® :Prompt n
:0>temp:1>1
® :Lbl top
temp+i>temp
i+1>1
IT i<n
Goto top
:Disp temp
EndPrgm

®®

@ Prompts for input on Program I/O screen.
@ Loop calculation.
© Displays output on Program 1/O screen.

Note: Because Prompt returns n as a number, you do not need to use expr to convert n.
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Example 3

This example uses Dialog...EndDlog to create dialog boxes for input and output. It uses
Loop...EndLoop to calculate the result.

o

0@

prog3Q)
Prgm
:Dialog
Title "Enter an integer"”
Request "Integer',n
:EndDlog
zexpr(n)>n
:0>temp:0>1
:Loop
temp+i>temp
i+1>1
IT i>n
Exit
:EndLoop
:Dialog
Title "The answer is"
Text string(temp)
:EndDlog
EndPrgm

O Defines a dialog box for input.

@ Converts string entered with Request to an expression.

© Loop calculation.
O Defines a dialog box for output.
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Example 4

This example uses built-in functions to calculate the result without using a loop.

prog4 ()

Prgm
O :Input "Enter an integer',n
® sum(seq(i,i,1l,n))>temp
® :Disp temp

EndPrgm

@ Prompts for input on Program I/O.
@ Calculates sum.
© Displays output on Program 1/O screen.

Note: Because Input returns n as a number, you do not need to use expr to convert n.

Function Used in this example to:

seq Generate the sequence of integers from 1 to n.

seq(expression, var, low, high [,step])
(1] ® 06 © (4]

O expression used to generate the sequence
@ variable that will be incremented

@ initial and final values of var

@ increment for var ; if omitted, uses 1

sum Sum the integers in the list generated by seq.
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Assembly-Language Programs

You can run programs written for the TI-89 Titanium in assembly language. Typically,
assembly-language programs run much faster and provide greater control than the
keystroke programs that you write with the built-in Program Editor.

Where to Get Assembly-Language Programs

Assembly-language programs, as well as keystroke programs, are available on the
Texas Instruments web site at education.ti.com.

The programs available from this site provide additional functions or features that are not
built into the TI-89 Titanium. Check the Texas Instruments web site for up-to-date
information.

After downloading a program from the web to your computer, use a USB cable or
TI-GRAPH LINK™ computer-to-calculator cable and Tl Connect software to send the
program to your TI-89 Titanium.

For Flash App installation instructions, see education.ti.com/quides.

Note about TI-GRAPH LINK

If you have a TI-GRAPH LINK™ computer-to-calculator cable and software for the TI-89
or TI-92 Plus, be aware that the TI-GRAPH LINK software is not compatible with the
TI-89 Titanium. The cable, however, works with all units. Use Tl Connect software on
your computer.
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You can purchase computer-to-calculator and unit-to-unit cables from the TI Online
Store at education.ti.com/buy.

Running an Assembly-Language Program

After a TI-89 Titanium assembly-language program is stored on your unit, you can run
the program from the Home screen just as you would any other program.

» If the program requires one or more arguments, type them within the (). Refer to the
program’s documentation to find out about required arguments.

prarmbame (2
RN FAD AUTO FUNC [T

» If the program is not in the current folder, be sure to specify the pathname.

You can call an assembly-language program from another program as a subroutine,
delete it, or use it the same as any other program.

Shortcuts to Run a Program

On the Home screen, you can use keyboard shortcuts to run up to six user-defined or
assembly-language programs. However, the programs must have the following names.

On Home screen, press: To run a program, if any, named:
(¢J1 kbdprgm1()
6 Kodprgmé( )
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The programs must be stored in the MAIN folder. Also, you cannot use a shortcut to run a
program that requires an argument.

If you have a program with a different name and you would like to run it with a keyboard
shortcut, copy or rename the existing program to kbdprgm1(), etc.

You Cannot Edit an Assembly-Language Program

You cannot use your TI-89 Titanium to edit an assembly-language program. The built-in
Program Editor will not open assembly-language programs.

Displaying a List of Assembly-Language Programs
To list the assembly-language programs stored in memory:

Display the VAR-LINK screen (2nd] [VAR-LINK]).
2. Press[F2] View.

3. Select the applicable folder (or All folders) Fo LR e
and set Var Type = Assembly. Fader i3

Var Ters: [FTTHAME
e Enter =0k A e ESC=CAMCEL 3

4. Press to display the list of
assembly-language programs.

VAR-LINE [AT11

cpipes  ASM 253
wincou ASM 263

Note: Assembly-language programs have an ASM data type.
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For Information about Writing an Assembly-Language Program

The information required to teach a novice programmer how to write an assembly-
language program is beyond the scope of this book. However, if you have a working
knowledge of assembly language, please check the Texas Instruments web site
(education.ti.com) for specific information about how to access TI-89 Titanium features.

The graphing calculator also includes an Exec command that executes a string
consisting of a series of Motorola 68000 op-codes. These codes act as another form of
an assembly-language program. Check the Texas Instruments web site for available
information.

Note: You must use a computer to write assembly-language programs. You cannot
create assembly-language programs from the calculator keyboard.

Warning: Exec gives you access to the full power of the microprocessor. Please be
aware that you can easily make a mistake that locks up the calculator and causes you to
lose your data. We suggest you make a backup of the calculator contents before
attempting to use the Exec command.

Programming 642


http://education.ti.com/

Text Editor

Starting a Text Editor Session

Each time you start the Text Editor, you can start a new text session, resume the current
session (the session that was displayed the last time you used the Text Editor), or open
a previous session.

Starting a New Session

1. Press [APPS] and then select the Text E'@
Editor icon. Press [ENTER]. Text Editor
2. Select 3:New. 1:Current.
Z0peh..
The NEW dialog box is displayed. i
3. Specify a folder and text variable that you R )
want to use to store the new session. . aram®
wariable: [ ]
Enter=0E___ = £ EFC=CAMCEL 3
Item Description
Type Automatically set as Text and cannot be changed.
Folder Shows the folder in which the text variable will be stored.

For information about folders, refer to the Calculator Home
Screen module.

To use a different folder, press () to display a menu of
existing folders. Then select a folder.

Text
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Item Description

Variable Type a variable name.
If you specify a variable that already exists, an error

message will be displayed when you press [ENTER|. When

you press or [ENTER] to acknowledge the error, the
NEW dialog box is redisplayed.

4. Press (after typing in an input box such as Variable, you must press
twice) to display an empty Text Editor screen.

T | control|\ A0 [har P e
A colon marks the beginning —=

of a paragraph.

The blinking cursor shows — —|
where typed text will appear.

HMAIM FAD AUTO FAR

You can now use the Text Editor as described in the remaining sections of this
module.

Note: Your session is saved automatically as you type. You do not need to save a
session manually before leaving the Text Editor, starting a new session, or opening a
previous one.

Resuming the Current Session

You can leave the Text Editor and go to another application at any time. To return to the
session that was displayed when you left the Text Editor, launch Text Editor again and
select 1:Current.
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Starting a New Session from the Text Editor

To leave the current Text Editor session and
start a new one:

Press and select 3:New.

thelete
LElear Editor

2. Specify a folder and text variable for the
new session.

3. Press [ENTER] twice.

Opening a Previous Session
You can open a previous Text Editor session at any time.

1. From within the Text Editor, press and select 1:Open.

From any application, launch Text Editor again and select 2:Open.

2. Select the applicable folder and text i WFER .
Va”able Tees: Frodram *

Folder:  main#
3. Press [ENTER].

Variable: st

cEnter=Ok___a € ESC=CAMCEL 2

Note: By default, Variable shows the first existing text variable in alphabetic order.

Text Editor 645



Copying a Session

In some cases, you may want to copy a session so that you can edit the copy while
retaining the original.

Display the session you want to copy.
Press and select 2:Save Copy As.

Specify the folder and text variable for the copied session.
Press twice.

A 0w b

Note about Deleting a Session

Because all Text Editor sessions are saved automatically, you can accumulate quite a
few previous sessions, which take up memory storage space.

To delete a session, use the VAR-LINK screen ([2nd] [VAR-LINK]) to delete that session’s

text variable. For information about VAR-LINK, refer to Memory and Variable
Management.

Entering and Editing Text

After beginning a Text Editor session, you can enter and edit text. In general, use the
same techniques that you have already used to enter and edit information on the Home
screen’s entry line.
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Typing Text
When you create a new Text Editor session, you see an empty screen. When you open

a previous session or return to the current session, you see the existing text for that
session.

Fir Fir Far] F4 FE
Tools|Corarand|Vicw|Exscuts|Find...

All text paragraphs begin ——=T+ won .;_115p1f ah existi
with a space and a colon. hows the tLest Lhat was =

ntered when gou left the
, FEssion.

The b'eglnnlng space .IS ;The blinking text cursor
used in command scripts is in the same Eﬂlsltll:ln
T

as when gou lef
and lab reports. MAIN RAD AUTO FUNC

Blinking text cursor —

You do not need to press at the end of each line. At the end of a line, the next
character you type wraps to the next line. Press only when you want to start a new
paragraph.

As you reach the bottom of the screen, previous lines scroll off the top of the screen.
Using a USB cable and Tl Connect™ software with the TI-89 Titanium, you can use the
computer keyboard to type a text file and then send that file to the TI-89 Titanium. This is

useful if you need to create a lengthy text file.

For information about obtaining cables or updated Tl Connect™ software, check the Tl
web site at education.ti.com, or contact Texas Instruments at TI-Cares™.

Notes:

» Use the cursor pad to scroll through a session or position the text cursor.
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 Press @ or @ to scroll up or down one screen at atime, and[(¢] @ or[¢] ®
to go to the top or bottom of the text session.

Typing Alphabetic Characters

To: Press:

Type a single and then the letter key (status line shows 1)
lowercase alpha

character.

Type a single and then the letter key (status line shows =)
uppercase alpha
character.

Type a space. [=] (alpha function of the [C)]-key)

Turn on 2nd] [a-lock] (status line shows EFm)
lowercase alpha-

lock.

Turn on [a-lock] (status line shows B
uppercase

ALPHA-lock.

Turn off alpha- (turns off upper- and lowercase lock)
lock.

Note: 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.
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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.

e 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.

Deleting Characters

To delete: Press:

The character to the left of the cursor or 7

The character to the right of the cursor (¢] [DEL] (same as [¢] [<))
All characters to the right of the cursor CLEAR

through the end of the paragraph
All characters in the paragraph (regardless

of the cursor’s position in that paragraph)

Note: If there are no characters to the right of the cursor, erases the entire
paragraph.
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Highlighting Text

To: Do this:

Highlight text Move the cursor to the beginning or end of the text.
Hold (1] and press:

+  (© or ® to highlight characters to the left or right of the
cursor, respectively.

« @ or® to highlight all characters up to the cursor
position on the next or previous line, respectively.

Fi- For Fi=] F4 FE
Tools|Command| Vigw|Executs|Find...

:B? hlgh11ght1n- I plece

the ol Can e3s
h= at a time.

] pagrap

Note: To remove highlighting without replacing or deleting, move the cursor.

Replacing or Deleting Highlighted Text

To: Do this:

Replace highlighted text Type the new text.

Delete highlighted text  Press [«<].
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Cutting, Copying, and Pasting Text

Cutting and copying both place highlighted text into the clipboard of the TI-89 Titanium.
Cutting deletes the text from its current location (used to move text) and copying leaves
the text.

1. Highlight the text you want to move or copy.

Press [F1].
Select the applicable menu item.

1:0peh...
2i5ave Copd As...
EHEL. ..

SLop

=Pas%e

t0elete L2
JClear Editor

* To move the text, select 4:Cut.

&
— or — I
2

e To copy the text, select 5:Copy.
Note: You can press:

(o] [cuTl, (o] [copPY], (] [PASTE]
to cut, copy, and paste without having to
use the [F1] toolbar menu.

Move the text cursor to the location where you want to insert the text.
Press and then select 6:Paste.

You can use this general procedure to cut, copy, and paste text:

e Within the same text session.

* From one text session to another. After cutting or copying text in one session, open
the other session and then paste the text.

* From a text session to a different application. For example, you can paste the text
into the Home screen’s entry line.
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Finding Text
From the Text Editor:

1. Place the text cursor at any location preceding the text you want to search for. All
searches start at the current cursor location.

2. Press . i FIND )
Find: [ ]

3. Type the search text.

The search is not case sensitive. For
example: CASE, case, and Case have
the same effect.

Note: The FIND dialog box retains the last
search text you entered. You can type
over it or edit it.

4. Press [ENTER] twice.

If the search text is: The cursor:
Found Moves to beginning of the search text.
Not found Does not move.
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Inserting or Overtyping a Character

By default, the TI-89 Titanium is in insert mode. To toggle between insert and overtype
mode, press [INS].

If the TI-89 Titanium is in: The next character you type:

Will be inserted at the cursor.
Inserf mode

|—Thin cursor between

characters
Will replace the highlighted
uerilupe mode character.
Cursor highlights a
character

Note: Look at the shape of the cursor to see if you're in insert or overtype mode.

Clearing the Text Editor

To erase all existing paragraphs and display an empty text screen, press and then
select 8:Clear Editor.

Entering Special Characters

You can use the CHAR menu to select any special character from a list. You can also
type certain commonly used characters from the keyboard. To see which characters are
available from the keyboard, you can display a map that shows the characters and their
corresponding keys.
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Selecting Characters from the CHAR Menu

Press [CHAR]. TR ]
2. Select the applicable category.

tSpecia
StInternational

A menu lists the characters in that

category.
3. Select a character. You may need to | indicates that J
scroll through the menu. you can scroll.

Note: For accented characters, select
International. Commonly used
international characters are also available
from the default custom menu

((2nd] [cusTOM]).

Displaying the Keyboard Map

The keyboard map shows several shortcuts that let you enter certain special characters
from the keyboard. It also shows some shortcuts for other calculator features.

The keyboard map does not display all available shortcuts. Refer to the inside front and
the inside back covers of this guidebook for a complete list of shortcut keys.

To access the shortcuts, first press the key. Some special characters are marked on
the keyboard, but most are not.

On the TI-89 Titanium:

« Press [¢] [EE] to display the keyboard map.
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 Press to exit the map.

[
E_

& &
] [ ]

TI-89 Titanium Keyboard map

To access the TI-89 Titanium shortcuts, first press the [¢] key.

TI-89 Titanium keyboard map feature shortcuts:
e GREEK ((¢] [[J) — Accesses the Greek character set (described later in this
section).

» SYSDATA ((¢] [L]) — Copies the current graph coordinates to the system variable
sysdata.

e FMT ((¢]J [MJ) — Displays the FORMATS dialog box.

¢« KBDPRGML1 - 6(¢] 1 through [¢] 6) — If you have user-defined or assembly-
language programs named kbdprgm1() through kbdprgmé6(), these shortcuts run the
corresponding program.

»  OFF ([+] [0FF]) — Similar to [OFF] except:

- You can use [¢] [0FF] if an error message is displayed.
- When you turn the TI-89 Titanium on again, it will be exactly as you left it.
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«  HOMEDATA ((¢] [())) — Copies the current graph coordinates to the Home screen’s
history area.

Typing Special Symbols from the Keyboard

Note: To help you find the applicable keys, these maps show only the special symbols.

On the TI-89 Titanium:

» Press [¢] and then the key for the symbol. For example: [¢] [x] (times) displays &.

émm@
O & @ E
E© E E
Gl @ @ &
M ] ] =1

These special symbols are not affected by whether Alpha-Lock is on or off.

Typing Greek Letters from the Keyboard

Press the key combination that accesses the Greek character set on your calculator.
Then select the applicable alpha character on the keyboard to enter a Greek letter.
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On the TI-89 Titanium:

> Press [+ [ to access the Greek character set.
EOOO

HOE®®
Glclojolo
PO®O®E
PE®O®

® ®

Note: If you press a key combination that does not access a Greek letter, you get the
normal letter for that key. Your calculator does not display a map of Greek letters; the
map shown here is for reference only.

Several keys let you access lowercase and uppercase Greek letters. For example:

On the TI-89 Titanium:

» Press[¢][(] to access the Greek character set.

e Press[¢] + letter to access lowercase Greek letters. Example:
K3 [W] displays
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e Press[¢] [([1] + letter to access uppercase Greek letters. Example:

(+] [Q (1] [W] displays Q

The exact keys that you press on the TI-89 Titanium depend on whether alpha-lock is on

or off. For example:

On the TI-89 Titanium, if:

Then:

Alpha-lock is off.

(¢J[OXor[e] X displays E&.
((alpha] is not required for X, Y, Z, or T.)

(¢] W displays o.

(e] W displays Q.

(1] is used for uppercase letters.)
Lowercase alpha-lock (¢] [d X displays E.
((2nd] [a-lock]) is on. (¢] [J W displays .

(¢] W displays Q.
Uppercase ALPHA-LOCK (¢] [d X displays E.
(1] [a-lock]) is on. (¢] [J W displays Q.

(¢] W displays Q.

Important: If you press on the TI-89 Titanium to access a Greek letter while alpha-
lock is on, it turns alpha-lock off.

For a List of All Special Characters

For a list of all special characters, refer to the Technical Reference module.

Text Editor
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Entering and Executing a Command Script

By using a command script, you can use the Text Editor to type a series of command
lines that can be executed at any time on the Home screen. This lets you create
interactive example scripts in which you predefine a series of commands and then
execute them individually.

Inserting a Command Mark

In the Text Editor:

1. Place the cursor on the line for the
command.

2. Press[F2] to display the Command toolbar
menu.

iFage brea
iPrintObg
iClear command
fExecute to EOF

3. Select 1:Command.

C is displayed at the beginning of the text
line (to the left of the colon).

Note: This does not insert a new line for
the command, it simply marks an existing
line as a command line.

Text Editor
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4. Type a command just as you would on A L N
the Home screen. I

d in the text editaor
tlindow for a complete or

aph
L™ I 2um 2+ (el

The line can contain only the command,
with no additional text.

Note: You can mark a line as a command
either before or after typing the command
on that line.

You can type multiple commands on the same line if you type a colon to separate the
commands.

Deleting a Command Mark
This deletes only the C mark; it does not delete the command text itself.

1. Place the cursor anywhere on the marked line.

2. Press[F2] and select 4:Clear command.

Executing a Command

To execute a command, you must first mark the line with a C. If you execute a line that is
not marked with C, it will be ignored.

1. Place the cursor anywhere on the command line.
2. Press[F4].
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The command is copied to the entry line on the Home screen and executed. The Home
screen is displayed temporarily during execution, and then the Text Editor is
redisplayed.

After execution, the cursor moves to the next line in the script so that you can continue to
execute a series of commands.

Note: To examine the result on the Home screen, use a split screen or press HOME

Splitting the Text Editor/ Home Screen

With a split screen, you can view your command script and see the result of an executed
command at the same time.

To: Press:
Split the screen and select

1:Script view.

Return to a full screen and select
Text Editor 2:Clear split.

You can also use [MODE] to set up a split screen manually. However, sets up a Text
Editor/Home screen split much easier than [MODE].

» The active application is indicated by a thick border. (By default, the Text Editor is
the active application.)

» To switch between the Text Editor and the Home screen, press (=] (second
function of [APPS]).
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Creating a Script from Your Home Screen Entries

From the Home screen, you can save all the entries in the history area to a text variable.
The entries are automatically saved in a script format so that you can open the text
variable in the Text Editor and execute the entries as commands.

For information, refer to “Saving the Home Screen Entries as a Text Editor Script” in the
Calculator Home Screen module.
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Example

1. Type your script. Press and select
1:Command to mark the command lines.

2. Press [F3] and select 1:Script view.

3. Move the cursor to the first command line.

Then press to execute the command.

Note: Some commands take longer to
execute. Wait until the Busy indicator
disappears before pressing again.

4. Continue using to execute each
command, but stop just before executing
the Graph command.

5. Execute the Graph command.

Note: In this example, the Graph
command displays the Graph screen in
place of the Home screen.

6. Press and select 2:Clear split to return
to a full screen Text Editor.

Text Editor
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Numeric Solver

Displaying the Solver and Entering an Equation

After you display the Numeric Solver, start by entering the equation that you want to
solve.

Displaying the Numeric Solver

To display the Numeric Solver, press [APPS fi=0
and then select the Numeric Solver icon. T
Press [ENTER].

The Numeric Solver screen shows the last
entered equation, if any.

Entering an Equation

On the eqn: line, type in your equation. s e P e ||
Enter Eguation
egnt a=(m2-ml)s (m2+ml dkg

You can: For example:

Type an equation directly. a=(m2-m1l)/(m2+m1l)*g
a+b=c+sin(d)
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You can:

For example:

Refer to a function or equation
defined elsewhere.
Notes:

. Do not use system function

names (such as y1(x) or r1(0))

as simple variables (y1 or rl).

. Be careful with implied
multiplication. For example,
a(m2+m1l) is treated as a
function reference, not as
a*(m2+m1l).

Suppose you defined y1(x) on either
the:
. Y= Editor:
y1(x)=1.25x*Cc0os(x)
*  Home screen:
Define y1(x)=1.25x*c0os(x)
In the Numeric Solver, you then would
enter:
y1(x)=0 or y1(t)=0, etc.

The argument does
not have to match
the one used to
define the function
or equation.

Type an expression without an =
sign.

Note: When you define the
variables, you can either define
exp or solve for it.

e+f-In(g)

After you press [ENTER], the expression
is set equal to a system variable called
exp and entered as:

exp=e+f-In(g)

Recall a previously entered
equation or open a saved
equation.

Note: After you press the
current equation is stored
automatically to the system
variable eqn.

Refer to the applicable heading later in
this section.

Numeric Solver
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Recalling Previously Entered Equations

Your most recently entered equations (up to 11 with the default setting) are retained in

memory. To recall one of these equations:

1. From the Numeric Solver screen, press
[F5].

A dialog box displays the most recently
entered equation.

2. Select an equation.

» To select the displayed equation,
press [ENTER].

e To select a different equation, press
® to display a list. Then select the
one you want.

Note: You can specify how many
equations are retained. From the Numeric
Solver, press and select 9:Format (or
use [ [¢] (1]). Then select a number from
1 through 11.

3. Press [ENTER].

Numeric Solver

LAST EQUATIONS "

Equakion: asimz-rdd/irmz+milhd ¥

cEnter=OE__ £ EZC=CAMCEL 1

1 g
H =3 3 "]
3:5*xg=mA¥+3*xg

41 Zkx=3kab—d+ngsIEku+
S p=rEuEEt 4, SRkt
ex=e+f+1*knigl
Fivl=ukiprlsCrrl+rr2ds
Sf =2

i

Only unique equations
are listed. If you re-
enter the same
equation 5 times, it
appears only once.
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Saving Equations for Future Use

Because the number of equations that you can recall with Eqgns is limited, a particular

equation may not be retained indefinitely.

To store the current equation for future use,
save it to a variable.

1. From the Numeric Solver screen, press
and select 2:Save Copy As.

2. Specify a folder and a variable name for
the equation.

3. Press [ENTER] twice.

Note: An equation variable has an EXPR data type, as shown on the MEMORY and

VAR-LINK screens.

Opening a Saved Equation

To open a previously saved equation variable:

1. From the Numeric Solver screen, press
and select 1:Open.

Numeric Solver

SAYE COFY AS

Twepe: Equakion
Folder:  main %

Harigble:

ENter=sANE £ EEC=CANLEL 1
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2. Select the applicable folder and equation ¢ TR N
Vanable, Twre: Equation

Folder:  mdin#

Yariable:

3. Press [ENTER]. =

Variable egn contains
the current equation;
it always appears
alphabetically in the
list.

Defining the Known Variables

After you type an equation in the Numeric Solver, enter the applicable values for all
variables except the unknown variable.

Defining the List of Variables

After typing your equation on the eqgn: line, R A |
press ENTER| Or @ a:im2—n1)/(m2+nl)*g

2=
ml=

The screen lists the variables in the order they | Saune=c-1.e14, 1. 14
appear in the equation. If a variable is already
defined, its value is shown. You can edit these
variable values.

The solution must be
within the specified
bounds, which you can

edit.
Note: If an existing variable is locked or

archived, you cannot edit its value.
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Enter a number or expression for all variables except the one you want to solve for.

Notes and Common Errors

» If you define a variable:

- Interms of another variable in the
equation, that variable must be
defined first.

- Interms of another variable that is not
in the equation, that variable must
already have a value; it cannot be
undefined.

- As an expression, it is evaluated
when you move the cursor off the line.
The expression must evaluate to a
real number

» Ifthe equation contains a variable already
defined in terms of other variables, those
other variables are listed.

Note: When you assign a value to a
variable in the Numeric Solver, that
variable is defined globally. It still exists
after you leave the solver.

Numeric Solver

Fir| Fg Flir F4 F& F&
[Tow 15| 20 Tue|Grarh|Get Cursor |Eans|CTr a-x...

a=imZ2—mli Cm2+ml kg
=2=9-3
mZ=10.
ml=
9=9.8
bound={-1. 14,1, 143

Since a is defined in
terms of g, you must
define g before a.
When you move the
cursor to another line,
g/3 is evaluated.

Fie|FE | Fev Fi FE F&
Toels| S0 lus[Graph| G2t CUPser|Eans|CIF -2,

d=2%a
o=
b=
c=

bound=4X1.e14, 1. 142

If variable a was
defined previously as
b+c>a,thenb and c
are listed instead of a.
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If you refer to a previously defined
function, any variables used as
arguments in the function call are listed,
not the variables used to define

the function.

If the equation contains a system variable
(xmin, xmax, etc.), that variable is not
listed. The solver uses the system
variable’s existing value.

Note: You cannot solve for a system
variable other than exp. Also, if the
equation contains a system variable, you
cannot use [F3] to graph.

» Although you can use a system variable
in the equation, an error occurs if you use
to graph the solution.

Numeric Solver

Fir| F& Flir F4 F& F&
Tools|Soluk|[Grarh|Gek Cursor|Eans(Clr a-z.. |

g=fx,yr-t
g=

w=
y=
t=
bounc={N.e14, 1. 143

If f(a,b) was defined
previously as

v (a™2+b”2) and your
equation contains
f(x,y), then x and y are
listed, not a and b.

Fir| F& Flir F4 F& F&
Tools|Soluk|[Grarh|Gek Cursor|Eans(Clr a-z.. |

WMAR=ZH 2
o=

u=
bound={-1.e14,1.e14>

In the standard viewing
window, xmax=10.

{ ERROR

Inualid variable Feference

E_ESCSCAMCEL 3
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» If you see the error shown to the right,
delete the entered variable value. Then
edit the equation to use a different
variable.

Note: This error occurs if you use a
reserved name incorrectly or refer to an
undefined system function as a simple
variable without parentheses.

Editing the Equation

ra ERROE ™y

Resirusd nare oF systern wariable
e ESC=CAMCEL A

For example, y1(x) is
undefined and you
use y1.

In the Numeric Solver, press @ until the cursor is on the equation. The screen
automatically changes to show only the eqn: line. Make your changes, and then press

or @ to return to the list of variables.

Specifying an Initial Guess and/or Bounds (Optional)

To find a solution more quickly or to find a particular solution (if multiple solutions exist),

you can optionally:

» Enter an initial guess for the unknown
variable. The guess must be within the
specified bounds.

» Enter lower and upper bounds close to

Fi-1 F2 Fir [£] F& F&
Toels| S0 Tus[Graph| G2t CUPser|EaRs|CIF -2,

a=imZ-mnl i im2+ml i®g

the solution.

Numeric Solver

&=3. 2EEEGEGEEEGET
m2Z=10,

mMl=

a=9.8

bound={ 13, ,10.%

Initial guess must be
within the bounds.
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For the bounds, you can also enter variables or expressions that evaluate to appropriate

values (bound={lower,upper}) or a valid list variable that contains a two-element list

(bound=list). The bounds must be two floating point elements with the first one less than

or equal to the second one.

Note: You can also select an initial guess graphically.

Solving for the Unknown Variable

After you type an equation in the Numeric Solver and enter values for the known

variables, you are ready to solve for the unknown variable.

Finding the Solution

With all known variables defined:

1. Move the cursor to the unknown variable.

Press [F2] Solve.

A = marks the solution and left-rt.

The =disappears when you edit a value,
move the cursor to the equation, or leave
the solver.

Numeric Solver

Fi=|FE | F2v Fi FE F&
Ton 15[ z0 Tue]Grarh|Get Cursor [Eans|cir a-z..

S=CHZ2-mL A (m2+ml kg
a=3. ZEEEEEEEEEEET
m2=10.

mid
g=9.8
bound={ eld, 1. el4>

Put the cursor on the
variable you want to
solve for.

Fi=| FZ Fir F4 F&
Touls| S0 lue[Graph|Get Cursor CIF 9-zZ...

=M=l s imZ+m] dkg
5=3. ZBEERBEEEEAET
m2=10,

LS. |

g=3.8
bound={-1.e14, 1. 14>
mleft-ri=0,
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Note: To stop (break) a calculation, press [0ON]. The unknown variable shows the value
being tested when the break occurred.

Using the solution and your entered values, the left and right sides of the equation are
evaluated separately. left-rt shows the difference, which indicates the solution’s
accuracy. The smaller the value, the more accurate the solution. If the solution is
precise, left-rt=0.

If you: Do this:

Want to solve for other Edit the equation or variable values.
values

Want to find a different Enter an initial guess and/or a new set of
solution for an equation  bounds close to the other solution.
with multiple solutions

See the message: Press . The unknown variable shows the
value being tested when the error occurred.
4 ERRIK 3« The left-rt value may be small enough for
Erreessing iteration you to accept the result.
<CEECEERRICET » . If not, enter a different set of bounds.

Note: An iterative process is used to solve an equation. If the iterative process cannot
converge on a solution, this error occurs.

Graphing the Solution

You can graph an equation’s solutions any time after defining the known variables, either
before or after you solve for the unknown variable. By graphing the solutions, you can
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see how many solutions exist and use the cursor to select an accurate initial guess and

bounds.

Displaying the Graph

In the Numeric Solver, leave the cursor on the
unknown variable. Press and select:

1:Graph View
3:ZoomStd
4:ZoomFit

The graph is shown in a split screen, where:

*  The unknown variable is plotted on the x
axis.

* left-rt is plotted on the y axis.

Solutions for the equation exist at left—rt=0,
where the graph crosses the x axis.

Note: For more information, refer to the Split
Screens module.

Numeric Solver

q:FoomFit

\
Graph View uses the
current Window
variable values.

For information about
ZoomStd and
ZoomFit, refer to
Basic Function
Graphing.

a=(m2-ml s (n
a=3. 2EEEEEEH

g=9.8
bound={-1. e}
left-ri=0.

AN KAD AUTI FUNG/

The current graph
format settings are
used.
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You can explore the graph by using the free-moving cursor, tracing, zooming, etc., as

described in Basic Function Graphing.

How the Graph Affects Various Settings
When you use the Numeric Solver to display a graph:

» The following modes are changed automatically to these settings:

Mode Setting
Graph FUNCTION

Any functions selected in the
Y= Editor will not be graphed.

Split Screen LEFT-RIGHT

Number of Graphs 1

Note: If you were previously using different mode settings, you will need to reselect

those settings manually.

» All stat plots are deselected.

» After you leave the Numeric Solver, the Graph screen may continue to display the
equation’s solution, ignoring any selected Y= functions. If so, display the Y= Editor
and then return to the Graph screen. Also, the graph is reset when you change the

Graph mode or use CirGraph from the Home screen ([F4] 5) or a program.

Numeric Solver
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Selecting a New Initial Guess from the Graph

To use the graph cursor to select an initial guess:

1. Move the cursor (either free-moving or trace) to the point that you want to use as the

new guess.

2. Use [H] to make the Numeric
Solver screen active.

3. Make sure the cursor is on the
unknown variable, and press [F4].

Note: Cursor coordinate xc is the
unknown variable value, and yc is the
left-rt value.

4. Press [F2] to re-solve the equation.

Returning to a Full Screen

From the split screen:

Fi-1 Fg Fir (4] FE F&
Tow 15| 20 Tue|Grarh|Get Cursor|Eans|C1r a-xz...|

a=(mZ-ml)-(m
a=3. 2666666
m2=1d.
-l
g=9.8
F bound={-10. ] .
- 1ert-re=-4.d (o102t

AN EhD HUT FUMC

sets the graph
cursor’s xc value as
an initial guess and
the yc value as left-rt.
The graph’s xmin and
xmax values are set
as the bounds.

» To display the Numeric Solver full screen, use [E]] to make the solver screen
active, press [F3], and then select 2:Clear Graph View.

» To display the Home screen, press [QuIT] twice.

Numeric Solver
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Clearing Variables Before Leaving the Numeric Solver

When you solve an equation, its variables still exist after you leave the Numeric Solver. If
the equation contains single-character variables, their values may inadvertently affect
later symbolic calculations. Before leaving the Numeric Solver, you may want to:

1. Press:

[Fé]

to clear all single-character variables in the current folder.
2. Press [ENTER] to confirm the action.
The screen returns to the solver’s eqgn: line.

Note: Any time you want to clear single-character variables listed in the solver, use:

[Fe].
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Number Bases

Entering and Converting Number Bases

Regardless of the Base mode, you must always use the appropriate prefix when
entering a binary or hexadecimal number.
Entering a Binary or Hexadecimal Number

To enter a binary number, use the form:

Ob binaryNumber  (for example: 0b11100110)

LBinary number with up to 32 digits
Zero, not the letter O, and the letter b

To enter a hexadecimal number, use the form:

Oh hexadecimalNumber (for example: 0h89F2C)

L |—Hexadecimal number with up to 8 digits
Zero, not the letter O, and the letter h

Note: You can type the b or h in the prefix, as well as hex characters A —F, in uppercase
or lowercase.

If you enter a number without the 0Ob or Oh prefix, such as 11, it is always treated as a

decimal number. If you omit the Oh prefix on a hexadecimal number containing A —F, all
or part of the entry is treated as a variable.
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Converting between Number Bases

Use the » conversion operator

integerExpression » Bin For b, press [»]. Also, you can
integerExpression » Dec select base conversions from the
integerExpression » Hex MATH/Base menu.

For example, to convert 256 from decimal to
binary:

256 » Bin

Note: If your entry is not an integer, a Domain
error is displayed.

To convert 101110 from binary to
hexadecimal:

0b101110 » Hex

Alternate Method for Conversions

Instead of using », you can:

1. Use to set the Base mode to the
base that you want to convert to.

Number Bases

For a binary or hex
entry, you must use
the Ob or Oh prefix.

" 256rBin ey Rafelelelelalae]
" ibigilldrHex OhZE

OblEliinrhes

MAIN EAD AUTD FUKC 20

Results use the 0b or
0Oh prefix to identify.

If Base mode = BIN:

li=1] GObioon

206
HAIN FAD AUTD FUNC

679



2. From the Home screen, type the number |f Base mode = HEX:
that you want to convert (using the correct
prefix) and press [ENTER]. i L Izt

MAIN EAD AUTD FUKC 1730

Performing Math Operations with Hex or Bin
Numbers

For any operation that uses an integer number, you can enter a hexadecimal or binary
number. Results are displayed according to the Base mode. However, results are
restricted to certain size limits when Base = HEX or BIN.

Setting the Base Mode for Displayed Results

1. Press [MODE to display Page 2 of the - ST
MODE SCI’een Fads 1|Fads 2|Fads 3

2. Scroll to the Base mode, press (®, and
select the applicable setting.

3. Press [ENTER] to close the MODE screen.
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The Base mode controls the displayed format
of integer results only.

Note: The Base mode affects output only. You
must always use the Oh or Ob prefix to enter a
hex or binary number.

Fractional and floating-point results are

always shown in decimal form.

Dividing When Base = HEX or BIN
When Base=HEX or BIN, a division result is
displayed in hexadecimal or binary form
only if the result is an integer.

To ensure that division always produces an
integer, use intDiv( ) instead of [=].

Number Bases

If Base mode = HEX:

=obiaiiod - obidl Ohza]
LRt | hFF|
= OhSAZC & Ahz1003

= OhASF + 0bloo1101181
OhCFC

= GhC45A + BheFDZ Bhi3420C

Ghc45a+ahefdZ
HAIN RAD AUTD FII FET]

Oh prefix in result
identifies the base.

If Base mode = HEX:

u BHFF 255
Gh2 z

BHFF
e 127.5

B intDiviBhFF , Bha} OhTF|

intOiuwihif, Oh2
HAIN FAD AITD FINC R

Press [¢] [ENTER] to

display the result in
APPROXIMATE form.

681



Size Limitations When Base = HEX or BIN

When Base=HEX or BIN, an integer result is stored internally as a signed, 32-bit binary
number, which uses the range (shown in hexadecimal and decimal):

OhFFFFFFFF ohl
1 Sl
| —H |
0h80000000 0ho Oh7FFFFFFF
-2,147,483,648 0 2,147,483,647

If a result’s magnitude is too large to be stored in a signed, 32-bit binary form, a
symmetric modulo operation brings the result into the range. Any number greater than
Oh7FFFFFFF is affected. For example, 0h80000000 through OhFFFFFFFF become
negative numbers.

Comparing or Manipulating Bits

The following operators and functions let you compare or manipulate bits in a binary
number. You can enter an integer in any number base. Your entries are converted to
binary automatically for the bitwise operation, and results are displayed according to the
Base mode.Boolean Operations

Operator with syntax Description

not integer Returns the one’s complement, where each bit
is flipped.

integer Returns the two’s complement, which is the

one’s complement + 1.
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Operator with syntax Description

integerl and integer2 In a bit-by-bit and comparison, the result is 1 if
both bits are 1; otherwise, the result is 0. The
returned value represents the bit results.

integerl or integer2 In a bit-by-bit or comparison, the result is 1 if
either bit is 1; the result is O only if both bits are
0. The returned value represents the bit results.

integerl xor integer2 In a bit-by-bit xor comparison, the result is 1 if
either bit (but not both) is 1; the result is O if both
bits are 0 or both bits are 1. The returned value

represents the bit results.

Note: You can select these operators from the MATH/Base menu. For an example using
each operator, refer to the Technical Reference module.

Suppose you enter:
0h7AC36 and Oh3D5F

Internally, the hexadecimal integers are
converted to a signed, 32-bit binary number.

Then corresponding bits are compared.

Number Bases

If Base mode = HEX:

= OhPACIE and Oh3IDSF
AhZC1E|

Oh7acit and ORZEASE
HAIN RAD AUTD FURL FRET]

If Base mode = BIN:

B ORPAC3S and OR3DSF
Chigiloaoaaiaile

Uhracie and OhZdSi
(] ki

AL ALTD FUNC 1730
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0Oh7AC36 = 0b00000000000001111010110000110110
and and
Oh3D5F 0b00000000000000000011110101011111
0b00000000000000000010110000010110 = 0h2C16

Leading zeros are not shown in the result.

Note: If you enter an integer that is too large to be stored in a signed, 32-bit binary form,
a symmetric modulo operation brings the value into the range.

The result is displayed according to the Base mode.

Rotating and Shifting Bits

Function with syntax Description

rotate(integer) If #ofRotations is:

—or— ) +  omitted — bits rotate once to the right
rotate(integer,#ofRotations) (default is -1).

¢ negative — bits rotate the specified
number of times to the right.

e positive — bits rotate the specified number
of times to the left.

In a right rotation, the rightmost bit rotates to
the leftmost bit; vice versa for a left rotation.
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Function with syntax

Description

shift(integer)
shift(integer,#ofShifts)

If #ofShifts is:
omitted — bits shift once to the right

(default is ~1).

negative — bits shift the specified number
of times to the right.

positive — bits shift the specified number

of times to the left.

In a right shift, the rightmost bit is dropped
and 0 or 1 is inserted to match the leftmost
bit. In a left shift, the leftmost bit is dropped
and 0 is inserted as the rightmost bit.

Suppose you enter:

shift(Oh7AC36)

If Base mode = HEX:

Internally, the hexadecimal integer is
converted to a signed, 32-bit binary number.

B shift(OhTACTEY Gh30ELE|
shift(@hFacIes
HAIN RAD AUTD FUNC 17E0

If Base mode = BIN:

B shift(OhFAC3E)
Gblililloioliooooiioll

Then the shift is applied to the binary number.

Number Bases
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Each bit shifts to the right.
7AC36 = O%OOOOOOOOOOOO1111010110000110110

Inserts O'if leftmost bit is 0, Dropped
or 1 if leftmost bit is 1

b00000000000000111101011000011011 = 0h3D61B

Leading zeros are not shown in the result.

The result is displayed according to the Base mode.

Note: If you enter an integer that is too large to be stored in a signed, 32-bit binary form,
a symmetric modulo operation brings the value into the range.
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Memory and Variable Management

Checking and Resetting Memory

The MEMORY screen shows the amount of memory (in bytes) used by all variables in
each data type, regardless of whether the variables are stored in RAM or the user data
archive. You can also use this screen to reset the memory.

Displaying the MEMORY Screen

Press [MEM]. (The numbers on your MEMORY screen may vary from those shown.)

=
M|
]
m4
i

—

im

3

o

-

FIR) wOnORIRI D@

Expr &l GOE

Lizt 20 Data

Matris 238 Oth 15:

Furction O History 187,

PrgmsHsi 269 Stfs 2r 12606

Ficture 2241 FlashApp 89431

String @  FArchive 21
13131
22345

RAM free
¢Enter=0K___»Flash ROM free 1

Prgm/Asn: Includes programs written for the TI-89 Titanium as well as any assembly-language
programs you have loaded.

History: Size of history pairs saved in the Home screen'’s history area.

FlashApp: Size of Flash applications.

RAM free: Free space in RAM.

Flash ROM free: Free space in Flash ROM.

Note: To display the size of individual variables and determine if they are in the user data
archive, use the VAR-LINK screen.

To close the screen, press [ENTER]. To reset the memory, use the following procedure.
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Resetting the Memory

From the MEMORY screen:

1. Press[F1].

2. Select the applicable item.

Item

Description

RAM

1:All RAM: Resetting RAM erases all data and
programs from RAM.

2:Default: Resets all system variables and modes to
their original factory settings. This does not affect any
user-defined variables, functions, or folders.

Flash ROM

1:Archive: Resetting Archive erases all data and
programs from Flash ROM.

2:Flash Apps: Resetting Flash Apps erases all Flash
applications from Flash ROM.

3:Both: Resetting both erases all data, programs, and
Flash applications from Flash ROM.

All Memory

Resetting will delete all data, programs, and Flash
applications from RAM and Flash ROM.

Important: To delete individual (instead of all) variables, use VAR-LINK.

3. When prompted for confirmation, press (ENTER].

The TI-89 Titanium displays a message when the reset is complete.

Note: To cancel the reset, press instead of (ENTER].
4. Press [ENTER] to acknowledge the message.
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Displaying the VAR-LINK Screen

The VAR-LINK screen lists the variables and folders that are currently defined. After
displaying the screen, you can manipulate the variables and/or folders.

Displaying the VAR-LINK Screen

Press [VAR-LINK]. By default, the VAR-LINK screen lists all user-defined variables in all

folders and with all data types.

YAE-LINK [A11]

@ Folder names (alphabetically listed)
® Shows installed Flash applications
© Size in bytes

O Data type

@ Variable names (alphabetically listed)

This... Indicates this...
> Collapsed folder view (to right of folder name).
v Expanded folder view (to right of folder name).
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This... Indicates this...

v You can scroll for more variables and/or folders (in bottom
left corner of screen).

Ve If selected with [F4].
Locked

- Archived

To scroll through the list:

e Press® or®. (Use @ or @ to scroll one page at a time.)

» Type a letter. If there are any variable names that start with that letter, the cursor
moves to highlight the first of those variable names.

Note: Type a letter repeatedly to cycle through the names that start with that letter.
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Variable Types as Listed on VAR-LINK

Type Description

ASM Assembly-language program
DATA Data

EXPR Expression (includes numeric values)
FUNC Function

GDB Graph database

LIST List

MAT Matrix

PIC Picture of a graph

PRGM Program

STR String

TEXT Text Editor session

Types not listed above are miscellaneous data types used by software applications.

Closing the VAR-LINK Screen

To close the VAR-LINK screen and return to the current application, use [ENTER] or as
described below.

Press: To:

ENTER Paste the highlighted variable or folder name to the cursor
location in the current application.
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Press: To:

ESC Return to the current application without pasting the
highlighted name.

Displaying Information about Variables on the
Home Screen

From the Home screen, you can display information about variables without opening the
VAR-LINK screen.

» To determine if a variable with a given name exists in the system table, Enter the
IsVar() function on the Home screen.

IsVar (var_name)

IsVar is a function, which requires you to
enclose the variable name in parentheses.

» To determine if a variable is archived, use the IsArchiv() function.
IsArchiv (var_name)
» To determine if a variable is locked, use the IsLocked() function.

IsLocked (var_name)

Manipulating Variables and Folders with VAR-LINK

On the VAR-LINK screen, you can show the contents of a variable. You can also select
one or more listed items and manipulate them by using the operations in this section.
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Showing the Contents of a Variable

You can show all variable types except ASM, DATA, GDB, and variables created by Flash
Apps. For example, you must open a DATA variable in the Data/Matrix Editor.

1. On VAR-LINK, move the cursor to highlight the variable.

2. Press: e

[Fe]

If you highlight a folder, the screen shows
the number of variables in that folder.

3. To return to VAR-LINK, press any key.

Note: You cannot edit the contents from this screen.

Selecting Items from the List

For other operations, select one or more variables and/or folders.

To select: Do this:

A single variable or Move the cursor to highlight the item, then press [F4].
folder

A group of variables  Highlight each item and press [F4]. A / is displayed

or folders to the left of each selected item. (If you select a
folder, all variables in that folder are selected.) Use
to select or deselect an item.
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To select: Do this:

All folders and all Press ( to expand the folder, then press [F5] All and
variables select 1:Select All.

Choosing 3:Select Current selects the last set of
items transmitted to your unit during the current
VAR-LINK session.

Choosing 4:Expand All or 5:Collapse All expands or
collapses your folders or Flash applications.

Note: Press either © or () to toggle between expanded or collapsed view when you
have a folder highlighted.

Folders and Variables

Folders give you a convenient way to manage variables by organizing them into related
groups.

The TI-89 Titanium has one built-in folder named MAIN. Unless you create other folders
and designate a user-created folder as the current folder, all variables are stored in the
MAIN folder by default. A system variable or a variable with a reserved name can be
stored in the MAIN folder only.

Example of variables that
can be stored in MAIN only

Window variables
(xmin, xmax, etc.)
Table setup variables
(TblStart, AThl, etc.)
Y= Editor functions

(y1(x), etc.)
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By creating additional folders, you can store independent sets of user-defined variables
(including user-defined functions). For example, you can create separate folders for
different T1-89 Titanium applications (Math, Text Editor, etc.) or classes. You can store a
user-defined variable in any existing folder.

The user-defined variables in one folder are independent of the variables in any other
folder. Therefore, folders can store separate sets of variables with the same names but
different values.

B N o I
MAIN
. isa 1| Variables | System yarlables
"2+b 2| -«——| User-defined
Bire K a=1, b=2, c=3
BT F) Dohe w32
I T f(X)=x3+x2+x
MAIN KRD AUTO FUNWC 430
ALG102
Name of current folder | User-defined
b=5, c=100

f(X)=sin(x)+cos(x)

DAVE
User-defined
— a=3, b=1, c=2
f(x)=x2+6

MATH
L | User-defined
a=42, c=6
f(x)=3x2+4x+25

You cannot create a folder within another folder.
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The system variables in the MAIN folder are always directly accessible, regardless of the
current folder.

Note: User-defined variables are stored in the “current folder” unless you specify
otherwise.

Creating a Folder from the VAR-LINK Screen

1. Press [VAR-LINK].

2. Press [F1] Manage and select {—crewTe N Lt ™
: [T E—
5:Create Folder. LW mJ

3. Type a unique folder name up to eight characters, and press twice.

After you create a new folder from VAR-LINK, that folder is not automatically set as the
current folder.

Creating a Folder from the Home Screen

Enter the NewFold command on the Home screen.

NewFold folderName

Folder name to create. This new folder is
set automatically as the current folder.
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Setting the Current Folder from the Home Screen

Enter the setFold function on the Home screen.

setFold (folderName)

setFold is a function, which requires you to
enclose the folder name in parentheses.

When you execute setFold, it returns the name of the folder that was previously set as
the current folder.

Setting the Current Folder from the MODE Dialog Box

1. Press [MODE].

Highlight the Current Folder setting. i HILE
Parslt 1] Parszt 2| PGF93\'= E

3. Press () to display a menu of existing
folders.

Weckor Format ..

T Fretty Print....

Note: To cancel the menu or exit the
dialog box without saving any changes,
press [ESC].

4. Select the applicable folder. Either:
« Highlight the folder name and press [ENTER].
—or—
» Press the corresponding number or letter for that folder.

5. Press to save your changes and close the dialog box.
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Renaming Variables or Folders

Remember, if you use to select a folder, the variables in that folder are selected

automatically. As necessary, use to deselect individual variables.

1. On VAR-LINK, select the variables and/or folders.
2. Press Manage and select 3:Rename.

3. Type a unique name, and press [ENTER i RENAFIE ™
thce Foldir: radin

Variable: picd
Tan

EntersOK 3 & ESCSCAMCEL 3

If you selected multiple items, you are
prompted to enter a new name for each
one.

Using Variables in Different Folders

You can access a user-defined variable or function that is not in the current folder.

Specify the complete pathname instead of only the variable name.
A pathname has the form:
folderName \ variableName

folderName \ functionName
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For example:

If Current Folder = MAIN Folders and Variables
"lra 1 MAIN
l><3+x2+><->i“(x) Done| a=1
42 3 mathea 42
B3 ® 4 o+ 25 5 mathn O f(X)=x3+x2+x

Done|
Sdn 2+ ddn+2Temathnf Oxd
MAIN KRD AUTO FUNC 430

” ” MATH

md.o g _

"4 matheas N a=42

" fLS) 155 f(x)=3x2+4x+25
= math~fUE) 120

math-f iS5y

MAIN EKAD AUTO FUMC L]

To see a list of existing folders and variables, press [VAR-LINK]. On the VAR-LINK
screen, you can highlight a variable and press to paste that variable name to the
open application's entry line. If you paste a variable name that is not in the current folder,
the pathname (folderName\variableName) is pasted.

Listing Only a Specified Folder and/or Variable Type, or Flash
application

If you have a lot of variables, folders, or Flash applications, it may be difficult to locate a

particular variable. By changing VAR-LINK’s view, you can specify the information you
want to see.
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From the VAR-LINK screen:

1. Press[F2] View.

2. Highlight the setting you want to change,
and press ®. This displays a menu of
valid choices. (To cancel a menu, press

[ESC).)

View — Allows you to choose variables,
Flash applications, or system variables to
view.

Note: To list system variables (window
variables, etc.), select 3:System.

Folder — Always lists 1:All and 2:main, but
lists other folders only if you have created
them.

Var Type — Lists the valid variable types.

| — indicates that you can scroll for
additional variable types.

3. Select the new setting.

{ WAR-LINK VIEH )

‘ Vg ..... WTREIAFAS

Foldgr ... main¥

Var Tere H113
CEnter=OE__3 £ EECSCAMCEL 1

{ WAR-LINK VIEH y

Faldir ... tFlazhHpp
‘

Vil ......

1:illariahles

VYar Tere
CEnter=OE__3 £ EECSCAMCEL 1

- WAE=LINE WEW h

Uit ... Wariables &
Folder .. EEIICTE

var Tvee [ 22 FEI0 |
%= Ent=r=0K EZ{=CAHCEL

WAR-LINK VIEW
Vigwi...... TEapr
List
Matrizx

Folder ...

War Teee

3t

4: X
StEunction
& Program

riRPicture
S4String

4. When you are back on the VAR-LINK VIEW screen, press [ENTER].

The VAR-LINK screen is updated to show only the specified folder, variable type, or Flash

application.
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Copying or Moving Variables from One Folder to Another

You must have at least one folder other than MAIN. You cannot use VAR-LINK to copy
variables within the same folder.

On VAR-LINK, select the variables.
2. Press Manage and select 2:Copy or 4:Move.

3. Select the destination folder. , Tory y

Folder: main
Wariable: Frllsmdaricl

Ta: class*

ESCECANEEL

4. Press [ENTER]. The copied or moved variables retain their original names.

Note: To copy a variable to a different name in the same folder, use (such as
al>a?) or the CopyVar command from the Home screen.

Locking or Unlocking Variables Folders, or Flash Applications

When a variable is locked, you cannot delete, rename, or store to it. However, you can
copy, move, or display its contents. When a folder is locked, you can manipulate the
variables in the folder (assuming the variables are not locked), but you cannot delete the
folder. When a Flash application is locked, you cannot delete it.

1. On VAR-LINK, select the variables, folders, or Flash application.
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2. Press Manage and select 6:Lock or 7:UnLock.

NVAR-LIME [R111

i indicates a locked variable or folder in (S R S L S A

RAM. -
f FUHC ¢
indi i i ich i 8 ol et 32
= indicates an archived variable, which is LBy 2] AT

locked automatically.

Deleting a Folder from the VAR-LINK Screen

When you delete a folder from the VAR-LINK screen, all of the variables in that folder are
also deleted. You cannot delete the MAIN folder.

1. Press [VAR-LINK].

2. Press [F4] to select the folder(s) to delete. T ]r;%m"; T
(The folder's variables become selected g e
automatically.) Tou EXFR 3

3. Press 1:Delete or [«].

fLopy

i Rename

45 fone

SiCreate Folder
flock

v Unloc ke

SlArchive Variable

4. Press [ENTER] to confirm the deletion of the TS
folder and all its variables. Betete’ mathcar
EEnksr=YES A £ ESC=MO a
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Deleting a Variable or a Folder from the Home Screen

Before deleting a folder from the Home screen, you must first delete all the variables
stored in that folder.

» To delete a variable, enter the Delvar command on the calculator Home screen.
Delvar varl [, var2] [, var3] ...

» To delete all variables of a specific type, enter the DelType command on the
calculator Home screen.

DelType var_type where var_type is the variable type.
Note: The DelType command deletes all variables of the specified type in all folders.

» To delete an empty folder, enter the DelFold command on the calculator Home
screen.

DelFold folderl [, folder2] [, folder3] ...
Note: You cannot delete the MAIN folder.

Pasting a Variable Name to an Application

Suppose you are typing an expression on the Home screen and can’t remember which
variable to use. You can display the VAR-LINK screen, select a variable from the list, and
paste that variable name directly onto the Home screen’s entry line.

Which Applications Can You Use?

From the following applications, you can paste a variable name to the current cursor
location.
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 Home screen, Y= Editor, Table Editor, or Data/Matrix Editor — The cursor must be
on the entry line.

e Text Editor, Window Editor, Numeric Solver, or Program Editor — The cursor can be
anywhere on the screen.

You can also paste a variable name to the current cursor location in many Flash
applications.

Procedure

Starting from an application listed above:

1. Position the cursor where you want to [sin(]
insert the variable name.

Press [VAR-LINK].

Highlight the applicable variable. g, R
Note: You can also highlight and paste .oh LIST 26

folder names.

4. Press [ENTER] to paste the variable name. [sin(al] |

Note: This pastes the variable’'s name,
not its contents. Use [RcL], instead of
[VAR-LINK], to recall a variable’s
contents.

5. Finish typing the expression. [sin(al)|
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If you paste a variable name that is not in the current folder, the variable’s pathname is
pasted.

[ sin(class\a2 |

Assuming that cLAss is not the current folder, this is
pasted if you highlight the a2 variable in cLAss.

Archiving and Unarchiving a Variable

To archive or unarchive one or more variables interactively, use the VAR-LINK screen.
You can also perform these operations from the Home screen or a program.

Why Would You Want to Archive a Variable?
The user data archive lets you:

»  Store data, programs, or any other variables to a safe location where they cannot be
edited or deleted inadvertently.

» Create additional free RAM by archiving variables. For example:

- You can archive variables that you need to access but do not need to edit or
change, or variables that you are not using currently but need to retain for future
use.

Note: You cannot archive variables with reserved names or system variables.

- If you acquire additional programs for your TI-89 Titanium, particularly if they are
large, you may need to create additional free RAM before you can install those
programs.
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Additional free RAM can improve performance times for certain types of calculations.

From the VAR-LINK Screen
To archive or unarchive:

Press [VAR-LINK] to display the VAR-LINK screen.

2. Select one or more variables, which can be in different folders. (You can select an
entire folder by selecting the folder name.)

Note: To select a single variable, highlight it. To select multiple variables, highlight
each variable and press V.

3. Press and select either:
8:Archive Variable
9:Unarchive Variable

SCopd
ZiRenane
42 Mowe
JiCreate Folder
floc

7iUnLock
SlHrchive Uariable

If you select 8:Archive Variable, the variables
are moved to the user data archive.

VRE-LINE [A11]
T

MALH - FUNC 37
. . 11 LIST 26
= = archived variables -w o B e

You can access an archived variable just as you would any locked variable. For all
purposes, an archived variable is still in its original folder; it is simply stored in the user
data archive instead of RAM.

Note: An archived variable is locked automatically. You can access the variable, but you
cannot edit or delete it.
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From the Home Screen or a Program
Use the Archive and Unarchiv commands:
Archive variablel, variable2, ...
Unarchiv variablel, variable2, ...

If a Garbage Collection Message Is Displayed

If you use the user data archive extensively, you may see a Garbage Collection
message. This occurs if you try to archive a variable when there is not enough free
archive memory. However, the TI-89 Titanium will attempt to rearrange the archived
variables to make additional room.

Responding to the Garbage Collection Message

When you see the message to the right: d HRENING )
N\!Irl'lnintS! Rbr\')_ut bo Jarbads
» To continue archiving, press [ENTER]. R TR

» To cancel, press [ESC].

After garbage collection, depending on how much additional space is freed, the variable
may or may not be archived. If not, you can unarchive some variables and try again.
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Why not Perform Garbage Collection Automatically, without a
Message?

The message:

» Lets you know why an archive will take longer than usual. It also alerts you that the
archive may fail if there is not enough memory.

e Can alert you when a program is caught in a loop that repetitively fills the user data
archive. Cancel the archive and investigate the reason.

Why Is Garbage Collection Necessary?

The user data archive is divided into sectors. When you first begin archiving, variables
are stored consecutively in sector 1. This continues to the end of the sector. If there is
not enough space left in the sector, the next variable is stored at the beginning of the
next sector. Typically, this leaves an empty block at the end of the previous sector.
Each variable that you archive is stored in the first empty block large enough to hold it.

Note: An archived variable is stored in a continuous block within a single sector; it
cannot cross a sector boundary.
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variable A Sector 1
variable B Empty
block
; L
variable D — variable C Sector 2
Depending on its >
size, variable D is > Sector 3

stored in one of
these locations.

This process continues to the end of the last sector. Depending on the size of individual
variables, the empty blocks may account for a significant amount of space.

Note: Garbage collection occurs when the variable you are archiving is larger than any
empty block.

How Unarchiving a Variable Affects the Process

When you unarchive a variable, it is copied to RAM but it is not actually deleted from
user data archive memory.
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Sector 1
variable A
After you unarchive
variables B and C, they Sector 2
continue to take up
space.
variable D
Sector 3

Unarchived variables are “marked for deletion,” meaning they will be deleted during the
next garbage collection.

If the MEMORY Screen Shows Enough Free Space

Even if the MEMORY screen shows enough free space to archive a variable, you may still
get a Garbage Collection message.

This TI-89 Titanium memory screen shows i T HEFTRT -
free space that will be available after all we g B
“marked for deletion” variables are deleted. padh TS W :

7
M BE7EY
Ficture 087 FlashAee  47izsg
Skrind Eed hi 1B74E

¥ ching
EfM Free 196348
Wrmn KOM fres PEEFE

When you unarchive a variable, the Flash
ROM free amount increases immediately, but
the space is not actually available until after
the next garbage collection.
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The Garbage Collection Process
The garbage collection process:

* Deletes unarchived variables from the user data archive.

» Rearranges the remaining variables into consecutive blocks.

variable A Sector 1

variable D

Sector 2

Memory Error When Accessing an Archived
Variable

An archived variable is treated the same as a locked variable. You can access the
variable, but you cannot edit or delete it. In some cases, however, you may get a Memory
Error when you try to access an archived variable.

What Causes the Memory Error?

The Memory Error message is displayed if there is not enough free RAM to access the
archived variable. This may cause you to ask, “If the variable is in the user data archive,
why does it matter how much RAM is available?” The answer is that the following
operations can be performed only if a variable is in RAM.
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* Opening a text variable in the Text Editor.

e Opening a data variable, list, or matrix in the Data/Matrix Editor.
e Opening a program or function in the Program Editor.

* Running a program or referring to a function.

