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Important

US FCC Information
Concerning Radio
Frequency
Interference

Texas Instruments makes no warranty, either expressed 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 calculator.
Moreover, Texas Instruments shall not be liable for any claim of any
kind whatsoever against the use of these materials by any other
party.

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 with 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.



TI1-89 Shortcut Keys

General

] List of Flash applications

=] Toggle between last two chosen
applications or split screens

E0E, Lighten or darken contrast

[+ Calculate approximate answer

[¢)®, [¢J® Move cursor to top or bottom
(in editors)

@, @ Scroll tall objects in history

M@, ®  Highlight left or right from cursor

>, ®@ Page up or page down
(in editors)

©, ® Move cursor far left or far right

On-screen Keyboard Map ( [¢][EE])
Press to exit the map.

% GREEK & TYZDATA |
N L1
FMT KEDFRGM7-9 &
1 [

SYFE _REDFRGH 4 - &
EE] [A]

T KEDFRGM1-3
]

OFF = & HOMEDATA
L] L]

The keyboard map displays shortcuts that are
not marked on the keyboard. As shown
below, press [¢] and then the applicable key.

Alpha Rules
Type one lowercase letter
Type one uppercase letter
[a-lock] Lowercase alpha lock
M Uppercase alpha lock
Exit alpha lock

3D Graphing

®,®,©,® Animate graph
#H,E Change animation speed
X,Y,Z View along axis
[0 Return to original view
M Change graph format style
Expanded/normal view

Greek Letters

@

To access the Greek
character set

[ +letter To access lowercase Greek

[ +letter

letters. Example:

() [ (aipha] [W] displays w

To access uppercase Greek
letters. Example:

E Q@ [W] displays Q

If you press a key combination that does not
access a Greek letter, you get the normal

LE #*

(] Access Greek letters
(see next column)

[+] @ (comment)

e Copy graph coordinates to
sysdata

HME ! (factorial)

M Display FORMATS dialog box

#1-[]9 Run programs kbdprgm1()
through kbdprgm9()

[ & (append)

[+ On-screen keyboard map

[ @

[« Turn off unit so that it returns
to current application the
next time you turn it on

[¢J[@] (zero) <

©0 2

[ Copy graph coordinates to

Home screen history

letter for that key.

—

@

>
™

@6 0 O
© ©
© ©

© @=0 @ &=~
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T1-92 Plus Shortcut Keys

General

K3 List of Flash applications

[E=] Toggle between last two chosen
applications or split screens

[¢JD Copy graph coordinates to
sysdata

F Display FORMATS dialog box

[eH Copy graph coordinates to
Home screen history

[¢IN Create new variable

[&Jo Open existing variable

(s Save copy as

&ME, Lighten or darken contrast

K3 Calculate approximate answer

] Turn off unit so that it returns
to current application the next
time you turn it on

[¢J1-[2]9 Run programs kbdprgm1()

through kbdprgm9()
On-screen Keyboard Map ( [¢] [KEY])
Press to exit the map.
ol & B O# o O 0§ & _
@ W B/ [0 @ 01 6,5

= GREEK ¥ "
(B [5] [O] H [ E O

CHFE B o~

IIIIIIEIE

ﬂr\

See the table below for shortcuts that are not
marked on the TI-92 Plus keyboard. See the
next column for accent marks and Greek
letters.

[2nd Q
[2nd) W
2nd R
(nd T
2nd) H
[2nd) X
LIE
[+][0] (zero)
I

(factorial)

(indirection)
(append)
(comment)

1\ I/\‘H@Qﬁi‘:@""Q

Editing
e} Move cursor to top
fe) Move cursor to bottom
© Move cursor to far left
O Move cursor to far right
[GRS) Scroll tall objects in history
O, ® Page up and page down
e x Cut
[JJc Copy
v Paste

3D Graphing

O,0,0,0 Animate graph
#H,6 Change animation speed
X, Y, Z View along axis
(0] (zero) Return to original view

F Change graph format style
Expanded/normal view

Accent Marks

A +letter &,¢,i,0,0,A E1,0,U

C + letter ¢, C

E +letter 4 6,0,6,0,y,AE IO, U Y
N +letter & A, 8,A KN, O

O +letter 4,8106,0,AET0,0
U+letter & 816,40,y AEITOU

Greek Letters

G To access the Greek

character set

To access lowercase Greek

letters. Example: GW

displays w

G (1] + letter To access uppercase Greek
letters. Example: G %
displays Q

If you press a key combination that does not

access a Greek letter, you get the normal

letter for that key.

G + letter

8 e p T W g
(] w][E][R][T][¥][u][1][o]P]

a c% g () \r/ A
[(al(s][o][F][c][H][J][K][L]
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Flash Applications

Applications

Hardware/Software
Requirements

Hardware Setup for
the Computer

Installing a Flash
Application from the
CD-ROM

Note: For further
information about
transmitting applications to
and from your computer
using TI Connect, refer to
the Tl Connect online help.

Running a Flash
Application

Flash functionality enables the ability to download different
applications to a TI-89 / TI-92 Plus calculator from the enclosed
CD-ROM, the TI web site, or from another calculator.

Before downloading new applications to a TI-89 / TI-92 Plus, please
read and accept the license agreement on the TI-89 / TI-92 Plus
Applications CD-ROM.

Before installing Flash applications, you will need:

.

A computer with a CD-ROM drive and a serial port.

TI™ Connect or TI-GRAPH LINK™ software and a TI-GRAPH LINK
cable. If you need the TI Connect/ TI-GRAPH LINK software or a
TI-GRAPH LINK cable, check the TI web site at education.ti.com .

To set up:

1.

Insert the small end of the TI-GRAPH LINK cable into the port at
the bottom of the TI-89 or the top of the TI-92 Plus.

Connect the other end to the computer’s serial port using a
25-t0-9 pin adapter if necessary.

To install an application:

1.

Insert the TI-89 / TI-92 Plus Applications CD-ROM into the
computer’s CD-ROM drive.

From the computer, start the TI-GRAPH LINK software.

. From the Link menu, click Send Flash Software » Applications and

Certificates.

Locate the Flash application on the CD-ROM and double-click.
The Flash application is copied to the calculator.

To run an application:

1.

2.

On the TI-89 / TI-92 Plus, press [¢] to display the FLASH
APPLICATIONS menu.

Use the cursor keys @® to highlight the application and press
(ENTER].



Transferring a Flash
Application from
another

TI-89 / TI-92 Plus

Note: This guidebook uses
TI-89 screen shots.

Backing up a Flash
Application

Note: For further
information about
transmitting applications to
and from your computer
using TI Connect, refer to
the Tl Connect online help.

Deleting a Flash
Application

Note: To select all Flash
applications, use the [F5) All
menu.

Do not attempt to transfer an application if a low-battery message
appears on either the receiving or sending calculator.

1.

Connect the calculators with the calculator-to-calculator cable
that came with the TI-89 / TI-92 Plus.
On the sending calculator:
a. Press [VAR-LINK]
b. Press:
TI-89: [F7]
TI-92 Plus:
c. Highlight the Flash application and press (a v is displayed
to the left of the selected item)
On the receiving calculator:

a. Press [2nd] [VAR-LINK]
b. Press [F3]
c. Select: 2:Receive

d. Press [ENTER

On the sending calculator:

a. Press(F3)

b. Select: 1:Send to TI-89/92 Plus
c. Press [ENTER

To back up an application to the computer:

1.

IS

On the calculator, press:

TI-89:
TI1-92 Plus: [¢] [HOME]

From the computer, start the TI-GRAPH LINK software
From the Link menu, click Receive Flash Software
Select one or more Flash applications and click add
Click ok

Save the application to the computer and record this information
for future reference.

To delete a Flash application from the calculator:

1.
2.

Press [VAR-LINK] to display the VAR-LINK screen
Press:

TI-89: [F7]

TI-92 Plus:

Highlight the Flash application and press [F4] (a vis displayed to
the left of the selected item)

Press and choose 1:Delete

— Oor —

Press (a confirmation message appears)
Press to confirm the deletion.
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Keystroke Differences

There are certain differences in keystrokes using the TI-89 / TI-92 Plus for various operations. The

following table shows the keystrokes for major commands for the two calculators.

FUNCTION TI-89 TI-92 Plus
LETTERS
One lowercase letter (a-s, u, v, w) A-S, U-W A-S, U-W
One lowercase letter (t, X, y, z) T,X,Y,Z T,X,Y,Z
Several lowercase letters [a-lock]
End several lowercase letters
Several uppercase letters [a-lock] [cAPS]
End several uppercase letters [cAPS]
FUNCTION KEYS
F6 [Fe]
F7 [F7]
F8 [Fg]
NAVIGATION
Scroll tall objects up or down in history ®,1Be O,80
Move cursor far left or far right on entry line ®, ® O, O
Diagonal movement @ and © OO0
@ and O
®@and ©
@ and ()
FUNCTIONS
Display Home screen [¢] [HOME]
Cut (¢] [cuT] (¢ x
Copy (+] [coPY] (sc
Paste (] [PASTE] v
Catalog CATALOG [CATALOG]
Display Units dialog box [uNiTS] (o] [uniTs]
Sin [SIN] SIN
Cos [cos] C0S
Tan [TAN] TAN
LN [LN]
eX (o] [e¥] [ex]
EE [EE]

xii




FUNCTION TI-89 TI-92 Plus
SYMBOLS

» (Conversion triangle) »] ]

_ (Underscore) [-] -]

0 (Theta) (+] [6]

I (“With”) II] (1]

' (Prime) 2nd) [*] []

° (Degree) 2nd) [°] [°]

O (Angle) [4 2nd) [£]

2 (Sigma) 2( (=]

x-1 (Reciprocal) A1 [

Space (alpha)[] Space bar
HIDDEN SHORTCUTS

Place data in sysdata variable &E [¢JJD

Greek characters («J or[¢] (¢JGor [¢]G
Keyboard map Q] (¢ kY]

Place data in Home screen history [+ [eJH

Grave (3, &,1, 0, 1) [CHAR] 5 2nd A a, e, i,ou
Cedilla (¢) [cHAR] 5 6 2nd] C ¢

Acute (3, é,1, 6,4, y) [CHAR] 5 E aeio0uUy
Tilde (&, i, 6) [CHAR] 5 6 N an,o
Caret (4, &,1, 6,0 [CHAR] 5 O aeiouU
Umlaut (4, &, 1, 6, i, §) [CHAR] 5 U aeiouy
? (Question mark) [CHAR] 3 Q

B (Beta) [cHAR] 5 6 S

# (Indirection) [CHAR] 3 T

& (Append) [(¢] [x] (times) H

@ (Arbitrary) ] 2nd) R

# (Not equal to symbol) +E Vv

! (Factorial) +E 2nd] W

Comment (Circle-C) B @ nd X @

New 3 [N

Open 1 [¢Jo

Save copy as 2 (s

Format dialog box R [eJF




What’s New?

Introducing
Advanced
Mathematics
Software
Version 2.0

Language
Localization

Improved User
Interface

xiv

TI developed the Advanced Mathematics For details, refer to:
Software Version 2.0 to enable Chapter 21 and 22

downloadable calculator software
applications for the TI-89 and TI-92 Plus.

Advanced Mathematics Software Version 2.0 is an infrastructure
enhancement of the current Advanced Mathematics Software
Version 1.xx. It has all the features of Version 1.xx. The improved
infrastructure enables multiple downloadable calculator software
applications, language localization. This enhancement also provides
your new TI-89 / TI-92 Plus with maximum reapportionment of the
over 702-KB Flash memory between user data archive and calculator
software applications.

All previous TI-89 and TI-92 Plus Modules can be upgraded to Version
2.0. However, on some TI-89 and all TI-92 Plus Module units, the user
data archive can only occupy a maximum of 384-KB of the over 702-
KB Flash memory shared with calculator software applications.

You can download Advanced Mathematics Software Version
2.0 to your computer from the Tl web site at education.ti.com ,
then transfer it to your TI- 89 / TI- 92 Plus using the

TI™ Connect or TI GRAPH LINK™ software and a TI-GRAPH LINK
cable. The Advanced Mathematics Software is free from the TI
web site at education.ti.com .

The TI-89 / TI-92 Plus can be localized into For detalils, refer to:
other languages. These free applications Chapter 1

translate prompts, error messages, and
most functions into one of several
languages.

The improved user interface allows folder collapse/expand and
expands the CATALOG menu to include application functions and
user-defined functions.



Upgradability with
Flash ROM

Custom Menu

The TI-89/ TI-92 Plus uses Flash technology, |for details, refer to:
which lets you upgrade future software Chapter 22

versions without buying a new calculator.

As new functionality becomes available, you can electronically
upgrade your TI-89 / TI-92 Plus. Future software versions include
maintenance upgrades that will be released free of charge, as well as
new applications and major future upgrades that will be available for
purchase from the TI web site.

To download upgrades from the TI web site, you must have an
Internet-connected computer, TI™ Connect or TI-GRAPH LINK™
software, and a TI-GRAPH LINK cable. You can also transfer the
product software (operating system) and Flash applications from
one TI-89 / TI-92 Plus to another using a unit-to-unit cable, provided
that the receiving calculator is also licensed to run that software.

New to the TI-92 Plus is the custom menu feature that lets you create
your own toolbar menu. A custom menu can contain any available
function, instruction, or set of characters. The TI-92 Plus has a default
custom menu that you can modify or redefine.

XV



Getting Started

Getting the TI-89 Ready t0 Use..........ccccvuvueiniiiiinininiciicccnccceenee 2
Getting the TI-92 Plus Ready t0 US€.......ccccoeererenireneniecreneeeecseseecs 3
Setting the Contrast and Selecting a Language...........cccocevvevveeeeneneencns 4
Performing Computations............ccecevvevevererieiieenieiseseeeeeseeseeeseeseenenns 8
Graphing a FUNCHON .......c.covueueininiiiiccc et 11

This chapter helps you to get started using the TI-89 / TI-92 Plus
quickly. This chapter takes you through several examples to
introduce you to some of the principal operating and graphing
functions of the TI-89 / TI-92 Plus.

S I L e cleFuEn'up]_]
= 1= S
1.2

n Iz

" [C’DS ?]] z
o fm

u 51H[T] - PET LAY
sintm- 4
AN FAD AUTD — FURE P

After setting up your TI-89 / TI-92 Plus and completing these
examples, please read Chapter 2: Operating the Calculator. You
then will be prepared to advance to the detailed information
provided in the remaining chapters in this guidebook.
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Getting the TI-89 Ready to Use

The T1-89 comes with four AAA batteries. This chapter
describes how to install these batteries. It also describes how
to turn the unit on for the first time, set the display contrast,
select a language, and view the Home screen for both the
TI-89 and the TI-92 Plus.

Installing the AAA To install the four AAA batteries:

Batteries 1. Place the TI-89 face down on a soft cloth to prevent scratching

the display face.

2. On the back of the calculator, depress the battery cover latch. Lift
and remove the battery cover.

3. Remove the batteries from the package and install them in the
battery compartment. Arrange the batteries according to the
polarity (+ and -) diagram in the battery compartment.

Important: When replacing 4. Replace the battery cover by inserting the two prongs into the
batteries in the future, two slots at the bottom of the battery compartment, and then

fﬁigf é?faé;fﬁez;fg g’S push the cover until the latch snaps closed.

[ore]. To replace the batteries without losing any information stored in

memory, follow the directions in Appendix C.

£
Lithium battery

L
—+Ir=1+
AAA batteries
+ | =]+ |=
[\

==
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Getting the TI-92 Plus Ready to Use

Installing the AA
Batteries

Important: When replacing
batteries in the future,
ensure that the TI-92 Plus is
turned off by pressing

[OFF].

The TI1-92 Plus comes with four AA batteries. This chapter
describes how to install these batteries. It also describes how
to turn the unit on for the first time, set the display contrast,
select a language, and view the Home screen for both the
TI-92 Plus and the TI-89.

To install the four AA alkaline batteries:

1. Holding the TI-92 Plus unit upright, slide the latch on the top of the
unit to the left unlocked position; slide the rear cover down about
one-eighth inch and remove it from the main unit.

<+—— Slide to open.
(\/ﬁ—‘/,_‘—G 2 E YA ‘i/‘

2. Place the TI-92 Plus face down on a soft cloth to prevent
scratching the display face.

3. Install the four AA batteries. Be sure to position the batteries
according to the diagram inside the unit. The positive (+) terminal
of each battery should point toward the top of the unit.

{

|
(L~
—

AA batteries

G—Lithium battery

4. Replace the rear cover and slide the latch on the top of the unit to
the right locked position to lock the cover back in place.

Chapter 1: Getting Started 3



Setting the Contrast and Selecting a Language

Turning the Unit on
and Adjusting the
Display Contrast

Languages on the
TI-89 / TI-92 Plus

Important
Information About
the Language
Process

Note: English cannot be
deleted and remains
available in the product
software (base code).

After you install the batteries in your TI-89 / TI-92 Plus, press [ON]. It is
possible that the display contrast may be too dark or too dim to see
anything.

To adjust the display to your satisfaction, hold down [¢] (diamond
symbol inside a green border) and momentarily press [-] (minus key)
to lighten the display. Hold down [¢] and momentarily press [+ (plus
key) to darken the display.

You will see a screen that lists several languages. The list of
languages on your calculator may vary from this example.

[ Select A Landuads \

v Enalish
Deutzch
Ezpafiol
Francais
Italiang
Portuaués

<EntariE__» {EFCCANREL

Languages other than English are available as Flash applications.
English is part of the product software (base code). You may keep as
many or as few alternate languages on your calculator as you want
(subject to memory limitation) and switch between them easily.
During the process, you will be given an opportunity to choose
additional languages to keep or delete. You may also add or delete
language applications through the VAR-LINK screen.

The TI-89 / TI-92 Plus can be localized into one of several languages.
Localizing means that all menu names, dialog boxes, error messages,
etc., will display in the language of your choice.

The TI-89 / TI-92 Plus can be localized into only one language at a
time; however, you can keep additional languages on the unit and
switch the language at any time.

The initial localization of the TI-89 / TI-92 Plus occurs in three phases:

¢ Phase I - Select the language in which you would like to localize
the TI-89 / TI-92 Plus. Future online instructions will appear in the
selected language.

e Phase II - Read the instructional message that appears in the
language you selected in Phase 1.

e Phase III - The TI-89 / TI-92 Plus is localized into the language you
selected in Phase I. You can now select one or more language
applications that you would like to keep on the calculator (in case
you want to switch to another language later). You can always
reload one or more language applications later, if necessary. The
calculator will then automatically delete the unselected
languages.

4 Chapter 1: Getting Started



Localizing the
TI1-89/ TI-92 Plus

Note: Until you complete
the localization process, the
Select a Language dialog
box will reappear when you
turn the unit on.

. Press the cursor keys (® or ®) to f

Zelect i Landuade |

move the pointer to the language in + Eralizh

i i Deutsch
which you would like to set your PopLach

TI-89 / TI-92 Plus. (The list of franzais
languages on your calculator may Fortuaugs
vary from this example.) cEnEersmR s ESCCANCEL

. Press to set the TI-89 / TT-92 Plus into the selected language.

(Pressing halts the localization process and displays the
Home screen.)

. Read the message that appears and f ]

then press [ENTER). SRS s
Tanduads mode usind the MODE ke,
Th displays in th it Mg it
€ message lsplays n e U can rmanually add aF deleks the
language you previously selected. Tanduafes uia the VAR-LIME scrgsn

Tater, Check wwmti.coms/calc For
Tanduade urdates.

CEnter=Ok 1

. Press the cursor keys (® or @) to move the pointer and then

press [F1] to select each additional language that you would like to
keep.

— or—

Press to select and keep all of the language applications.

L Felect Additienal Landuades |

1|Fz
You cannot uncheck English or the E«"ME lich
language you selected in step 1. Seatash
« Espafiol
Frangais
Italiang

Pressing toggles the v on and off. v Fartugués

cEnterziE__a ESC=LANLEL

. Press [ENTER] to complete the localization process. Additional

selected languages, if any, are retained in memory and unselected
languages are deleted to free up Flash memory. (Pressing
halts the localization process and displays the Home screen.)

If additional language applications remain on your TI-89 / TI-92 Plus,
you can change the localization language via Page 3 ([F3]) of the Mode
dialog box. See “Setting Modes” in Chapter 2 for information on how
to use the Mode dialog box. You can add or delete language and other
Flash applications via the VAR-LINK screen. See “Transmitting
Variables, Flash Applications, and Folders” in Chapter 22.

Language applications are available on the enclosed CD and from the
Texas Instruments web site. For up-to-date information about Flash
applications, including additional language applications, check the
Texas Instruments web site at:

education.ti.com
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About the Home

After you select a language, a blank Home screen is displayed.

Screen The Home screen lets you execute instructions, evaluate
expressions, and view results.
Fir Fir [Fi=] Fhr FE [d
Tools|Al3gbra|Calc|0ther |Frami{Clean U
HalM FnD AUTO FUNC 00
The following example contains previously entered data and
describes the main parts of the 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.
History Area Toolbar. .
Lists entry/answer pairs Lelts you display menus for
: selecting operations
Fi~ Fzr |Fi=] Fu= FE FE~
)S/gronetjvpetﬁgtg(r:fger?ggs \ Taols|A1Acbra|Calc|Dkher [Framl0|Clzan Ue applicab|e to the Home
you make new entries lﬁ b= screen. To display a toolbar
: 13 menu, press [F1], [F2), etc.
. WS[E] z
3 2
Last Entry mein| X 07107
Your last entry. sinly . —— Last Answer
iRt g4 Result of your last entry.
Entry Line HAIN FAD AUTOD ___ FUNC EFED] Note that results are not
Where you enter displayed on the entry line.
expressions or
instructions.
Status Line
Shows the current state
of the calculator.
6 Chapter 1: Getting Started



Turning the

TI-89 / TI-92 Plus

Off

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.

Last Entry

"Pretty print" is ON.
Exponents, roots,
fractions, etc., are
displayed in the same
form in which they are
traditionally written.

Fi-] Fer |F3=] Fu= | FE Far
Tools|AldckrajCalc|Other [FE3rl0{C1san U

— [® comDetom

2
e +"'2+'=|2+'=|
[x+ 1]
22w +x -'=|+2-><-'=|2+2-L
ML+ 2wt ]

conbenon { Cg™Z+yd s (et 3552+

HilW RnD AUTO FUNC 130

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.

When you want to turn the TI-89 / TI-92 Plus off, press [oFF].

(Note: [0FF] is the second function of the key.)
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Performing Computations

This section provides several examples for you to perform that demonstrate some of the
computational features of the TI-89 / TI-92 Plus. The history area in each screen was

cleared by pressing [F1) and selecting 8:Clear Home, before performing each example, to
illustrate only the results of the example’s keystrokes.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Showing Computations
1. Compute sin(w/4) and display the :[2nd [SiN] 2nd [x] L S A A e S
result in symbolic and numeric ;[] 4 [F 4 D] [ENTER
format. ] ] [ - ] Z
msin|5 ==
El z
To clear the history area of previous i B
calculations, press [F1) and select sm[ 4] - TETLAT
8:Clear Home. Heinta-dd
AN FRD AUTO FUNC D]
Finding the Factorial of
Numbers
1. Compute the factorial of several ;5[nd)MATHI 7 1 (5(nd WENTER] ([Fel & JEme LB L im] |
numbers to see how the ENTER :
TI-89 / TI-92 Plus handles very as 120
large integers. 20 [MATHI 71320 W([ENTER] i[=28!  2432902008176640000
=3}
ENTER
To get the factorial operator (!), press 35"?5252859812191858636398'
[2nd) [MATH], select 7:Probability, and | GE FAD AT FINE EPET]
then select 1:!. 30 [MATH] 71330 W [ENTER
ENTER
Expanding Complex Numbers
1. Compute (3+5i)° to see how the (3 5nd[] (A3 S @ [i] HIFH) FE Tl e ]
TI-89 / TI-92 Plus handles 3 3 [ENTER
computations involving complex
numbers.
wz+5i)° -198 + 18-§
[
:LMNIN FRD AUTO FUNC 1730
Finding Prime Factors
L. Compute the factors of the 2 2 S A S
rational number 2634492. 2634492 2634492 :
ENTER ENTER

You can enter “factor” on the entry
line by typing FACTOR on the
keyboard, or by pressing [F2) and
selecting 2:factor(.

2. (Optional) Enter other numbers
on your own.

8 Chapter 1: Getting Started

= factor(2634492)
22.3.7-79-397)

factor (2634492
1| FAIN

FRD RUTO FUNC 1230




TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Expanding Expressions
L. Expand the expression (x-5)*. 3 3 R o el
OxEs0E3 (axEspEs3
You can enter “expand” on the entry
line by typing EXPAND on the
keyboard, or by pressing [F2) and ENTER ENTER -
selecting 3:expand(. " expand[éx i ]2
2= =15 %<+ 75 -x — 125
2. (Opﬁ/onal) Enter other ;Lﬁﬁﬁandccﬁzl;jn)ums) FINC 1750
expressions on your own.
Reducing Expressions
1. Reduce the expression 7 7 L T L L e
(x?- 2x- 5)/(x- 1) to its simplest X2 2 X XH2E2X
form. E50E C50E [x2_2.x_5]
v . - " . XE|1 XE|1 'F'rn:n:'Fruac,—x_1
ou can enter “propFrac” on the entry - _
line by typing PROPFRAC on the ENTER ENTER o1 rE!
i OpFrac (" 2—Zx—50 7 (x—10 0
I;Zﬁbci;?’7?£rg)‘;£::§(s"ng and EI_Maﬁ — R>|‘:D AT = ru/m:>< 1750
Factoring Polynomials
L. Factor the polynomial (x*-5) 2 2 S A S
with respect to x. X256 X 2E5
Oxm LIxQJ
You can enter “factor” on the entry ENTER NTER
line by typing FACTOR on the = factar(xZ - 5, %)
keyboard or by pressing [F2) and [ +J5)-[x - [5)
selecting 2:factor(. factor (e 2-5, =)
:LMMN RAD RUTO FUNC 1230
Solving Equations
1. Solve the equation x?- 2x- 6=2 1 1 i CRTALOG 1
with respect to x. XB2E2XE6 i X[H2[E2X[E6 Ei:-:sfg..ﬁ::nm!.?mJumfn"m..tJ ]
y ter “solve(* on the entry 12 X0 B20x0 Sinmic
ou can enter “solve(” on the entry itike
line by selecting “solve(” from the ENTER ENTER 'Eg}{ﬁ
Catalog menu, by typing SOLVE( on Fart
the keyboard, or by pressing and K stEDSC‘E
selecting 1:solve(. ; [ECTRTION, 7o
The status line area shows the T ool e e
required syntax for the marked item
in the Catalog menu.
lsolue[x2 —-2-x-6=2, x]
® =4 or x= -2

S0lue (™ P=Fu—f=3F, %)
HAIN

RHD AUTO FUNC 120
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TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Solving Equations with a Domain
Constraint
L. Solve the equation x?- 2x- 6=2 1 1 S A S
with respect to x where x is XR2E2XE6 X232 XE6
greater than zero. 20X E200X
) ) mx 2nd)[ 1] X 2
The “with” (1) operator provides o) [+] 0 258 [>] 0 meoluelx? -2 -6=2,x) |
domain constraint. N n =
TI-89: [ ENTER ENTER =L501Ue(><"2 PH—B=2, W) [ rE
TI'92 PIUS.' [l] H FRD BUTD FUNC 1430
Finding the Derivative of
Functions
1. Find the derivative of @W@XE3Y [ XEY T dE e e e monlcrmrs]_|
(x-y)3/(x+y)? with respect to x. 3EOXE . 3EMAOXHE (- )
Y Y@ 2 X KL 3
This example illustrates using the ElgER ENTER. Lxm (=) 2
calculus differentiation function and (s = 9)" (% +5-9)
how the function is displayed in (2 + |=|:|
‘pretty print” in the history area. T ™5 Lt a2, %)
=|_N FRD HUTO FUNC 120
Finding the Integral of
Functions
L. Find the integral of x* sin(x) with i[2nd)[/] X 1x e el el e
respect to x. [N XOIE] X0
X X

This example illustrates using the
calculus integration function.

® - simdede
Sin(x) — x-cosix)

Lf(x*s1n(x) %

i
FAD AUTD

FUNC 1230
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Graphing a Function

The example in this section demonstrates some of the graphing capabilities of the
TI-89 / TI-92 Plus. It illustrates how to graph a function using the Y= Editor. You will 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 / TI-92 Plus by graphing the function
y=(|x2- 3|- 10)/2.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the Y= Editor. [lv4] CeJlv=]
Tai=
ELMNIN FRD AUTO FUNC
2. Enter the function A [0 (2nd) [CATALOG] A i[[5%:
(abs(x?- 3)- 10)/2. ENTER pretty print’
XH2E3000 XxEH2E300 ot |22 -3l - 18 —display of the
1002 100JE2 2= z Lunq(r:}tllcl)igén the
ENTER da= |
1ixo=tabs (x 2-30—-100-2 |
HGE FRD AUTD FUNE
3. Display the graph of the 6 6
function.
Select 6:ZoomStd by pressing 6 or by
moving the cursor to 6:ZoomStd and
pressing [ENTER].
F T . 1 A
4. Turn on Trace. T || T hace|keter aph|rarn|vp auens
1
The tracing cursor, and the x and y
coordinates are displayed.
\/Mtracing
_—cursor
xci. 126582 wci -3, 50301
EMS: %14 OF TYFE + [ESCI=CANCEL
5. Open the MATH menu and select @@ OO R e -
3:Minimum. Lioalue
A 1MuUm
mterzection
erivativest
SF
AInflection
HIGIT] ERD nunE FUNC
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TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
6. Set the lower bound. ®...0 0...0 H A S A N R T (18
1
Press ® (right cursor) to move the ENTER ENTER
tracing cursor until the lower bound
for x is just to the left of the minimum
node before pressing the “F/
second time. Lower Bound?
woil. 13924 uct -4.14893
ELMHIN RAD AUT FUNC
7. Set the upper bound. ®...0 0...0 oo
1
Press () (right cursor) to move the
tracing cursor until the upper bound
for x is just to the right of the
minimum node. A‘$/
Lower Bound?
xc!iZ2.1519 yct -4, 18467
TYFE OF USE €314 + [EMTER] OF [E5C]
8. Find the minimum point on the :[ENTER ENTER oo
graph between the lower and
upper bounds.
Minimume )-\$/
Hoil. F32E5 yci -5,
ELMMN | FhD HUT FUNC
minimum point
minimum coordinates
9. Transfer the result to the Home :[¢][© [eIH 3|t Eaiealfote othar [ ratc|c1dan us
screen, and then display the HOME [¢][HOME]
Home screen.
Shortcuts for copying graph w[1. 7320508075682 -4, 9995
coordinates to Home screen history: [1.73205 -5.]
TI-89: ¢ H
T/'92 P/US.' E] H ELMMN FhD HUTD FUNC 1230
12  Chapter 1: Getting Started



Operating the Calculator

Turning the TI-89 / TI-92 Plus On and Off ...........ccooeorveniinncnncncnnccne 14
Setting the Display CONLIASt .........cccevverieiririeieererieerere e 15
The TI-89 Keyboard ........c.cccoeurueerriereinineeerinieiecnieeeeenteseesesseseesnenenes 16
The TI-92 Plus Keyboard.............ccecveirerieieerieieenieieeseseeeeesiesseneenes 17
MOIfIEY KEYS....cuiiviieeieriieieiieieietesetee ettt sve et ae e enesaan 18
Entering Alphabetic Characters... .21

Home Screen..........cccccceveunenee. .23
Entering Numbers...................... .25
Entering Expressions and Instructions...........c.cceceeeceevenenivcnenennenne. 26
Formats of Displayed Results...........cceevvererieirenienieineneeeeneneeeseeeen 29
Editing an Expression in the Entry Line

Using the Custom Menu ..
Selecting an Application..

Setting Modes .......coecevveviererenieninienierineneeeeeeieseeeee .

Using the Clean Up Menu to Start a New Problem............ccccececeeuneee. 43
Using the Catalog Dialog BOX......ccccverieirenieniririeeceeseeeesesie e 44
Storing and Recalling Variable Values............ccccocevveevrenenecerenieieennens 47
Reusing a Previous Entry or the Last ANSWer...........cccoceeevenecnennenee. 49

Auto-Pasting an Entry or Answer from the History Area.
Status Line Indicators in the Display
Finding the Software Version and ID Number ..................................... 55

This chapter gives a general overview of the TI-89 / TI-92 Plus and
describes its basic operations. By becoming familiar with the
information in this chapter, you can use the TI-89 / TI-92 Plus to
solve problems more effectively.

T rTs 15 eir |t e phar [pr awin -:1-zrusn'upﬁ

n],.7-4,2 7.14

- 5:(.4 LTr1d429

n Iz

" ':":'5[7] -
Cos O

N FREADTD  FURC %730

The Home screen is the most commonly used application on the
TI-89 / TI-92 Plus. You can use the Home screen to perform a wide
variety of mathematical operations.

Chapter 2: Operating the Calculator 13



Turning the TI-89 / TI-92 Plus On and Off

Turning the
TI-89 / TI-92 Plus
On

Turning the
TI-89 / TI-92 Plus Off

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

APD (Automatic
Power Down)

Batteries

You can turn the TI-89 / TI-92 Plus on and off manually by using
the [ON] and [2nd] [0FF] (or (¢] [0FF] ) keys. To prolong battery life,
the APD™ (Automatic Power Down™) feature lets the

TI-89 / TI-92 Plus turn itself off automatically.

Press [ON].

» If you turned the unit off by pressing [OFF], the TI-89 / TI-92 Plus
returns to the Home screen.

« If you turned the unit off by pressing [¢] [0FF] or if the unit turned
itself off through APD, the TI-89 / TI-92 Plus returns to whichever
application you used last.

You can use either of the following keys to turn off the TI-89 / TI-92 Plus.

Press: Description
[oFF] Settings and memory contents are retained by the
(press Constant Memory ™ feature. However:
h . .
and then You cannot use [OFF]if an error message is
press [OFF] ) .
displayed.
¢ When you turn the TI-89 / TI-92 Plus on again, it

always displays the Home screen (regardless of
the last application you used).

[¢][oFF] Similar to [OFF] except:

(press [¢] *  You can use [¢][0FF]if an error message is

and then displayed

press [OFF]) played.

¢ When you turn the TI-89 / TI-92 Plus on again, it
will be exactly as you left it.

After several minutes without any activity, the TI-89 / TI-92 Plus turns
itself off automatically. This feature is called APD.

When you press [ON], the TI-89 / TI-92 Plus 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.

APD does not occur if a calculation or program is in progress, unless
the program is paused.

The TI-89 uses four AAA alkaline batteries and a back-up lithium
battery. The TI-92 Plus uses four AA alkaline batteries and also has a
back-up lithium battery. To replace the batteries in either calculator
without losing any information stored in memory, follow the
directions in Appendix C.
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Setting the Display Contrast

Adjusting the
Display Contrast

When to Replace
Batteries

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

Using the TI-92 Plus
Cover as a Stand

Note: Slide the tabs at the
top-sides of the TI-92 Plus
into the slots in the cover.

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 TI-89 / TI-92 Plus is turned off.

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

To: Press and hold both:
Decrease (lighten) the contrast [¢Jand ]
Increase (darken) the contrast [¢Jand
TI-89 contrast keys TI-92 Plus contrast keys
VAR-LINK O VAR-LINK
j j
cHAR U @ cir @
il

)

If you press and hold [¢] (5] or [¢] [] too long, the display may go
completely black or blank. To make finer adjustments, hold [¢] and
then tap (=Jor (4] .

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.

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

Indicator in status line Description
EATT Batteries are low.
EATT Replace batteries as soon as possible.

When using the TI-92 Plus on a desk or table top, you can use the
snap-on cover to prop up the unit at one of three angles. This may
make it easier to view the display under various lighting conditions.
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The TI-89 Keyboard

Overview of Some
Important Keys

through [Fe]
function keys let you
select toolbar menus.
Used with [¢], you can
also select applications
(page 39).

[2nd), [+], (1], and
modify the action of
other keys (page 18).

displays the Home
screen, where you
perform most
calculations.

X, Y, and Z are often
used in symbolic
calculations.

lets you view and
change mode settings that
determine how numbers
and graphs are interpreted,
calculated, and displayed
(page 40).

Moving the Cursor

-~

Use this section to familiarize yourself with the various keys on
the TI-89 keyboard. Most keys can perform two or more
functions, depending on whether you first press a modifier key.

ﬁi TeEXAS INSTRUMENTS TI-89

cancels a menu or
dialog box.

Y= F7WINDOW F8_GRAPH

©, ®, ®, and ® move
the cursor.

lets you select an
application (page 38).

CLEAR] erases the entry
line. Also used to delete an
entry/answer pair in the

J.G d-H @[ history area.
:-L Mnm ¥ BN wrnco ——— [CATALOG] lets you select

from a list of functions
and instructions (page 44).

Adjust the contrast by
pressing [¢] (5] (lighten) or
[¢] () (darken).

ENTER) evaluates an expression,
executes an instruction, selects a
menu item, etc.

You can use [¢] [ENTER] to display an
approximate numerical result.

To move the cursor in a particular direction, press the appropriate
cursor key (©, ®, @, or @).

Some TI-89 applications also let you press:

©®or ® to move to the beginning or end of a line.
@ or ® to move up or down one screen at a time.
[¢] ® or [¢] ® to move to the top or bottom of a page.

@ and ©, ® and (), @ and @, or @ and () to move diagonally.
(Press the indicated cursor keys simultaneously.)
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The TI-92 Plus Keyboard

Keyboard Areas

Function Keys

Access the toolbar menus

displayed across the top

of the screen.

Application

Shortcut Keys

Used with the

[¢] key to let you
select commonly

used
applications.

Cursor Pad

With the TI-92 Plus’s easy-to-hold shape and keyboard layout,
you can quickly access any area of the keyboard even when

you are holding the unit with two hands.

The keyboard is divided into several areas of related keys.

Cursor Pad

Moves the display
cursorinupto 8
directions, depending
on the application.

.
S

~

® Texas INSTRUMENTS TI-92 Plus

[ﬂ T Fov Fiv 7 fav FE [
.E Alaebrs|Calc [0ther|PramI0Clean UPT_]

RN FAD ALTH FUNC 0730

ThiSet

s

QWERTY Keyboard

Enters text characters
just as you would on a

typewriter.

\

\ Calculator Keypad
Performs a variety of
math and scientific
operations.

To move the cursor, press the applicable edge of the cursor pad. This
guidebook uses key symbols such as ) and O to indicate which

side of the cursor pad to press.

For example, press (O to move the

cursor to the right.

Note: The diagonal directions

(®, etc.) are used only for geometry

and graphing applications.

©)

Chapter 2: Operating the Calculator
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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
(diamond) (page 39), menu items, and other operations from

the keyboard. On the keyboard, these are printed in
the same color as the [¢] key.

M Types an uppercase character for the next letter
(shift) key you press. [1]is also used with () and © to
highlight characters in the entry line for editing
purposes.
Note: For information about Used to type alphabetic letters, including a space
using (1] and [aloha), refer to (TI1-89 only) character. On the keyboard, these are printed in

“Entering Alphabetic
Characters” on page 21.

the same color as the key.

(hand) Used with the cursor pad to manipulate geometric
(TI-92 Plus only)  objects. [&] is also used for drawing on a graph.

Examples of The key is one of several keys that can perform three
and [¢] Modifiers operations, depending on whether you first press or[¢].

18

The following TI-89 example shows using the or (] modifier key
with the key.

(2nd) [QUIT] accesses ——— —— [¢] [PASTE] accesses PASTE,
QUIT, which is the which is the same color as
same color as the QUIT_PASTE the & key.

accesses the
key’s primary
function.

The following TI-92 Plus example shows using the or [¢] modifier
key with the Y alphabetic key.

[2nd) [»] accesses » ——— ——— [¢] [TABLE] displays the

(convert). The Table screen. The word is
convert symbol is > TABLE the same color as the [+
the same color as key.

the key. ‘

Pressing the
primary key types
the letter Y.
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Other Important
Keys You Need to
Be Familiar With

Note: Some keystrokes
differ between the TI-89 and
the TI-92 Plus. See the
Keystroke Differences table
in the front of this guidebook
for a complete list.

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.

On the TI-89, [¢] [cuT]
7/ accesses CUT, which
CUT 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 ) to cancel its
effect.

Key Description

[v=] Displays the Y= Editor (Chapter 6).

[winoow]  Displays the Window Editor (Chapter 6).

[TbiSet] Sets parameters for the Table screen (Chapter 13).

(]
(]
[¢] [GRAPH] Displays the Graph screen (Chapter 6).
(]
(]

[TABLE] Displays the Table screen (Chapter 13).

TI-89: These keys let you edit entered information by
(¢] [cuT] performing a cut, copy, or paste operation.
(+] [copY]
(+] [PASTE]
TI-92 Plus:
[¢] X (cut)
(] C (copy)
[*] V (paste)

[=3]] Switches the active side in a split screen (Chapter 14).

[cusToM] Toggles the custom menu on and off (page 37).

] Converts measurement units (Chapter 4).
TI-89: Designates a measurement unit (Chapter 4).
(-]
TI-92 Plus:
[-]
Deletes the character to the left of the cursor
(backspaces).
[ins] Toggles between insert and overtype mode for

entering information (page 33).

(] [DEL] Deletes the character to the right of the cursor.
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Important Keys
(continued)

Key Description
TI-89: Enters the “with” operator, which is used in symbolic
M calculations (Chapter 3).
TI-92 Plus:
(1
(1, Performs integrations and derivatives (Chapter 3).
[d]
[ Designates an angle in polar, cylindrical, and spherical
coordinates.
[MATH]  Displays the MATH menu.
(2nd) [MEM]  Displays the MEMORY screen (Chapter 21).
2nd Displays the VAR-LINK screen for managing variables
[VAR-LINK]  and Flash applications (Chapter 21).
[Rc  Recalls the contents of a variable (page 48).
TI-89: Displays the UNITS dialog box (Chapter 4).
[uNITS]
TI-92 Plus:
(¢ [uniTs]
[cHAR] Displays the CHAR menu, which lets you select Greek
letters, international accented characters, etc.
(Chapter 18).
[ANS],  Recalls the previous entry and the last answer,

2nd] [ENTRY]

respectively (page 49).
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Entering Alphabetic Characters

Entering a Letter
Character on the
TI-89

Typing Alphabetic
Characters on the
TI1-89 / TI-92 Plus

Note: On the TI-89, you do
not need or alpha-lock
to type x, y, z, or t. But you
must use (1] or uppercase
ALPHA-lock for X, Y, Z, or T.

Note: On the TI-89, alpha-
lock is always turned off
when you change
applications, such as going
from the Text Editor to the
Home screen.

Alphabetic characters are used in expressions such as x2+y?2,
to enter variable names (page 47), and in the Text Editor
(Chapter 18).

The letters x, y, z, and t are commonly used in algebraic expressions.
So that you can type them quickly, these letters are primary keys on

the TI-89 keyboard.

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 the same coloras ~ \
the key. ’

S
A

[A] types an A,
which is the same

color as the key.

To: On the TI -89, press: On the Tl -92 Plus, press:
Type a single and then the letter { the letter key
lowercase key
alpha (status line shows 1)
character.
Type a single and then the letter key and then the letter key
uppercase (status line shows =) (status line shows =)
alpha
character.
Type a space. [=] (alpha function i spacebar

of the () key)
Turn on [a-lock] (no action needed)
lowercase (status line shows W)
alpha-lock.
Turn on [a-lock] [cAPS]
uppercase (status line shows ET)
ALPHA-lock.
Turn off alpha- (turns off upper- [cAPS] (turns off
lock. and lowercase lock) uppercase lock)
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Typing Alphabetic
Characters ...
(continued)

Automatic Alpha-
Lock in TI-89 Dialog
Boxes

Note: To type a number,
press to turn alpha-
lock off. Press or

[2nd) [a-lock] to resume typing
letters.

For Special
Characters

On the TI-89, while either type of alpha-lock is on:

¢ To type 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 [t], you do not
need to turn alpha-lock off. After you type the character, alpha-
lock remains on.

There are certain times when you do not need to press or

2nd] [a-lock] to type alphabetic characters on the TI-89. 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. See

page 44 for more information.

Units dialog box In each unit category, type the first letter of a
unit or constant. See Chapter 4 for more

information.

Dialog boxes with entry
fields

These include, but are not limited to: Create
New Folder, Rename, and Save Copy As. See
page 35 for more information about dialog
boxes.

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.

Use the [CHAR] menu to select from a variety of special
characters. For more information, refer to “Entering Special
Characters” in Chapter 18.
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Home Screen

Displaying the
Home Screen

Parts of the Home
Screen

When you first turn on your TI-89 / TI-92 Plus, the Home screen
is displayed. The Home screen lets you execute instructions,
evaluate expressions, and view results.

When you turn on the TI-89 / TI-92 Plus after it has been turned off with
[0FF], the display always shows the Home screen. (If the

TI-89 / TI-92 Plus turned itself off through APD™, the display shows the
previous screen, which may or may not have been the Home screen.)

To display the Home screen at any time:

e Press:
TI-89:
TI-92 Plus: [¢][HOME]
* Press [2nd)[QUIT]
— or—
¢ Press:
TI-89: (aloha] A
TI-92 Plus: [APPS] A

The following example gives a brief description of the main parts of
the Home screen.
History Area

Lists entry/answer pairs
you have entered.

—— Toolbar
Press [F], [F2], etc., to
; f display menus for selecting
Pretty Print Display n . Y
Shows exponents, 15 i 4.2 r. 14 operations.
roots, fractions, etc., .
in traditional form. 7 1423
Refer to page 29.
| ] GDS[E] E —— Last Answer
Last Entry — | E] 2 Result of your last entry.
Your last entry. E Note that results are not
FAD AUTO FONC EPET] displayed on the entry line.
Entry Line
Where you enter X
expressions or Status Line

instructions.

History Area

Shows the current state
of the T1-89 / TI-92 Plus.

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. Refer to pages 50 and 52.
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Scrolling through
the History Area

Note: For an example of
viewing a long answer, refer
to page 28.

History Information
on the Status Line

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 1. From the entry line, press ® to
that have scrolled off highlight the last answer.

the screen

Go to the oldest or newest
history pair

View an entry or answer
that is too long for one
line (> is at end of line)

Return the cursor to the
entry line

2. Continue using @ to move the
cursor from answer to entry, up
through the history area.

If the cursor is in the history area, press
[¢] ® or [¢] @, respectively.

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.

Press [ESC], or press @ until the cursor is
back on the entry line.

If the cursor
is on the

entry line:

If the cursor
is in the
history area:

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

Total number of Maximum number
pairs that are \ /7 of pairs that can
currently saved. be saved.

8/30

Pair number of J \— Total number of

the highlighted
entry or answer.

pairs that are
currently 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.

Modifying the To:

History Area

24

Do this:

Change the number of
pairs that can be saved

Clear the history area
and delete all saved pairs

Delete a particular
entry/answer pair

Press and select 9:Format, or press
TI-89: [¢][1J TI-92 Plus: [¢] F. Then
press (), use ® or @ to highlight the
new number, and press twice.

Press [F1] and select 8:Clear Home, or
enter ClrHome on the entry line.

Move the cursor to either the entry or

answer. Press [«<] or [CLEAR].
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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 1. Press the negation key (). (Do not use the subtraction key [=].)
Number 2. Type the number.
To see how the TI-89 / TI-92 Plus evaluates a negation in relation to
other functions, refer to the Equation Operating System (EOS™)
hierarchy in Appendix B. For example, it is important to know that
functions such as x2 are evaluated before negation.
-(22
Use [ and ] to include Evaluated as (2%)
parentheses if you have .-32 -4
any doubt about how a 2
. . bl k&
negation will be T
evaluated. MAIN EAD AUTO FUNC FED]
Important: Use 2] for If you use -] instead of [ (or vice versa), you may get an error
subtraction and use message or you may get unexpected results. For example:
for negation.
e 9 7=-63
— but —
9 [x] (5] 7 displays an error message.
« 6[2=4
— but —
6] 2 = - 12 since it is interpreted as 6( - 2), implied multiplication.
. 2@4=2
— but —
[5] 2 [4] 4 subtracts 2 from the previous answer and then adds 4.
Entering a Number 1. Type the part of the number that precedes the exponent. This
in Scientific value can be an expression.
Notation 2. Press:
TI-89:
TI-92 Plus: [EE]
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

. 1.2345 1. 2345
the mode settings (pages 29 through :23_ 45E 2
31) and the magnitude of the i RADGUTD  FUNC 1730
number. L— Represents 123.45 x 102
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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 described on page 29.

Definitions Expression
Operator

Note: Appendix A describes ~ Function

all of the TI-89/ TI-92 Plus

built-in functions and

instructions.

Note: This guidebook uses Instruction

the word command as a
generic reference to both
functions and instructions.

Consists of numbers, variables, operators, functions,
and their arguments that evaluate to a single answer.
For example: nr2 +3.

* Enter an expression in the same order that it
normally is written.

¢ Inmost places where you are required to enter a
value, you can enter an expression.

Performs an operation such as +, —, *, .

¢ Operators require an argument before and after the
operator. For example: 4+5 and 5°2.

Returns a value.

¢ Functions require one or more arguments
(enclosed in parentheses) after the function. For
example: /(5) and min (5,8).

Initiates an action.
¢ Instructions cannot be used in expressions.

¢ Some instructions do not require an argument. For
example: ClrHome .

¢ Some require one or more arguments. For
example: Circle 0,0,5.

For instructions, do not put the
arguments in parentheses.

Implied The TI-89 / TI-92 Plus recognizes implied multiplication, provided it
Multiplication does not conflict with a reserved notation.
If you enter: The Tl -89/ TI-92 Plus interprets it as:
Valid 2n 2%
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
al1,2] Matrix index to element a[1,2]
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Parentheses

Entering an
Expression

Example

Note: You can also select
log by using

TI-89:

TI-92 Plus: [CATALOG]

(page 44).

Entering Multiple
Expressions on a
Line

Expressions are evaluated according to the Equation Operating
System (EOS™) hierarchy described in Appendix B. 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.

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 TI-89: [sIN] or

TI-92 Plus: [SIN].

—or —

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

— Oor —

¢ Type the name letter-by-letter from the keyboard. (On the TI-89,
use and [a-lock] to type letters.) You can use any mixture
of uppercase or lowercase letters. For example, type sin( or Sin(.

Calculate 3.76 ~ (- 7.9 + /5) + 2 log 45.

Type the function name in this
example.

On the TI-89:

On the TI1-92 Plus:

Display

5000

F2
[2nd) [a-lock] L O G [alpha
[@4s50]

ENTER

#H2
LOG

[g4s50]

ENTER

|3.76/('7.9+J( |

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

|3.76/(-7.9+J(5)) |

Use 0] once to close +/(5) and
again to close (~7.9 ++/5).

[3.76/(-7.9+V(5))+210g(45) |

log requires () around its
argument.

3. 76
u .o+ + 2 log(45)
2.64258

ER RN LY PR T
MAIN FAD AUTO FUNC FRED]

To enter more than one

Displays last result only. T

expression or instruction
at a time, separate them
with a colon by pressing

(2nd [:].

T
-5->a=2->h=% 502
S¥atd+biasb
AN RAD AUTD FUNC FVED]

L > is displayed when you press
to store a value to a variable.
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If an Entry or
Answer Is Too Long
for One Line

Note: When you scroll to
the right, < is displayed at
the beginning of the line.

Continuing a
Calculation

Example

Stopping a
Calculation

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 line, » is displayed at the
end of the line.

= expand[(x +2) ?]
w4 1415 +84-x7 + 28000

Expand 21 F 2
HAIN FAD AUTD FUNC 1750

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.

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.

Use ® and © or ® and v cxpand((x+ 2)7)

© to scroll right and left. .

To return to the entry line, grpandiboas @)
press [ESC].

When you press [ENTER] to evaluate an expression, the
TI-89 / TI-92 Plus 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 TI -89/ TI-92 Plus:

#, 35, , 5, 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 new entry.

Calculate 3.76 + (- 7.9 + v/5). Then add 2 log 45 to the result.

On the TI-89: On the TI1-92 Plus: Display
3.76[HAM@ 7.9 3.76[HAM@ 7.9 o 376 S
(2nd) (15 0] 0] ENTER] (2nd)[]15 0] 0] ENTER) 7afS )
= - EETS49FTS22E3E + 2 loalk
2. 84255
[#] 2[2nd) [a-lock] L O G [alpha] {[£)2 LOG Ens(1>+2102<45)
HMAIN RAD AUTD FUNC 2420
[@4s0) @450 When you press [#], the entry
ENTER ENTER line is replaced with the
variable ans(1), which
contains the last answer.

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” £ ERROR
message is displayed. Bk

Press to return to the current application.
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Formats of Displayed Results

A result may be calculated and displayed in any of several
formats. This section describes the TI-89 / TI-92 Plus modes
and their settings that affect the display formats. To check or
change your current mode settings, refer to page 40.

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

x-3 72, 12, \ ((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 two settings, you should be
familiar with all three settings.

Note: By retaining fractional ~ EXACT — Any result that is not a whole number is displayed in a
and symbolic forms, EXACT — fractional or symbolic form (1/2, , 2, etc.).

reduces rounding errors that
could be introduced by

intermediate results in :ggg 15/2 —— Shows whole-number results.
chained calculations. g 5
LT 32| —— Shows simplified fractional results.
E7d
HMAIN FAD EXACT FUWC 430
LR-2S 4 2-m| —— Shows symbolic =.
-% % —— Shows symbolic form of roots that
cannot be evaluated to a whole
u 377 Q—f number.
Tid-73
MAIN EAD EXACT FUNC 330
2-[7F Press [¢] to temporarily
=37 7 / override the EXACT setting and
u [477 755929 display a floating-point result.
L0470
MAIN EAD EXACT FUNC LEED]
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Exact/Approx
(continued)

Note: Results are rounded
to the precision of the
TI1-89/ TI-92 Plus and
displayed according to
current mode settings.

Tip: To retain an EXACT
form, use fractions instead
of decimals. For example,
use 3/2 instead of 1.5.

Tip: To evaluate an entry in
APPROXIMATE form,
regardless of the current
setting, press [¢] [ENTER].

30

APPROXIMATE — All numeric results, where possible, are displayed
in floating-point (decimal) form.

2,52 o
=253 7.5
uEST 2.
mEsd 1.5
Eod

HAIN RAD AFFROR _ FURC CTED)
LIRS 3 6. 28319
u % - FET 107
u [q7 . FS5929
T04-70

HAIN RAD AFFROR _ FURC 37E

—— Fractional results are

evaluated numerically.

——— Symbolic forms, where

possible, are evaluated
numerically.

Because undefined variables cannot be evaluated, they are
treated algebraically. For example, if the variable r is undefined,
nr2 = 3.141590r2.

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.

=Z-m 2 m
LN £.28319
. 4—?' . PE592Y
(4. 73

MAIN EAD AUTO FUNC 430

——— Adecimal in the entry forces a

floating-point result.

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 lg 707107 % ey A
Tk 2 2@ 6.28319 2@
* 2. 2 6.28319  6.28319
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Display Digits Mode

Note: Regardless of the
Display Digits setting, the
full value is used for internal
floating-point calculations to
ensure maximum accuracy.

Note: A result is
automatically shown in
scientific notation if its
magnitude cannot be
displayed in the selected
number of digits.

Exponential Format
Mode

Note: In the history area, a
number in an entry is
displayed in SCIENTIFIC if
its absolute value is less
than .001.

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.

Internally, the TI-89 / TI-92 Plus 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) 1235 (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)
12346  (FLOAT5)
123.457 (FLOAT 6)
By default, Exponential Format = NORMAL. 1 HORMAL

TaCTEN
STENGIMEERTHE

You can use [MODE] to select from three
settings.

Setting
NORMAL

Example
12345.6

Description

If a result cannot be displayed in the
number of digits specified by the
Display Digits mode, the

TI-89 / TI-92 Plus switches from
NORMAL to SCIENTIFIC for that
result only.

SCIENTIFIC 1.23456€ 4 1.23456 x 104

g Exponent (power of 10).

L——— Always 1 digit to the left of the
decimal point.

ENGINEERING  12.3456€k 3 12.3456 x 103

L Exponent is a multiple of 3.

L———— May have 1, 2, or 3 digits to the
left of the decimal point.
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Editing an Expression in the Entry Line

Removing the
Highlight from the
Previous Entry

Moving the Cursor

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.

Deleting a Character

Clearing 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.

After you press to evaluate an expression, the TI-89 / TI-92 Plus
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,

. m Iz
move the cursor toward " sn‘n[T] =
the side of the expression

HilW EAD AUTO FUNC 1730

you want to edit.

end of the expression.

t L ® moves the cursor to the

@© moves the cursor to the beginning.

After removing the highlight, move the cursor to the applicable
position within the expression.

To move the cursor: Press:

Left or right within an expression. ©or® Hold the pad to
repeat the
movement.

To the beginning of the expression. 0]

To the end of the expression. ®

To delete: Press:

The character to the

Hold [<] to delete multiple

left of the cursor. characters.

The character to the  [¢]

right of the cursor.

All characters to the  [CLEAR If there are no characters to the
right of the cursor. (once only)  right of the cursor, [CLEAR] erases

the entire entry line.

To clear the entry line, press:

. if the cursor is at the beginning or end of the entry line.
—or—

» [CLEAR][CLEAR]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

Tip: Look at the cursor to
see if you're in insert or
overtype mode.

Replacing or
Deleting Multiple
Characters

Tip: When you highlight
characters to replace,
remember that some
function keys automatically
add an open parenthesis.

The TI-89 / TI-92 Plus has both an insert and an overtype mode. By
default, the TI-89 / TI-92 Plus is in the insert mode. To toggle between
the insert and overtype modes, press [ins].

If the T1-89 / TI-92 Plus is in: The next character you type:

Inserf mode Will be inserted at the cursor.

Thin cursor between
characters

Will replace the highlighted
character.

Overflype mode

Cursor highlights
a character

First, highlight the applicable characters. Then, replace or delete all
the highlighted characters.

To: Do this:
Highlight multiple 1. Move the cursor to either side of the
characters characters you want to highlight.
LE-$1 n[%] %
Eindm 4
HMAIN EAD AUTO FUNC 1/30
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.
L fm [z
"=] n[?] =
|: = i N
HMAIN EAD AUTO FUNC 1/30
Hold (1] and press® ® ® ®.
Replace the Type the new characters.
highlighted
characters . Sin[%] %
cosimsd
—or — MAIN EAD AUTO FUNC i/30
Delete the Press <.
highlighted
characters
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Menus

To leave the keyboard uncluttered, the TI-89 / TI-92 Plus uses
menus to access many operations. This section gives an
overview of how to select an item from any menu. Specific
menus are described in the appropriate chapters of this

guidebook.
Displaying a Menu Press: To display:
[F1], (F2], A toolbar menu — Drops down from the toolbar at the
etc. top of most application screens. Lets you select

operations useful for that application.

APPS APPLICATIONS menu — Lets you select from a list of
applications. Refer to page 38.

[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.

TI-89: CATALOG menu — Lets you select from a complete,
CATALOG alphabetic list of the TI-89 / TI-92 Plus’s built-in
functions and instructions. Also lets you select user-
TI-92 Plus: defined functions or Flash application functions (if
[CATALOG]

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 TI-89 / TI-92 Plus includes
a default custom menu, which you can modify or
redefine. Refer to page 37 and to Chapter 17.

Selecting an Item To select an item from the displayed menu, either:

from a Menu

34

¢ Press the number or letter shown to the left of that item. For a
letter on the TI-89, press and then a letter key.
— or—

* 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.)

— v indicates that a menu will drop down
_ from the toolbar when you press [F2).

——— To select factor , press 2 or @ [ENTER].
This closes the menu and inserts the

: function at the cursor location.
P APPEOK.
= combenom

tpropFract
IhSoluet |factor( |
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Iltems Ending with
» (Submenus)

Note: Because of limited
screen size, the TI-89

overlaps these menus as:

Slproduct

ltems Containing “. . .”
(Dialog Boxes)

Canceling a Menu

If you select a menu item ending with », a submenu is displayed. You
then select an item from the submenu.

——— For example, List displays a
submenu that lets you select a
specific List function.

L ! 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 Q.
(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 &.

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.

L SHYE COFY RS |

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

Tepe: Text
Folder:
Variable:

rdin

_ _ An input box indicates that you
SENPTVE »  EFCSCARCEL must type a value. (Alpha-lock is
L automatically turned on for the

TI1-89. See page 22.)

After typing in an input box such as Variable, you must
press twice to save the information and close
the dialog box.

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

Example: Selecting
a Menu Item

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.

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.

2. Press 1 to display the Number
submenu. (Or press [ENTER] since
the first item is automatically

highlighted.)
3. Press 3 to select round . (Or press 165l inat
® @ and [ENTER].)
4. Press [x]()3 0] and then P 2142
| |
to evaluate the expression.  [moundn; 3) :
HMAlN | EAD AUTOD FUHC 1730

Selecting the function in
Step 3 automatically
typed round( on the
entry line.
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Using the Custom Menu

Turning the Custom
Menu On and Off

Note: You can also turn the
custom menu on and off by
entering CustmOn or
CustmOff in the entry line
and pressing [ENTER].

Tip: A custom menu can
give you quick access to
commonly used items.
Chapter 17 shows you how
to create custom menus for
the items you use most
often.

Restoring the
Default Custom
Menu

Note: The previous custom
menu is erased. If that menu
was created with a program
(Chapter 17), it can be
recreated later by running
the program again.

The TI-89 / TI-92 Plus 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 Chapter 17: Programming.

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 Home screen’s normal toolbar menu, press [cusTom] to
toggle the custom menu on and off.

Flr| Fir [F3=[ Far | FE [
Toals|A1debra|Calc|okher [Framinfciean e

F, -
F o) 1007

2nd] [CUSTOM LT
4:50139( Elals BPR I

HalW RAD AUTOD FUMC [FET] TYFE OF UZE <311 + [EWTER] OF [EZC]

Home screen normal toolbar menu Custom menu

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 _1.

Symbol Symbols such as #, 2, and ~.

Internat’l Commonly accented characters such as ¢, é,and é.

TI-89: [Fe]
TI-92 Plus:

Tool
TI-89: [2nd) [F7]
TI-92 Plus:

ClrHome , NewProb , and CustmOff .

If a custom menu other than the default is displayed and you want to
restore the default:

1. From the Home screen, use [cusToM] to turn off the custom
menu and display the Home screen’s normal toolbar menu.

2. Display the Clean Up toolbar menu, ﬁ e
and select 3:Restore custom default.
TI-89: [Fe]

TI-92 Plus:
This pastes the commands used to create the default menu into

the entry line.

3. Press [ENTER] to execute the commands and restore the default.
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Selecting an Application

From the
APPLICATIONS Menu

Note: To cancel the menu
without making a selection,

press .