Note: A temporary copy lets you open or execute an archived variable. However, you
cannot save any changes to the variable.

So that you don’t have to unarchive variables unnecessarily, the TI-89 Titanium performs
a “behind-the scenes” copy. For example, if you run a program that is in the user data
archive, the TI-89 Titanium:

1. Copies the program to RAM.
2. Runs the program.

3. Deletes the copy from RAM when the program is finished.
The error message is displayed if there is not enough free RAM for the temporary copy.

Note: Except for programs and functions, referring to an archived variable does not copy
it. If variable ab is archived, it is not copied if you perform 6*ab.

Correcting the Error
To free up enough RAM to access the variable:

1. Use the VAR-LINK screen ((2nd] [VAR-LINK]) to determine the size of the archived
variable that you want to access.

2. Use the MEMORY screen ([2nd) [MEM]) to check the RAM free size.
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3. Free up the needed amount of memory by:
e Deleting unnecessary variables from RAM.

e Archiving large variables or programs (moving them from RAM to the user data
archive).

Note: Typically, the RAM free size must be larger than the archived variable.

Memory and Variable Management 713



Connectivity

Connecting Two Units

The TI-89 Titanium comes with a cable that lets you connect two units. Once connected,
you can transmit information between two units. A USB unit-to-unit cable is included with
the TI-89 Titanium; use the calculator’'s USB port with this cable.

Note: The TI-89 Titanium features both a USB port and an I/O port, so you can connect
TI graphing calculators with either type of link port. However, using the I/O port requires
the 1/0 unit-to-unit cable (sold separately) or the USB Silver Edition cable (also sold
separately), which is used to connect to a computer.

Connecting before Sending or Receiving

Using firm pressure, insert one end of the cable into the link port of each unit. Either unit
can send or receive, depending on how you set them up from the VAR-LINK screen.

You can link a TI-89 Titanium or Voyage™ 200 to another TI-89 Titanium, Voyage™ 200,
TI-89, or TI-92 Plus.
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USB Port USB unit-to-unit cable
\ __USB Port

USB unit-to-unit
cable

Position so that the USB symbols face each other; then insert the connector.
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I/0O Port cable

1/O unit-to-unit

1/0 Port

OUQ
oUJg D
CJU@
ouUuc—o
0000
N\oocococococoo 8888
00000000005 555
DO0000000O

[ Jen]ww[ew [an] an] o Yon You F o | SRS O L0
Qo000 HooUJooao

A TI-89 Titanium and a Voyage™ 200 linked together
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I/O unit-to-unit
|/ I/O Port \ cable

1/0 Port

A TI-89 Titanium and a TI-89 linked together

Transmitting Variables, Flash Applications, and
Folders

Transmitting variables is a convenient way to share any variable listed on the VAR-LINK
screen — functions, programs, etc. You can also transmit Flash applications (Apps) and
folders.
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Setting Up the Units

Flash applications will transfer only between certain units. For example, you can transfer
an App from a TI-89 Titanium to another TI-89 Titanium, or from a TI-89 Titanium to a Tl-

89.

1. Connect two graphing calculators using
the appropriate cable.

2. On the sending unit, press [VAR-LINK]
to display the VAR-LINK screen.

3. Onthe sending unit, select the variables,
folders, or Flash applications you want to
send.

» To select a single variable, Flash
application, or folder, move the cursor
to highlight it and press [F4] to place a
checkmark (v) beside it.

- If on the default VAR-LINK screen,
this selects the folder and its
contents. Collapsed folders
become expanded when
selected.
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- If selecting a Flash App (from the
F7 tab), this selects the App
folder and its contents. A
checkmark appears beside the
folder, but not beside the
contents. Collapsed Flash App
folders do not automatically
become expanded.

e To select multiple variables, Flash
applications, or folders, highlight each
one and press [F4] to place a
checkmark (v) beside it. Use
again to deselect any that you do not
want to transmit.

e To select all variables, Flash
applications, or folders use
All 1:Select All.

4. On the receiving unit, press [VAR-LINK]
to display the VAR-LINK screen. (The
sending unit remains on the VAR-LINK
screen.)
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5. On both the receiving and the sending : et
unit, press [F3] Link to display the menu i :I

. 1
iRecelve
options. Sifend to TI-92
diSend 05

SiReceive 0%
Gi%end IO List

TYFE OF USE €314 + [ENTERI OF [E3C1

6. On the receiving unit, select 2:Receive.

The message VAR-LINK: WAITING TO
RECEIVE and the BUSY indicator are
displayed in the status line of the
receiving unit.

7. On the sending unit, select 1:Send
This starts the transmission.

During transmission, a progress bar is displayed in the status line of the receiving unit.
When transmission is complete, the VAR-LINK screen is updated on the receiving unit.

Note: Before transferring a purchased App, the receiving unit must have the appropriate

certificate, if required. A certificate is a file that is generated by TI. Free and concept
Apps do not require a certificate.

Rules for Transmitting Variables, Flash Applications, or Folders

Unlocked and unarchived variables that have the same name on both the sending and
receiving units will be overwritten from the sending unit.
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Locked variables that have the same name on both the sending and receiving units must
be unlocked on the receiving unit before they can be overwritten from the sending unit. If
archived variables have the same names on both the sending and receiving units, a
message asks you to confirm that you will allow the variables to be overwritten.

If you select: What happens:

Unlocked variable The variable is transmitted to the current folder and
it remains unlocked on the receiving unit.

Locked variable The variable is transmitted to the current folder and
it remains locked on the receiving unit.

Archived variable The variable is transmitted to the current folder and
it remains archived on the receiving unit.

Unlocked Flash If the receiving unit has the correct certification, the

application Flash application is transmitted. It remains
unlocked on the receiving unit.

Locked Flash If the receiving unit has the correct certification, the

application Flash application is transmitted. It remains locked

on the receiving unit.

Unlocked Folder The folder and its selected contents are
transmitted. The folder remains unlocked on the
receiving unit.

Locked Folder The folder and its selected contents are
transmitted. The folder becomes unlocked on the
receiving unit.
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Canceling a Transmission

From either the sending or receiving unit:

1. Press|[ON].

An error message is displayed.
2. Press or [ENTER].

ERROR

Link Eransmission

ESCSCHMCEL

Common Error and Notification Messages

Shown on: Message and Description:
Sending unit £ ERRIR =
Link transmissien
EELSLANCEL 7

This is displayed after several seconds if:

« Acable is not attached to the sending unit’s link port.

e Areceiving unit is not attached to the other end of

the cable.
e The receiving unit is not set up to receive.
Press or [ENTER] to cancel the transmission.
Note: The sending unit may not always display this

message. Instead, it may remain BUSY until you
cancel the transmission.
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Shown on:

Message and Description:

Sending unit

r EEROR =y

Unlicensed 05 or Flash
arplication

c Enter=0K AL ESCSCAMCEL o

The receiving unit does not have the correct
certification for the operating system (OS) or Flash
application being sent.

Receiving unit

i RECEIVE -
x1

Ouerwrite: WO*
Ml Mare: [0l
CEnter=OkK A  EZCSCAMCEL 3

New Name is active only if

The receiving unit has a variable with the same name
as the specified variable being sent.

»  To overwrite the existing variable, press [ENTER]. (By
default, Overwrite = YES.)

«  To store the variable to a different name, set
Overwrite = NO. In the New Name input box, type a
variable name that does not exist in the receiving
unit. Then press twice.

e To skip this variable and continue with the next one,
set Overwrite = SKIP and press [ENTER].

¢ To cancel the transmission, press [ESC].

you change Overwrite to NO.
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Shown on: Message and Description:

Receiving unit s ERRIE -

HMerary

Enter=E0TO ESCSCHMCEL

The receiving unit does not have enough memory for
what is being sent. Press or [ENTER] to cancel the
transmission.

Deleting Variables, Flash Applications, or Folders

1. Press [VAR-LINK] to display the VAR-LINK screen.
2. Select the variables, folders, or Flash applications to delete.

» To select a single variable, Flash application, or folder, move the cursor to
highlight it and press [F4] to place a checkmark (v') beside it.

- If on the default VAR-LINK screen, this selects the folder and its contents.
Collapsed folders become expanded when selected.

- If selecting a Flash App (from the F7 tab), this selects the App folder and its
contents. A checkmark appears beside the folder, but not beside the
contents. Collapsed Flash App folders do not automatically become
expanded.

Note: You cannot delete the Main folder.

» To select multiple variables, Flash applications, or folders highlight each one and
press [F4] to place a checkmark (v') beside it. Use again to deselect any that
you do not want to transmit.

» To select all variables, Flash applications, or folders use All 1:Select All.
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3. Press and choose 1:Delete.
Press [<]. A confirmation message appears.

4. Press [ENTER] to confirm the deletion.

Where to Get Flash Applications (Apps)

For up-to-date information about available Flash applications, check the Texas
Instruments Web site at education.ti.com.

Many Apps no longer require a certificate. If you try to transfer an App from one unit to
another and receive an Unlicensed OS or Flash application message, try downloading
the App again from the Texas Instruments Web site at education.ti.com.

You can download a Flash application and/or certificate from the Texas Instruments Web
site to a computer, and use a Tl Connectivity Cable USB to install the application or
certificate on your TI-89 Titanium.

For Flash App installation instructions, see education.ti.com/quides.

Transmitting Variables under Program Control

You can use a program containing GetCalc and SendCalc to transmit a variable from one
device to another.

SendCalc sends a variable to the link port, where a linked device can receive the variable.
The linked device must be on the Home screen or must execute GetCalc from a program.
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You can use optional parameters with the SendCalc or GetCalc command to specify
either the USB port or 1/0O port. (See Appendix A for details.) If you do not include these
parameters, the TI-89 Titanium communicates through the USB port.

The “Chat” Program

The following program uses GetCalc and SendCalc. The program sets up two loops that
let the linked devices take turns sending and receiving/displaying a variable named msg.
InputStr lets each user enter a message in the msg variable.
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:Chat(Q)
Prgm
:CIrl0o
:Disp "On first unit to send,”,”
enter 1;","On first to receive,"”
:InputStr " enter 0",msg
21 F msg=""0" Then

While true —

: GetCalc msg
° |: : Disp msg ©
: InputStr msg
e I::: SendCalc msg
EndWhile —
tElse
While true —
InputStr msg
° I: : SendCalc msg ®
I5) |: : GetCalc msg
: Disp msg
EndWhile —
EndIf
EndPrgm

Sets up this unit to receive and display the variable msg.
Then lets this user enter a message in msg and send it.
Loop executed by the unit that receives the first message.
Lets this user enter a message in msg and send it.

Then sets up this unit to receive and display msg.

Loop executed by the unit that sends the first message.
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To synchronize GetCalc and SendCalc, the loops are arranged so that the receiving unit executes
GetCalc while the sending unit is waiting for the user to enter a message.

Running the Program
This procedure assumes that:

» The two devices are linked with the connecting cable.
» The Chat program is loaded on both devices.

- Use each device’s Program Editor to enter the program.
- Enter the program on one device and then use VAR-LINK to transmit the program
variable to the other device.

To run the program on both devices:

On the Home screen of each device, enter chat().
When each device displays its initial prompt, respond as shown below.

On the: Type:
Device that will send the first 1 and press [ENTER].
message.

Device that will receive the first 0 and press [ENTER].
message.

3. Take turns typing a message and pressing to send the variable msg to the
other device.
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Stopping the Program

Because the Chat program sets up an infinite loop on both devices, press (on both
devices) to break the program. If you press to acknowledge the error message, the
program stops on the Program 1/O screen. Press or to return to the Home
screen.

Upgrading the Operating System (OS)

You can upgrade the OS on your TI-89 Titanium using your computer. You can also
transfer the OS from one unit to another identical model (for example, from a TI-89
Titanium to a TI-89 Titanium or from a Voyage™ 200 to a Voyage™ 200).

Installing OS software resets all device memory to the original factory settings. This
means that all user-defined variables (in both RAM and the user data archive), functions,
programs, lists, and folders (except the Main folder) will be deleted. It is possible that
Flash applications could also be deleted. You should use TI Connect software to back up
your data to your computer before installing a new OS on your calculator.

See the important information concerning batteries before performing an OS upgrade.

Important Operating System Download Information
New batteries should be installed before beginning an OS download.
If you are operating your TI-89 Titanium in a language other than English, you should

ensure that you have the most current localizer application installed when you upgrade
the OS software. If you do not have the most current localizer installed, prompts, error
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messages and status information related to new functionality in the OS may not display
correctly.

When in OS download mode, the Automatic Power Down™ (APD™) feature does not
function. If you leave your device in download mode for an extended time before you

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

If you accidentally interrupt the transfer before it is complete, you will need to reinstall the
OS. Again, remember to install new batteries before downloading.

Backing Up Your Unit Before an Operating System Installation
When you install an OS upgrade, the installation process:

e Deletes all user-defined variables (in both RAM and the user data archive),
functions, programs, and folders.

* Could delete all Flash applications.

» Resets all system variables and modes to their original factory settings. This is
equivalent to using the MEMORY screen to reset all memory.

To retain any existing variables or Flash applications, do the following before installing
the upgrade:

* Important: Install new batteries.

» Transmit the variables or Flash applications to another device.
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* Use a USB cable or Tl Connectivity Cable USB and Tl Connect™ software
(education.ti.com/downloadticonnect) to send the variables and/or Flash
applications to a computer.

Where to Get Operating System Upgrades

For up-to-date information about available OS upgrades, check the Texas Instruments
Web site at education.ti.com/downloadticonnect.

You can download an OS upgrade, Localizer or Flash application from the Texas
Instruments Web site to a computer, and use a USB computer cable to install the OS or
application on your TI-89 Titanium.

For complete information, refer to the instructions on the web.

Transferring the Operating System

OS software will transfer only from a TI-89 Titanium to a TI-89 Titanium, TI-89 to a TI-89,
from a Voyage™ 200 to a Voyage™ 200, or from a TI-92 Plus to a TI-92 Plus.

To transfer the Operating System (OS) from unit to unit:

1. Link two like units together, for example, a TI-89 Titanium to a TI-89 Titanium; or a
Voyage™ 200 to a Voyage™ 200.

2. On the receiving and the sending unit, press [VAR-LINK] to display the VAR-LINK
screen.

3. On the receiving and the sending unit, press Link to display the menu options.
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4. On the receiving unit, select 5:Receive OS.

A warning message displays. Press to halt the process, or press [ENTER] to
proceed. Pressing [ENTER], displays VAR-LINK: WAITING TO RECEIVE and BUSY in the
status line of the receiving unit.

5. On the sending unit, select 4:Send 0OS.

A warning message displays. Press to halt the process, or press to start
the transmission.

Important:

» For each receiving unit, remember to back up information as necessary and install
new batteries.

* Be sure both the sending and receiving units are in the VAR-LINK screen.

During the transfer, the receiving unit shows how the transfer is progressing. When the
transfer is complete:

e The sending unit returns to the VAR-LINK screen.

e The receiving unit returns to either the Apps desktop or the Home screen. You may
need to use [¢] [5] (lighten) or [¢] [+] (darken) to adjust the contrast.

Do Not Attempt to Cancel an Operating System Transfer
After the transfer starts, the receiving unit’s existing OS is effectively deleted. If you

interrupt the transfer before it is complete, the receiving unit will not operate properly.
You will then need to reinstall the OS upgrade.
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If You are Upgrading the Operating System on Multiple Units

To perform an OS upgrade on multiple units, download and install the OS into one unit
and then transfer the OS upgrade from one unit to another. This method is faster than
installing it on each unit via a computer. OS upgrades are released free of charge and
you do not need to obtain a certificate before you download or install them.

Error Messages

Most error messages are displayed on the sending unit. Depending on when the error
occurs during the transfer process, you may see an error message on the receiving unit.

Error Message Description
ERRIE The sending and receiving units are not
Link transmissien connected properly, or the receiving unit is not

TR set up to receive.

: ERROE = The certificate on the receiving unit is not valid for
UnTicenzed OF oF Flash the operating system (OS) or App on the sending
application unit. You must obtain and install a valid

| < Enter=ik__weEat=tanceL s | certificate.

If the App no longer requires a certificate, you
can download it again from the Texas
Instruments Web site at education.ti.com and
then install the App again on your calculator.

( ERKOR

An error occurred during the transfer. The current
{Si:!nuture error J OS in the receiving unit is corrupted. You must

reinstall the product software from a computer.
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Error Message Description

s ERRIE ~ Replace the batteries on the unit displaying this
Eatteries koo Tow For message.
sendind/Feckinind 05

Collecting and Transmitting ID Lists

The VAR-LINK screen 6:Send ID List menu option allows collection of electronic ID
numbers from individual TI-89 Titanium, TI-89, Voyage™ 200, or TI-92 Plus devices.

ID Lists and Group Certificates

The ID list feature provides a convenient way to collect device IDs for group purchase of
commercial applications. After the IDs are collected, transmit them to Texas Instruments
S0 a group certificate can be issued.

A group certificate allows distribution of purchased software to multiple TI-89 Titanium,
TI-89, Voyage™ 200, or TI-92 Plus units. The software can be loaded, deleted from, and
reloaded to the devices as often as needed for as long as the software remains listed in
the group certificate. You may add new ID numbers and/or new commercial applications
to a group certificate.

Collecting ID Lists

You can use one device to collect all of the IDs, or use several collection units and then
consolidate their ID lists onto one device.
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To send an ID number from one device to another, first connect two units by using a USB
unit-to-unit cable or 1/O unit-to-unit cable.

Step: On the:

Do this:

1.  Collecting unit
(Receiving unit)

Display the Home screen. Press:

2. Sending unit

a. Press [VAR-LINK] to display the VAR-LINK
screen.

b. Press Link and select 6:Send ID List.

The sending unit adds a copy of its unique ID
number to the collection unit’s ID list. The
sending unit always retains its own ID number,
which cannot be deleted from the device.

3.  Additional units

Repeat steps 1 and 2 until all the IDs are
collected onto one device.

Depending on available memory in the
collection device, it is possible to collect over
4,000 IDs.

Notes:

*  You cannot view the ID list on the sending or collecting units.
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» Eachtime an ID list is successfully sent from one device to another, the ID list is
automatically deleted from the sending unit.

« Ifan ID is collected from a device twice, the duplicate ID is automatically deleted
from the list.

Clearing the ID List

The ID list remains on the collection device after it is uploaded to the computer. You can
then use the collection device to upload the list to other computers.

To clear the ID list from the collection unit:

1. Press [VAR-LINK] to display the VAR-LINK screen.

2. Press Manage and select
A:Clear ID List.

i0elete
FCopy
tREename

Mo
Create Folder

oc
tnlock i
tArchive Uariable
=Unarch1ﬂe Llarjable
HNFPE 15T

=L lear

= e L0 = T N
!

Compatibility among the TI-89 Titanium,
Voyage™ 200, TI-89, and TI-92 Plus

In general, TI-89 Titanium, TI-89, Voyage™ 200, and TI-92 Plus data and programs are
compatible with each other, with a few exceptions.
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Most functions of the TI-89 Titanium are compatible with the TI-89, Voyage™ 200, and

TI1-92 Plus. The TI-89 Titanium and the TI-89 are similar, except that the TI-89 Titanium
has more memory (more room for Apps and user archive) and the TI-89 Titanium has a
USB port. The Voyage™ 200 is the same as the TI-92 Plus except it has more memory,
and thus more room for applications (Apps).

All data is compatible among the TI-89 Titanium, TI-89, Voyage™ 200, and TI-92 Plus,
but some programs written for one may not run or may not run the same on the other
because of differences in the device’s screen sizes and keyboards and the USB port on
the TI-89 Titanium.

Other incompatibilites can occur because of different version the operating system. To
download the latest version of the operating system, visit the Texas Instruments Web
site at education.ti.com/downloadticonnect.
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Link Transmission Table

To—= TI-89 Voyage™
From{ Titanium TI-89 200 TI-92 Plus
TI-89 (O Apps Variables Variables
Titanium Apps Variables
Variables
TI-89 Apps oS Variables Variables
Variables Apps
Variables
Voyage™  Variables Variables (OX Apps
200 Apps Variables
Variables
TI-92 Plus  Variables Variables Apps os
Variables Apps
Variables
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Activities
Analyzing the Pole-Corner Problem

A ten-foot-wide hallway meets a five-foot-wide hallway in the corner of a building. Find
the maximum length pole that can be moved around the corner without tilting the pole.

Maximum Length of Pole in Hallway

The maximum length of a pole c is the shortest line segment touching the interior corner
and opposite sides of the two hallways as shown in the diagram below.

Use proportional sides and the Pythagorean theorem to find the length ¢ with respect to

w. Then find the zeros of the first derivative of c(w). The minimum value of c(w) is the
maximum length of the pole.
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10,
a=w+5
TOA b =10a
: w
Wi
B 2
c )
\ 5
I \ Y
l b l

1. Define the expression for side a in terms
of w and store it in a(w).

Filz| Fir |Fir| F4=] FE [
Tools(A13ebra|Calc|0ther FrAmi0jCTcan Ue)

Note: When you want to define a
function, use multiple character names as
you build the definition. Fi T T—vTY

2. Define the expression for side b interms [ mre e e
of w and store it in b(w).

"lefine afwl=w+3 Done
18- alwy
u

m0efine biw) =

3. Define the expression for side c interms = e TE Fw
of w and store it in c(w). 18- aCu)
uw

= Oefine biwy=
Dzt

Enter: Define c(w)=+/(a(w)"2+b(w)"2)

= Define clw)= (a(w))z +(biuk
]

ate]
e CCWI=LCa w2y 32
HAIN FAD ALTD FINE 2]
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4. Use the zeros() function to compute the

zeros of the first derivative of c(w) to find
the minimum value of c(w).

Note: The maximum length of the pole is
the minimum value of c(w).

Compute the exact maximum length of
the pole.

Enter: ¢ (2nd] [ANS])

Compute the approximate maximum
length of the pole.

Result: Approximately 20.8097 feet.

Note: Use the auto-paste feature to copy
the result from step 4 to the entry line
inside the parentheses of ¢( ) and press

(+] (ENTER).

X = —biA/b2—4ac

2a
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Deriving the Quadratic Formula

This activity shows you how to derive the quadratic formula:
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Detailed information about using the functions in this example can be found in Symbolic
Manipulation.

Performing Computations to Derive the Quadratic Formula

Perform the following steps to derive the quadratic formula by completing the square of
the generalized quadratic equation.

1. Clear all one-character variables in the
current folder.

[Fe]
Choose 1:Clear a-z and press [ENTER] to
confirm.
2. On the Home screen, enter the ERER A
generalized quadratic equation:
ax?+bx+c=0.
"a-xf4boxtc=0
a-x2+b-x+c.=ﬂ
i L e ]
HMalN RAD AUTO FOL 1/30
3. Subtract ¢ from both sides of the e e il ]
. Tools|ATdcbrajCalc|Other |FramiDfClcan U
equation. rasErbcrens
(2nd] [ANS] (] [alpha] C Bt breresf
l[a-x2+b-x+c=8]—c
Note: This example uses the result of the |____ ax?vbox= g
last answer to perform computations on LiLTL] RRORUTD___FOL Er3l

the TI-89 Titanium. This feature reduces
keystroking and chances for error.
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Divide both sides of the equation by the
leading coefficient a.

Note: Continue to use the last answer
(@nd] [ANS]) as in step 3 in steps 4 through
9.

Use the expand() function to expand the
result of the last answer.

Complete the square by adding ((bla)i2)?
to both sides of the equation.

Factor the result using the factor()
function.

Multiply both sides of the equation by 4a®
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Fir F2x [F3~] Flr FE [
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b z
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9. Take the square root of both sides of the
equation with the constraint that a>0 and
b>0 and x>0.

10. Solve for x by subtracting b from both
sides and then dividing by 2a.

Note: This is only one of the two general
guadratic solutions due to the constraint
in step 9.

Exploring a Matrix

Fir F2x [F3~] Flr FE [
Tools)A13chbralCale 0ther|FramiDjClean Ue|

[ 4= ap
(2-a-x+b:|2= '[4-a-c—b2]

lJ(?-a-x+b]2= '[4-a-c.—b2'

2-a-x+b=.]b2—4-a-c.

wf130 1320 and brE and xxE
MAIN FAD AUTD FiIL /0

Fix| Fer JFi=| Fu=|] FE Far
Tools|f1debrajCalc|Other[Frami0fClean Ur|

lJ[2-a-x+b) ='[4-a--:—b »
2 axth= b2—4-a--:
a[zoax+b=lbZ-azc)-b

2= b2—4-a--:—b

ansili—h

MAIN RAD AUTO FOL ERED]

Fir F2x [F3~] Flr FE [
Tools)A13chbralCale 0ther|FramiDjClean Ue|

Z-ax=]bT-d-a-c-b

- 2-a-x=.Jb2—4-a-c—b

2-a
feZ-aac-n
- Z-a
anstli iRan
HAIN FAD AUTD FiIL 10750

This activity shows you how to perform several matrix operations.
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Exploring a 3x3 Matrix

Perform these steps to generate a random matrix, augment and find the identity matrix,
and then solve to find an invalid value of the inverse.

1. Onthe Home screen, use RandSeed to set ke oo el |
Tools|A13cbra|Calc|Other |Frami0)Clean Ur|

the random number generator seed to the . p.ruscen o hore
factory default, and then use randMat() to  [*randiat3. 22 &
create a random 3x3 matrix and store it in 4 20
-]
a. Fandfat(3, 377a
MAIN KRD AUTO FOL =30

2. Replace the [2,3] element of the matrix et e lertirae] |

with the variable x, and then use the . +al2,3] u
1 u tia, identital3 b

gugm_ent() function, to augment t_he 3x3 augnent(a, identitutn b
identity to a and store the result in b. 4 2 x B 10
v 8 8 0 o 1

augmentCa, identityCIaa+h
AR

ERD RUTO FOL LTED]

3. Use rref() to “row reduce” matrix b: WW

The result will have the identity matrix in T

1 -11 iz ]

the first three columns and a*-1inthe last | o 1 8 mrmrasm+?
three columns. 004 -

) ) rrefihl
Note: Use the cursor in the history areato [ BAORITD _ POL_ E750

scroll the result.
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4. Solve for the value of x that will cause the
inverse of the matrix to be invalid.

Enter:
solve(getDenom( [ANS] [1,4] )=0,x)

Result: x=-70/17

Note: Use the cursor in the history area to
scroll the result.

Exploring cos(x) = sin(x)

Tt‘m'li II'ISQDPCI Cu]c Iltner' PPSMID Cltdn UF|

m=plugl getDenom“B 1 0 =

oo 1=
% = - 7017

LDenom(ans(l) [1;4]) B;x)
FAD AUTO FOL

This activity uses two methods to find where cos(x) = sin(x) for the values of x between 0

and 3m.

Method 1: Graph Plot

Perform the following steps to observe where the graphs of the functions y1(x)=cos(x)

and y2(x)=sin(x) intersect.

1. Inthe Y= Editor, set yi(x)=cos(x) and
y2(x)=sin(x).

2. Inthe Window Editor, set xmin=0 and
Xxmax=3Tt.

3. Press[F2] and select A:ZoomFit.

Activities
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4. Find the intersection point of the two
functions.

Note: Press and select 5:intersection.
Respond to the screen prompts to select
the two curves, and the lower and upper
bounds for intersection A.

5. Note the x and y coordinates. (Repeat
steps 4 and 5 to find the other
intersections.)

Method 2: Symbolic Manipulation

Perform the following steps to solve the equation sin(x)=cos(x) with respect to x.

1. On the Home screen, enter solve(sin(x)=
cos(x),x).

The solution for x is where @n1 is any
integer.

2. Using the ceiling() and floor() functions,
find the ceiling and floor values for the
intersection points as shown.

Note: Move the cursor into the history
area to highlight the last answer. Press
to copy the result of the general
solution.

Activities
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HOE o rEdads o TATLA

FAIN EAD AUTO FUNC
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Fi-| Fir [Far| Fi=| FE | Fér
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i s T
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4

4.0y -3'n
1
= f‘loor[zer‘os[% -»

floor: 0l Nk,
HilN RAD AUTD FUNLC 2430
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3. Enter the general solution for x and apply [Flde s eie] |
the constraint for @n1 as shown.

Compare the result with Method 1.

Note: To get the with operator, press:

™

Finding Minimum Surface Area of a Parallelepiped

This activity shows you how to find the minimum surface area of a parallelepiped having
a constant volume V. Detailed information about the steps used in this example can be
found in Symbolic Manipulation and 3D Graphing.

Exploring a 3D Graph of the Surface Area of a Parallelepiped

Perform the following steps to define a function for the surface area of a parallelepiped,
draw a 3D graph, and use the Trace tool to find a point close to the minimum surface
area.

1. Onthe Home screen, define the function [ et ]
sa(x,y,v) for the surface area of a
parallelepiped.

) m0efine salx,d, W) =2y 4k
Enter: define sa(x,y,v)=2*x*y + 2v/x+2vly Dorel

L T e L I e iy |
HMAIN EAD EXACT FUNC i/30
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2. Select the 3D Graph mode. Then enter
the function for z1(x,y) as shown in this
example with volume v=300.

3. Set the Window variables to:
eye= [60,90,0]

x=  [0,15,15]
y=  [0,15,15]
z=  [260,300]

ncontour= [5]

4. Graph the function and use Trace to go to
the point close to the minimum value of
the surface area function.

PO
vzl=saix, g, ICH)
zg=

Z1ow, ur=sa, u, JOMY
HAIN FAD ALTO 0

Fir] Fir
[Tow1s[Z0 vl

eued=E0,
eued=a0,

Zroiin=
HMAIN EAD AUTO El1

Fir 2] F7:
To01s) e EFaph Fen

1

zoiZE9. 429
HEET .

HMAIN FRD AUTO K1)

Finding the Minimum Surface Area Analytically

Perform the following steps to solve the problem analytically on the Home screen.

1. Solve for x and y in terms of v.

Enter: solve(d(sa(x,y,v),x)=0 and
d(sa(x,y.v).y)=0.{x.y})

Activities
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2. Find the minimum surface area when the
value of v equals 300.

Enter: 300>v
Enter: sa(v”(1/3), v*(1/3),v)

Note: Press to obtain the exact
result in symbolic form. Press (¢] to
obtain the approximate result in decimal
form.

Running a Tutorial Script Using the Text Editor

This activity shows you how to use the Text Editor to run a tutorial script.

Running a Tutorial Script

Perform the following steps to write a script using the Text Editor, test each line, and

L A A A I
A0 308
173,103 )
» P
&@- 1@ 1/3,32/3

mzalu u

mealwl7F, W17 L) 2es.med

S5atwt (1,30, w (130,00

HalN KAD ALTO E] [T

observe the results in the history area on the Home screen.

1. Open the Text Editor, and createa ¢

HEH i

new variable named demo1. Tope et

Folder:  main®

variable: [ 1]

Enter=0E___ ¢ ESC=CAMCEL

Note: The command symbol C is accessed from the 1:Command toolbar menu.
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2. Type the following lines into the Text Editor.

: Compute the maximum value of f on the closed interval [a,b]
: assume that f is differentiable on [a,b]

: define f(x)=x"3-2x"2+x-7

1 1>a:3.22>b

 d(f(x),x)>df(x)

: zeros(df(x),x)

: f(ans(1))

- f({a,b})

: The largest number from the previous two commands is the
maximum value of the function. The smallest number is the
minimum value.

O0O0000

|’r1- Fi- '[53-]‘ i '[ FE ] ‘l
[To 75| Carmmand |Vicw|Execute|Find..
Cizeros(df (=i, =]

C: F(ans(l))

=The iargest nurber fron

the previous tuwo command
5 iz the maximum_value o
f the function. The smal
lest pumber is the minim
um walue.

HMAIN RRD ALTOD L)

3. Press and select 1:Script view t0 ShOW [T, T
the Text Editor and the Home screen on °°”$;‘%E[ AN T Y,
erva a

. . bl
a split-screen. Move the cursor to the first || :assune that  is differs
line in the Text Editor.

HMAIN EAD AUTO El1
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4. Press repeatedly to execute each line
in the script one at a time.

Note: Press and select 2:Clear split to

go back to a full-sized Text Editor screen.

5. To see the results of the script on a full-
sized screen, go to the Home screen.

Note: Press [auiT] twice to display the
Home screen.

Fir Far Fir| F4 FE
T o 15| Command|Yigw|Exe cut«fFind. .|

fntiable on Ta, bl
C:Define §0x=x"I-2u"2+x-T7]

Cifl+ai3.22%b

" Define Fixi=x® - 2% +xb
Diorie|

FAIN EAD AUTD FUNC

Fir Fr Fir| F4 F&
Tow 15| Command|View|Exe cutefFind. .|

i zeros ot Cxd,x
CiflansClrd
Cif(fa bl

HThe largest number from

"fLa b
£-7  8.869453

HMAIN EAD AUTD E1

Fi-1 Fa- [F3r[ F4=] FE Fa-
[Tow 15| A13cbralCale|0the k| PEIrIO)Clean Ur

(7000 » e Done
u reros{df(x), =) £1-3 12
RECLLAS 13D {% -?}

Bfi{a bl £-7  58.869453

Flla bl
HAIN

EAD AUTO K] 1830

Decomposing a Rational Function

This activity examines what happens when a rational function is decomposed into a

guotient and remainder. Detailed information about the steps used in this example can
be found in Basic Function Graphing and Symbolic Manipulation.
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Decomposing a Rational Function

To examine the decomposition of the rational function f(x)=(x3—10x2—x+50)/(x—2) ona

graph:

1. On the Home screen, enter the rational
function as shown below and store it in a
function f(x).

Enter: (x*3-10x"2-x+50)/(x—2)>f(x)
Note: Actual entries are displayed in
reverse type in the example screens.

2. Use the proper fraction function (propFrac)
to split the function into a quotient and
remainder.

3. Copy the last answer to the entry line.
Enter: 16/(x—2)+x"2-8*x-17

Note: Move the cursor into the history
area to highlight the last answer. Press
to copy it to the entry line.

4. Edit the last answer in the entry line. Store
the remainder to y1(x) and the quotient to
y2(x) as shown.

Enter: 16/(x—2)>y1(x): x*2-8%x-17>y2(x)

Activities
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5. Inthe Y= Editor, select the thick graphing
style for y2(x).

YUZCw I =w P —EBbe—17F
HAIN FAD AUT FINE

6. Add the original function f(x) to y3(x) and
select the square graphing style.

4=
e
S lmret iy

FHIN EKAD AUTO FUNC

7. Inthe Window Editor, set the window | ]
variables to: Smbh=is.

wscl=10,
umin=-100,

x= [710,15,10] dnag=1g0.
y= [7100,100,10]

®res=2.

FAIN EAD AUTD FUNC

8. Draw the graph.

Note: Be sure the Graph mode is set to
Function.
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Observe that the global behavior of the f(x) function is basically represented by the
guadratic quotient y2(x). The rational expression is basically a quadratic function as x
gets very large in both the positive and negative directions.

The lower graph is y3(x)=f(x) graphed e ool e |
separately using the line style.

[
FAIN EAD AUTO FUNC

Fie| Fee| F2 FY FE= | Fhe [F7oFii
Toe 1522 oro| TP 2| ReGr arhirakh{or awlPsn):<

[

FAIN EAD AUTD FUNC

Studying Statistics: Filtering Data by Categories

This activity provides a statistical study of the weights of high school students using
categories to filter the data.
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Filtering Data by Categories

Each student is placed into one of eight categories depending on the student’s sex and
academic year (freshman, sophomore, junior, or senior). The data (weight in pounds)
and respective categories are entered in the Data/Matrix Editor.

Table 1: Category vs. Description

Category (C2)

Academic Year and Sex

1

O~NO O~ WN

Freshman boys
Freshman girls
Sophomore boys
Sophomore girls

Junior boys
Junior girls

Senior boys
Senior girls

Table 2: C1 (weight of each student in pounds) vs. C2 (category)

C1 C2 C1 C2 C1 C2 C1 C2
110 1 115 3 130 5 145 7
125 1 135 3 145 5 160 7
105 1 110 3 140 5 165 7
120 1 130 3 145 5 170 7
140 1 150 3 165 5 190 7
85 2 90 4 100 6 110 8
80 2 95 4 105 6 115 8
90 2 85 4 115 6 125 8
80 2 100 4 110 6 120 8
95 2 95 4 120 6 125 8
Activities
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Perform the following steps to compare the weight of high school students to their year in

school.

1. Startthe Data/Matrix Editor, and create a
new Data variable named students.

2. Enter the data and categories from Table
2 into columns c1 and c2, respectively.

3. Openthe Plot Setup toolbar menu.

Note: Set up several box plots to
compare different subsets of the entire
data set.

4. Define the plot and filter parameters for
Plot 1 as shown in this screen.

Activities
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FAIN EAD AUTO FUNC
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5. Copy Plot 1 to Plot 2.

oy

rloooooo

FAIN EAD AUT Fl

6. Repeat step 5 and copy Plot 1 to Plot 3,
Plot 4, and Plot 5.

r T
HMAIN RAD AUTO FUNC

7. Press [F1], and modify the Include
Categories item for Plot 2 through Plot 5 to
the following:

gin students Flok 2 ]
Fox Flok ¥

Plot 2: {1,2} Includi Cal WS |
. -—Enttr':SM'E _ESC=CRAMCEL
(freshman boys, girls) T TS
Plot 3: {7,8}
(senior boys, girls)
Plot 4: {1,3,5,7}
(all boys)
Plot 5: {2,4,6,8} rria
(all girls)

<1
EZCECHMCEL
5

8. Inthe Y= Editor, deselect any functions

H “DATA:MAin kU dents
tha.t may be selected from a previous il
activity. MARER IR
\/P'IIQ 1: MIH el CicE
i
Note: Only Plot 1 through Plot 5 should be | 3=
Selected . HHIN EAD RUTO FUNC
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9. Display the plots by pressing [F2] and e b o e
selecting 9:Zoomdata.

FAIN EAD AUTO FUNC

10. Use the Trace tool to compare the median
student weights for different subsets.

@ median, all students
@ all students

© all freshmen [y i e
O all seniors

@ all boys

0 all girls

CBL 2™ Program for the TI-89 Titanium

This activity provides a program that can be used when the TI-89 Titanium is connected
to a Calculator-Based Laboratory™ (CBL 2™) unit. This program works with the
“Newton’s Law of Cooling” experiment. You can use your computer keyboard to type
lengthy text and then use Tl Connect™ software to send it to the calculator. More

CBL 2™ programs are available from the Tl Web site at educaton.ti.com.

Program Instruction Description

:cooltemp() Program name

:Prgm

:Local i Declare local variable; exists only at
run time.
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Program Instruction

Description

:setMode("Graph","FUNCTION")

Set up the TI-89 Titanium for function
graphing.

:PlotsOff Turn off any previous plots.

:FnOff Turn off any previous functions.

:ClrDraw Clear any items previously drawn on
graph screens.

:ClrGraph Clear any previous graphs.

:CIrlO Clear the TI-89 Titanium Program 10

(input/output) screen.

-10>xmin:99>xmax:10>xscl

Set up the Window variables.

:-20>ymin:100>ymax:10>yscl

{0}>data Create and/or clear a list named data.

{0}>time Create and/or clear a list named time.

:Send{1,0} Send a command to clear the CBL 2™
unit.

:Send{1,2,1} Set up Chan. 2 of the CBL 2™ to

AutolD to record temp.

:Disp "Press ENTER to start"

Prompt the user to press [ENTER].

:Disp "graphingTemperature.”

:Pause

Wait until the user is ready to start.

‘PtText "TEMP(C)",2,99

Label the y axis of the graph.

‘PtText "T(S)",80,-5

Label the x axis of the graph.

Activities



Program Instruction Description

:Send{3,1,-1,0} Send the Trigger command to the
CBL 2™; collect data in real-time.

:Fori,1,99 Repeat next two instructions for 99
temperature readings.

:Get datali] Get a temperature from the CBL 2™
and store it in a list.

:PtOn i,datali] Plot the temperature data on a graph.

:EndFor

:seq(i,i,1,99,1)>time Create a list to represent time or data
sample number.

:NewPlot 1,1,time,data,,,,4 Plot time and data using NewPlot and
the Trace tool.

:DispG Display the graph.

:PtText "TEMP(C)",2,99 Re-label the axes.

‘PtText "T(S)",80,-5

:EndPrgm Stop the program.

You can also use the Calculator-Based Ranger™ system (CBR™) to explore the
mathematical and scientific relationships between distance, velocity, acceleration, and
time using data collected from activities you perform.

Studying the Flight of a Hit Baseball

This activity uses the split screen settings to show a parametric graph and a table at the
same time to study the flight of a hit baseball.
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Setting Up a Parametric Graph and Table

Perform the following steps to study the flight of a hit baseball that has an initial velocity
of 95 feet per second and an initial angle of 32 degrees.

1.

Set the modes for Page 1 as shown in this
screen.

Set the modes for Page 2 as shown in this
screen.

In the Y= Editor on the left side, enter the
equation for the distance of the ball at
time t for xt1(t).

xt1(t)=95*t*cos(32°)

Note: Press [°] to obtain the degree
symbol.

In the Y= Editor, enter the equation for
the height of the ball at time t for yti(t).

ytl(t)="16*t" 2+95*t*sin(32°)
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Set the Window variables to:

t values= [0,4,1]
x values= [0,300,50]
y values= [0,100,10]

Switch to the right side and display the
graph.

Note: Press [E==].

Display the TABLE SETUP dialog box, and
change tbiStart to 0 and Atbl to 0.1.

Note: Press [¢][TBLSET].

Display the table in the left side and press
@ to highlight t=2.

Note: Press [¢] [TABLE].

Switch to the right side. Press [F3], and
trace the graph to show the values of xc
and yc when tc=2.

Note: As you move the trace cursor from
tc=0.0 to tc=3.1, you will see the position of
the ball at time tc.
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Optional Exercise

Assuming the same initial velocity of 95 feet per second, find the angle that the ball

should be hit to achieve the greatest distance.

Visualizing Complex Zeros of a Cubic Polynomial

This activity describes graphing the complex zeros of a cubic polynomial.

Visualizing Complex Roots

Perform the following steps to expand the cubic polynomial (x-1)(x—i)(x+i), find the
absolute value of the function, graph the modulus surface, and use the Trace tool to

explore the modulus surface.

1. On the Home screen, use the expand()
function to expand the cubic expression
(x—1)(x—i)(x+i) and see the first polynomial.

2. Copy and paste the last answer to the
entry line and store it in the function f(x).

Note: Move the cursor into the history
area to highlight the last answer and
press [ENTER], to copy it to the entry line.
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3. Use the abs() function to find the
absolute value of f(x+yi).

(This calculation may take about 2
minutes.)

Note: The absolute value of a function
forces any roots to visually just touch
rather than cross the x axis. Likewise, the
absolute value of a function of two
variables will force any roots to visually
just touch the xy plane.

4. Copy and paste the last answer to the
entry line and store it in the function
z1(x,y).

Note: The graph of z1(x,y) will be the
modulus surface.

5. Setthe unit to 3D graph mode, turn on the
axes for graph format, and set the
Window variables to:

eye= [20,70,0]

x=  [-2,2,20]
y= [-2,2,20]
z= [-1,2]

ncontour= [5]

Activities

R e L ) Dot

"fix+ -1l

Jx6—2-x5+3-x4-[92+ 1]—’

abs(f Gotgi 2 )
HAIN AN ATD FIIRLC ETE]

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

Ll EETE T ¥
Jx5—2-x5+3-x4-[92+ 1]—.

-Jx6—2-x5+3-x4-[g2+ 1]—’
Dokl

R S AN G LS BNk S L IE
HAIN RAD AUTO FUNC [TED)

Fiz| Fir
Toals|2eom)

eued=Z0,
ege¢fEEl.

HMAR=Z,

=arid=20,

gmin=-2.
Max=2,

el
ggrigv_120.

HalW EAD AUTO 0
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6. Inthe Y=Editor, press:

(]

and set the Graph Format variables to:
Axes= ON

Labels= ON

Style=  HIDDEN SURFACE

Note: Calculating and drawing the graph
takes about three minutes.

7. Graph the modulus surface.

The 3D graph is used to visually display a
picture of the roots where the surface
touches the xy plane.

8. Use the Trace tool to explore the function
values at x=1 and y=0.

9. Use the Trace tool to explore the function
values at x=0 and y=1.

Activities

[ GRAPH FORMATS y

Coordinates RECT
As!

CERERF=SAYE 2 £ ESCECANCEL 3

HMAIN RAD ALTO 20

:1. ot
AN FAD ALTD ]

ot Ha ucil.
HAIN RAD AUTO ]
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10. Use the Trace tool to explore the function  [Frerere—r e e
values at x=0 and y=-1. 1

Summary

Note that zc is zero for each of the function values in steps 7-9. Thus, the complex zeros

1,-i, i of the polynomial x3-x%+x~-1 can be visualized with the three points where the
graph of the modulus surface touches the xy plane.

Solving a Standard Annuity Problem

This activity can be used to find the interest rate, starting principal, number of
compounding periods, and future value of an annuity.
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Finding the Interest Rate of an Annuity

Perform the following steps to find the interest rate (i) of an annuity where the starting
principal (p) is 1,000, number of compounding periods (n) is 6, and the future value (s) is

2,000.

1. Onthe Home screen, enter the equation
to solve for p.

2. Enter the equation to solve for n.

3. Enter the equation to solve for i using the
with operator.

solve(s=p*(1+i)*n,i) | s=2000 and p=1000
and n=6

Result: The interest rate is 12.246%.
Note:
e To enter the “with” (| ) operator: (1]

e Press[e¢] to obtain a floating-
point result.

Activities

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

Isolue[s=P-(1 + i)n,P]
Feli+1) "y

soluelsspkii+ii~n,px
HAIN RAD AUTO FUNEC FYET]

Fiz|™ Fx [Fiw| Fur | FE F=
To o ls|f134bra|Cale(Oth sk (FrIral0|CTean UF|

p=li+1) M=

= solue[s =p(1+i)7, n]

=
1n|— <
L T il
solvels=p#Ci+id n,nd
HAIN FAD ALTO FINC =750

Fir| Fex JF2«] Flir | FE [
Tools|i13¢bralCale(Okher (FramlDfCTcan Ur|
T F 1L T IJ 711

lnE
S T )

lsolue[s =p(1+i)7, i]|s=’
i=-2.122462 or i=.1224p

s
atd P *0

=200 and p=1000 and n=6

FRIN EAD #UTO FUNC T
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Finding the Future Value of an Annuity

Find the future value of an annuity using the values from the previous example where
the interest rate is 14%.

Enter the equatlon to solve for s. A A LA o
Trll + 17 3
. . wzolue(zs=pi1+1)7,i)|= =}
solve(s=p*(1+i)*n,s) | i=.14 and p=1000 and n=6 i f;gslggzs(g ;:Ji =1_]1|2524,
lsolue[s=P-(1 + i)n,s]|i=’
. . = = 2194.97
Result: The future value at 14% interest is ~1=.19 and F=1000 ard et
HMAlN EKAD AUTO FUNC 430

2,194.97.

Computing the Time-Value-of-Money

This activity creates a function that can be used to find the cost of financing an item.
Detailed information about the steps used in this example can be found in the electronic
chapter Programming, which is available from the Tl Web site at education.ti.com and on
the CD in this package.

Time-Value-of- Money Function
In the Program Editor, define the following Time-Value-of-Money (tvm) function where

templ = number of payments, temp2 = annual interest rate, temp3 = present value, temp4
= monthly payment, temp5 = future value, and temp6 = begin- or end-of-payment period
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(1 = beginning of month, 0 = end of month).

tvm(templ,temp2,temp3,temp4,temp5,temp6)

:Func

:Local tempi,tempfunc,tempstrl

-temp3+(1+temp2/1200 temp6) temp4 ((1-(1+temp2/1200)"
(-temp1))/(temp2/1200))-temp5 (1+temp2/1200)*(-templ)
>tempfunc

:For tempi,1,5,1

"temp"&exact(string(tempi))>tempstrl

:If when(#tempstr1=0,false,false,true) Then

If tempi=2

:Return approx(nsolve(tempfunc=0,#tempstrl) | #tempstr1>0 and
#tempstrl<100)

:Return approx(nsolve(tempfunc=0,#tempstrl))

:EndIf

:EndFor

:Return "parameter error”

:EndFunc

Note: You can use your computer keyboard to type lengthy text and then use
TI Connect™ software to send it to the TI-89 Titanium.

Activities
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Finding the Monthly Payment

Find the monthly payment on 10,000 if you make 48 payments at 10% interest per year.

Qn the Home screen, enter the tvm values to el o el et |
find pmt.

Result: The monthly payment is 251.53. " tun(43. 10, 18000, pnt 0. 1)

tum(42, 10, 10000, prt, 0,1
HAIN AD AUTD FUNC 1770

Finding the Number of Payments

Find the number of payments it will take to pay off the loan if you could make a 300
payment each month.

On the Home screen, enter the tvm values to e o el ]
find n.

Result: The number of payments is 38.8308. | tuncn, 13, 1060, 300, 0. 13

tum(n, 10, 10EE60, A0, 0, 13
HaIH KAl ATO FIRE FRED)

Finding Rational, Real, and Complex Factors

This activity shows how to find rational, real, or complex factors of expressions. Detailed
information about the steps used in this example can be found in Symbolic Manipulation.
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Finding Factors

Enter the expressions shown below on the Home screen.

1. factor(x*3-5x) [ENTER] displays a rational

result.

2. factor(x~3+5x) [ENTER] displays a rational

result.

3. factor(x*3-5x,x) [ENTER] displays a real

result.

4. cfactor(x"3+5x,x) [ENTER] displays a complex

result.

Activities

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

L] {‘actor[x3 -5 x:l

3 -[x2 - 5]
factor{x"3-Sx)

HMAlN RAD AUTO FUNC 1230

Fiz|™ Fx [Fiw| Fur | FE F=
To o ls|f134bra|Cale(Oth sk (FrIral0|CTean UF|

= f‘ac.t.or‘[xs +o x]

x-[><2 + 5]

factor (™ 3+5x0

HalW EAD AUTO FUNC 1430

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

= f‘ac.t.or‘[xs =9x, x]

e[+ B[ - [5)

factor (=35, )

FRIN EAD AUTO FUNC 17E0

Fiz|™ Fx [Fiw| Fur | FE F=
To o ls)f134bra|Cale(0th sk [FrIral0fCTsan UF

L] c,Fac,t,or*Exs +5-x, x]

solw+ [5-i) [+ =[5 i

cfactor (e I+T, w0

HMAlN EAD AUTO FUNC 1230
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Simulation of Sampling without Replacement

This activity simulates drawing different colored balls from an urn without replacing them.
Detailed information about the steps used in this example can be found in the electronic

chapter Programming.

Sampling-without- Replacement Function

In the Program Editor, define drawball() as a function that can be called with two
parameters. The first parameter is a list where each element is the number of balls of a
certain color. The second parameter is the number of balls to select. This function
returns a list where each element is the number of balls of each color that were selected.

:drawball(urnlist,drawnum)
:Func
:Local templist,drawlist,colordim,
numballs,i,pick,urncum,
:If drawnum>sum(urnlist)
‘Return “too few balls”
:dim(urnlist)>colordim
:urnlist>templist
:newlist(colordim)>drawlist
:For i,1,drawnum,1
:sum(templist)>numballs
:rand(numballs)>pick
(continued in next column)

Activities

:For j,1,colordim,1
:cumSum(templist)>urncum
:If pick < urncum([j] Then
:drawlist[j]+1>drawlist[j]
:templist[j]-1>templist[j]
:Exit

:EndIf

:EndFor

:EndFor

:Return drawlist
:EndFunc
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Sampling without Replacement

Suppose an urn contains n1 balls of a color, n2 balls of a second color, n3 balls of a third
color, etc. Simulate drawing balls without replacing them.

1. Enter a random seed using the RandSeed [Tl ik smman] |
command.

B RandSesd 1147 Dokl

randseed 1147
HHIN RAD AUTD FUNEC FYET]

2. Assuming the urn contains 10 red balls e ko] ]
and 25 white balls, simulate picking 5
balls at random from the urn without
replacement. Enter drawball({10,25},5). = drauballccio 253,5)

Result: 2 red balls and 3 white balls. S T e

Using Vectors to Determine Velocity

A small fishing boat leaves from the south bank of the Allegheny River and heads at an
80° angle with an engine speed of 20 knots. However, the eastward force of the current
carries the boat along so it actually travels at a 60° angle with the shore.

How fast is the current, and how fast does the boat actually travel?
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— amph

Eastward
Traveling
Current Boat
B
Intended Actual Path

Path

river bank

1. Setthe modes for Page 1 as shown in this
screen. (Show angles in degrees and
display all digits with a floating decimal
point.)

Press: @ @ @. On the Angle option,
select 2:DEGREE. On the Display Digits
option, select E:FLOAT.

2. Setthe modes for Page 2 as shown in this
screen. (Display answers in decimal
form.)

Press: [F2l©® @. On the
Exact/Approx option, select
3:APPROXIMATE.

Activities

Fuctor Format.. 2 | SYGRAD |
Fretey Frint

Entsr=cAll ESCECHMCEL
AIN EAD AUTO FUNC 0E

HODE

Fi [ Fz | F2
Fadg 1|Fade Z|Fads 3|
K [

AIN DEG #UTO FUNE 03
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3. Enter vectors describing the initial path of
the boat, water current, and resultant path
of the boat.

Store these vectors as i, ¢, and r. Use the
value a for the unknown speed of the
current. Use the value b for the speed of
the boat.

Enter:
[20,80°]>i
[a,0°]>c
[b,60°]>r

Vectors are commonly written in either polar
or rectangular form, so it is useful to convert
polar vectors into rectangular form.

4. Define function p2r.

Enter: Define p2r(x)=[x[1,1]*cos(x[1,2]),
x[1,1]*sin(x[1,2])]

Activities

Fir| Fex JFi«] Fur | FE [
Tools|13¢bra|Calc(Other [FrImi0jCTean Up)

mL2E B0 ]+ [2O. 80.]
=la O%]=c [a 0.]
Bl g ]+r [b &0.]
[b, B0 ]+

AR =L Al bt —
HMAlN DEGAFFRON FUNC 2430

Fiz|™ Fx [Fiw| Fur | FE F=
To o ls|f134bra|Cale(Oth sk (FrIral0|CTean UF|

= Define p2r(x) =[x[1, 1] cok

Domel
wa2 1wl 1 rsintxIl, 2121
HATN DEGAFFRON __ FUNC 1750
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When converted to rectangular form, the sum

of vectors i and c equals the resultant vector r.

5. Using function p2r, convert vectors i, c,
and r to rectangular form.

Enter:

p2r(i)>i

p2r(c)>c

p2r(r)>r
Because the vectors are equal, the x-
coordinate of i+c must equal the x-coordinate
of the resultant vector r. Likewise, the y-

coordinate of i+c must equal the y-coordinate
of resultant vector r.

6. Setuptwo equations involving vectors i+c
andr.

e Equation 1 sets the x-coordinates
equal to each other.

e Equation 2 sets the y-coordinates
equal.

Store these equations into eql and eq2,
respectively. Enter:

i[1,1]+c[1,1]=r[1,1]>eql
i[1,2]+c[1,2]=r[1,2]>eq2

Activities

Fir| Fex JFi«] Fur | FE [
Tools|13¢bra|Calc(Other [FrImi0jCTean Up)

Wp2r{i)+ i
[3.47296350334 19,695155p
= E2R(o) o [a2 ©.]

"p2Zr(rl +r
[.0'b .SEE02540378d k]

T
HAIR TEG AFFROY __ FUNL ETET]

Fi-| Fe- JF2-] Fi~| FE [
Tools|f13¢brajCale(Othcr (FrIrl0fCTean UF|

®ill,1]1+c[l,1]=r[1,1]+p
a+ 3.47296300334 = .0 by
mill,2]+c[1,2]=r[1,2]+ )
196961350602 = L BEE0254 0k

i1, 21+cl1,21=r[1,2]¢eq2

HalW DEGHFFRDN FUNC 230
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7. Solve eq2 for b to calculate the actual
speed of the boat.

19.6961550602 = . BEROZS40)

= solveleqZ, bl
b =22, 7431602521

= =olveleyl, ) | b= 22, 74516k

solve(eq2,b)

8. Substitute the known value of b into eq1,
and solve eql for a to determine a, the
speed of the eastward traveling current.

solve(eql,a) | b

The boat travels at a speed of 22.7 knots, and
the water current is approximately 7.9 knots.
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Appendix A:

Categorical Listing of Operations

Quick-Find Locator
Alphabetical Listing of Operations

instructions specific to those Apps.

— Name of the function or instruction.

Key or menu for entering the name.
|— You can also type the name.

Circle CATALOG
—Circle x, y, r[, drawMode)

This section describes the syntax and action of each TI-89 Titanium function and instruction that is included in
the operating system (0S). See modules relating to calculator software applications (Apps) for functions and

’, Example

Arguments are shown in italics. instruction.
L— Arguments in [ ] brackets are
optional. Do not type the brackets.

Syntax line shows the order and the type of
L arguments that you supply. Be sure to separate
multiple arguments with a comma (,).

L Explanation of the function or

|

Appendix A: Categorical Listing of Operations
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Quick-Find Locator

This section lists the TI-89 Titanium functions and
instructions in functional groups along with the page
numbers where they are described.