The TI1-89 / TI-92 Plus has different applications that let you
solve and explore a variety of problems. You can select an
application from a menu, or you can access commonly used
applications directly from the keyboard.

. Select an application. Either:

Use the cursor pad ® or ® to

. Press to display a menu that lists the applications.

ti= 1tor
indow Editor

highlight the application and | 73 if o
S5:Tabk
then press [ENTER]. & Dgta/Matr‘lx Editor l'
— or — E\Er‘o PEE Edltor*
* Press the number or letter for Ex LLor
that application.
Application: Lets you:
FlashApps Display a list of Flash applications, if any.

Y= Editor

Window Editor

Graph

Table

Data/Matrix Editor

Program Editor

Text Editor

Numeric Solver

Home

Define, edit, and select functions or
equations for graphing (Chapters 6 — 11).

Set window dimensions for viewing a graph
(Chapter 6).

Display graphs (Chapter 6).

Display a table of variable values that
correspond to an entered function
(Chapter 13).

Enter and edit lists, data, and matrices. You
can perform statistical calculations and
graph statistical plots (Chapters 15 and 16).

Enter and edit programs and functions
(Chapter 17).

Enter and edit a text session (Chapter 18).

Enter an expression or equation, define
values for all but one variable, and then solve
for the unknown variable (Chapter 19).

Enter expressions and instructions, and
perform calculations.
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From the Keyboard

You can access commonly used applications from the keyboard. On
the TI-89 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.

¥ Texas INSTRUMENTS TI-89

Application: Press:

Home TI-89:
TI-92 Plus: (] [HOME]
Y= Editor (¢] [v=]
Window Editor[+] [WINDOW]
Graph (+] [GRAPH]
Table Setup  [¢] [TbiSet]

Table Screen [] [TABLE]

Applications listed
above [F], etc.,
are printed in the
same color as [¢].

WINDOW __GRAPH _TBLSet  TABLE

OO O
OOE

On the TI-92 Plus, applications are listed above the QWERTY keys.

Applications

L

Thiet  TABLE

[¥]
10

.

Diamond key ——
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Setting Modes

Checking Mode
Settings

Indicates you can
scroll down to see
additional modes.

Changing Mode
Settings

Tip: To cancel a menu and
return to the MODE dialog
box without making a
selection, press [ESC).

Modes control how numbers and graphs are displayed and
interpreted. Mode settings are retained by the Constant
Memory™ feature when the TI-89 / TI-92 Plus is turned off. All
numbers, including elements of matrices and lists, are
displayed according to the current mode settings.

Press to display the MODE dialog box, which lists the modes
and their current settings.

There are three pages of mode listings.
Press [F], (2, or to quickly display a
particular page.

HODE

|
Fi | Fz | F3 | 5 indi
Fade 1|Fade z|Pade Vo > indicates that you can

press ® or @ to display
and select from a menu.

T Frekky Frint.. LE
e Enter=sAYE 3 e ESC=CAMCEL 2

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.

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].
— Oor —
¢ Press the number or letter for that setting.

4. 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 [ENTER] to exit the MODE
dialog box, any mode changes you made will be canceled.
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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 used to store and recall variables. Unless you

Folder have created additional folders, only the MAIN folder
is available. Refer to “Using Folders to Store
Independent Sets of Variables” in Chapter 5.

Display Maximum number of digits (FLOAT) or fixed number

Digits 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. Refer to page 31.

Angle Units in which angle values are interpreted and
displayed: RADIAN or DEGREE.

Exponential Notation used to display results: NORMAL,

Format SCIENTIFIC, or ENGINEERING. Refer to page 31.

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 used to display 2- and 3-element vectors:

Format RECTANGULAR, CYLINDRICAL, or SPHERICAL.

Pretty Print

Split Screen

Split 1 App

Split 2 App

Number of
Graphs

Graph 2

Split Screen
Ratio

Exact/Approx

Turns the pretty print display feature OFF or ON.
Refer to page 29.

Splits the screen into two parts and specifies how the
parts are arranged: FULL (no split screen),
TOP-BOTTOM, or LEFT-RIGHT. Refer to Chapter 14.

Application in the top or left side of a split screen. If you
are not using a split screen, this is the current application.
Application in the bottom or right side of a split
screen. This is active only for a split screen.

For a split screen, lets you set up both sides of the
screen to display independent sets of graphs.

If Number of Graphs = 2, selects the type of graph in
the Split 2 part of the screen. Refer to Chapter 12.
Proportional sizes of the two parts of a split screen:
1:1, 1:2, or 2:1. (TI-92 Plus only)

Calculates expressions and displays results in
numeric form or in rational/symbolic form: AUTO,
EXACT, or APPROXIMATE. Refer to page 29.
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Description

Modes Mode
(continued) Base
Unit System

42

Custom Units

Language

Lets you perform calculations by entering numbers in
decimal (DEC), hexadecimal (HEX), or binary (BIN) form.
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.

Lets you select custom defaults. The mode is dimmed
until you select Unit System, 3:CUSTOM.

Lets you localize the TI-89 / TI-92 Plus into one of
several languages, depending on which language
Flash applications are installed.
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Using the Clean Up Menu to Start a New Problem

Clean Up Toolbar
Menu

Tip: 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.

Note: For information about
checking and resetting
memory or other system
defaults, refer to

Chapter 21.

On the Home screen, the Clean Up toolbar menu lets you start
a new calculation from a cleared state without resetting the
TI-89 / TI-92 Plus’s memory.

From the Home screen, display the Clean Up menu by pressing:
TI-89: [Fe]
TI-92 Plus:

FL-| Fer [Fiv £ Fér
Touls|ildebial Cale] (SR C1ean Ue
liClear a—=z.
WS

tHewProb
SiRestore custom default

TYFE OF USE €314 + [EMTER] OF [ESCY

Menu Item Description

Clear a-z Clears (deletes) all single-character variable names
in the current folder, unless the variables are locked
or archived. You will be prompted to press to
confirm the action.

Single-character variable names are often used in
symbolic calculations such as:

solve(a+x2+b+x+c=0,X)

If any of the variables have already been assigned a
value, your calculation may produce misleading
results. To prevent this, you can select 1:Clear a—z
before beginning the calculation.

NewProb Places NewProb in the entry line. You must then
press [ENTER] to execute the command.

NewProb performs a variety of operations that let you
begin a new problem from a cleared state without
resetting the memory:

¢ Clears all single-character variable names in the
current folder (same as 1:Clear a-z), unless the
variables are locked or archived.

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

¢ Performs CIrDraw, CIrErr, CIrGraph , ClrHome ,
CIrlO, and CiIrTable .

Restore If a custom menu other than the default is in effect,
custom this lets you restore the default. Refer to page 37.
default
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Using the Catalog Dialog Box

Displaying the
CATALOG

Selecting a Built-in
Command from the
CATALOG

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.

The CATALOG provides a way to access any built-in

TI-89 / TI-92 Plus 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).

To display the CATALOG dialog box, press:

TI-89: [CATALOG
TI-92 Plus: [CATALOG]

The CATALOG defaults to Built-in, which displays an alphabetic
list of all pre-installed TI-89 / TI-92 Plus commands (functions and
instructions).
[F3Jand allow access to
Flash application functions
Defaults to and User-Defined functions
Built-in. and programs.

[F1) Help is reserved for [K / CHTALOG i

; N F¥ &
a future online help |r -z':sEuﬂt-inIﬂush ﬁPPsIlIs-zr-D-zFinedI ]
Flash application. Yabool

and

AndPic
anglet
ans( ,
APPOE
Archive

N _arclent
THFE:

Note: Options that are not currently valid are dimmed. For
example, Help is reserved for a future online help Flash
application. 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.

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:

TI-89: [CATALOG
TI-92 Plus: [CATALOG]

2. Press [F2) Built-in.

¢ Commands are listed in
alphabetical order. Commands that
do not start with a letter
(+, %, +, %, etc.) are at the end of
the list.

ERFR * To exit the CATALOG without
selecting a command, press [ESC].
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Tip: From the top of the list,
press @ to move to the
bottom. From the bottom,
press @ to move to the top.

Information about
Parameters

Note: For details about the
parameters, refer to that
command'’s description in
Appendix A.

Selecting a Flash
Application
Function

3. Move the »indicator to the command, and press [ENTER].

To move the »indicator:

Press or type:

One command at a time

One page at a time

To the first command that

begins with a specified letter

@or®
[2nd @ or [2nd] @

The letter key. (On the TI-89, do
not press first. If you do,
you need to press or
[a-lock] again before you can
type a letter.)

For the command indicated by », the status line shows the required
and optional parameters, if any, and their type.

Indicated command _——|

and its parameters \ :

CATALOG

E:-z;":s]knir'lzt-inIFhthsﬁwJLls-zr-FDHeFin-zd] ]
expandi
ExpE<
wpReg
- Hactoro
falze
Fill
floor
Flrizz

EXFRLVAR]

T~ Brackets [ ] indicate
optional parameters.

From the example above, the syntax for factor is:

factor (expression)
—or—
factor (expression,variable)

required

optional

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:

TI-89: [CATALOG
TI-92 Plus: [CATALOG]

2. Press Flash Apps. (This option is dimmed if no Flash
applications are installed in the TI-89 / TI-92 Plus.)

|

CATALOG
[f|€:.f':s]suiF12t-in1r1usrn3nmIUser_-Fnl'efinedI ]

Fpipefunbl ...pipes
pipefunls ...pipes
Fipefuns ...pipes
pPipefunic ...pipes

ERFRLAAR]
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¢ The list is alphabetized by function
name. The left column lists functions.
The right column lists the Flash
application that contains the function.

* Information about a function is
displayed in the status line.

* To exit without selecting a function,
press [ESC].
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Selecting a
User-Defined
Function or
Program

Note: Use the VAR-LINK
screen to manage
variables, folders, and
Flash applications. See
Chapter 21.

3. Move the »indicator to the function, and press [ENTER].

To move the »indicator: Press or type:

One function at a time @or®

One page at a time @or[2nd @

To the first function that The letter key. (On the TI-89, do

begins with a specified letter  not press first. If you do,
you need to press or
[a-lock] again before you can
type a letter.)

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
Chapter 5, and “Overview of Entering a Function” in Chapter 17. See
Chapter 17 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:

TI-89: [CATALOG
TI-92 Plus: [CATALOG]

2. Press User-Defined. (This option is dimmed if you have not
defined a function or created a program.)

_ CHTALOG ]l * The list is alphabetized by function /
F*s*ﬁ?’]B“F‘%“"T’M*“‘F‘?l“““r ] program name. The left column lists
- functions and programs. The right
column lists the folder that contains
the function or program.

Fins CObGE FoTnomT « 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].

3. Move the »indicator to the function or program, and press [ENTER].

To move the »indicator: Press or type:

One function or program ata ®@or®

time

One page at a time @orZ®

To the first function or The letter key. (On the TI-89, do

program that begins with a not press first. If you do,

specified letter you need to press or
[a-lock] again before you can
type a letter.)
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Storing and Recalling Variable Values

Rules for Variable
Names

Examples

Data Types

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 TI-89 / TI-92 Plus encounters the name in an
expression, it substitutes the variable’s stored value.

A variable name:

Can use 1 to 8 characters consisting of letters and digits. This
includes Greek letters (but not x), 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.

Cannot be the same as a name that is preassigned by the
TI-89 / TI-92 Plus. Preassigned names include:

— Built-in functions (such as abs) and instructions (such as
LineVert ). Refer to Appendix A.

— System variables (such as xmin and xmax, which are used to
store graph-related values). Refer to Appendix B for a list.

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.

You can save any TI-89 / TI-92 Plus data type as a variable. For a list of
data types, refer to getType() in Appendix A. Some examples are:

Data Types Examples

Expressions 2.54, 1.25€6, 2r, xmin/10, 2+3i, (x- 2)2,\/5/2
Lists {2468}, {112}

Matrices [1oaqj, 2 g H

Character strings “Hello”, “The answer is:”, “xmin/10”

Pictures

A A
v VA

Functions myfunc(arg), ellipse(x,y,r1,r2)
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Storing a Value in a
Variable

Note: TI-89 users should
use as necessary
when typing variable names.

Displaying a
Variable

Note: Refer to Chapter 3 for
information about symbolic
manipulation.

Using a Variable in
an Expression

Tip: To view a list of existing
variable names, use

[2nd) [VAR-LINK] as described in
Chapter 21.

Recalling a
Variable’s Value

Type the variable name.

Press [ENTER].

W oo

Enter the value you want to store, which can be an expression.

Press [STO»]. The store symbol () is displayed.

n5+ 5% 3 nunl S17
S5+8"3+huml
AN EAD AUTOD FLUMZ 130

To store to a variable temporarily, you can use the “with” operator.
Refer to “Substituting Values and Setting Constraints” in Chapter 3.

1. Type the variable name.

2. Press [ENTER].

= huml o17
riural
IAIN FiAD AUTD FONE 1750

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

In this example, the variable a is
undefined. Therefore, it is used as a

symbolic variable.

1. Type the variable name into the

expression.

2. Press [ENTER] to evaluate the
expression.

If you want the result to replace the
variable’s previous value, you must

store the result.

= puml 517
= puml + 5 a+ 517
numl+a

ThIN FiAD AUTD FUNC FFED
LRGN TFIURE 1551
= i 517
rnuml

ThIN FiAD AUTD FUNC 2/En

The variable’s value —
did not change.

B Il + numl 1551
= i 1551
rnuml

ThIN FiAD AUTD FUNC FFED

In some cases, you may want to use a variable’s actual value in an
expression instead of the variable name.

1. Press [RcL] to display a dialog

box.
2. Type the variable name.

3. Press [ENTER] twice.

Flx] Fer [F3r| Fir| FE [
Tools|al3ebra|Calc[Okher|Frami0)clean Ue

£ RECHLL YARIRELE A
LR*C\I“: nural J

CEnter=OE 1 £ EZC=CAMEEL 1

2H

FRIN FAD AUTO FUMC [T

In this example, the value stored in num1 will be inserted at the

cursor position in the entry line.
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Reusing a Previous Entry or the Last Answer

Reusing the
Expression on the
Entry Line

Tip: Reexecuting an entry
“as is” is useful for iterative
calculations that involve
variables.

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.

When you press to evaluate an expression, the TI-89 / TI-92 Plus

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.

On the TI-89: On the TI1-92 Plus: Display
0 0 " 3 PuE o]
- Em
[etoc] NUM NUM MAIN FAD AUTO FUNLC 1750
ENTER
N U MEBN () 1 ET0) SN UME 1 ET0 - ]
ok NUM NUM ® 41 AU RumS 1
nd[:INUM[] 2 @nd[:INUME 2 nuat1Fnunt num™2
ENTER HMAIN FHD AUTO FUNLC FRED]
P p
wrum 41 U Rum 1
Bpum+ 1 num 2 onum 4
"rumt 1 s um f nun El
nur+ 1 #hue i num ™2
HMAIN FAD AUTO FUNEC LrED)
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Tip: Editing an entry lets
you make minor changes
without retyping the entire
entry.

Note: When the entry
contains a decimal point, the
result is automatically
displayed in floating-point.

Recalling a Previous
Entry

Note: You can also use the
entry function to recall any
previous entry. Refer to
entry() in Appendix A.

50

Using the equation A=rr?, use trial and error to find the radius of a
circle that covers 200 square centimeters.

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.
On the TI-89: On the TI1-92 Plus: Display
8 (ST0>] [alpha) R (2nd][:] {8 (STO*) R2nd][:] o
E@d[n @ RE2 (@] RE 2 e o e
ENTER ENTER HMAIN FRD AUTO FUMWC 1430
[*] ENTER (%] [ENTER
LRI N n-r2 =L
R 201.062]
S¥rimrtZ
HMAIN FRD AUTO FUMWC A0
O[] beL] ©[#DE] R
7 . 9 5(ENTER 7 . 9 5[ENTER "EEr o &4 m
sgap ot ool 201.062
FR- - e 198,557
90t
MAIN RAD AUTO FUMWC 0

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

(if you've changed  once the entry line, this recalls the

the entry line) entry prior to that.

Previous entries [ENTRY] Each press recalls the entry
repeatedly  prior to the one shown on the

entry line.

For example:

If the entry line contains
the last entry, [ENTRY]
recalls this entry.

AN

If the entry line is edited ——
or cleared, [ENTRY]
recalls this entry.

Chapter 2: Operating the Calculator

Fix] Fer [F3e] Fir | FE Far
Tools|A13ebya)Calc(OtheF|FFIml0)Clsan Ur|

=gt ool G-
mgap ool 201. 062
7,954 n-r? 198, 557
T ATt
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Recalling the Last Each time you evaluate an expression, the TI-89 / TI-92 Plus stores the
Answer answer to the variable ans(1). To insert this variable in the entry line,
press [ANS].

For example, calculate the area of a garden plot that is 1.7 meters by
4.2 meters. Then calculate the yield per square meter if the plot
produces a total of 147 tomatoes.

1. Find the area.
1,742 7.14
1.7x]4.2 147
"= 20,5282
2. Find the yield. 47 anziiy
(R EAb AUTO FLUMC E8E0
147 (] 2nd) [ANS] LVariabIe ans(1) is

inserted, and its value is
used in the calculation.

Note: Refer to ans() in Just as ans(1) always contains the last answer, ans(2), ans(3), etc.,

Appendix A. also contain previous answers. For example, ans(2) contains the
next-to-last answer.
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Auto-Pasting an Entry or Answer from the History Area

Why Use Auto-Paste

Note: You can also paste
information by using the
toolbar menu. Refer to
“Cutting, Copying, and
Pasting Information” in
Chapter 5.

Auto-Pasting an
Entry or Answer

Tip: To cancel auto-paste
and return to the entry line,
press [ESC].

Tip: To view an entry or
answer too long for one line
(indicated by » at the end of
the line), use ® and © or

® and [2nd ©.

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.

The effect of using auto-paste is similar to [ENTRY] and [ANS] as
described in the previous section, but there are differences.

For entries:

For answers:

Pasting lets you:

[ENTRY] lets you:

Insert any previous
entry into the entry
line.

Replace the contents of the
entry line with any previous
entry.

Pasting lets you:

[Ang] lets you:

Insert the displayed
value of any
previous answer
into the entry line.

Insert the variable ans(1),
which contains the last
answer only. Each time you
enter a calculation, ans(1) is
updated to the latest answer.

1. On the entry line, place the cursor where you want to insert the
entry or answer.

2. Press @ to move the cursor up into the history area. This
highlights the last answer.

3. Use ® and @ to highlight the entry or answer to auto-paste.

@ moves from answer to
entry up through the history
area.

You can use @ to highlight
items that have scrolled off
the screen.

Press [ENTER].

The highlighted item is inserted
in the entry line.
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= tan[%] Iz

Sinin 32 2+

FHIN RAD AUTD FUNC EE
2

= [cos[%]] 1.4

L tan[%] K

SininsEr 2+ loos (N 3202

FTRIN FAD AUTD FINC E7E0

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.



Status Line Indicators in the Display

Status Line
Indicators

Note: To cancel(2nd], [¢],
[alpha], or (1], press the same
key again or press a
different modifier key.

Note: If the next key you
press does not have a
diamond feature or an
associated letter, the key
performs its normal
operation.

The status line is displayed at the bottom of all application
screens. It shows information about the current state of the
TI-89 / TI-92 Plus, including several important mode settings.

MAIM N0 RAD AFFRO%  G1i FUMC IS REZE/ =0

Current | Modifier Graph Replace
Folder Key Number Batteries
Andl (G#1 on the
ngle TI1-92 Plus) Gral
ph
Mode Mode
History Pairs,
Exact/Aﬁﬂporg: Busy/Pause,
Locked Variable
Indicator Meaning
Current Shows the name of the current folder. Refer to
Folder “Using Folders to Store Independent Sets of

Variables” in Chapter 5. MAIN is the default folder
that is set up automatically when you use the
TI-89 / TI-92 Plus.

Modifier Key Shows which modifier key is in effect, as described

below.
2nd 2nd] — will use the second function of the next key
you press.
* [¢] — will use the diamond feature of the next key
you press.

1 (T1-89) — will type the lowercase letter for the next
key you press.

N (T1-89)  [2nd) [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).

N (T1-89) — 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).

- — will type the uppercase letter for the next key
you press. On the TI-89, you can use [t] to type a
letter without having to use [alpha].

Angle Shows the units in which angle values are
Mode interpreted and displayed. To change the Angle
mode, use the key.
RAD Radians
DEG Degrees
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Status Line Indicator
(continued) Exact/

54

Meaning

Approx
Mode

AUTO
EXACT
APPROX

Shows how answers are calculated and displayed.
Refer to page 29. To change the Exact/Approx mode,
use the key.

Auto
Exact

Approximate

Graph
Number

If the screen is split to show two independent graphs,
this indicates which graph is active — GR1 or GR2.
(Displays G#1 or G#2 on the TI-92 Plus.)

Graph
Mode

FUNC
PAR
POL
SEQ

3D
DE

Indicates the type of graphs that can be plotted. To
change the Graph mode, use the key.

y(x) functions

X(t) and y(t) parametric equations
r(6) polar equations

u(n) sequences

z(x,y) 3D equations

y'(t) differential equations

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,
Busy/Pause,
Archived

23/30

BUSY
PAUSE

The information shown in this part of the status line
depends on the application you are using.

Displayed on the Home screen to show the number
of entry/answer pairs in the history area. Refer to
page 24.

A calculation or graph is in progress.
You paused a graph or program.

The variable opened in the current editor
(Data/Matrix Editor, Program Editor, or Text Editor)
is locked or archived and cannot be modified.
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Finding the Software Version and ID Number

Displaying the
“About” Screen

When Do You Need
this Information?

In some situations, you may need to find out information about
your TI-89 / TI-92 Plus, particularly the software version and the

unit’s ID number.

From the Home screen, press
and then select A:About.

Your screen will be different
than the one shown to the right.

Press [ENTER] or to close the
screen.

REOUT

L

TI-B9 Hardwake Veksien 2.00
Aduanced Matheraakics SoFbuar:
Mersion z.00 Edkds 0!202215 a
Fraoduct ID: Foz-1-1.

83152 DEuEIBl 11B2
Cerk Rw. 3 2

tnwr.sht 131889 Texas Instruments
RT11 Fidhts Feserued

The information on the About screen is intended for situations

such as:

e If you obtain new or upgraded software for your TI-89 / TI-92 Plus,
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 / TI-92 Plus and need to
contact technical support, knowing the software version may
make it easier to diagnose the problem.
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Symbolic Manipulation

Preview of Symbolic Manipulation...........cccceceevvevieeciesieneeseeneseeeeneeenes 58
Using Undefined or Defined Variables...........ccocverieieeninincnenenenenne. 59
Using Exact, Approximate, and Auto Modes ..........cccocevveevrerereeernenne. 61
Automatic Simplification

Delayed Simplification for Certain Built-In Functions........................ 66
Substituting Values and Setting Constraints ............ .67

Overview of the Algebra Menu..................... .70
Common Algebraic Operations .72
Overview of the Calc MenU..........cccoeueueeninueeninieienneeteneeeneeeesnenenes 75
Common Calculus OPerations..........ccceeveeeererierieerenieeeereneeesseseeeenens 76
User-Defined Functions and Symbolic Manipulation ......................... 77
If You Get an Out-of-Memory EITOr..........ccccevveieeniecieineicceeseeeeenen 79
Special Constants Used in Symbolic Manipulation..............ccccccveuene. 80

This chapter is an overview of the fundamentals of using
symbolic manipulation to perform algebraic or calculus

operations.

s era Care nfege [ aiin cleFuEn'up]_]
XZ -1 =1
2% 1 1
we_q -1 *+ 1

®expand([x + 31-(x + 20
®xZ+ 5 x+5

Expand( (3 ) Cxt2 oy

TIRIN FiAD AUTO FINC L]

You can easily perform symbolic calculations from the Home
screen.
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Preview of Symbolic Manipulation

Solve the system of equations 2x —

3y=4and

X+ Ty =

- 12. Solve the first equation so

that x is expressed in terms of y. Substitute the expression for x into the second 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.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the Home screen and (] [Home] R LA [ e A A
clear the entry line. Solve the [CLEAR] [CLEAR] [CLEAR] [CLEAR]
equation 1 1
2x -3y = 4 for x. 2XE3Y[E4 2XE3YE4 mzolue(2-x -3 u=4,%)
_3u+d
1 selects solve( from the Algebra LIxo 0 X () (EnTER) FTTw
menu. You can also type solve( soluelZu—du—dend
directly from the keyboard or select it
from the Catalog.
2. Begin to solve the equation 1
-x + 7y = -12for y, but do not

press [ENTER] yet.

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

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

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

4. Highlight the equation for x in
the history area.

5. Auto-paste the highlighted
expression to the entry line.
Then substitute the value of y
that was calculated from the
second equation.

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

©@123Y0
m

@ [ENTER
ENTER

@6

ENTER

@ [ENTER
ENTER

@120Jvy0
(nd)[1]
O [ENTER]

ENTER

00

Fim| Fev [Fa-[ Fu=| FE . Fé-
[ 55 E o Cabae e et |
msoluelZ x -3 u=49,x)
_Z3u+4
*ETTE
maoluel -tk +Tou= 12,00 | b

y=-20-11
'x+?g='12 o | =0 Ik d b 2
RAD AUTD FURC FTED]

mepluel-x+ Fog= '12,g)|x>

y=-28-11
'x+?g— 12,90 [x=CFdg+d 3 <3
RAD AUTD FURC e

Fi-| Fer [Fa-] Fi= [ FE [
T o 15)f 134 bra|Calc|Okhek|PEIMIO|C16an LR

maoluel -tk +Tou= 12,00 | b

u=-20-11
"y = —3 R P TeR]
%= - 811
T N T
HMAIN EAD HUTOD FUMC ETEL]

This example is a demonstration of symbolic manipulation. A one-step function is available for
solving systems of equations. (See page 73.)
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Using Undefined or Defined Variables

How Undefined and
Defined Variables
Are Treated

Tip: 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
Undefined

Note: Use [VAR-LINK] to
view a list of defined
variables, as described in
Chapter 21.

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.

When you enter an expression that contains a variable, the
TI-89 / TI-92 Plus treats the variable in one of two ways.

e If the variable is
undefined, it is
treated as an
algebraic symbol.

B2+ uty

Jn by

Lt

|
HMAIN RAD AUTO FUNC

1230

o If the variable is 5 x 5

defined (even if n2xtxty M1
Zrtuty

defined as 0), its value MAIN RAD AUTD FUHLC FYET]

replaces the variable.

To see why this is important, suppose you want to find the first

derivative of x3 with respect to x.

» Ifxis gnfieﬁned, the s 2(.3) 3.2
result is in the form T T
yOu probably HMAIN EAD AUTO FUNC 1430
expected.

« Ifxis defmed,.the « (.3 75
result may be in a - s
form you did not %

HMAIN EAD AUTO FUWC 2430
expect.
Unless you knew that 5 had been
stored to x previously, the answer
75 could be misleading.
Method: Example:
If defined, the variable’s
value is displayed.
Enter the variable LE 5
name. o =
HMAIN EAD AUTO FUNC FFET)
If undefined, the variable
name is displayed.
If defined, the variable’s
type is displayed. \
Use the getType » getTupel:) "|:1L|p1"
i = getTupelul "HOME"
function. et Tupeiyd ]
HMAIN RAD AUTO FUNC JETE)

If undefined, “NONE” is
displayed.
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Deleting a Defined
Variable

Note: For information about
folders, refer to Chapter 5.

Temporarily
Overriding a
Variable

Note: For more information
about the | operator, refer to
page 67.

You can “undefine” a defined variable by deleting it.

To delete:

Do this:

One or more specified
variables

All one-letter variables
(a—2z) in the current
folder

Use the DelVar function.

® Oellar =

Dokl

#0aelllar x=,y4,test,radius

Domel

FUNC

Oelllar sy, test, radius
HAIN FAD AUTD

2430

You can also delete variables by using the
VAR-LINK screen ([2nd] [VAR-LINK]) as

described in Chapter 21.

From the Home screen Clean Up menu,
select 1:Clear a-z. You will be prompted to
press to confirm the deletion.

{ Clear 0-z

Clear 1-characker variables

a-Z in currenk Folder?

Enter=VES

ESC=CHMCEL

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

¢ Temporarily override
avariable’s defined
value.

e Temporarily define a
value for an undefined
variable.

LI 27
"2 |x=3 E
"y 27
><

HAIR FAD AUTO FINLC ETET]
EDelllar = Dol
"xZ|x=3 9
L |
*

HAIK TEGAUTD FINEC 7T

To type the “with” operator (| ), press:

TI-89: (I
TI-92 Plus: (1]
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Using Exact, Approximate, and Auto Modes

The Exact/Approx mode settings, which are described briefly
in Chapter 2, directly affect the precision and accuracy with
which the TI-89 / TI-92 Plus calculates a result. This section
describes these mode settings as they relate to symbolic

manipulation.
EXACT When Exact/Approx = EXACT, the TI-89 / TI-92 Plus uses exact rational
Setting 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, \/E
transforms to 2 \/5 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
TI-89 / TI-92 Plus.

e 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.
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APPROXIMATE
Setting

62

there are exceptions:

When Exact/Approx = APPROXIMATE, the TI-89 / TI-92 Plus converts
rational numbers and irrational constants to floating-point. However,

¢ 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° transforms to x2 even in the APPROXIMATE

setting.

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.

If you do not plan to use
symbolic computations,
approximate results are
similar to familiar,
traditional numeric
calculators.

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.

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.
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AUTO Setting

When Exact/Approx = AUTO, the TI-89 / TI-92 Plus uses exact rational
arithmetic wherever all of the operands are rational numbers.
Otherwise, floating-point arithmetic is used after 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:

(2/2 - 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 If you are interested only in exact
when practical, and results, some time may be wasted
approximate numeric seeking approximate results.

results when exact

results are impractical. .
" mp 1¢ results, some time may be wasted

You can often control seeking exact results. Moreover, you

If you are interested only in approximate

the format of aresult by = might exhaust the memory seeking those

choosing to enter some exact results.
coefficients as either

rational or floating-point

numbers.
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Automatic Simplification

Default
Simplification Rules

Note: For information about
folders, refer to Chapter 5.

Note: Refer to “Delayed
Simplification for Certain
Built-In Functions” on
page 66.

When you type an expression on the entry line and press
ENTER], the TI-89 / TI-92 Plus automatically simplifies the
expression according to its default simplification rules.

All of the following rules are applied automatically. You do not see
intermediate results.

If a variable has a defined value, that value replaces the variable.

If the variable is defined in terms
of another variable, the variable
is replaced with its “lowest level”
value (called infinite lookup).

LRI ) =
=7 hum 35
THALIF

HAIN RAD AITD FINC FTET
LT ] a
=5 3a =
B 7 35
LM

FRIN EAD RUTD FUNC T

Default simplification does not modify variables that use path
names to indicate a folder. For example, x+class\x does not

simplify to 2x.

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.

Numeric subexpressions are
combined.

Products and sums are sorted
into order.

7oy G-yl
L EVES R x2 +1

x2 +3-xut ]l

ket L

FAIN EAD RUTD FUNC T

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 q are assumed to represent
constants, and are placed in alphabetical order at the end of a

sum (but before numbers).

Similar factors and similar terms
are collected.
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This floating-point number
causes numeric results to
be shown as floating-point.

Identities involving zeros and ones
are exploited.

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).

How Long Is the
Simplification
Process?

Polynomial greatest common
divisors are canceled.

Polynomials are expanded unless
no key cancellation can occur.

Common denominators are
formed unless no key cancellation
can occur.

Functional identities are
exploited. For example:

In(2x) = In(2) + In(x)
and
sin(x)2 + cos(x)2 =1

LT |
LI ]
LIPS ]
"yl ]
'xl' .
x4l
HAIN EAD ALTD FIINC [
w1 1
w1 1.
n XB 1
pvLon 1
P H
HAIN FAD AITD FIIAC LTl

2

2+ T H+E

TerE ®E3
OB Db ) o (bl )
HAIN EAD ALTD FIINC FPET]
l(x+1)2—><2 Zox+l

[+ 2)2'(x +1]
[+ 1)-(x + 2)7

o2 k1Y
HMAIN RAD AUTO FUNC FYEl]
No key cancellation

2w 1 1
><2 -1 w—1 w+ 1
L1, 1 1 1]
% Y XY
15041
HMAIN EAD AUTO FUNC 230
No key cancellation
" Ini2 %) — ln(x) 1ni2)
®y-(zinGa)? + u-(cosia?
o
ks inCxd " 2hghcos ()2
HMAIN RAD AUTO FUNC 2430

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

Functions that Use
Delayed
Simplification

Note: Not all functions that
use a var argument use
delayed simplification.

Note: You may or may not
want to define a numeric
value for var, depending on
the situation.

Note: The example to the
right finds the derivative of
x3 at x=5. If x3 was initially
simplified to 75, you would
find the derivative of 75,
which is not what you want.

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 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 [, ... 1)

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.

3. If var can be further simplified, that value is then substituted into

the result.

For example:

x cannot be simplified.

X is not simplified. The
function uses x3, and
then substitutes 5 for x.

x is simplified to t. The
function uses t3.

x is simplified to t. The
function uses t3, and
then substitutes 5 for t.
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Substituting Values and Setting Constraints

Typing the “With”
Operator

Substituting for a
Variable

Substituting for a
Simple Expression

Note: acos(x) is different
from a*cos(x).

Substituting
Complex Values

Note: For an overview of
complex numbers, refer to
Appendix B.

Tip: To get the complex i,
press [2nd [¢]. Do not simply
type the letter i on the
keyboard.

The “with” operator (| ) lets you temporarily substitute values
into an expression or specify domain constraints.

To type the “with” operator ( | ), press:

TI-89: (1)
TI-92 Plus: [1]

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.

For every occurrence of a simple
expression, you can substitute a
variable, numeric value, or
another expression.

By replacing a commonly used
(or long) term, you can display
results in a more compact form.

You can substitute complex
values just as you would for other
values.

W+ 20 x=1 3
ln-r2|r=5 23 m|
s L5 |x=5 75
A3, w0 [x=5

HMAIN RAD AUTO FUNC 2430
First derivative of x-3 atx =5
l(x+2:|2|x=a+1 [a+3]2
o202 [w=a+1

HMAIN EAD AUTO FUWC 1230

1.2
w2442 |%=3 and u=4
5

L2220 | =3 and u=d
MAIN FAD AT FINEC 1750

W(=in(x))T + 2-sinCx) + 1] ik

2Sezozel
2 ACEEMsIn ] [Sinte)=s
Hi

Al EAD AUTO FUNC 1?3]
Substituting s for sin(x) shows that
the expression is a polynomial in
terms of sin(x).

m 5 cos(x) + (c.os(x)j2 | co=gxk
o2+
S0Pl cosixa=c and a=2
HAIH FAD AT FUNLC 1750
il | x=a+bd Ja2+b2
el x=2+34 [13
abs (x [x=2431
HAl F.AD AUTO FINEC 50

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 Appendix A.
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Be Aware of the .
Limitations of
Substitutions

Tip: Use the solve function
to help determine the single-
variable substitution.

Only x? was replaced, not XA-ﬁ
T
l><4+3-><2|x2=l=| ><4+3-|=|

Substitution occurs only
where there is an exact
match for the substitution.

lx4+3-x2|x=91/2
ul+3y

BhAATu P | w=y (120
HAIN RAD AUTD FURC FTED

Define the substitution in
simpler terms for a more
complete substitution.

Infinite recursions can occur when you define a substitution
variable in terms of itself.

hSubstitutes 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:

ERROR

— An error message is E
displayed.

HMeraory

CESCSCHMCEL 2

— When you press [ESC], an
error is shown in the
history area.

lsin(x)|><=>c+1
Ertor: HMemoryl

Sinlxd lu=x+l
HAIN FAD AUTD FUHLC FYED]

Internally, an expression is sorted according to the automatic
simplification rules. Therefore, products and sums may not match
the order in which you entered them.

— Asageneral rule, you wzolvelmcZ=e,nl M=L2

should substitute for a c

single variable. mzinlzm e |n=F

[=}

sinC2-e)
SintEsmec 2 I m=es o™z
HAIN FAD ADT FINLC EYED]

— Substituting for more
general expressions
(either m- c2 =e

No match for substitution j

Isin[2-n-52]|m-52=e ‘

5 2
2 « m=e) m sm[2-c -m]
ore m e) ay not work SintEmbc ™2 | mc ™ F=e
as you anticipate. HAIN FAD AUTD FUHC FYED]
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Specifying Domain
Constraints

Tip: Enter In(x*y) instead of
In(xy), otherwise, xy is
interpreted as a single
variable named xy.

Tip: For > or <, press [¢][>]
or(#][<]. You can also use

(2nd) [MATH] 8 or (2nd] [CHAR] 2 to
select them from a menu.

Using Substitutions
vs. Defining a
Variable

Caution: After x is defined,
it can affect all calculations
that involve x (until you
delete x).

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 8 > ~ /2 and 6 < n/2 radians

Use the “with” operator to specify the domain constraint.

Because In(x*y) = In(x) + In(y) is not always
valid, the logarithms are not combined.

" In(x-u) = Inix)
Ih(x -9 — 1)

®lnCx-u) - In(=d | = >0 lrcw)

T Coobrgd =Tt Coed | ool
HAIN FAD AUTO FIINL EZED]

With a constraint, the identity is valid
and the expression is simplified.

Because sin-(sin(0)) = 6 is not always
valid, the expression is not simplified.

= sinisingén) sintsingen)

®sini(sinied |8z —- and ok

8
wEinCEN Y 82 -n-2 and 8=ns2
IMN RHD AUTO FUMC 2430
With a constraint, the expression can
be simplified.
In rr}any cases, you can "k + 22| x=1 a
achieve the same effect Bl 1
as a substitution by wi+ 212 g
defining the variable. L2977
HMAIN EAD AUTO FUNC M50
However, substitution is preferable for most cases because the
variable is defined only for the current calculation and does not
accidentally affect later calculations.
= felllar = Done|
Substituting x=1 does w21 x=1 o
not affect the next 2
calculation. a Bt 2mt] Ml
w21 =1
T Z Tt L G 1]
HMAIN EAD AUTO FUWC 2430
Storing 1>x affects B i
the subsequent z
calculations. -(><2+ 2 3
" % undet|
®E =1
T ZAZxr Lo G =10
HMAIN RAD AUTO FUNC 2430
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Overview of the Algebra Menu

The Algebra Menu

Note: For a complete
description of each function
and its syntax, refer to
Appendix A.

You can use the Algebra toolbar menu to select the most
commonly used algebraic functions.

From the Home screen, press [F2] to display:

re
1:
£ This menu is also available from the MATH
& zerost, menu. Press [MATH] and then select
&1 comDenomnt 9:Algebra.
ripropFract
ShnSoluet
Menu Item Description
solve Solves an expression 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 [MODE] to set Exact/Approx = APPROXIMATE
(or using [¢] [ENTER] 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
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floating-point number (as opposed to solve , which
may display several solutions in a rational or
symbolic form).



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.

Menu Item

Description

Trig

Complex

Extract

Displays the submenu:

tExpand

tCollect

Expands trig expressions with angle sums
and multiple angles.

Collects the products of integer powers of
trig functions into angle sums and
multiple angles. tCollect is the opposite of
tExpand .

Displays the submenu:

These are the same as solve, factor , and zeros; but
they also compute complex results.

Displays the submenu:

getNum

getDenom

left

right

Applies comDenom and then returns the
resulting numerator.

Applies comDenom and then returns the
resulting denominator.

Returns the left-hand side of an equation
or inequality.

Returns the right-hand side of an equation
or inequality.
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Common Algebraic Operations

Adding or Dividing
Polynomials

Factoring and
Expanding
Polynomials

Finding Prime
Factors of a Number

Finding Partial
Expansions

This section gives examples for some of the functions
available from the [F2] Algebra toolbar menu. For complete
information about any function, refer to Appendix A. Some
algebraic operations do not require a special function.

You can add or divide
polynomials directly, without
using a special function.

L e 2w+ 5
ot Bt CtZy
HAIN RAD ALTO FUNC 1750

. »Z45-ntiE

w+ 2
™ EH StG D S (et
MAIN EAD AUTO FUNC 1730

R

Use the factor ([F2) 2) and expand ([F2] 3) functions.

factor (expression [,var])

for factoring with respect to a variable

expand (expression [,var])

for partial expansion with respect to a variable

Factor x°-1. Then expand the
result.

Notice that factor and expand
perform opposite operations.

® factar(x” - 1]
[x—lj-[x4+x3+x2+x+1:|
L] expand[(x - 1)-[x4 v

-1

expandiansC1iy
HAIN FAD AUTD FINT ETE

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 aratio of integers).

" factor(1729) ¥-13-19
2
21475 5<-859
u Pac.t,or‘[ ] ——=
1548 22,32 .43
factor (2147515420
MAIN RAD HUTD FURC 2730

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.
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- expand[[xz - X]'[uz - u)]
Xz":lz— Xz":l —X":lz"‘ Hedl

L] expand[[x2 - x]-[gz = ‘:l], x]
#Zy(u= 1=y (= 1)

expand (2= ik (g™ E-ygd, )

HMAIN RAD AUTO FUNC 2430




Solving an Equation

Note: An operation such as
(3 2[X] subtracts 2x from
both sides.

Solving a System of
Linear Equations

Note: The simult and rref
matrix functions are not on
the [F2] Algebra menu. Use
[2nd) [MATH] 4 or the Catalog.

Use the solve ([F2] 1) function to solve an equation for a specified

variable.
solve (equation, var)

Solve x +y -5 =2x -5y
for x.

Baolue(x+u-S5=2- x-S u,p

H=6Y =5
solue Cxtyg—5=Zw—0g, w2
HAIK FAD AUTO FUNLC 1750

Notice that solve displays

only the final result.

To see intermediate results, you can manually solve the equation

step-by-step.

x#Hy[E5E 2x [ 5y
E2x

Bx+y-5=2-%x-5-y
wt-5=2-x-5y

x4y =-59=2-x-5-yl-2-x
THAY=3= 0y

By By +y-5=-5-yl-y
Sx-F= 6y
#5 W(-x-5=-6ul+5
“x=0-6"y
X©1 B =5-6-y] -1
®=6-y =5
ans(las-1
HMAIN EhD AUTO FUWC B30
Consider a set of two equations with  2x -3y =4
two 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.

Refer to the preview at the beginning of
this chapter, which solved for x = - 8/11
andy = - 20/11.

Use the simult function
with a matrix.

Enter the coefficients as a matrix and the
results as a constant column matrix.

S O NI

['8/11
- 2011
LAIL OIS, -T -1, 7], [4: 1210
MAIN RAD AUTD FUNC 1730

Use the rref function
with a matrix.

Enter the coefficients as an augmented
matrix.

2
. r‘r‘ef‘[[ 1

-3 4

7 -12
[1 o -8-11
o0 1 -2o-11

rref (2, =5,4: 71,7, 1213
HAIN AD AUTH FORC 1750
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Finding the Zeros of
an Expression

Tip: For > or <, type [¢] [>] or
[#) [<]. You can also use

[2nd) [MATH] 8 or [2nd] [CHAR] 2 to
select them from a menu.

Finding Proper
Fractions and
Common
Denominators

Note: You can use
comDenom with an
expression, list, or matrix.

Use the zeros ([F2] 4) function.

zeros (expression, var)

Use the expression
X * sin(x) + cos(x).

Find the zeros with respect to x
in the interval 0 < x and x < 3.

®zeros(x-sinCx) + cos(x), =)k

£2.798393
SN C0S Ol x| B and x.
HAIN FAD AUTD |~ FUNC 1750

Use the “with”
operator to specify

the interval.

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])

L for common denominators that collect
similar powers of this variable

Find a proper fraction for the
expression
(X4-2X2 +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.

><4—2-><2+><]
zoxZeutd

Slox+el , x%

gz xZex+d)

lc,oml:lenom[& »
g(2-%2+x+4)

- 2xZex

2 %2 +wta

" Pr‘oPFr‘ac.[

I DR Tt Dt = Vg = 31

HalW RAD RUTD FUWC 2A30

If you do this example on your
TI-89 / TI-92 Plus, the propFrac

function scrolls off the top of the

screen.
In this example:

31 x+60
8
x2 X
72" 15/8 is the quotient.
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is the remainder of x*- 2x2 +x divided by 2x2 +x+4.




Overview of the Calc Menu

The Calc Menu

Note: For a complete
description of each function
and its syntax, refer to
Appendix A.

Note: The d symbol for
differentiate is a special
symbol. It is not the same as
typing the letter D on the
keyboard. Use[F3] 1 or

2nd) [a].

You can use the Calc toolbar menu to select commonly
used calculus functions.

From the Home screen, press to display:

differentiste

This menu is also available from the MATH
menu. Press [MATH] and then select
A:Calculus.

Menu Item

Description

d differentiate

[ integrate

limit

X sum

M product

fMin

fMax

arcLen

taylor

nDeriv

nint

deSolve

Differentiates an expression with respect to a
specified variable.

Integrates an expression with respect to a specified
variable.

Calculates the limit of an expression with respect to
a specified variable.

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

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

Finds candidate values of a specified variable that
minimize an expression.

Finds candidate values of a specified variable that
maximize an expression.

Returns the arc length of an expression with respect
to a specified variable.

Calculates a Taylor polynomial approximation to an
expression with respect to a specified variable.

Calculates the numerical derivative of an expression
with respect to a specified variable.

Calculates an integral as a floating-point number
using quadrature (an approximation using weighted
sums of integrand values).

Symbolically solves many 1st and 2nd order
differential equations, with or without initial
conditions.
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Common Calculus Operations

Integrating and
Differentiating

Note: You can integrate an
expression only; you can
differentiate an expression,
list, or matrix.

Finding a Limit

Note: You can find a limit
for an expression, list, or
matrix.

Finding a Taylor
Polynomial

Important: Degree-mode
scaling by n/180 may cause
calculus application results

to appear in a different form.

76

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 Appendix A.

Use the [integrate ([F3] 2) and d differentiate ([F3] 1) functions.

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

;; lets you specify limits or a

constant of integration

d (expression, var [,order])

Integrate x2 * sin(x) with respect
to x.

Differentiate the answer with
respect to x.

Use the limit ([F3) 3) function.

.

limit (expression, var, point [,direction])*

IJ Lx -sin(x)de
[2 - xz)-cos(x) + 2 x-sinlx)

i

.W[[Q - xz)-cos(x) +2-x-23p

%2 2in(a)

Alans{ld, =
HMAIN FAD AUTO

FUNC T

To get d, use 1lor [d].
Do not simply type the letter D
on the keyboard.

L negative = from left
positive = from right
omitted or 0 = both

Find the limit of sin(3x) / x as x . lim[sin(S-x)] -
approaches 0. %40 *

limitdsinGamdru, 0, G0

HMAlN RAD AUTD FUMC 1230
Use the taylor ([F3] 9) function.

taylor (expression, var, order [,point])
L if omitted, expansion point is 0

Find a 6th order Taylor mtaglar(sing , x, 6)
polynomial for sin(x) with % _ X? +
respect to x. 5 3

l%—%+x-}gl(x) Do
Store the answer as a user- FETANETIEY,

HilW FhD RUTD FUNC 230

defined function named y1(x).

Then graph sin(x) and the Taylor

[Graph sin(x):Graph yl(x)]

polynomial.
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User-Defined Functions and Symbolic Manipulation

For Information
about Creating a
User-Defined
Function

Undefined
Functions

Tip: To selectd from the
Calc toolbar menu, press

1 (or press [2nd) [¢] on the
keyboard).

Single-Statement
Functions

Tip: To select limit from the
Calc toolbar menu, press
3.

Tip: To select [ from the
Calc toolbar menu, press

2 (or press 2nd) [/] on the
keyboard). To select taylor ,
press [F3) 9.

You can use a user-defined function as an argument for the
TI-89 / TI-92 Plus’s built-in algebra and calculus functions.

Refer to:

e “Creating and Evaluating User-Defined Functions” in Chapter 5.

* “Graphing a Function Defined on the Home Screen” and
“Graphing a Piecewise Defined Function” in Chapter 12.

*  “Overview of Entering a Function” in Chapter 17.

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:

Use DelVar to ensure that f(x)
and g(x) are not defined.

Then find the derivative of
f(x)* g(x) with respect to x.

=Delllar f.9 Done
=L tr-ata)
(ro0) 900+ Elat) - Fb

FH I LT T

HilW FhD RUTD FUNC 230

You can use user-defined functions consisting of a single expression.

For example:

e Use to create a user-defined secant function, where:

sec(x) = costa) ®

Then find the limit of sec(x)
as x approaches n/4.

1
"o seclx) Dot
= lim sec(x) =
n
><'>T
limitisec(xl,x, m 42
HHIN RAD AOTO FUNC EYED

¢ Use Define to create a user-defined function h(x), where:

X
h(x)= j sin(t) / t
0
Then find a 5th order Taylor

polynomial for h(x) with
respect to x.

Define h(x)= [(sin(t)/t,t,0,x).
\; wDefine h|:>)=|B [%"‘le

Dot
= taglorthix=), .3, 0
X *
gon 18 'Y

taglorchtxr, 3,5, 00

HMAIN FAD AUTD FUNC ]
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Multi-Statement vs.
Single-Statement

Multi-statement user-defined functions should be used as an
argument for numeric functions (such as nDeriv and nint) only.

Functions 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) [ \\/ \_,
Tip: You can use your * If you were to create a multi-statement user-defined function with

computer keyboard to type
lengthy text and then use
TI-GRAPH LINK to send it to
the TI-89 / Tl 92-Plus. See
Chapter 18 for more
information.

Tip: To selectnint from the
Calc toolbar menu, press
B:nint.

Tip: To select | from the
Calc toolbar menu, press

2 (or press 2nd) [1] on the
keyboard).

the form:

Func
If x<0 Then )
Return - x Define y1(x)=Func:If x<0 Then: ... :EndFunc
Else
Return 5cos(x) = Define wlix) =Func Done|
EndIf = nIntlulix), x, @, 10
4. 20735
EndFunc nInE (a1 (), . 0, 17
HMAlN RAD AUTD FUMC 2430

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

Create an equivalent single-statement user-defined function.

Use the Define y1(x)=when(x<0, ~X, 5cos(x))
TI-89 / TI-92 Plus’s . Sxax 4 0
o9 = Oef ) =172

built-in when TN E {5 costxle
function. .Jé G0 dx S-sin(1)
Then integrate y1(x) . Jl Qs 4. 20735
with respect to x. J‘(El(x) A

HMAIN FAD AUTD FUNC ENEL]

Press [¢] for a
floating-point result.
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If You Get an Out-of-Memory Error

Freeing Up Memory

Simplifying
Problems

The TI-89 / TI-92 Plus stores intermediate results in memory and
then deletes them when the calculation is complete. Depending
on the complexity of the calculation, the TI-89 / TI-92 Plus may run
out of memory before a result can be calculated.

Delete unneeded variables and/or Flash applications, particularly
large-sized ones.

- Use [VAR-LINK] as described in Chapter 21 to view and
delete variables and/or Flash applications.

On the Home screen:
- Clear the history area ([F1] 8) or delete unneeded history pairs.

— You can also use 9 to reduce the number of history pairs
that will be saved.

Use to set Exact/Approx = APPROXIMATE. (For results that have
alarge number of digits, this uses less memory than AUTO or EXACT.
For results that have only a few digits, this uses more memory.)

Split the problem into parts.

— Split solve (a* b=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 m and c occur only as m* c2, substitute e for m* c2.

(at+h)? *A {(a+b)2

— Inthe expression 1-(atb)?

, substitute c for (a+b) and
c2+4/c2

use — 5 - In the solution, replace ¢ with (a+b).

For expressions combined over a common denominator, replace
sums in denominators with unique new undefined variables.

X
+ Y , substitute d for
\/a2 +b2 +¢ \/a2 +b2 +¢

— In the expression

X
A/a2+b2 +cand use FR % . In the solution, replace d with

~ja2+b2 +c.

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

Reformulate a problem to avoid fractional powers.

Omit relatively small terms to find an approximation.
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Special Constants Used in Symbolic Manipulation

true, false

. @n255

For @, press:

TI-89: [+)
TI-92 Plus : R

0o, e

For oo, press:
TI-89: [#] [+]
TI-92 Plus: [oo]

For e, press:

T1-89: [¢] [e*]
TI-92 Plus: [ex]

undef

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.

These indicate the result
of an identity or a
Boolean expression.

This notation indicates
an “arbitrary integer”
that represents any
integer.

When an arbitrary
integer occurs multiple
times in the same
session, each
occurrence is numbered
consecutively. After it
reaches 255, arbitrary
integer consecutive
numbering restarts at
@n0. Use Clean Up
2:NewProb to reset to
@nl.

oo represents infinity,
and e represents the
constant 2.71828...
(base of the natural
logarithms).

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

x=x is true for any value of x. T

T
trug]

®zolue(x =%, ®)

S 3w x4 3 false
S¥xind3

HAIN FAD AUT FINEC I

5<3 is false.

A solution is at every integer

multiple of x.

s

m=plve(sinl=)=0, )

=Bl

meplus(zinlxi=1, )

=n. n+ X
W= 2-Bh2 T+

0 AUTO

Both @n1 and @n2 represent
any arbitrary integer, but this
notation identifies separate
arbitrary integers.

soluwelsin(xi=1,x2
AL 3

FUN

2420

i1+

limit{cl+lrni®n,n,®y

This indicates that the result is undefined.

Mathematically undefined —M8¥

teo (undetermined sign) —— M

/ B lim sin=)
Non-unique limit o
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"= undef
-l undef
[0]
undef

llmt(sm(x) w0
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Constants and Measurement Units

Note: Constant and unit
names always begin with an
underscore _.

Note: You can also use
getUnits() to get a list of the
default units or setUnits() to
set the default units. Refer
to Appendix A.

Preview of Constants and Measurement Units
Entering Constants or Units
Converting from One Unit to Another
Setting the Default Units for Displayed Results
Creating Your Own User-Defined Units
List of Pre-Defined Constants and Units....

The UNITS dialog box lets you select the available constants or
units from different categories.

r UNITS "y
Evn;tt?]nts .
i i &I
This category lists Area
constant values. Ynlum
Tm_in:.
£

ini i Accslsrakion.
Remaining categories P b,

list available units. Lurainous Inks e
T Areunk of Subskance el

¢ Enter=0K 3  EZC=CAMCEL 3

Page 3 ([F3)) of the MODE dialog box lets you select from three
systems of measurement to specify the default units for displayed
results.

£ HMODE International system of

-
FL ] Fz | F3 i
[m“m“m”] measurements (metric or
‘ MKS) — meters, kilograms, etc.

-
L English system — feet,

pounds, etc.

Lets you select the units you

« EREGF=EAIE « EEECARGEL
L want to use.

By using the unit features, you can:

« Enter a unit for values in an expression, such as 6_m *4_m or
23_m/_s * 10_s. The result is displayed in the selected default
units.

¢ Convert values from one unit to another within the same
category.

¢ Create your own user-defined units. These can be a
combination of existing units or unique “standalone” units.
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Preview of 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
acceleration due to gravity, which is a constant named _g). Convert the result from

newtons to kilograms of force.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the MODE dialog box, FEo1 Ol e '
Page 3. For Unit System mode, ENTER ENTER MM@
select Sl for the metric system of ;
measurements.
Results are displayed according to
these default units.
2. Createan acceleration unit for UNITS|@ O M i[(FJ[UNTS] O O M
meters/second? named _ms2. ENTER ENTER
The UNITS dialog box lets you select & (uniTs] Gl uns)
units from an alphabetical list of [SICICION OOOOS ratire acs
categories. You can use 2l © and ENTER B . T
[2nd) @ to scroll one page at a time 25T00)
through the categories. ~] 2[sT0»]
Now, instead of re-entering _m/_s?2 ] [ - _n2 +_ms2 _mz
eg{:sh2 time you need it, you can use  [2nd)[a-lock] M S MS : = e ==
— . 2 ENTER 2 ENTER H LN RAD AUTD FUNC 1/30
Also, you can now use the UNITS If you use the UNITS
dialog box to select _ms2 from the dialog box to select a
Acceleration category. unit, the _ is entered
automatically.
3. Calculate the force when 50)[] 52nd [] =l s sz =L
m = 5 kilograms (_kg) and (2nd) [a-lock] K G KG e o 20 ez P
b C . © s .
a = 20 meters/second? (_ms2). 20 20 T T
| :I_MHIN FAD AUTD FUNC 2430
If you know the abbreviation for a G [a-took] }[2nd][-]
unit, you can type it from the MS 2 MS2
keyboard. ENTER ENTER
4. Using the same m, calculate the :5[][_] 5(2nd [] "=l s ns2 =t
force for an acceleration due to [a-lock] K G KG e iae2m ez ran
. - . M= PR
gravity (the constant _g). . 5._k§._g 49.0333- _H
For _g, you can use the pre-defined TSl ® It O ELEEEQ*_Q FAD AT FINE ETE
constant available from the UNITS G G
dialog box or you can type _g. [ENTER)ENTER]  :[ENTER] (ENTER)
5. Convert to kilograms of force i ®@Zd[E[-] O Ead[-] i, =N+ sz =1
(_kgf). (2nd)[a-lock] KGF iKGF -= -=
TR mS5._kg 20 _mz2 100, - _H
[2nd) [»] displays the » conversion aina "5 _ka _g 49, 0333 _H
operator. =5-_kg _gt _kaf 5. - _kaf]
§[5-kg*_gb_kgr
H HalW FRD BUTO FUNWC 4/30
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Entering Constants or Units

From a Menu

Tip: Use[2nd @ and 2nd @
to scroll one page at a time
through the categories.

Note: If you created a user-
defined unit for an existing
category (page 88), it is
listed in the menu.

From the Keyboard

Note: You can type units in
either uppercase or
lowercase characters.

You can use a menu to select from a list of available constants
and units, or you can type them directly from the keyboard.

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. 6.3

2. Display the UNITS dialog box. T
Press: Conabants.
TI-89: [unITS]
TI-92 Plus: [¢] [UNITS]

ACCE’ i
Temperature
Lurainsgus Intsnsity .,
™ Amount of Zubstancs
e Enter=Ok a
3. Use ® and ® to move the cursor INITE

to the applicable category.

4. To select the highlighted (default)
unit, press [ENTER].

c ESC=CHMCEL 3

a3 Flux Densits
Padnskic Flu:
Inductancs.....

—or— e ESECRREEL
To select a different unit from the , uNITS
category, press (®. Then highlight : EE%E}:{‘ Furrant
the applicable unit, and press EEEE‘EE‘E.F“ 3y
Induckance.....

£ EntersOK a ?IJ-_ CEL
You can also move the

cursor by typing the first
letter of a unit.

The selected unit is placed in the
entry line. Constant and unit names
always begin with an underscore (_).

[6.3_pF |

If you know the abbreviation that the TI-89 / TI-92 Plus uses for a
particular constant or unit (refer to the list that begins on page 89),
you can type it directly from the keyboard. For example:

256_m

The first character must be an underscore ( _). For _, press:
TI-89: [+] [-]
TI-92 Plus: []

¢ A space or a multiplication symbol ( * ) before the underscore is
optional. For example, 256_m, 256 _m, and 256* _m are
equivalent.
— However, if you are adding units to a variable, you must put a
space or * before the underscore. For example, x_m is treated
as a variable, not as x with a unit.
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Combining Multiple
Units

Tip: Create a user-defined
unit (page 88) for frequently
used combinations.

Using Parentheses
with Units in a
Calculation

Tip: If you have any doubt
about how a value and its
units will be evaluated,
group them within
parentheses ().

You may need to combine two or more units from different
categories.

UNITE y

For example, suppose you want f
to enter a velocity in meters per
second. In the UNITS dialog
box, however, the Velocity
category does not contain this
unit.

Lurainsug nt:
T AMGURE 3F SUbstance

Enter=0k

ESC=CHMCEL

You can enter meters per
second by combining _m and
_s from the Length and Time
categories, respectively.

[3¥9.8 m/_s

L Combine the units _m
and _s. There is no pre-
defined _m/_s unit.

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_— 100_m/(2_s) 50.-:—S

You must use parentheses for (2_s).
This is important for division.

If you omit the parentheses, you will get
unexpected units. For example:

100_m/2_s 50.-_m-+_s

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 100% _m
and
2_sistreated as 2% _s

Without parentheses, the entry is calculated as:
100% _m

100% _m/2%_s = 2

¥ s =50._m-_s
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Converting from One Unit to Another

For All Units Except
Temperature

Note: For a list of pre-
defined units, see page 89.

Tip: From the UNITS dialog
box, you can select
available units from a menu.

You can convert from one unit to another in the same
category, including any user-defined units (page 88).

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 S| system of

metric units (page 87).
=206 _kn 1Z@0EE, - _m
TOE_Em
HMAIN RAD AUTO FUNC 130
Shown in the default unit for

Length, (_m in Sl system).

To multiply 20 times
6 kilometers.

20%6_km

If you want to convert to a unit other than the default, use the
» conversion operator.

expression_unitl ¥ _unit2

L For », press 1.

To convert 4 light years to

kilometers:
4_ltyr» _km =4 _ltur v _kn
- - 3.78421 13 _kn
To convert 186000 miles/second » 15g000- L, =0
to kilometers/hour: 1.07762¢9-= m
; TEE0E0_miz =+ _kmr_hi
186000—ml/—s } —km/—hr MAIN NIRRD IISLITD o FI.IN'E A3

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:

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

186000_mi/_s» _km

—km
. 209338, -
To convert 186000 miles/second i ) -
from seconds to hours: " 186080 —2= b e
-n| —
) 1. 07762612
186000_mi/_s» 1/_hr _ —hr
. - 18608 _mis_skls_k
HMAIN EAD AUTO FUMC FrEL]

Because a Length conversion is —
not specified, it is shown in its
default unit (_m in this example).
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To enter meters per second

squared: wop. = P
_52 _52

27 _m/_s™2 7 _me =2
- - HAIN EAD AUTO FUWC 130

To convert meters per second

squared from seconds to hours: ngr = 1 .
— —hr
27_m/_s"2 >1/_hr"2 3. 49975 —
_hrZ
Z7 = P2
HAIN EAD AUTO FUNC 230
For Temperature To convert a temperature value, you must use tmpCnv() instead of
Values the » operator.
tmpCnv (expression_°tempUnitl, _°tempUnit2)
L For °, press [e].
For example, to convert
100_°C to _°F: = tupCru LBE o, _°F)
217, _*F|
tmpCnv(100_°c, _°f) Lrpcrw (100 e, Sfa |
- - HMAlN RHD AUTO FUNC 120
0 100
f f
f f °F
32 212
For Temperature To convert a temperature range (the difference between two
Ranges temperature values), use AtmpCnv() .
.o . o .
For A, press: AtmpCnv (expression_°tempUnitl, _°tempUnit2)
T1-89: [¢) D]
TI-92 Plus: G D
For example, to convert a
100_°C range to its equivalent = otmpCrC 10050, _°F)
range in _°F: 188, - _°F|
7 o 2
AtmpCnv(100_°c, _°f)
<+—100_°C—>
100
« t t » °C
> t } > °F
32 212
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Setting the Default Units for Displayed Results

If You're Using the
Sl or ENG/US
System

Setting Custom
Defaults

Note: You can also use
setUnits() or getUnits() to
set or return information
about default units. Refer to
Appendix A.