Algebra | ("with") 907  cFactor() 789  comDenom() 792
cSolve() 796 cZeros 801 expand() 814
factor() 816 getDenom() 822 getNum() 823
nSolve() 844 propFrac() 851 randPoly() 857
solve() 873 tCollect() 883 tExpand() 883
zeros() 890

Calculus J() (integrate) 902  TI() (product) 903 () (sum) 903
arcLen() 786 avgRC() 787 d() 802
deSolve() 805  fMax() 818  fMin() 818
limit() 830 nDeriv() 840 nint() 842
* (prime) 905 seq() 864 taylor() 882

Graphics AndPic 785  BldData 788  Circle 790
ClrDraw 790 ClrGraph 791 CyclePic 800
DrawFunc 809 Drawinv 809 DrawParm 810
DrawPol 810 DrawsSlp 810 DrwCtour 811
FnOff 818 FnOn 818 Graph 825
Line 831 LineHorz 831 LineTan 832
LineVert 832 NewPic 841 PtChg 851
Ptoff 851 PtOn 852 ptTest() 852
PtText 852 PxIChg 852 PxICrcl 852
PxIHorz 852 PxILine 853 PxIOff 853
PxIOn 853 pxITest() 853 PxIText 853
PxIVert 854 RclGDB 857 RclPic 857
RplcPic 861 Shade 868 StoGDB 877
StoPic 878 Style 878  Trace 885
XorPic 889 ZoomBox 891 ZoombData 892
ZoomDec 892 ZoomFit 893 Zoomin 893
Zoomint 893 ZoomOut 894 ZoomPrev 894
ZoomRcl 894  ZoomSqr 894  ZoomStd 895
ZoomSto 895 ZoomTrig 895

Lists + (add) 896 - (subtract) 896  * (multiply) 897
/ (divide) 897 - (negate) 899 A (power) 898
augment() 786 crossP() 795 cumSum() 799
dim() 808 dotP() 809 exprlist() 814
left() 830 Alist() 833 lisbmat() 833
mabtlist() 837 max() 837 mid() 838
min() 839 newlist() 841 polyEval() 849
product() 850 right() 859 rotate() 860
shift() 89  SortA 876  SortD 876
sum() 879

780 Appendix A: Functions and Instructions



Math + (add) 896 - (subtract) 896  * (multiply) 897
/ (divide) 897 - (negate) 899 % (percent) 900
! (factorial) 902 V() (sqr. root) 903 A (power) 898
° (degree) 904 £ (angle) 905 ° " 905
_ (underscore) 905 » (convert) 906 10~() 906
0b, Oh 908 »Bin 787 »Cylind 800
»DD 803 »Dec 803 »DMS 809
»Hex 826 »Polar 849 »Rect 858
»Sphere 876 abs() 784  and 784
angle() 785 approx() 786 ceiling() 788
conj() 792 cos 793 cos() 794
cosh() 79 cosh-1() 79 cot() 795
cot() 795 coth() 795 coth-() 795
csc() 79 csc() 79 csch() 79
cosh-1() 796 E 811 er() 811
exact() 813  floor() 817  fPart() 820
ged() 820 imag() 827  int() 828
intDiv() 828 iPart() 829 isPrime() 829
lem() 830 In() 833 log() 835
max() 837 min() 839 mod() 839
nCr() 840 nPr() 843 PPRx() 846
PPRy() 846 r (radian) 904 RrPO() 856
RVPr() 856 real() 857 remain() 858
rotate() 860 round() 860 sec() 862
sec() 862 sech() 862 sech-1() 863
shift() 869 sign() 870 sin() 871
sin-1() 871 sinh() 872 sinh-1() 872
tan() 881 tan-1() 881 tanh() 881
tanh-1() 882 tmpCnv() 884 AtmpCnv() 885
x! 906

Matrices + (add) 896 - (subtract) 896  * (multiply) 897
/ (divide) 897 - (negate) 899 .+ (dot add) 898
.- (dot subt.) 899 . (dot mult.) 899 ./ (dot divide) 899
A (dot power) 899 A (power) 898 augment() 786
colDim() 791 colNorm() 791 crossP() 795
cumSum() 799 det() 807 diag() 807
dim() 808 dotP() 809 eigVc() 812
eigVI() 812 Fill 817 identity() 826
listbmat() 833 LU 836 mabtlist() 837
max() 837 mean() 837 median() 837
min() 839 mRow() 839 mRowAdd() 839
newMat() 841 norm() 843 product() 850
QR 854 randMat() 856 ref() 858
rowAdd() 861 rowDim() 861 rowNorm() 861
rowSwap() 861 rref() 862 simult() 870
stdDev() 877 subMat() 879 sum() 879
T 880 unitVv() 887 variance() 887
x-1 906
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Programming = 90 = 900 < 901
< 901 > 901 > 901
# (indirection) 904 > (store) 908 @ (comment) 908
and 784 ans() 786  Archive 786
checkTmr() 789 ClockOff 790 ClockOn 790
ClrErr 790 CIrGraph 791 ClrHome 791
Cirio 791 CirTable 791 CopyVar 793
CustmOff 799 CustmOn 799  Custom 800
Cycle 800 dayOofwk() 803 Define 804
DelFold 804 DelVar 805 Dialog 807
Disp 808 DispG 808 DispHome 808
DispTbl 809 DropDown 810 Else 812
Elself 812 EndCustm 812 EndDlog 813
EndFor 813 EndFunc 813 EndIf 813
EndLoop 813 EndPrgm 813 EndTBar 813
EndTry 813 EndWhile 813 entry() 813
Exec 814 Exit 814 For 819
format() 819 Func 820 Get 820
GetCalc 821 getConfg() 821 getDate() 822
getDtFmt() 822 getDtStr() 822 getFold() 822
getKey() 823 getMode() 823 getTime() 823
getTmFmt() 823 getTmStr() 824 getTmzn() 824
getType() 824 getUnits() 825 Goto 825
If 826 Input 827 InputStr 828
isClkOn() 829 Item 829 Lbl 829
left() 830 Local 834 Lock 834
Loop 836 MoveVar 839 NewFold 841
NewProb 842 not 843 or 845
Output 845 part() 846 PassErr 848
Pause 848 PopUp 850 Prgm 850
Prompt 851 Rename 859 Request 859
Return 859 right() 859 Send 863
SendCalc 863 SendChat 863 setDate() 864
setDtFmt() 864 setFold() 864  setGraph() 864
setMode() 865 setTable() 866  setTime() 866
setTmFmt() 867 setTmZn() 867 startTmr() 877
setUnits() 867 Stop 878  Style 878
switch() 879 Table 880 Text 883
Then 883 timeCnv() 883 Title 884
Toolbar 885 Try 886 Unarchiv 886
Unlock 887 when() 887 While 888
xor 889
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Statistics ! (factorial) 902  BldData 788  CubicReg 799
cumSum() 799 ExpReg 816 LinReg 832
LnReg 834 Logistic 835 mean() 837
median() 837 MedMed 838 nCr() 840
NewData 840 NewPlot 842 nPr() 843
OneVar 844 PlotsOff 849 PlotsOn 849
PowerReg 850 QuadReg 855 QuartReg 855
rand() 856 randNorm() 856 RandSeed 857
ShowsStat 870 SinReg 873 SortA 876
SortD 876 stdDev() 877 TwoVar 886
variance() 887

Strings & (append) 902 # (indirection) 904 char() 789
dim() 808 expr() 815 format() 819
inString() 828 left() 830 mid() 838
ord() 845 right() 859 rotate() 860
shift() 869 string() 878
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Alphabetical Listing of Operations

Operations whose names are not alphabetic (such as +, !, and >) are listed at the
end of this appendix. Unless otherwise specified, all examples in this section were
performed in the default reset mode, and all variables are assumed to be
undefined. Additionally, due to formatting restraints, approximate results are
truncated at three decimal places (3.14159265359 is shown as 3.141...).

abs()

MATH/Number menu

abs(expressionl) =  expression
abs(/ist) = list
abs(matrix?) = matrix

Returns the absolute value of the argument.

If the argument is a complex number, returns the
number’s modulus.

Note: All undefined variables are treated as real
variables.

abs({n/2,-n/3}) [ENTER {% %}
abs(2-3/7) [ENTER \/ﬁ
abs(z) |z]

\xZ4y?

abs (x+y/#) [ENTER

and MATH/Test and MATH/Base menus

Boolean expression! and expression? =  Boolean x=3 and x=4 x>4

expression _

Boolean list and /ist? =  Boolean list {x23,x<0} and {x24,x<"2} _

Boolean matrix! and matrix2 = Boolean (xz4 x<-2}

matrix

Returns true or false or a simplified form of the
original entry.

integer! and integer? => integer In Hex base mode:
Compares two real integers bit-by-bit using an 0h7AC36 and Oh3D5F 0h2C16
and operation. Internally, both integers are . tant: Z L the letter O
converted to signed, 32-bit binary numbers. mportant: zero, not the letter ©.
When corresponding bits are compared, the . )
result is 1 if both bits are 1; otherwise, the result 1N Bin base mode:
is 0. The returned value represents the bit results, [ENTER)
and is displayed according to the Base mode. 00100101 and 0b100 [ENTER]  0b100
You can enter the integers in any number base. In Dec base mode:
For a binary or hexadecimal entry, you must use ’
the Ob or Oh prefix, respectively. Without a prefix, 37 and 0b100 4
integers are treated as decimal (base 10).
If you enter a decimal integer that is too large for  Note: A binary entry can have up to 32 digits
a signed, 32-bit binary form, a symmetric modulo (ot counting the Ob prefix). A hexadecimal
operation is used to bring the value into the entry can have up to 8 digits.
appropriate range.
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AndPic  CATALOG
AndPic picVar, row, column]

Displays the Graph screen and logically “ANDS"
the picture stored in picVarand the current graph
screen at pixel coordinates (row, column).

picVarmust be a picture type.

Default coordinates are (0,0), which is the upper
left corner of the screen.

In function graphing mode and Y= Editor:

yl(x) = cos(x) ®

® ([nd[Fe] Style = 3:Square

[Fe) Style = 3:Square
[F2) Zoom = 7:ZoomTrig
[F{]= 2:Save Copy As...

Type = Picture, Variable =
PIC1

s N . M e Y
ot | s
y2(x) = sin(x)
[2nd)[F6] Style = 3:Square
[Fg) Style = 3:Square

yl = no checkmark (F4 t
deselect)
[F2) Zoom = 7:ZoomTrig

0

L ¥ Y
St N
[*J[CALC HOME]
AndPic PICI [ENTER Done
+ + +
+ + + +
angle() MATH/Complex menu
angle(expression]) = expression In Degree angle mode:
Returns the angle of expressiont, interpreting angle(0+2/) 90
expression] as a complex number. .
In Radian angle mode:
Note: All undefined variables are treated as real .
variables. angle(1l+/) n
angle(z) [ENTER
angle(x+ fy) [ENTER
" anglelz) 7-1.(5192(23_1)
®angleCx+ i)
nosigniyl 3
)
angle(/ist) = list In Radian angle mode:
angle(matrix]) = matrix R i
angle({1+24,3+0/,0-47}) [ENTER
Returns a list or matrix of angles of the elements - - -
P P . anale({l+2-i 3I+0-i Cp
in /ist7 or matrix1, interpreting each element as a A -r
complex number that represents a two- {? Ctanillezm o T}
dimensional rectangular coordinate point.
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ans() [anS] key

ans() = vale
ans(intege) = value

To use ans() to generate the Fibonacci
sequence on the Home screen, press:

Returns a previous answer from the Home screen 1 1
history area. 1 1
integer, if included, specifies which previous [ans) (s © =] 2 §
answer to recall. Valid range for integeris from 1
to 99 and cannot be an expression. Default is 1, ENTER 5
the most recent answer.
approx() MATH/Algebra menu
approx (expression) = value approx(m) 3.141..
Returns the evaluation of expression as a decimal
value, when possible, regardless of the current
Exact/Approx mode.
This is equivalent to entering expression and
pressing [¢] on the Home screen.
approx(/ist) = list approx({sin(n),cos(x)}) [ENTER]
approx(matrixl) = matrix (0. -1.}
Returns a list or matrix where each elementhas  approx([v(2),v(3)1)
been evaluated to a decimal value, when
\ [1.414.. 1.732..]
possible.
Archive cATALOG
Archive varl [, var2| [, var3 ... 10>arctest 10
- . Archi [ENTER] D
Moves the specified variables from RAM to the 5;C ! ie :rcte st [ENTER) 028
user data archive memory. arctes
15>arctest
You can access an archived variable the same as e
you would a variable in RAM. However, you f ]
cannot delete, rename, or store to an archived Uariable s Tackeds protected: o
variable because it is locked automatically.
To unarchive variables, use Unarchiv.
ESC
Unarchiv arctest Done
15>arctest 15
arcLen() MATH/Calculus menu
arcLen(expression],var,start,end) = expression arcLen(cos(x),x,0,n) 3.820...
Returns the arc length of expression? from startto arcLen(f(x),x,a,b)
end with respect to variable var. b
Regardless of the graphing mode, arc length is d 2
calculated as an integral assuming a function G (FOO2H dx
mode definition. a
arcLen(/ist],var startend) = list arclen({sin(x),cos(x)},x,0,m)
Returns a list of the arc lengths of each element (3.820.. 3.820..)
of /ist7 from startto end'with respect to var.
augment() MATH/Matrix menu
augment(/ist], list) = list augment({1,-3,2},{5,4}) [ENTER
{1 325 4)

Returns a new list that is /isz2 appended to the
end of /st7.

786
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augment(matrix], matrix2) = matrix
augment(matrixl; matrix2) = matrix

avgRC()

Returns a new matrix that is matrix2 appended to
matrix1. When the “," character is used, the
matrices must have equal row dimensions, and
matrix2 is appended to matrix as new columns.
When the “;" character is used, the matrices
must have equal column dimensions, and matrix2
is appended to matrix7 as new rows. Does not
alter matrix1 or matrix2.

CATALOG

avgRC (expression], var[, A) = expression

Returns the forward-difference quotient (average
rate of change).

expression] can be a user-defined function name
(see Func).

his the step value. If Ais omitted, it defaults to
0.001

Note that the similar function nDeriv() uses the
central-difference quotient.

[1,2;3,4]>M1 [ENTER) [% i]
[5:6]>H2 B [l

125
augment (M1,M2) ENTER) [3 4 ¢d
[5,61>M2 [ENTER) [5 6]

augment (M1;M2) [ENTER)

avgRC(f(x),x,h) [ENTER)
foh) - F00
h

avgRC(sin(x),x,h) |x=2 [ENTER)
sin(h+2) - sin(2)
h

avgRC(x"2-x+2,x) [ENTER
2.+(x-.4995)

avgRC(xA2-x+2,x,.1) [ENTER

2.-(x-.45)
avgRC(XA2-x+2,xX,3) 2+ (x+1)
»Bin MATH/Base menu
integer] »Bin = integer 256 »Bin 0b100000000
Converts /nteger? to a binary number. Binary or Oh1F»Bin 0b11111
hexadecimal numbers always have a 0b or Oh
prefix, respectively.
FZero, not the letter O, followed by b or h.
0b binaryNumber
Oh hexadecimalNumber
A binary number can have up to
32 digits. A hexadecimal number
can have up to 8.
Without a prefix, integer? is treated as decimal
(base 10). The result is displayed in binary,
regardless of the Base mode.
If you enter a decimal integer that is too large for
a signed, 32-bit binary form, a symmetric modulo
operation is used to bring the value into the
appropriate range.
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BldData CcATALOG

BldData [dataVar In function graphing mode and Radian angle
) mode:
Creates data variable dazaVarbased on the
information used to plot the current graph. 8xsin(x)>yl(x) Done
BldData is valid in all graphing modes. 2%sin(x)>y2(x) Done

If dataVaris omitted, the data is stored in the Zoomstd

system variable sysData.

Note: The first time you start the Data/Matrix
Editor after using BldData, datalaror sysData
(depending on the argument you used with
BldData) is set as the current data variable.

v |

The incremental values used for any independent
variables (x in the example to the right) are
calculated according to the Window variable
values.

Done
For information about the increments used to
evaluate a graph, refer to the module that "
describes that graphing mode. 3
1 1,088
2 792
I . L 47363
4 [5.496[.56rE9]. 14192
3D graphing mode has two independent Note: The following sample data is from a
variables. In the sample data to the right, notice 3D graph.
that x remains constant as y increments through T
its range of values. 22
. . . 1 o,
Then, x increments to its next value and y again z ERERTE]
increments through its range. This pattern 3 5. I7OE
continues until x has incremented through its 4 28677
range.
ceiling() MATH/Number menu
ceiling(expressionl) = integer ceiling(0.456) 1.
Returns the nearest integer that is > the
argument.
The argument can be a real or a complex number.
Note: See also floor().
ceiling(/ist) = list ceiling({-3.1,1,2.5}) [ENTER]
ceiling(matrix) = matrix {-3.13.}
Returns a list or matrix of the ceiling of each ceiling([0,-3.2/:1.3,41)
element. 0 -3..5
b, 4 1
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cFactor() MATH/Algebra/Complex menu

char()

cFactor(expression|[, vai) = expression
cFactor(/ist/l,val) = list
cFactor(matrix/[,vai) = matrix

cFactor(exp 7) returns exp, 7 factored
with respect to all of its variables over a common
denominator.

expression? is factored as much as possible
toward linear rational factors even if this
introduces new non-real numbers. This
alternative is appropriate if you want
factorization with respect to more than one
variable.

cFactor(ar3*x"2+a*x"2+a*3+a)
ENTER
as(a+ "Ne(a+ Ne(x+-N-(x+1)

cFactor(x*2+4/9)
(3:x+"2:0)+(3:x+2-1)

9
cFactor(x"2+3) [ENTER] X2 +3
cFactor(x*2+a) [ENTER) X2 +a

cFactor(expression], var) returns expression?
factored with respect to variable var.

expression? is factored as much as possible
toward factors that are linear in var, with perhaps
non-real constants, even if it introduces irrational
constants or subexpressions that are irrational in
other variables.

The factors and their terms are sorted with varas
the main variable. Similar powers of varare
collected in each factor. Include varif
factorization is needed with respect to only that
variable and you are willing to accept irrational
expressions in any other variables to increase
factorization with respect to var. There might be
some incidental factoring with respect to other
variables.

For the AUTO setting of the Exact/Approx mode,
including varalso permits approximation with
floating-point coefficients where irrational
coefficients cannot be explicitly expressed
concisely in terms of the built-in functions. Even
when there is only one variable, including var
might yield more complete factorization.

Note: See also factor().

MATH/String menu

char(integer) = character

Returns a character string containing the
character numbered integer from the

TI-89 Titanium/Voyage™ 200 character set. See
Appendix B for a complete listing of character
codes. The valid range for integeris 0-255.

checkTmr() cATALOG

checkTmr(starttime) = integer

Returns an integer representing the number of
seconds that have elapsed since a timer was
started. starttime is an integer returned from the
startTmr() function.

You can also use a list or matrix of starztime
integers. Valid szarttime integers must fall
between 0 and the current time of the clock. You
can run multiple timers simultaneously.

Note: See also startTmr() and timeCnv().

cFactor(a”r3*x"2+a*x*2+a*3+a,x)
ENTER
as(a2+1)e(x+-QN-(x+h

cFactor(x”2+3,x) [ENTER
(X+3e e(x+ 3 17)

cFactor(x*2+a,x) [ENTER
(x++as-Ne(x+va+h

cFactor(x"5+4x*4+5x*3-6x-3)
ENTER
x5+ 4.x4+5+x3-6-x-3
cFactor(ans(1),x) [ENTER
(x=-.965)(x+.612)-(x+2.13)-
(x+1.11-1.07-D-
(x+1.11+1.07-hH

char(38) [ENTER) "y
char(65) (ENTER) "A"

startTmr() 148083315
checkTmr(148083315) 34
startTmr()>Timerl

:startTmr( )>Timer2
:checkTmr(Timerl)->T1'mer1Va1 ue

EheckTmr(TimerZ)->T1'mer2Va1 ue
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Circle CATALOG
Circle x, y, r[, drawMode] In a ZoomSgqr viewing window:

Draws a circle with its center at window ZoomSqr:Circle 1,2,3
coordinates (x, §) and with a radius of .

x . and rmust be real values. j

If drawMode =1, draws the circle (default).
If drawMode = 0, turns off the circle.
If drawMode = -1, inverts pixels along the circle.

Note: Regraphing erases all drawn items. See
also PxICrel.
ClockOff catALOG
Clockoff

Turns the clock OFF.

ClockOn cATALOG
ClockOn

Turns the clock ON.

ClrDraw CATALOG

ClrDraw

Clears the Graph screen and resets the Smart
Graph feature so that the next time the Graph
screen is displayed, the graph will be redrawn.

While viewing the Graph screen, you can clear all
drawn items (such as lines and points) by
pressing [F4] (ReGraph) or pressing:

[Fe]

and selecting 1:ClrDraw.

CirErr CATALOG
CIrErr Program listing:

Clears the error status. It sets errornumtozero ;. clearerr()
and clears the internal error context variables. :Prgm

The Else clause of the Try...EndTry in the :PlotsOff:FnOff:ZoomStd

program should use CIrErr or PassErr. If the :For 1,0,238
error is to be processed or ignored, use ClrErr. If ~ :AX* i+xmin>xcord
what to do with the error is not known, use : Try
PassErr to send it to the next error handler. If ¢ PtOn xcord,In(xcord)
there are no more pending Try...EndTry error : Else
handlers, the error dialog box will be displayedas : 1f errornum=800 or
normal. errornum=260 Then
Note: See also PassErr and Try. E?lgE” @clear the error
PassErr @ pass on any other
error
EndIf
EndTry
:EndFor
:EndPrgm

790 Appendix A: Functions and Instructions



ClrGraph cATALOG
ClrGraph

Clears any functions or expressions that were
graphed with the Graph command or were
created with the Table command. (See Graph or
Table.)

Any previously selected Y= functions will be
graphed the next time that the graph is
displayed.

ClrHome cATALOG

CirHome

Clears all items stored in the entry() and ans()
Home screen history area. Does not clear the
current entry line.

While viewing the Home screen, you can clear the
history area by pressing [F1] and selecting 8:Clear
Home.

For functions such as solve() that return
arbitrary constants or integers (@1, @2, etc.),
ClrHome resets the suffix to 1.

Cirio CATALOG
cirio
Clears the Program 1/0 screen.
CirTable cATALOG
ClrTable

Clears all table values. Applies only to the ASK
setting on the Table Setup dialog box.

While viewing the Table screen in Ask mode, you
can clear the values by pressing [F1] and selecting
8:Clear Table.

colDim() MATH/Matrix/Dimensions menu

colDim(matriX) = expression colDim([0,1,2;3,4,5]) [ENTER) 3
Returns the number of columns contained in
matrix.

Note: See also rowDim().

colNorm() MATH/Matrix/Norms menu

colNorm(matri) = expression [1,-2,3;4,5,-6]>mat
Returns the maximum of the sums of the [i 52 R g]
absolute values of the elements in the columns in
i colNorm(mat) [ENTER 9

Note: Undefined matrix elements are not
allowed. See also rowNorm().
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combDenom() MATH/Algebra menu

comDenom (expressioni,val) = expression
comDenom((/isti[,val) = list
comDenom(matrix![,val) = matrix

comDenom( (y*2+y)/(x+1)"2+yr2+y)
ENTER

conj()

 canDehon) ﬁ + g2 +uy
comDenom(expression?) returns a reduced ratio of [+ 1)2
a fully expanded numerator over a fully expanded T -y
»

denominator.

comDenom(expression,vai) returns a reduced
ratio of numerator and denominator expanded with
respect to var. The terms and their factors are
sorted with varas the main variable. Similar powers
of varare collected. There might be some incidental
factoring of the collected coefficients. Compared to
omitting var, this often saves time, memory, and
screen space, while making the expression more
comprehensible. It also makes subsequent
operations on the result faster and less likely to
exhaust memory.

If vardoes not occur in expressionf,
comDenom(expressiont, va) returns a reduced
ratio of an unexpanded numerator over an
unexpanded denominator. Such results usually save
even more time, memory, and screen space. Such

partially factored results also make subsequent u comden LI -

operations on the result much faster and much less (x+1)%

likely to exhaust memory. [xZrzxrz)uquel)
Dot 102

Even when there is no denominator, the comden
function is often a fast way to achieve partial
factorization if factor() is too slow or if it exhausts
memory.

Hint: Enter this comden() function definition and
routinely try it as an alternative to combDenom()
and factor().

MATH/Complex menu

conj(expression]) = expression
conj(/isth = list
conj(matrix7) = matrix

Returns the complex conjugate of the argument.

Note: All undefined variables are treated as real
variables.

x2+2-x+1'

comDenom( (y~2+y)/(x+1)
N2+yn2+y,X)

24
U—‘52+g2+g”
[+ 1)

w2y (g 1)+ 2o [y + 1)
x2+2-><+1

L} comDenom[

comDenom( (y”2+y)/(x+1)
r2+y"2+y,y) [ENTER

‘=|2+H
[+ 1)2
92'(X2+2'X+2J+g-[x2+:.
e+ Zox

L] comDenom[ +ug b

comDenom(exprn,abc)>comden
(exprn) [ENTER Done
comden( (yr2+y)/(x+1)*2+yr2+y)
ENTER

comden(1234x22% (y”3-y)+2468x
*(yr2-1))
1234« x+ (x=y+2)+(y2-1)

conj (1+2/) [ENTER) 1-2+7

conj([2,1-374;-/,-7]) [ENTER]
|:2 1+3-1]
i -7
conj(z) z

conj (x+fy)

792
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CopyVar CATALOG

CopyVar varl, var? x+y>a X+y
) - >
Copies the contents of variable var7 to var2. If varz éo XV b D 10
does not exist, CopyVar creates it. opyvar a, one
' a>c y+10
Note: CopyVar is similar to the store instruction DelVar x Done
(>) when you are copying an expression, list, b X+y
matrix, or character string except that no c y+10
simplification takes place when using CopyVar.
You must use CopyVar with non-algebraic
variable types such as Pic and GDB variables.
cos() [cos] key key
cos(expression]) = expression In Degree angle mode:
cos(/isth) = list v2
r -_—
cos(expressionT) returns the cosine of the cos((x/4)1) 2
argument as an expression. 7
cos(/ist7) returns a list of the cosines of all cos(45) o
elements in /ist7.
Note: The argument is interpreted as either a cos({0,60,90}) {1 172 0}

degree or radian angle, according to the current
angle mode setting. You can use © or ' to
override the angle mode temporarily.

In Radian angle mode:

cos(m/4) [ENTER

cos (45°) [ENTER]

Nlt‘ Nlt‘

x) = sq ) In Radian angle mode:

cos(sq

Returns the matrix cosine of squareMatrix1. Thisis  cos([1,5,3:;4,2,1;6,-2,11)
notthe same as calculating the cosine of each
element. |:.212... .205.. .121. ]

When a scalar function f(A) operates on éig —Zggg gig
squareMatrix7 (A), the result is calculated by the ’ ’ e
algorithm:

1. Compute the eigenvalues (A;) and
eigenvectors (V) of A.

squareMatrix] must be diagonalizable. Also, it
cannot have symbolic variables that have not
been assigned a value.

2. Form the matrices:
MO0 ... 0
0A..0
B=o o o |andX=NV ... V)
00 ... A
3. Then A = X B X-1and f(A) = X f(B) X-1. For

example, cos(A) = X cos(B) X-1where:

cos (B) =

All computations are performed using floating-
point arithmetic.
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cos-1()

[ [cos] key [cos] key

cos-! (expressionl) = expression
cos 1 (listl) = list

cos-1 (expression7) returns the angle whose cosine
is expressiont as an expression.

cos-1 (/ist7) returns a list of the inverse cosines of
each element of /isz7.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode setting.

In Degree angle mode:
cos (1) [ENTER 0
In Radian angle mode:
cos1({0,.2,.5})

T 1.360..

{E 1.047...}

cos-I(sg

cosh()

Matrixl) = squareM.

Returns the matrix inverse cosine of squareMatrix1.
This is notthe same as calculating the inverse
cosine of each element. For information about
the calculation method, refer to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

MATH/Hyperbolic menu

cosh(expression) = expression
cosh(/isth = st

cosh (expression?) returns the hyperbolic cosine
of the argument as an expression.

cosh (/ist7) returns a list of the hyperbolic cosines
of each element of /ist1.

In Radian angle mode and Rectangular
complex format mode:

cos([1,5,3;4,2,1;6,-2,11)
ENTER

-.725.41.515..-7
-2.083.42.632...

.623.4.778..-1
1.790..-1.271..

[1 .734.4.064..-F - 1.490.42.105..-1 :|

~

cosh(1.2) [ENTER] 1.810...
cosh({0,1.2}) {1 1.810..}

cosh(.

cosh-1()

1 Matrix]) = sq M

Returns the matrix hyperbolic cosine of
squareMatrix1. This is not the same as calculating
the hyperbolic cosine of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

MATH/Hyperbolic menu

cosh-' (expressionl) = expression
cosh-1(/isth) = list

cosh-! (expression?) returns the inverse hyperbolic
cosine of the argument as an expression.

cosh-1 (/ist7) returns a list of the inverse
hyperbolic cosines of each element of /isz7.

In Radian angle mode:

cosh([1,5,3;4,2,1;6,-2,11)
ENTER
|:421.255 253.909 216.905]

327.635 255.301 202.958
226.297 216.623 167.628

cosh-1(1) [ENTER] 0
cosh1({1,2.1,3}) [ENTER)
{0 1.372.. cosh1(3)}

cosh-(sg

xl) = sq

Returns the matrix inverse hyperbolic cosine of
squareMatrix1. This is not the same as calculating
the inverse hyperbolic cosine of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

In Radian angle mode and Rectangular
complex format mode:

cosh-([1,5,3;4,2,1;6,-2,11)
ENTER

. 009..- 1.490.
1.662.+.623
2.083..-7 1.267.+1.790..

.486..-.725...1
-.322.

[2.525...+1.734...-i
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cot()

MATH/Trig menu

cot(expression]) = expression
cot(/ist?) = list

cot ()

Returns the cotangent of expression? or returns a
list of the cotangents of all elements in /ist7.

Note: The argument is interpreted as either a
degree or radian angle, according to the current
angle mode.

MATH/Trig menu

cot (expressionT) = expression
cot (/istT) = list

coth()

Returns the angle whose cotangent is
expression] or returns a list containing the
inverse cotangents of each element of /is¢7.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode.

MATH/Hyperbolic menu

coth(expression]) = expression
cot(/ist7) = list

coth ()

Returns the hyperbolic cotangent of expression?
or returns a list of the hyperbolic cotangents of
all elements of /ist7.

MATH/Hyperbolic menu

coth™(expression]) = expression
coth '(/ist]) = list

crossP()

Returns the inverse hyperbolic cotangent of
expression] or returns a list containing the
inverse hyperbolic cotangents of each element of
list1.

MATH/Matrix/Vector ops menu

crossP(/ist], list) = list

Returns the cross product of /i¢7 and /st2 as a
list.

Jist? and /ist2 must have equal dimension, and the
dimension must be either 2 or 3.

In Degree angle mode:
cot(45) [ENTER 1
In Radian angle mode:
cot({1,2.1,3}) [ENTER

LT Va—
tan(1) tan(3)

In Degree angle mode:
cot(1) 45

In Radian angle mode:

cot™(1) [ENTER %
coth(1l.2) [ENTER 1.199..
coth({1,3.2}) [ENTER
1 1.003.
tanh(1)
coth(3.5) [ENTER .293..

coth({-2,2.1,61})
2In(3) 51g. In(7/5)
2 2

ENTER

crossP({al,bl},{a2,b2})
{0 0 al-b2-a2-bl}

crossP({0.1,2.2,-5},{1,-.5,0})
ENTER

{-2.5 -5. -2.25}

crossP(vector], vector) = vector

Returns a row or column vector (depending on
the arguments) that is the cross product of vector?
and vector2.

Both vector? and vector? must be row vectors, or
both must be column vectors. Both vectors must
have equal dimension, and the dimension must

be either 2 or 3.

crossP([1,2,31,[4,5,61) [ENTER)
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csc() MATH/Trig menu

csc(expression]) = expression
csc(/ist?) = list

Returns the cosecant of expression? or returns a
list containing the cosecants of all elements in
list1.

csc () MATH/Trig menu

csc(expression]) = expression
cscV(/istT) = list

Returns the angle whose cosecant is
expressionTor returns a list containing the inverse
cosecants of each element of /isz7.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode.

csch() MATH/Hyperbolic menu

csch(expressionl) = expression
csch(/ist?) = list

Returns the hyperbolic cosecant of expression? or
returns a list of the hyperbolic cosecants of all
elements of /ist7.

csch1()

csch'(expressionT) = expression
csch(/istl) = list

MATH/Hyperbolic menu

Returns the inverse hyperbolic cosecant of
expression] or returns a list containing the
inverse hyperbolic cosecants of each element of
list1.

cSolve()

cSolve(equation, van = Boolean expression

MATH/Algebra/Complex menu

Returns candidate complex solutions of an
equation for var. The goal is to produce
candidates for all real and non-real solutions.
Even if equation is real, cSolve() allows non-real
results in real mode.

Although the TI-89 Titanium/Voyage™ 200
processes all undefined variables that do not end
with an underscore (_) as if they were real,
cSolve() can solve polynomial equations for
complex solutions.

In Degree angle mode:

csc(m/4) [ENTER ln
sin(g)
In Radian angle mode:
csc({l,n/2,n/3})
11243
sin(1l) 3

In Degree angle mode:
cscl(1) 90

In Radian angle mode:

cscl({1,4,6}) [ENTER
%sin'1(1/4) sint(1/6)
h 1
csch(3) [ENTER Sinh(3)
csch({1,2.1,4}) [ENTER
1 .248.. L
sinh(1) sinh(4)
csch(1) [ENTER sinh1(1)
csch({1,2.1,3}) [ENTER
sinh(1) .459.. sinh™(1/3)

cSolve(x*3=-1,x)
solve(x*3=-1,x) [ENTER

L] c,Solue-(x3 =-1 ,XJ

1 1/2+§-i or x=1/2—lb

msolvelxS=-1,x) w=-1
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cSolve() temporarily sets the domain to complex
during the solution even if the current domain is
real. In the complex domain, fractional powers
having odd denominators use the principal rather
than the real branch. Consequently, solutions
from solve() to equations involving such
fractional powers are not necessarily a subset of
those from cSolve().

cSolve() starts with exact symbolic methods.
Except in EXACT mode, cSolve() also uses
iterative approximate complex polynomial
factoring, if necessary.

Note: See also czZeros(), solve(), and zeros().

Note: If equation is non-polynomial with
functions such as abs(), angle(), conj(), real(),
or imag(), you should place an underscore _

® -

[-]) at the end of var. By default, a
variable is treated as a real value.

If you use var_, the variable is treated as
complex.

You should also use var_ for any other variables
in equation that might have unreal values.
Otherwise, you may receive unexpected results.

cSolve(x*(1/3)=-1,x) false

solve(x*(1/3)=-1,x) [ENTER] x= "1

Display Digits mode in Fix 2:

exact(cSolve(xA5+4x"4+5x
73-6x-3=0,x))

cSolve(ans(1),x) [ENTER

wexact(csoluelxT + 4.5 + 5k
x-[x4+4-x3+5-x2—6]=3

L] c.Solue-[x-[x4 +dwT 5 w2
#=-1.1138 + 1. 07314 -i orp

z is treated as real:

cSolve(conj(z)=1+/7,z) [ENTER

z=1+7
z_is treated as complex:

cSolve(conj(z_)=1+7,z_)
z =1-7

cSolve(eguation? and equation? [and ... ],

{varOrGuess1, varOrGuess2|, ..
= Boolean expression

-

Returns candidate complex solutions to the
simultaneous algebraic equations, where each
varOrGuess specifies a variable that you want to
solve for.

Optionally, you can specify an initial guess for a
variable. Each varOrGuess must have the form:

variable
—or—
variable = real or nor-real number

For example, x is valid and so is x=3+4

If all of the equations are polynomials and if you
do NOT specify any initial guesses, cSolve() uses
the lexical Grobner/Buchberger elimination
method to attempt to determine all complex
solutions.

Complex solutions can include both real and non-
real solutions, as in the example to the right.

Note: The following examples use an
underscore _

8 L]
[_]so that the variables will be
treated as complex.

cSolve(u_*v_-u_=v_ and
v_"2="u_,{u_,v_})

u_=1/2 + ﬂ-i and v_=1/2 —ﬂ-i

2 2
or u_=1/2 AZE_,- and v_=1/2 + 325

or u_=0 and v_=0
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Simultaneous polynomial equations can have
extra variables that have no values, but represent
given numeric values that could be substituted
later.

You can also include solution variables that do
not appear in the equations. These solutions
show how families of solutions might contain
arbitrary constants of the form @& where #is an
integer suffix from 1 through 255. The suffix
resets to 1 when you use ClrHome or
8:Clear Home.

For polynomial systems, computation time or
memory exhaustion may depend strongly on the
order in which you list solution variables. If your
initial choice exhausts memory or your patience,
try rearranging the variables in the equations
and/or varOrGuess list.

If you do not include any guesses and if any
equation is non-polynomial in any variable but all
equations are linear in all solution variables,
cSolve() uses Gaussian elimination to attempt to
determine all solutions.

If a system is neither polynomial in all of its
variables nor linear in its solution variables,
cSolve() determines at most one solution using
an approximate iterative method. To do so, the
number of solution variables must equal the
number of equations, and all other variables in
the equations must simplify to numbers.

A non-real guess is often necessary to determine
a non-real solution. For convergence, a guess
might have to be rather close to a solution.

cSolve(u_*v_-u_=c_*v_ and
v_*2=-u_,{u_,v_}) [ENTER

" =_(\/1—4-(‘7+1)2 \/1—4-1‘7+1
1

| andv_= 2
or
“G1oa.c 1y “W14ec -1
u_= 4 andv_= P

or u_=0 and v_=0

cSolve(u_*v_-u_=v_ and
v_"2=-u_,{u_,v_,w_}) [ENTER

u_=1/2 + 32E-i and v_=1/2 AZEJ
and w_=@1

or
u_=1/2 AZE'I. and v_=1/2 + 32E-i

and w_=@1
or u_=0 and v_=0 and w_=@1

cSolve(u_+v_=e*(w_) and u_-v_=
i, {u_,v_}) [ENTER
- +1/2-i and v_= 9*2—1

@,

u_=

~|

cSolve(er(z_)=w_ and w_=z_"2,
{w_,z_}) [ENTER
w_=.494.. and z_=-.703..

cSolve(er(z_)=w_ and w_=z_*2,
(w_,z_=1+17})
w_=.149.. + 4.891.-7Fand
z_=1.588.. + 1.540..-7
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CubicReg MATH/Statistics/Regressions menu

CubicReg /ist], listZ], Uist3] 1, listd, list3]] In function graphing mode.
Calculates the cubic polynomial regression and {0,1,2,3}>L1 {012 3}
updates all the statistics variables. {0,2,3,4}>L2[ {0 2 3 4}
. . . CubicReg L1,L2 [ENTER] Done
ﬁ)llrt/lf;?;sts must have equal dimensions except ShowStat
Jist1 represents xlist.
list2 represents ylist.
list3 represents frequency.
list4 represents category codes.
Jist5 represents category include list.
Note: /st7 through /st4 must be a variable name
or ¢1-c99 (columns in the last data variable ENTER
shown in the Data/Matrix Editor). /st5does not ~ regeq(x)—=yl(x) Done
have to be a variable name and cannot be c1-¢c99 NewPlot 1,1,L1,L2 [ENTER] Done
’ [#][GRAPH]
cumSum() MATH/List menu
cumSum(/istl) = list cumSum({1,2,3,4}) [ENTER]
(136 10}

Returns a list of the cumulative sums of the
elements in /isz7, starting at element 1.

1
[1,2;3,4;5,61>ml [ENTER] |:3
5

cumSum(matrixl) = matrix

Returns a matrix of the cumulative sums of the
elements in matrix1. Each element is the

oMo AN
—

cumulative sum of the column from top to 1
bottom. cumSum(ml) 4
9 2
CustmOff catALoG
CustmOff See Custom program listing example.
Removes a custom toolbar.
CustmOn and CustmOff enable a program to
control a custom toolbar. Manually, you can
press [cusToM] to toggle a custom toolbar on
and off. Also, a custom toolbar is removed
automatically when you change applications.
CustmOn cATALOG
CustmOn See Custom program listing example.

Activates a custom toolbar that has already been
set up in a Custom...EndCustm block.

CustmOn and CustmOff enable a program to
control a custom toolbar. Manually, you can
press [cusToMm] to toggle a custom toolbar on
and off.
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Custom [cusTom] key

Custom Program listing:
block
EndCustm :Test()
:Prgm

Sets up a toolbar that is activated when you press

. - :Custom
[2nd] [cuSTOM]. It is very similar to the ToolBar T Wi s N
E N > :Title "Lists
instruction except that Title and Item statements Item "Listl"
cannot have labels. : N "
:Item Scores
block can be either a single statement or a series  :Item  "L3"
of statements separated with the “:" character. :Title "Fractions"
Note: [cusTom] acts as a toggle. The first Lt:em " ; E X ; "
instance invokes the menu, and the second = 9'1" "G x ne
instance removes the menu. The menu is :Title rap
removed also when you change applications. :EndCustm
:EndPrgm
Cycle CATALOG
Cycle Program listing:
Transfers program control immediately to the :@ Sum the integers from 1 to
next iteration of the current loop (For, While, or 100 skipping 50.
Loop). 10> temp
Cycle is not allowed outside the three looping :For 4,1,100,1
structures (For, While, or Loop). (If =50
:Cycle
:temp+i>temp
:EndFor
:Disp temp
Contents of temp after execution: 5000
CyclePic cATALOG
CyclePic picNameString, n|, (waif , [cycles), 1. Save three pics named pic1, pic2, and
[dlirection]) pic3.

Displays all the PIC variables specified and atthe 2.  Enter: CyclePic "pic",3,.5,4, "1
specified interval. The user has optional control . ) ’

over the time between pictures, the number of 3. 3.The three pictures (3) will be displayed at
times to cycle through the pictures, and the

direction to go, circular or forward and

backwards.

directionis 1 for circular or -1 for forward and
backwards. Default = 1.

»Cylind MATH/Matrix/Vector ops menu

vector»Cylind [2,2,3] »Cylind [ENTER)
T
Displays the row or column vector in cylindrical [2-v2 Ean 3]
form [r£0, z].

vectormust have exactly three elements. It can be
either a row or a column.
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cZeros() MATH/Algebra/Complex menu
cZeros (expression, van) = list

Returns a list of candidate real and non-real
values of varthat make expression=0. cZeros()
does this by computing
exprlist(cSolve(expression=0, van, var).
Otherwise, cZeros() is similar to zeros().

Note: See also cSolve(), solve(), and zeros().

Note: If expression is non-polynomial with
functions such as abs(), angle(), conj(), real(),
or imag(), you should place an underscore _

@ &[], [-]) at the end of var. By
default, a variable is treated as a real value. If
you use var_, the variable is treated as complex.

You should also use var_ for any other variables
in expression that might have unreal values.
Otherwise, you may receive unexpected results.

Display Digits mode in Fix 3:
cZeros(x"5+4x"4+5x"3-6x-3,x)
ENTER
{-2.125 -.612 .965
-1.114-1.073-7
“1.114+1.073- 4

z is treated as real:
cZeros(conj(z)-1-7,z) [ENTER
{1+7}
z_is treated as complex:
cZeros(conj(z_)-1-/,z_)
{1-4}

cZeros({expression], expression?|, ... 1},
{varOrGuess1,varOrGuess2 |, ...1}) = matrix

Returns candidate positions where the
expressions are zero simultaneously. Each
varOrGuess specifies an unknown whose value
you seek.

Optionally, you can specify an initial guess for a
variable. Each varOrGuess must have the form:

variable
—or—
variable = real or non-real number

For example, x is valid and so is x=3+4

If all of the expressions are polynomials and you
do NOT specify any initial guesses, cZeros() uses
the lexical Grobner/Buchberger elimination
method to attempt to determine all complex
zeros.

Complex zeros can include both real and non-real
zeros, as in the example to the right.

Each row of the resulting matrix represents an
alternate zero, with the components ordered the
same as the varOrGuess list. To extract a row,
index the matrix by [ron].

Simultaneous polynomials can have extra
variables that have no values, but represent given
numeric values that could be substituted later.

Note: The following examples use an
underscore _ (B[] [], [-])so

that the variables will be treated as complex.

cZeros({u_*v_-u_-v_,v_"2+u_},
{u_,v_}) [ENTER

1/2 B 1/2 +3E-'

PR o 1

1/2 +ﬂ-i 1/2 —ﬂ-i
2 2

0 0

Extract row 2:

ans(1)[2]

[1/2 + 3§~i 1/2 —25-1]

cZeros({u_*v_-u_-(c_*v_),
v_r2+u_}, {u_,v_})

“(1-gec 41 Ni-4ec 41
4
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You can also include unknown variables that do
not appear in the expressions. These zeros show
how families of zeros might contain arbitrary
constants of the form @4, where ks an integer
suffix from 1 through 255. The suffix resets to 1
when you use ClrHome or [F1] 8:Clear Home.

For polynomial systems, computation time or
memory exhaustion may depend strongly on the
order in which you list unknowns. If your initial
choice exhausts memory or your patience, try
rearranging the variables in the expressions
and/or varOrGuess list.

If you do not include any guesses and if any
expression is non-polynomial in any variable but
all expressions are linear in all unknowns,
cZeros() uses Gaussian elimination to attempt to
determine all zeros.

If a system is neither polynomial in all of its
variables nor linear in its unknowns, cZeros()
determines at most one zero using an
approximate iterative method. To do so, the
number of unknowns must equal the number of
expressions, and all other variables in the
expressions must simplify to numbers.

A non-real guess is often necessary to determine
a non-real zero. For convergence, a guess might
have to be rather close to a zero.

cZeros({u_*v_-u_-v_,v_"2+u_},
{u_,v_,w_})

1/2 B 1/2 +l§-i @1

2!
1/2 + 325-1' 1/2 -35-1' @1
0 0 el

cZeros({u_+v_-er(w_),u_-v_-i},
{u_,v_}) [ENTER
e » e -1
[2 +1/2-1 2 ]

cZeros({e*(z_)-w_,w_~-z_"2},
{w_,z_}) [ENTER

[.494.. -.703..]

cZeros({er(z_)-w_,w_-z_"2},

{w_,z_=1+1})
[.149.+4.89..-5 1.588..+1.540..-1]

[0} [¢] key or MATH/Calculus menu
d(expression], var(,order]) = expression d(3x73- x+7,x) [ENTER 9x2 -1
d(/istl,var|,orden) = list
d(matrixi,var(,orded) = matrix A(3x"3-x+7,%,2) 18- x
Returns the first derivative of expression? with A(F(x)*g(x),x)
respect to variable var. expression? can be a list or
iX. d d
amatrix “(F(X))+ g0 +~5(g(x)) - F(x)
order, if included, must be an integer. If the order
is less than zero, the result will be an anti- dsin(f(x)),x) [ENTER
derivative. d
FOx)) = (F
d() does not follow the normal evaluation cos(f(x)) dX( x))
mechanism of fully simplifying its arguments and
then applying the function definition to these d(x*3,x) | x=5 75
fully simplified arguments. Instead, a() performs
theyf0||0\FI)\ling stegs: P d(d(x 2% y"3,x),y) 6-y2-x
1. Simplify the second argument only to the A - x5
extent that it does not lead to a non- dx"2,%,71) 3
variable.
d({x*2,x*3,x*4},x) [ENTER
2. Simplify the first argument only to the extent {(2-x 3.x2 4.x3}
that it does recall any stored value for the
variable determined by step 1.
3. Determine the symbolic derivative of the
result of step 2 with respect to the variable
from step 1.
4. If the variable from step 1 has a stored value
or a value specified by a “with” () operator,
substitute that value into the result from
step 3.
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dayOfWk() catALOoG
dayOfWk(year, month,day) = integer day0fWk(1948,9,6) 2

Returns an integer from 1 to 7, with each integer  Integer values:
representing a day of the week. Use dayofwk()
to determine on which day of the week a 1 = Sunday

particular date would occur. 2 = Monday
Note: May not give accurate results for years 3 = Tuesda
Ny . = y

prior to 1583 (pre-Gregorian calendar). 4 = Wednesday

Enter the year as a four-digit integer. Themonth 5 = Thyursday

and day can be either one- or two-digit integers. 6 = Friday

7 = Saturday
»DD MATH/Angle menu

numberyDD =  value In Degree angle mode:
IistTyDD = list . .
matrix1 »DD = matrix 1.5%»DD 1.5

Returns the decimal equivalent of the argument. ~ 45° 22"'14.3"»DD 45.370..°

The argument is a number, list, or matrix that is 0 oo W cponrpe
interpreted by the Mode setting in radians or (45°22714.3",60° 00"} »DD

degrees. {45.370... 60}°
Note: »DD can also accept input in radians. In Radian angle mode:
1.5»DD 85.9°
»Dec MATH/Base menu
integer/»Dec => integer 0b10011 »Dec 19
Converts /nteger! to a decimal (base 10) number.  0h1F »Dec 31

A binary or hexadecimal entry must always have
a Ob or Oh prefix, respectively.

FZero, not the letter O, followed by b or h.

0b binaryNumber
Oh hexadecimalNumber

A binary number can have up to
32 digits. A hexadecimal number
can have up to 8.

Without a prefix, integer? is treated as decimal.
The result is displayed in decimal, regardless of
the Base mode.
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Define

CATALOG

Define funcNamelargiName, argZName, ...) =

expression

Creates funcName as a user-defined function. You
then can use funcName(), just as you use built-in

functions. The function evaluates expression using
the supplied arguments and returns the result.

funcName cannot be the name of a system
variable or built-in function.

The argument names are placeholders; you
should not use those same names as arguments
when you use the function.

Note: This form of Define is equivalent to
executing the expression:

expressior funcName( arg1Name, arg2Name) .

This command also can be used to define simple
variables; for example, Define a=3.

Define g(x,y)=2x- 3y [ENTER] Done
9(1,2) [ENTER) -4
1>a:2>b:g(a,b) [ENTER] -4
Define h(x)=when(x<2,2x-3,

- 2x+3) [ENTER] Done
h(-3) [ENTER) -9
h(4) (ENTER] -5

Define eigenvi(a)=
cZeros(det(identity(dim(a)
[11)-x*a),x) [ENTER Done

eigenvi([-1,2;4,3]) [ENTER)

{2-\/3 -1 -(2-43 + D)
11 11

Define funcName(argiName, argZName, ...) = Func

block

EndFunc

Is identical to the previous form of Define,
except that in this form, the user-defined function
funcName() can execute a block of multiple
statements.

block can be either a single statement or a series
of statements separated with the “:" character.
block also can include expressions and
instructions (such as If, Then, Else, and For).
This allows the function funcvame() to use the

Return instruction to return a specific result.

Note: It is usually easier to author and edit this
form of Function in the program editor rather
than on the entry line.

Define g(x,y)=Func:If x>y Then
:Return x:Else:Return y:EndIf

:EndFunc [ENTER] Done
g(3,-7) [ENTER 3

Define progNamelarg!Name, argZName, ...) = Prgm

block

EndPrgm

DelFold

Creates progName as a program or subprogram,
but cannot return a result using Return. Can
execute a block of multiple statements.

block can be either a single statement or a series
of statements separated with the “:" character.
block also can include expressions and
instructions (such as If, Then, Else, and For)

without restrictions.

Note: It is usually easier to author and edit a
program block in the Program Editor rather than
on the entry line.

CATALOG

DelFold flderNamell, folderName2) |, folderName3] ...

Deletes user-defined folders with the names
folderName1, folderName2, etc. An error message is
displayed if the folders contain any variables.

Note: You cannot delete the main folder.

Define 1istinpt()=prgm:Local
n,i,strl,num:InputStr "Enter
name of list",strl:Input "No.
of elements",n:For
i,1,n,1:Input "element
"&string(i),num:
num>#stri[i]:EndFor:EndPrgm
ENTER

Done

Tistinpt() [ENTERJEnter name of list

NewFold games [ENTER] Done
(creates the folder games)
DelFold games (ENTER] Done

(deletes the folder games)
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DelVar CATALOG

DelVar varll, varZ) [, var3) ... 2>a 2
A
Deletes the specified variables from memory. (a+2)"2 16
DelVar a Done
(a+2)"2 ENTER) (a+2)2
deSolve() MATH/Calculus menu
deSolve(/st0r2ndOrderOde, independentVar, Note: To type a prime symbol ('), press
dependentVan = a general solution 1.
Returns an equation that explicitly or implicitly deSolve(y' "+2y'+y=x"2,X,y)
specifies a general solution to the 1st- or 2nd- y=(@1+-x+@2) » & *+X2 - 4+ x+6
order ordinary differential equation (ODE). In the
ODE: right(ans(1))>temp
. co X2 — 4.
e Use a prime symbol (', press [']) to (@1-x+@2) - £74x2 =4 x+6
denote the 1st derivative of the dependent d(temp,x,2)+2*d(temp,x)+temp-x»
variable with respect to the independent 2
variable.

. DelVar temp Done
e Use two prime symbols to denote the

corresponding second derivative.

The ' symbol is used for derivatives within
deSolve() only. In other cases, use d{).

The general solution of a 1st-order equation
contains an arbitrary constant of the form @+,
where kis an integer suffix from 1 through 255.
The suffix resets to 1 when you use ClrHome or
8: Clear Home. The solution of a 2nd-order
equation contains two such constants.
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Apply solve() to an implicit solution if you want
to try to convert it to one or more equivalent
explicit solutions.

When comparing your results with textbook or
manual solutions, be aware that different
methods introduce arbitrary constants at different
points in the calculation, which may produce
different general solutions.

deSolve(y'=(cos(y)) 2% x,X,y)
ENTER

X2

tan(y)=7+@3

solve(ans(l),y)

x2+2-@3
2

y=tan- ( ) +@nl-n

Note: To type an @ symbol, press:

(] 5o
=3 [ndR

ans(1)|@3=c-1 and @nl=0

x2+2-(c-1)
= A Y—z
y=tan ( 2 )

deSolve(/stOrderOde and initialCondiition,

.

o0 Var, dependentVar)
= aparticular solution

Returns a particular solution that satisfies
1stOrderOde and initialCondition. This is usually
easier than determining a general solution,
substituting initial values, solving for the arbitrary
constant, and then substituting that value into
the general solution.

initialCondition is an equation of the form:

dependentVar (initiall fentValue) =

/ 7

InitialDependentValue

The initialindependentValue and
initialDependentValue can be variables such as x0
and y0 that have no stored values. Implicit
differentiation can help verify implicit solutions.

sin(y)=(y*xe"(x)+cos(y))y'>ode
ENTER
sin(y)=(e-y+cos(y))-y'

deSolve(ode and
y(0)=0,x,y)>soln

“(2-si +y2
%r(efl)-ghsinw)
soln|x=0 and y=0 true

d(right(eq)-Teft(eq),x)/
(d(1eft(eq)-right(eq),y))
>impdif(eq,x,y) [ENTER

Done

ode|y'=impdif(soln,x,y) [ENTER
true

DelVar ode,soln Done

deSolve(2ndOrderOde and initialCondition] and

InitialCondition2, independentVar,
dependentVan) = a particular solution

Returns a particular solution that satisfies
2ndOrderOde and has a specified value of the
dependent variable and its first derivative at one
point.

For initialCondition1, use the form:

dependentVar initiallnd
InitialDependentValue

alia)
Value) =

For initialCondition2, use the form:

dependentVar (initialindep Value) =

InitiallstDerivativeValue

deSolve(y''=y*(-1/2) and
y(0)=0 and y'(0)=0,t,y)
Z.yzu

3

solve(ans(l),y) [ENTER

22134 (3+t)4/3
=+ and t20

806

Appendix A: Functions and Instructions



deSolve(2ndOrderOde and boundaryCondition] and

boundaryConditionZ, independentVar,
dependentVa) =  a particular solution

Returns a particular solution that satisfies
2ndOrderOde and has specified values at two

deSolve(w''=2w'/x+(9+2/x"2)w=
x*er(x) and w(n/6)=0 and
w(m/3)=0,x,w)

eg-x-cos(3-x)

different points. w= 10
eg-x-sin(3-x) X-e*
-2 T ke
10 10
det() MATH/Matrix menu
det(squareMatrid, tol) = exp det([a,b;c,d]) [ENTER] ard-b-c
Returns the determinant of squareMatrix. det([1,2;3,4]) -2
Optionally, any matrix element is treated as zero  det(identity(3) -x*[1,-2,3;
if its absolute value is less than zo/. This tolerance -2 4,1,-6,-2,71)
is used only if the matrix has floating-point - (98- Xx3-55+x2+12-x-1)
entries and does not contain any symbolic
variables that have not been assigned a value.
Otherwise, to/is ignored.
1.620 1
o If you use [¢][ENTER] or set the mode to [1:20,1;0,1]>matl [0 1]
Exact/Approx=APPROXIMATE, computations det(matl) [ENTER 0
are done using floating-point arithmetic. det(matl,.1) [ENTER 1.620
o [f to/is omitted or not used, the default
tolerance is calculated as:
5€¢ - 14 * max(dim(squareMatrix))
* rowNorm(squareMatrix)
diag() MATH/Matrix menu
diag(/is) = matrix 200
diag(rowMatrix) = matrix diag({2,4,6}) 040
diag(columnMatriy) = matrix 006
Returns a matrix with the values in the argument
list or matrix in its main diagonal.
diag(squareMatri) = rowMatrix 4 6 8
Returns a row matrix containing the elements [4,6,8:1,2,3:5,7,9] é ; 3
from the main diagonal of squareMatrix.
squareMatrix must be square. diag(ans(1)) [ENTER [4 2 9]
Dialog CATALOG
Dialog Program listing:
block
EndDlog :Dlogtest()
:Prgm
Generates a dialog box when the program is :Dialog
executed. :Title "This is a dialog box"
block can be either a single statement or a series  :Request  "Your name”,Strl

of statements separated with the “:" character.
Valid block options in the (3] I/0, 1:Dialog menu
item in the Program Editor are 1:Text, 2:Request,
4:DropDown, and 7:Title.

The variables in a dialog box can be given values
that will be displayed as the default (or initial)
value. If [ENTER] is pressed, the variables are
updated from the dialog box and variable ok is
set to 1. If [ESC] is pressed, its variables are not
updated, and system variable ok is set to zero.

:Dropdown "Month you were born",
seq(string(i),i,1,12),Varl

:EndDlog

:EndPrgm

TRUr nars:

Honth ¥ou wers born 1%

Enter=0K ESC=CAMCEL
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dim()

dim(/is) =

MATH/Matrix/Dimensions menu
integer

Returns the dimension of /istz.

dim({0,1,2}) [ENTER) 3

dim(matri) = list

Returns the dimensions of matrix as a two-
element list {rows, columns}.

dim([1,-1,2;-2,3,5]) [ENTER] {2 3}

dim(string) =

Disp

integer

Returns the number of characters contained in
character string string.

CATALOG

Disp [exprOrString] [, exprOrstring2) ...

DispG
DispG

DispHome

Displays the current contents of the Program 1/0
screen. If one or more exprOrString is specified,
each expression or character string is displayed
on a separate line of the Program 1/0 screen.

An expression can include conversion operations
such as »DD and »Rect. You can also use the »
operator to perform unit and number base
conversions.

If Pretty Print = ON, expressions are displayed in
pretty print.

From the Program 1/0 screen, you can press
to display the Home screen, or a program can
use DispHome.

CATALOG

Displays the current contents of the Graph
screen.

CATALOG

DispHome

Displays the current contents of the Home screen.

dim("Hello") (ENTER 5
dim("Hello"&" there") [ENTER 11
Disp "Hello" [ENTER] Hello
Disp cos(2.3) [ENTER] -.666..
{1,2,3,4}> L1 [ENTER]

Disp L1 [ENTER] (1 2 3 4
Disp 180_min»_hr 3.+_hr

Note: To type an underscore ( _), press:

En) ]
To type », press >l

In function graphing mode:

Program segment:

:5%cos(x)>yl(x)
:=10>xmin

:10> xmax
:-5>ymin
:5>ymax

:DispG

AN

FRVILVARY

Program segment:

:Disp "The result is: ",xx
:Pause "Press Enter to quit”
:DispHome

:EndPrgm
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DispTbl cATALOG
DispTbl
Displays the current contents of the Table screen.

Note: The cursor pad is active for scrolling. Press
or [ENTER] to resume execution if in a
program.

»DMS MATH/Angle menu

expression yYDMS
/sty DMS
matrix"DMS

Interprets the argument as an angle and displays
the equivalent DMS (DDDDDDP MM 55.ss”) number.
See °, ", " on page 905 for DMS (degree, minutes,

seconds) format.

Note: »DMS will convert from radians to degrees
when used in radian mode. If the input is
followed by a degree symbol ( °), no conversion
will occur. You can use »DMS only at the end of
an entry line.

dotP()

dotP(/ist, list) = expression

MATH/Matrix/Vector ops menu

Returns the “dot” product of two lists.

5% cos(x)>yl(x) [ENTER]
DispTh1 [ENTER)

)
Z.
HMAIN RRD AUTO FUNC
In Degree angle mode:
45.371 »DMS [ENTER) 45°22'15.6"

{45.371,60} »DMS [ENTER]

{45°22'15.6" 60°}

dotP({a,b,c},{d,e,f})
a-d+b-e+c-f

dotP({1,2},{5,6}) [ENTER] 17

dotP(vectori, vector]) = expression

Returns the “dot” product of two vectors.

dotP([a,b,c],[d,e,f]) [ENTER)
a-d+b-e+c-f

Both must be row vectors, or both must be dotP([1,2,31,04,5,61) 32
column vectors.
DrawFunc CATALOG
DrawFunc expression In function graphing mode and Zoomstd
. . window:
Draws expression as a function, using x as the
independent variable. DrawFunc 1.25x*cos(x) [ENTER
Note: Regraphing erases all drawn items. \ /\
Drawinv CATALOG
Drawlnv expression In function graphing mode and Zoomstd
. . window:
Draws the inverse of expression by plotting x
values on the y axis and y values on the x axis. DrawInv 1.25x*cos(x)
x is the independent variable. _———_}
Note: Regraphing erases all drawn items. ]
—
_" @
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DrawParm CATALOG

DrawParm expression], expression?

DrawPol

[, tmin) [, tmax [, tstep]

Draws the parametric equations expression? and
expression2, using t as the independent variable.

Defaults for ¢min, tmax, and tstep are the current
settings for the Window variables tmin, tmax,
and tstep. Specifying values does not alter the
window settings. If the current graphing mode is
not parametric, these three arguments are
required.

Note: Regraphing erases all drawn items.

CATALOG

DrawPol expressionl, 0min) [, 8max [, 6stepl

DrawSlp

Draws the polar graph of expression, using 6 as
the independent variable.

Defaults for ©min, ©max, and Ostep are the current
settings for the Window variables &min, 8max,
and Bstep. Specifying values does not alter the
window settings. If the current graphing mode is
not polar, these three arguments are required.

Note: Regraphing erases all drawn items.

CATALOG

DrawsSlp x7, y1, slope

Displays the graph and draws a line using the
formula y- y1=slope- (x- x1).

Note: Regraphing erases all drawn items.

DropDown CATALOG
DropDown titleString, {item1String, item25tring, ...},

varName

Displays a drop-down menu with the name
titleString and containing the items 1:item1String,
2:tem25tring, and so forth. DropDown must be
within a Dialog...EndDlog block.

If varName already exists and has a value within
the range of items, the referenced item is
displayed as the default selection. Otherwise, the
menu’s first item is the default selection.

When you select an item from the menu, the
corresponding number of the item is stored in the
variable varName. (If necessary, DropDown
creates varName.)