Tip: When the CUSTOM
UNIT DEFAULTS dialog box
first appears, it shows the
current default units.

What is the NONE
Default?

Note: NONE is not available
for base categories such as
Length and Mass that have
no components.

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).

The SI and ENG/US systems of
measurement (set from Page 3
of the MODE screen) use built-
in default units, which you
cannot change.

To find the default units for
these systems, refer to page 89.

To set custom defaults:

1. Press (MODE] [F3]® 3 to set
Unit System = CUSTOM.

2. Press @ to highlight SET
DEFAULTS.

3. Press () to display the
CUSTOM UNIT DEFAULTS
dialog box.

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.

¢ HODE
RN
Fase 1|rade 2lrase 3
+ Unit syster
Landuade.

FLEracin
Enatish+

Enter=3AYE ESCSCANCEL

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

[ MODE y
FL | Fz | F2
Fade 1|Fade ZlFade 3

kg
Endlish+

Landuade..

Enter=3AYE

ESCSCANCEL

il CUSTOM UMIT BEFRULTS ™
* Electric Currsnl
Charde

CAFACibancs ..
a3 Field EFgndth.
Pa3 Flux Densik
Fadngkic Flux..
Induckancs ...

€ Enksr=SAVE
You can also move the cursor by

typing the first letter of a unit.

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?2, so
Length is the component of
Area.

I CLUSTOM UNIT DEFRILTS "y

Pl &
T Fressurg...

E_EnterSSAWE 3 € ESCSCHMCEL 2

e If the defaults are Area = _acre and Length = _m (meters), area
results are shown with _acre units.

e If you set Area = NONE, area results are shown with _m? units.
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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 Some example reasons to create a unit are:

Units? ¢ You want to enter length values in dekameters. Define 10_m as a

new unit named _dm.

Note: If you create a user- ¢ Instead of entering _m/_s? as an acceleration unit, you define that
defined unit for an existing combination of units as a single unit named _ms2.

category, you can'select it

from thg ‘{’\” TS d’a/D% box *  You want to calculate how many times someone blinks. You can
menu. But you cannot use . . L I o .
10 select the unit as a use Tblmks asa Va}hd unit Wlthout defm.mg it. Thl.S standalone
default for displayed results. unit is treated similar to a variable that is not defined. For

instance, 3_blinks is treated the same as 3a.

Rules for User- The naming rules for units are similar to variables.

Defined Unit Names ¢ Can have up to 8 characters.

First character must be an underscore. For _, press:
TI-89: [#] [_]
TI-92 Plus: []

¢ Second character can be any valid variable name character
except _ or a digit. For example, _9f is 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.

definition 2 _newUnit
For >, press [STO».

Note: User-defined units are  For example, to define a 1| 52 al S| obhee [ rain]c 140 e

displayed in lowercase dekameter unit: w10_m+ _dm 10_m
characters, regardless of the =y 2 _m
case you use to define 10 m> dm ez = Y3
them. - - m
) . . 4.6 _ms2 24, —=

To define an acceleration unit: i =2
Note: User-defined units AHE_M=Z
such as _dm are stored as _m/_s"2>_ms2 HAH RADAUTD  PUNE 3739

variables. You can delete
them the same as you
would any variable.

Assuming unit defaults for Length
and Time are setto _m and _s.

To calculate 195 blinks in 5 o195 blinks
minutes as _blinks/_min: 5-_nmin .
&5 _blinks
. . B _S
195_blinks/(5_min) 155 Blinker tominy
HMAIN FRD RUTOD FUNC 1730

Assuming unit default for
Time is set to _s.
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List of Pre-Defined Constants and Units

Defaults for SI and
ENG/US

Constants

Note: The TI-89/ TI-92 Plus
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.

Tip: For Greek characters,
refer to Shortcut Keys

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.

The SI 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.

For a description of the NONE default, refer to page 87. Notice that
some categories do not have default units.

speed of light .........cccceneen. 2.99792458E8 m/_s

acceleration of gravity........ 9.80665_1m/_s?
... gravitational constant.........6.67259€ - 11_m?%_kg/_s®
Planck’s constant................ 6.6260755E-34_J-_s
Boltzmann’s constant.......... 1.380658E - 23_J/_°K
...electron rest mass... ..9.1093897E - 31_kg
...neutron rest mass ... .. 1.6749286E - 27_kg
_ reee .. 1.6726231E - 27_kg
Na......... Avogadro’s number............. 6.0221367E23 /_mol
electron charge.................... 1.60217733€ -~ 19_coul
...Bohr radius.......... ..5.29177249e - 11_m
...molar gas constant.. ..8.31451_J/_mol/_°K
... Rydberg constant.... ..10973731.563413 /_m
molar volume...........ccoun..... 2.241409€ - 2_m?/_mol
_€0........... permittivity of a vacuum...... 8.8541878176204€ - 12_F/_m

efer o.. .. Stefan-Boltzmann constant .. 5.6705119 -8 W/_m?%/ °K*
ggigi)fmm and back _00 .. magnetic flux quantum....... 2.0678346161E - 15_WDb
VL0 SO permeability of a vacuum .... 1.2566370614359E - 6_N/_A>
Wb Bohr magneton.................... 9.2740154E-24 J+_m?% Wb
Length _Ang....... angstrom Mi..ee. mile
_aU.......... astronomical unit mil......... 1/1000 inch
cm......... centimeter mm........ millimeter
....nautical mile
....parsec
...... rod
.......... yard
kilometer = _l.eeen micron
.dightyear A angstrom
meter (SI)
Area acre NONE (SI) (ENG/US)
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Volume

Time

Velocity

Acceleration

Temperature

Luminous Intensity

Amount of
Substance

Mass

Force

Energy

Power

_knot...... knot
_kph........ kilometers per hour

no pre-defined units

A R °Celsius
For °, press [c].
OF . °Fahrenheit
—cd.......... candela
(no default)
mol........ mole

Eno default)

atomic mass unit

...gram
kilogram (SI)
b pound (ENG/US)
_mg......... milligram

_mton.....metric ton
:kgf ......... kilogram force
_Ibf.......... pound force (ENG/US)

_Btu........ British thermal unit
(ENG/US)

...erg
electron volt

_hp.. horsepower (ENG/US)

_kW......... kilowatt
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ml.......... milliliter
Pteceeeenens pint
[0 | quart
tbsp.......tablespoon
_tsp teaspoon
NONE (SI) (ENG/US)
[ TOT second (SI) (ENG/US)
_week.....week
72 ST year
_US ceeeenne microsecond

:°R .......... °Rankine
(no default)

_tonne ....metric ton
_tonUK...long ton

J\\ PR newton (SI)
_tonf....... ton force

_ftlb......... foot-pound

1 SO joule (SI)
_kcal....... kilocalorie
_kWh....... kilowatt-hour
_latm....... liter-atmosphere

Wi watt (SI)



Pressure

Viscosity, Kinematic

Viscosity, Dynamic

Frequency

Electric Current

Charge

Potential

Resistance

Conductance

Capacitance

Mag Field Strength
Mag Flux Density
Magnetic Flux

Inductance

_inHg...... inches of mercury
_mmH20.. millimeters of water

S| T stokes

_GHz....... gigahertz
_Hz..... hertz (SI) (ENG/US)

A ampere (Sl) (ENG/US)
... kiloampere
milliampere

_coul....... coulomb (SI) (ENG/US)

_kV...... kilovolt
_mV...... millivolt

kQ......... kilo ohm

_mbho....... mho (ENG/US)

mmbho ... millimho
Foee farad (Sl) (ENG/US)
...nanofarad
picofarad
Oe......... oersted
_Gs.......... gauss

Whb......... weber (Sl) (ENG/US)

...henry (SI) (ENG/US)

_mH........ millihenry
nH......... nanohenry

_mmHg... millimeters of mecury

Pa....... pascal (SI)

_PSi e pounds per square
inch (ENG/US)
_torr........ millimeters of mecury

HA.....c.... microampere
Voo volt (SI) (ENG/US)
volt........ volt

_siemens.. siemens (SI)
_umbho ....micromho

_uF.o.. microfarad

NONE (Sl) (ENG/US)

T, tesla (SI) (ENG/US)

_uH........ microhenry
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Additional Home Screen Topics

Saving the Home Screen Entries as a Text Editor Script ................... 94
Cutting, Copying, and Pasting Information .............cceceeverevereneneeennene 95
Creating and Evaluating User-Defined Functions...........cccceceeveeeuennn. 97
Using Folders to Store Independent Sets of Variables ..................... 100
If an Entry or Answer Is “T00 Big” ......cccoeveevneennncrcnnecneccnenee 103

To help you get started using the TI-89 / TI-92 Plus as quickly as
possible, Chapter 2 described the basic operations of the Home
screen.

This chapter describes additional operations that can help you
use the Home screen more effectively.

i
rihelet.
SlClear

=)
Home

Because this chapter consists of various stand-alone topics, it
does not start with a “preview” example.
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Saving the Home Screen Entries as a Text Editor Script

Saving the Entries
in the History Area

Note: Only the entries are
saved, not the answers.

Note: For information about
folders, refer to page 100.

Restoring the Saved
Entries

Note: For complete
information on using the
Text Editor and executing a
command script, refer to
Chapter 18.

To save all the entries in the history area, you can save the
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.

From the Home screen:

1. Press and select 2:Save Copy As.

SiCop
6:Pas€e

ribelete ©
S4Clear Home
2. Specify a folder and text variable | AVE COFY A
that you want to use to store the T T s
entries. Variahle:
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.

3. Press (after typing in an input box such as Variable, press

ENTER] twice).

Because the entries are stored in a script format, you cannot restore

them from the Home screen. (On the Home screen’s toolbar
menu, 1:0pen is not available.) Instead:

1. Use the Text Editor to open the variable containing the saved

Home screen entries.

The saved entries are listed as a series of command lines that you

can execute individually, in any order.

2. Starting with the cursor on
the first line of the script,
press [F4] repeatedly to
execute the commands line
by line.

3. Display the restored Home
screen.
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Fir Fir Fir] FY4 FE
Tools)Cornrmand | Yigw|Exe cut«[Find. .|

EERs L s e B ]
C! zerosfFixh,xd
CiadCF (2l sea+df il
Cizeros(df (xd,x

= TeL LR AL

u rerosdfix), ®) {1-3

(==
1

MAIN RAD AUTO FUNC

This split screen shows the Text Editor
(with the command line script) and the

restored Home screen.



Cutting, Copying, and Pasting Information

Auto-paste vs.
Cut/Copy/Paste

Cutting or Copying
Information to the
Clipboard

Tip: You can cut, copy or
paste without having to use
the toolbar menu. Press:
TI-89:

[#1[cuTt], (8 [cOPY], or [+] [PASTE]
TI-92 Plus :

X, (¢JC,or[¢]V

Note: When you cut or copy
information, it replaces the
clipboard’s previous
contents, if any.

Cut, copy, and paste operations let you move or copy
information within the same application or between different
applications. These operations use the TI-89 / TI-92 Plus’s
clipboard, which is an area in memory that serves as a
temporary storage location.

Auto-paste, described in Chapter 2, is a quick way to copy an entry or
answer in the history area and paste it to the entry line.

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.)

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 1] and press @ or ) to highlight characters to the left or
right of the cursor, respectively.

2. Press and select 4:Cut or 5:Copy.

Clipboard = (empty or the previous contents)

After cut

solue =0, x)
HMAIN EAD AUTO FUMC [EEDD

Clipboard = x"4- 3x"3- 6x"2+8x Clipboard = x4~ 3x"3- 6x"2+8x

Cutting is not the same as deleting. When you delete information, it is
not placed in the clipboard and cannot be retrieved.
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Pasting Information
from the Clipboard

Example: Copying
and Pasting

Tip: You can also reuse an
expression by creating a
user-defined function. Refer
to page 97.

Tip: By copying and
pasting, you can easily
transfer information from
one application to another.

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.

2. Press and select 6:Paste, or use the key shortcut:
TI-89: (¢ [PASTE]
TI-92 Plus: (3] V

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:
TI-89: [+][cOPY]
TI-92 Plus:[#] C

c. For this example, press [ENTER] to evaluate the entry.
2. Paste the copied information into a new entry.

a. Press 1 to select the d differentiate function.

b. Press:
TI-89: [¢] [PASTE]
TI-92 Plus: [#] V
to paste the copied expression.

L] solue[x4 [ T - |
#=4 or x=1 or x=0 or p

PR s A = =Y

HAIN RAD AUTO FUNC FFE]

c. Complete the new entry, and

press [ENTER].

lsolue[x4—3-x3—6-x2+8-i
#=4 or x=1or x=0 ar k

l%[x4—3-x3—6-x2+8-x]
4.x%-9.x2-12-x+8

P L s e = S =P
MAIN RAD ALTO FUNC E2ET

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:
TI-89: [¢] [PASTE]
TI-92 Plus: [¢]V
to paste.

d. Press [ENTER] to save the new
definition.

gl Ol =g =T I -G 2+ 8
HAIN AN AITO FIUNT
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Creating and Evaluating User-Defined Functions

Format of a
Function

Note: Function names
follow the same rules as
variable names. Refer to
“Storing and Recalling
Variable Values” in
Chapter 2.

Creating a User-
Defined Function

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 / TI-92 Plus’s capabilities beyond the built-in functions.

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).

1
cube(x) = x3 xroot(x,y) = yx

L Definition L L Definition
Argument list Argument list

Function name Function name

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.

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.

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.

Use one of the following methods.

Method Description
Store an expression to a function name

(including the argument list).

3

m o+ cube( Dorel
1

By s wrootin, W) Dot

a1 oot G, U

FIAIN KAD AUTD __FUNC Z7E0

Define command Define a function name (including the argument
list) as an expression.

B 0afine cubel:x) =><3 Do

#Define xroot(x,y) =y ¥
D]

Define wroobCx,gi=g® 0]
HMAIN BADAUTD _FOWC FZET]

Program Editor Refer to Chapter 17 for information on creating a
user-defined function.
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Creating a Multi-
Statement Function

Note: For information about
similarities and differences
between functions and
programs, refer to

Chapter 17.

Variables not in the
argument list must be
declared as local.

T~

Returns a message
if nn is not an
integer or if nn<0.

Sums the reciprocals.

Returns the sum.

Use argument names that will never be used
when calling the function or program.

Tip: It's easier to create a
complicated multi-statement
function in the Program
Editor than on the Home
screen. Refer to Chapter 17.

Evaluating a
Function

98

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.

For example, suppose you want to create a function that sums a
series of reciprocals based on an entered integer (n):

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

If fPart(nn)=0 or nn<0
Return “bad argument”

0>temp

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

EndFor

Return temp

EndFunc

Func and EndFunc
——must begin and end the
function.

For information about
the individual
statements, refer to
Appendix A.

When entering a multi-statement function on the 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.

—

IDefine sumrecip(nn)=Func:Local temp,i:

— Use a colon to separate each statement.

:EndFunc

-

T
#lefine sumrecipinn?=Func
one

Define sumrecipinni=Funci..
HAIN I AT FIUNT [P

Multi-statement functions

On the Home screen: show as “Func”.

Enter a multi-statement
function on one line. Be
sure to include colons.

You can use a user-defined function just as you would any other
function. Evaluate it by itself or include it in another expression.

= root(3, 12350
mE w8 1254y &

5
staotlx, b
=

" Eoxrootl3, 125)
" zumrecip(2E)

15

Eumrecip( 200

sumkecip (200
HAIN FAD ALTO

FUNHC T30
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Displaying and
Editing a Function
Definition

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.

To:

Do this:

Display a list of all
user-defined functions

Display a list of Flash
application functions

Display the definition
of a user-defined
function

Edit the definition

Press [VAR-LINK] to display the VAR-LINK
screen. You may need to use the View
toolbar menu to specify the Function
variable type. (Refer to Chapter 21.)

—or —

Press:
TI-89: [CATALOG
TI-92 Plus: [CATALOG]

Press:
TI-89: [CATALOG
TI-92 Plus: [CATALOG]

From the VAR-LINK screen, highlight the
function and display the Contents menu.
TI-89: [F6]

TI-92 Plus::

From the Home screen, press [red].
Type the function name but not the

argument list (such as xroot), and press

twice.
From the Program Editor, open the
function. (Refer to Chapter 17.)

From the Home screen, use [ReL] to
display the definition. Edit the definition as
necessary. Then use or Define to save
the new definition.

—or —

From the Program Editor, open the
function, edit it, and save your changes.
(Refer to Chapter 17.)

Chapter 5: Additional Home Screen Topics 99



Using Folders to Store Independent Sets of Variables

Folders and
Variables

Note: User-defined
variables are stored in the
“current folder” unless you
specify otherwise. Refer to
“Using Variables in Different
Folders” on page 102.

100

The TI-89 / TI-92 Plus has one built-in folder named MAIN, and
all variables are stored in that folder. By creating additional
folders, you can store independent sets of user-defined
variables (including user-defined functions).

Folders give you a convenient way to manage variables by organizing
them into related groups. For example, you can create separate
folders for different TI-89 / TI-92 Plus applications (Math, Text Editor,

etc.) or classes.

* You can store a user-
defined variable in any
existing folder.

e A system variable or a
variable with a reserved
name, however, can be
stored in the MAIN folder
only.

The user-defined variables in
one folder are independent of

the variables in any other
folder.

Example of variables that
can be stored in  MAIN only

Window variables
(xmin, xmax, etc.)
Table setup variables

(ThblIStart, AThl, etc.)
Y= Editor functions

(Y1(x), etc.)

Therefore, folders can store separate sets of variables with the same

names but different values.

Fir| Fer |Fie| Fa=r | FE Fir
Tow15|ATAcbrafCale|0kher|Fr3miD|Clcan Uk

LI 1
mZ+b 2
[ B 3
ned i w@hws i Dok
BRI 2 4w (x)

HAlN KADb ALTO FUNHC

430

Name of current folder

You cannot create a folder

within another folder.

MAIN

System variables

User-defined
a=1, b=2, c=3
f(x)=x3+x2+x

Variables

< >
< »

ALG102
User-defined
b=5, c=100
f(x)=sin(x)+cos(x)

v

DAVE

User-defined
a=3, b=1, c=2
f(x):x2+6

v

MATH
User-defined
a=42, c=6
f(x)=3x2+4x+25

The system variables in the MAIN folder are always directly
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Creating a Folder
from the Home
Screen

Creating a Folder
from the VAR-LINK
Screen

Setting the Current
Folder from the
Home Screen

Setting the Current
Folder from the
MODE Dialog Box

Tip: To cancel the menu or

exit the dialog box without

saving any changes, press

ESC|.

Enter the NewFold command.

NewFold folderName

L Folder name to create. This new folder is set
automatically as the current folder.

The VAR-LINK screen, which is described in Chapter 21, lists the
existing variables and folders.

1. Press [VAR-LINK].
2. Press Manage and select I

CKERTE MEI FOLDER ™y

5:Create Folder. Foers [
<EECECRRCEL

3. Type a unique folder name up to
eight characters, and press

ENTER] twice.

After you create a new folder from VAR-LINK, that folder is not
automatically set as the current folder.

Enter the setFold function.
setFold (folderName)

L 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.

To use the MODE dialog box:
1. Press [MODE].

2. Highlight the Current
Folder setting.

. HIDE )

Fi Fe (]
Fadg ifFade 2|Fade X

3. Press () to display a
menu of existing
folders.

EERELFESAVE

EEZCSCHMCEL 3

4. Select the applicable
folder. Either:

» Highlight the folder name and press [ENTER].
¢ Press the corresponding number or letter for that folder.

5. Press to save your changes and close the dialog box.
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Using Variables in
Different Folders

Note: This example
assumes that you have
already created a folder
named MATH.

Note: For information about
the VAR-LINK screen, refer
to Chapter 21.

Deleting a Folder
from the Home
Screen

Note: You cannot delete the
MAIN folder.

Deleting a Folder
from the VAR-LINK
Screen

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:

JSolderName\variableName
— or—
SolderName\functionName

For example:

If Current Folder = MAIN Folders
L] 1
L e Do
" 42 + mathha 43 MAIN
m3owZ 4 o+ 25 4 mabhs PO a=1
Donel =x34+x2+
T e A ) f)=x3+x2+x
HMAIN FAD HUTO FUNC EPED]
T i 3 MATH
= 4-mathsa 165 a=42
= (5] 155 f(x)=3x2+4x+25
m mathnf(5) 120
CET RS =)
HAIN FARD RUTOD FUMC HAZ0

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 Home screen’s entry line. If you paste
a variable name that is not in the current folder, the pathname
(folderName\variableName) is pasted.

Before deleting a folder, you must delete all the variables stored in
that folder.

¢ To delete a variable, enter the DelVar command.
DelVar varl [, var2] [, var3] ...
¢ To delete an empty folder, enter the DelFold command.

DelFold folderl [, folder2] [, folder3] ...

VAR-LINK lets you delete a folder and its variables at the same time.
Refer to Chapter 21.

1. Press [2nd] [VAR-LINK].

2. Select the item(s) to delete and press [F1) 1 or [<]. (If you use
to select a folder, its variables are selected automatically.)

3. Press [ENTER] to confirm the deletion.
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If an Entry or Answer Is “Too Big”

If an Entry or
Answer Is
“Too Long”

Note: This example uses
the randMat function to
generate a 25 x 25 matrix.

If There Is not
Enough Memory

Note: This example uses
the seq function to generate
a sequential list of integers
from 1 to 2500.

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 / TI-92 Plus may not be able to display an
answer because there is not enough free memory.

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.

= expand[(x + 2)?]

Press @ — — Press ®
or [2nd) © or 2nd) ®
to SCrO” HAIN Kb ALTO FUNC fEY to SCrO”
left. right.

¢ The following shows an answer that is both too long and too tall
to be displayed on the screen.

TI-89: Press @ or [1] ® to scroll up.
TI-92 Plus: Press O or @& O to scroll up

Press @ — —— Press ®
or © or ®
to scroll to scroll
left. Fandnat tes, 20 right.

HMAIN KRD ALTOD FUNC

TI-89: Press [1] @ to scroll down. -
TI-92 Plus: Press @ to scroll down

A <<...>>symbol is displayed when the TI-89 / TI-92 Plus does not have
enough free memory to display the answer.

For example:

Beeyih, b, 1, 25000 Hod

seqin,h, 1, 250
MAIR FAD AUTD FUHL 1730

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 Chapter 21.

» If possible, break the problem into smaller parts that can be
calculated and displayed with less memory.
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Basic Function Graphing

Preview of Basic Function Graphing............ccccececevveveninenenenenenennnns
Overview of Steps in Graphing Functions...........ccccececeeevenerinenennns
Setting the Graph Mode.........ccoueeverieieirinieieereeeeeee e
Defining Functions for Graphing ..........c.ccceeeeereeieveneneeieseneesenienens
Selecting Functions to Graph..........ccoceeeevriecnnnccnnecreneecneneene

Setting the Display Style for a Function...
Defining the Viewing Window ............
Changing the Graph Format .....

Graphing the Selected Functions............coceeveeevenecneneneineneeeens
Displaying Coordinates with the Free-Moving Cursor
Tracing a FUNCHON ........oceeiiiiriiciieeeeeee e
Using Zooms to Explore a Graph.........ccoccccevvevennecnnncncnenecneneenes
Using Math Tools to Analyze Functions ..........ccccecceeeeeeneneenencnenne

Chapter 2.

glisxi=1.25ekc0s ()
MAIN KAD AUTD FUNRC

This chapter describes the steps used to display and explore a
graph. Before using this chapter, you should be familiar with

Y= Editor shows
an algebraic
representation.

Fi-] Fi~| FZ F4 FE~| Fa= [FP-3i
Tools|2onera|TFace(ReGrarh| Math|DrawfFen):2

Graph screen

N

[\

shows a graphic
representation.

A

HAIM

FAD AUT|

FUHL

Although this chapter describes how to graph y(x) functions, the
basic steps apply to all graphing modes. Later chapters give
specific information about the other graphing modes.
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Preview of Basic Function Graphing

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

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the MODE dialog box. [ AT -
For Graph mode, select Ol o1 [t o |
& .. mé
FUNCTION. ENTER Filhres
HI
Frakte Prink.... B
2. Display the Home screen. Then :(HOME [¢][HOME] 5>
store the radius, 5, in variabler. 5 R 5 R
ENTER
3. Display and clear the Y= Editor. v ol
Then define y1(x) =«/r2—x2,the [F1) 8 [ENTER) [F1) 8 [ENTER)
top half of a circle. V] V]

In function graphing, you must define REJ2ZEIX (REJ2EIX
unction graphing, you mu ine §— A
separate functions for the top and 2 D] [ENTER 2] (ENTER

bottom halves of a circle.

4. Define y2(x) = ~ / r2-x2, the ENTER i
=~FLOTE
function for the bottom half of Y1[@x[@ ot
the circle. yE=Tulta
gi= L Use the full function name
The bottom half is the negative of the 9= y1(x), not simply y1.
top half, so you can define y2(x) = P ] i
“y1(x). H IZE FADAUTD __ FUMEC |
5. Select the ZoomStd viewing 6 6
window, which automatically ATE
graphs the functions.
In the standard viewing window, both \“————""/
the x and y axes range from - 10 to
10. However, this range is spread Notice slight gap
over a longer distance along the x between top and
axis than the y axis. Therefore, the bottom halves.
circle appears as an ellipse.
6. Select ZoomSqr. 5 5
ZoomSgqr increases the range along ,/f_-\\
the x axis so that circles and squares ‘\,_/J
are shown in correct proportion.

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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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

. HODE )

Set Graph mode ([MODE])

Tip: To turn off any stat
data plots (Chapter 16),
press 5 or use to
deselect them.

Tip: This is optional. For
multiple functions, this helps
visually distinguish one from
another.

Tip: Zoom also changes
the viewing window.

Exploring the Graph

to FUNCTION.
Also set Angle mode,
if necessary.

Define functions on
Y= Editor ((+] [¥=]).

Select ([F4)) which
defined functions to
graph.

FL | F& F:
Fads 1|Pads 2|Fads 3

[
. Fdih
. FLOAT B3
An3T FADIAM *
Exponential For NOEMAL %
Coraplex Forma . REAL#+
L+ Veckar Farmal . RECTAMGULAR *
Fretbe Frink... L LES
< Enter=3AvE EEC=CANCEL 3

=~FLOTZ

Set the display style for
a function.

TI-89: [Fe]
TI1-92 Plus:

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

Change the graph
format, if necessary.
9
—or—
TI-89: [(¢J (D
TI-92 Plus: [¢J F

ud=
u3=
HE=
ul Go=Tor 2=y
HAIN FAD AUTO FUHE

Graph the selected
functions ([¢] [GRAPH]).

From the Graph screen, you can:

o
\\5,,/

Display the coordinates of any pixel by using the free-moving
cursor, or of a plotted point by tracing a function.

Use the Zoom toolbar menu to zoom in or out on a portion of

the graph.

Use the Math toolbar menu to find a zero, minimum,

maximum, etc.
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Setting the Graph Mode

Graph Mode

Note: For graphs that do not
use complex numbers, set
Complex Format = REAL.
Otherwise, it may affect
graphs that use powers,
such as x1.

Note: Other Graph mode
settings are described in
later chapters.

Angle Mode

Checking the
Status Line

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 / TI-92 Plus graphs trigonometric functions.

1. Press to display the MODE dialog box, which shows the
current mode settings.

2. Set the Graph mode to FUNCTION. Refer to “Setting Modes” in
Chapter 2.

, HIDE y

Fi Fe (]
Fadg i[Fade 2|Fade 2

MORMAL #
. REAL *
Weckor Farm . RECTHMGULAFE ¥
FFetky Frint N3

CENter=TAVE 1 € ESC=CAMCEL 2

While this chapter specifically describes y(x) function graphs, the
TI-89 / TI92 Plus lets you select from six Graph mode settings.

Graph Mode Setting Description

FUNCTION y(x) functions

PARAMETRIC X(t) and y(t) parametric equations
POLAR r(6) polar equations

SEQUENCE u(n) sequences

3D z(x,y) 3D equations

DIFFERENTIAL EQUATION y'(t) differential equations

When using trigonometric functions, set the Angle mode for the units
(RADIAN or DEGREE) in which you want to enter and display angle
values.

To see the current Graph mode and Angle mode, check the status line
at the bottom of the screen.

FMAIN READ ALTO FUHLC
Angle Graph
Mode Mode
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Defining Functions for Graphing

Defining a New
Function

Note: The function list
shows abbreviated function
names such as y1, but the
entry line shows the full
name y1(x).

Tip: For an undefined
function, you do not need to
press [ENTER] or [F3). When
you begin typing, the cursor
moves to the entry line.

Tip: If you accidentally
move the cursor to the entry
line, press to move it
back to the function list.

Editing a Function

Tip: To cancel any editing
changes, press [ESC] instead
Of [ENTER].

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 the
current graphing mode. For example, in POLAR graphing mode,
function names are r1(0), r2(6), etc.)

1. Press [¢][Y=] or 2 to display the Y= Editor.

Plots — You can scroll above y1= to see
a list of stat plots. See Chapter 16.

1
9%2'91"0 Function List — You can scroll through
Bg: the list of functions and definitions.
Hb= . )
1 Entry Line — Where you define or

ol =T Opa ey —
HAIN FAD AUTO FUNC

edit the function highlighted in the list.

2. Press ® and ® to move the cursor to any undefined function.
(Use [2nd] @ and [2nd) ® to scroll one page at a time.)

3. Press [ENTER] or to move the cursor to the entry line.
4. 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.

5. When you complete the expression, press [ENTER].

The function list now shows the new function, which is
automatically selected for graphing.

From the Y= Editor:

1. Press @ and ® to highlight the function.

2. Press or [F3] to move the cursor to the entry line.
3. 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
Chapter 2.

—or—

e Press 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.
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Clearing a Function

Note: [F1] 8 does not erase
any stat plots (Chapter 16).

Shortcuts to Move
the Cursor

From the Home
Screen or a
Program

Tip: 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.

From the Y= Editor:

To erase:

Do this:

A function from
the function list

A function from
the entry line

All functions

Highlight the function and press [«] or [CLEAR].

Press [CLEAR] once or twice (depending on the
cursor’s location) and then press [ENTER].

Press and then select 8:Clear Functions.
When prompted for confirmation, press [ENTER].

You don’t have to clear a function to prevent it from being graphed.
As described on page 111, you can select the functions you want to

graph.

From the Y=Editor:

Press:

To:

F®or
BES)

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.

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 Chapter 12.

- “Overview of Entering a Function” in Chapter 17.

Store an expression directly to a function variable. Refer to:

— “Storing and Recalling Variable Values” in Chapter 2.

— “Creating and Evaluating User-Defined Functions” in

Chapter 5.
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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 Press [¢][Y=] or 2 to display the Y= Editor.
Deselecting
Functions A “v” indicates which functions will be graphed the next time you

display the Graph screen.

L] If PLOT numbers are
Selected —Lo displayed, those stat plots
| mz=-uliad are selected.
3=
Deselected Bg; In this example, Plots 1
ue= — and 2 are selected. To
% view them, scroll above
yl=.
To select or deselect: Do this:
Tip: You don’t have to A specified function 1. Move the cursor to highlight the function.
select a function when you
enter or edit it; it is selected 2. Press [F4].
automatically. . .
Y This procedure selects a deselected function
or deselects a selected function.
Tip: To turn off any stat All functions 1. Press [F5] to display the All toolbar menu.
plots, press [F5) 5 or use ] )
to deselect them. 2. Select the applicable item.
URCT1oms Uh
unctions OFfF
eset, Stules
St0atas Plot=s OFf
From the Home You can also select or deselect functions from the Home screen or a

Screen or a Program program.

¢ Use the FnOn and FnOff commands (available from the Home
screen’s Other toolbar menu) for functions. Refer to
Appendix A.

* Use the PlotsOn and PlotsOff commands for stat plots. Refer to
Appendix A.
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Setting the Display Style for a Function

Displaying or
Changing a
Function’s Style

Tip: To setLine as the style
for all functions, press
and select 4:Reset Styles.

If You Use Above or
Below Shading

From the Home
Screen or a Program

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.

From the Y= Editor:
1. Move the cursor to highlight the applicable function.

2. Select the Style menu:
TI-89: Press [Fe].
TI-92 Plus: Press [F6).

e Although the Line item is initially
highlighted, the function’s current style is

= Lo

= . .

ek indicated by a v mark.

=gn%ﬂate

fPa . . .

1 Aboye ¢ To exit the menu without making a

tBelow

change, press [ESC].

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.

The TI-89 / TI-92 Plus 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.

You can also set a function’s style from the Home screen or a
program. Refer to the Style command in Appendix A.
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Defining the Viewing Window

Displaying Window
Variables in the
Window Editor

Tip: To turn off tick marks,
set xscl=0 and/or yscl=0.

Tip: Small values of xres
improve the graph’s
resolution but may reduce
the graphing speed.

Changing the
Values

Note: If you type an
expression, it is evaluated
when you move the cursor
to a different Window
variable or leave the
Window Editor.

From the Home
Screen or a Program

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.

Press [¢] [WINDOW] or 3 to display the Window Editor.

\ymax
xmin
/ xscl

Xmax /

yscl

ymin <

Window Variables
(shown in Window Editor)

Corresponding Viewing Window
(shown on Graph screen)

Variable Description
xmin, xmax, Boundaries of the viewing window.
ymin, ymax
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.
e At 1, functions are evaluated and graphed at each
pixel along the x axis.
e At 10, functions are evaluated and graphed at every
10th pixel along the x axis.
From the Window Editor:

1. Move the cursor to highlight the value you want to change.
2. Do any of the following:

e Type avalue or an expression. The old value is erased when
you begin typing.

* Press to clear the old value; then type the new one.
—or—

* Press © or ® to remove the highlighting; then edit the value.

Values are stored as you type them; you do not need to press [ENTER].
ENTER] simply moves the cursor to the next Window variable.

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 Chapter 2.
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Changing the Graph Format

Displaying Graph
Format Settings

Tip: You also can display
the GRAPH FORMATS
dialog box from the Y=
Editor, Window Editor, or
Graph screen. Press:
T1-89: [+) (O

TI-92 Plus: [(¢] F

Tip: To turn off tick marks,
define the viewing window

so that xscl and/or yscl = 0.

Changing Settings

Tip: To cancel a menu or
exit the dialog box without
saving any changes, use
instead of [ENTER].

114

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.

From the Y= Editor, Window Editor, or Graph screen, press and
select 9:Format.

GRAFH FORMATS ] °

Coakdinates.... RECT#

The GRAPH FORMATS dialog
Graph DFder .. SEQ3 box shows the current
g settings.

< EECSCANEEL * To exit without making a

change, press [ESC].

Format

Description

Coordinates

Graph Order

Shows cursor coordinates in rectangular (RECT)
or polar (POLAR) form, or hides (OFF) the
coordinates.

Graphs functions one at a time (SEQ) or all at the
same time (SIMUL).

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

Labels

Shows (ON) or hides (OFF) a reference cursor
that tracks the functions as they are graphed.

Shows (ON) or hides (OFF) labels for the x and y
axes.

From the GRAPH FORMATS dialog box:

1.
2.
3.

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.

After changing all applicable format settings, press to save
your changes and close the GRAPH FORMATS dialog box.
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Graphing the Selected Functions

Displaying the
Graph Screen

Note: If you select an

Zoom operation from the
Y= Editor or Window Editor,
the TI-89 / TI-92 Plus
automatically displays the
Graph screen.

Interrupting
Graphing

If You Need to
Change the Viewing
Window

Smart Graph

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.

Press [¢] [GRAPH] or 4. The TI-89 / TI-92 Plus automatically graphs
the selected functions.

Fi-| F2~| F* F4 FE-| Fa~ [FP-# 1
Tools|2oor| T ack|figGHarh|Makh|DFaw|Fen|:2

—
.

MAIN FAD AUT FUNLC L ey ||

BUSY indicator shows while
graphing is in progress.

While graphing is in progress:
* To pause graphing temporarily, press [ENTER]. (The PAUSE
indicator replaces BUSY.) To resume, press [ENTER] again.

» To cancel graphing, press [ON]. To start graphing again from the
beginning, press (ReGraph).

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
(page 113).

e Use a Zoom operation (page 119).

When you display the Graph screen, the Smart Graph feature displays
the previous window contents immediately, provided nothing has
changed that requires regraphing.

Smart Graph updates the window and regraphs only if you have:
* Changed a mode setting that affects graphing, a function’s
graphing attribute, a Window variable, or a graph format.

* Selected or deselected a function or stat plot. (If you only select a
new function, Smart Graph adds that function to the Graph screen.)

¢ Changed the definition of a selected function or the value of a
variable in a selected function.

¢ Cleared a drawn object (Chapter 12).
¢ Changed a stat plot definition (Chapter 16).
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Displaying Coordinates with the Free-Moving Cursor

Free-Moving Cursor

Tip: If your screen does not
show coordinates, set the
graph format so that
Coordinates = RECT or
POLAR. Press:

T1-89: (+) (0

TI-92 Plus: [¢] F

Tip: 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.

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.

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.

ﬁiyl(x):xz

—— The “c” indicates these are cursor
coordinates. The values are stored in
xct, 253165 uct . 526316 the xc and yc system variables.

Rectangular coordinates use xc and
yc. Polar coordinates use rc and 6c.

To move the free-moving cursor: Press:

To an adjoining pixel A cursor pad arrow for any
direction.

In increments of 10 pixels and then a cursor pad
arrow.

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.

#oi2. 1519 QCMXSGEM

HMAIN KHD AUTI FUHC

Cursor coordinates are for
the center of the pixel, not
the function.

To increase the accuracy:

¢ Use the Trace tool described on the next page to display
coordinates that are on the function.

* Use a Zoom operation to zoom in on a portion of the graph.
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Tracing a Function

Beginning a Trace

Note: If any stat plots are
graphed (Chapter 16), the
trace cursor appears on the
lowest-numbered stat plot.

Moving along a
Function

Note: If you enter an x
value, it must be between
Xxmin and xmax.

Tip: If your screen does not
show coordinates, set the
graph format so that
Coordinates = RECT or
POLAR. Press:

T1-89: (+) (O

TI-92 Plus: [¢] F

Tip: Use QuickCenter,

described on the next page,
to trace a function that goes
above or below the window.

To display the exact coordinates of any plotted point on a
graphed function, use the [F3] Trace tool. Unlike the free-
moving cursor, the trace cursor moves only along a function’s
plotted points.

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.

To move the trace cursor: Do this:

To the previous or next plotted point Press © or (.

Approximately 5 plotted points Press ©or ®.

(it may be more or less than 5,

depending on the xres Window variable)

To a specified x value on the function Type the x value and
press [ENTER].

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).

Fr
®oiZ. 1519 ucid. 630

HMAIN KAD AUT FUNC

Trace coordinates are
those of the function, not
the pixel.

_

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.
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Moving from
Function to
Function

Automatic Panning

Note: Automatic panning
does not work if stat plots
are displayed or if a function
uses a shaded display style.

Using QuickCenter

Tip: You can use
QuickCenter at any time
during a trace, even when
the cursor is still on the
screen.

Canceling Trace

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.

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 LN
SN \#

=ci 10, 2532 uci -3.38033

AN L0
VARV, N

uci ~4. 19536

et 1A,

Before automatic pan After automatic pan

After an automatic pan, the cursor continues tracing.

If you trace a function off the top or bottom of the viewing window,
you can press [ENTER] to center the viewing window on the cursor

location.
\ / 3

#cid 17722

yc: 17,4491

Before using QuickCenter After using QuickCenter

After QuickCenter, the cursor stops tracing. If you want to continue
tracing, press (F3].

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 [F3] to begin tracing:

e If Smart Graph regraphed the screen, the cursor appears at the
middle x value.

e 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

Overview of the
Zoom Menu

Note: If you select a Zoom
tool from the Y=Editor or
Window Editor, the

TI-89/ TI-92 Plus
automatically displays the
Graph screen.

Note: Ax and Ay are the
distances from the center of
one pixel to the center of an
adjoining pixel.

The Zoom toolbar menu has several tools that let you
adjust the viewing window. You can also save a viewing
window for later use.

Press from the Y= Editor, Window Editor, or Graph screen.

S8 Zoomdut

Zoomlrig
LZoomIn

Procedures for using ZoomBox,
Zoomln, ZoomOut, ZoomStd, Memory,
and SetFactors are given later in this
section.

For more information about the
other items, refer to Appendix A.

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

ZoomOut amount defined by SetFactors.

ZoomDec Sets Ax and Ay to .1, and centers the origin.

ZoomSqr Adjusts Window variables so that a square or circle is
shown in correct proportion (instead of a rectangle
or ellipse).

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 = /24 (.130899... radians ymin= ~4
or 7.5 degrees) ymax = 4

xscl =n/2 (1.570796... radians yscl=0.5
or 90 degrees)

ZoomInt Lets you select a new center point, and then sets Ax
and Ay to 1 and sets xscl and yscl to 10.

ZoomData Adjusts Window variables so that all selected stat
plots are in view. Refer to Chapter 16.

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.
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Zooming In with a
Zoom Box

Tip: To move the cursor in
larger increments, use
®,2d @, etc.

Tip: You can cancel
ZoomBox by pressing
before you press [ENTER].

Zooming In and Out
on a Point

. Move the cursor to the

. From the [F2) Zoom menu, select 1:ZoomBox.

The screen prompts for 1st Corner?

. Move the cursor to any corner of the box you want to define, and

then press [ENTER].

y1(x)=2-sin(x)
The cursor changes to a small \
square, and the screen =]

prompts for 2nd Corner?

2nd Corher?
. woi - B32911 | wei2.36842
opposite corner of the zoom

box.

As you move the cursor, the [_

L
box stretches. o

2nd Corner?
xoid, 81013 uc! 3. 42105

. When you have outlined the

press [ENTER.

area you want to zoom in on, [

The Graph screen shows the
zoomed area. '

. From the [F2) Zoom menu,

select 2:Zoomin or 3:ZoomOut.
A cursor appears, and the [

screen prompts for New
Center?

Hew Center?
xci1.51899 gl 739474

. Move the cursor to the point

where you want to zoom in or
out, and then press [ENTER].

The TI-89 / TI-92 Plus adjusts
the Window variables by the +

Zoom factors defined in

SetFactors HEELSIESS uci . TEH4P4

¢ For a ZoomIn, the x variables are divided by xFact, and the
y variables are divided by yFact.

new xmin = etc.

Xm
xFact ’
¢ For a ZoomOut, the x variables are multiplied by xFact, and the

y variables are multiplied by yFact.

new xmin = xmin * xFact , etc.
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Changing Zoom
Factors

Tip: To exit without saving
any changes, press [ESC].

Saving or Recalling
a Viewing Window

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

The Zoom factors define the magnification and reduction used by
ZoomlIn and ZoomOut.

1. From the Zoom menu, select C:SetFactors to display the ZOOM
FACTORS dialog box.

£ 2000 Fo¢TORS ! Zoom factors must be > 1, but
aFact: .
e they do not have to be integers.
P T — | The default setting is 4.

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.
— or—

* 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.

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
B:Memory to display its 3 Zoomke ]

submenu.

2. Select the applicable item.

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
ZoomsSto.

You can restore the Window variables to their default values at any
time.

From the Zoom menu, select 6:ZoomStd.
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Using Math Tools to Analyze Functions

Overview of the
Math Menu

Note: For Math results,
cursor coordinates are
stored in system variables
xc and yc (rc and 6c if you
use polar coordinates).
Derivatives, integrals,
distances, etc., are stored in
the system variable
sysMath.

On the Graph screen, the Math toolbar menu has several
tools that help you analyze graphed functions.

Press from the Graph screen.

1:lalue

On the Derivatives submenu,
HECI] only dy/dx is available for
FHiE / function graphing. The other
ifnbersect ion derivatives are available for
e Tidusdx other graphing modes
Infle Ziddody (parametric, polar, etc.).
42 diSdi

Math Tool Description

Value Evaluates a selected y(x) function at a specified x
value.

Zero, Finds a zero (x-intercept), minimum, or maximum

Minimum, point within an interval.

Maximum

Intersection Finds the intersection of two functions.

Derivatives Finds the derivative (slope) at a point.

[f(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.

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.
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Finding y(x) at a
Specified Point

Tip: 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

Tip: Typing x values is a
quick way to set bounds.

Finding the
Intersection of Two
Functions within an
Interval

. Press [ENTER]. \ /

. From the Graph screen, press and select 1:Value.

. Type the x value, which must be a real value between xmin and

xmax. The value can be an expression.
y1(x)=1.25x*cos(x)
1

The cursor moves to that

x value on the first function

selected in the Y= Editor, and \
its coordinates are displayed. =

Y

uct 3. 71247

. Press ® or ® to move the cursor between functions at the

entered x value. The corresponding y value is displayed.

Note: If you press @ or (), the free-moving cursor appears. You
may not be able to move it back to the entered x value.

. From the Graph screen, press and select 2:Zero, 3:Minimum, or

4:Maximum.

. As necessary, use @ and @ to select the applicable function.

. Set the lower bound for x. Either use @ and () to move the cursor

to the lower bound or type its x value.

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

. Set the upper bound, and
press [ENTER]. \ i
The cursor moves to the R
solution, and its coordinates zeras o .
are displayed. it et

. From the Graph screen, press and select 5:Intersection.

. 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.

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

. Set the upper bound, and Y2(x)=2x-7
press [ENTER. \ ﬂ
The cursor moves to the
intersection, and its ‘\ / ] \
coordinates are displayed. Intereeckiont ot -2 20452
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Finding the
Derivative (Slope) at
a Point

Finding the
Numerical Integral
over an Interval

Tip: Typing x values is a
quick way to set the limits.

Tip: To erase the shaded
area, press [F4) (ReGraph).

Finding an Inflection
Point within an
Interval

. Set the upper limit, and press

. From the Graph screen, press and select 6:Derivatives. Then

select 1:dy/dx from the submenu.

. As necessary, use @ and @ to select the applicable function.

. Set the derivative point.

Either move the cursor to the \ /eeh-\
point or type its x value.

. Press [ENTER]. x l \
[ENTER] dus k= -2, DESHS

The derivative at that point is
displayed.

. From the Graph screen, press and select 7:Jf(x)dx.
. As necessary, use ® and @ to select the applicable function.

. Set the lower limit for x. Either use @ and () to move the cursor

to the lower limit or type its x value.

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

ENTER].

The interval is shaded, and its
approximate numerical
integral is displayed.

T C0de=10.6334

. From the Graph screen, press and select 8:Inflection.
. As necessary, use @ and ® to select the applicable function.

. Set the lower bound for x. Either use @ and () to move the cursor

to the lower bound or type its x value.

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

. Set the upper bound, and
press [ENTER]. \ i ?f\
The cursor moves to the \\/
inflection point (if any) within Inf'lection
®ci5.08699 | uciZ. 32664

the interval, and its
coordinates are displayed.
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Finding the
Distance between
Two Points

Drawing a Tangent
Line
Tip: To erase a drawn

tangent line, press
(ReGraph).

Finding an Arc
Length

. Set the tangent point. Either \

. Press [ENTER]. X/ j y \
u= -2 93453:c+4., 832,

. From the Graph screen, press and select 9:Distance.

. 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.)

. Press [ENTER].

The distance between the two
points is displayed, along with
the connecting line.

Distance=18.!93? \

. From the Graph screen, press and select A:Tangent.
. As necessary, use @ and @ to select the applicable function.

move the cursor to the point

A\

or type its x value.

The tangent line is drawn,
and its equation is
displayed.

. 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.

. Press [ENTER]. A + marks the first point.

. Set the second point, and

press (ENTER].

A + marks the second point, /
Arc=12. 6638

and the arc length is
displayed.

Y
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Shading the Area
between a Function
and the X Axis

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.

Tip: To erase the shaded
area, press [F4] (ReGraph).

Shading the Area
between Two
Functions within an
Interval

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.

Tip: To erase the shaded
area, press [F4] (ReGraph).
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You must have only one function graphed. If you graph two or more
functions, the Shade tool shades the area between two functions.

1.

From the Graph screen, press and select C:Shade. The screen
prompts for Above X axis?

Select one of the following. To shade the function’s area:

* Above the x axis, press [ENTER].

¢ Below the x axis, press:

TI-89: [N]
TI-92 Plus: N

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 bounded area is shaded.

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?

As necessary, use @ or @ to select another function. (Shading
will be below this function.)

5. Press [ENTER].

6. Set the lower bound for x. Either use @ and (¢ to move the cursor

to the lower bound or type its x value.
Press [ENTER]. A ) at the top of the screen marks the lower bound.

Below
Set the upper bound, and function
press [ENTER].
The bounded area is shaded.
\ Above
function
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Parametric Graphing

Preview of Parametric Graphing........c..ccceccvcevevieeneneeneneneeneneene 128
Overview of Steps in Graphing Parametric Equations ..................... 129
Differences in Parametric and Function Graphing ..............cceceeveuen. 130

This chapter describes how to graph parametric equations on the
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar
with Chapter 6: Basic Function Graphing.

Parametric equations consist of both an x and y component, each
expressed as a function of the same independent variable t.

You can use parametric equations to model projectile motion. The
position of a moving projectile has a horizontal (x) and vertical
(y) component expressed as a function of time (t). For example:

V() = Vot Sin 6 — (Q/2)12 —— |--aereeicini 0 OY(O)

X(t) = vot cos 6

The graph shows the path of the projectile over time, assuming
that only uniform gravity (no drag forces, etc.) is acting on the
projectile.
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Preview of Parametric Graphing

Graph the parametric equations describing the path of a ball kicked at an angle (0) of 60°
with an initial velocity (Vo) 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?

¢ tvalue where the ball hits the
ground.

as necessary

as necessary

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
. Display the MODE dialog box.
For Graph mode, select 0?2 Q2
PARAMETRIC. ENTER
. Display and clear the Y= Editor. :[s][v] (04 |xt1(t)=15t*cos(60°)
Then define the horizontal 8 8
component xt1(t) = vt cos 6. ENTER
Enter values for v, and 6. 1|; ] 60 0
2nd] [COS C0S
TI-89: Type T cos], not
e Lo 20 D ETE ()0 ETER
TI-92 Plus: Type T [X][C0S], not T (COS].
Enter a ° symbol by typing either
2nd) [°] or (2nd) [MATH] 2 1. This ensures a
number is interpreted as degrees,
regardless of the angle mode.
. Define the vertical component ENTER ENTER
Yt1(t) = vt sin 6 — (g/2)t2 15T 15T[x]
Enter values for v,,0, and g. [sIN] 60 60
od[(IDEO  id[PIDIEO
9.8EFH20] 9.8[F20) rbas
T[7) 2 [ENTER) T[7) 2 [ENTER _Lgntl(L>=15R=:;,:mncsm>—9.3/...
. Display the Window Editor. (+J [winbow] (¢] [winow] ]
Enter Window variables 1@3®@ 0030 tm;g:g
appropriate for this example. 0202 1.020@20 tetep=, 02
] 25050 25050 HM1N= =
You can press either @ or [ENTER] to XNE‘T:%E-
enter a value and move to the next 2010 20100 Eﬁ?n; 25
variable. 5 5 amax=103.
gsc1=5.
. Graph the parametric equations i[¢][GRAPH] [¢1[6RAPH]
to model the path of the ball.
Select Trace. Then move the
cursor along the path to find the:
« yvalue at maximum height. ®or® Qor©

128
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Overview of Steps in Graphing Parametric Equations

Graphing
Parametric
Equations

Tip: To turn off any stat
data plots (Chapter 16),
press 5 or use to
deselect them.

Tip: This is optional. For
multiple equations, this helps
visually distinguish one from
another.

Tip: Zoom also changes
the viewing window.

Exploring the Graph

To graph parametric equations, use the same general steps
used for y(x) functions as described in Chapter 6: Basic
Function Graphing. Any differences that apply to parametric
equations are described on the following pages.

Set Graph mode ([MODE])
to PARAMETRIC.
Also set Angle mode,
if necessary.

Define x and y
components on
Y= Editor ([¢] [=]).

. HODE )

FL Fz Fx
Fads 1|Pads 2|Fads 2

GEaph.. ... ..

Frattu Frint..
«EnteF=SAYE 3

Select ([F4]) which
defined equations to
graph. Select the x ory
component, or both.

ut 3=
stlcti=15t4cos (6E° )
HATN

Ffb AUTO FhE

Set the display style
for an equation.
You can set either the
X or y component.

TI-89: [Fe]
TI-92 Plus:

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

Change the graph
format if necessary.

9
—or—
TI-89: ¢ (D
TI-92 Plus: F

Graph the selected
equations ([¢] [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.

Coordinatss
Grarh Order

GFi

[ B33 e DN
Leadind Cursar OFF +
Labels............ OFF

EntekSSHVE ESCSCHMCEL

Use the Zoom toolbar menu to zoom in or out on a portion of

the graph.

Use the Math toolbar menu to find derivatives, tangents, etc.
Some menu items are not available for parametric graphs.
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Differences in Parametric and Function Graphing

Setting the
Graph Mode

Defining Parametric
Equations on the
Y= Editor

Note: When using t, be sure
implied multiplication is valid
for your situation.

Tip: You can use the Define
command from the Home
screen (see Appendix A) to
define functions and
equations for any graphing
mode, regardless of the
current mode.

This chapter assumes that you already know how to graph y(x)
functions as described in Chapter 6: Basic Function Graphing.
This section describes the differences that apply to parametric
equations.

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.

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 Chapter 13.)

|
C= :)7 Enter x and y components
= | on separate lines.
You can define

t3=
xtl<t>=15*t*cos<69°> xt1(t) through xt99(t) and
LT 11| | S yti(t) through yt99(t).

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 / TI-92 Plus simply
returns the function name, not a number.

The Y= Editor maintains an independent function list for each Graph
mode setting. For example, suppose:

e 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.

e 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.
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Selecting
Parametric
Equations

Selecting the
Display Style

Tip: Use the Animate and
Path styles for interesting
projectile-motion effects.

Window Variables

Note: You can use a
negative tstep. If so, tmin

must be greater than tmax.

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 Chapter 13. With multiple parametric equations, you can
select and compare all the x components or all the y components.

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 / TI-92 Plus automatically
sets the y component to Dot.

The Above and Below styles are not available for parametric
equations and are dimmed on the Y= Editor’s Style toolbar menu.

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.

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 ... ... hot to exceed ...
x(tmax) y(tmax)

xmin, xmax, Boundaries of the viewing window.
ymin, ymax

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 = 2rn (6.2831853... radians  xmax = 10. ymax = 10.
or 360 degrees)
tstep =n/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.
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Exploring a Graph As in function graphing, you can explore a graph by using the

following tools.

Tool

For Parametric Graphs:

Free-Moving
Cursor

Zoom

Tip: During a trace, you can Trace
also evaluate x(t) and y(t) by

typing the t value and

pressing [ENTER].

Tip: You can use
QuickCenter at any time
during a trace, even if the
cursor is still on the screen.

Math

Works just as it does for function graphs.

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 = 2x, and tstep = n/24).

Lets you move the cursor along a graph one tstep at a
time.

When you begin a trace, the cursor is on the first
selected parametric equation at tmin.

QuickCenter applies to all directions. If you move
the cursor off the screen (top or bottom, left or
right), press 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 / TI-92 Plus will not automatically pan the
viewing window. However, you can use
QuickCenter.

Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent, and
B:Arc are available for parametric graphs. These tools
are based on t values. For example:

1:Value displays x and y values for a specified
t value.

6:Derivatives finds dy/dx, dy/dt, or dx/dt at a point
defined for a specified t value.
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Polar Graphing

Preview of Polar Graphing....

Overview of Steps in Graphlng Polar Equations

Differences in Polar and Function Graphing..........c..ccccceeccevrencnnnne.

rectangular (x,y) form.

This chapter describes how to graph polar equations on the
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar
with Chapter 6: Basic Function Graphing.

Consider a point (x,y) as shown below. In a polar equation, the
point’s distance (r) from the origin is a function of its angle (8)
from the positive x axis. Polar equations are expressed as r = f(6).

To convert between rectangular (x,y)
and polar coordinates (r,0):

X =T1C0S 0 r2=x2+y2

x  sign(y)
- i - _ e —
y=rsin® 0 = -tan y+ 2

Note: To find 6, use the

TI-89 / TI-92 Plus function angle(x+zy),

which automatically performs the
calculation shown above.

You can view the coordinates of any point in either polar (r,6) or

o

Chapter 8: Polar Graphing
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Preview of Polar Graphing

The graph of the polar equation 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.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Display the MODE dialog box. ST
For Graph mode, select POLAR. i®3 Q3 st e e |
For Angle mode, select RADIAN. i @@@0® 1 0OOO1 e
I
ENTER ExvanraT FoEr
E_Enter=SAYE 3 £ ESCECAMCEL 3
Display and clear the Y= Editor. :[s]J[Y-] (0]
Then define the polar equation 8 8 [ENTER
r1(6) = A sin B6. ENTER
Enter 8 and 2.5 for A and B, 8[nd)[s] 2 . 5 8EW 2 . 58]
respectively. [+][6] 0] [ENTER ENTER
:lr_l(e)=8=|=sin(2.5*9>
H G RHD AUTO FOL
Select the ZoomStd viewing 6 6
window, which graphs the
equation.
e The graph shows only five rose
petals.
- In the standard viewing window,
the Window variable 6max = 2.
The remaining petals have 6
values greater than 2.
* The rose does not appear
symmetrical.
- 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.
Display the Window Editor, and :[s][WiNDOW] [+ (winpow] gnin=g.
change 6max to 4m. C] ® Qstep=i 6308996938995?
=Mmln=T .
47 will be evaluated to a number 4 20 [n] 4[d [n] Emax=io.
when you leave the Window Editor. ymin=-16,
gmax=106,.
gscl=1.
Select ZoomSqr, which regraphs 5 5
the equation.
ZoomSaqr increases the range along
the x axis so that the graph is shown
in correct proportion.
You can change values for A and
B as necessary and regraph the
equation.
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Overview of Steps in Graphing Polar Equations

Graphing Polar
Equations

Tip: To turn off any stat
data plots (Chapter 16),
press 5 or use to
deselect them.

Tip: This is optional. For
multiple equations, this helps
visually distinguish one from
another.

Tip: Zoom also changes
the viewing window.

Tip: To display r and 6, set
Coordinates = POLAR.

Exploring the Graph

To graph polar equations, use the same general steps used
for y(x) functions as described in Chapter 6: Basic Function
Graphing. Any differences that apply to polar equations are
described on the following pages.

Set Graph mode ([MODE])
to POLAR.
Also set Angle mode,
if necessary.

Define polar equations
on Y= Editor ([¢] [¥=]).

Select ([F4]) which
defined equations to
graph.

Set the display style
for an equation.

TI1-89: [Fe]
TI-92 Plus:

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

Change the graph
format,if necessary.
9
—or—
TI-89: [
TI-92 Plus: [(#]JF

Graph the selected
equations ([¢] [GRAPH]).

From the Graph screen, you can:

* Display the coordinates of any pixel by using the free-moving

. HODE )

FL | F& F:
Fads 1|Pads 2|Fads 3

Andl
Exponential For
CaraF1gx Formal
L Weckor Farmal
Fretbe Frink...

S
< EREEr=3ANE s < EECCARLEL

rloai=04sinis, G4
HAIN RAD ALTD FOL

enin=0,

Brmax=12, 556370514
estep=, 1 3089969389957
wmin=-10

wMax=1.

#=cl=1,

umin=-10.

umax=1e.

uscl=1.

{ GRAFH FORMATS )

Coordinakes.....
GFaph Or der

cursor, or of a plotted point by tracing a polar equation.

¢ Use the 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.

Chapter 8: Polar Graphing

135



Differences in Polar and Function Graphing

This chapter assumes that you already know how to graph y(x)
functions as described in Chapter 6: Basic Function Graphing.
This section describes the differences that apply to polar

equations.
Setting the Use to set Graph = POLAR before you define equations or set
Graph Mode 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 0.

Defining Polar
Equations on the
Y= Editor

You can define polar
equations for r1(0)

riiBI=Etzint2, 5+ay through r99(e).
HMAIN FRD AUTOD FOL

Tip: You can use the Define  The Y= Editor maintains an independent function list for each Graph

command from the Home mode setting. For example, suppose:
screen (see Appendix A) to
define functions and » In FUNCTION graphing mode, you define a set of y(x) functions.

equations for any graphing . s
mode, regardless of the You change to POLAR graphing mode and define a set of r(6)

current mode. equations.

e 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() equations are still defined.

Selecting the The Above and Below styles are not available for polar equations and
Display Style are dimmed on the Y= Editor’s Style toolbar menu.
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Window Variables

Note: You can use a
negative 6step. If so, 6min
must be greater than 6max.

Setting the Graph
Format

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, émax  Smallest and largest 6 values to evaluate.

Ostep Increment for the 6 value. Polar equations are
evaluated at:

r(6min)
r(6min+6step)
r(6min+2(0step))
... hot to exceed ...
r(dmax)

xmin, xmax, Boundaries of the viewing window.
ymin, ymax

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:

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

6max = 2n  (6.2831853... radians  xmax = 10. ymax = 10.
or 360 degrees)

Ostep = n/24 (.1308996... radians xscl = 1. yscl = 1.

or 7.5 degrees)

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

To display coordinates as r and 6 values, use:

[F9
—or—

TI-89: (3 [0
TI-92 Plus: [§)F

to set Coordinates = POLAR. If Coordinates = RECT, the polar

equations will be graphed properly, but coordinates will be displayed

as xand y.

When you trace a polar equation, the 6 coordinate is shown even if

Coordinates = RECT.
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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
Cursor

Zoom

Tip: During a trace, you can Trace
also evaluate r(0) by typing

the 6 value and pressing

(ENTER].

Tip: You can use
QuickCenter at any time
during a trace, even if the
cursor is still on the screen.

Math

Works just as it does for function graphs.

Works just as it does for function graphs.

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

The 6 Window variables (6min, 6max, 6step) are not
affected unless you select 6:ZoomStd (which sets
6min = 0, ®max = 2x, and Ostep = 1/24).

Lets you move the cursor along a graph one 6step at a
time.

When you begin a trace, the cursor is on the first
selected equation at 6min.

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.

Automatic panning is not available. If you move the
cursor off the left or right side of the screen, the
TI-89 / TI-92 Plus will not automatically pan the
viewing window. However, you can use
QuickCenter.

Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent, and
B:Arc are available for polar graphs. These tools are
based on 6 values. For example:

1:Value displays an r value (or x and y, depending
on the graph format) for a specified 6 value.