In function graphing mode and Zoomstd
window:

DrawParm
t*cos(t),t*sin(t),0,10,.1 [ENTER]

\

N

In function graphing mode and Zoomstd
window:

DrawPol 5%cos(3%6),0,3.5,.1

.

In function graphing mode and Zoomstd
window:

DrawSlp 2,3, -2 [ENTER)

See Dialog program listing example.
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DrwCtour CATALOG

DrwCtour expression
DrwcCtour /ist

Draws contours on the current 3D graph at the z
values specified by expression or /ist. The 3D
graphing mode must already be set. DrwCtour
automatically sets the graph format style to
CONTOUR LEVELS.

By default, the graph automatically contains the
number of equally spaced contours specified by
the ncontour Window variable. Drw(Ctour draws
contours in addition to the defaults.

To turn off the default contours, set ncontour to
zero, either by using the Window screen or by
storing 0 to the ncontour system variable.

In 3D graphing mode:

(1/5)x"2+(1/5)y*2-10>z1(x,y)
ENTER

Done
-10>xmin:10>xmax 10
-10>ymin:10>ymax 10
-10>zmin:10>zmax [ENTER 10

0>ncontour
DrwCtour {-9,-4.5,-3,0,4.5,9}
ENTER

e Use the cursor to change the viewing
angle. Press 0 (zero) to return to the
original view.

To toggle between different graph format

styles, press:
F

e Press X, Y, or Z to look down the
corresponding axis.

E key el key
mantissaE exponent 2.3e4 23000.
Enters a number in scientific notation. The 2.3E9+4.1€15 4.1e15
number is interpreted as mantissa x 10 exponent,
Hint: If you want to enter a power of 10 without
causing a decimal value result, use 10/ integer. 3% 1074 30000
er) [ [l key [ key
erexpression]) = expression e (1) [ENTER e
Returns eraised to the expression? power. e (1.) 2.718...
Note: On the TI-89 Titanium, pressing [¢] [¢*] to N 9
display e~\(is different from pressing [E]. ersine €
On the Voyage 200, pressing [2nd)[e*] to display
e/ is different from accessing the character e
from the QWERTY keyboard.
You can enter a complex number in re”® polar
form. However, use this form in Radian angle
mode only; it causes a Domain error in Degree
angle mode.
er(listh)y = list er({1,1.,0,.5}) [ENTER)
Returns eraised to the power of each element in {e 2.718.. 1 1.648..}
list1.
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er(squareMatrix) = squareMatri er([1,5,3;4,2,1;6,-2,1]) [ENTER]

Returns the matrix exponential of squareMatrix1. 782.209 559.617 456.509
This is notthe same as calculating eraised to the 680.546 488.795 396.521
power of each element. For information about the 524.929 371.222 307.879
calculation method, refer to cos(). : : ’

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

eigVc() MATH/Matrix menu
eigVc(squareMatriy) = matrix In Rectangular complex format mode:

Returns a matrix containing the eigenvectors for ~ [-1,2,5;3,-6,9;2,-5,71>ml

a real or complex squareMatriy, where each -1 2 5
column in the result corresponds to an 3 -6 9
eigenvalue. Note that an eigenvector is not 2 -5 7
unique; it may be scaled by any constant factor.

The eigenvectors are normalized, meaning thatif  eigVc(ml) (@

V =[xy, Xy, ..., X,], then: -.800.. .767.. .767..
5 3 5 . 484..  .573.4.052..0F .573.-.052..-1
X)2+x2%+ . +xn=1 .352..  .262.+.096..+F .262..-.096..

squareMatrix is first balanced with similarity
transformations until the row and column norms
are as close to the same value as possible. The
squareMatrix is then reduced to upper Hessenberg
form and the eigenvectors are computed via a
Schur factorization.

eigVI() MATH/Matrix menu

eigVI(squareMatrix) = list In Rectangular complex format mode:
Returns a list of the eigenvalues of a real or [-1,2,5;3,-6,9;2,-5,71>ml
complex squareMatrix. -1 2 5
squareMatrix is first balanced with similarity [g : g ?]
transformations until the row and column norms

are as close to the same value as possible. The
h eigV1(ml) [ENTER)
squareMatrix is then reduced to upper Hessenberg g1 (ml)

form and the eigenvalues are computed from the (4.409.. 2.204..+.763..-7
upper Hessenberg matrix. 2.204..-.763..-4}
Else See If, page 826.
Elself CATALOG See also If, page 826.
If Boolean expression] Then Program segment:
block1
Elself Boolean expression2 Then
block? If choice=1 Then
: : Goto optionl
Elself Boolean expressionN Then : Elself choice=2 Then
blockN : Goto option2

EndIf : Elself choice=3 Then
: : Goto option3
ElseIf choice=4 Then
Disp "Exiting Program
Return
EndIf

Elself can be used as a program instruction for
program branching.

"

EndCustm See Custom, page 800.
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EndDlog
EndFor
EndFunc
Endif
EndLoop
EndPrgm
EndTBar
EndTry
EndWhile

entry()

See Dialog, page 807.

See For, page 819.

See Func, page 820.

See If, page 826.

See Loop, page 836.

See Prgm, page 850.

See ToolBar, page 885.

See Try, page 886.

See While, page 888.

CATALOG

entry() = expression
entry(integen) = expression

exact()

Returns a previous entry-line entry from the
Home screen history area.

integer, if included, specifies which entry
expression in the history area. The default is 1,
the most recently evaluated entry. Valid range is
from 1 to 99 and cannot be an expression.

Note: If the last entry is still highlighted on the
Home screen, pressing is equivalent to
executing entry(1).

MATH/Number menu

exact(expressionl [, tol) =  expression
exact(/ist7 [, to)) = list
exact(matrix] [, tol) = matrix

Uses Exact mode arithmetic regardless of the
Exact/Approx mode setting to return, when
possible, the rational-number equivalent of the
argument.

tol specifies the tolerance for the conversion; the
default is 0 (zero).

On the Home screen:

1+1/x %+1

1+1/entry (1) [ENTER 2—L

entry 1

N S

ENTER 2.(2'>ﬁ_1)+3/2

1

ENTER 5/373‘(3.“2)
1

entry(4) [ENTER) ;+1

exact(.25) [ENTER) 1/4

333333

exact(.333333) [ENTER] 1000000

exact(.33333,.001) 1/3

exact(3.5x+y) [ENTER] '7‘2**+y

exact({.2,.33,4.125}) [ENTER)

33
{1/5 100 33/8}
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Exec CATALOG

Exec string [, expression]) [, expression?) ...

Executes a string consisting of a series of Motorola
68000 op-codes. These codes act as a form of an
assembly-language program. If needed, the
optional expressions let you pass one or more
arguments to the program.

For more information, check the TI Web site:
http://'www.ti.com/calc

Warning: Exec gives you access to the full
power of the microprocessor. Please be aware
that you can easily make a mistake that locks up
the calculator and causes you to lose your data.
We suggest you make a backup of the calculator
contents before attempting to use the Exec
command.

Exit CATALOG

Exit
Exits the current For, While, or Loop block.

Exit is not allowed outside the three looping
structures (For, While, or Loop).

exprlist() caTALoG
exphlist(expression,van = list

Examines expression for equations that are
separated by the word "or,” and returns a list
containing the right-hand sides of the equations
of the form var=expression. This gives you an easy
way to extract some solution values embedded in
the results of the solve(), cSolve(), fMin(), and
fMax() functions.

Note: expplist() is not necessary with the zeros
and czZeros() functions because they return a list
of solution values directly.

expand() MATH/Algebra menu

expand (expression? [, val) = expression
expand(/ist? [vad) = list
expand(matrix1 [,val) = matrix

expand(expression?) returns expression?
expanded with respect to all its variables. The
expansion is polynomial expansion for
polynomials and partial fraction expansion for
rational expressions.

Program listing:

:0>temp

:For 1,1,100,1
temp+i>temp
If temp>20
Exit

:EndFor

:Disp temp

Contents of temp after execution: 21

solve(x"2-x-2=0,x) x=2 or

x=-1
exprlist(solve(x*2-x-2=0,x),x)

ENTER
(-1 2}

expand((x+y+1)"2) [ENTER]
X2+ 2+ x-y+2- x+y2+2-y+1
expand ((xA2-x+y”r2-y)/(xA2xy"2
— XA2%y— x* yr2+x*y)) [ENTER]

Z_ 2_
" expand = 2>< 2><+U d
Eal e e Tt AR
i 1 1
S NS

The goal of expand() is to transform exp 7
into a sum and/or difference of simple terms. In
contrast, the goal of factor() is to transform
expression] into a product and/or quotient of
simple factors.
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expr()

pand (expression],var) returns exp.
expanded with respect to var. Similar powers of
varare collected. The terms and their factors are
sorted with varas the main variable. There might
be some incidental factoring or expansion of the
collected coefficients. Compared to omitting var,
this often saves time, memory, and screen space,
while making the expression more
comprehensible.

Even when there is only one variable, using var
might make the denominator factorization used
for partial fraction expansion more complete.

Hint: For rational expressions, propFrac() is a
faster but less extreme alternative to expand().

Note: See also comDenom() for an expanded
numerator over an expanded denominator.

expand (expression,[vad) also distributes
logarithms and fractional powers regardless of
var. For increased distribution of logarithms and

fractional powers, inequality constraints might be

necessary to guarantee that some factors are
nonnegative.

expand (expression], [va) also distributes
absolute values, sign(), and exponentials,
regardless of var.

Note: See also tExpand() for trigonometric
angle-sum and multiple-angle expansion.

MATH/String menu

expr(string) = expression

Returns the character string contained in string as
an expression and immediately executes it.

expand((x+y+1)"2,y)
y2+2-y-(x+1)+(x+1)2

expand( (x+y+1)"2,x) [ENTER]
X2+ 2. x+ (y+1)+(y+1)2

expand((xA2-x+yr2-y)/(x"2xyr2
- XA2xy- x*x yA2+xxy),y) [ENTER

><2—><+g2—l..

lexpand[ d
PN T

1 1
y-1 U+x-(x—1)

expand(ans(1),x) [ENTER)

1 1 1
lexpand[g_l g+x-(x—l.
1

w—1

ERCE OS]

expand((x*3+x22-2)/(x*2-2))
ENTER

2+ X
>(2_2+x+1

expand(ans(1),x) [ENTER
1 1
xv2 txez o

Tn(2x*y)+y (2x*y) [ENTER)
Tn(2x+y) +~+(2-x-y)

expand(ans (1)) [ENTER]
Tn(xey)+y2+y(xey)+1n(2)
expand(ans(1))|y>=0 [ENTER)
Tn(x) +y2+x~y+1In(y)+1n(2)

sign(x*y)+abs(x*y)+ er(2x+y)
ENTER
e +sign(x-y)+ |x-y|

expand(ans (1)) [ENTER]
sign(x)-sign(y) +|x|-|y|+ (e)2-&

X2+ x+3

expr("expand((1+x)"2)") [ENTER]
X2+2+x+1

expr("1+2+x"2+x") [ENTER

"Define cube(x)=x"3">funcstr
ENTER
"Define cube(x)=x"3"

expr(funcstr) [ENTER Done
cube(2) [ENTER 8
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ExpReg MATH/Statistics/Regressions menu

ExpReg /ist], st2 |, st |, listd, list3]] In function graphing mode:
Calculates the exponential regression and (1,2,3,4,5,6,7,8}>L1
updates all the system statistics variables. (12 .}
All the lists must have equal dimensions except (1,2,2,2,3,4,5,7}>12
for /ists. (1r2.1
. ExpReg L1, L2 [ENTER] Done
Jist1 represents xlist. ShowStat

list2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

STAT VARS

=1.z70261

Note: /st7 through /st4 must be a variable name
or ¢1-c99 (columns in the last data variable < EREFEIE
shown in the Data/Matrix Editor). /is¢5 does not Rk
have to be a variable name and cannot be c1-c99 [ENTER
. Regeq(x)—yl(x) [ENTER) Done

NewPlot 1,1,L1,L2 [ENTER] Done

[#J[GRAPH]
4}’{{

factor() MATH/Algebra menu

factor(expressionil, val) = expression factor(ar3*xA2-a*x 2-ar3+a)
factor(/ist/,vad) = list

factor(matrixi[,val) = matrix ENTER

factor(expression]) retums expression? factored a-(a-D-(a+1)-(x-1)-(x+1)
with respect to all of its variables over a common

h factor(x*2+1) [ENTER x2+1
denominator.

expression] is factored as much as possible toward factor(x"2-4) (x-2)- (x+2)

linear rational factors without introducing new factor(xAr2-3) x2-3
non-real subexpressions. This alternative is

appropriate if you want factorization with respect factor(x*2-a) [ENTER x2-a
to more than one variable.

factor(expressioni,var) returns expressioni factor(ar3* x"2-a* x"2-a"3+a,x)
factored with respect to variable var. ENTER

expression] is factored as much as possible toward a-(a2-1)+ (x-1)- (x+1)

real factors that are linear in var, even if it
introduces irrational constants or subexpressions  factor(x*2-3,x) [ENTER
that are irrational in other variables. (x +3)- (x -v3)

The factors and their terms are sorted with varas  factor(xA2-a,x) ENTER

the main variable. Similar powers of varare (X+va)+ (x-va)
collected in each factor. Include varif

factorization is needed with respect to only that

variable and you are willing to accept irrational

expressions in any other variables to increase

factorization with respect to var. There might be

some incidental factoring with respect to other

variables.
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For the AUTO setting of the Exact/Approx mode,
including varpermits approximation with
floating-point coefficients where irrational
coefficients cannot be explicitly expressed
concisely in terms of the built-in functions. Even
when there is only one variable, including var
might yield more complete factorization.

Note: See also comDenom() for a fast way to
achieve partial factoring when factor() is not
fast enough or if it exhausts memory.

Note: See also cFactor() for factoring all the
way to complex coefficients in pursuit of linear
factors.

factor(x"5+4x"4+5x"3-6x-3)
ENTER

x5+ 4+ x4+5.x3-6+x-3

factor(ans(1),x) [ENTER
(x-.964..)- (x+.611..)-
(x+2.125..)+ (x2+2.227...
x+2.392..)

factor(rationalNumber) returns the rational
number factored into primes. For composite
numbers, the computing time grows
exponentially with the number of digits in the
second-largest factor. For example, factoring a
30-digit integer could take more than a day, and
factoring a 100-digit number could take more
than a century.

Note: To stop (break) a computation, press [ON].

If you merely want to determine if a number is
prime, use isPrime() instead. It is much faster,
particularly if rationalNumberis not prime and if
the second-largest factor has more than five
digits.

factor(152417172689)
123457-1234577

isPrime(152417172689) [ENTER]false

Fill MATH/Matrix menu
Fill expression, matrixVar = /.namx. . [1,2:3,47>anatrx ETER |::13 i]
Replacgs each element in variable matrixVar with Fill 1.01,amatrx Done
expression.
[ 1.01 1.01 ]
matrixVarmust already exist. amatrx 1.01 1.01
Fill expression, listVar = list {1,2,3,4,5}>alist
. . ) . {12345}
Eﬁprl:;?jnead] element in variable /stVarwith Fill 1.01,alist Done
pression. alist
JistVarmust already exist. {1.01 1.01 1.01 1.01 1.01}
floor() MATH/Number menu

floor(expression) =

integer

Returns the greatest integer that is < the
argument. This function is identical to int().

The argument can be a real or a complex number.

floor(-2.14) [ENTER] -3.

floor(/istl)y = list
floor(matrix]) = matrix

floor({3/2,0,-5.3}) [ENTER]

{10 -6.}
Returns a list or matrix of the floor of each
element. floor([1.2,3.4;2.5,4.8]) [ENTER)
1. 3.
Note: See also ceiling() and int(). [ 41
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fMax()

fMax(expression, van) =  Boolean expression

fMin()

fMin(expression, van) = Boolean expression

FnOff

FnOff

MATH/Calculus menu

Returns a Boolean expression specifying
candidate values of varthat maximize expression
or locate its least upper bound.

Use the “|" operator to restrict the solution
interval and/or specify the sign of other
undefined variables.

For the APPROX setting of the Exact/Approx
mode, fMax() iteratively searches for one
approximate local maximum. This is often faster,
particularly if you use the “|" operator to
constrain the search to a relatively small interval
that contains exactly one local maximum.

Note: See also fMin() and max().

MATH/Calculus menu

Returns a Boolean expression specifying
candidate values of varthat minimize expression
or locate its greatest lower bound.

Use the “|" operator to restrict the solution
interval and/or specify the sign of other
undefined variables.

For the APPROX setting of the Exact/Approx
mode, fMin() iteratively searches for one
approximate local minimum. This is often faster,
particularly if you use the “|" operator to
constrain the search to a relatively small interval
that contains exactly one local minimum.

Note: See also fMax() and min().

CATALOG

Deselects all Y= functions for the current
graphing mode.

In split-screen, two-graph mode, FnOff only
applies to the active graph.

fMax(1-(x-a
ENTER

)h2-(x=Db)"2,x)

fMax(.5x*3-x-2,x) [ENTER X = oo
fMax(.5x"3-x-2,x)|x<1 [ENTER]
x=".816...

fMax(a* x*2,x) [ENTER
X=oc OFr X="c or x=0 or a=0

fMax(a*x*2,x) |a<0 [ENTER] x=0

fMin(1- (x-a)*2-(x-b)"2,x)
ENTER
X=oc0 OF X= oo

fMin(.5x"3-x-2,x)|x>1[ENTER] x =1

fMin(a*x*2,x) [ENTER
X=o0 Or X="c0o Or x=0 or a=0

fMin(a*x*2,x)[a>0 and x>1 [ENTER]
x=1.

fMin(a*x*2,x) |a>0 [ENTER] x=0

FnOff [1] [, 2] ... [99]

Deselects the specified Y= functions for the
current graphing mode.

In function graphing mode:
FnOff 1,3 deselects y1(x) and
y3(x).

In parametric graphing mode:
FnOff 1,3 deselects xt1(t), yt1(t),
xt3(t), and yt3(¢).

FnOn CATALOG
FnOn
Selects all Y= functions that are defined for the
current graphing mode.
In split-screen, two-graph mode, FnOn only
applies to the active graph.
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FnOn [1] [, 2] ... [,99]

Selects the specified Y= functions for the current
graphing mode.

Note: In 3D graphing mode, only one function at
a time can be selected. FnOn 2 selects z2(x,y) and
deselects any previously selected function. In the

other graph modes, previously selected functions

are not affected.

For CATALOG
For var, low, high|, step] Program segment:
block .
EndFor H
:0>tempsum : 1>step
Executes the statements in block iteratively for :For i,1,100,step
each value of var, from /owto high, in increments tempsum+i>tempsum
of step. :EndFor
varmust not be a system variable. :Disp tempsum
step can be positive or negative. The default value ’
is 1. Contents of tempsum after
execution: 5050

block can be either a single statement or a series

of statements separated with the “:" character. Contents of tempsum when step

is changed to 2: 2500
format() MATH/String menu
format(expression|, formatString)) =  string format(1.234567,"f3")
. . "1.235"
Returns expression as a character string based on
the format template. format(1.234567,"s2") [ENTER
expression must simplify to a number. formatString "1.23e0"
is a string and must be in the form: “F[7]", naan
“stal”, "Elm”, "GlAld", where [ ] indicate format(1.234567,"%e3") 355 0"

optional portions.
format(1.234567,"g3")

F[71): Fixed format. 7is the number of digits to "1.235"

display after the decimal point.
s[n): Scientific format. n7is the number of digits to format(1234.567,"g3")

display after the decimal point. "1,234.567"
E[n): Engineering format. nis the number of format(1.234567,"g3,r:")
digits after the first significant digit. The "1:235"

exponent is adjusted to a multiple of three, and
the decimal point is moved to the right by zero,
one, or two digits.

G[7[d: Same as fixed format but also separates
digits to the left of the radix into groups of three.
cspecifies the group separator character and
defaults to a comma. If cis a period, the radix
will be shown as a comma.

[Rd: Any of the above specifiers may be suffixed
with the Rcradix flag, where cis a single
character that specifies what to substitute for the
radix point.
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fPart()

fPart(expression]) = expression
fPart(/stl) = list
fPart(matrixl) = matrix

Func

ged()

Func

MATH/Number menu

Returns the fractional part of the argument.

For a list or matrix, returns the fractional parts of
the elements.

The argument can be a real or a complex number.

CATALOG

block
EndFunc

Required as the first statement in a multi-
statement function definition.

block can be either a single statement or a series

of statements separated with the “:" character.

Note: when() also can be used to define and
graph piecewise-defined functions.

MATH/Number menu

ged(numberl, number2) = expression

Returns the greatest common divisor of the two
arguments. The ged of two fractions is the ged
of their numerators divided by the lem of their
denominators.

In Auto or Approximate mode, the ged of
fractional floating-point numbers is 1.0.

fPart(-1.234) [ENTER] -.234

fPart({1, -2.3, 7.003)}) [ENTER]
{0 -.3 .003}

In function graphing mode, define a
piecewise function:

Define g(x)=Func:If x<0 Then
:Return 3*cos(x):Else:Return

3-x:EndIf:EndFunc [ENTER] Done
Graph g(x) [ENTER]
gcd(18,33) [ENTER] 3

ged(/ist], list) = list

Returns the greatest common divisors of the
corresponding elements in /ist7 and /ist2.

gcd({12,14,16},{9,7,5}) [ENTER
{371}

ged(matrix1, matrix2) = matrix

Returns the greatest common divisors of the
corresponding elements in matrix? and matrix2.

gcd([2,4;6,8],[4,8;12,161) [ENTER
2 4

Get CATALOG
Get var Program segment:

Retrieves a CBL 2™/CBL™ (Calculator-Based :

Laboratory™) or CBR™ (Calculator-Based :Send {3,1,-1,0)}

Ranger™) value from the link port and storesitin . For §,1,99

variable var. Get datali]

PtOn i,datali]
:EndFor
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GetCalc

CATALOG

GetCalc var

Retrieves a value from the link port and stores it
in variable var. This is for unit-to-unit linking.

Note: To get a variable to the link port from
another unit, use [VAR-LINK] on the other unit
to select and send a variable, or do a SendcCalc
on the other unit.

Program segment:

:Disp "Press Enter when ready"
:Pause

:GetCalc L1

:Disp "List L1 received”

GetCalc var/port]

Retrieves a value from the link port and stores it
in variable varon the receiving TI-89 Titanium.

If the port is not specified, or port = 0is
specified, the TI-89 Titanium waits for data from
either port.

If port = 1, the TI-89 Titanium waits for data from
the USB port.

If port = 2, the TI-89 Titanium waits for data from
the I/0 port.

getConfg() cataLoG
getConfg() = ListPairs

Returns a list of calculator attributes. The
attribute name is listed first, followed by its
value.

B:
getConfg() [ENTER
{"Product Name" "Advanced
Mathematics Software"”
"Version" "2.00, 09/25/1999"
"Product ID" "03-1-4-68"
"ID #" "01012 34567 ABCD"
"Cert. Rev. #" 0
"Screen Width" 160
"Screen Height" 100
"Window Width" 160
"Window Height" 67
"RAM Size" 262132
"Free RAM" 197178
"Archive Size" 655360
"Free Archive" 655340}

getConfg() [ENTER
{"Product Name" "Advanced
Mathematics Software"
"Version" "2.00, 09/25/1999"
"Product ID" "01-1-4-80"
"ID #" "01012 34567 ABCD"
"Cert. Rev. #" 0
"Screen Width" 240
"Screen Height" 120
"Window Width" 240
"Window Height" 91
"RAM Size" 262144
"Free RAM" 192988
"Archive Size" 720896
"Free Archive" 720874}
Note: Your screen may display different
attribute values. The Cert. Rev. # attribute
appears only if you have purchased and
installed additional software into the calculator.
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getDate() cATALOG
getDate() = /st getDate() {2002 2 22}

Returns a list giving the date according to the
current value of the clock. The list is in
{year,month,day} format.

getDenom() MATH/Algebra/Extract menu

getDenom(expression]) =>  expression getDenom((x+2)/(y-3)) y-3
Transforms expression? into one having a reduced  getDenom(2/7) 7
common denominator, and then returns its
denominator. getDenom(1/x+(yr2+y)/y*2) [ENTER

Xy

getDtFmt() cATALOG

getDtFmt() = /integer Integer values:
Returns an integer representing the date format 1 = MM/DD/YY
that is currently set on the device.
2 = DD/MM/YY
3 = MM.DD.YY
4 = DD.MM.YY
5 = YY.MM.DD
6 = MM-DD-YY
7 = DD-MM-YY
8 = YY-MM-DD
getDtStr() catALOG
getDtStr([/ntegen) = string Optional integer values:

Returns a string of the current date in the current 1 = MM/DD/YY
date format. For example, a returned string of

28/09/02 represents the 28th day of September, 2 = DD/MM/YY
2002 (when the date format is set to
DDMMIYY). 3 = MM.DD.YY
If you enter the optional integer that corresponds 4 = DD.MM.YY
to a date format, the string returns the current B
date in the specified format. 5 = YY.MM.DD
6 = MM-DD-YY
7 = DD-MM-YY
8 = YY-MM-DD
getFold() cAtALoG
getFold() = nameString getFold() "main"
Returns the name of the current folder as a getFold()>oldfoldr "main"
string.
oldfoldr [ENTER) "main"
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getKey() caTALOG

getKey() = Jnteger Program listing:
Returns the key code of the key pressed. Returns ;D1 sp
0 if no key is pressed. :Loop
The prefix keys (shift [#], second function [2nd], ¢ getKey()> key
option [+], alpha and drag [€)) are not : while key=0
recognized by themselves; however, they modify ~ : getKey()>key
the keycodes of the key that follows them. For : EndWhile
example: (] (X] # (X] # [2nd] (X]. ¢ Disp key
For a listing of key codes, see Appendix B. é:ogey = ord(*a")

:EndLoop

getMode() cATALOG

getMode(modeNameString) =  string getMode("angle") "RADIAN"
getMode("ALL") = [ListStringPairs
getMode("graph") "FUNCTION"
If the argument is a specific mode name, returns
a string containing the current setting for that getMode("all")
mode. {"Graph" "FUNCTION"
"Display Digits" "FLOAT 6"
"Angle" "RADIAN"
"Exponential Format" "NORMAL"
"Complex Format" "REAL"

If the argument is *ALL", returns a list of string
pairs containing the settings of all the modes. If
you want to restore the mode settings later, you
must store the getMode("ALL") result in a

variable, and then use setMode() to restore the "Vector Format" "RECTANGULAR"
modes. "Pretty Print" "ON"
e X "Split Screen" "FULL"

For a listing of mode names and possible "Split 1 App" "Home"
settings, see setMode(). "Split 2 App" "Graph"
Note: To set or return information about the "Number of Graphs" "1"
Unit System mode, use setUnits() or getUnits() "Graph 2" "FUNCTION"
instead of setMode() or getMode(). "Split Screen Ratio" "I1,1"
"Exact/Approx" "AUTO"

"Base" "DEC"}

Note: Your screen may display different
mode settings.

getNum() MATH/AIgebra/Extract menu

getNum(expression]) = expression getNum((x+2)/(y-3)) X+ 2
Transforms expression? into one having a reduced  getNum(2/7) 2
common denominator, and then returns its
numerator. getNum(1l/x+1/y) [ENTER] X+y

getTime() cATALOG
getTime() = /ist

Returns a list giving the time according to the
current value of the clock. The list is in

{hour, minute secona} format. The time is returned
in the 24 hour format.

getTmFmt() cATALOG
getTmFmt() = /nteger Integer values:

Returns an integer representing the clock time 12 = 12 hour clock
format that is currently set on the device.
24 = 24 hour clock
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getTmStr() catALoG
getTmStr([/ntegen) = string Optional integer values:

Returns a string of the current clock time in the 12
current time format.

12 hour clock
X . 24 = 24 hour clock

If you enter the optional integer that corresponds

to a clock time format, the string returns the

current time in the specified format.

getTmZn() cATALOG
getTmzn() = /nteger If Greenwich Mean Time is 14:07:07, it is:

Returns an integer representing the time zone 8:07:07 a.m. in Denver, Colorado (Mountain
that is currently set on the device. Daylight Time)

The returned integer represents the number of (360 minutes from GMT)

minutes the time zone is offset from Greenwich . )

Mean Time (GMT), as established in Greenwich, ~ 16:07:07 p.m. in B'”§59|5' Belgium (Central
England. For example, if the time zone is offset ~ European Standard Time)

from GMT by two hours, the device would return  (+120 minutes from GMT)

120 (minutes).

Integers for time zones west of GMT are
negative.

Integers for time zones east of GMT are positive.

getType() cATALOG

getType(va) = string {1,2,3}>temp [ENTER] {123}
Returns a string indicating the data type of getType(temp) [ENTER “LISTT
variable var 2+3p temp 2+3i
If varhas not been defined, returns the string getType(temp) [ENTER "EXPR"
“NONE" DelVar temp [ENTER) Done

getType(temp) "NONE"

Data Type Variable Contents

"ASM" Assembly-language program

"DATA" Data type

"EXPR" E;(pression (includes complex/arbitrary/undefined, o, - oo, TRUE, FALSE, pi,

e

"FUNC" Function

"GDB" Graph data base

"LIST" List

"MAT" Matrix

"NONE" Variable does not exist

"NUM" Real number

"OTHER" Miscellaneous data type for future use by software applications

"PIC" Picture

"PRGM" Program

"STR" String

"TEXT" Text type

"VAR" Name of another variable
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getUnits() caTALoG
getUnits() = /ist

Goto

Returns a list of strings that contain the current
default units for all categories except constants,
temperature, amount of substance, luminous
intensity, and acceleration. /sthas the form:

{"system" "cat1" “unit?" "cat?" "unit?" ...}

The first string gives the system (SI, ENG/US, or
CUSTOM). Subsequent pairs of strings give a
category (such as Length) and its default unit
(such as _m for meters).

To set the default units, use setUnits().

CATALOG

Goto /abelName

Graph

Transfers program control to the label /abe/Name.

labelName must be defined in the same program
using a Lbl instruction.

CATALOG

Graph expression||, expression2) |, varfl |, varZ)

The Smart Graph feature graphs the requested
expressions/ functions using the current graphing
mode.

Expressions entered using the Graph or Table
commands are assigned increasing function
numbers starting with 1. They can be modified or
individually deleted using the edit functions
available when the table is displayed by pressing
Header. The currently selected Y= functions
are ignored.

If you omit an optional varargument, Graph uses

the independent variable of the current graphing
mode.

Note: Not all optional arguments are valid in all
modes because you can never have all four
arguments at the same time.

getUnits() [ENTER

("SI" “Area" "NONE"
"Capacitance" "_F"
"Charge"™ "_coul"

.

Note: Your screen may display different
default units.

Program segment:

:0>temp
11>
:Lb1 TOP
temp+i>temp
If i<10 Then
i+1>1
Goto TOP
EndIf
:Disp temp

In function graphing mode and Zoomstd
window:

Graph 1.25axcos(a),a [ENTER)

In parametric graphing mode and ZoomsStd
window:

Graph
time,2cos(time)/time,time [ENTER]
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Some valid variations of this instruction are: In 3D graphing mode:

Function graphing Graph expr, x Graph (v*2-w"2)/4,v,w ENTER]
Parametric graphing Graph xExpr, yExpr, t

Polar graphing Graph expr, ©

Sequence graphing Not allowed.

3D graphing Graph expr, X, y

Diff Equations graphing ~ Not allowed.

Note: Use ClrGraph to clear these functions, or
go to the Y= Editor to re-enable the system Y=

functions.
»Hex MATH/Base menu
integer! VHex = integer 256 PHex 0h100
Converts /nteger? to a hexadecimal number. 0b111100001111 »Hex OhFOF

Binary or hexadecimal numbers always have a Ob
or Oh prefix, respectively.

FZero, not the letter O, followed by b or h.

Ob binaryNumber

Oh hexadecimalNumber
A binary number can have up to
32 digits. A hexadecimal number
can have up to 8.

Without a prefix, integer is treated as decimal
(base 10). The result is displayed in hexadecimal,
regardless of the Base mode.

If you enter a decimal integer that is too large for
a signed, 32-bit binary form, a symmetric modulo
operation is used to bring the value into the
appropriate range.

identity() MATH/Matrix menu

identity(expression) = matrix identity(4)
Returns the identity matrix with a dimension of (1) ? 8 g
expression. 0010
expression must evaluate to a positive integer. 0001
If CATALOG
If Boolean expression If Boolean expression Then Program segment:
statement block i
EndIf :
(If x<0
If Boolean expression evaluates to true, executes :Disp "x is negative"
the single statement statement or the block of :
statements block before continuing execution. —or—

If Boolean expression evaluates to false, continues :
execution without executing the statement or LIf x<0 Then
block of statements. Disp "x is negative

block can be either a single statement or a i abs(x)>x
sequence of statements separated with the “:" : Er!d If
character. :

826 Appendix A: Functions and Instructions



imag()

If Boolean expression Then
block1

Else
blockz

EndIf

If Boolean expression evaluates to true, executes
block1 and then skips block2.

If Boolean expression evaluates to false, skips
block1 but executes block2.

block? and block2 can be a single statement.

Program segment:

:If x<0 Then
Disp "x is negative"
Else
Disp "x is positive or zero"
:EndIf

If Boolean expression] Then
block1

Elself Boolean expression? Then
block2

EIseI:f Boolean expressionN Then
blockV
EndIf

Allows for program branching. If Boolean
expression] evaluates to true, executes block7. If
Boolean expression1 evaluates to false, evaluates
Boolean expression2, etc.

MATH/Complex menu
imag(expression]) =  expression

imag(expressionT) returns the imaginary part of
the argument.

Note: All undefined variables are treated as real
variables. See also real().

Program segment:

choice=1 Then

Goto optionl

ElseIf choice=2 Then
Goto option2

ElseIf choice=3 Then
Goto option3

ElseIf choice=4 Then
Disp "Exiting Program"

: Return

(EndIf

:I\é

imag(1+2/) [ENTER] 2
imag(z) [ENTER 0

imag (x+iy) [ENTER] y

imag(/isth) = list imag({-3,4-/,7})[ENTER} {0 -1 1}
Returns a list of the imaginary parts of the
elements.
i tri) 11 00
imaglmatid) = mairx imag(la,bsic,id]) @TER) [ 4]

Returns a matrix of the imaginary parts of the
elements.

Indirection see #(), page 904.

Input

CATALOG
Input

Pauses the program, displays the current Graph
screen, and lets you update variables xcand yc
(also rcand 6 ¢for polar coordinate mode) by
positioning the graph cursor.

When you press [ENTER], the program resumes.

Program segment:

:@Get 10 points from the Graph
Screen
:For 1,1,10
Input
xc>XLISTLi]
yc>YLISTLi1]
:EndFor
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Input [promptString,] var Program segment:

Input [promptString), var pauses the program,

displays promptstring on the Program /0 screen, For i ,1,9,1
waits for you to enter an expression, and stores : "Enter x" & string(i)>strl
the expression in variable var. : Input strl,#(right(strl,2))

If you omit promptString, "?" is displayed as a

:EndFor
prompt. :

InputStr cATALOG

InputStr [promptString,] var Program segment:
Pauses the program, displays promptString on the :
Program 1/0 screen, waits for you to enter a :InputStr "Enter Your Name",strl
response, and stores your response as a string in :
variable var.

If you omit promptString, "?" is displayed as a
prompt.

Note: The difference between Input and
InputStr is that Inputstr always stores the
result as a string so that “  are not required.

inString() MATH/String menu

inString (srcString, subStringl, starfl) =  integer inString("Hello there","the")

s . . ENTER 7
Returns the character position in string srcString at

which the first occurrence of string subString "ABCEFG">s1:If inString(sl,
begins. "D")=0:Disp "D not found." [ENTER]

start, if included, specifies the character position D not found.

within sreString where the search begins. Default
=1 (the first character of srcString).

If srcString does not contain subString or startis >
the length of srcString, returns zero.

int() CATALOG

int(expression) = integer int(-2.5) -3.
int(/sth) = list
int(matrixl) = matrix int([-1.234,0,0.37]) [ENTER)
[-2. 00.]
Returns the greatest integer that is less than or
equal to the argument. This function is identical
to floor().

The argument can be a real or a complex number.

For a list or matrix, returns the greatest integer of
each of the elements.

intDiv() cATALOG

intDiv(numberl, number2) = integer intDiv(-7,2) -3
intDiv(/ist7, listd) = list . .
intDiv(matrix1, matrix2) = matrix intDiv(4,5) 0

Returns the signed integer part of argument 1 intDiv({12,-14,-16},{5,4,-3})
divided by argument 2. ENTER

(2 -3 5}
For lists and matrices returns the signed integer
part of argument 1 divided by argument 2 for
each element pair.

integrate see |(), page 902.
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iPart() MATH/Number menu

iPart(numben) = integer iPart(-1.234) -1.

iPart(/isth) = list .

iPart(matrix7) = matrix iPart({3/2,-2.3,7.003}) [ENTER]
{1 -2. 7.}

Returns the integer part of the argument.

For lists and matrices, returns the integer part of
each element.

The argument can be a real or a complex number.

isClkOn() catALOG
isCIkOn() = true false

Determines if the clock is ON or OFF. Returns
true if the clock is ON. Returns false if the clock
is OFF.
isPrime() MATH/Test menu
isPrime(number) =  Boolean constant expression IsPrime(5) true

Returns true or false to indicate if numberis a LsPrime(6) false
whole number > 2 that is evenly divisible only by
itself and 1. Function to find the next prime after a
If number exceeds about 306 digits and has no specified number:
factors < 1021, isPrime(numbes) displays an Define nextPrim(n)=Func:Loop:
error message. n+l>n:if isPrime(n):return n:
If you merely want to determine if numberis EndLoop:EndFunc Done
prime, use isPrime() instead of factor(). It is ;
much faster, particularly if numberis not prime nextPrim(7) 1
and has a second-largest factor that exceeds
about five digits.
Item CATALOG

Item jtemNameString See Custom example.

Item jtemNameString, label
Valid only within a Custom...EndCustm or
ToolBar...EndTBar block. Sets up a drop-down
menu element to let you paste text to the cursor
position (Custom) or branch to a label
(ToolBar).
Note: Branching to a label is not allowed within
a Custom block.

Lbl CATALOG

Lbl /abelName Program segment:
Defines a label with the name /abe/Name in the :
program. :Lb1 1b11

:InputStr "Enter password",

You can use a Goto /abelName instruction to

transfer program control to the instruction strl
immediately following the label. :If strlzpassword
Goto 1b11
labelName must meet the same naming :D 1"s p "Welcome to "

requirements as a variable name.
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lem() MATH/Number menu

lem (numberl, number2) =  expression Tcm(6,9) 18
lem(/ist], list) = list
lem(matrix], matrix2) = matrix lem({1/3,-14,16},{2/15,7,5})
ENTER
Returns the least common multiple of the two {2/3 14 80}

arguments. The lem of two fractions is the lem
of their numerators divided by the ged of their
denominators. The lem of fractional floating-
point numbers is their product.

For two lists or matrices, returns the least
common multiples of the corresponding

elements.
left() MATH/String menu
left(sourceStringl, numl) = string left("Hello",2) "He"

Returns the leftmost num characters contained in
character string sourceString.

If you omit num, returns all of sourceString.

left(/stil, numl) = list left({1,3,-2,4},3) ENTER)
Returns the leftmost num elements contained in 13 -2
list1.

If you omit num, returns all of /st7.

left(comparison) =  expression Teft(x<3) X
Returns the left-hand side of an equation or
inequality.
limit() MATH/Calculus menu
limit(expression], var, poind, direction]) = Timit(2x+3,x,5) 13
expression .
limit(/ist1, var, point, directionl) = list 1imit(1/x,x,0,1) oo
limit(matrix1, var, poind, direction)) = matrix Timit(sin(x)/x,%,0) 1
Returns the limit requested.
q Timit((sin(x+h)-sin(x))/h,h,0)
directior. negative=from left, positive=from ENTER
right, otherwise=both. (If omitted, direction cos(x)
defaults to both.) L
Timit((1+1/n)*n,n,eo) [ENTER e

Limits at positive o and at negative o are always
converted to one-sided limits from the finite side.

Depending on the circumstances, limit() returns
itself or undef when it cannot determine a
unique limit. This does not necessarily mean that
a unique limit does not exist. undef means that
the result is either an unknown number with
finite or infinite magnitude, or it is the entire set
of such numbers.
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Line

limit() uses methods such as L'Hopital’s rule, so
there are unique limits that it cannot determine.
If expression1 contains undefined variables other
than var, you might have to constrain them to
obtain a more concise result.

Limits can be very sensitive to rounding error.
When possible, avoid the APPROX setting of the
Exact/Approx mode and approximate numbers
when computing limits. Otherwise, limits that
should be zero or have infinite magnitude
probably will not, and limits that should have
finite non-zero magnitude might not.

CATALOG

Line xStart, yStart, xEna, yEndl, drawMode)

Displays the Graph screen and draws, erases, or
inverts a line segment between the window
coordinates (xStart, yStar) and (xtnd, yEna),
including both endpoints.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also PxlLine.

LineHorz cAtALOG

LineHorz y[, drawMode]

Displays the Graph screen and draws, erases, or
inverts a horizontal line at window position y.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also PxIHorz.

Timit(a*x,x,00) [ENTER undef

Timit(a”x,x,e)|a>1 [ENTER]

Timit(a”*x,x,)[a>0 and a<l
ENTER

In the Zoomstd window, draw a line and
then erase it.

Line 0,0,6,9 [ENTER)

[*J[CALC HOME]

Line 0,0,6,9,0 [ENTER]

In @ Zoomstd window:

LineHorz 2.5
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LineTan

CATALOG

LineTan expression], expression2

LineVert

Displays the Graph screen and draws a line
tangent to expression? at the point specified.

expression] is an expression or the name of a
function, where x is assumed to be the
independent variable, and expression2 is the x
value of the point that is tangent.

Note: In the example shown, expression? is
graphed separately. LineTan does not graph
expression].

CATALOG

LineVert x|, drawMode]

LinReg

Displays the Graph screen and draws, erases, or
inverts a vertical line at window position x.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also PxIVert.

MATH/Statistics/Regressions menu

LinReg /ist1, /istZ], [list3) [, listd, list5]]

Calculates the linear regression and updates all
the system statistics variables.

All the lists must have equal dimensions except
for /ists.

Jist1 represents xlist.

list2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

Note: /ist7 through /ist4 must be a variable name
or ¢1-¢99 (columns in the last data variable
shown in the Data/Matrix Editor). /st5 does not
have to be a variable name and cannot be c1-
c99.

In function graphing mode and a ZoomTrig
window:

Graph cos(x)

® (HOME

([*][CALC HOME]

LineTan cos(x),n/4 [ENTER]

F,

In @ Zoomstd window:

LineVert -2.5 [ENTER]

In function graphing mode:

{0,1,2,3,4,5,6)> L1 [ENTER)

{012.}
{0,2,3,4,3,4,6}> L2 [ENTER)
{023 .}
LinReg L1, L2 [ENTER] Done
ShowStat (ENTER]
|
= 910366
=.BzB767
ENTER
Regeq(x)->yl(x) [ENTER] Done

NewPlot 1,1,L1,L2 [ENTER] Done

[#][GRAPH]

832
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Alist()

MATH/List menu

list(/ist7) = /list

lisbmat()

In()

Returns a list containing the differences between
consecutive elements in /st7. Each element of /ist7

is subtracted from the next element of /s¢7. The
resulting list is always one element shorter than
the original /ist7.

MATH/List menu

(/ist [, erRoml) = matrix

Returns a matrix filled row-by-row with the
elements from /st.

elementsPerRow, if included, specifies the number
of elements per row. Default is the number of
elements in /st (one row).

If /istdoes not fill the resulting matrix, zeros are
added.

(ad[LN] key V) key

In(expression]) = expression
In(/isthy = list

Returns the natural logarithm of the argument.

For a list, returns the natural logarithms of the
elements.

ENTER
{10,15,25}

Alist({20,30,45,70})

Tistrmat({1,2,3}) [ENTER [1 2 3]
Tistwmat((1,2,3,4,5},2) [ENTER)

12
34
50

1n(2.0) [ENTER) .693...
If complex format mode is REAL:
In({-3,1.2,5}) [ENTER

Error: Non-real result

If complex format mode is RECTANGULAR:

Tn({-3,1.2,5}) [ENTER)

{In(3) + =/ .182.. 1n(5)}

In(sg

Matrix]) = sq )

Returns the matrix natural logarithm of
squareMatrix1. This is not the same as calculating
the natural logarithm of each element. For
information about the calculation method, refer
to cos() on.

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

In Radian angle mode and Rectangular
complex format mode:

n([1,5,3;4,2,1;6,-2,11)

1.831.+41.734..-f .009.-1.490...5 ..
448, .725..-1 1.064.+.623-1
©.266..-2.083...7 1.124.41.790..7 ..
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LnReg

MATH/Statistics/Regressions menu

LnReg /ist], list], Uist3) [, listd, hist3]]

Calculates the logarithmic regression and updates
all the system statistics variables.

All the lists must have equal dimensions except
for /ists.

Jist1 represents xlist.

list2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

Note: /st7 through /st4 must be a variable name
or ¢1-c99 (columns in the last data variable
shown in the Data/Matrix Editor). /is¢5 does not
have to be a variable name and cannot be c1-
c99.

In function graphing mode:

{1,2,3,4,5,6,7,8}> L1 [ENTER]

{123.}
(1,2,2,3,3,3,4,4}> L2 ENTER)
{r22.}
LnReg L1,L2 [ENTER] Done
ShowStat (ENTER]
q =.BE0Z9E
b =1.41041
ENTER
Regeq(x)-=>yl(x) [ENTER] Done
NewPlot 1,1,L1,L2 [ENTER] Done

[¢][GRAPH]

pra=

Local CATALOG
Local varll, var2) |, var3) ... Program listing:
Declares the specified vars as local variables. :prgmname ()
Those variables exist only during evaluation ofa  ,pprgp
program or function and are deleted when the sLocal X,y
program or function finishes execution. :Input "Enter x",x
Note: Local variables save memory because they ~ : Input "Enter y",y
only exist temporarily. Also, they do not disturb :Disp x*y
any existing global variable values. Local :EndPrgm
variables must be used for For loops and for X
temporarily saving values in a multi-line function ~ Note: xand ydo not exist after the program
since modifications on global variables are not executes.
allowed in a function.
Lock CATALOG
Lock varTl, varZ] ... {1,2,3,4}> L1 [ENTER] (1,2,3,4}
Locks the specified variables. This prevents you Lock L1 Done
from accidentally deleting or changing the
variable without first using the unlock instruction DelVar L1
on that variable. Error: Variableis locked or protected
In the example to the right, the variable L1 is
locked and cannot be deleted or modified.
Note: The variables can be unlocked using the
Unlock command.
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log()

CATALOG

log(expression]) = expression
log(/isth) = list

Returns the base-10 logarithm of the argument.

For a list, returns the base-10 logs of the
elements.

Tog(2.0)
If complex format mode is REAL:

lTog({-3,1.2,5}) [ENTER]
Error: Non-real result

If complex format mode is RECTANGULAR:
log({-3,1.2,5}) [ENTER)

1n(3
{ n(3) n 079

. . In(s) |
(10) * Tn(10) !

" 1n(10)

log(sg

Logistic

Matrix) = sq 1

Returns the matrix base-10 logarithm of
squareMatrix1. This is not the same as calculating
the base-10 logarithm of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

MATH/Statistics/Regressions menu

Logistic /ist1, /ist2 [, Literations|, [ist3) [, list4, list5]]

Calculates the logistic regression and updates all
the system statistics variables.

All the lists must have equal dimensions except
for /ists.

Jist1 represents xlist.

list2 represents ylist.

list3represents frequency.
list4represents category codes.
Jist5represents category include list.

jterations specifies the maximum number of times
a solution will be attempted. If omitted, 64 is
used. Typically, larger values result in better
accuracy but longer execution times, and vice
versa.

Note: /st7 through /ist4 must be a variable name
or ¢1-c99 (columns in the last data variable
shown in the Data/Matrix Editor). /st5 does not

have to be a variable name and cannot be ¢1-c99

In Radian angle mode and Rectangular
complex format mode:

log([1,5,3;4,2,1;6,-2,11)

.194..-.315..-1
-.115.-.904..-7

462.+.270-1

[. 795.+.753..-1
.488.+.777..-1

.003..-.647...1 .. :|

In function graphing mode:

{1,2,3,4,5,6}>L1 {123.})
(1,1.3,2.5,3.5,4.5,4.8}>L2
ENTER

{11.3 2.5 .}
Logistic L1,L2 Done
ShowStat
wzaMiebg o xdied
a =4,31zB56
b =ELFEQEZY
o ==1.166127
L =.698F17
ENTER
regeq(x)>yl(x) [ENTER Done
NewPlot 1,1,L1,L2 Done
[#][GRAPH]
29
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Loop CATALOG

Loop Program segment:
block .
EndLoop 151
Repeatedly executes the statements in b/ock. Note  : Loop
that the loop will be executed endlessly, unlessa  :  Rand(6)>diel
Goto or Exit instruction is executed within block. .  Rand(6)>die2
block is a sequence of statements separated with If diel=6 and die2=6
the “:" character. Goto End
i+1>1
:EndLoop
:Lb1 End

:Disp "The number of rolls is", i

LU MATH/Matrix menu

LU matrix, IMatName, uMatName, pMatNamel, to) [6,12,18;5,14,31;3,8,181>ml
ENTER

Calculates the Doolittle LU (lower-upper)

decomposition of a real or complex matrix. The 6 12 187
lower triangular matrix is stored in /MatName, the 5 14 31
upper triangular matrix in uMatName, and the 3 8 18
permutation matrix (which describes the row N
swaps done during the calculation) in pMatName. LU ml,1ower,upper,perm Done
Mathame % uMatName = pMathame % matrix 1 0 0
Optionally, any matrix element is treated as zero 1 OWer I:i ;g % /2 [1)
if its absolute value is less than o/, This tolerance -
is used only if the matrix has floating-point 6 12 187
entries and does not contain any symbolic
variables that have not been assigned a value. upper g g %6
Otherwise, to/is ignored. -
o If you use[+] or set the mode to 1 0 0]
Exact/Approx=APPROXIMATE, computations ~ perm 0 1.0
are done using floating-point arithmetic. 0 0 1J

If 7o/is omitted or not used, the default
tolerance is calculated as:

5e - 14 * max(dim(/matrix)) [m,n;o,pl>ml [m n]

* rowNorm(/matrix) o p

The LU factorization algorithm uses partial LU ml,lower,upper,perm Done
pivoting with row interchanges. 1o
Tower |:E 1]
o
o p

upper 0 n 2P

0

0 1

perm 1 0
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matrlist() MATH/List menu
mabtlist(matri) = /ist

Returns a list filled with the elements in matrix.
The elements are copied from matrix row by row.

MATH/List menu

max (expression], expression) = expression
max(/istl, list)) = list
max (matrix], matrix2) = matrix

max()

Returns the maximum of the two arguments. If
the arguments are two lists or matrices, returns a
list or matrix containing the maximum value of
each pair of corresponding elements.

mathist([1,2,3]) @TER) {1 2 3}
[1,2,3;4,5,61>M1 [ENTER]
123
[4 5 6]
matrlist(M1) [ENTER] {1 2 3 4 5 6}
max(2.3,1.4) ENTER) 2.3
max({1,2},{-4,3}) [ENTER) {13}

max(/is) = expression

Returns the maximum element in /isz.

max({0,1,-7,1.3,.5}) [ENTER] 1.3

max(matrix]) =  matrix

Returns a row vector containing the maximum
element of each column in matrix1.

Note: See also fMax() and min().
mean()  MATH/Statistics menu
mean(/ist, freqlisf) = expression

Returns the mean of the elements in /st

max([1,-3,7;-4,0,.3]) [ENTER]
[107]

mean({.2,0,1,-.3,.4}) [ENTER] .26

Each freglist element counts the number of mean({1,2,3},{3,2,1}) 5/3
consecutive occurrences of the corresponding
element in /st.

mean(matrix1], freqmatrikl) = matrix In vector format rectangular mode:
Returns a row vector of the means of all the mean([.2,0:-1,3;.4,-.51)
columns in matrix1. [-.133.. .833..]
Each fregmatrix element counts the number of mean([1/5,0:-1,3:2/5,-1/21)
consecutive occurrences of the corresponding ENTER TR T
element in matrix1. [-2/15 5/6]

median() MATH/statistics menu
median(/s) = expression

Returns the median of the elements in /7.

mean([1,2;3,4;5,61,[5,3;4,1;
6,2]1) [47/15, 11/31

median({.2,0,1,-.3,.4}) [ENTER] .2

median(matrix]) =  matrix

median([.2,0;1,-.3;.4,-.51)
ENTER

Returns a row vector containing the medians of [.4 -.3]
the columns in matrix1.
Note: All entries in the list or matrix must
simplify to numbers.
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MedMed MATH/Statistics/Regressions menu

MedMed /ist1, listZ], L/ist3] 1, listd, list3]] In function graphing mode:
Calculates the median-median line and updates  (0,1,2,3,4,5,6}> L1 012.)
all the system statistics variables. (0,2,3,4,3,4,6)>L2 023.
All the lists must have equal dimensions except ~ MedMed L1,L2 Done
for /ist5. ShowStat [ENTER)
. .
list1 represents xlist. T R
list2 represents ylist.
list3 represents frequency.
list4 represents category codes.
Jist5 represents category include list.
Note: /st7 through /st4 must be a variable name
or ¢1-¢99 (columns in the last data variable ENTER
shown in the Data/Matrix Editor). /isz5does not ~ Regeq(x)>y1(x) [ENTER Done
have to be a variable name and cannot be c1- NewPlot 1,1,L1,L2 [ENTER] Done
c99. () [6RAPH]
mid() MATH/String menu
mid (sourceString, stard, counfl) =>  string mid("Hello there",2)
. "ello there"
Returns count characters from character string
sourceString, beginning with character number mid("Hello there",7,3)
start. "the"
If countis omitted or is greater than the mid("Hello there",1,5)
dimension of sourceString, returns all characters
from sourcestring, beginning with character "Hello"
number start.
mid("Hello there",1,0) [ENTER)
countmust be > 0. If count= 0, returns an empty wn
string.
mid (sourcelist, start], counfl) = list mid({9,8,7,6},3) {7 6}

Returns count elements from sourcelist; beginning  mid({9,8,7,6},2,2) (8 7}
with element number start.

o . mid({9,8,7,6},1,2) ENTER] (9 8}
If countis omitted or is greater than the

dimension of sourcelist, returns all elements from mid({9,8,7,6},1,0) {}
sourcelist, beginning with element number starz.

countmust be > 0. If count = 0, returns an empty
list.

mid (sourceStringlist, starfl, coun) = list mid({"A","B","C","D"},2,2)
] ) . ("B" "C"}
Returns countstrings from the list of strings
sourceStringList, beginning with element number
start.
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MATH/List menu

min(expression], expression) =  expression
min(/ist], list) = list
min(matrix], matrix2) = matrix

min()

Returns the minimum of the two arguments. If
the arguments are two lists or matrices, returns a
list or matrix containing the minimum value of
each pair of corresponding elements.

min(2.3,1.4) [ENTER) 1.4
min({1,2},{-4,3}) [ENTER] {-4 2}

min(/is) = expression min({0,1,-7,1.3,.5}) [ENTER] -7
Returns the minimum element of /sz.
min(matrixl) = matrix min([1,-3,7;-4,0,.3]) [ENTER]
. . [-4 -3 .3]
Returns a row vector containing the minimum
element of each column in matrix1.
Note: See also fMin() and max().
mod() MATH/Number menu
mod (expression], exp ) = exp mod(7,0) [ENTER 7
mod(/ist], list) = list
mod (matrix1, matrix2) = matrix mod(7,3) [E 1
Returns the first argument modulo the second mod(-7,3) [E 2
argument as defined by the identities:
9 y mod(7,-3) -2
mod(x,0) =
mod(x,y) = x- y floor(x/y) mod ( - 3) [ENTER] -1
When the second argument is non-zero, the mod({12,-14,16},{9,7,-5}) [ENTER]
result is periodic in that argument. The result is {30 -4}
either zero or has the same sign as the second
argument.
If the arguments are two lists or two matrices,
returns a list or matrix containing the modulo of
each pair of corresponding elements.
Note: See also remain().
MoveVar CATALOG
MoveVar var, oldfolder, newFolder {1,2,3,4}>L1 {123 4)

Moves variable varfrom oldfolderto newFolder. If
newfolder does not exist, MoveVar creates it.

mRow() MATH/Matrix/Row ops menu

mRow (expression, matrix1, indeX) = matrix

Returns a copy of matrix7 with each element in
row index of matrix7 multiplied by expression.

mRowAdd() MATH/Matrix/Row ops menu

mRowAdd (expression, matrix1, index1, index2)

MoveVar L1,Main,Games [ENTER] Done

mRow(-1/3,[1,2;3,41,2) [ENTER]

)
1
I:'1 '4/3:|

N

mRowAdd(-3,[1,2;3,41,1,2) [ENTER)

= matrix [ 1 2 ]
Returns a copy of matrix7 with each element in 0 -2
row index2 of matrix1 replaced with: mRowAdd(n,[a,b;c,d],1,2)
expression x TOW index? + row index2 [ a + E +d]
asn+c ben
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nCr()

nDeriv()

MATH/Probability menu

nCr(exp

1, expression?) = exp

For integer expressioni and expression2 with
expression] > expression2 > 0, nCr() is the number
of combinations of expression7 things taken
expression?2 at a time. (This is also known as a
binomial coefficient.) Both arguments can be
integers or symbolic expressions.

nCr(expression, 0) = 1
nCr(expression, neginteger) = 0

nCr(expression, posinteger) =
expression - (expression-1)...
i 1)/ A

(exp

nCr(exp ), ) = e !

(expressi )1 + noninteger!)

nCr(z,3) 3
ans(1)|z=5 10
z!
nCr(z,c) Tiz=o7T
1
ans(l)/nPr(z,c) o

nCr(/ist], list) = list

Returns a list of combinations based on the
corresponding element pairs in the two lists. The
arguments must be the same size list.

nCr({5,4,3},{2,4,2})
{10 1 3}

nCr(matrix1, matrix2) = matrix

Returns a matrix of combinations based on the
corresponding element pairs in the two matrices.
The arguments must be the same size matrix.

MATH/Calculus menu

nDeriv (expression], var, hl) = expression
nDeriv(expression], var, lis) = list
nDeriv(/ist, vad, ) = list
nDeriv(matrix, va, h)) = matrix

Returns the numerical derivative as an
expression. Uses the central difference quotient
formula.

his the step value. If Ais omitted, it defaults to
0.001.

When using /istor matrix, the operation gets
mapped across the values in the list or across the
matrix elements.

Note: See also avgRC() and o).

NewData cATALOG

NewData dataVar, listll, list2] [, list3...

Creates data variable dataVar, where the columns
are the lists in order.

Must have at least one list.

list1, list2, ..., listn can be lists as shown,
expressions that resolve to lists, or list variable
names.

NewData makes the new variable current in
the Data/Matrix Editor.

nCr([6,5;4,31,02,2;2,2]) [ENTER)
15 10
[ 31

nDeriv(cos(x),x,h) [ENTER]

Error!

T1imit(nDeriv(cos(x),x,h),h,0)
ENTER
“sin(x)

nDeriv(x*3,x,0.01)
3.+ (x2+.000033)

nDeriv(cos(x),x)|x=n/2 [ENTER]

nDeriv(x*2,x,{.01,.1})
{(2.:x 2.+x}

NewData mydata,{1,2,3},{4,5,6)}
ENTER
Done

(Go to the Data/Matrix Editor and open the
varmydata to display the data variable
below.)

TATA |
1

(=
i
[

EEEIER

2
3

FAITRE

840
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NewData dataVar, matrix

Creates data variable dataVarbased on matrix.

NewData sysData, matrix
Loads the contents of matrixinto the system data
variable sysData.
NewFold cATALOG
NewFold fo/derName

Creates a user-defined folder with the name
folderName, and then sets the current folder to
that folder. After you execute this instruction,
you are in the new folder.

newlist() caTALOG

newlist(numéElements) = list

Returns a list with a dimension of numélements.
Each element is zero.

newMat() CATALOG also Math/Matrix menu

newMat(numRows, numColumns) = matrix

Returns a matrix of zeros with the dimension
numRows by numColumns.

NewPic CATALOG

NewPic matrix, picVar|, maxRowl[, maxCol

Creates a pic variable picVarbased on matrix.
matrix must be an 77x2 matrix in which each row
represents a pixel. Pixel coordinates start at 0,0.
If picVar already exists, NewPic replaces it.

The default for picVaris the minimum area
required for the matrix values. The optional
arguments, maxRow and maxCol, determine the
maximum boundary limits for picVar.

NewFold games (ENTER] Done
newlist(4) [ENTER] {0000}

000
newMat(2,3) [ENTER] [0 0 0]

NewPic [1,1;2,2;3,3;4,4;5,5;
5,1;4,2;2,4;1,5],xpic([ENTER] Done

Rc1Pic xpic [ENTER)

E3
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NewPlot cATALOG

NewPlot 7, yype, xList [ [yLis, [fralish, [catlish,
[includeCatList, [mark] [, bucketSize]]

Creates a new plot definition for plot number 7.

type specifies the type of the graph plot.
1 = scatter plot

2 = xyline plot
3 = box plot
4 = histogram

5 = modified box plot
mark specifies the display type of the mark.

= o (box)
2 = x (cross)
3=+ (plus)
4 = = (square)
5=+ (dot)

bucketSize is the width of each histogram
"bucket” (zype = 4), and will vary based on the
window variables xmin and xmax. bucketSize
must be >0. Default = 1.

Note: 77 can be 1-9. Lists must be variable names

or ¢1-c99 (columns in the last data variable
shown in the Data/Matrix Editor), except for
includeCatList, which does not have to be a
variable name and cannot be ¢1-¢99.

NewProb cATALOG
NewProb

Performs a variety of operations that let you
begin a new problem from a cleared state
without resetting the memory.

o Clears all single-character variable names
(Clear a—z) in the current folder, unless the
variables are locked or archived.

o Turns off all functions and stat plots (Fnoff
and PlotsOff) in the current graphing mode.

e Perfoms ClrDraw, CIrErr, CirGraph,
CirHome, CIrlO, and CirTable.

nint() MATH/Calculus menu

nint(expression, var, lower, upper) =>  expression

If the integrand expression? contains no variable
other than var, and if fowerand upperare
constants, positive e, or negative oo, then nint()
returns an approximation of [(expressionf, var,
lower, uppen). This approximation is a weighted
average of some sample values of the integrand
in the interval /ower<var<upper.

The goal is six significant digits. The adaptive
algorithm terminates when it seems likely that
the goal has been achieved, or when it seems
unlikely that additional samples will yield a
worthwhile improvement.

A warning is displayed (“Questionable
accuracy”) when it seems that the goal has not
been achieved.

FnOf f [ENTER) Done
P1otsOff [ENTER] Done
(1,2,3,4}>L (123 4)
{2,3,4,5}> L2 [ENTER] {2 3 45)
NewPlot 1,1,L1,L2,,,,4 [ENTER] Done
Press [¢] [GRAPH] to display:
NewProb Done
nInt(e*(-x*2),x,-1,1) [ENTER]
1.493...

nint(cos(x),x, m,n+le ~12) [ENTER
-1.041..-12

J(cos(x),x, m,n+10~(-12)) [ENTER)
NSO S
$11(7500000000000

“l.e-12

)

ans (1)[¢J[ENTER)

842
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norm()

not

nPr()

Nest nint() to do multiple numeric integration.
Integration limits can depend on integration
variables outside them.

Note: See also [().

MATH/Matrix/Norms menu

norm(matrix) = expression

Returns the Frobenius norm.

MATH/Test menu

nint(nint(er(-x*xy)/\(x"2-y"2),
¥ XsX),yx,0,1) [ENTER 3.304..

norm([a,b;c,d]) [ENTER]

\JaZ+b2+c2 +d2

norm([1,2;3,4]) ENTER) \30

not Boolean expression] =>  Boolean expression not 2>=3 true
Returns true, false, or a simplified Boolean not x<2 X2
expression].
not not innocent [ENTER] 1innocent
not integer! = integer In Hex base mode:
Returns the one’s complement of a real integer. not 0h7AC36 OhFFF853C9

Internally, integer? is converted to a signed, 32-bit
binary number. The value of each bit is flipped (0
becomes 1, and vice versa) for the one’s
complement. Results are displayed according to
the Base mode.

You can enter the integer in any number base.
For a binary or hexadecimal entry, you must use
the Ob or Oh prefix, respectively. Without a prefix,
the integer is treated as decimal (base 10).

If you enter a decimal integer that is too large for
a signed, 32-bit binary form, a symmetric modulo
operation is used to bring the value into the
appropriate range.

MATH/Probability menu

nPr(expression], expression?) => expression

For integer expressiont and expression2 with
expression] > expression2 > 0, nPr() is the number
of permutations of expression? things taken
expression2 at a time. Both arguments can be
integers or symbolic expressions.

nPr(expression, 0) = 1

nPr(expression, neginteger) =
1/((expression+1) « (expression+2)...
(expression- neglinteger))

nPr(expression, posinteger) =
expression - (expression-1)... (expression—- posinteger+1)

nPr(expression, noninteger) = expression!!
(expression— nonintegen)!

Important: Zero, not the letter O.

In Bin base mode:
0b100101»dec

not 0b100101
0b11111111111111111111111111011010

ans(1)»dec [ENTER] -38

Note: A binary entry can have up to 32 digits
(not counting the Ob prefix). A hexadecimal
entry can have up to 8 digits.

37

Note: To type the » conversion operator,
press [»]. You can also select base
conversions from the MATH/Base menu.

z+(z-2)-(z-1)
60

nPr(z,3) [ENTER)
ans (1) |z=5 [ENTER]

1
nPr(z,-3) ENTERI 7417+ (z+2) - (243)

z!

nPr(z,c) [ENTER) Tz=c)!

ans(l)*nPr(z-c,-c) [ENTER 1

nPr(/istl, list) = list

Returns a list of permutations based on the
corresponding element pairs in the two lists. The
arguments must be the same size list.

nPr({5,4,3},{2,4,2})
{20 24 6}
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nPr(matrix1, matrix2) = matrix

Returns a matrix of permutations based on the
corresponding element pairs in the two matrices.
The arguments must be the same size matrix.

nSolve() MATH/Algebra menu
nSolve(equation, varOrGuess) = number or error_string

Iteratively searches for one approximate real
numeric solution to eguation for its one variable.
Specify varOrGuess as:

variable
—or—
variable = real number

For example, x is valid and so is x=3.

nSolve() is often much faster than solve() or
zeros(), particularly if the “|” operator is used to
constrain the search to a small interval
containing exactly one simple solution.

nSolve() attempts to determine either one point
where the residual is zero or two relatively close

points where the residual has opposite signs and
the magnitude of the residual is not excessive. If
it cannot achieve this using a modest number of
sample points, it returns the string “no solution

found.”

If you use nSolve() in a program, you can use
getType() to check for a numeric result before
using it in an algebraic expression.

Note: See also cSolve(), cZeros(), solve(), and
zeros().

OneVar  MATH/Statistics menu
OoneVar /ist! [[, list2) [, list3 [, listd]]

Calculates 1-variable statistics and updates all
the system statistics variables.

All the lists must have equal dimensions except
for /ist4.

Jist1 represents xlist.

Jist2 represents frequency.

list3 represents category codes.

list4 represents category include list.

Note: /it7 through /iszz must be a variable name
or ¢1-¢99 (columns in the last data variable
shown in the Data/Matrix Editor). /ist4 does not
have to be a variable name and cannot be c1-
c99.

nPr(06,5:4,31,02,2:2,2]) [ENTER)
30 20
[12 6]

nSolve(x*2+5x-25=9,x) [ENTER

3.844...
nSolve(x*2=4,x=-1) [ENTER - 2.
nSolve(x*2=4,x=1) [ENTER] 2.

Note: If there are multiple solutions, you can
use a guess to help find a particular solution.

nSolve(x*2+5x-25=9,x) | x<0
-8.844..

nSolve(((1+r)*24-1)/r=26,r)|r>
0 and r<.25 [ENTER) .0068...

nSolve(x*2=-1,x)
"no solution found"

{0,2,3,4,3,4,6}> L1 [ENTER]
OneVar L1 [ENTER]
ShowStat [ENTER)

Done

Al
medstat
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or MATH/Test menu
Boolean exp 1 or Boolean expression? = Boolean x=3 or x4 x=3
expression
R Program segment:
Returns true or false or a simplified form of the ~
original entry. :
o . L If x<0 or x=5
Returns true if either or both expressions simplify Goto END
to true. Returns false only if both expressions :
evaluate to false. If choice=1 or choice=2
Note: See xor. Disp "Wrong choice”
integerl or integer? => integer In Hex base mode:
Compares two real integers bit-by-bit usinganor 0h7AC36 or 0h3D5F 0h7BD7F
operation. Internally, both integers are converted . tant: Z L the letter O
to signed, 32-bit binary numbers. When mportant: zero, not the letter ©.
corresponding bits are compared, the result is 1 if .
either bit is 1; the result is 0 only if both bits are In Bin base mode:
0. The returned value represents the bit results,
and is displayed according to the Base mode. 06100101 or 0b100 06100101
You can enter the integers in any number base. P'ote: A l:_lnar%lhenégy ca?_ h)a‘;f #p 1%32. d'%'ts
For a binary or hexadecimal entry, you must use "‘: coun }']"9 e " grg.”?t' €Xadecima
the Ob or Oh prefix, respectively. Without a prefix, SNtY can have up to & digits.
integers are treated as decimal (base 10).
If you enter a decimal integer that is too large for
a signed, 32-bit binary form, a symmetric modulo
operation is used to bring the value into the
appropriate range.
Note: See xor.
ord() MATH/String menu
ord(string) = integer ord("hello") [ENTER 104
ord(/isth) = list
char(104) [ENTER] "h"
Returns the numeric code of the first character in
character string string, or a list of the first ord(char(24)) 24
characters of each list element.
ord({"alpha","beta"})
See Appendix B for a complete listing of {97 98}
character codes.
Output CATALOG

Output row, column, exprOrString

Displays exprOrstring (an expression or character
string) on the Program /0 screen at the text
coordinates (row, column).

An expression can include conversion operations
such as »DD and »Rect. You can also use the »
operator to perform unit and number base
conversions.

If Pretty Print = ON, exprOrString is " pretty
printed.”

From the Program 1/0 screen, you can press
to display the Home screen, or a program can
use DispHome.

Program segment:

:RandSeed 1147
:C1rI0
:For 1,1,90,10
Output i, rand(100),"Hello"
:EndFor

Result after execution:
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PPRx()

P»Ry()

part()

PYRx(rExp.
PPRx(rList, OLish) =

MATH/Angle menu

o Eenreccion)
0 Expression)

list

= éxp

PYRx(rMatrix, OMatrix) = matrix

PRy (7Exp.

Returns the equivalent x-coordinate of the
(r, 6) pair.

Note: The 6 argument is interpreted as either a
degree or radian angle, according to the current
angle mode. If the argument is an expression,
you can use ° or " to override the angle mode
setting temporarily.

MATH/Angle menu

, 0 Expression)

= 2

PRy (rList, OLis) = list
PRy (Matrix, OMatrix) =  matrix

part(

Returns the equivalent y-coordinate of the
(r, 6) pair.

Note: The 6 argument is interpreted as either a
degree or radian angle, according to the current
angle mode. If the argument is an expression,
you can use ° or " to override the angle mode
setting temporarily.

CATALOG

ression1l, nonNegati N
This advanced programming function lets you

identify and extract all of the sub-expressions in
the simplified result of expression?.

For example, if expression7 simplifies to
cos(m* x+3):

o The cos() function has one argument:
(m* x+3).

e The sum of (m* x+3) has two operands: 7% x
and 3.

o The number 3 has no arguments or operands.
The product m* x has two operands: 7 and x.

o The variable x and the symbolic constant &t
have no arguments or operands.

If x has a numeric value and you press [¢] [ENTER],
the numeric value of n* x is calculated, the result
is added to 3, and then the cosine is calculated.
cos() is the top-level operator because it is
applied last.

In Radian angle mode:
PPRX(r,6)
PPRx (4,60°) [ENTER) 2

PPRx({-3,10,1.3},{n/3, n/4,0})
ENTER

cos(@)-r

{-3/2 5.v2 1.3}

In Radian angle mode:

P»Ry (r,0) [ENTER] sin(@)-r
PPRY (4,60°) [ENTER 2-43

PPRy({-3,10,1.3},{n/3, n/4,0})
ENTER

{38 5.2 0.}

part(expression]) = number

Simplifies expression? and returns the number of
top-level arguments or operands. This returns 0 if
expression] is a number, variable, or symbolic
constant such as T, &, / or oo,

part(expression], 0) = string

Simplifies expression? and returns a string that
contains the top-level function name or operator.
This returns string(expression?) if expressioni is a
number, variable, or symbolic constant such as r,
& [ or oo,

part(cos(m* x+3)) 1

Note: cos(m* x+3) has one argument.

part(cos(m*x+3),0) [ENTER "cos"
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part(expressionl, 1) = expression part(cos(m*x+3),1) 3+mex

Simplifies expression? and returns the Note: Simplification changed the order of the
argument or operand, where nis > 0 and < the argument.

number of top-level arguments or operands

returned by part(expression7). Otherwise, an error

is returned.
By combining the variations of part(), you can part(cos(m*x+3)) 1
extract all of the sub-expressions in the simplified part(cos(n* x+3),0 ) m "cos"
result of expression?. As shown in the example to  part(cos(n* x+3),1)> temp [ENTER]
the right, you can store an argument or operand 34X
and then use part() to extract further sub- temp e x+3
expressions. part(temp,0) [ENTER "4
Note: When using part(), do not rely on any part(temp) 2
particular order in sums and products. part(temp,2) [ENTER 3
part(temp, 1)->temp [ENTER] e X
part(temp,0) "
part(temp) [EN 2
part(temp,1) [ENTER T
part(temp,2) [ENTER X
Expressions such as (x+y+2) and (x- y- z) are part(x+y+z) [ENTER 2
represented internally as (x+y)+z and (x-y)-z. part(x+y+z,2) z
This affects the values returned for the first and part(x+y+z,1) m yHX
second argument. There are technical reasons
why part(x+y+z,1) returns y+x instead of x+y.
Similarly, x* y* z is represented internally as part(x*xy*z) [E 2
(x* y)* z. Again, there are technical reasons why  part (x*y*z,2) z
the first argument is returned as y - x instead of part(x*yxz,1) yex

X+y.

When you extract sub-expressions from a matrix, part([a,b,cix,y,z1,0) e
remember that matrices are stored as lists of lists,

as illustrated in the example to the right. part(fa,b,c;x,y,z1) 2
part([a,b,c;x,y,2],2)>temp
ENTER
{x y z}
part(temp,0) "
part(temp) 3
part(temp,3) z
delVar temp [ENTER) Done
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The example Program Editor function to the right
uses getType() and part() to partially
implement symbolic differentiation. Studying and
completing this function can help teach you how
to differentiate manually. You could even include
functions that the cannot differentiate, such as
Bessel functions.

:d(y,x)
:Func
:Local f
:If getType(y)="VAR"
Return when(y=x,1,0,0)
:If part(y)=0
Return 0 @ y=m,e,/,numbers
:part(y,0)>f
If f="-" @if negate
Return -d(part(y,1),x)
If f="-" @if minus
Return d(part(y,1),x)
-d(part(y,2),x)
CIf f="+"
Return d(part(y,1),x)
+d(part(y,2),x)
JIf f="%"
Return
part(y,l)*d(part(y,2),x)
+part(y,2)*d(part(y,1),x)
JIf f="{"
Return seq(d(part(y,k),x),
k,1,part(y))
:Return undef

:EndFunc
PassErr  CATALOG
PassErr See ClIrErr program listing example.
Passes an error to the next level.
If “errornum” is zero, PassErr does not do
anything.
The Else clause in the program should use CIrErr
or PassErr. If the error is to be processed or
ignored, use ClrErr. If what to do with the error
is not known, use PassErr to send it to the next
error handler. (See also CIrErr.)
Pause CATALOG
Pause [expression) Program segment:
Suspends program execution. If you include :
expression, displays expression on the Program I/0 :C1rI0
screen. :DelVar temp
i . . . :1->temp[1]
expression can include conversion operations such Iotemp[2]
as »DD and MRect. You can also use the » : Di tp 2
operator to perform unit and number base :Disp temp[2]
conversions. 1@ Gue.ss the Pattern
:For 1,3,20
If the result of expression is too big to fit on a temp[i-2]+temp[i-1]->temp[i]
single screen, you can use the cursor pad to scroll Disp temp[il
the display. Disp temp,"Can you guess the
Program execution resumes when you next”,"number?”
press [ENTER]. Pause
:EndFor
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PlotsOff

CATALOG

PlotsOff [1] [, 2] [, 3] ... [ 9]

PlotsOn

Turns off the specified plots for graphing. When
in 2-graph mode, only affects the active graph.

If no parameters, then turns off all plots.

CATALOG

PlotsOn [1] [, 2] [, 3] ... [, 9]

»Polar

Turns on the specified plots for graphing. When
in 2-graph mode, only affects the active graph.

If you do not include any arguments, turns on all
plots.

MATH/Matrix/Vector ops menu

vectoryPolar

Displays vectorin polar form [r £6]. The vector
must be of dimension 2 and can be a row or a
column.

Note: »Polar is a display-format instruction, not
a conversion function. You can use it only at the
end of an entry line, and it does not update ans.

Note: See also PRect.

PlotsOff 1,2,5 [ENTER) Done
PlotsOff (ENTER] Done
PlotsOn 2,4,5 [ENTER] Done
P1otsOn [ENTER] Done

[1,3.1»Polar [ENTER]
[x,y]l»Polar [ENTER]

#[1 Z.I+Polar
[3.16228 £ 1.24903]
=[x ylrPolar

T mesigniyl
2

[Jx2+g £ - tark

complexValue yPolar

Displays complexVectorin polar form.
o Degree angle mode returns (r£6).
o Radian angle mode returns re®.

complexValue can have any complex form.
However, an re® entry causes an error in Degree
angle mode.

Note: You must use the parentheses for an
(r£6) polar entry.

polyEval() MATH/List menu

polyEval(/ist], expression]) = expression
polyEval(/ist, list) = expression

Interprets the first argument as the coefficient of
a descending-degree polynomial, and returns the
polynomial evaluated for the value of the second
argument.

In Radian angle mode:

3+4pPolar £l G g
in

(44m/3)pPolar e3 -4

In Degree angle mode:

3+4pPolar [ENTER](5£90-tan-1(3/4))

polyEval({a,b,c},x) [ENTER)
a+ x2+b« x+c

polyEval({1,2,3,4},2) [ENTER) 26

polyEval({1,2,3,4},{2,-7})
ENTER {26 -262}
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PopUp CATALOG

PopUp jtemlist, var

Displays a pop-up menu containing the character
strings from Jzemdist, waits for you to select an
item, and stores the number of your selection in
var.

The elements of izemList must be character
strings: {item1String, item2String,
item3String, ...}

If varalready exists and has a valid item number,
that item is displayed as the default choice.

jtemList must contain at least one choice.

PowerReg MATH/statistics/Regressions menu

Prgm

PowerReg /ist], list2], [/ist3) [, listd, list5]]

Calculates the power regression and updates all
the system statistics variables.

All the lists must have equal dimensions except
for /ist5.

Jist1 represents xlist.

Jist2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

Note: /st7 through /ist4 must be a variable name
or ¢1-c99 (columns in the last data variable
shown in the Data/Matrix Editor). /st5 does not
have to be a variable name and cannot be c1-
c99.

CATALOG
Prgm
Endl;rgm

Required instruction that identifies the beginning
of a program. Last line of program must be
EndPrgm.

Product (PI) SeeT1I(), page 903.

product() MATH/List menu

product(/is, starl, endll) = expression

Returns the product of the elements contained in
list. Startand end are optional. They specify a
range of elements.

PopUp
{"1990","1991","1992"},varl
ENTER

In function graphing mode:

{(1,2,3,4,5,6,7)> L1 [ENTER)

{123.}
(1,2,3,4,3,4,6}> L2 [ENTER]
{123.}
PowerReg L1,L2 [ENTER] Done
ShowStat [ENTER]
LEL Bl
a =1.08B6472
b = E0EEFT
ENTER
Regeq(x)->yl(x) [ENTER] Done
NewPlot 1,1,L1,L2 [ENTER] Done
[+ [GRAPH]
Program segment:
:prgmname ()
:Prgm
:EndPrgm
product({1,2,3,4}) [ENTER] 24
product({2,x,y}) [ENTER 2-%x+y

product({4,5,8,9},2,3) 40
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product(matrixIl, starf, endll) = matrix

Returns a row vector containing the products of
the elements in the columns of matrix1. Startand
end are optional. They specify a range of rows.

Prompt CcATALOG

Prompt varl|, varZ] [, var3 ...

Displays a prompt on the Program I/0 screen for
each variable in the argument list, using the
prompt var1?. Stores the entered expression in
the corresponding variable.

Prompt must have at least one argument.

propFrac() MATH/Algebra menu

propFrac(expressioni], val) = expression

propFrac(rational_number) returns rational_number
as the sum of an integer and a fraction having
the same sign and a greater denominator
magnitude than numerator magnitude.

propFrac(rational_expression,var) returns the sum
of proper ratios and a polynomial with respect to
var. The degree of varin the denominator exceeds
the degree of varin the numerator in each proper
ratio. Similar powers of varare collected. The
terms and their factors are sorted with varas the
main variable.

If varis omitted, a proper fraction expansion is
done with respect to the most main variable. The
coefficients of the polynomial part are then made
proper with respect to their most main variable
first and so on.

For rational expressions, propFrac() is a faster
but less extreme alternative to expand().

PtChg CATALOG

PtChg x y
PtChg xList, ylist

Displays the Graph screen and reverses the screen
pixel nearest to window coordinates
(x

PtOff CATALOG

PtOff x, y
PtOff xList, ylist

Displays the Graph screen and turns off the
screen pixel nearest to window coordinates
(R

product([1,2,3;4,5,6;7,8

,91)

ENTER [28 80 162]

product([1,2,3;4,5,6;7,8

91,

1,2) [ENTER [4,10,18]

Program segment:

Pro:mpt A,B,C

EndPrgm

propFrac(4/3) [ENTER
propFrac(-4/3)

1+ 1/3
-1-1/3

propFrac((x*2+x+1)/(x+1)+

(yr2+y+1)/(y+1),x) [ENTER

2.4

'E]
2

1 s +u+1

PR u+1

LT TR ]

" PI"‘DPFr"aC[ T 1 P

propFrac(ans(1))

2.
u pr"u:u:vFr“ac,[x—}_1 442 m f.

L o+

+u

w1 g+ 1

Note: PtChg through PtText show

continuing similar examples.
PtChg 2,4

PtOff 2,4 [ENTER)
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PtOn CATALOG

PtOn x, y
PtON xList, ylist

Displays the Graph screen and turns on the
screen pixel nearest to window coordinates
(x

ptTest() cATALOG

ptTest (x, )) = Boolean constant expression
ptTest (xList, ylis) = Boolean constant expression

Returns true or false. Returns true only if the
screen pixel nearest to window coordinates (x, )
is on.
PtText CATALOG
PtText string, %, y

Displays the Graph screen and places the
character string string on the screen at the pixel
nearest the specified (x, j) window coordinates.

string is positioned with the upper-left corner of
its first character at the coordinates.

PxIChg CATALOG

PxIChg row, co/
PxIChg rowlist, collist

Displays the Graph screen and reverses the pixel
at pixel coordinates (row; co).

Note: Regraphing erases all drawn items.
PxICrcl CATALOG
PxICrcl row, col, r[, drawModel
Displays the Graph screen and draws a

PtOn 3,5 [ENTER)

ptTest(3,5)

PtText "sample",3,5

sample

Px1Chg 2,4 [ENTER)

Px1Crcl 40,80,30,1 (ENTER]
Px1Crcl 50,125,40,1

circle centered at pixel coordinates (row,
col) with a radius of rpixels.

If drawMode =1, draws the circle
(default).
If drawMode = 0, turns off the circle.

A
NV

If drawMode = -1, inverts pixels along the
circle.

Note: Regraphing erases all drawn items.
See also Circle.
PxlHorz cATALOG
PxIHorz row [, drawMode)

Displays the Graph screen and draws a horizontal
line at pixel position row.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also LineHorz.

Px1Horz 25,1 [ENTER]
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PxILine  cATALOG
PxILine rowStart, colStart, rowEnd, colEnd [, drawMode]

Displays the Graph screen and draws a line
between pixel coordinates (rowstart, colStar) and
(rowénd, colfnd), including both endpoints.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also Line.
PxlOff CATALOG

PxIOff row, co/
PxIOff rowlist, collist

Displays the Graph screen and turns off the pixel
at pixel coordinates (row; co).

Note: Regraphing erases all drawn items.

PxIOn CATALOG

PxIOn row, co/
PxIOn rowlist, collist

Displays the Graph screen and turns on the pixel
at pixel coordinates (row, co).

Note: Regraphing erases all drawn items.

pxiTest() cATALOG

pxITest (row, co) = Boolean expression
pxITest (rowlist, collis) = Boolean expression

Returns true if the pixel at pixel coordinates (row,
co)) is on. Returns false if the pixel is off.

Px1Line 50,15,20,90,1 [ENTER)

Px1Line 80,20,30,150,1

ENTER

Px1Horz 25,1 [ENTER)
Px10ff 25,50 [ENTER)

25,50

Px10n 25,50 [ENTER]

Px10n 25,50 [ENTER)

[*J[CALC HOME]

Px1Test(25,50) [ENTER] true
Note: Regraphing erases all drawn items. Px10ff 25,50
® (HOME
([*][CALC HOME]
Px1Test(25,50) [ENTER) false
PxIText cATALOG
PxIText string, row, col B Px1Text "sample
Displays the Graph screen and places character text",20,10
string string on the screen, starting at pixel Px1Text "sample
coordinates (row, col). text",20,50
string is positioned with the upper-left corner of
its first character at the coordinates. zample text
Note: Regraphing erases all drawn items.
Appendix A: Categorical Listing of Operations 853



PxlVert cATALOG
PxIVert co/[, drawMode] Px1Vert 50,1

Draws a vertical line down the screen at pixel
position col.

If drawMode =1, draws the line (default).

If drawMode = 0, turns off the line.

If drawMode = -1, turns a line that is on to off or
off to on (inverts pixels along the line).

Note: Regraphing erases all drawn items. See
also LineVert.

QR MATH/Matrix menu
QR matrix, gMatName, rMatNamel, tol| The floating-point number (9.) in m1 causes

results to be calculated in floating-point form.
Calculates the Householder QR factorization of a 9P

real or complex matrix. The resulting Q and R [1,2,3;4,5,6;7,8,9.1>ml
matrices are stored to the specified MatNames. 1 2 37
The Q matrix is unitary. The R matrix is upper 4 5 6
triangular. 7 8 9.
Optionally, any matrix element is treated as zero QR m1,qm,rm Done

if its absolute value is less than 7o/ This tolerance

is used only if the matrix has floating-point .123.. .904..  .408.. 7
entries and does not contain any symbolic qm .492.. .301.. -.816..
variables that have not been assigned a value. .861.. -.301.. .408..
Otherwise, to/is ignored.

8.124.. 9.601.. 11.078.7
o If you use [¢] (ENTER] or set the mode to rm 0. .904.. 1.809.
Exact/Approx=APPROXIMATE, computations 0. 0. 0.

are done using floating-point arithmetic.

o If zo/is omitted or not used, the default

tolerance is calculated as: [ m n ]

H >
5~ 14 x max(dim(matrix)) [m,n;o,pJ>ml

* rowNorm(matrix)

The QR factorization is computed numerically QR ml,qm,rm Done
using Householder transformations. The symbolic
solution is computed using Gram-Schmidt. The qm

columns in gMatName are the orthonormal basis m “sign(m-p-n-0)-0
vectors that span the space defined by matrix. \Jmz+ 02 fme+ 02
0 m-sign(m-p-n-o0)

1’mz+02 —\’m2+02

T o: LU
\’m2+02
Imep-n-ol

\'mz+ 0?2

rm (ENTER
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QuadReg MATH/Statistics/Regressions menu

QuadReg /ist1, list2], Uist3| I, listd, hist3]] In function graphing mode:
Calculates the quadratic polynomial regression {0,1,2,3,4,5,6,7}>L1
and updates the system statistics variables. (123 .}
All the lists must have equal dimensions except (4,3,1,1,2,2,3,3}>L2
for /ists. 4 31..})
) . QuadReg L1, L2 [ENTER) Done
Jist1 represents xlist. ShowStat

list2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

STHT VARS
c

Note: /st7 through /st4 must be a variable name  [ENTER

or ¢1-¢99. (columns in the last data variable Regeq(x)->yl(x) Done
shown in the Data/Matrix Editor). /st5 does not NewPlot 1,1,L1,L2 Done
have to be a variable name and cannot be c1-c99
[¢][GRAPH]
QuartReg MATH/Statistics/Regressions menu
QuartReg /istl, listZ], [list3) [, listd, list5]] In function graphing mode:

Calculates the quartic polynomial regressionand  {-2,-1,0,1,2,3,4,5,6}>L1
updates the system statistics variables. (-2 -10 ..}

All the lists must have equal dimensions except (4,3,1,2,4,2,1,4,6}>12

for /ist5. {4 31..}
QuartReg L1,L2 [ENTER] Done
list1 represents xlist. ShowStat

list2 represents ylist.

list3 represents frequency.

list4 represents category codes.

Jist5 represents category include list.

ETHT VARS

= zuBE4
=1,508834
004z

Note: /ist/ through /ist4 must be a variable name =7
or ¢1-¢99 (columns in the last data variable
shown in the Data/Matrix Editor). /is¢5 does not
have to be a variable name and cannot be c1- ENTER
c99. Regeq(x)->yl(x) [ENTER] Done
NewPlot 1,1,L1,L2 [ENTER] Done
[#][GRAPH]
\iq_({,ﬂn_?}{
[u]
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RYPO() MATH/Angle menu

RYPO (xExpression, yExpression) =>  expression
RPO (xList, ylish = list
RPO (xMatrix, yMatrix) = matrix

Returns the equivalent 8-coordinate of the
(xJ) pair arguments.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode.

RYPr() MATH/Angle menu

RYPr (xExpression, yExpression) = expressior
ROPr (xList, ylish) = list
RYPr (xMatrix, yMatriX) = matrix

Returns the equivalent r-coordinate of the
(xJ) pair arguments.

rand() MATH/Probability menu
rand([7]) = expression
nis an integer # zero.

With no parameter, returns the next random
number between 0 and 1 in the sequence. When
an argument is positive, returns a random integer
in the interval [1, 7.

When an argument is negative, returns a random
integer in the interval [~ 7, - 1].

randMat() MATH/Probability menu
randMat(numRows, numColumns) = matrix

Returns a matrix of integers between -9 and 9 of
the specified dimension.

Both arguments must simplify to integers.

randNorm() MATH/Probability menu
randNorm(mean, sa) = expression

Returns a decimal number from the specific
normal distribution. It could be any real number
but will be heavily concentrated in the interval
[mean-3* sd, mean+3* sdl.

In Degree angle mode:

R»-PO(x,y) [ENTER

" RFPA(, )
0 zignlu) —tan'l[%]

In Radian angle mode:

RMPO(3,2)
RWPO([3,-4,21,00,n/4,1.5]) [ENTER]

" REFPECZ, 20 tani( 23
srepe(lz -4 21a § oL
[a tan4[16]+% .643501]

n

In Radian angle mode:

RMPr(3,2) [ENTER]
RMPr(x,y) [ENTER)
RMPr([3,-4,21,00,n/4,1.5]) [ENTER]

iz

PE

1.5

= RrPr3, 22
® RRPrCx, Ul

lePr[[3 -4 2],[9 +

[3 [+ 25
EY

o]

RandSeed 1147 [ENTER) Done

/L (Sets the random-number seed.)

rand() (ENTER] 158...
rand(6) [ENTER 5
rand(-100) -49
RandSeed 1147 [ENTER) Done

8 -3 6
randMat(3,3) [ENTER) |:'2 3 '6]
0 4 -6

Note: The values in this matrix will change
each time you press [ENTER].

RandSeed 1147 [ENTER) Done
randNorm(0,1) [ENTER .492..
randNorm(3,4.5) [ENTER -3.543...
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randPoly() MATH/Probability menu

randPoly(var, order) = expression

Returns a polynomial in var of the specified order.

The coefficients are random integers in the range
- 9 through 9. The leading coefficient will not be
zero.

ordermust be 0-99.

RandSeed MATH/Probability menu

RandSeed number

If number = 0, sets the seeds to the factory
defaults for the random-number generator. If
number# 0, it is used to generate two seeds,
which are stored in system variables seed1
and seed2.

RclGDB CATALOG
RclGDB GDBvar

Restores all the settings stored in the Graph
database variable GDBvar.

For a listing of the settings, see StoGDB.

Note: It is necessary to have something saved in
GDBvar before you can restore it.

RclPic CATALOG
RclPic picVar |, row, column)

Displays the Graph screen and adds the picture
stored in picVar at the upper left-hand corner
pixel coordinates (row, column) using OR logic.

picVarmust be a picture data type.
Default coordinates are (0, 0).
real() MATH/Complex menu
real(expression]) =  expression
Returns the real part of the argument.

Note: All undefined variables are treated as real
variables. See also imag().

RandSeed 1147 [ENTER) Done
randPoly(x,5) [ENTER)
"2 x5+3+ x4-6- x3+4+ x-6

RandSeed 1147 [ENTER] Done
rand() [ENTER] .158...
Rc1GDB GDBvar [ENTER] Done
real (2+3/) 2
real(z) [ENTER z
real (x+iy) X

real(/isth) = /st

Returns the real parts of all elements.

real({a+*b,3,/}) [ENTER] {a 3 0}

real(matrix?) = matrix

Returns the real parts of all elements.

real ([a+/b,3;c,/]) ENTER) [i g]
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»Rect

MATH/Matrix/Vector ops menu
vector’Rect
Displays vectorin rectangular form [x, y, z]. The

vector must be of dimension 2 or 3 and can be a
row or a column.

[3,4n/4,4n/61rRect [ENTER]
3-42 3-42 3'\[3]
4 4 2

[a,4b,Zc][ENTER][a+ cos(b)-sin(c)

Note: »Rect is a display-format instruction, not a a-sin(b)-sin(c) a-cos(c)]
conversion function. You can use it only at the
end of an entry line, and it does not update ans.
Note: See also PPolar.
complexValue yRect In Radian angle mode:
Displays complexValue in rectangular form a+bi 4er(nt/3)MRect 4. e?
The complexValue can have any complex form.
However, an re® entry causes an error in Degree (4 ,7/3)pRect 242437
angle mode.
Note: You must use parentheses for an (r£6) In Degree angle mode:
polar entry.
(4£60)»Rect 2+2[37

Note: To type »Rect from the keyboard, press
[>] for the » operator. To type £, press
[4.

ref() MATH/Matrix menu
ref(matrix1|, to]) = matrix ref([-2,-2,0,-6;1,-1,9,-9;-5,
. 2,4,747)
Returns the row echelon form of matrix7. 1 -2/5 -4/5 4/5
Optionally, any matrix element is treated as zero 0 1 a4/7 1177
if its absolute value is less than 7o/ This tolerance 0 0 1 -62/71
is used only if the matrix has floating-point
entries and does not contain any symbolic
variables that have not been assigned a value. b .
- L) a c
Otherwise, to/is ignored. La,b,cse,f,gloml I: Py
o If you use[+] or set the mode to '
Exact/Approx=APPROXIMATE, computations f g
are done using floating-point arithmetic. I 5 ¢
o If zo/is omitted or not used, the default ref(nl) (TR o 1 2g-cee
tolerance is calculated as: a-f-b-e
5e - 14 * max(dim(matrix7))
* rowNorm(matrix7)
Note: See also rref().
remain() MATH/Number menu
remain(expressioni, exp ) = ex remain(7,0) [ENTER] 7
remain(/ist], list2) = list .
remain(matrix], matrix2) = matrix remain(7,3) 1
Returns the remainder of the first argument with ~ remain(-7,3) -1
respect to the second argument as defined by the
ideﬁtities: 9 y remain(7,-3) 1
remain(x,0) = x remain(-7,-3) [ENTER -1
remain(xy) = x- y*iPart(dy) remain({12,-14,16},{9,7,-5))
ENTER
{3 01}
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As a consequence, note that remain(- x,y) =
- remain(x,y). The result is either zero or it has
the same sign as the first argument.

Note: See also mod().

Rename cATALOG
Rename oldVarName, newVarName

Renames the variable o/dVarName as newVarName.

Request cATALOG
Request promptString, var

If Request is inside a Dialog...EndDlog
construct, it creates an input box for the user to
type in data. If it is a stand-alone instruction, it
creates a dialog box for this input. In either case,
if var contains a string, it is displayed and
highlighted in the input box as a default choice.
promptString must be < 20 characters.

This instruction can be stand-alone or part of a
dialog construct.

Return CATALOG

Return [expression]

Returns expression as the result of the function.
Use within a Func...EndFunc block, or
Prgm...EndPrgm block.

Note: Use Return without an argument to exit a
program.

Note: Enter the text as one long line on the
Home screen (without line breaks).

right() MATH/List menu
right(/ist/l, num)) = /st

Returns the rightmost um elements contained in
list1.

If you omit num, returns all of /st7.

remain([9,-7;6,41,[4,3;4,-31)
ENTER

1 -1
{1,2,3,4}>L1 [ENTER) (1,2,3,4}
Rename L1, 1istl [ENTER] Done
1istl [ENTER) (1,2,3,4}

Request "Enter Your Name",strl
ENTER

I ™
Enter four Hame
A

Define factoral(nn)=Func

:local answer,count:1>answer
:For count,1,nn
ranswer*count>answer:EndFor
:Return answer:EndFunc(ENTER] Done

factoral(3) [ENTER 6

right({1,3,-2,4},3) [ENTER
(3 -2 4}

right(sourceStringl, num|) = string

Returns the rightmost num characters contained
in character string sourceString.

If you omit num, returns all of sourceString.

right("Hello",2) [ENTER "lTo"

right(comparison) =  expression

Returns the right side of an equation or
inequality.

right (x<3) [ENTER] 3
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rotate() MATH/Base menu

rotate(/ntegerl|, #ofRotations)) = integer In Bin base mode:
Rotates the bits in a binary integer. You can enter rotate(0b1111010110000110101)
integer? in any number base; it is converted

automatically to a signed, 32-bit binary form. If 0b10000000000000111101011000011010

the magnitude of /nteger? is too large for this
form, a symmetric modulo operation brings it rotate(256,1) 001000000000

within the range.

If #of Rotations is positive, the rotation is to the In Hex base mode:
left. If #of Rotations is negative, the rotation is to
the right. The default is - 1 (rotate right one bit). ~rotate(0h78E) [ENTER 0h3C7
For example, in a right rotation: rotate(0h78E, -2) [ENTERJOh800001E3
rotate(0h78E,2) [ENTER 0h1E38
r> Each bit rotates right. Important: To enter a binary or hexadecimal

number, always use the Ob or Oh prefix (zero,
0b£0000000000001 1110101 100001‘I0101I not the letter 0).

Rightmost bit rotates to leftmost.
produces:
0b10000000000000111101011000011010

The result is displayed according to the Base
mode.

rotate(/ist![, #ofRotations)) = list In Dec base mode:

Returns a copy of /ist7 rotated right or left by #of  rotate({1,2,3,4}) [ENTER)
Rotations elements. Does not alter /st7. (412 3}

If #of Rotations is positive, the rotation is to the rotate({1,2,3,4},-2)

left. If #of Rotations is negative, the rotation is to (341 2}

the right. The default is - 1 (rotate right one

element). rotate({1,2,3,4},1)
(2341}

rotate(string1|, #ofRotations)) = string rotate("abcd") "dabc"

Returns a copy of string rotated right or left by rotate("abcd",-2) [ENTER] "cdab"
#of Rotations characters. Does not alter string.

. " L rotate("abcd",1) [ENTER "bcda"”
If #of Rotations is positive, the rotation is to the

left. If #of Rotations is negative, the rotation is to
the right. The default is - 1 (rotate right one
character).

round() MATH/Number menu
round(expression]|, digits]) =  expression round(1.234567,3) 1.235

Returns the argument rounded to the specified
number of digits after the decimal point.

digits must be an integer in the range 0-12. If
digits is not included, returns the argument
rounded to 12 significant digits.

Note: Display digits mode may affect how this is
displayed.

round(/istl], digitsl) = /list round({m,v(2),1n(2)},4)

Returns a list of the elements rounded to the {3.1416 1.4142 .6931)

specified number of digits.
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round(matrix1], digits) = matrix

Returns a matrix of the elements rounded to the
specified number of digits.

rowAdd() MATH/Matrix/Row ops menu

rowAdd(matrix1, rindex1, rindex2) = matrix

Returns a copy of matrix7 with row rindex2
replaced by the sum of rows rindex? and rindex2.

rowDim() MATH/Matrix/Dimensions menu
rowDim(matrix) = expression
Returns the number of rows in matrix.

Note: See also colDim().

rowNorm() MATH/Matrix/Norms menu
rowNorm(matrix) = expression

Returns the maximum of the sums of the
absolute values of the elements in the rows in
matrix.

Note: All matrix elements must simplify to
numbers. See also colNorm().
rowSwap() MATH/Matrix/Row ops menu
rowSwap(/matrix1, rindex1, rindex2) = matrix

Returns matrix7 with rows rindex? and rindex2
exchanged.

RplcPic CATALOG
RplcPic picVad, ronl|, column]

Clears the Graph screen and places picture picVar
at pixel coordinates (row, column). If you do not
want to clear the screen, use RelPic.

picVarmust be a picture data type variable. row
and column, if included, specify the pixel
coordinates of the upper left corner of the
picture. Default coordinates are (0, 0).

Note: For less than full-screen pictures, only the
area affected by the new picture is cleared.

round([In(5),1n(3);m,e(1)1,1)
ENTER

1.6 1.1
[3.1 2.7]

rowAdd([3,4;-3,-21,1,2) [ENTER)
3 4]
02
rowAdd([a,b;c,d],1,2) [ENTER]
a
[

b
atc b*rd:|

12
[1,2:3,4;5,61>M1 [ENTER) [3 4]
56

rowdim(M1) [ENTER] 3
rowNorm([-5,6,-7;3,4,9;9,-9,-71)
[ENTER] 25

[1,2;3,4;5,6]1>Mat [ENTER)

—
(SN
o BN
| NS

rowSwap(Mat,1,3) [ENTER]

—
= w o
B oy
| IS
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rref() MATH/Matrix menu

rref(matrixl, tol) = matrix rref([-2,-2,0,-6;1,-1,9,-9;
Returns the reduced row echelon form of matrix1. 5,2,4,74]) [TER
1 0 0 66/71 7
147
0 1 0 71
0 0 1 -62/71]

Optionally, any matrix element is treated as zero .o f([a,b,x:c,d 1)
if its absolute value is less than o/, This tolerance

is used only if the matrix has floating-point dex-bey
entries and does not contain any symbolic 1 0 JTdb-c
variables that have not been assigned a value. - (cex-a-y)
Otherwise, o/is ignored. 0 1 20D c
o If you use[¢] or set the mode to
Exact/Approx=APPROXIMATE, computations
are done using floating-point arithmetic.
o If to/is omitted or not used, the default
tolerance is calculated as:
5€ - 14 * max(dim(matrix7))
* rowNorm(matrix7)
Note: See also ref().
sec() MATH/Trig menu
sec(expressioni) = expression In Degree angle mode:
sec(/ist) = list
i .. sec(45) [ENTER] @
Returns the secant of expression or returns a list
containing the secants of all elements in /ist7. sec({1,2.3,4}) [ENTER
Note: The argument is interpreted as either a 1( ) 1.000.. 1( Y
degree or radian angle, according to the current cos cos
angle mode.
sec’() MATH/Trig menu
sec (expression]) = expression In Degree angle mode:
sec (/istl) = list
sec’t(1) 0
Returns the angle whose secant is expression? or )
returns a list containing the inverse secants of In Radian angle mode:
each element of /ist7. .
sec({1,2,5}) [ENTER
Note: The result is interpreted as either a degree
or radian angle, according to the current angle 02 cosi(1/5)
mode. 3
sech() MATH/Hyperbolic menu
sech(expressionl) = expression 1
sech(/ist?) = list sech(3) [ENTER cosh(3)
Returns the hyperbolic secant of expression? or sech({1,2.3,4)) [ENTER
returns a list containing the hyperbolic secants of 1 1
the /ist7 elements. Cosh(1y " Cosh(®)
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sech1() MATH/Hyperbolic menu

sech(expression1) = expression In Radian angle and Rectangular
sech™ (/ist]) = list complex mode:
Returns the inverse hyperbolic secant of sech’l(1) [ENTER 0
expression] or returns a list containing the
inverse hyperbolic secants of each element of sech({1,-2,2.1}) [ENTER
list1.

0 (23;“)-/ 1.074. 7

Send CATALOG
Send /ist Program segment:
CBL 2™/CBL™ (Calculator-Based Laboratory™) or :
CBR™ (Calculator-Based Ranger™) instruction. :Send {1,0}

Sends /stto the link port. :Send {1,2,1}

SendCalc cATALOG

SendCalc var Program segment:
Sends variable varto the link port, where another :
unit linked to that port can receive the variable ta+b>x

value. The receiving unit must be on the Home :SendCalc X
screen or must execute GetcCalc from a program. :

If you send from a TI-89, TI-92 Plus, or
Voyage™ 200 to a TI-92, an error occurs if the
TI-92 executes GetCalc from a program. In this
case, the sending unit must use SendChat
instead.

SendCalc var/port]

Sends contents of varfrom a TI-89 Titanium to
another TI-89 Titanium.

If the port is not specified, or port = 0is
specified, the TI-89 Titanium sends data using the
USB port if connected, if not, it will send using
the I/0 port.

If port = 1, the TI-89 Titanium sends data using
the USB port only.

If port = 2, the TI-89 Titanium sends data using
the I/0 port only.

SendChat cATALOG

SendChat var Program segment:
A general alternative to SendCalc, this is useful :
if the receiving unit is a TI-92 (or for a generic ta+b>x

"chat" program that allows either a TI-92, :SendChat x
Voyage™ 200, or TI-92 Plus to be used). Refer to :
SendCalc for more information.

SendChat sends a variable only if that variable is
compatible with the TI-92, which is typically true
in "chat" programs. However, SendChat will
not send an archived variable, a TI-89 graph data
base, etc.
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seq() MATH/List menu

seq(expression, var, low, highl, step]) = list seq(n*2,n,1,6)

14916 25 36
Increments var from /ow through Aigh by an { J

increment of szep, evaluates expression, and seq(1l/n,n,1,10,2)
returns the results as a list. The original contents {1 1/3 1/5 1/7 1/9}

of varare still there after seq() is completed.
X sum(seq(1/n*2,n,1,10,1)) [ENTER]
varcannot be a system variable.

196...
The default value for step =1. 127
or press [¢] [ENTER] to get: 1.549...
setDate() cATALOG
setDate(year, month,day) = listold setDate(2001,10,31)
Sets the clock to the date given in the argument {2001 11 1}
and returns a list. (Note: The yearmust fall in
the range 1997 - 2132.) The returned list is in
{yearold monthold, dayold} format. The returned
date is the previous clock value.
Enter the year as a four-digit integer. The month
and day can be either one- or two-digit integers.
setDtFmt() cATALoG
setDtFmt(integer) = integerold Integer values:
. 1 = MM/DD/YY 5 = YY.MM.DD
Sets the date format for the desktop accordingto 2 — pp/MM/YY 6 = MM-DD-YY
the argument and returns the previous date 3 = MM.DD.YY 7 = DD-MM-YY
format value. 4 = DD.MM.YY 8 = YY-MM-DD
setFold() cATALOG
setFold(newfol ) = oldf String newFold chris [ENTER] Done
Returns the name of the current folder as a string  setFold(main) [ENTER "chris"”

and sets newfolderName as the current folder.
setFold(chris)>oldfoldr

The folder newfolderName must exist. "main”
1>a 1
setFold(f#oldfoldr) ENTER] "chris"
a a
chris\a 1
setGraph() catALoG
setGraph (modeNameString, settingString) = string setGraph("Graph Order","Seq S)EO
ENTER "SEQ"

Sets the Graph mode modeNameString to
settingstring, and returns the previous setting of setGraph("Coordinates","0ff")
the mode. Storing the previous setting lets you ENTER "RECT"

restore it later. o
Note: Capitalization and blank spaces are

modeNameString is a character string that specifies  optional when entering mode names.
which mode you want to set. It must be one of
the mode names from the table below.

settingString is a character string that specifies the
new setting for the mode. It must be one of the
settings listed below for the specific mode you
are setting.
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Mode Name Settings

"Rect", "Polar", "Off"

"Coordinates"

"Graph Order" "Seq", "Simul" !

"Grid" "0ff", "On" ?

"Axes" "off", "On" (not 3D graph mode)
"Off", "Axes", "Box" (3D graph mode)

"Leading Cursor" "Off", "On" 2

"Labels" "Off", "On"

"Style" "Wire Frame", "Hidden Surface”, " Contour Levels", "Wire and Contour",
"Implicit Plot" 3

"Seq Axes" "Time", "Web", "U1-vs-U2" 4

"DE Axes" "Time", "t-vsy' ", "y-vsy' ", "yTvsy2”, "ylvs-y2' ", ylvs-y2' S
Tip: To type a prime symbol ('), press ['].

"Solution Method" "RK", "Euler" ®

"Fields" "SIpFid", "DirFld", "FIdOff" °

"Not available in Sequence, 3D, or Diff Equations graph mode.
2Not available in 3D graph mode.

3Applies only to 3D graph mode.

4Applies only to Sequence graph mode.

>Applies only to Diff Equations graph mode.

setMode() cATALOG

setMode(modeNameString, settingString) —=>  string setMode("Angle","Degree”)

setMode(/is) = stringlist ENTER "RADIAN"
Sets mode /modeNameString to the new setting . N2
settingString, and returns the current setting of sin(45) 7

that mode.
setMode("Angle","Radian")

modeNameString is a character string that specifies  [Ey7eR "DEGREE"

which mode you want to set. It must be one of

the mode names from the table below. 2
sin(n/4) \[T

settingString is a character string that specifies the
new setting for the mode. It must be one of the
settings listed below for the specific mode you
are setting.

setMode("Display Digits",
"Fix 2") (ENTER] "FLOAT"

e [¢] (ENTER] 3.14
setMode ("Display Digits",

Jist contains pairs of keyword strings and will set
them all at once. This is recommended for

multiple-mode changes. The example shownmay  "Float") [ENTER "FIX 2"
not work if each of the pairs is entered with a
separate setMode() in the order shown. n[s] 3.141..

Use setMode(va/) to restore settings saved with ~ setMode ({"Split Screen",

getMode("ALL")> var.

Note: To set or return information about the

Unit System mode, use setUnits() or getUnits()

instead of setMode() or getMode().

"Left-Right","Split 1 App",
"Graph","Split 2
App","Table"})
ENTER
{"Split 2 App" "Graph"
"Split 1 App" "Home"
"Split Screen" "FULL"}

Note: Capitalization and blank spaces are
optional when entering mode names. Also,
the results in these examples may be different
on your unit.
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Mode Name Settings

"Graph" "Function", "Parametric”, "Polar", "Sequence", "3D", "Diff Equations"
"Display Digits" "Fix 0", "Fix1", ..., "Fix 12", "Float", "Float 1", ..., "Float 12"
"Angle" "Radian", "Degree"

"Exponential Format"

"Normal”, "Scientific", "Engineering"

"Complex Format"

"Real", "Rectangular", "Polar"

"Vector Format"

"Rectangular”, "Cylindrical", "Spherical"

"Pretty Print" "Off", "On"

"Split Screen” "Full", "Top-Bottom", "Left-Right"

"Split 1 App" "Home", "Y= Editor", "Window Editor", "Graph", "Table", "Data/Matrix
Editor", "Program Editor", "Text Editor", "Numeric Solver", " Flash App"

"Split 2 App" "Home", "Y= Editor", "Window Editor", "Graph", "Table", "Data/Matrix
Editor", "Program Editor", "Text Editor", "Numeric Solver", " Flash App"

"Number of Graphs" ", 2"

"Graph2" "Function”, "Parametric”, "Polar", "Sequence", "3D", "Diff Equations"

"Split Screen Ratio" "1:1","1:2", "2:1" (Voyage™ 200 only)

"Exact/Approx” "Auto”, "Exact", "Approximate"

"Base" "Dec", "Hex", "Bin"

"Language" "English", " Alternate Language"

" Apps Desktop”

“Off" “On"

setTable() cATALOG

setTable(modeNameString, settingString) = string

setTable("Graph <->
Table","ON")

Sets the table parameter modeNameString to ENTER "OFF"
settingString, and returns the previous setting of

the parameter. Storing the previous setting lets setTable("Independent","AUTO")
you restore it later. ENTER "ASK"
modeNameString is a character string that specifies  [¢] [TbiSet]

which parameter you want to set. It must be one
of the parameters from the table below.

settingString is a character string that specifies the
new setting for the parameter. It must be one of
the settings listed below for the specific
parameter you are setting.

| TRELE SETUF
tEIstart: |
atbt: 1
Grarh <=3 Table: Lg%

Independent:  AUTO#

ENter=sAvE ESC=CANCEL

Note: Capitalization and blank spaces are
optional when entering parameters.

Parameter Name Settings
"Graph <-> Table" "off", "On"
"Independent” "Auto”, "Ask"

setTime() cATALOG

setTime(/our, minute second) = listold

setTime(11,32,50)

Sets the clock to the time given in the argument
and returns a list. The list is in

{ hourold, minuteold, secondold} format. The returned
time is the previous clock value.

Enter the hour in the 24 hour format, in which 13
=1p.m.

{10 44 49}

866
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setTmFmt() cATALOoG
setTmFmt(integer) = integerold

Sets the time format for the desktop according to
the argument and returns the previous time
format value.
setTmZn() cATALOG
setTmZn(intege) = integerold

Sets the time zone according to the argument
and returns the previous time zone value.

The time zone is defined by an integer that gives
the minutes offset from Greenwich Mean Time
(GMT), as established in Greenwich, England. For
example, if the time zone is offset from GMT by
two hours, the device would return 120
(minutes).

Integers for time zones west of GMT are
negative.

Integers for time zones east of GMT are positive.

setUnits() cATALOG
setUnits(/ist) = list

Sets the default units to the values specified in
/ist1, and returns a list of the previous defaults.

o To specify the built-in SI (metric) or ENG/US
system, /st7 uses the form:

{"si"} or {"ENG/US"}

To specify a custom set of default units, /st7
uses the form:

{~custom*, "catr", "unit?" [, " cat2", " unit2",

where each catand unit pair specifies a
category and its default unit. (You can specify
built-in units only, not user-defined units.) Any
category not specified will use its previous
custom unit.

To return to the previous custom default units,
Jist1 uses the form:

{custom"}

If you want different defaults depending on the
situation, create separate lists and save them to
unique list names. To use a set of defaults,
specify that list name in setUnits().

You can use setUnits() to restore settings
previously saved with setUnits() > varor with
getUnits() > var.

Integer values:
12 = 12 hour clock
24 = 24 hour clock

If Greenwich Mean Time is 14:07:07, it is:

7:07:07 a.m. in Denver, Colorado (Mountain
Standard Time)
(~420 minutes from GMT)

15:07:07 p.m. in Brussels, Belgium (Central
European Standard Time)
(+60 minutes from GMT)

All unit names must begin with an underscore

® M0
(ond) []

You can also select units from a menu by
pressing:

[2nd] [UNITS]
(¢ [units]
setUnits({"SI"}) [ENTER

("SI" "Area" "NONE"

"Capacitance" "_F"

setUnits({"CUSTOM","Length",

_cm","Mass","_gm"}) [ENTER

N

{"SI" "Length" "_m"

"Mass" "_kg"

Note: Your screen may display different
units.

N
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Shade

CATALOG

Shade exprl, expr2, [xlod, [xhighl, [pattern), [patRes]

Displays the Graph screen, graphs expr7 and
exprZ, and shades areas in which expr7 is less
than expr2. (expr? and expr2 must be expressions
that use x as the independent variable.)

xlow and xhigh, if included, specify left and right
boundaries for the shading. Valid inputs are
between xmin and xmax. Defaults are xmin and
Xmax.

pattern specifies one of four shading patterns:
1 = vertical (default)

2 = horizontal

3 = negative-slope 45°

4 = positive-slope 45°

patRes specifies the resolution of the shading
patterns:

1= solid shading

2= 1 pixel spacing (default)

3= 2 pixels spacing

10=9 pixels spacing

Note: Interactive shading is available on the
Graph screen through the Shade instruction.
Automatic shading of a specific function is
available through the Style instruction. Shade is
not valid in 3D graphing mode.

In the ZoomTrig viewing window:

Shade cos(x),sin(x) [ENTER

s s W

[*J[CALC HOME]

C1rDraw (ENTER] Done
Shade cos(x),sin(x),0,5 [ENTER]

[*J[CALC HOME]

C1rDraw (ENTER] Done
Shade cos(x),sin(x),0,5,2 [ENTER]

[*J[CALC HOME]
C1rDraw (ENTER] Done

Shade cos(x),sin(x),0,5,2,1
ENTER
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CATALOG

shift(integeri|, #ofShifts) = integer

Shifts the bits in a binary integer. You can enter
integer? in any number base; it is converted
automatically to a signed, 32-bit binary form. If
the magnitude of /nteger? is too large for this
form, a symmetric modulo operation brings it
within the range.

If #ofShifts is positive, the shift is to the left. If
#ofShifts is negative, the shift is to the right. The
defaultis -1 (shift right one bit).

In a right shift, the rightmost bit is dropped and 0
or 1 is inserted to match the leftmost bit. In a left
shift, the leftmost bit is dropped and 0 is inserted
as the rightmost bit.

For example, in a right shift:

™ Each bit shifts right.
0b00000000000001111010110000110101

Inserts 0 if leftmost bit is 0,
or 1 if leftmost bit is 1.

Dropped

produces:
0b00000000000000111101011000011010

The result is displayed according to the Base
mode. Leading zeros are not shown.

In Bin base mode:

shift(0b1111010110000110101)
ENTER
0b111101011000011010

shift(256,1) [ENTER

0b1000000000
In Hex base mode:
shift(0h78E)
shift(0h78E,-2)
shift(0h78E,2)

0h3C7
Oh1E3
Oh1E38

ENTER

ENTER

Important: To enter a binary or hexadecimal
number, always use the Ob or Oh prefix (zero,
not the letter 0).

shift(/ist] [, #ofShifts) = list

Returns a copy of /st7 shifted right or left by
#ofShifts elements. Does not alter /st7.

If #ofShifts is positive, the shift is to the left. If
#ofShifts is negative, the shift is to the right. The
defaultis -1 (shift right one element).

Elements introduced at the beginning or end of

In Dec base mode:

shift({1,2,3,4}) [ENTER

{undef 1 2 3}

shift({1,2,3,4},-2) [ENTER
{undef undef 1 2}

shift((1,2,3,4),1)

Jistby the shift are set to the symbol “undef”. {23 4 undef)

shift(string] |, #ofShifts) = string shift("abcd") [ENTER " abc"
Returns a copy of szring? shifted right or left by shift("abcd",-2) " ab"
#ofShifts characters. Does not alter string. ) bed bed

shift("abcd",1) [ENTER] "bed "
If #ofshifts is positive, the shift is to the left. If
#ofShifts is negative, the shift is to the right. The
defaultis - 1 (shift right one character).
Characters introduced at the beginning or end of
string by the shift are set to a space.
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ShowStat cATALOG
ShowsStat

sign()

Displays a dialog box containing the last
computed statistics results if they are still valid.
Statistics results are cleared automatically if the
data to compute them has changed.

Use this instruction after a statistics calculation,
such as LinReg.

MATH/Number menu

sign(expression]) = expression
sign(/ist) = st
sign(matrix1) = matrix

simult()

For real and complex expression1, returns
expressionlabs(expressionT) when expressiont 0.

Returns 1 if expression? is positive.

Returns 1 if expressionis negative.

sign(0) returns +1 if the complex format mode is
REAL; otherwise, it returns itself.

sign(0) represents the unit circle in the complex
domain.

For a list or matrix, returns the signs of all the
elements.

MATH/Matrix menu

simult(coeffMatrix, constVecto, tol) = matrix

Returns a column vector that contains the
solutions to a system of linear equations.

coeffMatrix must be a square matrix that contains
the coefficients of the equations.

constVectormust have the same number of rows
(same dimension) as coeffMatrix and contain the
constants.