6:Derivatives finds dy/dx or dr/d6 at a point defined
for a specified 6 value.
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Sequence Graphing

Note: A recursive sequence
can reference another
sequence. For example,
u2(n) =n2+ul(n-1).

Preview of Sequence Graphing
Overview of Steps in Graphing Sequences...... ... 141
Differences in Sequence and Function Graphing ..
Setting Axes for Time, Web, or Custom Plots.
Using Web Plots
Using Custom Plots.......c..cccccenuneeee.

Using a Sequence to Generate a Table...

This chapter describes how to graph sequences on the
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar
with Chapter 6: Basic Function Graphing.

Sequences are evaluated only at consecutive integer values. The
two general types of sequences are:

¢ Nonrecursive — The nth term in the sequence is a function
of the independent variable n.

Each term is independent of any other terms. In the following
example sequence, you can calculate u(5) directly, without
first calculating u(1) or any other previous term.

n is always a series of

consecutive integers,
u(n)=2+*n forn=1,2,3, .. starting at any positive

integer or zero.

u(n) =2 *n gives the sequence 24,6, 8, 10, ...

¢ Recursive — The nth term is defined in relation to one or
more previous terms, represented by u(n- 1), u(n-2), etc. In
addition to previous terms, a recursive sequence may also be
defined in relation to n (such as u(n) = u(n-1) + n).

In the following example sequence, you cannot calculate u(5)
without first calculating u(1), u(2), u(3), and u(4).

The first term is undefined

since it has no previous term.
So you must specify an initial
value to use for the first term.

u(n)=2*u(n-1) forn=1,2,3, ...

Using an initial value of 1:

u(n) =2 *u(n-1) gives the sequence 1, 2, 4, 8, 16, ...

The number of initial values you need to specify depends on
how deep the recursion goes. For example, if each term is
defined in relation to the previous two terms, you must specify
initial values for the first two terms.
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Preview of 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 .8 X (.8 X 4000 + 1000) .8 X (.8 X (.8 x 4000 + 1000) + 1000)
+ 1000 + 1000 + 1000
TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display

1. Display the MODE dialog box.

For Graph mode, select o4 Q4

SEQUENCE. ENTER ENTER
2. Display and clear the Y= Editor. :[#][Y-] Cealv=]

Then define the sequence as 8 8 [ENTER]

ul(n) = iPart(.8% ul(n- 1)+1000). ENTER ENTER

Use iPart to take the integer part of (20d) [(WATH] 1 4 (20d) (MaTH] 1 4

the result. No fractional trees are .8f@phad U1[Q i.8U1[J y

harvested. NE1D®E NG L _Lu1<n>=iPar~+.<.3*u1<n—1>+1a...

1 MAIN RAD AUTD ZEQ

To access iPart(, you can use 100 0[][ENTER] i1 00 0[7])[ENTER
[WaTH], simply type it, or select it (ENTER) (ENTER]

from the CATALOG.

3. Define uil as the initial value ENTER
that will be used as the first 4000 4000
term.
4. Display the Window Editor. Set i[5 [wnpow] (] [winDow]
the n and plot Window variables. :igg 500 00500
nmin=0 and nmax=50 evaluate the 101 1010 -
size of the forest over 50 years. Eméx%éﬂa.
uscl=1006.
5. Set the x and y Window variables {0®50® 00500
to appropriate values for this 10@0® 10000O
example. 6000® 600000
1000 1000
6. Display the Graph screen. () [GRAPH] [*][GRAPH]
7. Select Trace. Move the cursor to - e L
t b . Hi
race year by ye.ar oW many ®and® Qand© \ By default, sequences use
years (nc) does it take the as necessary :asnecessary the Square display style.
number of trees (yc) to stabilize? hoi 27,

Trace begins at nc=0. HEIZT. Cid336,

nc is the number of years.

Xxc = nc since n is plotted on the x
axis.

yc = ul(n), the number of trees at
year n.
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Overview of Steps in Graphing Sequences

Graphing
Sequences

Tip: To turn off any stat
data plots (Chapter 16),
press 5 or use to
deselect them.

Note: For sequences, the
default style is Square.

Tip: Zoom also changes
the viewing window.

Exploring the Graph

Tip: You can also evaluate
a sequence while tracing.
Simply enter the n value
directly from the keyboard.

To graph sequences, use the same general steps used for y(x)

functions as described in Chapter 6: Basic Function Graphing.
Any differences are described on the following pages.

Set Graph mode ([MODE])
to SEQUENCE.
Also set Angle mode,
if necessary.

Define sequences and,
if needed, initial values
on Y= Editor ([¢] [¥=]).

HMODE
FL | F& F:
Fads 1|Pads 2|Fads 3

GFAPh
CUFFent Foid
Disk 1o bidits
Andle...

Frekts Frint...
< EREEr=3ANE s

< EECCARLEL

Select ([F4)) which
defined sequences to
graph. Do not select

initial values.

Fex| F7

uliro=iParti,BHul n-13+1a.

HAlN RHDO AUTOD SEQ

Set the display style
for a sequence.

TI-89: [Fe]
TI1-92 Plus:

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

Change the graph
format if necessary.
9
—or—
TI-89: ¢J (M
TI-92 Plus: [¢J F

Graph the selected
sequences ([¢] [GRAPH]).

From the Graph screen, you can:

» Display the coordinates of any pixel by using the free-moving

nmin=Qd,
nmax=20,
plotStrt=1.
plotStep=1.
¥in=E,

urin=Q,
urax=GA0E0 .
uscl=1000,

{ GRAFH FORMATS )

Leadind Cursor OFF +

Labels............. OFF#
£ Enter=ZAVE 1 e ESCSCHMCEL 3

1

" i
nci27.
HC PP Yci4995,

cursor, or of a plotted point by tracing a sequence.

e Usethe 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.
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Differences in Sequence and Function Graphing

Setting the
Graph Mode

Defining Sequences
on the Y= Editor

Note: You must use a list to
enter two or more initial
values.

Note: Optionally, for
sequences only, you can
select different axes for the
graph. TIME is the default.

Tip: You can use the Define
command from the Home
screen (see Appendix A) to
define functions and
equations for any graphing
mode, regardless of the
current mode.
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This chapter assumes that you already know how to graph y(x)
functions as described in Chapter 6: Basic Function Graphing.
This section describes the differences that apply to sequences.

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.

You can define sequences
ul(n) through u99(n).

Fir| Fe=]FZ JF4 [FEA FE=| F7
Touls|Zoom|Edit] ~* |AT1)SETe]Axes...
i C.8-ulin ’ E

Use ui only for recursive

'-.%f sequences, which require
Rty one or more initial values.

Hltro=iFarti, otul cn- L7+ 10,
HMAIN ErD AUTO IEQ

If a sequence requires more than one initial value, enter them as a list
enclosed in braces { } and separated by commas.

Y u3Eu3in = L+ u3in - 2)
ui3d={1 Ok

Enter {1,0} even though
{1 0} is shown in the LiLLL]
sequence list.

o
AD AUTO SEQ

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. For more detailed information, refer to page 146.

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.

e 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.
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Selecting
Sequences

Note: With TIME and
CUSTOM axes, all defined
sequences are evaluated
even if they are not plotted.

Selecting the
Display Style

Window Variables

Note: Both nmin and nmax
must be positive integers,
although nmin can be zero.

Note: nmin, nmax, plotstrt
and plotstep must be
integers > 1. If you do not
enter integers, they will be
rounded to integers.

With TIME and WEB axes, the TI-89 / TI-92 Plus graphs only the
selected sequences. If you entered any sequences that require an
initial value, you must enter the corresponding ui value.

Fi-| Fe-|FZ |F4 [FE{ Fe=| F?
Tunlz|2oer|Edik] -« AT |FkeTefhxes..
PTG o -

You can select a sequence. ——

You cannot select its ——

initial value.

ULlro=iParte, Gl CA- LI+ 10,
HAH FAD AUTO ZER

With CUSTOM axes, when you specify a sequence in the custom
settings, it is graphed regardless of whether it is selected.

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.

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

plotStrt

plotStep

Xmin, xmax,
ymin, ymax

xscl, yscl

Smallest and largest n values to evaluate. Sequences
are evaluated at:

u(nmin)
u(nmin+1)
u(nmin+2)

... hot to exceed ...
u(hmax)

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.

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.

Boundaries of the viewing window.

Distance between tick marks on the x and y axes.
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Window Variables
(Continued)

Note: Both of these graphs
use the same Window
variables, except for plotstrt.

Changing the Graph
Format

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 a graph, look at the following examples of
arecursive sequence.

This graph is plotted beginning
with the 1st term.

l plotStrt=1

This graph is plotted beginning /

with the 9th term.

l plotStrt=9

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:

e xmin = first n value to graph ﬁ

e xmax = nmax (although you
can use other values)

A plotStrt=1 nmax
¢ ymin and ymax = expected
values for the sequence

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.
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Exploring a Graph

Tip: During a trace, you can
evaluate a sequence by
typing a value for n and
pressing [ENTER].

Tip: You can use
QuickCenter at any time
during a trace, even if the
cursor is still on the screen.

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
Cursor

Zoom

Trace

Math

Works just as it does for function graphs.

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).

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

(2nd ® or [2nd) ©.

— 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. Refer to page 147.

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.

Chapter 9: Sequence Graphing 145



Setting Axes for Time, Web, or Custom Plots

Displaying the
AXES Dialog Box

146

For sequen

ces only, you can select different types of axes for

the graph. Examples of the different types are given later in
this chapter.

From the Y= Editor, Axes:

1
AEES * Depending on the current Axes

Axes: TIME* . .
BUITd Meb: TRACE 3 setting, some items may be

R n

T T dimmed.

Entek=SAVE ESC=CANCEL

¢ To exit without making any
changes, press [ESC].

Item

Description

Axes

Build Web

X Axis and
Y Axis

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.

Active only when Axes = WEB, this specifies whether a
web is drawn manually (TRACE) or automatically
(AUTO).

Refer to page 147 for more information.

Active only when Axes = CUSTOM, these let you select
the value or sequence to plot on the x and y axes.

Refer to page 150 for more information.

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.
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Using Web Plots

Valid Functions for
Web Plots

When You Display
the Graph Screen

Drawing the Web

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).

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.

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).

e Cannot reference n directly.

¢ Cannot reference any other defined sequence except itself.

After you select WEB axes and display the Graph screen, the
TI-89 / TI-92 Plus:

¢ 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 uil=1. The TI-89 / TI-92 Plus draws the y=x reference
line and then plots y =4 [5-x.

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).
Moves vertically (either up or down) to the sequence.

Moves horizontally to the y=x reference line.

=W

Repeats this vertical and horizontal movement until n=nmax.
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Example:
Convergence

Tip: During a trace, you can
move the cursor to a
specified n value by typing
the value and pressing
(ENTER].

Tip: 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.

Example:
Divergence

. On the Window Editor, change nmin=1.

. On the Y= Editor ([¢][Y=]), define ul(n) = -.8ul(n-1) + 3.6. Set

initial value uil = - 4.

. Set Axes = TIME.

. On the Window Editor nmin=1. xmin=0.  ymin="10.
. nmax=25. xmax=25. ymax=10.
([sJ[winoow] ), set the Window plotstrt=1.  xscl=1. yscl=1.
variables. plotstep=1.
. Graph the sequence umf |
([+] [GRAPH]). e e
By default, a sequence uses

the Square display style.

. On the Y= Editor, set Axes = WEB and Build Web = AUTO.

xmin="10. ymin="10.
nmax=25. xmax=10. ymax=10.

the Window variables. plotStrt=1.  xscl=1. yscl=1.

plotStep=1.
. Regraph the sequence. u(n)
y=-.8x + 3.6
Web plots are always shown | I Jie_1| | u(n-1)
as lines, regardless of the :
selected display style. y=Xx

. 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.

. On the Y= Editor ([¢][Y=]), define ul(n) = 3.2ul(n- 1) -.8(ul(n-1))2

Set initial value uil = 4.45.

. Set Axes = TIME.

. On the Window Editor nmin=0. xmin=0. ~ ymin="75.
nmax=10. xmax=10. ymax=10.

((J[wipow] ), set the plotStrt=1.  xscl=1.  yscl=1.
Window variables. plotStep=1.

. Graph the sequence u(n) | ~
([¢J[GRAPH]).
Because the sequence
quickly diverges to large .

negative values, only a few
points are plotted.
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Example:
Oscillation

Note: Compare this graph
with the divergence
example. This is the same
sequence with a different
initial value.

Note: The web moves to an
orbit oscillating between two
stable points.

Note: By starting the web
plot at a later term, the
stable oscillation orbit is
shown more clearly.

5.
6.

On the Y= Editor, set Axes = WEB and Build Web = AUTO.

On the Window Editor, change ﬂm!'xz—oi 0
the Window variables. ri=1

xmin="10. ymin="10.
xmax=10. ymax=10.

plotStrt=1. xscl=1. yscl=1.
plotStep=1.
Regraph the sequence. u(n)
The web plot shows how u(n-1)
quickly the sequence
diverges to large negative y=x
values. y=3.2x-.8x2

This example shows how the initial value can affect a sequence.

1.

On the Y= Editor ([¢][¥=]), use the same sequence defined in the
divergence example: ul(n) = 3.2ul(n- 1) -.8(ul(n- 1))2. Set initial
value uil =0.5.

Set Axes = TIME.

On the Window Editor nmin=1. xmin=0. ymin=0.
nmax=100. xmax=100. ymax=5.

([«][winbow] ), set the plotStrt=1.  xscl=10. yscl=1.

Window variables. plotStep=1.

Graph the sequence u(n)

([¢J[GRAPH]). e

'-ﬁ_

On the Y= Editor, set Axes = WEB and Build Web = AUTO.

On the Window Editor, change "Min=1. — xmin="2.68 ymin="4.7

) . nmax=100. xmax=6.47 ymax=4.7
the Window variables. plotStrt=1.  xscl=1. yscl=1.
plotStep=1.

Regraph the sequence.

u(n)
W(n—l)
R

y=3.2x+.8x2
Press [F3). Then use () to trace the web.

As you trace to larger values of nc, notice that xc and yc oscillate
between 2.05218 and 3.19782.

On the Window Editor, set
plotstrt=50. Then regraph the
sequence.

=
7N
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Using Custom Plots

Example: Predator-
Prey Model

Note: Assume there are
initially 200 rabbits and
50 foxes.

Note: Use [F3] to individually
trace the number of rabbits
ul(n) and foxes u2(n) over
time (n).

Note: Use to trace both
the number of rabbits (xc)
and foxes (yc) over the
cycle of 400 generations.

150

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.

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)
Ry = Ry (1+M-KW,,)

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

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

Set Axes = TIME.

On the Window Editor m!‘x:&oo iﬁ!‘f—%oo iﬁg‘f—oe;oo
([¢][winoow] ), set the Window  piotstrt=1.  xscl=100.  yscl=100.
variables. plotStep=1.

u(n)

ulm /\/\/\

i S SR ]
u2(n) — n

Graph the sequence

([¢J[GRAPH]).

On the Y= Editor, set Axes = CUSTOM, X Axis = ul, and Y Axis = u2.

1 i nmin=0. xmin=84.  ymin=25.
In the.WlndOW E.:dltor’ change nmax=400. xmax=237. ymax=75.
the Window variables. plotStrt=1.  xscl=50. yscl=10.
plotStep=1.
Regraph the sequence. u2(n)
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
Chapter 13 for detailed information about tables.

Example: Fibonacci In a Fibonacci sequence, the first two terms are 1 and 1. Each
Sequence succeeding term is the sum of the two immediately preceding terms.
L. On the Y= Editor T¢o1= Zo-im Ed.! - ﬁ1 B ]
((JI¥=D), define the i ulin—1)+u1(n—2)
sequence and set the uild
initial values as shown. uiz=
uil=
ud=

[:j"u11—{1 1k
HMAIN RAD AUTD SEQ
You must enter {1,1}, although {1 1}

is shown in the sequence list.

2. Set table parameters / TRELE ZETUF
(] [mbiset]) to: st I::
at F—
tb|5tal‘t = l GFaph {=> Table: OFF %
Atbl = Inderindsnt:  AUTOS
Independent = AUTO

This item is dimmed if you are not
using TIME axes.

3. Set Window variables i F
((3) [winpow] ) so that B"ﬁg%m 1.
nmin has the same gm?n—{gg_
HMEE=
value as tblStart. wacl=1,
grin=-10,
arax=10.
uscl=1.
4. Display the table
([ [TABLE]).
n=1.
MAIN ERD RUTOD ZEQ
5. Scroll down the table —— Fibonacci sequence
is in column 2.
(© or[2nd @) to see

more of the sequence.
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3D Graphing

Tip: To view the graph
along the x, y, or z axis, you
canpressX,Y, orZ,
respectively.

Tip: To switch from one
format style to the next
(skipping IMPLICIT PLOT),
press:

T1-89: [F]
TI-92 Plus: F.

This retains the current view
(either expanded or normal).

Note: To switch to IMPLICIT
PLOT (via the GRAPH
FORMATS dialog box),
press:

T1-89: [«]J(1J

TI-92 Plus: [+] F.

Preview of 3D Graphing

Overview of Steps in Graphing 3D Equations. ..156
Differences in 3D and Function Graphing.... .. 157
Moving the Cursor in 3D .. 160
Rotating and/or Elevating the Viewing Angle.. 162

Animating a 3D Graph Interactively ....... ... 164

Changing the Axes and Style Formats. .. 165
Contour Plots .. 167
Example: Contours of a Complex Modulus Surface ... 170
Implicit Plots 171
Example: Implicit Plot of a More Complicated Equation................. 173

This chapter describes how to graph 3D equations on the
TI-89 / TI-92 Plus. Before using this
chapter, you should be familiar
with Chapter 6: Basic Function
Graphing.

In a 3D graph of an equation for
z(x,y), a point’s location is defined
as shown here.

The expanded view feature lets
you examine any 3D graph in more detail. For example:

Normal view Expanded view

HMAIN KAD AUTO 20 MAIN KAD AUTO =0

To switch between normal and expanded views,
press [x] (multiplication key, not the letter X).

When you display a 3D graph, the expanded view is used
automatically if:

* You set or change the graph format style to CONTOUR LEVELS
or IMPLICIT PLOT.

¢ The previous graph used the expanded view.

If you press a cursor key to animate the graph, the screen
switches to the normal view automatically. You cannot animate a
graph in the expanded view.

Chapter 10: 3D Graphing 153



Preview of 3D Graphing

Graph the 3D equation z(x,y) = (x3 y - y3 x) / 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.

] ES
TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display

1. Display the MODE dialog box.

For Graph mode, select 3D. ®5 Qo5

ENTER

2. Display and clear the Y= Editor. (][] Cealv=]

Then define the 3D equation 8 8 [ENTER]

z1(xy) = (x3y —y3x) /390. ENTER ENTER

Notice that implied multiplication is X3y X[3y 23

used in the keystrokes. EYR3X BYE3X z5=

[£)]39 0(ENTER]  ;[]) 3 9 O [ENTER] El_ﬁ:nix S = oy ) 550

3. Change the graph format to Q] IF f ___GHAPH FIEATS }

display and label the axes. Also (@ ®2 002 W WAESS

set Style = WIRE FRAME. @02 002 e FravE

You can animate any graph format ©01 @ O 1

style, but WIRE FRAME s fastest. ENTER ENTER
4. Select the ZoomStd viewing 6 6

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.

Note: If you have already used 3D

graphing, the graph may be shown in

expanded view. When you animate (press [x]to (press [x] to

the graph, the screen returns to switch switch

normal view automatically. (Except for between between

animation, you can do the same
things in normal and expanded view.)

5. Animate the graph by decreasing
the eye¢ Window variable value.

@ or @ may affect eye® and eyel, 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].
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expanded and
normal view)

(CICIOIC)
(CICIOIC)

expanded and

normal view)

OOOO
OOO

FRD AUTD L)

H G

I FLx | FE-| F2 Fu FE=| Fa= [FP-5 5
H [Too-ls 2¢on‘[‘rwceTneGrapn]‘Ma!n]’nraw]Per?]:c ]




HIDDEN SURFACE

CONTOUR LEVELS J

(may require extra time
to calculate contours)

WIRE AND CONTOUR

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
. Return the graph to its initial 0 (zero, not the {0 (zero, not the
orientation. Then move the letter O) letter O)
viewing angle along the “viewing :© ® © 00O
orbit” around the graph.
For information about the viewing
orbit, refer to page 164.
. View the graph along the x axis, ;X X
the y axis, and then the z axis.
This graph has the same shape along Y
the y axis and x axis.
Z Z
. Return to the initial orientation. }g 0
. Display the graph in different M F
graph format styles. (press (1 to (press F to
switch from switch from
each style to  ieach style to the
the next) next)

- 7
WIRE FRAME

Note: You can also display the graph as an implicit plot by using the GRAPH FORMATS dialog
box ([F1) 9 or TI-89: [¢][1J TI-92 Plus: [¢] F). If you press TI-89: (1] TI-92 Plus: F to switch between
styles, the implicit plot is not displayed.
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Overview of Steps in Graphing 3D Equations

Graphing 3D
Equations

Tip: To turn off any stat
data plots (Chapter 16),

press 5 or use to
deselect them.

Note: For 3D graphs, the
viewing window is called
the viewing cube. Zoom
also changes the viewing
cube.

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

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

Exploring the Graph

Tip: You can also evaluate
z(x,y) while tracing. Type
the x value and press
[ENTER], then type the y value
and press [ENTER].

To graph 3D equations, use the same general steps used for
y(x) functions as described in Chapter 6: Basic Function
Graphing. Any differences that apply to 3D equations are
described on the following pages.

. HODE )

FL T Fz | F®
Set Graph mode (Ta5E) Fade 1lpads z[pase 2

Grarh........
to 3D.
Also set Angle mode,
if necessary.

T Frektu Frint...

)
«EnteF=SAYE 3 E EEC=CAMCEL 3

Define 3D equations on
Y= Editor ((¢] [v=]).

I
Select ([F4)) which
equation to graph. You
can select only one 3D
equation.

Define the viewing cube

((+] [winpow]).

Change the graph

. i GRAFH FORMATS ]
format, if necessary.

Coordinates RECT

9
— or — HIRE FRAME +
T1-89: L] [0

TI1-92 Plus: [¢JF

Graph the selected
equation ([¢] [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.

* Use the [F5] Math toolbar menu to evaluate the equation at a
specified point. Only 1:Value is available for 3D graphs.
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Differences in 3D and Function Graphing

Setting the
Graph Mode

Defining 3D
Equations on the
Y= Editor

Tip: You can use the Define
command from the Home
screen (see Appendix A) to
define functions and
equations for any graphing
mode, regardless of the
current mode.

Selecting the
Display Style

This chapter assumes that you already know how to graph y(x)
functions as described in Chapter 6: Basic Function Graphing.
This section describes the differences that apply to 3D
equations.

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.

You can define 3D
equations for z1(x,y)
through z99(x,y).

Z1 Gy g 0= ™ Ty —g ™ Bk 3 390
MAIN AL 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.

e 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.

Because you can graph only one 3D equation at a time, display styles
are not available. On the Y= Editor, Style toolbar menu is dimmed.

For 3D equations, however, you can use:

9

TI-89: [¢1[1

TI-92 Plus: 3] F

to set the Style format to WIRE FRAME or HIDDEN SURFACE. Refer
to “Changing the Axes and Style Formats” on page 165.
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Window Variables

Note: If you enter a
fractional number for xgrid
orygrid, it is rounded to the
nearest whole number > 1.

Note: The 3D mode does
not have scl Window
variables, so you cannot set
tick marks on the axes.

Note: Increasing the grid
variables decreases the
graphing speed.

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

eyed, eyed, Angles (always in degrees) used to view the graph.

eyey Refer to “Rotating and/or Elevating the Viewing Angle”
on page 162.

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 ymax -ymin
xincrement=—"" 7 yincrement=—"————
xgrid 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. Refer to page 168.

Standard values (set when you select 6:ZoomStd from the [F2] 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.
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Setting the Graph
Format

Exploring a Graph

Tip: Refer to “Moving the
Cursor in 3D” on page 160.

Tip: 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).

The Axes and Style formats are specific to the 3D graphing mode.
Refer to “Changing the Axes and Style Formats” on page 165.

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

—or —

TI-89: [+](1

TI-92 Plus: [¢] F

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:Zoomin 5:ZoomSgr A:ZoomFit
3:ZoomOut 6:ZoomStd B:Memory
C:SetFactors

e Only x (xmin, xmax), y (ymin, ymax), and z (zmin,
zmax) Window variables are affected.

» The grid (xgrid, ygrid) and eye (eye8, eyed, eyel)
Window variables are not affected unless you
select 6:ZoomStd (which resets these variables to
their standard values).

Trace Lets you move the cursor along a grid wire from one
grid point to the next on the 3D surface.

¢  When you begin a trace, the cursor appears at the
midpoint of the xy grid.

e QuickCenter is available. At any time during a trace,
regardless of the cursor’s location, you can press
ENTER] 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.

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].
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Moving the Cursor in 3D

How to Move the
Cursor

Note: You can move the
cursor only within the x and y
boundaries set by Window
variables xmin, xmax, ymin,
and ymax.

Tip: To show the axes and
their labels from the

Y= Editor, Window Editor, or
Graph screen, use:

TI-89: [¢]J(1

TI-92 Plus: [¢] F

Simple Example of
Moving the Cursor

Tip: By displaying and
labeling the axes, you can
more easily see the pattern
in the cursor movement.

Tip: To move grid points
closer together, you can
increase Window variables
xgrid and ygrid.

160

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.

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
0] Negative x direction
@ Positive y direction
@ Negative y direction

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 4
always have the same orientation
relative to the Graph screen.

In 3D graphing, x and y have a z
different orientation relative to the —?é__ "
Graph screen. Also, you can rotate eye0=20
and/or elevate the viewing angle. eye)=70
eyey=0

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.

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 x direction,

moves in a
up to xmax. @

negative y direction,
back to ymin.

@ moves in a
positive y direction,
up to ymax.

© moves in a negative
x direction, back to
xmin.

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.
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Example of the
Cursor on a Hidden
Surface

Tip: 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

Tip: QuickCenter lets you
center the viewing cube on
the cursor’s location. Simply
press [ENTER].

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.

For example, consider a saddle shape z1(x,y) = (x2 -y2) /3. The
following graph shows the view looking down the y axis.

eued=20,
ege+=EB.
eyey=L,
xmin=-10.
wmax=10.
xaric=14.
yriin=-10.
dmax=10.
dgrid=14,
zmin=-10.
Zmax=16.
ncontour=3,

zotZ, H4082 v zetZ, 3402
wC: -3 E5T14 | wot-1.42857 wct-2.85714 \ wct-1.42857

You can move the cursor so that it
does not appear to be on a grid
point.

If you cut away the front side, you
can see the cursor is actually on a
grid point on the hidden back side.

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.

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:

eyed=20,

Trace cursor ened=45.
T egey=h,
4} k wMin= -5,

Valid trace xmax§§i4
coordinates e

umin=-3.
zoi 27,551

umax=0,
ugrid=14.
woid, 28571 =

s ~4, 28371 zmin=g

Zmax=0.
ncortour=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 zcis outside the viewing cube.

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).
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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
eyel Window variable lets you rotate the graph around that
line of sight.

How the Viewing The viewing angle has three components:

Angle Is Measured * eye® — angle in degrees from the

positive x axis.

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

Note: When eyey=0, the * eyey — angle in degrees by which the
z axis is vertical on the graph is rotated counterclockwise

screen. When eye=90, . .
the 7 axis is rotated 90° around the line of sight set by eye6
and eye¢.

cou_nterclockwise and is

horizontal. In the Window Editor ([3] [WINDOW]),
always enter eyef, eye¢, and eyey in
degrees, regardless of the current angle

mode. N
Do not enter a ° symbol. For example, ncontour=3.
type 20, 70, and 0, not 20°, 70°, and 0°.
Effect of Changing The view on the Graph screen is always oriented along the viewing
eyeo angle. From this point of view, you can change eye6 to rotate the

viewing angle around the z axis.

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

eyeb = 20 z

—?i__-.rl

Note: This example
increments eye6 by 30.

eyeb = 50
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Effect of Changing
eyed

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

Effect of Changing
eyey

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.

z=10
When eyey=0,
the z axis runs
the height of the
screen. 2=-10

When eyey=90, the z axis
runs the width of the screen.

) )
z=10 z=-10
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

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

z1(x,y) = (x 3y - y3x) / 390 In this example, eye 6 =20
eyed = 90 Z
— W
eyeo = 70 £

eyed = 50 z

N
|

The view on the Graph screen is always oriented along the viewing
angles set by eyed and eye¢. You can change eyey to rotate the graph
around that line of sight.

In this example,
z1(x,y)=(x 3y-y3x) / 390 eye6=20 and eye ¢=70

eye=0
eye=45

eye=90

7‘\2@“»
ZXV

The eye values are stored in the system variables eye8, eyeo, and
eyey. You can access or store to these variables as necessary.

TI-89: To type ¢ or Y, press [¢] [F] or (][ Y], respectively.
You can also press [CHAR] and use the Greek menu.
TI-92 Plus: To type ¢ or Y, press GFor G Y respectively.
You can also press [cHAR] and use the Greek menu.
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Animating a 3D Graph Interactively

The Viewing Orbit

Note: The viewing orbit
affects the eye Window
variables in differing
amounts.

Animating the
Graph

Note: If the graph is shown
in expanded view, it returns
to normal view automatically
when you press a cursor
key.

Tip: After animating the
graph, you can stop and
then re-start the animation
in the same direction by
pressing:

T1-89: or [aipha] [-]

TI-92 Plus: or space
bar

Tip: During an animation,
you can switch to the next
graph format style by
pressing:

T1-89: (1)

T1-92 Plus: F

Tip: To see a graphic that
shows the eye angles, refer
to page 162.

Animating a Series
of Graph Pictures

164

After plotting any 3D graph, you can change the viewing angle
interactively by using the cursor. Refer to the preview example
on page 154.

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
(as you can see in the preview
example on page 154).

To: Do this:
Animate the graph incrementally Press and release the cursor
quickly.
Move along the viewing orbit: © or ()
Change the viewing orbit’'s: @ or ®

elevation
(primarily increases
or decreases eyed)

Press and hold the cursor for
about 1 second, and then
release it.

TI1-89: To stop, press [ESC],
(ENTER], [ONJ, or [¢] [.] (space).

TI-92 Plus: To stop, press [ESC],
ENTER], [ON], or the space bar.

Animate the graph continuously

Change between 4 animation Press [+ or [5].
speeds (increase or decrease the
incremental changes in the eye

Window variables)

Change the viewing angle of a non-
animated graph to look along the x,
y, Or Z axis

Press X, Y or Z, respectively.

Press 0
(zero, not the letter O).

Return to the initial eye angle
values

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” in Chapter 12: Additional
Graphing Topics. This method gives you more control over the
Window variable values, particularly eyey (page 162), which rotates
the graph.
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Changing the Axes and Style Formats

Displaying the
GRAPH FORMATS
Dialog Box

Examples of Axes
Settings

Tip: Setting Labels = ON is
helpful when you display
either type of 3D axes.

With its default settings, the TI-89 / TI-92 Plus displays hidden
surfaces on a 3D graph but does not display the axes.
However, you can change the graph format at any time.

From the Y= Editor, Window Editor, or Graph screen, press:
9

TI-89: [+
TI92 Plus: [ F

s GRAPH FORMATS 0 + The dialog box shows the
Coordinates RECT 3 current graph format
OFF + settings.

ey 1 HIDDEM ZURFACE +

e To exit without making a
change, press [ESC).