Optionally, any matrix element is treated as zero
if its absolute value is less than 7o/, This tolerance
is used only if the matrix has floating-point
entries and does not contain any symbolic
variables that have not been assigned a value.
Otherwise, to/is ignored.

o If you use [¢][ENTER] or set the mode to
Exact/Approx=APPROXIMATE, computations
are done using floating-point arithmetic.

If to/is omitted or not used, the default
tolerance is calculated as:

5e - 14 * max(dim(coeffMatrix))
* rowNorm(coeffMatrix)

{1,2,3,4,5}>L1ETER) {1 2 3 4 5}
{0,2,6,10,25}> L2 [ENTER)
{0 2610 25}

TwoVar L1,L2
ShowStat

ETHT VARS

sign(-3.2) [ENTER) -1.

sign({2,3,4,-5}) [ENTER]
{1 1 1

sign(1l+abs(x)) [ENTER] 1

If complex format mode is REAL:

sign([-3,0,31) [ENTER] [-1 #1 1]
Solve for x and y: x+2y=1
3x+4y="1
simult([1,2;3,41,01;-1]) ENTER)
-3
[,1]
The solution is x= -3 and y=2.
Solve: ax+by=1
ox+dy=2
b
[a,bic,d]>natxl EER [e gl

simult(matx1,[1;2]) [ENTER]
- (2-b-d)
a-d-b-c
2-a-c
a-d-b-c
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simult(coeffMatrix, constMatrix], tol) = matrix

sin()

Solves multiple systems of linear equations,
where each system has the same equation
coefficients but different constants.

Each column in constMatrix must contain the
constants for a system of equations. Each column
in the resulting matrix contains the solution for
the corresponding system.

[2nd)[SIN] key key

sin(expression]) = expression
sin(/isth)y = list

sin(expression) returns the sine of the argument
as an expression.

sin(/ist7) returns a list of the sines of all elements
in /ist1.

Note: The argument is interpreted as either a
degree or radian angle, according to the current
angle mode. You can use ° or " to override the
angle mode setting temporarily.

Solve: x+2y=1

3x+4y="1

X+2y=2
3x+4y="3

simult([1,2;3,41,[1,2;-1,-31)
ENTER
-3 -7
L2 os2]
For the first system, x= - 3 and y=2. For the
second system, x="7 and y=9/2.

In Degree angle mode:

2
sin((n/4)" ) [ENTER] %

V2
sin(45) [ENTER] 7
: V3
sin({0,60,90}) ENTER] {0 -5 1}
In Radian angle mode:

2
sin(n/4) [ENTER \[T
: N2
sin(45°) [ENTER) >

sin(

sin-1()

Matrix) = sq ")

Returns the matrix sine of squareMatrix1. This is
notthe same as calculating the sine of each
element. For information about the calculation
method, refer to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

[#] [sIN-] key

sin-1 (expression]) =  expression
sin (/isth) = st

sin-1 (expression) returns the angle whose sine is
expression] as an expression.

sin-1 (/ist7) returns a list of the inverse sines of
each element of /ist7.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode setting.

[siv] key

In Radian angle mode:

sin([1,5,3;4,2,1;6,-2,11)

.942..  -.045.. -.031..
-.045.. .949.. -.020..
-.048.. -.005.. .961..

In Degree angle mode:

sin (1) [ENTER 90

In Radian angle mode:

sint({0,.2,.5}) (ENTER)

{0 .201.. .523..}

sin-1(sq

Matrix]) = sq 1

Returns the matrix inverse sine of squareMatrix1.
This is notthe same as calculating the inverse
sine of each element. For information about the
calculation method, refer to cos().

squareMatrix7 must be diagonalizable. The result
always contains floating-point numbers.

In Radian angle mode and Rectangular
complex format mode:

sin([1,5,3;4,2,1;6,-2,11)
ENTER

.725.- 1.515..-1
2.083.-2.632...1

\947..-.778..-1

[' .164..-.064..-1
-1.790.41.271.08 ..

1.490..-2.105..7 .. ]
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sinh()

MATH/Hyperbolic menu

sinh(expression]) = expression
sinh(/ist) = /list

sinh (expression{) returns the hyperbolic sine of
the argument as an expression.

sinh (/isf) returns a list of the hyperbolic sines of
each element of /st7.

sinh(1.2) [ENTER] 1.509...
sinh({0,1.2,3.}) [ENTER)
{0 1.509.. 10.017..}

sinh(sg M:

sinh-1()

X) = sq

Returns the matrix hyperbolic sine of
squareMatrix1. This is not the same as calculating
the hyperbolic sine of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

MATH/Hyperbolic menu

sinh-1 (expressionl) = expression
sinh- (/ist]) = list

sinh-1 (expression7) returns the inverse hyperbolic
sine of the argument as an expression.

sinh-! (/ist7) returns a list of the inverse
hyperbolic sines of each element of /st7.

In Radian angle mode:

sinh([1,5,3;4,2,1;6,-2,11)
ENTER

352.912 233.495 193.564

|:360 .954 305.708 239. 604]
298.632 140.251

154.599

sinh-1(0) [ENTER] 0
sinh1({0,2.1,3}) [ENTER)
{0 1.487.. sinh1(3)}

sinh-(sg

xl) = sq

Returns the matrix inverse hyperbolic sine of
squareMatrix1. This is not the same as calculating
the inverse hyperbolic sine of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

In Radian angle mode:

sinh-([1,5,3;4,2,1;6,-2,11)

ENTER
.041.. 2.155.. 1.158..
1.463.. .926.. 112,
2.750.. -1.528.. .572.
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SinReg

MATH/Statistics/Regressions menu

SinReg /ist1, list? [, Literations], [ perioal [, /ist3, listd]]

solve()

Calculates the sinusoidal regression and updates
all the system statistics variables.

All the lists must have equal dimensions except
for /ist4.

Jist1 represents xlist.

list2 represents ylist.

list3represents category codes.
list4represents category include list.

iterations specifies the maximum number of times
(1 through 16) a solution will be attempted. If
omitted, 8 is used. Typically, larger values result
in better accuracy but longer execution times, and
vice versa.

period specifies an estimated period. If omitted,
the difference between values in /st7 should be
equal and in sequential order. If you specify
period, the differences between x values can be
unequal.

Note: /it7 through /iszz must be a variable name
or ¢1-¢99 (columns in the last data variable
shown in the Data/Matrix Editor). /st4 does not
have to be a variable name and cannot be c1-
c99.

The output of SinReg is always in radians,
regardless of the angle mode setting.

MATH/Algebra menu

solve(equation, va) = Boolean expression
solve (inequality, var) = Boolean expression

Returns candidate real solutions of an equation or
an inequality for var. The goal is to return candidates
for all solutions. However, there might be equations
or inequalities for which the number of solutions is
infinite.

Solution candidates might not be real finite
solutions for some combinations of values for
undefined variables.

For the AUTO setting of the Exact/Approx mode,
the goal is to produce exact solutions when they are
concise, and supplemented by iterative searches
with approximate arithmetic when exact solutions
are impractical.

Due to default cancellation of the greatest common
divisor from the numerator and denominator of
ratios, solutions might be solutions only in the limit
from one or both sides.

For inequalities of types >, <, <, or >, explicit
solutions are unlikely unless the inequality is linear
and contains only var.

For the EXACT setting of the Exact/Approx mode,
portions that cannot be solved are returned as an
implicit equation or inequality.

In function graphing mode:

seq(x,x,1,361,30)>L1
{1 31 61 ..}
(5.5,8,11,13.5,16.5,19,19.5,17,
14.5,12.5,8.5,6.5,5.5}> L2
{5.5 8 11 ..}
SinReg L1,L2 Done
ShowStat
bexecIed
=B.7P0EER
0167
="1.Z1EEE7

=izimitz

ENTER

regeq(x)>yl(x) Done
NewPlot 1,1,L1,L2 Done
[*][GRAPH]

29

4

solve(a* x*2+b* x+c=0,x) [ENTER

_ 3[b2—4-a-cfb

x= 2-a

_ ~(+Jb%2-4-a-c+b)
or x= 7 a
ans(1)| a=1 and b=1 and c=1
ENTER
result

Error: Non-real

solve((x-a)er(x)="x*(x-a),x)
ENTER

x=a or x=-.567..

(x+1) (x= 1)/ (x-1)+x- 3 [ENTER)

2-x-2
solve(entry(1)=0,x) [ENTER x=1
entry(2)|ans(1) [ENTER undef
Timit(entry(3),x,1) [ENTER) 0
solve(5x-2 > 2x,x) [ENTER x=2/3

exact(solve((x-a)er(x)="x*
(x-a),x)) [ENTER
e +x=0 or x=a

Appendix A: Categorical Listing of Operations

873



Use the “|" operator to restrict the solution interval
and/or other variables that occur in the equation or
inequality. When you find a solution in one interval,
you can use the inequality operators to exclude that
interval from subsequent searches.

false is returned when no real solutions are found.
true is returned if solve() can determine that any
finite real value of varsatisfies the equation or
inequality.

Since solve() always returns a Boolean result, you
can use “and,” “or,” and “not” to combine results
from solve() with each other or with other Boolean
expressions.

Solutions might contain a unique new undefined
variable of the form @n/with /being an integer in
the interval 1-255. Such variables designate an
arbitrary integer.

In real mode, fractional powers having odd
denominators denote only the real branch.
Otherwise, multiple branched expressions such as
fractional powers, logarithms, and inverse
trigonometric functions denote only the principal
branch. Consequently, solve() produces only
solutions corresponding to that one real or principal
branch.

Note: See also cSolve(), cZeros(), nSolve(), and
zeros().

In Radian angle mode:

solve(tan(x)=1/x,x)|x>0 and x<1

ENTER x =.860...
solve(x=x+1,x) [ENTER) false
solve(x=x,x) [ENTER true

2x-1<1 and solve(x*2#9,x) [ENTER]
x<1 and x=-3

In Radian angle mode:

solve(sin(x)=0,x) [ENTER] x=@nl-n

solve(x*(1/3)=-1,x) [ENTER] x= "1
solve(y(x)="2,x) [ENTER) false
solve(~+(x)="2,x) [ENTER x=4

solve(equation! and equation2 [and ... 1, {varOrGuess1,

varOrGuess2|, ... 1Y) = Boolean expression

Returns candidate real solutions to the
simultaneous algebraic equations, where each
varOrGuess specifies a variable that you want to
solve for.

Optionally, you can specify an initial guess for a
variable. Each varOrGuess must have the form:

variable
—or—
variable = real or non-real number

For example, x is valid and so is x=3.

solve(y=x*2-2 and
x+2y=-1,{x,y}) [ENTER
x=1 and y=-1
or x=-3/2 and y=1/4
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If all of the equations are polynomials and if you
do NOT specify any initial guesses, solve() uses
the lexical Grobner/Buchberger elimination
method to attempt to determine all real
solutions.

For example, suppose you have a circle of radius r
at the origin and another circle of radius r
centered where the first circle crosses the positive
x-axis. Use solve() to find the intersections.

As illustrated by r in the example to the right,
simultaneous polynomialequations can have
extra variables that have no values, but represent
given numeric values that could be substituted
later.

You can also (or instead) include solution
variables that do not appear in the equations. For
example, you can include z as a solution variable
to extend the previous example to two parallel
intersecting cylinders of radius r.

The cylinder solutions illustrate how families of
solutions might contain arbitrary constants of the
form @« where £is an integer suffix from 1
through 255. The suffix resets to 1 when you use
ClrHome or [F1] 8:Clear Home.

For polynomial systems, computation time or
memory exhaustion may depend strongly on the
order in which you list solution variables. If your
initial choice exhausts memory or your patience,
try rearranging the variables in the equations
and/or varOrGuess list.

If you do not include any guesses and if any
equation is non-polynomial in any variable but all
equations are linear in the solution variables,
solve() uses Gaussian elimination to attempt to
determine all real solutions.

If a system is neither polynomial in all of its
variables nor linear in its solution variables,
solve() determines at most one solution using an
approximate iterative method. To do so, the
number of solution variables must equal the
number of equations, and all other variables in
the equations must simplify to numbers.

AN
N

solve(x*2+y*2=r*2 and

(X=r)"2+yr2=r~2,{x,y}) [ENTER
_r d y= -r
x= 7 and y= =

or x= % and y= Jl%

solve(xA2+yr2=r~2 and
(X=r)"2+yr2=r"2,{x,y,z})

30
X= % and y= \/_2 r and z=@1

Al? and z=@1

or x= % and y=

solve(x+er(z)*y=1 and
x=y=sin(z),{x,y})
e+sin(z)+1

=0 and y=

- (sin(z)-1
e+l
solve(er(z)*y=1 and

“y=sin(z),{y,z})
y=.041.. and z=3.183..
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Each solution variable starts at its guessed value
if there is one; otherwise, it starts at 0.0.

Use guesses to seek additional solutions one by
one. For convergence, a guess may have to be
rather close to a solution.

solve(er(z)*y=1 and
-y=sin(z),{y,z=2n})
y=.001.. and z=6.281..

SortA MATH/List menu
SortA /isth 11, listh 2 [, listName3] ... {2,1,4,3}>1ist1[ENTER) {2,1,4,3)
SortA vectorNamel|, vectorNameZ) [, vectorName3) ... SortA listl Done
Sorts the elements of the first argument in 1istl {123 4)
ascending order. (4,3,2,1}>1ist2 ENTER] {4 3 2 1}
If you include additional arguments, sorts the SortA 1istz,listl Done
elements of each so that their new positions ;
match the new positions of the elements in the } ! st2 123 4)
first argument. istl {4 321}
All arguments must be names of lists or vectors.
All arguments must have equal dimensions.
SortD MATH/List menu
SortD /isth 11, listh 2 [, listName3) ... {2,1,4,3}>1ist1[ENTER) {2 1 4 3}
SortD vectorNamell, vectorName 2 [, vectorName 3] ... {1,2,3,4}>11ist2 {1 2 3 4}
Identical to SortA, except SortD sorts the 13(,"%[1) listl,Tist2 43 202?
elements in descending order. s
Tist2 (341 2)
»Sphere  MATH/Matrix/Vector ops menu
vector’Sphere [1,2,3]»Sphere
. . . [J[ENTER) [3.741.. £1.107.. £.640..]
Displays the row or column vector in spherical
form [p £6 £0¢). [2,4n/4,3]»Sphere
vectormust be of dimension 3 and can be either a [IENTER] [3.605.. £.785.. g 3?2]
row or a column vector. fTER)  [V13 4% Zcos( 3) ]
Note: »Sphere is a display-format instruction,
not a conversion function. You can use it only at 7
the end of an entry line.
T (p,6,0)
0 "
1
1
e
X ' N
i S — \
' LN
9 N
X
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startTmr() cATALOG

startTmr() = /nteger

Returns the current value of the clock in its
integer representation, giving the szarttime for a
timer. You can enter the starttime as an argument
in checkTmr() to determine how many seconds
have elapsed.

You can run multiple timers simultaneously.

Note: See also checkTmr() and timeCnv().

stdDev() MATH/Statistics menu
stdDev (/isd, freqlisl) => expression

Returns the standard deviation of the elements in
list.

Each freglist element counts the number of
consecutive occurrences of the corresponding
element in /st.

Note: /st must have at least two elements.

startTmr() 148083315
checkTmr(148083315) 34

startTmr()>Timerl
:startTmr( )>Timer?2
:checkTmr(Tw‘merl)->T1‘mer‘lVa1 ue

checkTmr(Timer2)>Timer2Value

stdDev({a,b,c}) [ENTER]

stdDev({1,2,5,-6,3,"2}) [ENTER

JS-[aQ—a-(b+cj+b2—b-c.
3

"stdlew({l 2 5 -6 3

-

[
Sk

stdDev({1.3,2.5,76.4},(3,2,5})
ENTER 4.33345

stdDev(matrix1|, fregmatrix])

StoGDB

= matrix

Returns a row vector of the standard deviations
of the columns in matrix1.

Each fregmatrix element counts the number of
consecutive occurrences of the corresponding
element in matrix1.

Note: matrix7 must have at least two rows.

CATALOG

StoGDB GDBvar

Creates a Graph database (GDB) variable that
contains the current:
* Graphing mode
* Y= functions
* Window variables
* Graph format settings
1- or 2-Graph setting (split screen and ratio
settings if 2-Graph mode)
Angle mode
Real/complex mode
* Initial conditions if Sequence or
Diff Equations mode
* Table flags
* tbliStart, Atbl, thlinput

You can use RelGDB GDBvarto restore the graph
environment.

*Note: These items are saved for both graphs in
2-Graph mode.

stdDev([1,2,5;-3,0,1;.5,.7,3])
ENTER
[2.179.. 1.014.. 2]

stdDev([-1.2,5.3;2.5,7.3;6,741,
[4,2;3,3:1,71)
[2.7005,5.44695]
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Stop

StoPic

Store

string()

Style

CATALOG
Stop

Used as a program instruction to stop program
execution.

CATALOG
StoPic piclar [, pxIRow, pxICol [, width, hejghll

Displays the graph screen and copies a
rectangular area of the display to the variable
picVar.

pxiRow and pxiCol, if included, specify the upper-
left corner of the area to copy (defaults are 0, 0).

width and height, if included, specify the
dimensions, in pixels, of the area. Defaults are
the width and height, in pixels, of the current
graph screen.

See > (store), page 908.

MATH/String menu
string(expression) =  string

Simplifies expression and returns the result as a
character string.

CATALOG
Style equanum, stylePropertyString

Sets the system graphing function equanumin the
current graph mode to use the graphing property
stylePropertyString.

equanum must be an integer from 1-99 and the
function must already exist.

stylePropertyString must be one of: "Line", "Dot",
"Square”, "Thick", "Animate"”, "Path"”,

"Above", or "Below".

Note that in parametric graphing, only the xzhalf
of the pair contains the style information.

Valid style names vs. graphing mode:

Function:
Parametric/Polar:

all styles

line, dot, square, thick,
animate, path

line, dot, square, thick
none

line, dot, square, thick,
animate, path

Sequence:
3D:
Diff Equations:

Note: Capitalization and blank spaces are
optional when entering stylePropertyString names.

Program segment:

For i,1,10,1
If i=5
Stop

EndFor

string(1l.2345) [ENTER) "1.2345"
string(1+2) (ENTER] "3"

string(cos(x)+/(3)) [ENTER]
"cos(x) +(3)"

Style 1,"thick" [ENTER) Done

Style 10,"path"”

Note: In function graphing mode, these
examples set the style of y1(x) to "Thick" and
y10(x) to "Path".

Done
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subMat() cATALOG

subMat (matrix1[, startRov] [, startCol) [, endRow
[, endCol)

[1,2,3;4,5,6;7,8,91>ml
= matnix 123
Returns the specified submatrix of matrix7. |:‘71 g g:l

Defaults: startRow=1, startCoi=1, endRow=last subMat(ml,2,1,3,2)

row, endCol=last column. 5
[; g1
subMat(ml,2,2)
[ o1
89
Sum (Sigma) See 3(), page 903.
sum() MATH/List menu
sum(/isq, starf, endll) = expression sum({1,2,3,4,5}) [ENTER 15
Returns the sum of the elements in /st sum({a,2a,3a}) 6-a
Startand end are optional. They specify arange of sum(seq(n,n,1,10)) 55
elements.
sum({1,3,5,7,9},3) 21

sum(matrix1l, stard, endll) = matrix

Returns a row vector containing the sums of the

sum([1,2,3;4,5,6]1) ENTERIL5 7 9]
sum([1,2,3;4,5,6;7,8,9]) [ENTER]

elements in the columns in matrix7. [12 15 18]
Startand end are optional. They specify arange of  gym([1,2,3;4,5,6:7,8,97,2,3)
rows.
ENTER
[11,13,15]
switch() caTALOG

switch([/integerfl) = integer

A IR M B
Returns the number of the active window. Also
can set the active window.

switch()

HMAIN ERD AUTO FUNC 1230
switch()

Fi-

Fer|F3 | F4 | F&=| F&r
To01s|Zoom|Trace|keGrarn|Hat hfovaw|

Note: Window 1 is left or top; Window 2 is right  [|=5-=int:)
5 -sing

or bottom.

If integer? = 0, retums the active window number.

If integer? = 1, activates window 1 and returns
the previously active window number.

Fenf:c

If integer? = 2, activates window 2 and returns

the previously active window number. . 5sinGo
S-sing
= switch) i}

If integert is omitted, switches windows and
returns the previously active window number.

AN FRD ALT FUNC

integer is ignored if the
TI-89 Titanium/Voyage™ 200 is not displaying a
split screen.

Appendix A: Categorical Listing of Operations 879



T (transpose)  MATH/Matrix menu

matrixI™  =>  matrix [1,2,3;4,5,6;7,8,91>mat1 [ENTER]
Returns the complex conjugate transpose of |:‘11 g Z:I
matrix1.
789
matlT
147
258
369
ab
[a,b;c,d]>mat2 [ENTER) [ 4]
ac
mat21 [ gl
[ 144, 2+F;3+i,4+i1>mat3
|:1+i 2+i]
3+7 4+
taT [ 1-7 3- 1']
ma 2-i 4-7
Table CATALOG
Table expression]l, expressionZ] [, varl] In function graphing mode.
Builds a table of the specified expressions or Table 1.25x*cos(x) [ENTER
functions.

3 1
The expressions in the table can also be graphed. Hﬂ.
Expressions entered using the Table or Graph é
commands are assigned increasing function 5 ET1D
numbers starting with 1. The expressions can be [+
modified or individually deleted using the edit

functions available when the table is displayed by Tabh1e cos(time),time
pressing [F4) Header. The currently selected

functions in the Y= Editor are temporaril i 1 2 3
ignored poreriy HD' 1.

- 1 . EvEE|. 5405
To clear the functions created by Table or § .é: ?‘112 e é.E'l
Graph, execute the ClrGraph command or 4

. Te]
display the Y= Editor. :|

If the varparameter is omitted, the current graph-
mode independent variable is assumed. Some
valid variations of this instruction are:

Function graphing:  Table expr, x
Parametric graphing:  Table xExpr, yExpr, t
Polar graphing: Table expr;, 6

Note: The Table command is not valid for 3D,

sequence, or diff equations graphing. As an
alternative, you may want to use BldData.
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tan() [an] key

tan(expression]) =  expression
tan(/istl) = st

AN key

tan(expression?) returns the tangent of the
argument as an expression.

tan(/ist/) returns a list of the tangents of all
elements in /ist1.

Note: The argument is interpreted as either a
degree or radian angle, according to the current
angle mode. You can use ° or " to override the
angle mode temporarily.

In Degree angle mode:

tan((rn/4)" ) [ENTER) 1
tan(45) [ENTER] 1
tan({0,60,90}) [ENTER]

{0 3 undef}
In Radian angle mode:
tan(n/4) [ENTER] 1
tan(45°) (ENTER] 1
tan({n,n/3,-n,n/4}) [ENTER

{0 y3 0 1)

tan( Matrix) = sq 1

Returns the matrix tangent of squareMatrix1. This

is notthe same as calculating the tangent of each

element. For information about the calculation
method, refer to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.
tan-() () [an-] key

tan-! (expressionl) = expression
tan-' (/ist) = list

tan-! (expression?) returns the angle whose
tangent is expression? as an expression.

tan-1 (/ist7) returns a list of the inverse tangents
of each element of /ist1.

Note: The result is returned as either a degree or
radian angle, according to the current angle
mode setting.

[ran-] key

In Radian angle mode:
tan([1,5,3:4,2,1;6,72,1])

-28.291.. 26.088.. 11.114..
12.117.. -7.835.. -5.48l1.
36.818.. -32.806.. -10.459..

In Degree angle mode:
tan1(1) 45
In Radian angle mode:

tan({0,.2,.5}) [ENTER]

{0 .197.. .463..}

tan-\(squareMatrixl) = squareM.

Returns the matrix inverse tangent of
squareMatrix1. This is not the same as calculating
the inverse tangent of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

tanh()

tanh(expression]) = expression
tanh(/isth) = /list

MATH/Hyperbolic menu

tanh(expression?) returns the hyperbolic tangent
of the argument as an expression.

tanh(/is returns a list of the hyperbolic tangents
of each element of /ist7.

In Radian angle mode:

tan([1,5,3;4,2,1;6,-2,11)

ENTER
-.083.. .622...
.748.. -.070...

1.686.. .455...

1.266...
.630...
-1.182.

tanh(1.2) [ENTER .833..

tanh({0,1}) (ENTER {0 tanh(1)}
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tanh(sg M:

tanh-1()

Xl) = squareM:

Returns the matrix hyperbolic tangent of
squareMatrix1. This is not the same as calculating
the hyperbolic tangent of each element. For
information about the calculation method, refer
to cos().

squareMatrix! must be diagonalizable. The result
always contains floating-point numbers.

MATH/Hyperbolic menu

tanh-1 (expression]) = expression
tanh-1(/sth) = st

tanh- (expression7) returns the inverse hyperbolic

tangent of the argument as an expression.

tanh-1 (/ist7) returns a list of the inverse
hyperbolic tangents of each element of /is7.

In Radian angle mode:

tanh([1,5,3;4,2,1;6,-2,11)

ENTER
-.097.. .933. 425...
.488..  .538.. - 129..
1.282.. -1.034. .428.

In rectangular complex format mode:
tanh1(0) 0
tanh-1({1,2.1,3}) [ENTER]

oo .518..-1.570..-7 %-% i

tanh-1(squareM:

taylor()

x7) = sq

Returns the matrix inverse hyperbolic tangent of
squareMatrix1. This is not the same as calculating
the inverse hyperbolic tangent of each element.
For information about the calculation method,
refer to cos().

squareMatrix7 must be diagonalizable. The result
always contains floating-point numbers.

MATH/Calculus menu

taylor(expressionl, var, ordel, poinfl) =  expression

Returns the requested Taylor polynomial. The
polynomial includes non-zero terms of integer
degrees from zero through orderin (varminus
poind). taylor() returns itself if there is no

truncated power series of this order, or if it would

require negative or fractional exponents. Use
substitution and/or temporary multiplication by a
power of

(varminus poind to determine more general
power series.

point defaults to zero and is the expansion point.

In Radian angle mode and Rectangular
complex format mode:

tanh([1,5,3;4,2,1;6,-2,11)
ENTER

L479..-.947..
-.878.+1.790..

|:‘.099...+.164...'1' .267..-1.490..-1 .. ]

taylor(er (v (x)),x,2)
taylor(er(t),t,4)|t=V(x)

L] taglor‘[e&,x, 2]
taglor‘[e&,x, 2, El]

staglor(et, b 4|t =T
2 32
X x X
Sty gyl

El

NTER

taylor(1l/(x*(x-1)),x,3) [ENTER

1
. taglor[m, W 3]

taglor‘[ ,X,3,B]

1
sz =1

expand(taylor(x/(x*(x-1)
X,4)/x,x) [ENTER

®
[ taglor‘[m a >=.
ke

[V S-S T
*® ® ® ><1

" expand
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tCollect() MATH\AIgebra\Trig menu
tCollect(expression]) = expression

Returns an expression in which products and
integer powers of sines and cosines are converted
to a linear combination of sines and cosines of
multiple angles, angle sums, and angle
differences. The transformation converts
trigonometric polynomials into a linear
combination of their harmonics.

Sometimes tCollect() will accomplish your goals
when the default trigonometric simplification
does not. tCollect() tends to reverse
transformations done by tExpand(). Sometimes
applying tExpand() to a result from tCollect(),
or vice versa, in two separate steps simplifies an
expression.

tExpand()

pand(expression]) = exp

MATH\Algebra\Trig menu

Returns an expression in which sines and cosines
of integer-multiple angles, angle sums, and angle
differences are expanded. Because of the identity
(sin(x))2+(cos(x))?=1, there are many possible
equivalent results. Consequently, a result might
differ from a result shown in other publications.

Sometimes tExpand() will accomplish your goals
when the default trigonometric simplification
does not. tExpand() tends to reverse
transformations done by tCollect(). Sometimes
applying tCollect() to a result from tExpand(),
or vice versa, in two separate steps simplifies an
expression.

Note: Degree-mode scaling by n/180 interferes
with the ability of tExpand() to recognize
expandable forms. For best results, tExpand()
should be used in Radian mode.

Text CATALOG

Text promptString

Displays the character string promptString dialog
box.

If used as part of a Dialog...EndDlog block,
promptString is displayed inside that dialog box. If
used as a standalone instruction, Text creates a
dialog box to display the string.

Then See If, page 826.

timeCnv() cATALOG
timeCnv(seconds) = list

Converts seconds to units of time that can be
more easily understood for evaluation. The list is
in {days, hours,minutes,seconds} format.

Note: See also checkTmr() and startTmr().

tCollect((cos(a))"2) [ENTER]
cos(2-a) +1

2
tCollect(sin(a)cos(B)) [ENTER)
sin(a-B)+sin(atp)

2

tExpand(sin(3¢)) [ENTER)
4-sin(¢p)- (cos(d))2-sin(o)

tExpand(cos(a-p)) [ENTER)
cos(a) - cos(B)+sin(a)+sin(p)

Text "Have a nice day." [ENTER
Done

Haue a nice daw.

timeCnv(152442117)

{1764 9 1 57}
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Title CATALOG

Title titleString, [Lb] Program segment:
Creates the title of a pull-down menu or dialog :
box when used inside a Toolbar or Custom :Dialog
construct, or a Dialog...EndDlog block. Title "This is a dialog

box"

Note: /6/is only valid in the Toolbar construct.
Y oo har :Request "Your name",Strl

When present, it allows the menu choice to

branch to a specified label inside the program. GD"OPdOW" "Month you were
orn",
seq(string(i),i,1,12),Varl

:E_ndD]og

TRUr nars:

Honth ¥ou wers born 1%

Enter=0K ESC=CAMCEL

tmpCnv() cATALOG

tmpCnv(expression]_ tempUnit1, _ “tempUnit2) tmpCnv(100_°c,_°f) 212.-_°F
= expression _ “tempUnit?
tmpCnv(32_°f,_°c) 0.-_°C
Converts a temperature value specified by
expression] from one unit to another. Valid tmpCnv (0_°c,_°k) 273.15-_°K

temperature units are:
P tmpCnv (0_°F,_°r) 459.67-_°R

_°C Celsius
_°F Fahrenheit )
°K Kelvin Note: To select temperature units from a
°R Rankine menu, press:
I—For ° press []. [uniTs]
For _, press [¢J []. o] [uniTs]

For . press [2ndl [_].
For example, 100_°C converts to 212_°F:

To convert a temperature range, use AtmpCnv()
instead.
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AtmpCnv() CATALOG

AtmpCnv(expression]_ “tempUnit], _ “tempUnit2)
= expression _ “tempUnit?

Toolbar

Toolbar
block
EndTBar

Trace

Trace

Converts a temperature range (the difference
between two temperature values) specified by
expression] from one unit to another. Valid
temperature units are:

_°C Celsius
_°F Fahrenheit
_°K Kelvin

_°R Rankine

I—For °, press [°].

For _, press [¢J [].
For _, press [2d [].

1_°Cand 1_°K have the same magnitude, as do
1_°F and 1_°R. However, 1_°Cis 9/5 as large as
1_°F.

For example, a 100_°C range (from 0_°C to
100_°C) is equivalent to a 180_°F range:

« 100_°C —»!

0 100

} + _°C
; | _°F
32 212

<« 180_°F —

To convert a particular temperature value instead
of a range, use tmpCnv().

CATALOG

Creates a toolbar menu.

block can be either a single statement or a
sequence of statements separated with the ":"
character. The statements can be either Title or

Item.

Items must have labels. A Title must also have a
label if it does not have an item.

CATALOG

Draws a Smart Graph and places the trace cursor
on the first defined Y= function at the previously
defined cursor position, or at the reset position if
regraphing was necessary.

Allows operation of the cursor and most keys
when editing coordinate values. Several keys,
such as the function keys, [APPS], and [MODE], are
not activated during trace.

Note: Press [ENTER] to resume operation.

To get A, you can press [¢] [D]
(or [2nd] [CHAR] 1 5).

AtmpCnv(100_°c,_°f) [ENTER

180.

ENTER
100.

AtmpCnv (180_°f,_°c)
. °C
AtmpCnv(100_°c,_°k) [ENTER

100.-_°K

AtmpCnv (100_°f,_°r) [ENTER

100.-_°R

AtmpCnv(1_°c, °f)
1.8-_°F

Note: To select temperature units from a
menu, press:

B [uniTs]
[¢] [uniTs]

Program segment:

:Toolbar
Title "Examples”
Item "Trig", t
Item "Calc", ¢
Item "Stop", Pexit
:EndTbar

Note: When run in a program, this segment
creates a menu with three choices that
branch to three places in the program.
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Try CATALOG
Try Program segment:
block1 .
Else :
block2 :Try
EndTry NewFold(temp)
Else
Executes block? unless an error occurs. Program ®Already exists
execution transfers to block2 if an error occurs in
: . ClrErr
block1. Variable errornum contains the error CEndTr
number to allow the program to perform error M y
recovery. :
block and block? can be either a single statement ~ NOte: See CirErr and PassErr.
or a series of statements separated with the “:"
character.
TwoVar MATH/Statistics menu

TwoVar /istl, listZ], Uist3) [, listd, list5]]

Calculates the TwoVar statistics and updates all
the system statistics variables.

All the lists must have equal dimensions except

TwoVar L1,L2
for /ist5.

ShowStat

Jist1 represents xlist.

Jist2 represents ylist.
Jist3 represents frequency.
list4 represents category codes.

list5 represents category include list. By

2160247

=1.BEHHEY
=z,

Note: /it7 through /st4 must be a variable name | =
or ¢1-¢99 (columns in the last data variable =
shown in the Data/Matrix Editor). /st5 does not

have to be a variable name and cannot be c1-c99

Unarchiv cATALOG

Unarchiv varl [, var2 [, var3) ...

10>arctest
Archive arctest
5*arctest
15>arctest

[ ERKOF: Y

Moves the specified variables from the user data
archive memory to RAM.

You can access an archived variable the same as
you would a variable in RAM. However, you
cannot delete, rename, or store to an archived
variable because it is locked automatically.

Wariable it Tockeds Brotected, oF
archived

ESCZCAMCEL ;1

To archive variables, use Archive.
ESC
Unarchiv arctest
15>arctest

(0,1,2,3,4,5,6}> L1 [ENTER)

{012..}

{0,2,3,4,3,4,6}>L2 [ENTER)

{023 ..}
Done

10
Done
50

Done
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unitV()

MATH/Matrix/Vector ops menu

unitV(vectorl) = vector

Unlock

Returns either a row- or column-unit vector,
depending on the form of vector?.

vector! must be either a single-row matrix or a
single-column matrix.

CATALOG

Unlock var|, varZ)|, var3)...

Unlocks the specified variables.

Note: The variables can be locked using the
Lock command.

variance() MATH/Statistics menu

variance (/isd], freqlisl) = expression

Returns the variance of /ist.

unitV(la,b ,c1>m
a c ]
\]a?+b2+c2 \]a2+b2+c2 \Ja2+b2 +c2

unitV([1,2,1]) ENTER)

6 {6 Y6,
6 3 6
(14
14
, V14
unitV([1;2;3]) [ENTER] 7
3-+14
14

variance({a,b,c})
a2z-a- (b+c) b2-b. c+c?

3
Each freglist element counts the number of . B
consecutive occurrences of the corresponding variance({1,2,5,76,3,"2}) [ENTER)
element in /st 31/2
Note: /istmust contain at least two elements. variance({1,3,5},{4,6,2}) [ENTER)
68/33
variance (matrix1|, fregmatrix]) = matrix variance([1,2,5;-3,0,1;

- ) .5,.7,3]1) [ENTER) [4.75 1.03 4]
Returns a row vector containing the variance of
each column in matrix1. variance([-1.1,2.2;3.4,5.1;

-2.3,4.31,06,3;2,4;5,1]) [ENTER

Each fregmatrix element counts the number of [3.91731,2.08411]

consecutive occurrences of the corresponding
element in matrix1.

Note: matrix7 must contain at least two rows.

when() CATALOG
when (conditi Jt[, fals il
[, unk Resulf) = exp
Returns Result, fals !, OF unk Result

depending on whether condition’is true, false, or
unknown. Returns the input if there are too few
arguments to specify the appropriate result.

Omit both falseResultand unknownResult to make
an expression defined only in the region where
condition is true.

when(x<0,x+3) | x=5
when (x<0,3+x)
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While

Use an undef falseResult to define an expression
that graphs only on an interval.

Omit only the unknownResultto define a two-
piece expression.

Nest when() to define expressions that have
more than two pieces.

when() is helpful for defining recursive
functions.

CATALOG

While condiition

block

EndWhile

"With"

Executes the statements in b/ock as long as
condition is true.

block can be either a single statement or a

sequence of statements separated with the “:
character.

See l page 907.

ClrGraph
Graph when(x>-=n and
x<0,x+3,undef)

Graph when(x<0,x+3,5-x"2)

A

[*J[CALC HOME]

ClrGraph [ENTER)
Graph when(x<0,when(x<-m,
4%sin(x),2x+3),5-x"2)

A
A

when(n>0,n* factoral(n-1),1)

Done

>factoral (n) [ENTER) Done
factoral(3) [ENTER] 6
3! [ENTER] 6

Program segment:

11>

:0>temp

:While 1<=20
temp+1l/i>temp
i+1>1

:EndWhile

:Disp "sum of reciprocals up to
20", temp
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Xor MATH/Test menu

Boolean expression xor Boolean expression2 = Boolean true xor true false
expression
(5>3) xor (3>5) [ENTER) true

Returns true if Boolean expressionT is true and
Boolean expression? is false, or vice versa.
Returns false if Boolean expression? and Boolean
expression2 are both true or both false. Returns a
simplified Boolean expression if either of the
original Boolean expressions cannot be resolved
to true or false.

Note: See or.

integer] xor integer? = integer In Hex base mode:

Compares two real integers bit-by-bit using an 0h7AC36 xor Oh3D5F 0h79169
xor operation. Internally, both integers are
converted to signed, 32-bit binary numbers.
When corresponding bits are compared, the .
result is 1 if either bit (but not both) is 1; the In Bin base mode:

result is 0 if both bits are 0 or both bits are 1. The

returned value represents the bit results, and is 00100101 xor 0b100 [ENTER]0b100001
displayed according to the Base mode. Note: A binary entry can have up to 32 digits
(not counting the Ob prefix). A hexadecimal
entry can have up to 8 digits.

Important: Zero, not the letter O.

You can enter the integers in any number base.
For a binary or hexadecimal entry, you must use
the Ob or Oh prefix, respectively. Without a prefix,
integers are treated as decimal (base 10).

If you enter a decimal integer that is too large for
a signed, 32-bit binary form, a symmetric modulo
operation is used to bring the value into the
appropriate range.

Note: See or.

XorPic CATALOG
XorPic picVar, rom [, column)

Displays the picture stored in picVaron the
current Graph screen.

Uses xor logic for each pixel. Only those pixel
positions that are exclusive to either the screen or
the picture are turned on. This instruction turns
off pixels that are turned on in both images.

picVarmust contain a pic data type.

rowand column, if included, specify the pixel
coordinates for the upper left corner of the
picture. Defaults are (0, 0).
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zeros() MATH/Algebra menu

zeros (expression, van) = list zeros(a*x"2+b* x+c,x) [ENTER

Returns a list of candidate real values of varthat { -(7[b24-a-c+b) r[b24-a- c—b}
2-a 2-a

make expression=0. zeros() does this by
computing exprlist(solve(expression=0, vap, var).

a* x"2+bx x+c|x=ans(1)[2] 0

For some purposes, the result form for zeros() is  exact(zeros(a* (e*(x)+x)

more convenient than that of solve(). However, (sign (x)-1),x)) [ENTER {}

the result form of zeros() cannot express implicit

solutions, solutions that require inequalities, or ~ €Xact(solve(ax ( ( )+x)

solutions that do not involve var. (sign (x)-1)= ))
e"+x—0 or x>0 or a=0

Note: See also cSolve(), cZeros(), and solve().

zeros({expression], expression2}, {varOrGuess1,
varOrGuess2|, ... 1Y) = matrix

Returns candidate real zeros of the simultaneous
algebraic expressions, where each varOrGuess
specifies an unknown whose value you seek.

Optionally, you can specify an initial guess for a
variable. Each varOrGuess must have the form:

variable
—or—
variable = real or norrreal number

For example, x is valid and so is x=3.

If all of the expressions are polynomials and if
you do NOT specify any initial guesses, zeros()
uses the lexical Grobner/Buchberger elimination
method to attempt to determine all real zeros.

For example, suppose you have a circle of radius

r at the origin and another circle of radius r

centered where the first circle crosses the positive
x-axis. Use zeros() to find the intersections.

As illustrated by r in the example to the right, zeros({x"2+yr2-rhr2,
simultaneous polynomial expressions can have (X=r)A2+y"2-r22},{x,y})
extra variables that have no values, but represent

given numeric values that could be substituted LVERL
later. 2 2
Each row of the resulting matrix represents an I aEer
alternate zero, with the components ordered the 2 2
same as the varOrGuess list. To extract a row, .
index the matrix by [rom]. Extract row 2:

ro "A3er

ans(1)[2] I:E 2 :I
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You can also (or instead) include unknowns that
do not appear in the expressions. For example,
you can include z as an unknown to extend the
previous example to two parallel intersecting
cylinders of radius r. The cylinder zeros illustrate
how families of zeros might contain arbitrary
constants in the form @4, where £is an integer
suffix from 1 through 255. The suffix resets to 1
when you use ClrHome or (1] 8:Clear Home.

For polynomial systems, computation time or
memory exhaustion may depend strongly on the
order in which you list unknowns. If your initial
choice exhausts memory or your patience, try
rearranging the variables in the expressions
and/or varOrGuess list.

If you do not include any guesses and if any
expression is non-polynomial in any variable but
all expressions are linear in the unknowns,
zeros() uses Gaussian elimination to attempt to
determine all real zeros.

If a system is neither polynomial in all of its
variables nor linear in its unknowns, zeros()
determines at most one zero using an
approximate iterative method. To do so, the
number of unknowns must equal the number of
expressions, and all other variables in the
expressions must simplify to numbers.

Each unknown starts at its guessed value if there
is one; otherwise, it starts at 0.0.

Use guesses to seek additional zeros one by one.
For convergence, a guess may have to be rather
close to a zero.

ZoomBoXx CATALOG

ZoomBox

Displays the Graph screen, lets you draw a box
that defines a new viewing window, and updates
the window.

zeros({x*2+y*2-rr2,
(X=r)r2+yr2-rr2},{x,y,2})
ENTER

T A3er

7 2 @1
r cA3er

2 2 @1l

zeros({x+er(z)*y-1,x-y-sin(z)
by {xyy D)

[ez-sin(z)+1
er+1

'(sin(z)—l):l
er+1

zeros({e*(z)*y-1,-y-sin(z)},
{y,z}) [ENTER]

[.041.. 3.183.]

zeros({er(z)xy-1,-y-sin(z)},
{y,z=2n})

[.001. 6.281.]
In function graphing mode:
1.25x* cos(x)>yl(x) [ENTER) Done
ZoomStd:ZoomBox (ENTER]
1st corner
\ 2nd corner
| N =
} I_J{/(
2nd_Corner?
®ei2 53165 | wct -2,10526

The display after defining ZoomBox by
pressing the second time.
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ZoomData CATALOG

ZoomData In function graphing mode:
Adjusts the window settings based on the (1,2,3,4}>11 (123 4)
currently defined plots (and data) so that all {2,3,4,5}>L2 {2 3 45}
statistical data points will be sampled, and newPlot 1,1,L1,L2 Done
displays the Graph screen. ZoomStd
Note: Does not adjust ymin and ymax for
histograms. qa®”
[*J[CALC HOME]
ZoomData
i o
a
=]
o
ZoomDec CATALOG
ZoomDec In function graphing mode:
Adjusts the viewing window so that Ax and 1.25x* cos(x)>yl(x) Done
Ay = 0.1 and displays the Graph screen with the ~ ZoomStd
origin centered on the screen. \

A
L

[*J[CALC HOME]
ZoomDec [ENTER

WANANA
WAV
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ZoomFit cATALOG

ZoomFit

In function graphing mode:

Displays the Graph screen, and calculates the 1.25x*cos(x)>yl(x) Done
necessary window dimensions for the dependent ~ ZoomStd
variables to view all the picture for the current
independent variable settings. \
[#][CALC HOME]
ZoomFit
Zoomin CATALOG
Zoomin In function graphing mode:
Displays the Graph screen, lets you set a center 1.25x* cos(x)>yl(x) Done
point for a zoom in, and updates the viewing ZoomStd:ZoomIn
window.
The magnitude of the zoom is dependent on the \ /\
Zoom factors xFact and yFact. In 3D Graph mode,
the magnitude is dependent on xFact, yFact, and \/
zFact. Hew Center?
wc O, =]
ENTER
Zoomint CATALOG
Zoomint In function graphing mode:
Displays the Graph screen, lets you set a center 1.25x%cos(x)>yl(x) Done
point for the zoom, and adjusts the window ZoomStd: ZoomInt
settings so that each pixel is an integer in all
directions. \ /\
Hew Center?
= iE, [Sl=t
ENTER
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ZoomOut CATALOG
ZoomOut In function graphing mode:

Displays the Graph screen, lets you set a center 1.25x*cos(x)>yl(x) Done
point for a zoom out, and updates the viewing ZoomStd: ZoomOut

window.
The magnitude of the zoom is dependent on the /\
Zoom factors xFact and yFact. In 3D Graph mode,
the magnitude is dependent on xFact, yFact, and S
zFact. Hew Center?
wc O, =]
ENTER

mnﬂf\% ,\Mﬂﬂn
T

ZoomPrev CATALOG
ZoomPrev

Displays the Graph screen, and updates the
viewing window with the settings in use before
the last zoom.
ZoomRcl cATALOG
ZoomRcl

Displays the Graph screen, and updates the
viewing window using the settings stored with
the ZoomsSto instruction.

ZoomSqr CATALOG
ZoomSqr In function graphing mode:

Displays the Graph screen, adjusts the x or y 1.25x*cos(x)>yl(x) Done

window settings so that each pixel represents an  70mStd (ENTER)
equal width and height in the coordinate system, \

and updates the viewing window.

In 3D Graph mode, ZoomsSgr lengthens the

shortest two axes to be the same as the longest \/ S \

axis.

HOME
ZoomSqr [ENTER

U AL
LV
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ZoomStd CATALOG

ZoomStd In function graphing mode:
Sets the window variables to the following 1.25x*cos(x)>yl(x) Done
standard values, and then updates the viewing ZoomStd
window.
Function graphing: \
x: [-10, 10, 1], y: [~ 10, 10, 1] and xres=2

Parametric graphing: \/ \/ \

t: [0, 2, n/24], x: [~ 10, 10, 1], y:[~ 10, 10, 1]

Polar graphing:
6: [0, 2, m/24], x: [~ 10, 10, 1], y: [~ 10, 10, 1]

Sequence graphing:

nmin=1, nmax=10, plotStrt=1, plotStep=1,
x:[-10,10, 1], y: [~ 10, 10, 1]

3D graphing:

eye0°=20, eye¢°=70, eyey°=0

x:[-10, 10, 14], y: [~ 10, 10, 14],

z: [~ 10, 10], ncontour=5

Differential equations graphing:
t: [0, 10,.1,0], x: [~ 1,10, 1], y: [- 10, 10, 1],
ncurves=0, Estep=1, diftol=.001, fldres=14,
dtime=0
ZoomSto CATALOG
ZoomSto

Stores the current Window settings in the Zoom
memory. You can use ZoomRel to restore the
settings.

ZoomTrig CATALOG
ZoomTrig In function graphing mode:
Displays the Graph screen, sets Ax to n/24, and 1.25x*cos(x)>yl(x) Done

xscl to n/2, centers the origin, sets the y settings  7oomStd
to [~ 4, 4, .5, and updates the viewing window. \

\/ S \
® [HOME
[*J[CALC HOME]

ZoomTr1ig [ENTER

AL
VA
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+ (add) key
wression] + exp 2 = expressio 56 56
) i ans(1)+4 60
Returns the sum of expression? and expression?. ans(1)+4 64
ans(1)+4 68
ans(1)+4 72
list! + stz = list {22,n,m/2}> L1 [ENTER) {22 n n/2}
matrix] + matrix2 =  matrix {10,5,n/2}> L2 [ENTER) {10 5 =n/2}
Returns a list (or matrix) containing the sums of L1+L2 {32 =45 m}
corresponding elements in /ist7 and /ist2 (or ans(1)+{rx, -5, ") ENTER
matrix1 and matrix2). (n+32 0}
Dimensions of the arguments must be equal. [a,b:c,d1+[1,0:0,1]
I: atl b
c d+l
expression + list! = list 15+{10,15,20} [ENTER] {25 30 35}
list] + expression = list
{10,15,20}+15 [ENTER) {25 30 35}
Returns a list containing the sums of expression
and each element in /ist7.
expression + matrix! = matrix 20+[1,2;3,4]
matrix1 + expression = matrix )1 2
Returns a matrix with expression added to each [3 24]
element on the diagonal of matrix7. matrix? must
be square.
Note: Use .+ (dot plus) to add an expression to
each element.
= (subtract)  [] key
pression] - exp 2 = exp 6-2 4
Returns expression? minus expressionZ. 5.em
n-1/6 5
list1 - sz = list (22,m,mn/2}-{10,5,n/2} [ENTER)
matrix] - matrix2 = matrix {12 n-5 0}
Subtracts each element in /ist2 (or matrix2) from [3,41-[1,2] [2 2]
the corresponding element in /st7 (or matrix1),
and returns the results.
Dimensions of the arguments must be equal.
expression- list] = list 15-{10,15,20} [ENTER) {5 0 -5}
list] - expression = list
{10,15,20}- 15 [ENTER) {-5 0 5}
Subtracts each /ist7 element from expression or
subtracts expression from each /ist7 element, and
returns a list of the results.
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expression - matrix1

= matrix

matrix] - expression = matrix

* (multiply)

expression — matrix] returns a matrix of expression
times the identity matrix minus matrix1. matrix!
must be square.

matrix1 — expression returns a matrix of expression

times the identity matrix subtracted from matrix1.

matrix7 must be square.

Note: Use .- (dot minus) to subtract an
expression from each element.

key

expression] * expression? =» expression

Returns the product of expression? and
expression2.

20-[1,2;3,4] [ENTER)

[-3 16]
2% 3. 45 [ENTER) 6.9
X* y* x [ENTER] Xzey

listtx list2 = list

Returns a list containing the products of the
corresponding elements in /st7 and /ist2.

Dimensions of the lists must be equal.

{1.0,2,3}*{4,5,6} [ENTER) {4. 10 18}

b
{2/a,3/2}* {a2,b/3) ENTER) {2+ 2 3}

matrix1 % matrix2 = matrix

Returns the matrix product of matrix7 and matrix2.

The number of rows in matrix/ must equal the
number of columns in matrix2.

[1,2,3;4,5,61*[a,d;b,e;c,f]
ENTER

1z 3]
4 5 8]
[a+2 b+3c, d+2Z-e+2
4-a+S-b+Ec 4-d+5-2-

expression * list] = list
list! * expression = list

Returns a list containing the products of
expression and each element in /ist7.

n* {4,5,6} [ENTER) {47 5.1 671}

expression * matrix] = matrix
matrix1 * expression = matrix

/ (divide)

Returns a matrix containing the products of
expression and each element in matrix7.

Note: Use . (dot multiply) to multiply an
expression by each element.

[ key

1/ exp 2 = exp

Returns the quotient of expression? divided by
expression2.

1.
[1,2:3,41.01EE [ g3 o5

200
A*identity(3) [ENTER) 020

00 A
2/3 .45 [ENTER] .57971
X3/ x [ENTER) x2

list1 / list2 = list

Returns a list containing the quotients of /iz7
divided by /isz2.

Dimensions of the lists must be equal.

{1.0,2,3}/{4,5,6} [ENTER]
{.25 2/5 1/2}
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expression / list] =

list

list1 / expression = list

Returns a list containing the quotients of
expression divided by /ist7 or /ist7 divided by
expression.

a/{3,a,V(a)} [ENTER]

{a,b,c}/(a*b*c) [ENTER

el

A (power)

1 1 1
[b +C a-c a- b}
matrix1 / expression = matrix [a,b,c]/(a*xb*c)
Returns a matrix containing the quotients of 1 1 1
matrix1/ expression. [ b-c a-c a- b]
Note: Use ./ (dot divide) to divide an expression
by each element.
key
expression] ® expression? =>  expression 472 16
list1 A list2 = list
. . {a,2,c}*{1,b,3} [ENTER] {a 2b c3}
Returns the first argument raised to the power of
the second argument.
For a list, returns the elements in /is¢7 raised to
the power of the corresponding elements in /isz2.
In the real domain, fractional powers that have
reduced exponents with odd denominators use
the real branch versus the principal branch for
complex mode.
expression ® list] = list 1
pr{a, 2,73} {p2 p2 13}
Returns expression raised to the power of the
elements in /ist7.
list1 » expression —=>  list {1,2,3,4}"- 2 [ENTER]
{1 1/4 1/9 1/16}

Returns the elements in /ist7 raised to the power
of expression.

squareMatrix] » integer =>  matrix

.+ (dot add)

Returns squareMatrix1 raised to the integer power.
squareMatrix] must be a square matrix.

If integer= -1, computes the inverse matrix.
If integer< =1, computes the inverse matrix to an
appropriate positive power.

[ [# keys

matrix1 .+ matrix2 = matrix
expression .+ matrix! = matrix

matrix1 .+ matrix2 returns a matrix that is the sum
of each pair of corresponding elements in matrix?
and matrix2.

expression .+ matrix7 returns a matrix that is the
sum of expression and each element in matrix7.

[1,2;3,4]1"2 [ENTER)
[1,2;3,41"-1
[1,2;3,4]1"-2[E

_[1 2]2 [T
3 4 15 22
_[1 2]'1 - ]
I 4 3£z - 1sz,
_[1 2]'2 [11/2 -5/2]
3 4 - 1574 74

[a,2;b,3].+[c,4;5,d] [ENTER]

x.+[c,4;5,d] [ENTER)

.l.b SJ '+[5 dJ

[a+c, [}
b+5 d+3
[c 4 [x+c o+ 4
LT
5 d #+5 wm+d

]
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.~ (dot subt.)

CJE keys

matrix1 .- matrix2 = matrix
expression .~ matrix] = matrix

¥ (dot mult.)

matrix! .~ matrix2 returns a matrix that is the
difference between each pair of corresponding
elements in matrix7 and matrix2.

expression .— matrix1 returns a matrix that is the
difference of expression and each element in
matrix1.

[ x] keys

matrix1 . * matrix2 = matrix
expression . * matrix] = matrix

./ (dot divide)

matrix .* matrix2 returns a matrix that is the
product of each pair of corresponding elements in
matrix7 and matrix2.

expression . * matrix] returns a matrix containing
the products of expression and each element in
matrix1.

(I keys

matrix1./matrix2 = matrix
expression ./ matrix] = matrix

matrix1 .| matrix2 returns a matrix that is the
quotient of each pair of corresponding elements
in matrix1 and matrix2.

expression .| matrix returns a matrix that is the
quotient of expression and each element in
matrix1.

A (dot power) (][] keys

matrix1 A matrix2 = matrix
expression . matrix] = matrix

~ (negate)

matrix1 A matrix2 returns a matrix where each
element in matrix2is the exponent for the
corresponding element in matrix1.

expression. ™ matrix1 returns a matrix where each

[a,2;b,3]1.-[c,4;d,5] [ENTER]
x.-[c,4;d,5] [ENTER)

e 2 la &l I
[b—d -2]

[ 4] [x—c, ><—4]
"y -
d 5 w-d %-35

[a,2;b,3]1.%[c,4;5,d] [ENTER]
x.*[a,b;c,d] [ENTER)

o 5] ls o
ac 8
Sb 3-d]
- *[a b [a-x b-x]
Tle cox dow

[a,2;b,3]./[c,4;5,d] ENTER)
x./[c,4;5,d][EN

6 31 [o dI [g_J
S d

JE A

.x/c,‘t] . 4

5od BB

S d

[a,2;b,3]1.%[c,4;5,d] [ENTER]
x.~[c,4;5,d] [ENTER)

.[a 2 A[c. 4 [aC 16]
b3 5 d pS 3d
A 4] ®® x4

LIt
5 d L5 d

element in matrix7 is the exponent for exp

key and MATH/Base menu

~expression] =  expression
- listl = list
- matrix] = matrix

Returns the negation of the argument.

For a list or matrix, returns all the elements
negated.

If expression is a binary or hexadecimal integer,
the negation gives the two’s complement.

-2 .43 ENTER) -2.43
-{-1,0.4,1.2e19}

{1 -.4 -1.2e19}
- ax - b [ETER a-b
In Bin base mode:
0b100101»dec 37

[ Important: Zero, not the letter O.

-0b100101
0b11111111111111111111111111011011
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% (percent)y  CHAR/Punctuation menu

7 1% = exp 13% [+] [ENTER) .13
list1 % = list
matrix1% = matrix {1, 10, 100} % [¢] ENTER)
{.01 .1 1.}
argument
Returns—%.

For a list or matrix, returns a list or matrix with
each element divided by 100.

= (equal) Elkey
expression] = expression? => Boolean expression Example function listing using math test
listl = list2 = Boolean list symbols: =, #, <, <, >, >
matrix] = matrix2 = Boolean matrix
. . . 1g(x)
Returns true if expression? is determined to be . Ig:un c
equal to expression?. . 1f x<-5 Then
Returns false if expression? is determined to not : Return 5
be equal to expression2. : ElseIf x>-5 and x<0 Then
. S ¢ Return -x
Anything else returns a simplified form of the . Elself x>0 and x#10 Then
equation. Return x
For lists and matrices, returns comparisons ¢ Elself x=10 Then
element by element. ¢ Return 3
:EndIf
:EndFunc

Graph g(x) [ENTER]

T

#* (] [ key

expression] # expression? = Boolean expression See "=" (equal) example.
list1 # list? = Boolean list
matrix] # matrix2 =  Boolean matrix

Returns true if expression? is determined to be not
equal to expression?.

Returns false if expression7 is determined to be
equal to expression?.

Anything else returns a simplified form of the
equation.

For lists and matrices, returns comparisons
element by element.
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IA

v

[<]key

expression] < expression? =>  Boolean expression
list] < list2 = Boolean list
matrix] < matrix2 = Boolean matrix

Returns true if expression? is determined to be
less than expression2.

Returns false if expression7 is determined to be
greater than or equal to expression2.

Anything else returns a simplified form of the
equation.

For lists and matrices, returns comparisons
element by element.

[¢][0] key

expression] < expression? = Boolean expression
list1 < list? =>  Boolean list
matrix] < matrix2 = Boolean matrix

Returns true if expressiont is determined to be
less than or equal to expression2.

Returns false if expression? is determined to be
greater than expression2.

Anything else returns a simplified form of the
equation.

For lists and matrices, returns comparisons
element by element.

[]key

expression] > expression? =>  Boolean expression
list1 > list2? =  Boolean list
matrix] > matrix2 =>  Boolean matrix

Returns true if expression is determined to be
greater than expression2.

Returns false if expression? is determined to be
less than or equal to expression2.

Anything else returns a simplified form of the
equation.

For lists and matrices, returns comparisons
element by element.

(I key

expression] > expression? = Boolean expression
list! > list? =  Boolean list
matrix] > matrix2 =  Boolean matrix

Returns true if expression? is determined to be
greater than or equal to expression2.

Returns false if expression7 is determined to be
less than expression2.

Anything else returns a simplified form of the
equation.

For lists and matrices, returns comparisons
element by element.

See "=" (equal) example.

See "=" (equal) example.

See "=" (equal) example.

See "=" (equal) example.
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1 (factorial) [+ (2] key W key
expression1! = expression
listht = list
matrix1! = matrix
Returns the factorial of the argument.
For a list or matrix, returns a list or matrix of
factorials of the elements.
The TI-89 computes a numeric value for only
non-negative whole-number values.
& (append) [] X] key H key

string! & string? = string

Returns a text string that is string2 appended to
string1.

Q) (integrate) [/]key

[(expression], var, lowen [,upper]) = expression
[(istl,varl,orded) = list
[(matrix1,var[,orded) = matrix

Returns the integral of expression7 with respect to
the variable varfrom /owerto upper.

Returns an anti-derivative if /owerand upperare
omitted. A symbolic constant of integration such
as C is omitted.

However, /oweris added as a constant of
integration if only upperis omitted.

Equally valid anti-derivatives might differ by a
numeric constant. Such a constant might be
disguised—particularly when an anti-derivative
contains logarithms or inverse trigonometric
functions. Moreover, piecewise constant
expressions are sometimes added to make an
anti-derivative valid over a larger interval than
the usual formula.

JO returns itself for pieces of expression that it
cannot determine as an explicit finite
combination of its built-in functions and
operators.

When /ower and upperare both present, an
attempt is made to locate any discontinuities or
discontinuous derivatives in the interval fower <
var < upper and to subdivide the interval at those
places.

5! [ENTER] 120

{5,4,3}! [ENTER] {120 24 6}

1 2

[1,2;3,4]! [ENTER) [g 241

"Hello " & "Nick" [ENTER]

"Hello Nick"

b3 as

J(x*2,x,a,b) [ENTER) 33

x3

J(x~2,x) [ENTER) 3
a- x3

J(a*xx"2,x,c) [ENTER) 3 +c

J(1/(2-cos(x)),x)>tmp(x) [ENTER

ClrGraph:Graph tmp(x):Graph
1/(2-cos(x)):Graph +(3)
(2tan1 (V' (3)(tan(x/2)))/3)

ﬁ%ﬂ;
J[ 2‘—:}35(x)]d§\ z —cLs(x)

= 2 t,an‘l[.]_z- tan[%]]

ENTER
i i}
— .

i

J(b* er (- xr2)+a/(x 2+a"2),x)

-2
mffbe ™ 2a 7 4%
®e+a

b-I[e_xz]dx +tand[§]

902

Appendix A: Functions and Instructions



For the AUTO setting of the Exact/Approx mode,
numerical integration is used where applicable
when an anti-derivative or a limit cannot be
determined.

For the APPROX setting, numerical integration is
tried first, if applicable. Anti-derivatives are
sought only where such numerical integration is
inapplicable or fails.

JO can be nested to do multiple integrals.
Integration limits can depend on integration
variables outside them.

Note: See also nint().

N () (square root) [2nd)[v-] key

\ (expression]) = expression
N sty = list

Returns the square root of the argument.

For a list, returns the square roots of all the
elements in /ist1.

() (product) MATH/Calculus menu
I(expressionl, var, low, high) =  expression

Evaluates expression? for each value of varfrom

Jowto high, and returns the product of the results.

I (expressiond, var, low, low-1) = 1

I(expression], var, low, high) = 1A1(expression],
var, high+1, low-1) if high< low-1

() (sum) MATH/Calculus menu

> (expression, var, low, high) = expression

Evaluates expression? for each value of varfrom
Jowto high, and returns the sum of the results.

= (expression, var, low, low-1) = 0

= (expression, var, low, highy = - X(expression],
var, high+1, low-1) if high< low-1

JCer (- x*2),x, - 1,1)[+][ENTER] 1.493...

JJn(x+y),y,0,x),x,0,a) [ENTER
-fgfglncxw)dgax
2.
% + 52.(1,.1(2) — 34
\(4) [ENTER 2
N({9,a,4}) {3 va 2}
1
m(1/n,n,1,5) [ENTER] 120
(k~2,k,1,n) [ENTER] (nl)2
mnc{1/n,n,2},n,1,5) [ENTER]
{120 120 32}
Ti(k,k,4,3) [ENTER] 1
m(1l/k,k,4,1) [ENTER) 6
m(1/k,k,4,1)«11(1/k,k,2,4) [ENTER]
1/4
137
%(1/n,n,1,5) [ENTER] 50
2(k*2,k,1,n) [ENTER]
ne(n+1)-(2:n+1)
6
2
E(1/n%2,n,1,c) [ENTER) ’%
=(k,k,4,3) [ENTER] 0
>(k,k,4,1) [ENTER) 5
=(k,k,4,1)+2(k,k,2,4) [ENTER] 4
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# (indirection)

T (radian)

© (degree)

CATALOG
# varNameString

Refers to the variable whose name is
varNameString. This lets you create and modify
variables from a program using strings.

MATH/Angle menu

expression]” = expression
listl™ = list
matrix!" = matrix

In Degree angle mode, multiplies expression? by

180/x. In Radian angle mode, returns expression?

unchanged.

This function gives you a way to use a radian
angle while in Degree mode. (In Degree angle
mode, sin(), cos(), tan(), and polar-to-
rectangular conversions expect the angle
argument to be in degrees.)

Hint: Use " if you want to force radians in a
function or program definition regardless of the

mode that prevails when the function or program

is used.

[°] key

expression® = value
list1° = list
matrix1° = matrix

In Radian angle mode, multiplies expression by
7t/180. In Degree angle mode, returns expression
unchanged.

This function gives you a way to use a degree
angle while in Radian mode. (In Radian angle
mode, sin(), cos(), tan(), and polar-to-
rectangular conversions expect the angle
argument to be in radians.)

Program segment:

:Réquest "Enter Your Name",strl
:NewFold fstrl

:For i1,1,5,1

ClrGraph

Graph i*x

StoPic #("pic" & string(i))
:EndFor

In Degree or Radian angle mode:
N2
cos((n/4)" ) [ENTER] >

cos({0",(n/12)",-=" }) [ENTER]

(\3+1)-~/2

{1 7

-1}

In Radian angle mode:

N2
cos (45°) [ENTER] >

cos({0,m/4,90°,30.12°}) [+] [ENTER]
{1 .707.. 0 .864..}

904
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[4] key

= vector(polar input)

Z (angle)
[radius, 26_angle]

[radius,20_angle.Z coordinate] = vector
(cylindrical input)
[radius,26_angle,2 ¢_anglel = vector

(spherical input)

Returns coordinates as a vector depending on the
Vector Format mode setting: rectangular,
cylindrical, or spherical.

[5,£60°,£45°]
In Radian mode and vector format set to:

B[S B0 245°]

52 58 S-E]
) 3 H
W[5 £E0% £45°]
[S-E n s-ﬁ]
z 3 z

B[S B0 245°]

w
[N
wl=
[
&=
i

(magnitude £ angle) = complexValue (polar input)

Enters a complex value in (r£6) polar form. The
angle is interpreted according to the current Angle
mode setting.

dd®mm* ss.ss" = expression

dd A positive or negative number
mm A non-negative number
ss.ss A non-negative number

Returns dd+(mmi60)+(ss.ss/3600).
This base-60 entry format lets you:

o Enter an angle in degrees/minutes/seconds
without regard to the current angle mode.

o Enter time as hours/minutes/seconds.

[2nd)['] key

variable'
variable*'

' (prime)

Enters a prime symbol in a differential equation.
A single prime symbol denotes a 1st-order
differential equation, two prime symbols denote
a 2nd-order, etc.

[1[-] key

expression_unit

_ (underscore) nd[-] key

Designates the units for an expression. All unit
names must begin with an underscore.

You can use pre-defined units or create your
own units. For a list of pre-defined units, refer
to the module about constants and
measurement units. You can press:

[uniTs]

[e][uniTs]

to select units from a menu, or you can type
the unit names directly.

In Radian angle mode and Rectangular
complex format mode:

5+3/- (104n/4)
5-5ea[2+(3-5-4[2) -7

[*)ENTER -2.071.-4.071..-7

(2nd)[°] key (°), (2nd)[*] key (), 20d]['] key (")

In Degree angle mode:
25°13'17.5" ENTER)
25°30"

25.221...
51/2

deSolve(y''=yr(-1/2) and
y(0)=0 and y'(0)=0,t,y VeRRf#"

Cyg. oL Lt
3

spherical

3_mr_ft 9.842..-_ft

Note: To type b, press pl.
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variable_ Assuming z is undefined:

» (convert)

10~()

expression_unit!» _unit? = expression_unit?

10~ (expression]) = expression

When variable has no value, it is treated as real(z) [ENTER
though it represents a complex number. By real(z_) [ENTER
default, without the _, the variable is treated

as real. imag(z) [ENTER

. imag(z_)
If variable has a value, the _is ignored and g
variable retains its original data type.

Note: You can store a complex number to a
variable without using _. However, for best
results in calculations such as cSolve() and
cZeros(), the _ is recommended.

] key
3_my_ft

Converts an expression from one unit to another.
The units must be in the same category.

The _ underscore character designates the units.
For a list of valid pre-defined units, refer to the
module about constants and measurement units.
You can press:

[uniTs]

[#J[uniTs] to select units from a menu, or
you can type the unit names directly.

To get the _ underscore when typing units
directly, press:

_
(2nd)[-]

Note: The b conversion operator does not handle
temperature units. Use tmpCnv() and
AtmpCnv() instead.

CATALOG
107(1.5)

10~ (listl) = list

10~{0,-2,2,a)} [ENTER
(1 =% 100 102

Returns 10 raised to the power of the argument.

For a list, returns 10 raised to the power of the
elements in /st7.

real(z_)

imag(z_

9.84

2...

_ft

31.622...

100

10~(sg

Matrixl) =  squareM.

Returns 10 raised to the power of squareMatrix1. 1.143.€7 8.171..E6
This is not the same as calculating 10 raised to [9 .956..66 7.115..E6
the power of each element. For information about L7.652..66 5.469..e6
the calculation method, refer to cos().

squareMatrix7 must be diagonalizable. The result
always contains floating-point numbers.

6.675..£6
5.813..e6
4.468..£6

]

107([1,5,3;4,2,1;6,-2,11)

x-1 CATALOG (1)
expression] x-\ = expression 3.10-1 .322581
listI x' = list
{a,4,".1,x-2}"" 1 [ENTER)
Returns the reciprocal of the argument. ( 1 1 10 1 )
For a list, returns the reciprocals of the elements a 4 Tox-2
in /st1.
906 Appendix A: Functions and Instructions



squareMatrix! x\ = squareMatrix [1,2;3,4]1"-1 [ENTER

Returns the inverse of squareMatrix1. (1,2;a,41"" 1 [ENTER)

-1 -
. . 12 2 1
squareMatrix] must be a non-singular square -[3 4] [3/2 . 1/2]
matrix. -1
. 3
.
a 4
_2_ _1_
a-z a-z
PR N ——
2(a-21 2(a-2)

| (“with”) ] key [20d) [1] key
ression | Boolean expression1 [and Boolean x+1| x=3 [ENTER) 4

expression?)... and Boolean expressionM
x+y| x=sin(y) [ENTER] sin(y) +y
The "with” (]) symbol serves as a binary operator.
The operand to the left of | is an expression. The ~ x+y| sin(y)=x [ENTER X+y
operand to the right of | specifies one or more
relations that are intended to affect the
simplification of the expression. Multiple
relations after | must be joined by a logical
"and”

The “with" operator provides three basic types of
functionality: substitutions, interval constraints,
and exclusions.

Substitutions are in the form of an equality, such ~ x*3- 2x+7> f (x) [ENTER Done
as x=3 or y=sin(x). To be most effective, the left
side should be a simple variable. expression | OO | x=\(3) V3+7

variable = value will substitute value for every

occurrence of variablein expression. (E;:E'Fl( X))"2+2sin(x)-6| sin(x)=d
d2+2d-6
Interval constraints take the form of one or more  solve(x*2-1=0,x)|x>0 and x<2
inequalities joined by logical “and” operators. ENTER
Interval constraints also permit simplification that x=1
otherwise might be invalid or not computable.
V(x)*+(1/x) | x>0 [ENTER] 1
1
V(x)*+(1/x) [ENTER) % VX
Exclusions use the “not equals” (/= or #) solve(x"2-1=0,x)| x=1[ENTERJx = -1

relational operator to exclude a specific value
from consideration. They are used primarily to
exclude an exact solution when using cSolve(),
cZeros(), fMax(), fMin(), solve(), zeros(), etc.
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> (store) key

e)(press/on > var hg
z > =
list> var n/4>myvar [ENTER 7
matrix > var

> fun_. 1 1,..) 2cos(x)>Y1(x) [ENTER Done

7
list> fun_name(parameterT,...)
matrix > fun_name(parameterT,...)

{1,2,3,4}>Lst5 [ENTER] {1234}

If variable vardoes not exist, creates varand . > [ENTER) 123
initializes it to expression, /ist, or matrix. [1,2,3:4,5,61>MatG [ENTER] [4 5 6]
If varalready exists and if it is not locked or "Hello">strl "Hello"

protected, replaces its contents with expression,
list, or matrix.

Hint: If you plan to do symbolic computations
using undefined variables, avoid storing anything
into commonly used, one-letter variables such as
a, b cxy,zetc

@ (comment)  Program Editor/Control menu or

[¢] 0] key
X key
@ [texq Program segment:

@ processes fextas a comment line, which can be :
used to annotate program instructions. :@Get 10 points from the Graph

@ can be at the beginning or anywhere in the

line. Everything to the right of @, to the end of screen .
theline,zztthegcomment.g :For i,1,10 ® This loops 10
times
Ob, Oh o [B] keys [@ B keys

@ [H] keys [0 H keys

Ob binaryNumber In Dec base mode:

Oh hexadecimalNumber

0b10+0hF+10 27

In Bin base mode:

. ) 0b10+0hF+10 0b11011
Denotes a binary or hexadecimal number,
respectively. To enter a binary or hex number,
you must enter the Ob or Oh prefix regardless  In Hex base mode:
of the Base mode. Without a prefix, a number

is treated as decimal (base 10). 0b10+0hF+10 0hl1B
Results are displayed according to the Base
mode.
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Appendix B: Technical Reference

This section contains a comprehensive list of TI-89 Titanium / Voyage™ 200 error
messages and character codes. It also includes information about how certain
TI-89 Titanium / Voyage™ 200 operations are calculated.

TI-89 Titanium / Voyage™ 200 Error Messages
TI-89 Titanium / Voyage™ 200 Modes
TI-89 Titanium / Voyage™ 200 Character Codes
TI-89 Titanium Key Codes
Voyage™ 200 Key Codes
Entering Complex Numbers...
Accuracy Information
System Variables and Reserved Names.....
EOS (Equation Operating System) Hierarchy..
Regression Formulas ........c.cccooevviieiiennieennnns
Contour Levels and Implicit Plot Algorithm.
Runge-Kutta Method
Battery Information
In Case of Difficulty
Texas Instruments Support and Service
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TI-89 Titanium / Voyage™ 200 Error Messages

This section lists error messages that may be displayed when input or internal errors are
encountered. The number to the left of each error message represents an internal error
number that is not displayed. If the error occurs inside a Try...EndTry block, the error
number is stored in system variable errornum. Many of the error messages are self-
explanatory and do not require descriptive information. However, additional information
has been added for some error messages.

Error
Number Description

10 A function did not return a value
20 A test did not resolve to TRUE or FALSE
Generally, undefined variables cannot be compared. For example, the test

If a<b will cause this error if either a or b is undefined when the If statement is
executed.

30 Argument cannot be a folder name
40 Argument error
50 Argument mismatch
Two or more arguments must be of the same type. For example,

PtOn expressionl,expression2and PtOn list1,list2 are both valid, but
PtOn expression,listis a mismatch.

60 Argument must be a Boolean expression or integer
70 Argument must be a decimal number
80 Argument must be a label name
90 Argument must be a list
100 Argument must be a matrix
110 Argument must be a Pic
120 Argument must be a Pic or string
130 Argument must be a string

140 Argument must be a variable name
For example, DelVar 12 is invalid because a number cannot be a variable name.

150 Argument must be an empty folder name
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Error

Number Description

160 Argument must be an expression
For example, zeros(2x+3=0,x) is invalid because the first argument is an equation.

161 ASAP or Exec string too long

163 Attribute (8-digit number) of object (8-digit number) not found

165 Batteries too low for sending or receiving
Install new batteries before sending or receiving.

170 Bound
For the interactive graph math functions like 2:Zero, the lower bound must be less
than the upper bound to define the search interval.

180 Break
The key was pressed during a long calculation or during program execution.

185 Checksum error

190 Circular definition
This message is displayed to avoid running out of memory during infinite
replacement of variable values during simplification. For example, a+1>a, where a
is an undefined variable, will cause this error.

200 Constraint expression invalid
For example, solve(3xA2-4=0, x) | x<0 or x>5 would produce this error message
because the constraint is separated by “or” and not “and.”

205 Data is too big to save to a variable. Please use F6 Util to reduce the size.
The size of the data in the editor exceeds the maximum size that can be saved in a
variable. The F6 Util menu provides operations that can be used to reduce the size
of the data.

210 Data type
An argument is of the wrong data type.

220 Dependent limit
A limit of integration is dependent on the integration variable. For example,
J(x"2,x,1,x) is not allowed.

225 Diff Eq setup

230 Dimension

A list or matrix index is not valid. For example, if the list {1,2,3,4} is stored in L1,
then L1[5] is a dimension error because L1 only contains four elements.

Appendix B: Technical Reference 911



Error
Number Description

240 Dimension mismatch

Two or more arguments must be of the same dimension. For example, [1,2]+[1,2,3]

is a dimension mismatch because the matrices contain a different number of
elements.

250 Divide by zero

260 Domain error
An argument must be in a specified domain. For example, ans(100) is not valid
because the argument for ans() must be in the range 1-99.

270 Duplicate variable name

280 Else and Elself invalid outside of If..EndIf block

290 EndTry is missing the matching Else statement

295 Excessive iteration

300 Expected 2 or 3-element list or matrix

307 Flash application extension (function or program) not found

308 Flash application not found

310 First argument of nSolve must be a univariate equation
The first argument must be an equation, and the equation cannot contain a non-

valued variable other than the variable of interest. For example, nSolve(3xA2- 4=0,

x) is a valid equation; however, nSolve(3x"2- 4, x) is not an equation, and
nSolve(3x"2- y=0,X) is not a univariate equation because y has no value in this
example.

320 First argument of solve or cSolve must be an equation or inequality
For example, solve(3xA2- 4, x) is invalid because the first argument is not an
equation.

330 Folder
An attempt was made in the VAR-LINK menu to store a variable in a folder that
does not exist.

335 Graph functions y1(x)...y99(x) not available in Diff Equations mode

345 Inconsistent units

350 Index out of range

360 Indirection string is not a valid variable name

380 Invalid ans()

390 Invalid assignment
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Error

Number Description

400 Invalid assignment value

405 Invalid axes

410 Invalid command

420 Invalid folder name

430 Invalid for the current mode settings

440 Invalid implied multiply
For example, x(x+1) is invalid; whereas, x* (x+1) is the correct syntax. This is to
avoid confusion between implied multiplication and function calls.

450 Invalid in a function or current expression
Only certain commands are valid in a user-defined function. Entries that are made
in the Window Editor, Table Editor, Data/Matrix Editor, and Solver as well as
system prompts such as Lower Bound cannot contain any commands or a colon
(:). See also “Creating and Evaluating User-Defined Functions” in the Calculator
Home Screen module.

460 Invalid in Custom..EndCustm block

470 Invalid in Dialog..EndDlog block

480 Invalid in Toolbar..EndTBar block

490 Invalid in Try..EndTry block

500 Invalid label
Label names must follow the same rules used for naming variables.

510 Invalid list or matrix
For example, a list inside a list such as {2,{3,4}} is not valid.

520 Invalid outside Custom..EndCustm or ToolBar..EndTbar blocks
For example, an ltem command is attempted outside a Custom or ToolBar
structure.

530 Invalid outside Dialog..EndDlog, Custom..EndCustm, or ToolBar..EndTBar blocks
For example, a Title command is attempted outside a Dialog, Custom, or ToolBar
structure.

540 Invalid outside Dialog..EndDlog block
For example, the DropDown command is attempted outside a Dialog structure.

550 Invalid outside function or program

A number of commands are not valid outside a program or a function. For example,
Local cannot be used unless it is in a program or function.
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Error

Number Description

560 Invalid outside Loop..EndLoop, For..EndFor, or While..EndWhile blocks
For example, the Exit command is valid only inside these loop blocks.

570 Invalid pathname
For example, \\var is invalid.

575 Invalid polar complex

580 Invalid program reference
Programs cannot be referenced within functions or expressions such as 1+p(x)
where p is a program.

585 Invalid relocation data in ASM program
The necessary relocation data in the ASM (Assembly) program is missing or
corrupted.

590 Invalid syntax block
A Dialog..EndDlog block is empty or has more than one title. A
Custom..EndCustm block cannot contain PIC variables, and items must be
preceded by a title. A Toolbar..EndTBar block must have a second argument if no
items follow; or items must have a second argument and must be preceded by a
title.

600 Invalid table

605 Invalid use of units

610 Invalid variable name in a Local statement

620 Invalid variable or function name

630 Invalid variable reference

640 Invalid vector syntax

650 Link transmission
A transmission between two units was not completed. Verify that the connecting
cable is connected firmly to both units.

665 Matrix not diagonalizable

670 Memory

673 The calculation required more memory than was available at that time. If you get
this error when you run a large program, you may need to break the program into
separate, smaller programs or functions (where one program or function calls
another).

680 Missing (
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Error

Number Description

690 Missing )

700 Missing "

710 Missing ]

720 Missing }

730 Missing start or end of block syntax

740 Missing Then in the If..EndIf block

750 Name is not a function or program

765 No functions selected

780 No solution found

Using the interactive math features (F5:Math) in the Graph application can give this
error. For example, if you attempt to find an inflection point of the parabola
y1(x)=x2 , which does not exist, this error will be displayed.

790 Non-algebraic variable in expression

If a is the name of a PIC, GDB, MAC, FIG, etc., a+1 is invalid. Use a different
variable name in the expression or delete the variable.

800 Non-real result

For example, if the unit is in the REAL setting of the Complex Format mode, In( - 2)
is invalid.

810 Not enough memory to save current variable. Please delete unneeded variables on
the Var-Link screen and re-open editor as current OR re-open editor and use F1 8 to
clear editor.

This error message is caused by very low memory conditions inside the
Data/Matrix Editor.

830 Overflow

840 Plot setup
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Error
Number Description

850 Program not found
A program reference inside another program could not be found in the provided
path during execution.

860 Recursion is limited to 255 calls deep

Rand type functions not allowed in graphing

870 Reserved name or system variable

875 ROM-resident routine not available

880 Sequence setup

885 Signature error

890 Singular matrix

895 Slope fields need one selected function and are used for 1st-order equations only

900 Stat

910 Syntax
The structure of the entry is incorrect. For example, x+-y (x plus minus y) is

invalid; whereas, x+ -y (x plus negative y) is correct.

930 Too few arguments

The expression or equation is missing one or more arguments. For example, d(f(x))

is invalid; whereas, d(f(x),x) is the correct syntax.
940 Too many arguments
The expression or equation contains an excessive number of arguments and
cannot be evaluated.
950 Too many subscripts
955 Too many undefined variables
960 Undefined variable
965 Unlicensed OS or Flash application
970 Variable in use so references or changes are not allowed
980 Variable is locked, protected, or archived
990 Variable name is limited to 8 characters
1000 Window variables domain

1010 Zoom
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Error
Number

Description

Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:

Warning:

o070 or undef”0 replaced by 1
070 replaced by 1

1700 or 17undef replaced by 1
cSolve may specify more zeros
May produce false equation
Expected finite real integrand
May not be fully simplified
More solutions may exist

May introduce false solutions
Operation may lose solutions
Requires & returns 32 bit value
Overflow replaced by oo or - oo
Questionable accuracy
Questionable solution

Solve may specify more zeros
Trig argument too big to reduce
Domain may be larger

Domain may be smaller
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TI-89 Titanium / Voyage™ 200 Modes

Graph

Current Folder

Note: For detailed
information about using
folders, see Calculator
Home Screen.

Display Digits

This section describes the modes of the TI-89 Titanium /
Voyage™ 200 and lists the possible settings of each mode.
These mode settings are displayed when you press [MODE].

Specifies the type of graphs you can plot.

1:FUNCTION y(x) functions

2:PARAMETRIC x(t) and y(t) parametric equations

3:POLAR r(6) polar equations
4:SEQUENCE u(n) sequences
5:3D z(x,y) 3D equations

6:DIFF EQUATIONS y'(t) differential equations

Note: If you use a split screen with Number of Graphs = 2, Graph is for the
top or left part of the screen and Graph 2 is for the bottom or right part.

Specifies the current folder. You can set up multiple folders with unique
configurations of variables, graph databases, programs, etc.

1:main Default folder included with the TI-89
Titanium / Voyage™ 200.

2:— Other folders are available only if they have been
(custom folders) created by a user.

Selects the number of digits. These decimal settings affect only how results
are displayed—you can enter a number in any format.

Internally, the TI-89 Titanium / Voyage™ 200 retains decimal numbers with
14 significant digits. For display purposes, such numbers are rounded to a
maximum of 12 significant digits.

1:FIX0 Results are always displayed with the selected

2:FIX 1 number of decimal places.

D:FIX 12

E:FLOAT The number of decimal places varies, depending on
the result.

F:FLOAT 1 If the integer part has more than the selected number

G:FLOAT 2 of digits, the result is rounded and displayed in

scientific notation.

QFLOAT 12 For example, in FLOAT 4:

12345. is shown as 1.235e4
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Angle Specifies the units in which angle values are interpreted and displayed in
trig functions and polar/rectangular conversions.
1:RADIAN
2:DEGREE
3:GRADIAN
Exponential Format  Specifies which notation format should be used. These formats affect only

how an answer is displayed; you can enter a number in any format. Numeric
answers can be displayed with up to 12 digits and a 3-digit exponent.

1:NORMAL Expresses numbers in standard format. For example,
12345.67
2:SCIENTIFIC Expresses numbers in two parts:

* The significant digits display with one digit to the
left of the decimal.

* The power of 10 displays to the right of E.
For example, 1.234567E4 means 1.234567x10*

3:ENGINEERING Similar to scientific notation. However:

* The number may have one, two, or three digits
before the decimal.

* The power-of-10 exponent is a multiple of three.

For example, 12.34567E3 means 12.34567x103

Note: If you select NORMAL, but the answer cannot be displayed in the
number of digits selected by Display Digits, the TI-89

Titanium / Voyage™ 200 displays the answer in SCIENTIFIC notation. If
Display Digits = FLOAT, scientific notation will be used for exponents of 12
or more and exponents of -4 or less.

Complex Format Specifies whether complex results are displayed and, if so, their format.

1:REAL Does not display complex results. (If a resultis a
complex number and the input does not contain the
complex unit i, an error message is displayed.)

2:RECTANGULAR  Displays complex numbers in the form: a+bs

3:POLAR Displays complex numbers in the form: ref?

Appendix B: Technical Reference 919



Vector Format

Pretty Print

Split Screen

Determines how 2-element and 3-element vectors are displayed. You can
enter vectors in any of the coordinate systems.

1:RECTANGULAR  Coordinates are in terms of x, y, and z. For example,
[3,5,2] represents x =3,y =5,and z = 2.

2:CYLINDRICAL Coordinates are in terms of r, 6, and z. For example,
[3,245,2] represents r= 3,0 =45, and z = 2.

3:SPHERICAL Coordinates are in terms of r, 6, and ¢. For example,
[3, 245, 290] represents r = 3, 6 = 45, and ¢ = 90.

Determines how results are displayed on the Home screen.

1:0FF Results are displayed in a linear, one-dimensional
form.

For example, n2, ©/2, or v/((x-3)/x)

2:0N Results are displayed in conventional mathematical
format.

T x-3
For example, n2, 5,0r\ [ X

Note: For a complete description of these settings, refer to “Formats of
Displayed Results” in the Operating the Calculator module.

Lets you split the screen into two parts. For example, you can display a
graph and see the Y= Editor at the same time.

1:FULL The screen is not split.

2:TOP-BOTTOM The applications are shown in two screens that are
above and below each other.

3:.LEFT-RIGHT The applications are shown in two screens that are to
the left and right of each other.

To determine what and how information is displayed on a split screen, use
this mode in conjunction with other modes such as Split 1 App, Split 2 App,
Number of Graphs, and Split Screen Ratio. (Split Screen Ratio is available
on the Voyage™ 200 only.)
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Split 1 App
and
Split 2 App

Number of Graphs

Graph 2

Split Screen Ratio
(Voyage™ 200 only)

Exact/Approx

Specifies which application is displayed on the screen.
* For a full screen, only Split 1 App is active.

* Fora split screen, Split 1 App is the top or left part of the screen and
Split 2 App is the bottom or right part.

The available application choices are those listed when you press ¢ from
the Page 2 mode screen or when you press [APPS]. You must have different
applications in each screen unless you are in 2-graph mode.

Specifies whether both parts of a split screen can display graphs at the
same time.

1 Only one part can display graphs.

2 Both parts can display an independent graph screen
(Graph or Graph 2 setting) with independent settings.

Specifies the type of graphs that you can plot for the second graph on a
two-graph split screen. This is active only when Number of Graphs = 2. In
this two-graph setting, Graph sets the type of graph for the top or left part of
the split screen, and Graph 2 sets the bottom or right part. The available
choices are the same as for Graph.

Specifies the proportional sizes of the two parts of a split screen.

11 The screen is split evenly.

1:2 The bottom or right part is approximately twice the
size of the top or left part.

2:1 The top or left part is approximately twice the size of
the bottom or right part.

Specifies how fractional and symbolic expressions are calculated and
displayed. By retaining rational and symbolic forms in the EXACT setting,
the TI-89 Titanium / Voyage™ 200 increases precision by eliminating
most numeric rounding errors.

1:AUTO Uses EXACT setting in most cases. However, uses
APPROXIMATE if the entry contains a decimal point.

2:EXACT Displays non-whole-number results in their rational or
symbolic form.

3:APPROXIMATE  Displays numeric results in floating-point form.

Note: For a complete description of these settings, refer to “Formats of
Displayed Results” in the Operating the Calculator module.
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Base Lets you perform calculations by entering numbers in decimal, binary, or
hexadecimal form.

1:DEC Decimal numbers use 0 - 9 in the base 10 format
2:-HEX Hexadecimal numbers use 0 - 9 and A - F in the base
16 format.
3:BIN Binary numbers use 0 and 1 in the base 2 format.
Unit System Lets you enter a unit for values in an expression, such as 6_m * 4_m or

23_m/_s * 10_s, convert values from one unit to another within the same
category, and create your own user-defined units.

1:81 Select Sl for the metric system of measurements
2:ENG/US Select ENG/US for the non-metric system of
measurements
3:CUSTOM Allows you to select custom defaults.
Custom Units Lets you select custom defaults. This mode is dimmed until you select Unit

System, 3:CUSTOM.

Language Lets you localize the TI-89 Titanium / Voyage™ 200 into one of several
languages, depending on which language Flash applications are installed.
1:English Default language included with the TI-89

Titanium / Voyage™ 200 operating system (OS).
2: — Alternate languages are available only if the
(language Flash respective language Flash applications have been
applications) installed.
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Apps Desktop Lets you turn the display of the Apps desktop on or off.

ON

Displays the navigable Apps desktop. The Apps
desktop appears when you:

¢ Press [APPS].

¢ Turn the unit on after it has been turned off by
pressing [oFF].

e Press [auIT] from an App that is displayed in
full screen mode.

OFF

Does not display the navigable Apps desktop.

The unit defaults to the calculator Home screen.

The calculator Home screen displays when you press

[auiT].

The APPLICATIONS menu displays when you press
[APPS].
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TI-89 Titanium / Voyage™ 200 Character Codes

The char() function lets you refer to any character by its numeric character code. For

example, to display ¢ on the Program 1/O screen, use Disp char(127). You can use

ord() to find the numeric code of a character. For example, ord ("A") returns 65.

1. son 38. & 75. K 112, p 149. E 186. © 223. B
2. sx 39. 76. L 113. q 150. e 187. » 224, a
3. Ex 40. ( 77. M 114, r 151, i 188. d 225. &
4, eor 41. ) 78. N 115. s 152, * 189. | 226. 4
5. Ena 42, 79. O 116. t 153. 1 190. oo 227. &
6. Ack 43, + 80. P 117. u 154. X 191, ¢ 228. &
7. BEWL 44, 81. Q 118. v 155. § 192. A 229. &
8. s 45, - 82. R 119. w 156. < 193. A 230. &
9. Tas 46. . 83. S 120. x 157. # 194. A 231. ¢
10. F 47. |/ 84. T 121, y 158. > 195. A 232, &
1. 9 48. 0 85. U 122, z 159. £ 196. A 233. ¢
12, FF 49. 1 86. V 123. { 160. ... 197. A 234, &
13. ©R 50. 2 87. W 124. | 161. 198. /£ 235. &
14. A 51. 3 88. X 125. } 162. ¢ 199. G 236. i
15. v 52. 4 89. Y 126. ~ 163. £ 200. E 237. i
16. = 53. 5 9. Z 127. & 164. O 201. E 238. i
17. <« 54. 6 91. [ 128. a 165. ¥ 202. E 239. i
18. » 55. 7 92, \ 129. B 166. | 203. E 240. 6
19. a4 56. 8 93. ] 130. T 167. § 204. 1 241. A
20. v 57. 9 94. A 131, ¢ 168. 205. | 242, 0
21, « 58. 95. _ 132. A 169. @ 206. 1 243. 6
2. — 59. ; 9. ° 133. & 170. 2 207. 1 244, 6
23, T 60. < 97. a 134, ¢ 171. « 208. B 245. &
24. 61. = 98. b 135. ¢ 172. = 209. N 246. 6
25. 4 62. > 9. ¢ 136. 0 173. - 210. O 247. +
2. P 63. ? 100. d 137. A 174. ® 211. O 248. o
27. t 64. @ 101. e 138. & 175. ° 212. O 249. U
28. U 65. A 102. f 139. I1 176. ° 213. 0 250. U
2. N 66. B 103. g 140. nt 177. + 214. O 251. 0
30. < 67. C 104. h 141, p 178. 2 215, x 252, 0
31. € 68. D 105. i 142, % 179. 3 216. @ 253. y
32.5PACE 69. E 106. j 143. o 180. -1 217. U 254, p
33. ! 70. F 107. k 144, 1 181. p 218. U 255. §
34, " 71. G 108. | 145. ¢ 182. 219. U

35 # 72. H 109. m 146. 183. - 220. U

36. $ 73. | 110. n 147. Q 184. * 221. Y

37. % 74. J 111. o 148. © 185. 1 222, b
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TI-89 Titanium Key Codes

The getKey() function returns a value that corresponds to the last key pressed,
according to the tables shown in this section. For example, if your program contains a
getKey() function, pressing [Fe] will return a value of 273.

Table 1: Key Codes for Primary Keys

Key Modifier
None 2nd ®
Assoc. Value | Assoc. | Value | Assoc. | Value | Assoc. | Value | Assoc. | Value
F1 268 F1 268 Fé 273 Y= 8460 F1 268
F2 269 F2 269 F7 274 WINDOW| 8461 F2 269
F3 270 F3 270 F8 275 GRAPH 8462 F3 270
F4 271 F4 271 F4 271 TblSet 8463 F4 271
F5 272 F5 272 F5 272 TABLE 8464 F5 272
COPY 24576 CuT 12288
a-lock

ESC 264 ESC 264 QUIT 4360 PASTE 8456 ESC 264
APPS 265 APPS 265 SWITCH | 4361 8457 APPS 265
HOME 277 HOME 277 CUST 4373 HOME 277 HOME 277
MODE 266 MODE 266 4 18 _ 95 MODE 266
CATLG 278 CATLG 278 i 151 0 190 CATLG 278
BS 257 BS 257 INS 4353 DEL 8449 BS 257
CLEAR 263 CLEAR 263 CLEAR 263 8455 CLEAR 263

X 120 X 88 LN 4184 e 8280 X 120
y 121 Y 89 SIN 4185 SIN 8281 y 121
z 122 z 90 CcOos 4186 cos™ 8282 z 122
t 116 T 84 TAN 4180 TAN' 8276 t 116
A 94 A 94 T 140 0 136 A 94
(] | 124 F 70 °© 176  |Formatdb| 8316 f 102
( 40 B 66 { 123 b 98
) 41 (¢} 67 ) 125 ® 169 c 99
(8] s 44 D 68 [ 91 8236 d 100
= / 47 E 69 ] 93 ! 33 e 101
* 42 J 74 N 4138 & 38 i 106
=] - 45 o 79 VAR-LNK| 4141 Contr. - o 111
+ 43 U 85 CHAR 4139 Contr. + u 117
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Table 1: Key Codes for Primary Keys (Continued)

Key Modifier
None 2nd ®
Assoc. Value | Assoc. | Value | Assoc. | Value | Assoc. | Value | Assoc. | Value
ENTER CR 13 CR 13 ENTRY 4109 |APPROX| 8205 CR 13
STO» 258 P 80 RCL 4354 @ 64 P 112
= = 61 A 65 ! 39 # 157 a 97
EE 149 K 75 Z 159 SYMB 8341 k 107
- 173 SPACE 32 ANS 4372 8365 SPACE 32
(8] 46 w 87 > 62 > 158 w 119
@ 0 48 \ 86 < 60 < 156 v 118
@ 1 49 Q 81 " 34 8241 q 113
2 50 R 82 \ 92 8242 r 114
3 51 S 83 UNITS 4147 8243 s 115
4 52 L 76 58 8244 | 108
5 53 M 77 MATH 4149 8245 m 109
3] 6 54 N 78 MEM 4150 8246 n 110
7 55 G 7 i 4151 8247 g 103
8 56 H 72 d 4152 8248 h 104
@ 9 57 | 73 3 59 8249 i 105
Table 2: Arrow Keys (including diagonal movement)
Key Normal 2nd ]

[S] 338 16722 4434 8530 33106

® 340 16724 4436 8532 33108

[©] 344 16728 4440 8536 33112

[0) 337 16721 4433 8529 33105

@ and © 339 16723 4435 8531 33107

@ and ® 342 16726 4438 8534 33110

@ and © 345 16729 4441 8537 33113

@ and ® 348 16732 4444 8540 33116
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Table 3: Greek Letters (prefixed by [+] [()

Keys Second modifier
®
Assoc. | Value | Assoc. | Value
B A o 128
0 [B] B 129
L) (D] 5 133 A 132
E[E € 134
m_[F] [ 145
[G] Y 131 r 130
@ [l A 137
B ™M i 181
[Pl n 140 1 139
[R] p 141
[s1 c 143 = 142
[T] T 144
(B ® 148 Q 147
14 138
v 146
¢ 135
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Voyage™ 200 Key Codes

The getKey() function returns a value that corresponds to the last key pressed,
according to the tables shown in this section. For example, if your program contains a
getKey() function, pressing [2 will return a value of 268.

Table 1: Key Codes for Primary Keys

Key Modifier
None ] 2nd ]

Assoc. Value | Assoc. Value | Assoc. Value | Assoc. Value
F1 268 F1 268 F1 268 8460
F2 269 F2 269 F2 269 8461
F3 270 F3 270 F3 270 8462
F4 271 F4 271 F4 271 8463
F5 272 F5 272 F5 272 8464
F6 273 F6 273 F6 273 8465
F7 274 F7 274 F7 274 8466
F8 275 F8 275 F8 275 8467

MODE 266 MODE 266 MODE 266 8458
CLEAR 263 CLEAR 263 CLEAR 263 8455
LN 262 LN 262 eX 4358 8454
ESC 264 ESC 264 QUIT 4360 8456
APPS 265 APPS 265 | SWITCH 4361 8457
CR 13 CR 13 ENTRY 4109 | APPROX 8205
SIN 259 SIN 259 sINT 4355 8451
COS 260 COS 260 cos™! 4356 8452
TAN 261 TAN 261 TANT 4357 8453
A 94 A 94 n 140 8286
( 40 ( 40 { 123 8232
) 41 ) 41 } 125 8233
B 44 s 44 [ 91 8236
/ 47 / 47 ] 93 8239
* 42 * 42 v 4138 8234

- 45 - 45 | VAR-LNK 4141 | Contrast -

+ 43 + 43 CHAR 4139 | Contrast +
STO» 258 STO» 258 RCL 4354 8450
32 32 32 8224
= 61 = 61 \ 92 8253
BS 257 BS 257 INS 4353 DEL 8449
0 136 0 136 : 58 8328
- 173 - 173 ANS 4372 8365
46 . 46 > 62 8238
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Table 1: Key Codes for Primary Keys (Continued)

Key Modifier
None 1] 2nd ]
Assoc. Value | Assoc. Value | Assoc. Value | Assoc. Value
] 0 48 0 48 < 60 8240
1 49 1 49 E 149 8241
2 50 2 50 | CATALOG 4146 8242
3 51 3 51 CUST 4147 8243
@ 4 52 4 52 z 4148 8244
5 53 5 53 MATH 4149 8245
6 6 54 6 54 MEM 4150 8246
7 55 7 55 | 4151 8247
8 56 8 56 d 4152 8248
9 9 57 9 57 X! 4153 8249
A a 97 A 65 Table 3 8257
B b 98 B 66 ¢ 39 8258
C c 99 C 67 Table 4 COPY 8259
D d 100 D 68 ° 176 8260
E e 101 E 69 Table 5 WINDOW 8261
F f 102 F 70 VA 159 | FORMAT 8262
G g 103 G 71 Table 6 8263
H h 104 H 72 & 38 8264
| i 105 | 73 i 151 8265
J 106 J 74 w 190 8266
K k 107 K 75 124 KEY 8267
L | 108 L 76 “ 34 8268
M m 109 M 77 H 59 8269
N n 110 N 78 Table 7 NEW 8270
[©] o 111 [©] 79 Table 8 OPEN 8271
P p 112 P 80 _ 95 UNITS 8272
Q q 113 Q 81 ? 63 | CACHOVE 8273
R r 114 R 82 @ 64 GRAPH 8274
S s 115 S 83 B 223 SAVE 8275
T t 116 T 84 # 35 TBLSET 8276
U u 117 U 85 Table 9 8277
\% v 118 \ 86 # 157 PASTE 8278
W w 119 W 87 ! 33 Y= 8279
X X 120 X 88 <3 169 CUT 8280
Y y 121 Y 89 > 18 TABLE 8281
z z 122 z 90 CAPS 8282
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Table 2: Arrow Keys (including diagonal movement)

Key Normal B} 2nd )
[S] 338 16722 4434 8530 33106
® 340 16724 4436 8532 33108
[©) 344 16728 4440 8536 33112
© 337 16721 4433 8529 33105
@ and © 339 16723 4435 8531 33107
@ and ® 342 16726 4438 8534 33110
@ and ® 345 16729 4441 8537 33113
© and ® 348 16732 4444 8540 33116
Note: The Grab (&]) modifier only affects the arrow keys.
Table 3: Grave Accent Letters (prefixed by A)

Key Assoc. Normal (K]

A a 224 192

E =] 232 200

| i 236 204

[¢] o 242 210

u u 249 217

Table 4: Cedilla Letters (prefixed by C)
Key Assoc. Normal (3]
C ¢ 231 199
Table 5: Acute Accent Letters (prefixed by E)

Key Assoc. Normal (3]

A a 225 193

E é 233 201

| i 237 205

[©] 6 243 211

U u 250 218

Y y 253 221
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Table 6: Greek Letters (prefixed by G)

Key Assoc. Normal (3]
A o 128
B B 129
D 3 133 132
E 3 134
F 3 145
G ¥ 131 130
L /s 137
M 181
P 140 139
R o 141
S c 143 142
T T 144
w ® 148 147
X £ 138
Y v 146
z ¢ 135

Table 7: Tilde Letters (prefixed by N)

Key Assoc. Normal (3]
N A 241 209
[¢] [ 245

Table 8: Caret Letters (prefixed by 0)

Key Assoc. Normal 3]
A a 226 194
E é 234 202

| 7 238 206
[¢] [¢) 244 212
U a 251 219

Table 9: Umlaut Letters (prefixed by U)

Key Assoc. Normal m
A a 228 196
E é 235 203

| i 239 207
[¢] [¢] 246 214
U V] 252 220
Y ¥ 255
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Entering Complex Numbers

Overview of
Complex Numbers

Note: To get the i symbol,
press [], do not
simply type an alphabetic i.

You can enter complex numbers in the polar form (r£6),
where r is the magnitude and @ is the angle, or polar form re.
You can also enter complex numbers in rectangular form a+bz

A complex number has real and imaginary components that identify a point
in the complex plane. These components are measured along the real and
imaginary axes, which are similar to the x and y axes in the real plane.

The point can be expressed in
rectangular form or in either of

two polar forms.

The 7symbol represents the

imaginary number -1 .

Imagipary
a — Expr_ess%d as
.......... a+bi, re??, or
' (r£6)
r b
'
'
o
Real

As shown below, the form that you can enter depends on the current Angle

mode.

You can use the form:

When the Angle mode setting is:

a+bs

ref®

(r£0)

Radian, Degree or Gradian

Radian only
(In Degree or Gradian angle mode, this form
causes a Domain error.)

Radian, Degree or Gradian

Use the following methods to enter a complex number.

To enter the:

Do this:

Rectangular form
a+bs

Substitute the applicable values or variable
names for a and b.

a(#] b 2nd [¢]

For example:

[iz+34 24344
T
HMAIN RHD AUTD FUNC 1430
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To enter the:

Do this:

Important: Do not use the Polar form
re* polar form in Degree ref®

angle mode. It will cause a
Domain error. ~or=
(r£6)
Note: To get the e symbol,

press:

T1-89 Titanium: [+] [e~].

Voyage™ 200: [eX]

Do not simply type an

alphabetic e.

(r£6) form.

Tip: To get the « symbol,
press [4].

Tip: To enter 6 in degrees
for (r<6), you can type a °
symbol (such as 45°). To
get the °symbol, press

[°]. You should not use
degrees or Gradian for re,

Parentheses are
required for the

Substitute the applicable values or variable
names for r and 6, where 6 is interpreted
according to the Angle mode setting.

TI-89 Titanium:

[R1 (] [¢*] (2nd) [] (3] [6]

—or—

(0 (aivha) [R] (20d) [£] (] [6] (D
Voyage™ 200:

R (20d) [e¥] (2nd [¢] [6]

—or—

R (2nd) [£] [6]

For example:

=

im
wzoe 4 F+lF i
-[24%] E+Ei

C2emsdy
HAIN AL AUTO FURL 2

Results are shown in rectangular
form, but you can select polar form.

Complex Format
Mode for Displaying

Use [MODE] to set the

Complex Format mode to

I MIDE Y

FL T Fz | F:
Fade 1]pade zlpade 3
Gra

. FUNCTION
madind

You can enter a complex number at any time, regardless of the Complex
Format mode setting. However, the mode setting determines how results

The TI-89 Titanium / Voyage™ 200:

Results one of three settings.
are displayed.
If Complex Format is:
Note: You can enter REAL

complex numbers in any
form (or a mixture of all
forms) depending on the
Angle mode.

RECTANGULAR
POLAR

Will not display complex results unless you:

* Enter a complex number.
—or—

¢ Use a complex function such as cFactor(),
cSolve(), or cZeros().

If complex results are displayed, they will be
shown in either a+bzor re®® form.

Displays complex results as a+bi.

Displays complex results as:

+ re®if the Angle mode = Radian
—or—
e (r£0) if the Angle mode = Degree or Gradian
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Using Complex
Variables in
Symbolic
Calculations

Note: For best results in
calculations such as
cSolve() and cZeros(), use
Method 1.

Complex Numbers
and Degree Mode

Note: If you use Degree or
Gradian angle mode, you
must make polar entries in
the form (r<6). In Degree or
Gradian angle mode, an re#
entry causes an error.

Regardless of the Complex Format mode setting, variables that have no
stored value and that do not end with an underscore (_) are treated as real
numbers. To perform complex symbolic analysis, you can use either of the
following methods to set up a complex variable.

Method 1: Use an underscore _
(TI-89 Titanium: [¢J[_] Voyage™ 200 [_]) as the last character in the
variable name to designate a complex variable. For example:

z_is treated as a

X . = imaglz) |
complex variable if it does = imag(z_} imagiz_)
not have a stored value. Imeatz) L

Method 2: Store an unreal value into any variable. For example:

X+yPz -
= inagiz) 0|
Then z is treated as a mrrdivz rhyd
A = imagiz) ol
complex variable. imagizy
HMAIN KAD AUTO FUNC EXEL]

Radian angle mode is recommended for complex number calculations.
Internally, the TI-89 Titanium / Voyage™ 200 converts all entered trig values
to radians, but it does not convert values for exponential, logarithmic, or
hyperbolic functions.

In Degree and Gradian angle modes, complex identities such as eN®) =
cos(6) + 7sin(8) are not generally true because the values for cos and sin
are converted to radians, while those for /() are not. For example, eNi45)
= cos(45) + i'sin(45) is treated internally as eN(#45) = cos(n/4) + i'sin(n/4).
Complex identities are always true in Radian angle mode.
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Accuracy Information

Computational
Accuracy

Graphing Accuracy

Note: For a table that lists
the number of pixels in a full
screen or split screen, refer
to “Setting and Exiting the
Split Screen Mode” in Split
Screens.

To maximize accuracy, the TI-89 Titanium / Voyage™ 200
carries more digits internally than it displays.

Floating-point (decimal) values in memory are stored using up to 14 digits
with a 3-digit exponent.

¢ For min and max Window variables (xmin, xmax, ymin, ymax, etc.), you
can store values using up to 12 digits. Other Window variables use 14
digits.

* When a floating-point value is displayed, the displayed value is rounded
as specified by the applicable mode settings (Display Digits, Exponential
Format, etc.), with a maximum of 12 digits and a 3-digit exponent.

* RegEQ displays up to 14-digit coefficients.

Integer values in memory are stored using up to 614 digits.

The Window variable xmin is the center of the leftmost pixel used, and xmax
is the center of the rightmost pixel used. Ax is the distance between the
centers of two horizontally adjacent pixels.

e Axis calculated as (xmax - xmin) / (# of x pixels - 1).

* If Ax is entered from the Home screen or a program, xmax is calculated
as xmin + Ax * (# of x pixels - 1).

The Window variable ymin is the center of the bottom pixel used, and ymax
is the center of the top pixel used. Ay is the distance between the centers of
two vertically adjacent pixels.

* Ay is calculated as (ymax - ymin) / (# of y pixels - 1).

e If Ay is entered from the Home screen or a program, ymax is calculated
as ymin + Ay * (# of y pixels - 1).

Cursor coordinates are displayed as eight characters (which may include a
negative sign, decimal point, and exponent). The coordinate values (xc, yc,
zc, etc.) are updated with a maximum of 12-digit accuracy.
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System Variables and Reserved Names

This section lists the names of system variables and reserved
function names that are used by the TI-89 Titanium /
Voyage™ 200. Only those system variables and reserved
function names that are identified by an asterisk (*) can be
deleted by using Delvar var on the entry line.

Graph y1()-y99(x)* y1'(t)-y99'(t)” yi1-yio9* r1(6)-r99(6)*
xt1(t)—xt99(t)* yt1(t)— yt99(t)* z1(x,y)-z99(x,y)*  ul1(n)-u99(n)*
ui1-ui99* XC yc zc
tc rc oc nc
xfact yfact zfact Xmin
Xxmax xscl xgrid ymin
ymax yscl ygrid xres
Ax Ay zmin zmax
zscl eyed eyed eyey
ncontour Omin Omax Ostep
tmin tmax tstep t0
tplot ncurves diftol dtime
Estep fldpic fldres nmin
nmax plotStrt plotStep sysMath

Graph Zoom zxmin zxmax zxscl zxgrid
zymin zymax zyscl zygrid
zXxres zOmin zOmax z0step
ztmin ztmax ztstep ztOde
ztmaxde ztstepde ztplotde zzmin
zzmax zzscl zeyed zeyed
zeyey znmin znmax zpltstrt
zpltstep

Statistics X y X oX
x? Txy sy oy
zy? corr maxX maxY
medStat medx1 medx2 medx3
medy1 medy2 medy3 minX
minY nStat ql q3
regCoef* regEq(x)* seed1 seed2
Sx Sy R?

Table tblStart Atbl tblinput

Data/Matrix c1-c99 sysData*

Miscellaneous main ok errornum

Solver eqn* exp*
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EOS (Equation Operating System) Hierarchy

Order of Evaluation

Parentheses,
Brackets, and
Braces

This section describes the Equation Operating System
(EOS™) that is used by the TI-89 Titanium / Voyage™ 200.
Numbers, variables, and functions are entered in a simple,
straightforward sequence. EOS evaluates expressions and
equations using parenthetical grouping and according to the
priorities described below.

Level Operator

1 Parentheses (), brackets [ ], braces { }

2 Indirection (#)

3 Function calls

4 Post operators: degrees-minutes-seconds (°,',"), factorial (!),
percentage (%), radian ("), subscript ([ ]), transpose (T)

5 Exponentiation, power operator (%)

6 Negation (-)

7 String concatenation (&)

8 Multiplication (%), division (/)

9 Addition (+), subtraction (=)

10 Equality relations: equal (=), not equal (# or /=),

less than (<), less than or equal (< or <=), greater than (>), greater
than or equal (> or >=)

11 Logical not

12 Logical and

13 Logical or, exclusive logical xor
14 Constraint “with” operator (|)

15 Store (>)

All calculations inside a pair of parentheses, brackets, or braces are
evaluated first. For example, in the expression 4(1+2), EOS first evaluates
the portion of the expression inside the parentheses, 1+2, and then
multiplies the result, 3, by 4.

The number of opening and closing parentheses, brackets, and braces
must be the same within an expression or equation. If not, an error message
is displayed that indicates the missing element. For example, (1+2)/(3+4 will
display the error message “Missing ).”

Note: Because the TI-89 Titanium / Voyage™ 200 allows you to define your
own functions, a variable name followed by an expression in parentheses is
considered a “function call” instead of implied multiplication. For example
a(b+c) is the function a evaluated by b+c. To multiply the expression b+c by
the variable a, use explicit multiplication: a*(b+c).
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Indirection

Post Operators

Exponentiation

Negation

Constraint (|)

The indirection operator (#) converts a string to a variable or function name.
For example, #(“x"&"y"&"Z") creates the variable name xyz. Indirection also
allows the creation and modification of variables from inside a program. For
example, if 10>r and “r’>s1, then #s1=10.

Post operators are operators that come directly after an argument, such as
51, 25%, or 60° 15' 45". Arguments followed by a post operator are
evaluated at the fourth priority level. For example, in the expression 4/3!, 3!
is evaluated first. The result, 6, then becomes the exponent of 4 to yield
4096.

Exponentiation (") and element-by-element exponentiation (.») are
evaluated from right to left. For example, the expression 24372 is evaluated
the same as 2/(3/2) to produce 512. This is different from (2A3)A2, which is
64.

To enter a negative number, press [ followed by the number. Post
operations and exponentiation are performed before negation. For example,
the result of -x2 is a negative number, and -92 =-81. Use parentheses to
square a negative number such as (~9)? to produce 81. Note also that
negative 5 (-5) is different from minus 5 (-5), and -3! evaluates as ~(3!).

The argument following the “with” (|) operator provides a set of constraints
that affect the evaluation of the argument preceding the “with” operator.
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Regression Formulas

Least-Squares
Algorithm

Regressions

This section describes how the statistical regressions are
calculated.

Most of the regressions use non-linear recursive least-squares techniques
to optimize the following cost function, which is the sum of the squares of
the residual errors:

N
J= z [resj dua[EXpression] 2
7=1
where: residualExpression is in terms of x;and y;
X;is the independent variable list

y;is the dependent variable list
N is the dimension of the lists

This technique attempts to recursively estimate the constants in the model
expression to make J as small as possible.

For example, y=a sin(bx+c)+d is the model equation for SinReg. So its
residual expression is:

a sin(bx+c)+d-y;

For SinReg, therefore, the least-squares algorithm finds the constants a, b,
¢, and d that minimize the function:

N
J= Z[a sinbs;+ O + d- yi]?
=1

Regression Description

CubicReg Uses the least-squares algorithm to fit the third-order
polynomial:

y=ax>+bx?+cx+d

For four data points, the equation is a polynomial fit; for
five or more, it is a polynomial regression. At least four
data points are required.

ExpReg Uses the least-squares algorithm and transformed values
x and In(y) to fit the model equation:

y=ab*

LinReg Uses the least-squares algorithm to fit the model equation:
y=ax+b

where ais the slope and b is the y-intercept.
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Regression

Description

LnReg

Uses the least-squares algorithm and transformed values
In(x) and y to fit the model equation:

y=a+bIn(x)

Logistic

Uses the least-squares algorithm to fit the model equation:

y=a/(1+b*e/(c*x))+d

MedMed

Uses the median-median line (resistant line) technique to
calculate summary points x1, y1, x2, y2, x3, and y3, and
fits the model equation:

y=ax+b

where ais the slope and b is the y-intercept.

PowerReg

Uses the least-squares algorithm and transformed values
In(x) and In(y) to fit the model equation:

y=ax”

QuadReg

Uses the least-squares algorithm to fit the second-order
polynomial:

y=ax*+bx+c

For three data points, the equation is a polynomial fit; for
four or more, it is a polynomial regression. At least three
data points are required.

QuartReg

Uses the least-squares algorithm to fit the fourth-order
polynomial:

y=ax‘+bx’+cx’+dx+e

For five data points, the equation is a polynomial fit; for six
or more, it is a polynomial regression. At least five data
points are required.

SinReg

Uses the least-squares algorithm to fit the model equation:

y=a sin(bx+c)+d
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Contour Levels and Implicit Plot Algorithm

Contours are calculated and plotted by the following method.
An implicit plot is the same as a contour, except that an

implicit plot is for the z=0 contour only.

Algorithm Based on your x and y Window variables, the distance between xmin and
xmax and between ymin and ymax is divided into a number of grid lines
specified by xgrid and ygrid. These grid lines intersect to form a series of

rectangles.

Hs<H-Hr:

For each rectangle, the equation is z,=f(x1.y1)

23=f(x,y1)

evaluated at each of the four corners
(also called vertices or grid points)
and an average value (E) is

calculated:
z,=f(x1,y2)
Z1+2Zp+23+24

= Z

2,=f(x2,y2)

The E value is treated as the value of the equation at the center of the

rectangle.
For each specified contour value (C)):

* At each of the five points shown to z,-C;

23-G;

the right, the difference between
the point’s z value and the contour
value is calculated.

E-C

* Asign change between any two adjacent poitts implies that a contour
crosses the line that joins those two points. Linear interpolation is used

to approximate where the zero crosses the line.

* Within the rectangle, any zero

crossings are connected with
straight lines.

* This process is repeated for each
contour value.

Each rectangle in the grid is treated similarly.
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Runge-Kutta Method

Bogacki-Shampine
3(2) Formula

For Runge-Kutta integrations of ordinary differential
equations, the TI-89 Titanium / Voyage™ 200 uses the Bogacki-
Shampine 3(2) formula as found in the journal Applied Math
Letters, 2 (1989), pp. 1-9.

The Bogacki-Shampine 3(2) formula provides a result of 3rd-order accuracy
and an error estimate based on an embedded 2nd-order formula. For a
problem of the form:

y=fxy
and a given step size h, the Bogacki-Shampine formula can be written:
Fi=f(Xa, V)

F2=f(xn+ h%, Yo+ h%Fl)

F3=f(xn+h%,yn+h%F2)

2 1 4
Yn+1=,\’n+h(§F1+§F2+§F3)

Xp+1 =Xy + h
Fi=f(Xas1 s Yar1)

5. 1.1 1
errest = h( 70 F 12 Fy 9 Fs+ 8 F4)
The error estimate errest is used to control the step size automatically. For
a thorough discussion of how this can be done, refer to Numerical Solution
of Ordinary Differential Equations by L. F. Shampine (New York: Chapman
& Hall, 1994).

The TI-89 Titanium / Voyage™ 200 software does not adjust the step size to
land on particular output points. Rather, it takes the biggest steps that it can
(based on the error tolerance diftol) and obtains results for x,, < x < x4
using the cubic interpolating polynomial passing through the point (x, , ¥,)
with slope F; and through (X1 , ¥at1) With slope F,. The interpolant is
efficient and provides results throughout the step that are just as accurate
as the results at the ends of the step.
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Battery Information

When to Replace the
Batteries

Note: To avoid loss of
information stored in
memory, the TI-89 Titanium /
Voyage™ 200 must be off.
Do not remove the alkaline
batteries and the button cell
backup battery at the same
time.

Effects of Replacing
the Batteries

Battery Precautions

The TI-89 Titanium / Voyage™ 200 uses two types of batteries:
four alkaline batteries, and one button cell battery as a backup
for retaining memory while you change the alkaline batteries.

As the alkaline batteries run down, the display will begin to dim (especially
during calculations). To compensate for this, you will need to adjust the
contrast to a higher setting. If you find it necessary to increase the contrast
setting frequently, you will need to replace the alkaline batteries. To assist
you, a BATT indicator ( EHTT ) will display in the status line area when the
batteries have drained down to the point when you should replace them
soon. When the BATT indicator is displayed in reverse text (EIH), you must
replace the alkaline batteries immediately.

Fi-| Fer |Far| Fi=| FE Fi-
To0Ts|1debr a|Catc|ather|Fr Iminjclean U

lI[(sin(x))z]dx

3 _ sin(x)-cos(x)
2

Jesinixd ™2, =)
IR

fisindadt@,my
Hi RHD AUTD FUNCERTT 1./ 30
BATT indicator

To avoid loss of data, do not remove the button cell backup battery unless
four fresh alkaline batteries are installed.

If you do not remove both types of batteries at the same time or allow them
to run down completely, you can change either type of battery without losing
anything in memory.

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.
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Replacing the 1.
Alkaline Batteries in
the TI-89 Titanium 2.

If the TI-89 Titanium is on, turn it off (press [0FF]) to avoid loss of
information stored in memory.

Slide the protective cover over the keyboard and place the device face
down.

Push down on the battery cover latch, and then pull up to remove the
cover.

Remove all four discharged AAA batteries.

Install four new AAA alkaline batteries, arranged according to the
polarity (+ and -) diagram inside the battery compartment.

Replace the battery cover by inserting the two prongs into the two slots
at the bottom of the battery compartment, and then push the cover until
the latch snaps closed.

Replacing the To replace the button cell backup battery, remove the battery cover and
button cell backup unscrew the tiny screw holding the BACK UP BATTERY cover in place.

battery in the TI-89 Remove the old battery and install a new battery, positive (+) side up.
Titanium Replace the cover and the screw.

Button cell battery
cover

AAA alkaline
batteries
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Replacing the
Alkaline Batteries in
the Voyage 200

Replacing the
button cell battery
in the Voyage 200

1. If the Voyage™ 200 is on, turn it off (press [0FF]) to avoid loss of
information stored in memory.

2. Slide the protective cover over the keyboard and place the device face
down.

3. Press the notched battery cover and slide it off, away from the device.
4. Remove all four discharged AAA batteries.

5. Install four new AAA alkaline batteries, arranged according to the
polarity (+ and -) diagram inside the battery compartment.

6. Slide the battery cover onto the device, prong side first. Gently push the
cover until the prongs snap into place.

To replace the button cell backup battery, remove the battery cover. Insert a
blunt object into the circular indentation next to the battery. Gently place a
finger on the battery and pry it out.

Slide in a new battery, positive (+) side up. Press firmly to snap the new
button cell battery into place.

AAA alkaline battery compartment

[

oll]] AN

U Button cell battery

(

-
Tl
|
Tl

T
AN
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In Case of Difficulty

Suggestions

If you have difficulty operating the TI-89 Titanium /
Voyage™ 200, the following suggestions may help you correct

the problem.

If:

Suggested action:

You cannot see anything on
the display.

Press [¢][#] to darken or [¢] 5] to lighten
the display contrast.

The BATT indicator is
displayed.

Replace the batteries. If BATT is displayed
in reverse text (1), replace the batteries
as soon as possible.

The BUSY indicator is
displayed.

A calculation is in progress. If you want to
stop the calculation, press [ON].

The PAUSE indicator is
displayed.

A graph or program is paused and the
TI-89 Titanium / Voyage 200 is waiting
for input; press ([ENTER].

An error message is
displayed.

Refer to the list of error messages in this
module. Press to clear.

The TI-89 Titanium /
Voyage 200 does not appear
to be working properly.

Press several times to exit any menu
or dialog box and to return the cursor to
the entry line.

—or—

Be sure that the batteries are installed
properly and that they are fresh.
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Note: Correcting a “lock up”
will reset your TI-89 Titanium
/ Voyage 200 and clear its
memory.

If:

Suggested action:

The TI-89 Titanium appears
to be “locked up” and will not
respond to keyboard input.

The following action clears RAM. This
erases all data, programs, and user-
defined variables, functions, or folders.
Press and hold ©, ®, and [2nd). Then
press and release [ON].

The following action clears RAM and Flash
ROM. This erases all data, programs,
user-defined variables, functions, folders,
Flash applications, and the user data
archive.

1. Remove one of the four AAA batteries.

2. Press and hold [©)) and 1] as you
reinstall the battery.

3. Continue holding [()] and D] for
five seconds before releasing.

The Voyage™ 200 appears
to be “locked up” and will not
respond to keyboard input.

The following action clears RAM. This
erases all data, programs, and user-
defined variables, functions, or folders.

Press and hold and [&]. Then press
and release [ON].

The following action clears RAM and Flash
ROM. This erases all data, programs,
user-defined variables, functions, folders,
Flash applications, and the user data
archive.

1. Remove one of the four AAA batteries.

2. Press and hold [) and (0] as you
reinstall the battery.

3. Continue holding [)] and 0] for five
seconds before releasing.
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Texas Instruments Support and Service

For general
information

For technical
support

For product
(hardware) service

Home Page: education.ti.com
KnowledgeBase and

e-mail inquiries: education.ti.com/support

Phone: (800) TI-CARES; (800) 842- 2737

For U.S., Canada, Mexico, Puerto Rico,

and Virgin Islands only

International Information: education.ti.com/international

KnowledgeBase and

support by e-mail: education.ti.com/support
Phone (not toll-free): (972) 917-8324

Customers in the U.S., Canada, Mexico, Puerto Rico and Virgin
Islands: Always contact Texas Instruments Customer Support before
returning a product for service.

All other customers: Refer to the leaflet enclosed with this product
(hardware) or contact your local Texas Instruments retailer/distributor.
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Symbols
I factorial ...................... 72
>store ... 594
# /=, notequal ................. 602
#, indirection ................... 600
& append ... L, 600
(), SUM Lo 264
J(), integrate 78, 238, 240, 241, 245, 264,
.......................... 265
Jf(x)dx (graph math tool) .. .... 329, 332
(function keys)
moving among toolbar menus ... 53
selecting categories ........ 26, 29
selectingmenus .............. 47
USES .\ttt 12
°, degree notation ............... 762
</ lessthan .................... 602
<<...>>, insufficient display memory . 227
s,equal .o 602
> greaterthan ................. 602
(negationkey) ................ 12
@, arbitrary integer . ......... 274, 275
Atbl, table increment .. ........... 454
AtmpCnv( ), temperature-range
conversion ................. 284
Ax window variable . ............. 323
Ay window variable . ............. 323
<, <=, lessthanorequal .......... 602

(] (subtractionkey) ............... 12
>, >=, greaterthanorequal ........ 602
@ comment .................... 579
[fwith ............... 78, 81, 237, 247
o,infinity ............. ... ... ... 275
/ (¢][DEL] (delete character) ...... 14
(hand modifier key)

status ... 36
(second modifier key)

description . . ................. 11

status ... 36
MEM] (MEMORY) .............. 14
[EE] (exponentkey) ............. 13
[»] (measurement conversions) . . .14
[Red (recall) ..ot 15
[CATALOG] (Catalog)

commands .................. 20

description . . ................. 19

exiting .......... . . L 22

keycommand ................ 15
[cusTom] (Custom)

description . . ................. 53

example .................... 54

keycommand ................ 14
[CHAR] (Character)

description . . ................. 47

entering special characters . ... ... 8

keycommand ................ 15
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selecting characters . ........... 8

[auiT]

calculator Home screen ........ 22

entering commands ........... 20

exiting the split-screen mode .... 62

keycommand ................ 15

turning off the calculator .. ....... 5
pconvert ... 281
»Bin, display as binary ........... 679
»Dec, display as decimal integer . . .. 679
PHex, display as hexadecimal . .. ... 679
(shift modifier key)

description .................. 11

status ........... 36
(¢] (diamond modifier key)

description .................. 11

status ........... 36
(¢] S (SAVE COPY AS)

example .................... 52
(store)key ................. 15
O©O®@ (cursor keys)

entering commands ........... 21

opening Apps ......... ... ... 26

selecting entry/answer pairs . . . . . 24

using the CHARmenu .......... 8
,hegate .. 154
II(), product ................... 264
Omax window variable ........... 341
Omin window variable ............ 341
Ostep window variable ........... 342

Numerics
3D (three-dimensional) mode ....... 36
3Dgraphing ................ 373-407
animation ............... 99, 389
CONTOUR LEVELS ...... 102, 393
HIDDEN SURFACE ...... 102, 393
WIRE AND CONTOUR . ...102, 393
WIRE FRAME ........... 102, 393
A
ABOUT screen .................. 63
abs(), absolutevalue ............ 765
absolute value,abs() ............ 765
accent marks
CHARmMenu ................. 15
accented characters ............. 654
Algebramenu .............. 253, 256
Allcategory ..................... 29
and (Boolean),and .......... 247, 683
and picture, AndPic .............. 626
and, Booleanand ....... 247, 603, 683
Anglemode ................ 185, 303
anglemode .................. 16, 36
status ... 36
answer (last),ans() .............. 218
APD (Automatic Power Down) ..... 144
APD (Automatic Power Down) feature
during calculation or program . . ... 6
turningonafter ................ 5
append, & .......... .., 600
APPLICATIONS menu ........... 179
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APPLICATIONS menu ((APPS)) ... 48, 56
Approximate mode .. 164, 186, 201, 239

approximate, approx() ........... 254
Apps (calculator software applications)
deleting..................... 65
icon highlighted, last open ....... 4
ICONS .\t 3
NAMES .. ... 26
opening ................. 26, 56
shortcuts . ............ ... .. 31
switching ................... 62
Apps desktop
calculator Home screenand .... 22
categories . ............... 26, 30
clock . ...... ... L 39
dateandtime ................ 41
initial startup . ............... 2,3
mode ................... 16, 37
partsof ...................... 4
split-screen status . ........... 35
turningoff . ................ .. 37
turning off the calculator .. ....... 5
arbitrary integer, @ . ......... 274, 275
Arc (graph math tool) 329, 335, 344, 351
arc length, arcLen() ............. 264
archive variables, Archive . 594, 706, 707
Archive, archive variables . . . .. 594, 706
archiving variables .............. 139
assembly language . ......... 639, 642
asymptotes, faux, detecting ........ 90

augment( ), augment/concatenate .. 745

augment/concatenate, augment() ..745
Automode ......... 164, 186, 201, 240
AUTO mode status . .............. 36
Automatic Power Down (APD) feature
during calculation or program . .. .. 6
in OS download mode . ......... 69
turningonafter ................ 5
automatic simplification ........... 242
automatic tables ................ 457
auto-paste .............. 24, 210, 219
axes (sequence), CUSTOM ....... 361

Axes graph format . ..314, 413, 432, 433

Axessettings ............... 384, 392
B
backspace (<) .................. 14
Basemode ................. 16, 186
BATTmessage ................. 202
batteries .. ................. 146, 202
precautions .................. 70
prolonginglife ................. 5
replacing .................. 1, 67
binary
display,»Bin ................ 679
rotate, rotate() .............. 684
shift, shift() ................. 685
BldData, builddata .......... 437, 594
Boolean
and,and ........... 247, 603, 683
exclusive or, xor ......... 603, 683
not,not ................ 603, 682
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(o] A o | 603, 683
BoxPlot ...................... 554
build

data, BldData ........... 437, 594

web, BuildWeb ............. 361
Build Web, buildweb ........ 361, 363
build web, BuildWeb ............ 363
BUSY ... . 37
BUSY indicator ............. 202, 571
Busy/Pause status ............... 37
C
cables .......... 63, 65, 714, 731, 735
Calcmenu .................... 263
calculator Home screen

QUITT ..o 15

changing entry/answer pairs .. 25

custommenu ................ 54

entering commands ........... 20

functionkeys ................ 12

keycommand ................ 15

toolbarmenus ............... 47

turning off the calculator . ........ 5
calculator software applications (Apps) 4

ICONS . ot 3
Calculator-Based Laboratory system

connecting .................. 66

Calculator-Based Laboratory. See CBL

Calculator-Based Ranger See CBR

Calculator-Based Ranger system
connecting .................. 66

Catalog ((2nd] [CATALOG])

commands .................. 20
description . . ................. 19
exiting .......... . . L 22
keycommand ................ 15
CATALOG mMmenu ................ 189
categories
All L 29
Appsdesktop ................ 30
customizing . ................. 31
English ..................... 29
example of editing . ............ 32
Graphing .................... 30
Math ....... ... ... ... ... 29
Organizr (organizer) ........... 30
Science ... 30
selecting .................... 29
selectingempty ............... 30
SocialSt (social studies) ........ 29
CBL
programs . ............oii.. 631
statisticaldata ........... 566, 567
CBL 2 system
activity .. ... 759
connecting . .................. 66
programs . ........... i 759
CBR
programs . ............ci 0. 631
statisticaldata ........... 566, 567
CBR system
connecting . .................. 66
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programs .................. 759
ceiling, ceiling() ................ 747
certificate 722, 729, 730, 731, 732, 733,

734

Certificate revision (Cert. Rev.) .... 232
cFactor( ), complex factor . . ... 255, 771
CHAR menu ((2nd) [CHAR])
description .................. 47
entering special characters ...... 8
keycommand ................ 15
character string, char() .......... 600
characters
deleting..................... 14
Greek ......... 8, 15, 47, 655, 656
international/accented . ... 8, 15, 47
math .................. 8, 15, 47
numeric code, ord() .......... 600
punctuation . ................. 47
special ....8, 15, 47, 653, 654, 656
string,char() ............... 600
symbols ................... 656
UPPErcase ...........ooouuun. 11
uppercase/lowercase . . ... 152, 648
circle
drawing .................... 491
graphing ................. 84, 87
circle,Circle ................... 629
Circle,drawcircle ............... 629
Circular definition error . .......... 593
CleaenUpmenu................. 187
clear

drawing, ClrDraw . ........... 628

error, CIrErr .. ............... 634
graph, ClrGraph ..... 473, 625, 675
/O,CIrlO ... ... 573, 618
clipboard .................. 210, 651
Clock
dialogbox ................... 39
operation . ................... 38
turningoff ................... 45
turningon ................... 46
ClrDraw, cleardrawing ........... 628
CIrErr, clearerror . ............... 634
ClrGraph, clear graph ........ 625, 675
ClrHome, clearhome ............. 26
CIrlO, clearl/O ............. 573, 618
cobweb plot. See web plots
commandmark ................. 659
command scripts ........ 208, 659, 662
activity .. ... 750
commands
Flash Apps .................. 19
Key ... 8, 10
comment, @ .................... 579
common denominator, comDenom( ) 254,
....................... 255, 262
complex
factor, cFactor() ......... 255, 771
mode, Complex Format ....... 186
modulus surface ............. 400
numbers ................. 71,72
solve,cSolve() .............. 238
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tables ........ ... ... . ... 461

zeros, cZeros() ......... 238, 255
Complex Formatmode ........... 186
complex formatmode ............. 16
Complexmenu ................. 255
connecting

Tl ViewScreen overhead panel .. 66

Tl-Presenter video adapter .. ... 66
ConstantMemory ............... 144
Constant Memory feature .......... 15
constants ..................... 277

predefined ................. 291
contourplots ........... 394, 398, 399

DrwCtour, draw contour . . ... .. 398
contour-level graphing ....... 102, 393
contrast

adjusting . ................. 2, 68

initial startup . ................. 2
contrast, adjusting .............. 145
convert measurements ............ 14
convert,» .......... .. 281
Coordinates graph format . . . .. 313, 342
COPY ottt it 210, 651
copy variable, Copyvar ...... 594, 701
CopyVar, copy variable .......... 701
cSolve(), complexsolve . ......... 238
cubic regression, CubicReg ....... 544
CubicReg, cubic regression ....... 544
cumSum( ), cumulative sum . ... ... 532
Current foldermode ............. 185
Current folder status .. ............ 36

Currentmode ................... 16
cursor
3Dgraph ................... 380
deleting characters ............ 14
free-moving 317, 343, 350, 359, 379,
........................ 417
hidden surface .............. 382
inthe historyarea ............. 24
location following APD . ......... 5
moving .................... 170
offthecurve ................ 383
Selectingacommand .......... 21
trace ............. .. .. ... .. 319
Viewing entries ............... 24
cursor keys (0O®®)
entering commands ........... 21
opening AppS ..o 26
selecting entry/answer pairs . . ... 24
using the CHAR menu .......... 8
CustmOff, custom toolbar off . . .. ... 228
CustmOn, custom toolbaron ....... 228
CUSTOM ((2nd] [cUSTOM]) menu . . . . . .. 54
descripton ................... 53
keycommand ................ 14
CUSTOM axes (sequence) ........ 361
CUSTOM custom plots . ..355, 432, 433
CUSTOMmenu . ................ 228
custom plots, CUSTOM .. .355, 432, 433
Custom Unitsmode . ............. 187
Custom, define toolbar . .......... 619
CUL .o 210, 651
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cycle picture, CyclePic ....... 498, 627

CyclePic, cycle picture ........... 627
cZeros( ), complex zeros ..... 238, 255
D
d(), first derivative ...77,245, 263, 265
darker/lighter . .................. 145
datafiltering ................... 755
dataplots ..................... 117
Data/Matrix Editor
cellwidth .................. 525
column header .. 526, 529, 530, 531
filling ...................... 523
listvariable ............. 518, 520
new, NewData .............. 595
scrolling ................... 523
sortingcolumns ............. 533
statistical plots .............. 549
values . ................ 521, 522
data/matrix editor ............... 467
date
reset ... 46
setting ...................... 38
DE (differential equation) mode .. ... 36
decimal
integer display, »Dec ......... 679
define toolbar, Toolbar ........... 619
Define, define ...... 355, 411, 444, 740

define, Define . 222, 269, 307, 348, 355,
376, . 411, 444, 470, 477, 589, 594,
625, .. 740

DEG (degree) mode .............. 36
degree notation,© ............... 762
delete character (=] /[(¢J[DEL]) ...... 14
deleting
folder, DelFold . .. ............ 594
variable, DelVar .236, 268, 594, 598
variablesoftype ............. 703
deleting variables ............... 141
DelFold, delete folder ............ 594
DelTypecommand .............. 703
DelVar, delete variable ....... 594, 598
derivatives . ............ .. ... ..., 77
first derivative, d() .77, 245, 263, 265
numeric derivative, nDeriv() ... .264
Derivatives (graph math tool) . 329,332,
344, . 351
deSolve(), solution .......... 264, 442
dialog box
CLOCK ... i 39
edit categories . . .............. 31
menu indicator . .............. 51
MODE ........... ..., 15
toopenApps . ... 26
dialog box, define, Dialog ......... 619
dialogboxes ................... 177
Dialog, define dialog box .......... 619
Diamond modifier key ((¢])
description . . ................. 11
status . ... 36
differential equations
DIRFLD, direction field ....413, 421
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first order
graphing
initial conditions
second order

solution methods

third order .. .......
troubleshooting . . . ..

diftol window variable
dimension, dim()

direction field, DIRFLD ...
DIRFLD, direction field . ..

discontinuities

detecting ..........

Disp, display I/O screen
634
DispG, display graph

DispHome, display Home screen

display
graph, DispG

Home screen, DispHome

..... 423, 442
FLDOFF, field off .. ..
..... 408—-450
......... 419
..... 425, 442
SLPFLD, slope field ..
..... 412, 437
......... 429

413, 422, 449

413, 421, 446

600
413, 421, 448
413, 421, 448

.......... 90
..128, 580, 618,

..... 618, 625

... 618

..... 618, 625

618

I/0 screen, Disp . 128, 580, 618, 634

table, DispThl
display as

binary, »Bin ... .....

decimal integer, pDec

hexadecimal, PHex . .

Display Digits mode
display digits mode

..... 618, 625

.......... 16

Distance (graph math tool) 329, 333, 344,

domain constraints
DrawFunc, draw function . . .. .. 485,
drawings and drawing
circle, Circle
circles
clearing, ClrDraw

contour, DrwCtour . ...........
erasing ..............0.....
freehand ...................
function, DrawFunc . ... ... 485,
horizontal line, LineHorz .......
inverse, Drawlnv . ........ 486,
line,Line ...................
lines................... 490,
onagraph ..................
parametric, DrawParm ... .485,
Pencil .....................
polar, DrawPol .......... 485,
slope, DrawSIp .......... 493,
tangent line, LineTan .........
vertical line, LineVert .. ........
Drawlnv, draw inverse . ....... 486,
DrawParm, draw parametric . ..485,
DrawPol, draw polar ......... 485,
DrawSlIp, draw slope ......... 493,
drop-down menu, DropDown ... ...
DropDown, drop-down menu ... ...
DrwCtour, draw contour . ..... 398,

dtime window variable

351

630
629

630
630
630
629
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E

E,exponent ..................... 13
e, haturallogbase ............... 275
editing . ........... ... L. 170
elseif,Elself ............... 476, 605
else,Else .......... ... ... ..... 605
Elself, elseif ................... 605
end
custom, EndCustm ........... 619
dialog, EndDlog ............. 619
for, EndFor ............. 580, 609
function, EndFunc ........... 585
if, EndIf ................ 580, 604
loop, EndLoop .............. 612
program, EndPrgm . ... ... 126, 589
toolbar, EndTBar ............ 619
try, EndTry ................. 634
while, EndWhile ............. 611
EndCustm, end custom .......... 619
EndDlog, end dialog . ............ 619
EndFor,endfor............. 580, 609
EndFunc, end function ........... 585
Endif,endif ............... 580, 604
EndLoop,endloop .............. 612
EndPrgm, end program . ..... 126, 589
EndTBar, end toolbar ............ 619
EndTry,endtry ................. 634
EndWhile,end while ............. 611
English category ................. 29
entry line
clearing the history area . .. ... .. 26

cursorrestson ............... 24
inserting commands ........... 20
recalling . .................... 24
entry,entry() ............ ... ..., 217
entry/answerpairs ................ 25
status . ... 37
equal,= ... .. 602
equations, solving . ..664, 668, 672, 673
error conditions after APD . .......... 5
errors and troubleshooting
Circular definition ............ 593
clear error, CItErr . ........... 634
Memory error ........... 711, 712
Out-of-memory .............. 271
pass error, Passkrr ........... 634
programs . .......... .o 633
transmission ............ 722, 733
Estep window variable . ........... 416
Eulermethod ............... 412, 437
EXACT mode status . ............. 36
Exact/Approx mode . 164, 186, 201, 238,
239, . 240
exact/approxmode ............... 16
example
changing mode settings ........ 17
editing categories ............. 32
restoring the default custom menu 54
selecting menu options . ........ 49
turning off the clock ............ 45
turning on/off the custom menu . .54
using dialog boxes ............ 52
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using the CHARmenu .......... 9

using the keyboard map . . . .. 10, 11
examples, previews, activities
3D graphing ............. 99, 748
additional graphing topics .. ... 108
anglemodes ................. 79
baseball ................... 761
CBLZ2program .............. 759
complex factors ............. 771
complex modulus surface ..... 400
complexnumbers . ............ 71
complex zeroes ............. 764
constants and measurement units 82
convergingweb plots ......... 364
cos(x)=sin(x) activity ......... 746
cubic polynomial ............. 764
datafiltering ................ 755
data/matrix editor ............ 115
decomposing a rational function 753
derivatives .................. 77
detecting discontinuities ........ 90
differential equations ......... 103
divergingweb plots .......... 366
expanding expressions ........ 74
factorial . . ......... ... ... ..., 71
factoring polynomials ......... 257
Fibonacci sequence .......... 371
findingroots ................. 73
function graphing .......... 84, 87
graphing functions ............ 85
implicit derivatives ............ 77

implicitplots ................ 405
integrals .................... 78
logtoanybase ............... 79
memory management ......... 136
numberbases ............... 134
numericsolver . .............. 131
oscillatingweb plots .......... 367
parametric graphing ....... 92, 762
pathofaball ................. 92
polarrose ................... 94
pole-corner problem .......... 739
population .................. 117
predator-prey model ...... 369, 433
primefactors ................. 71
programming ........ 125, 128, 635
Pythagorean theorem ......... 739
quadratic formula ............ 741
rational factors .............. 771
real factors ................. 771
reducing expressions .......... 74
sampling ................... 773
second-order differential equation
425, . 442
sequence graphing ............ 96
solving inequalities ............ 76
solving linear equations ....75, 258
splitscreen ............. 112, 762
standard annuity ............. 767
statistics ........... ... . ..., 117
symbolic manipulation . ......... 80
tables ......... .. ... 110
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text operations .............. 129
third-order differential equation . 429
time value of money .......... 769
treesand forest .............. 96
tutorial script with the text editor . 750
variable management . ........ 136
vectors . ... 78
examples,previews,activities
logtoanybase ............... 79
exclusive or (Boolean), xor . ... 603, 683
exclusive or picture, XorPic ....... 627
Exec, execute assembly language .. 642
execute assembly language, Exec .. 642
execute program, Prgm ...... 126, 589
expand( ), expand ........ 74,743, 764
expand, expand() 74, 254, 257, 743, 764
exponent key (@ndJ[EE]) ............ 13
eXponent,E ....... . 13
Exponential Format mode .... 168, 186
exponential Format mode .......... 16
exponential regession, ExpReg . ... 544

expr( ), string to expression 599, 600, 618
ExpReg, exponential regession .... 544
expressions ....22,157, 158, 159, 170

expanding ................... 74
reducing .................... 74
string to expression, expr() 599, 600,
....................... 618
Extractmenu .................. 255
eye¢ z-axis window variable . . .376, 385,

386

eyeb x-axis window variable
386

eyey rotation window variable . 376, 385,
387

.. 376,385,

F

factor(), factor ........... 73,743, 771

factor, factor() .. 73, 238, 254, 257, 743,
771

factorial, ! ........ .. ... . L 72
factoring . .......... ... ... . ... 257

activity . ... 771
falsemessage .................. 273
family ofcurves ................. 477

FCCstatement ................... ii

Fibonaccisequence ............. 371
field off, FLDOFF ........ 413, 422, 449
field picture, fldpic ............... 417
Flash applications .. 179, 193, 271, 687,
688, ... 691
deleting .................... 722
FLASH APPLICATIONS ([¢][APPS])
accessing Apps not listed .. ..... 57
description . .................. 48
keycommand ................ 14
Flash, upgrading operating system . 729,
730, .« 731
FLDOFF, field off ... ... .. 413, 422, 449
fldpic, field picture ............... 417
fldres window variable ............ 416
floor(),floor .................... 747
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floor, floor() ................... 747
FnOff, functionoff ............... 625
FnOn, functionon ............... 625
folders . .......... ... ... ...... 185
delete, DelFold . ............. 594
locking/unlocking ............ 701
new, NewFold .............. 595
pastingname ........... 703, 704
renaming .............. 698, 701
setting, setFold() ............ 615

transmitting . 717, 718, 719, 720, 721
VARLINK . 691, 692, 693, 694, 696,
697, ... 698, 699

for, For ......... ... ... ... 580, 609
format string, format() ... 600, 618, 625
FORMATS dialog box . . ..102, 103, 313,

391, ... 393, 395, 655
fractions .............. 254, 262, 753
free-moving cursor . 317, 343, 350, 359,

379, 417
full-screen mode

QUITT ..o 15

Appsdesktop ................ 35

changing from split-screen ... ... 62

displaying Appsin ............ 62
FUNC (function) mode ............ 36
Func, program function . . ......... 585
function keys ([F1]-{F8))

moving among toolbar menus ... 53

selecting categories ........ 26, 29

selectingmenus .............. 47

functions ................... 19, 157
delayed simplification ......... 245
graphing ................... 300
maximum, fMax() ........ 238, 264
minimum, fMin() ......... 238, 264
multistatement . . ............. 475
off, FnOff ............... 309, 625
on,FnOn ............... 309, 625
program function, Func ........ 585

user-defined 194, 221, 269, 376, 473,
................ 475, 583, 585

G

Garbage collection message .. 707,708,
709, . 710, 711

Get, get/return CBL/CBR value .566, 632

get/return
calculator, GetCalc ...632, 725, 726
CBL/CBR value, Get ... ... 566, 632
configuration, getConfg() ...... 615
denominator, getDenom() ..... 255
folder, getFold() ......... 594, 615
key, getkey() ............... 617
mode, getMode() ............ 615
number, getNum() ........... 255
type, getType() .......... 235, 594
units, getUnits() ............. 615

GetCalc, get/return calculator . 632,725,
726

getConfg( ), get/return configuration . 615

getFold(), get/return folder ....594, 615
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getKey( ), get/returnkey .......... 617

getMode( ), get/return mode .. ..... 615
getType(), get/return type ........ 594
getUnits( ), get/return units . ....... 615
global variables . . ............... 598
goto,Goto ............ 591, 607, 614
GRAD (gradian) mode ............ 36
GRAD(gradian) mode ............. 79
Gradiananglemode .............. 79
graph
mode ................... 16, 36
numbermode ................ 36
Graph2mode .................. 186
Graph mode .. 185, 201, 302, 340, 347,
354, ... 375, 410
graphmode status . .............. 36
graph number mode status . ........ 36
Graph Order graph format . ... 314, 412
graph, Graph ...... 307, 471, 478, 626
Graph<->Table, table-graph . ... ... 454
graphingcategory . ............... 30
graphs
numberof ................ 60, 62
graphs and graphing
HOdx .o 329, 332
3D . 373—-407
animation .................. 498
Arc ... .. 329, 335, 344, 351
clearing, ClrGraph ... 473, 625, 675
contour plots . ....... 394, 398, 399
coordinates . ............. 85, 317

customaxes ................ 361
customplots ........ 355, 432, 433
Derivatives .. ... 329, 332, 344, 351
differential equations . . .. .. 408—450
Distance ....... 329, 333, 344, 351
drawing 487, 489, 490, 491, 492, 493,

.................... 494, 627
family ofcurves .............. 477
formats ............ 313, 342, 412
functions ................... 300
functions off, FnOff ........... 625
functionson, FnOn ........... 625
graph databases ............. 501
graph, Graph ............ 471, 626
Homescreen............ 469, 471
implicitplots ............ 402, 405
independent variable . . ........ 469
Inflection ............... 329, 333
Intersection ............. 329, 331
inverse functions . ............ 486
line styles ..309, 341, 349, 356, 376
math functions . . ............. 329
matrixdata ................. 467
Maximum .............. 329, 331
Minimum ............ 85, 329, 331
modes 185, 201, 302, 340, 347, 354,

.................... 375, 410
native independent variable ... .469
nested functions ............. 474

overview .. 300, 338, 345, 352, 373,
408
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panning ................... 321
parametric ................. 345
pausing .................... 316
pictures . ............... 495, 497
piecewise functions .......... 473
polar ...................... 338
programs .................. 625
QuickCenter ................ 322
recall graph database, RclGDB . 627
selecting functions .. .307, 348, 356,

411
sequence .............. 352-372
setting, setGraph() ...... 615, 626
Shade ................. 330, 335
shading, Shade ............. 630
simultaneous graphs ......... 479
splitscreen ......... 480, 483, 504
store graph database, StoGDB . 627
style,Style ................. 626
Tangent ....... 329, 334, 344, 351
text ... 494
time plots ...... 355, 361, 432, 433
trace, Trace 319, 626, 749, 759, 761,

....................... 764
tracing 85, 319, 322, 344, 351, 360,

379, .. 418

two-graph mode . 480, 481, 482, 504

Value 329, 330, 344, 351, 360, 380,
418

viewing window 311, 341, 349, 357,
377

webplots ........... 355, 361, 362
window variables 311, 341, 349, 357,

........................ 377
Y= editor 84, 87, 303, 341, 347, 354,
375, .. 410, 469

ZEro . ..o 329, 331

zoom . 323, 343, 351, 360, 379, 626

zoomfactors ............ 324, 326

zoom Memory ........... 324, 327
greater than or equal, =,>= ... ..... 602
greaterthan,> .................. 602
Greek characters .. ........ 8, 655, 656
Grid graphformat ............... 314
H
Hand modifier key (&])

status ... 36
Hardware version ............... 232
hexadecimal

display,PHex . ............... 679
hidden surface .......... 102, 382, 393
highlighting

characters when editing ........ 11

to view fullname of App ......... 3
highlightingtext ................. 650
Histogram ..................... 555
History area

status ... 37
historyarea ............ 205, 206, 662
History indicator . . ................ 25
Homeicon ...................... 22

962



Homescreen .................. 203
Home screen. See calculator home screen

I
IDlist..................... 734, 736
ID number . 231, 729, 730, 731, 734, 736
it 476, 580, 604, 605
implicit derivatives ............... 77
implicitplots ............... 402, 405
implied multiplication ........ 158, 348
Independent AUTO/ASK, independent
auto/fask ............... 457, 462
independent auto/ask, Independent
AUTO/ASK ......... 455, 457, 462
indirection, # . .................. 600
inequalities ..................... 76
infinity,co . ..................... 275
Inflection (graph math tool) . ... 329, 333
initial conditions . ............... 419
initial startup ... .................. 2
input string, InputSt . . . . .. 599, 617, 726
input, Input . ............... 617, 626
InputSt, input string . . . ... 599, 617, 726
insert mode (2nd) [INS]) .. ........... 14
inString( ), within string . .......... 600
instructions .. ......... .. ... .... 157
calculator Home screen ........ 22
Catalog ..................... 19
insufficient display memory, <<...>> . 227
intDiv( ), integer divide ........... 681
integer divide, intDiv() ........... 681

integer part, iPart() ............... 97
integrate, [() 78, 238, 240, 241, 245, 264,

........................... 265
international/accented characters . .. .. 8
Intersection (graph math tool) . .329, 331

isArchiv(), is archived ............ 692
isLocked(), islocked ............. 692
iIsVAR(), isvariable .............. 692
Item, menuitem ............. 620, 622
K
key commands
keyboardmap ................ 10
special characters .............. 8
keyboard ...................... 146
(second) key ............. 148
(t](shifykey ................ 148
[¢] (diamond) key ............ 148
(alpha)key ............. 148
keycodes .................. 617
map ............... 8, 9, 654, 655
shortcuts ............... 654, 655
keys
function ............ ... ... .. 12
modifier . ......... ... L 11
L
label, Lbl .............. 591, 607, 614
Labels graph format ............. 314
Language mode ................ 187

language mode
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changing mode setting ......... 17

viewing . ... 16
last answer ........ 151, 162, 215, 218
lastentry .............. 151, 215, 216
Leading Cursor graph format ...... 314
left, left() .................. 255, 600
left-right split screen

setting...................... 57

setting initial Apps . ........... 59

status ... 34
lessthanorequal, <, <= .......... 602
lessthan, < .................... 602
lighter/darker .. ................. 145
limit, limit() ............ 245, 264, 266
Line,drawline ................. 629
linear regression, LinReg ......... 545
LineHorz, draw horizontal line .. ... 630
LineTan, draw tangent line ........ 630
LineVert, draw vertical line ........ 630
Link transmissiontable . .......... 738

linking and transmitting
calculator to calculator 631, 714, 716,
... 717,719, 725, 726, 728, 729

cancelling .................. 722

errors . ..., 722, 732, 733

Flash applications ...717,718, 719,
724, .. ... ... 725

folders ....717,718, 720, 721, 722

get/return CBL/CBR value, Get .566,
632

program ........... 631, 725, 726

send chat, SendChat ..... 725, 726

send list variable, Send . ....... 633

send to calculator, SendCalc .. 632,

725, 726

variables ...717, 718, 719, 720, 721
LinReg, linear regression ......... 545
listtmat( ), listto matrix ........... 530
lists

new data, NewData . .......... 595

tablevariables . . ............. 464

variables ................... 514
LnReg, logarithmic regression . . . . .. 545
local variable, Local . .587, 592, 594, 595
lock variable, Lock . .............. 595
locked/archived variable status . ... .. 37
logtoanybase .................. 79
logarithmic regression, LnReg . . . . .. 545
logistic regression, Logistic ........ 545
Logistic, logistic regression ........ 545
loop,Loop ... ... 612
M
math category ................... 29
MATHmMenu ................... 329
MATH menu (2nd] [MATH]) ........... 47
math operations .................. 22
matrices

augment/concatenate, augment() ..

745
COPYING .+ oo v i 535
datafromagraph ............ 467
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locking .................... 528

new data, NewData .......... 595

pretty print ................. 517

random, randMat() .......... 745

reduced row echelon form, rref() 260
Maximum (graph math tool) ... 329, 331
measurement

conversions (Znd|[»]) .......... 14
medium-medium line regression, MedMed

.......................... 545
MedMed, medium-medium line regression
.......................... 545
memory
archiving, Archive . ... 594, 706, 707
checking ............... 687, 688
insufficient display memory, <<...>> .
227
resetting ............... 687, 688

unarchive, Unarchiv .. 595, 706, 707
VARLINK screen 689, 691, 692, 693,
...694, 696, 697, 698, 699, 706

MEMORY (2nd] [MEM]) ... ........... 14
Memory (zoom) ............ 324, 327
Memory error .................. 711
menu item, Item ............ 620, 622
Menus
APPLICATIONS ([APPS]) .. ... 48, 56
MENUS . ... ottt it e ii e 173
Algebra . ............... 253, 256
APPLICATIONS ............. 179
Calc ...................... 263

canceling .................... 53
CATALOG ....... ... ... 189
CHAR ................. 8, 15, 47
CleanUp ................... 187
Complex ................... 255
CUSTOM ...... ... .. ... 228
custom ................ 621, 624
CUSTOM ((2nd] [cusTOM]) . .14, 53, 54
Extract ..................... 255
FLASH APPLICATIONS ([¢][APPS]) .
14, . 48, 57
MATH . ... ... ... ... ...... 329
options ............. .. .. ... 11
selectingoptions . ............. 48
submenu options . ............. 50
toolbar ................. 173, 228
Trig « v 255
using ...........c.iinnnn. 173
messages
BATT ... 202
false ....... ... ... L. 273
Garbage collection .. 707,708, 709,
710, .o 711
insufficient display memory, <<...>> .
227
true ... 273
undef (undefined) ............ 276
mid-string, mid() ................ 600
Minimum (graph math tool) .85, 329, 331
modes ..............i 183
3D (three-dimensional) ......... 36
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APPROX ...... ... ... ... ... 36
Approximate ........ 164, 186, 201
Appsdesktop ................ 16
AUTO ... 36
Auto .......... 164, 186, 201, 240
Base ................... 16, 186
Complex Format . ............ 186
complexformat............... 16
current .............. . ... 16
Currentfolder ............... 185
customunits . ... 16
DE (differential equation) . ... ... 36
DEG (degree) ................ 36
Display Digits ........... 167, 185
display digits . . .. ............. 16
EXACT ... . o 36
Exact/Approx .. 164,186, 201, 238,

239, .. 240
exact/approx ................. 16
Exponential Format ...... 168, 186
exponential format ............ 16
fullscreen ....... 15, 29, 35, 59, 62
FUNC (function) .............. 36
get/return, getMode() ........ 615
GRAD (gradian) .............. 36
Graph 185, 201, 302, 340, 347, 354,

375, 410
graph ...................... 16
Graph2 ................... 186
graph number ................ 36

graphtype ................... 36
grayedout ................... 16
insert (2ndJ[INS]) . .............. 14
Language .................. 187
language ................. 16, 17
Number of Graphs ........... 186
overwrite (2ndJ[INS]) ............ 14
PAR (parametric) ............. 36
POL(polar) .................. 36
Pretty Print .......... 16, 164, 186
RAD (radian) ................. 36
SEQ (sequence) .............. 36
setting in programs . .......... 614
setting, setMode() ....... 615, 626
settings ............. ... ... .. 15
SplitApp ....... ... 186
SplitScreen .. ............... 186
split screen 3, 16, 29, 34, 36, 57, 59,

60, ... 62
UnitSystem ................. 187
unitsystem .................. 16
Vector Format ............... 186
vectorformat ................. 16
modifier keys (2nd] (] (H]&)) ....... 11
status . ... 36
move variable, Movevar .......... 595
multistatement functions .......... 475
natural log base, e ............... 275
ncontour window variable ......... 377
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ncurves window variable
nDeriv( ), numeric derivative .. .....
negate, -
negation key ((_])
negative numbers
new

data, NewData .......... 567,
folder, NewFold .............
picture, NewPic ......... 595,
plot, NewPlot ........... 554,

problem, NewProb
NewData, new data
NewFold, new folder .. ...........
NewPic, new picture

NewPlot, newplot ........... 554,

NewProb, new problem
nint( ), numericintegral . ..........
nmax window variable
nmin window variable
not (Boolean),not ...............
not equal, #, /=
not, Boolean not
nSolve( ), numeric solution
numberbases ..................
Boolean operations
conversions
math operations
Number of Graphs mode
numbers
irrational
negative

. 516, 529, 567,

595
627
626
188
595
595

154

rational ............ 238, 239, 240
numeric

derivative, nDeriv() ........... 264

integral,nint() ............... 264

solution, nSolve() ............ 254
numerickeypad .................. 12

numeric solver . ... .. 664, 668, 672, 673

equations .......... 664, 666, 667
graphing ....... 673, 674, 675, 676
splitscreens ............ 674, 676
variables ............... 668, 672
O
onfoff ... ... . . .. 143

operating system

operating system (OS)
downloading

Operating System (OS) version ....232

operating system, upgrading .. 729, 730,
731

operators . ... 157
or(Boolean),or ................. 683
or,Booleanor .............. 603, 683
ord( ), numeric character code ..... 600
Organizr (organizer) category ....... 30
OS ... 729, 730, 731
OS (Operating System) version ....232
Out-of-memory error ............. 271
output, Output .............. 618, 625
overwrite mode (2ndJ [INS]) .......... 14
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panning . ........... .. ... .. 321
PAR (parametric) mode ........... 36
parallelepiped activity ............ 748
parametric graphing ............. 345
parentheses, brackets, and braces . 158
pass error, Passerr .. ............ 634
paste .......... ... ... ... 210, 651
PAUSE .......... . ... ... 37
PAUSE indicator . ............... 202
pause, Pause .............. 618, 634
pictures ......... ... .. ... 495, 497

and, AndPic ................ 626

cycle, CyclePic . ............. 627

deleting . ................... 498

exclusive or, XorPic .......... 627
new, NewPic ........... 595, 627
recall, RclPic ............... 627
replace, RplcPic ............. 627
storing, StoPic .............. 627
piecewise functions ............. 473
pixel
change, PxIChg ............. 629
circle, PxICrcl ............... 629
horizontal line, PxIHorz ....... 630
line, PxlLine ............ 494, 629
off, PXIOff .................. 629
on,PxlIOn .............. 494, 629
test, pxITest() .............. 629
text, PxIText ................ 629
vertical line, PxIVert .......... 630

plots
clearing
data ............... ... ... ..
new, NewPlot
off, PlotsOff
on, PlotsOn
selecting
tracing
viewing window . .............
Y= Editor
PlotsOff, plots off ................
PlotsOn, plots on
plotStep window variable . .........
plotStrt window variable
point
change, PtChg
off, PtOff
on, PtOn
test,ptTest() ................
text, PtText
POL (polar) mode
polar
graphing
polynomials
activity .. ...
popup menu, PopUp
PopUp, popup menu
power regression, PowerReg
PowerReg, power regression
pretty print .............. 85, 164,
Pretty Printmode .. ....... 16, 164,

204
186
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Prgm, execute program ...... 126, 589
prime numbers .................. 73
problems (new), NewProb ........ 188
productID ..................... 231
Product ID (identifier) ............ 232
product, TTI() ................... 264
Program Editor .................. 27
programs and programming 19, 570—-642
arguments ................. 582
assembly language ...... 639, 642
branching .......... 580, 604, 607
calling another program ....... 589
CBL ... 631
CBL2system ............... 759
CBR ... 631
CBRsystem ................ 759
clear error, CIrErr . ........... 634
clear graph, ClrGraph . . . .. 473, 625
clear /O, CIrlO .......... 573, 618
comment,®@ ................ 579
conditionaltests ............. 601
copying ..o vt 577
custom toolbar off, CustmOff .. .228,
619
custom toolbar on, CustmOn .. .228,
619
debugging ................. 634
define dialog box Dialog . ... ... 619
define toolbar, Custom ........ 619
define toolbar, Toolbar ........ 619
define, Define ....... 589, 625, 740

deleting .................... 577
display graph, DispG ... ... 618, 625
display Home screen, DispHome 618
display 1/O screen, Disp .. 128,580,

618, ... 634
display table, DispThl ..... 618, 625
drop-down menu, DropDown .. .620
elseif, Elself ............ 476, 605
else,Else .................. 605
end custom, EndCustm ... ..... 619
end dialog, EndDlog .......... 619
end for, EndFor .......... 580, 609
end function, EndFunc ........ 585
endif, EndIf ......... 580, 604, 605
end loop, EndLoop ........... 612
end program, EndPrgm . . . .126, 589
end toolbar, EndTBar ......... 619
endtry, EndTry .............. 634
end while, EndWhile .......... 611
entering . ............... 574, 577

execute assembly language, Exec ..
642
execute program, Prgm ...126, 589

for, For ................ 580, 609
format string, format() ....618, 625
function,Func ............... 585
functions ........... 574, 583, 585

get/return configuration, getConfg() .
615
get/return folder, getFold() .. ... 615
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get/return from calculator, GetCalc .
632, ... 725, 726
get/return key, getKey() ....... 617

get/return mode, getMode() ... 615
goto,Goto ......... 591, 607, 614
graphs .................... 625
if,0f 476, 580, 604, 605
input . ............. 572, 580, 617
input, Input . ............ 617, 626
label, Lbl . .......... 591, 607, 614
local, Local .. ... 587, 592, 594, 595
loop,Loop ................. 612
looping ............ 580, 609, 611
menu item, ltem ......... 620, 622
menus ................ 620, 624
multicommand lines .......... 578
output ............. 572, 580, 618
output, Output .......... 618, 625
pass error, Passkrr .......... 634
passingvalues .............. 582
pause, Pause ........... 618, 634
popup menu, PopUp ......... 617
prompt, Prompt() ............ 617
request, Request ........ 618, 620
return, Return ........... 587, 590
running .. ....oovvvvene. .. 570
stop,Stop ... L 577
stopping ... 571
subroutines . . ............... 589
tables ......... ... L 625
text, Text .............. 619, 620

Then, Then
title, Title
try, Try « oo
variables
while, While . .. ..............
Prompt( ), prompt
prompt, Prompt()
proper fraction, propFrac . .254, 262,
propFrac, proper fraction . .254, 262,
PtChg, point change
PtOff, point off
PtOn, point on
ptTest(), point test
PtText, point text
PxIChg, pixelchange .............
PxICrcl, pixel circle
PxIHorz, pixel horizontal line
PxILine, pixelline ............ 494,
PxIOff, pixel off
PxIOn, pixel on
pxITest(), pixel test
PxIText, pixel text
PxIVert, pixel vertical line

Q
quadratic regression, QuadReg
QuadReg, quadratic regression
quartic regression, QuartReg
QuartReg, quartic regression
QuickCenter

Quit [Quitl)

753
753
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R
RAD (radian)mode .. ............. 36
randMat( ), random matrix ........ 745
random
matrix, randMat() ............ 745
number seed, RandSeed . ... .. 745

RandSeed, random number seed .. 745
rational functions activity ......... 753
RcIGDB, recall graph database 503, 627

RclPic, recall picture . ............ 627
recall
graph database, RcIGDB .. 503, 627
picture, RclPic . ............. 627
Recall (nd[RCL]) ... ..ot 15

reduced row echelon form, rref() .. .260,
745
regressions

cubic, CubicReg ............. 544
exponential, ExpReg ......... 544
linear regression, LinReg . .. ... 545
logarithmic, LnReg . .......... 545
logistic, Logistic . ............ 545
medium-medium line, MedMed . 545
power regression, PowerReg . . . 545
guadratic formula activity . ... .. 741
quadratic, QuadReg . ......... 545
quartic, QuartReg . . .......... 546
selecting ................... 544
sinusoidal, SinReg ........... 546
rename, Rename ............... 595
replace picture, RplcPic .......... 627

request, Request ............ 618, 620

results ... ... 22
return, Return .......... 476, 587, 590
right,right() ................ 255, 601
TOOtS ..o 73
rotate(), rotate . ................. 684
rotate, rotate() .............. 601, 684
RplcPic, replace picture . .......... 627
rref( ), reduced row echelon form .. 260,

745
Runge-Kutta method ......... 412, 433
S
sampling activity ................ 773
SAVE COPY AS ((¢] S)

example .................... 52
Scatterplots ................... 553
scientific notation . ............ 13, 155
scripts ... 208, 659, 662

activity . ... 750

tutorial ..................... 750
scrolling . ............... 24, 226, 461
Second modifier key ([2nd])

description .. ................. 11

status ... 36
selecting categories . .............. 29
send chat, SendChat ......... 725, 726
send list variable, Send . .......... 633

send to calculator, SendCalc .. 632,725,
726
Send, send list variable ........... 633
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SendCalc, send to calculator ..632,725,

726
SendChat, sendchat ........ 725, 726
SEQ (sequence) mode ............ 36
sequence graphing .......... 352-372
serial number ........ ... L 231
set

folder, setFold() ............. 615

graph, setGraph() ....... 615, 626

mode, setMode() ........ 615, 626

table, setTable() ........ 457, 615

units, setUnits() ............. 615
Set factors (zoom) .......... 324, 326
setFold( ), setfolder ............. 615
setGraph( ), setgraph ....... 615, 626
setMode( ), setmode ........ 615, 626
setTable(), settable ......... 457, 615
setUnits(), setunits ............. 615
Shade (graph math tool) .. .... 330, 335
Shade,shade .................. 630
shade, Shade .................. 630
Shift modifier key (1))

description .................. 11

status ........... 36
shift(), shift ............ 531, 601, 685
shift, shift() ................ 601, 685
show statistical results, ShowStat .. 546
ShowsStat, show statistical results .. 546
simplification

delayed .................... 245

rules ... 242

stopping ... 244
simultaneous equations, simult() ...260
SinReg, sinusoidal regression . . . ... 546
sinusoidal regression, SinReg . .. ... 546
slope field, SLPFLD .. .... 413, 421, 446
SLPFLD, slope field . . . ... 413, 421, 446
SmartGraph ................... 316
SocialSt (social studies) category . ...29
software version ................ 231
Solution Method graph format . . . . .. 412
solution, deSolve() .......... 264, 442
solve(),solve ............ 75, 81, 444

solve, solve() 75, 81, 238, 240, 241, 245,
............... 251, 254, 258, 444

solving linear equations .. ... ... 75, 258
special characters ....... 653, 654, 656
SplitAppmode ................. 186
split screen ... .480, 483, 661, 674, 676
entryline ............... 510, 512
exiting ............ . . L 507
setting ..................... 504
switch, switch() .............. 615
switching ................... 510
SplitScreenmode ............... 186

split-screen mode

activegraph ................. 36
exiting ........... . . L 62
Number of graphs ............. 60
returning from withinan App ... .. 29
selecting active App ........... 62
setting ...................... 57
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setting initial Apps . ........... 59
specifying Apps displayed ...... 60
SplitlApp ........ ... ... 60
Split2App ........ ... ..., 60
status ........... 34
status and open Apps .......... 3
viewing . ... 16
standard annuity activity .......... 767
statistics ........... .. ... .. 538-569
BoxPlot ................... 554
Calculation Type ........ 539, 544
categories . ................. 563
Category ............... 539, 541
factorial, ! ....... ... ... ... ... 72
Freq .................. 539, 541
frequency .................. 561
Histogramplots ............. 555
new plot, NewPlot ........... 554
OVEIVIEW . . ..ottt 538
plots ...... 549, 551, 552, 556, 558
plots off, PlotsOff ........ 309, 626
plots on, PlotsOn ........ 309, 626
random number seed, RandSeed ..
745
Scatterplots ................ 553
show results, ShowStat ....... 546
two-variable results, TwoVar ... 544
variables . . .......... ... ... 546
xylineplots ................. 553
statistics. See also regressions
status

batterylow ................... 68

on Appsdesktop ............... 3
split-screen . ................. 34
statusline ................. 199, 303
command parameters .......... 21
history information . . ........... 25
StoGDB, store graph database .503, 627
stop, Stop .. ... 577
StoPic, store picture ............. 627
stopping a calculation ............ 163
Store (STOX)key ................. 15
storing
graph database, StoGDB ... ... 627
picture, StoPic .. ............. 627
symbol,> .................. 594
string( ), expression to string . ...... 601
strings
append, & ... 600
character code, ord() ......... 600
character string, char() ........ 600
dimension,dim() ............ 600
expression to string, string() . . ..601
format, format() ..... 600, 618, 625
indirection, # ................ 600
inputting, InputSt . . . .. 599, 617, 726
left,left() ................... 600
mid-string, mid() ............. 600
operations .............. 598, 600
right,right() ................. 601
rotate, rotate() .............. 601
shift, shift() ................. 601
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string to expression, expr() 599, 600,

....................... 618
within, InString . ............. 600
style,Style ................ 311, 626
submenus ............ L 175
substitutions . .......... 247, 249, 251
subtractionkey (5)) ............... 12
SUM, Z() v 264
switch, switch() ................ 615
symbolic manipulation ........... 267
system data, sysData ........ 467, 468
T
t0 window variable .............. 414
TABLE SETUP, table setup ....... 453
table-graph, Graph<->Table ....... 454
tables
Atbl .o 454
automatic .................. 457
cellwidth .............. 459, 465
complex numbers ............ 461
differential equations ......... 450
displaying, DispThl . ...... 618, 625
functions ................... 461
generating with sequence ..... 371
graphing, Graph<->Table ... ... 454
incrementing, Atbl . ........... 454
Independent AUTO/ASK . .455,457,
462
manual .................... 462
OVEeIvView . .................. 452

programs . ...........oii.. 625
setTable() .................. 457
setting, setTable() ........... 615
Setup ... 457
setup, TABLE SETUP ......... 453
starting, thiStart . ............. 454
tbiStart . . ............. ... 454

Tangent (graph math tool) 329, 334, 344,
351

Taylor polynomial, taylor() ....264, 267

tbiStart, table start . .............. 454

temperature conversion, tmpCnv() . .284

temperature-range conversion,

AtmpCnv() ... 284
textediting ............. 643, 653, 659
cut, copy, paste . ......... 210, 651
find ....... ... ... L. 652
highlighting ................. 650
text, Text .................. 619, 620
Then, Then ................ 604, 605
three-dimensional graphing . . . .373—407
animation ............... 99, 389
CONTOUR LEVELS ...... 102, 393
HIDDEN SURFACE ...... 102, 393
WIRE AND CONTOUR . ...102, 393
WIRE FRAME ........... 102, 393

Tl Connectivity Cable .63, 714, 731, 735
Tl ViewScreen overhead panel

connecting .. ................. 66
Tl Connect software
time
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reset ....... .. . e 46

setting...................... 38
time plots, TIME . ... 355, 361, 432, 433
time value of money activity ....... 769
TIME, time plots ........ 355, 432, 433
TI-Presenter video adapter

connecting .................. 66
tmax window variable ........ 349, 414
tmin window variable ............ 349

tmpCnv( ), temperature conversion . 284
toolbar

define, Custom .............. 619
off, CustmOff ............... 228
on,CustmOn ............... 228
Toolbar menus
calculator Home screen ........ 47
movingamong ............... 53
replaced by custom menu ...... 54
selecting math operations . ..... 12
Toolbar, toolbar ................ 619
top-bottom split screen
setting...................... 57
setting initial Apps . ........... 59
status ... 34
tplot window variable ............ 415

Trace, trace ....... 749, 759, 761, 764

trace, Trace 319, 626, 749, 759, 761, 764

tracing 85, 319, 322, 344, 351, 360, 379,
418

transmitting. See linking and transmitting

Trigmenu ..................... 255

trigonometric

collection, tCollect() .......... 255

expansion, tExpand() ......... 255
fruemessage ................... 273
try, Try . 634
tstep window variable ........ 349, 414
turningoff ........ ... ... . ... ... 5

after APD ............ .. ...... 5

following inactivity .............. 5
turning on

initial startup .. ................ 2
TwoVar, two-variable results .. .. ... 544
two-variable results, TwoVvar .. .. ... 544
typing

flename .................... 27

to scroll through Catalog . ....... 20

U

Unarchiv, unarchive variables . 595, 706,
707

unarchive variables, Unarchiv . 595, 706,
707

undef (undefined) message . ....... 276
Unit ID (identifier) ............... 232
Unit Systemmode ............... 187
unit Systemmode ................ 16
units
converting .................. 281
defaults ................ 285, 291
displaying .................. 285
measurement ............... 277
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modes ............iiiin. 187
setting, setUnits() ........... 615
user-defined ................ 288
unit-to-unitcable ................. 70
connecting .................. 66
unlock, Unlock ................. 595
upgrading operating system (OS) . . .729,
730, o 731
user-defined functions ...194, 221, 269,
376, .......... 473, 475, 583, 585
user-definedunits . .............. 288
\Y
Value (graph math tool) ..329, 330, 351,
380, ... 418
variables ............... 37, 195, 197

archiving and unarchiving . 705, 706
archiving, Archive . ... 594, 706, 707

clearing . ................... 677
copy, Copyvar .......... 594, 701
COpYINg oo v 701
data ........... .. ... . ... 515
defined ................ 233, 669
delayed simplification ......... 245
delete, Delvar .. 236, 268, 594, 598
deleting .................... 722
DelType 703
in applications .......... 703, 704
local, Local .. ... 587, 592, 594, 595
locking, Lock ............... 595
locking/unlocking ........ 202, 701

matriXx .............. .00 ..., 517
moving, MoveVar ............ 595
overriding .................. 237
pastingname ........... 703, 704
recall ........... ... ... .. ... 15
referringto App files ........... 26
renaming ................... 698
statistical ............... 542, 546
store ... .. 15
text .. 208
transmitting .. ... 714, 716, 720, 721
unarchive, Unarchiv . .595, 706, 707
undefined .............. 233, 669
unknown, solving for ...... 668, 672
unlocking, Unlock ............ 595
VARLINK . . 689, 691, 692, 693, 694,
696, ....... 697, 698, 699, 706
Vector Formatmode ............. 186
vector formatmode ............... 16
VECIOIS . .. .. i 78
Vector Formatmode .......... 186
viewingangle ................... 384
viewingorbit ................... 389
W
web plots
convergence ................ 364
divergence ................. 366
oscillation .................. 367
WEB .............. 355, 361, 362
WEB, webplots ......... 355, 361, 362

976



when,when() .................. 473

while, While . .................. 611

Window Editor .................. 56

window variables
diftol ...................... 416
dtime ..................... 416
Estep ...... ... . ... .. ... 416
eyed (zaxis) ........ 376, 385, 387
eyed (x axis) ........ 376, 385, 387
eyey (rotation) ...... 376, 385, 387
fldres ..................... 416
ncontour ................... 377
NCUIVES . . ..ot i i e 415
NMaxX . .......c.couiiineenn.. 357
nmin ........... ... 357
plotStep ................... 357
plotStrt . ................... 357
omax ............ ... ... ... 341
omin ........ .. ... . 341
Ostep ...... ... 342
t0 . 414
tmax .................. 349, 414
tplot ......... ... ... .. ... 415
tstep ........ . . 349, 414
Xgrid ... 377

xmax . .311, 342, 349, 357, 377, 415

xmin ..311, 342, 349, 357, 377, 415
XIS 312
xscl....... 312, 342, 350, 357, 415
yorid ... 377

ymax . . 311, 342, 349, 357, 377, 415

ymin . 311, 342, 349, 357, 377, 415
yscl ....... 312, 342, 350, 357, 415
ZMAX oot i e e e 377
ZMIN . 377
wire-and-contour graphing ....102, 393
wire-frame graphing ......... 102, 393
with, | ........... ... 78, 81, 237, 247
within string, inString() ........... 600
X
xgrid window variable ............ 377
xmax window variable ... 311, 342, 349,
357, 377, 415
xmin window variable 311, 342, 349, 357,
....................... 377, 415
xor, Boolean exclusive or ..... 603, 683
XorPic, exclusive or picture ........ 627
xres window variable ............. 312

xscl window variable 312, 342, 350, 357,
415

xylineplots . .................... 553

Y

Y= editor 84, 87, 303, 341, 347, 354, 375,
....................... 410, 469

ygrid window variable ............ 377

ymax window variable ... 311, 342, 357,
377, o 415

ymin window variable 311, 342, 349, 357,
....................... 377, 415
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415

Z

Zero (graph math tool) ....... 329,

zeroes
activity ............ ... ...

zeroes, zeroes() . ....... 238, 254,

Zeroes, zerosS( ) v oo
zeros(),Zeroes .. ...
zmax window variable ...........
zmin window variable ............
zoom

box, ZoomBox .......... 323,

data, ZoomData .............
decimal, ZoomDec ...........

factors ................ 324,

fit, ZoomFit . ................

in, ZoomIn ............. 323,

integer, Zoomint .............

Memory ............... 324,
out, ZoomOut ........... 323,

previous, ZoomPrev ..........
recall, ZoomRcl .............
square, ZoomSgr . ...........
standard, ZoomStd . ..........

store, ZoomSto . ......... 327,

trig, ZoomTrig . ..............
ZOOMMENU ...
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