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.

To display the valid Axes settings, 1:0FF
highlight the current setting and

press ®. z1(x,y) = x2+.5y2
e AXES — Shows standard
XyZ axes.

¢ 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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Examples of Style
Settings

Tip: WIRE FRAME is faster
to graph and may be more
convenient when you're
experimenting with different
shapes.

Be Aware of
Possible
Optical lllusions

Note: These examples
show the graphs as
displayed on the screen.

Note: These examples use
artificial shading (which is
not displayed on the screen)
to show the front of the box.

To display the valid Style settings,
highlight the current setting and

press 0.

¢ 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 chapter describe CONTOUR LEVELS, WIRE AND
CONTOUR (page 167) and IMPLICIT PLOT (page 171).

The eye angles used to view a graph (eye6, eye¢, and eyep 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.

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

eyed = 20, eyed = 55, eyep = 0 eyed = 20, eyed = 120, eyey=0

To minimize the effect of optical illusions, use the GRAPH FORMATS
dialog box to set Style = HIDDEN SURFACE.
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Contour Plots

Selecting the Graph
Format Style

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

T1-89: (1)

T1-92 Plus: F

Note: Pressing:

T1-89: (1

TI-92 Plus : F

to select CONTOUR LEVELS
does not affect the viewing
angle, view, or Labels
format as it does if you use:
TI-89: (¢][M

TI-92 Plus : [¢] F

Note: These examples use
the same x, y, and z
Window variable values as a
ZoomStd viewing cube. If
you use ZoomStd, press Z
to look down the z axis.

Note: Do not confuse the
contours with the grid lines.
The contours are darker.

In a contour plot, a line is drawn to connect adjacent points on
the 3D graph that have the same z value. This section
discusses the CONTOUR LEVELS and WIRE AND CONTOUR
graph format styles.

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
—or-—
Style = WIRE AND CONTOUR

i WGEAFH FORMATS

Conrdinates RECT 3

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.

Style z1(x,y)=(x 3y-y3x)/390 z1(x,y)=x 2 +.5y2 -5
Looking down z axis

CONTOUR > (

LEVELS ? ( p\N
Using eye0=20, eye¢=70, eye)=0

CONTOUR

LEVELS

WIRE AND

CONTOUR
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How Are Z Values
Determined?

Drawing a Contour
for the Z Value of a
Selected Point
Interactively

Tip: Any existing contours
remain on the graph. To
remove the default contours,
display the Window editor
((+)[winbow] ) and set
ncontour=0.

You can set the ncontour Window variable ([¢] [winoow] ) to specify the
number of contours that will be evenly distributed along the
displayed range of z values, where:

zmax -zmin

increment =———————
ncontour + 1

The z values for the contours are:

zmin + increment
zmin + 2(increment)
zmin + 3(increment)

_/

The defaultis 5. You can

zmin + ncontour(increment) set this to 0 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.

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:
TI-89: [Fe]
TI-92 Plus::

2. Select 7:Draw Contour.

3. Either:

e Type the point’s x value and press
ENTER], and then type the y value
and press [ENTER].
—or—
¢ Move the cursor to the applicable point. (The cursor moves
along the grid lines.) Then press [ENTER].

For example, suppose the current graph is z1(x,y)=x2 +.5y2 - 5. If you
specify x=2 and y=3, a contour is drawn for z=3.5.

168 Chapter 10: 3D Graphing



Drawing Contours
for Specified Z
Values

Tip: To remove the default
contours, use

[¢)[winDOW] and set
ncontour=0.

Notes about
Contour Plots

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 seq(n,n, - 10,10,2) —— Draws contours for a sequence of z

values from -10 through 10 in
steps of 2 (10, -8, -6, etc.).

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.)

For a contour plot:

* You can use the cursor keys (page 164) 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.

* 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.

T-89: [+] (1]
TI-92 Plus: [¢JF
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Example: Contours of a Complex Modulus Surface

Example

Note: For more accurate
estimates, increase the
xgrid and ygrid Window
variables. However, this
increases the graph
evaluation time.

Tip: When you animate the
graph, the screen changes
to normal view. Use (x] to
toggle between normal and
expanded views.

The complex modulus surface given by z(a,b) = abs(f(a+bi))
shows all the complex zeros of any polynomial y=f(x).

In this example, let f(x)=x?+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)>+1).

1. Use [MODE] to set Graph=3D.
“FLOTE

2. Press [¢][¥=], and define the szi=|(s+ wi)S +
equation: z2=

z1(x,y)=abs((x+y* i)"3+1)

3. Press [¢][WINDOW], and set
the Window variables as
shown.

1
TMax=2

heontour=10.

GRAFH FORMATS
Coordinates RECT+

4. Display the Graph Formats |

dialog box:
TI-89: <] WTRE_FRAME
TI-92 Plus: [¢] F o

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:
1B, I B,
1,2+ 9 l,and2— o i
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.

7. Press [ESC]. Then use the
cursor keys to animate the
graph and view it from
different eye angles.

The zero is precise when z=0.

This example shows eye6=70,
eye$=70, and eyey=0.
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Implicit Plots

Explicit and Implicit
Forms

Tip: You can also graph
many implicit forms if you
either:

e Express them as

parametric equations.
Refer to Chapter 7.

e Break them into
separate, explicit
functions. Refer to the
preview example in
Chapter 6.

Selecting the Graph
Format Style

Note: From the Graph
screen, you can switch to
the other graph format
styles by pressing:

T1-89: (1)

T1-92 Plus: F

However, to return to
IMPLICIT PLOT press:

T1-89: [¢) [0
TI-92 Plus: [¢) F

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.

y is not unique for each x, so
you cannot graph this in
function graphing mode.

In 2D function graphing mode,
equations have an explicit form
y=f(x), where y is unique for
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.

By using implicit plots in 3D graphing mode, you can graph these
implicit forms without solving for y or x.

Rearrange the implicit form as
an equation set to zero.

f(x,y)- 9(x,y)=0

In the Y= Editor, enter the non-
zero side of the equation. This
is valid because an implicit plot
automatically sets the equation
equal to zero.

z1(x,y)=f(x,y)- 9(x.y)

If x2 +.5y2 =30,
then z1(x,y)=x2 +.5y2 - 30.

For example, given the ellipse
equation shown to the right,
enter the implicit form in the
Y= Editor.

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.

TI-89: (+J[J

TI-92 Plus: [¢] F

GRAFH FORMATS
Cospdinates RECT 3

Then set: {

Style = IMPLICIT PLOT

IRE_FRAME
ODEM _SURFACE
MTOUR LEVELS

: LR
RE ﬂND QD”TDUR
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Note: These examples use
the same x, y, and z
Window variable values as a
ZoomStd viewing cube. If
you use ZoomStd, press Z
to look down the z axis.

Notes About
Implicit Plots

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)= ex*Y)

Style z1(x,y)=x2 -y2 -4 z1(x,y)=sin(x)+cos(y) - ety

N
N

For an implicit plot:

The ncontour Window variable (page 168) 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 (page 164) to animate the plot.

You cannot trace ([F3)) the implicit plot itself. However, you can
trace the unseen wire frame graph of the 3D equation.

It may take awhile to evaluate the equation initially.

Because of possible long evaluation times, you first may want to
experiment with your 3D equation by using Style=WIRE FRAME.
The evaluation time is much shorter. Then, after you're sure you
have the correct Window variable values, set Style=IMPLICIT PLOT.
TI-89: [+J(1]

TI-92 Plus: [¢]F
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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.

Example Graph the equation sin(x*+y-x3y) = .1.
1. Use [MODE) to set Graph=3D. [ - l
~FLOTS
2. Press [¢][Y=], and define the = 3
equation: Zi
o=
z1(x,y)=sin(x"4+y- x"3y)-.1 52
z1 G ua=sinetdby—t Tag -,
HMall KAD AUTO El]

3. Press [¢][WINDOW], and set
the Window variables as

c]
shown. 291.
umax;la.'
Jaridvid.
zmin=-10,
Zmax=10.
hoortour=3,
4. Press: ( GRAFH FORMATE
Coskdinates RECT+
TI1-89: (¢](1)
TI-92 Plus: E] F TWIRE FRAME
Turn on the axes, set LPORTEHR TEORCE

Style = IMPLICIT PLOT, and i i

return to the Window

editor.
Note: For more detail, 5. Press [¢][GRAPH] to graph ) o g E
increase the xgrid and ygrid the equation. @
Window variables. However, a F o L

this increases the graph It will take awhile to ShesS<
evaluation time. ‘] S E o

evaluate the graph; so be

patient. The graph shows where
sin(x4+y-x3y) = .1

Tip: When you animate the 6. Use the cursor keys to
graph, the screen changes animate the graph and view

to normal view. Press [X] to X .
switch between normal and it from different eye angles.

expanded views.

In expanded view, this example
shows eye6=-127.85, eye¢=52.86,
and eyey=-18.26.
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Differential Equation Graphing

Note: A differential equation

is:

e 1st-order when only
1st-order derivatives
appear.

e Ordinary when all the
derivatives are with
respect to the same
independent variable.

Preview of Differential Equation Graphing.............ccocevvvvevvecenenenns 176
Overview of Steps in Graphing Differential Equations..................... 178
Differences in Diff Equations and Function Graphing...................... 179
Setting the Initial Conditions...........ccccvviuiiviiiiciiiiiiiiiciccce 184
Defining a System for Higher-Order Equations ..186
Example of a 2nd-Order Equation .. ... 187
Example of a 3rd-Order Equation........ ... 189
Setting Axes for Time or Custom Plots..........cccceeevverieceeirenrcereniens 190
Example of Time and Custom AXES ........cccceveeeverrerierenenieeseneeeeennens 191
Example Comparison of RK and Euler ............ccccocveviveiecinenieeeenne 193
Example of the deSolve( ) FUNCtion..........ccccceeevieerencnincncneenennene 196
Troubleshooting with the Fields Graph Format............ccccccecevenenenne 197

This chapter describes how to solve differential equations
graphically on the TI-89 / TI-92 Plus. Before using this chapter, you
should be familiar with Chapter 6: Basic Function Graphing.

The TI-89 / TI-92 Plus solves 1st-order systems of ordinary
differential equations. For example:

y'=.001y * (100 -y)
or coupled 1st-order differential equations such as:

yl'= "yl + 0.1 *yl *y2

y2' =3 *y2 -yl xy2

You can solve higher-order equations by defining them as a
system of 1st-order equations. For example:

can be defined as yl'=y2

y2'= -yl + sin(t)

y" +y =sin(t)

By setting appropriate initial conditions, you can graph a
particular solution curve of a differential equation.

]

You can also graph a slope
or direction field that helps
you visualize the behavior of
the entire family of solution
curves.

e e Tt T e R R

w

i
Y
|
i
i
i
i
I
i
|
1
I

B AP S
e’ ///////////////t."

1\\\\\\

!
i

Dy

For graphing, the TI-89 / TI-92 Plus uses numerical methods that
approximate the true solutions. The deSolve() function lets you
solve some differential equations symbolically. This chapter
introduces deSolve() . Refer to Appendix A for more details.
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Preview of 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.

176

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Display the MODE dialog box.
For Graph mode, select ®6 Q6
DIFF EQUATIONS. ENTER
Display and clear the Y= Editor. ;[¢][v-] Cly-] i
Then define the 1§t—order 8 8 [ENTER s
differential equation: .001 .001 911 = 801 u1 (188 - yl)
gi
y1'()=.001y1* (100- y1) 100 Y1 100 sz
Press [x] to enter the * shown above. i[5]Y 1 Ey1 T
Do not use implied multiplication Tii=
between the variable and HIT FAD AUT TE
parentheses. If you do, it is treated as Important: With y1'
a function call. selected. the
Leave the initial condition yil blank. TI-89 / T'|—92 Plus will graph
the y1 solution curve, not
the derivative y1'.
Display the GRAPH FORMATS (8]0 [JF ! __SRAFH FORATS |
dialog box. Then set Axes = ON, @@ ®?2 0O0O2
Labels = ON, Solution Method = Q0?2 0002
RK, and Fields = SLPFLD. CIO}! 001
Important: To graph one differential ©01 OO 1[ENTER o Entar=3aiE EFCCARCEL &
equation, Fields must be set to
SLPFLD or FLDOFF. If Fields=DIRFLD,
an error occurs when you graph.
Display the Window Editor, and [+ [wiNnDow] (¢] [winoow]
set the Window variables as @10 00100
shown to the right. 1e0® L1000
@10©110 i@E10(O110
®@l0@ME1l0 :©@lo@M@10
®@120@ ®1200 =
1000©.001i10000 .00 flares=zt.
@20 1020
Display the Graph screen. [+ [GRAPH] [*][GRAPH]

Because you did not specify an initial
condition, only the slope field is
drawn (as specified by
Fields=SLPFLD in the GRAPH
FORMATS dialog box).
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TI-92 Plus:

TI-89 TI-92 Plus
eps eystrokes eystrokes ispla;
Step. Keystrok Keystrok Display
6. Return to the Y= Editor and [JIv] CeJlv=]
enter an initial condition: ENTER] 1 0 ENTER] 1 0 P aen.
yil=10 ENTER ENTER b igBl-gl-(lBD—gl)
yil=
7. Return to the Graph screen. [s1[GRAPH] [*][6RAPH] R
Initial conditions entered in the ;' ;;;j/ " j ; ﬁ ﬁ ﬁ ﬁ ; ; ; ; ;j
Y= Editor always occur at t0. The EE Y PNy
graph begins at the initial condition A ARAARAAAAARAAAI
and plots to the right. Then it plots to L L L L L
The initial condition is
marked with a circle.
8. Return to the Y= Editor and BIZIS) =10
change yil to enter two initial ENTER (1 ENTER (1] 0.
conditions as a list: 10J202nd[}] £10]202nd[}] 1 {Blaai-gz}a-}(wa—gl)
yil=
yi1={10,20} ENTER ENTER
9. Return to the Graph screen. [SJ[GRAPH] (¢ [GRAPH] SfREIIARARRA AN
TALI AL IIIIIIIT
Eas PPV v i A S S
s P PP
s Ear S A
rd ///////////////t."
10. To select an initial condition (2nd] [Fe] DR AAAAAAAAAAANAAANY
interactively, press: 4 0 [ENTER 4 0 [ENTER o
TI-89: (2nd] [F8] 4 5 [ENTER 4 5 [ENTER .
-
-~
!

When prompted, enter t=40 and
y1=45.

When selecting an initial condition
interactively, you can specify a value
for t other than the t0 value entered in
the Y= Editor or Window Editor.

Instead of entering t and y1 after
pressing TI-89: [Fe]

TI-92 Plus: [F8], you can move the
cursor to a point on the screen and
then press [ENTER].

You can use (3] to trace curves for
initial conditions specified in the Y=
Editor. However, you cannot trace the
curve for an initial condition selected
interactively.

7]

C,

4

EEEEEE

5 T
e
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Overview of Steps in Graphing Differential Equations

To graph differential equations, use the same general steps
used for y(x) functions as described in Chapter 6: Basic Function
Graphing. Any differences are described on the following pages.

H HMODE
G_raphmg_ Set Graph mode ([MODE]) [ 1IP~'F92* 2[*’:93*3]
Differential to DIFF EQUATIONS. .
Equations Also set Angle mode, [EHTE

a if necessary. it FADIN S
[
K
o

Define equations and,
optionally, initial
conditions on Y= Editor

) [vD).

. Select which
Tip: To turn off any stat defined équ)ations to

data plots, press [F5] 5 or graph ul 'k = BEl#gl+C1a0-gl
use to deselect them. . MAIN FAD AUTD bE
Refer to Chapter 16.

I
Set the display style for
an equation.

TI-89: [Fe]
TI1-92 Plus:

[
Set the graph format.

Solution Method and GRAFH FORHATS
Note: The Fields format is Fields are unique to RECTS
critical, depending on the differential equations. Bres
order of the equation 9 OFF +
(page 197) e EFP:FLIH
TI-89: ¢ [ .

TI-92 Plus: [¢] F

Set the axes as
applicable, depending
on the Fields format.

TI-89: [F7]

TI-92 Plus:

T

Note: Valid Axes settings
depend on the Fields format
(pages 190 and 197).

Note: Depending on the Define the viewing
Solution Method and Fields window ([¢] [WINDOW]).
formats, different Window
variables are displayed.

Tip: Zoom also changes
the viewing window.

Graph the equations ] —_———
(¢ [GRAPH]).

P T i P
e ///////////////*r"

HilN Ffb AUTO bE
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Differences in Diff Equations and Function Graphing

Setting the
Graph Mode

Defining Differential
Equations on the
Y= Editor

Tip: You can use the Define
command from the Home
screen to define functions
and equations.

Selecting
Differential
Equations

Selecting the
Display Style

This chapter assumes that you already know how to graph y(x)
functions as described in Chapter 6: Basic Function Graphing.
This section describes the differences.

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.

| — Use tO to specify when initial
conditions occur. You can also set
t0 in the Window Editor.

T Use yi to specify one or more initial
conditions for the corresponding

gl'ih = 001kl (100-y1d differential equation.
HalW FRD AUTOD DE

You can define differential
equations y1'(t) through y99'(t).

When entering equations in the Y= Editor, do not use y(t) formats to
refer to results. For example:

—— Do not use implied multiplication
Enter: y1'=.001lyl* (100-y1) between a variable and

\ parenthetical expression. If you
Not: y1'=.001y1(t)* (100-y1(t))  do, it is treated as a function call.

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. For information, refer to page 186.

For detailed information about setting initial conditions, refer to
page 184.

You can use [ to select a
differential equation, but not\

its initial condition.

Important: Selecting y1'

will graph the y1 solution aiz=
curve, not the derivative il L=, OO g T+ I OOy
y1', depending on the axis GLIL] KAD GITD__CE

setting.

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.

TI-89: [F6]

TI-92 Plus:
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Setting Graph
Formats

Important: The Fields
graph format is critical in
successfully graphing
differential equations. Refer
to “Troubleshooting with the
Fields Graph Format” on
page 197.

Tip: 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
again to continue.

Tip: To cancel graphing,
press [ON].

From the Y= Editor, Window f SEAFH FORMATE }
Editor, or Graph screen, press:

(o
—or—

TI-89: [¢] (1)

TI-92 Plus: [¢) F

RECT 3
e
OFF #
OH
OFF %
OH

KK +
SLFFLD
ESC=CHNCEL

Figlds

Entsr=SAYE

The formats affected by differential equations are:

Graph format

Description

Graph Order

Solution
Method

Fields

Not available.

Specifies the method used to solve the differential
equations.

RK — Runge-Kutta method. For information
about the algorithm used for this method, refer
to Appendix B.

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.

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. To see how a slope field
is used, refer to the example starting on

page 176.

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. To see how a direction
field is used, refer to the example starting on
page 187.

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 (page 184). For an
example, refer to page 189.
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Setting Axes

Window Variables

Note: Iftmax<t0, tstep must
be negative.

Note: If Fields=SLPFLD,
tplot is ignored and is
assumed to be the same
ast0.

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 are used to graph the
differential equations. For more
information, refer to page 190.
TI-89: [F7]

TI-92 Plus:

Enter=SAYE ESC=CANCEL

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.

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, Used to determine the t values where the equations are
tstep 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.

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 tO 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.
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Window Variables xmin, xmax,
(Continued) ymin, ymax

xscl, yscl

ncurves

Note: For information about
how the Fields graph format
affects whether ncurves is
used, refer to page 184.

diftol

fldres

Estep

dtime

Boundaries of the viewing window.

Distance between tick marks on the x and y axes.

Number of solution curves (0 through 10) that will be
drawn automatically if you do not specify an initial
condition. By default, ncurves = 0.

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 = m
The y values for the initial conditions are:

ymin + increment
ymin + 2* (increment)

ymin + ncurves* (increment)

(Solution Method = RK only) Tolerance used by the RK
method to help select a step size for solving the
equation; must be >1€ - 14.

(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.

(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.

(Fields = DIRFLD only) Point in time at which a
direction field is drawn.

Standard values (set when you select 6:ZoomStd from the [F2] Zoom
toolbar menu) are:

t0 =0.
tmax = 10.
tstep=.1
tplot = 0.

xmin = - 1. ymin = - 10. ncurves = 0.

xmax = 10. ymax = 10. diftol =.001

xscl = 1. yscl = 1. Estep = 1.
fldres = 14.
dtime = 0.

You may need to change the standard values for the t variables to
ensure that sufficient points are plotted.
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The fldpic System
Variable

Exploring a Graph

Tip: During a trace, you can
move the cursor to a
particular point by typing a
value for t and pressing
(ENTER].

Tip: You can use
QuickCenter at any time
during a trace, even if the
cursor is still on the screen.

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 / TI-92 Plus 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.

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

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 (t0, tmax, tstep, tplot) are
not affected unless you select 6:ZoomStd (which
sets all Window variables to their standard values).

Trace Lets you move the cursor along the curve one tstep at
a time. To move approximately ten plotted points at a

time, press ®or ©.

If you enter initial conditions in the Y= Editor or let
the ncurves Window variable plot curves
automatically, you can trace the curves. If you use:
TI-89: [F8]

TI-92 Plus:

IC from the Graph screen to select initial conditions
interactively, you cannot trace the curves.

QuickCenter applies to all directions. If you move the
cursor off the screen (top or bottom, left or right),
press to center the viewing window on the
cursor location. Use @ or @ to view results on all
plotted curves.

Math Only 1:Value is available.

* With TIME axes, the y(t) solution value (represented
by yc) is displayed for a specified t value.

¢ With CUSTOM axes, the values that correspond to
x and y depend on the axes you choose.
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Setting the Initial Conditions

Entering Initial
Conditions in the
Y= Editor

Note: For information about
defining a system for higher-
order equations, refer to
page 186.

If You Do Not Enter
an Initial Condition
in the Y= Editor

Tip: Without entering initial
conditions, use SLPFLD
(with ncurves=0) or DIRFLD
to display a slope or
direction field only.

Note: SLPFLD is for a single
1st-order equation only.
DIRFLD is for a 2nd-order
equation (or system of two
Ist-order equations) only.

184

You can enter initial conditions in the Y= Editor, let the
TI-89 / TI-92 Plus calculate initial conditions automatically, or
select them interactively from the Graph screen.

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,

=@, ( y
wul'=.001-y1 (108 - i
ete. gii=1@

~FLOTE

To specify when the initial Fiv| Fa= [Fz [P [F5n FBr ]t
conditions occur, use tO0. ',f‘f;;;“"‘rmﬁ AR
This is also the first t to=0.
evaluated for the graph. ng'=.E|Bl-921 -§1E|B—gl)

uil={10 1]
To graph a family of solutions, / L

g L L Enter {10,20} even
enter a list of initial conditions. 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 the same number
of initial conditions for each
equation in the system.
Otherwise, a Dimension error
occurs.

If you do not enter initial conditions, the ncurves Window variable
([¢J[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.

Chapter 11: Differential Equation Graphing



Selecting an Initial
Condition
Interactively from
the Graph Screen

Note: With SLPFLD or
DIRFLD, you can select
initial conditions interactively
regardless of whether you
enter initial conditions in the
Y= Editor.

Note: 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 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 1. Press:

—or— TI-89: [Fe]
DIRFLD TI-92 Plus:

2. Specify an initial condition. Either:

¢ Move the cursor to the applicable point and
press [ENTER].
—or—

¢ For each of the two coordinates, type a value
and press [ENTER].

— For SLPFLD (1st-order only), enter values
for t0 and y(t0).

— For DIRFLD (2nd-order or system of two 1st-
order equations only), enter values for both
y(t0) initial conditions, where t0 is the value
set in the Y= Editor or Window Editor.

A circle marks the initial condition and the solution
curve is drawn.

FLDOFF 1. Press:
TI-89: [F8]
TI-92 Plus:
You are prompted to select the axes for which you
want to enter initial conditions.

INTERACTIYE INITIAL CONDITIONS

i s 1 tis a valid selection.
¥ s w14 It will let you specify
a value for t0.

Your selections will be used as the axes for the
graph.

2. You can accept the defaults or change them. Then
press [ENTER].

3. Specify an initial condition as described for
SLPFLD or DIRFLD.

When you enter initial conditions in the Y= Editor or let ncurves
graph solution curves automatically, you can use [F3] to trace the
curves.

However, you cannot trace a curve drawn by selecting an initial
condition interactively. These curves are drawn, not plotted.
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Defining a System for Higher-Order Equations

Transforming an
Equation into a 1st-
Order System

Note: To produce a 1st-
order equation, the right
side must contain non-

derivative variables only.

Note: Based on the above
substitutions, the y' lines in
the Y= Editor represent:

yl'=y

y2'=y"

etc.
So, this example’s 2nd-
order equation is entered on
the y2'line.

In the Y= Editor, you must enter all differential equations as
1st-order equations. If you have an n”-order equation, you
must transform it into a system of n 1st-order equations.

A system of equations can be defined in various ways, but the
following is a general method.

1. Rewrite the original differential
equation as necessary.

a. Solve for the highest-ordered
derivative.

b. Express it in terms of y and t.

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

In place of:  Substitute:

y yl y'=et-y2-yl

y y2

y" y3 Do not/
y4 substitute on

y(4) y5 the left side

: : at this time.

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

In place of:  Substitute:

% yl' y2'=el-y2-yl
v

y2'
y" y3'

2. On the applicable lines in the Y= Editor,
define the system of equations as:

v

yl'=y2 posilebina " ilefe)

v2'=y3 o,

)3 = y4

—upto— wgzt=et —uz -t
/ giz=

yn' = your n"-order equation

In a system such as this, the solution to the y1' equation is the
solution to the n"-order equation. You may want to deselect any
other equations in the system.
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Example of a 2nd-Order Equation

Example

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.

Important: For 2nd-order
equations, you must set
Fields=DIRFLD or FLDOFF.

Important: Fields=DIRFLD

cannot plot a time axis. An

Invalid Axes error occurs if

Axes=TIME or iftis setas a
CUSTOM axis.

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

. Define a system of equations

for the 2nd-order equation as
described on page 186.

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

. Press:

9

— or—

TI-89: [+) (1)

TI-92 Plus: [¢] F

and set Axes = ON, Labels =
OFF, Solution Method = RK, and
Fields = DIRFLD.

. In the Y= Editor, press:

TI-89: [F7]

TI-92 Plus:

and make sure Axes = CUSTOM
with y1 and y2 as the axes.

. In the Window Editor

([¢J[winDOW] ), set the
Window variables.

. Display the Graph screen

([¢J[GRAPH]).

t
\~'—_|-'/
x axis = y1 =y/‘ e e e e

. Press and set Graph=DIFF EQUATIONS.

r:. B
Tms zoom Ed.t]‘r_ TEn'Tsm-z it

ta 0. yil is the initial
"‘:ll '=‘=l2/ condition for y(0).
¥g2'—'l=|1 |
giz=1

yi2 is the initial
condition for y'(0).

i GEAFH FORMATS ]

Enter=3AYE ESC=CRMCEL

i ARES ]

fxes: CUSTOM
HoAxis wly

W ORxis vEd

Enter=SHAVE ESC=CANCEL

ncurves=0.
diftol=.001
fldres=14.
dtime=0.

yaxis=y2=y'

If you select ZoomSqgr ([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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Note: To display different
graphs in both parts of a
split screen, you must use
the 2-graph mode.

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

Note: When you enter 2-
graph mode, Window
variables for the right side
are set to their defaults.

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.

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
T1-89: [+] [0
TI-92 Plus: [¢] F
Set Fields = FLDOFF.

13. In the Y= Editor, press:
TI-89: [F7]
TI-92 Plus:
and make sure Axes = TIME.

14. In the Window Editor, change
ymin and ymax as shown to the
right.

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
[EH] to switch to the left
side. Then press and
change the Split Screen setting.
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Example of a 3rd-Order Equation

Example

Note: t0 is the time at which
the initial conditions occur.
By default, t0=0.

Important: For 3rd- or
higher-order equations, you
must set Fields=FLDOFF.
Otherwise, an Undefined
variable error occurs when
graphing.

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

Tip: To find the solution at a
particular time, use (F3) to
trace the graph.

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.

. Define a system of equations

for the 3rd-order equation as
described on page 186.

Rewrite the equation and
make the necessary
substitutions.

. In the Y= Editor ([¢][¥=]),

enter the system of
equations.

. Enter the initial conditions:

yi1=0, yi2=1, and yi3=1

. Be sure that only y1'is

selected. Use [F4] to deselect
any other equations.

. Press:

9

or—

TI-89: [+) (1)

TI-92 Plus: [¢] F

Set Axes = ON, Labels = ON,
Solution Method = RK, and
Fields = FLDOFF.

. Inthe Y= Editor, press:

TI-89: [F7]
TI-92 Plus:
Set Axes = TIME.

. In the Window Editor

([¢J[winDOW] ), set the
Window variables.

. Display the Graph screen

([¢J[GRAPH]).

. Press and set Graph=DIFF EQUATIONS.

YT+ 2y"+ 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 -yl

o
W3'=sinch) - 203 - 2-y2 -yl

Important: The solution to the y1'
equation is the solution to the 3rd-
order equation.

i GEAFH FORMATS ]

Enter=SAYE

ESC=CHMCEL

[ AREE )

Axes: TIME+

Entek SSHVE ESCSCHNCEL

t0=0. xmin=-1. ncurves=0.
tmax=10. xmax=10. diftol=.001
tstep=.1 xscl=1.
tplot=0. ymin=-3.
ymax=3
yscl=1
[
t

Chapter 11: Differential Equation Graphing

189



Setting Axes for Time or Custom Plots

Setting the
differential

axes can give you great flexibility in graphing
equations. Custom axes are particularly effective

for showing different kinds of relationships.

Displaying the From the Y= Editor, press:
AXES Dialog Box TI-89: [2nd] [F7]
TI-92 Plus:
BHES If Fields = SLPFLD, Axes is
Axes: TIME .
: unavailable.

Enter=tRVE ESC=CRMCEL

TI-89: [2nd) [F7]
TI-92 Plus:

Item

Description

Axes

X Axis,
Y Axis

Note: tis not valid for
either Axis when
Fields=DIRFLD. If you
select t, an Invalid axes
error occurs when graphing.

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.

Active only when Axes = CUSTOM, these let you select
what you want to plot on the x and y axes.

[ HEES b
t

[ESC=CANCEL

t— time

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
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Example of Time and Custom Axes

Predator-Prey Model

Tip: 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.

Tip: Use ® and @ to move
the trace cursor between the
curves for y1 and y2.

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.

Use the two coupled 1st-order differential equations:

yl'= "yl +0.1yl *y2 and y2'=3y2
where:

yl = Population of foxes

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

yi2 = Initial population of rabbits (5)

-yl xy2

1. Use [MODE] to set Graph = DIFF EQUATIONS.

2. Inthe Y= Editor ([(¢][Y=]),
define the differential
equations and enter the
initial conditions.

3. Press:
9
—or—
TI-89: [+) ([0
TI-92 Plus: [¢] F
Set Axes = ON, Labels = ON,
Solution Method = RK, and
Fields = FLDOFF.

4. Inthe Y= Editor, press:
TI-89: [F7]
TI-92 Plus:
Set Axes = TIME.

Filr | Fe= [F3 [F4 [FE-f Féx| F7
Towls|Zoom|Edit) « |AT1|sEelefAxes.. |

SPLOTE

wgll=oul+ .1yl -u2
gil=z2

2=yl - uluZ
yiz=5

I GRAFH FORMATS )

Enter=SAYE ESCECHMCEL

[ REES i

Axes:  TIME+
BE

B

Enter=SHVE ESCSCHNCEL

3 i t0=0. xmin=-1. ncurves=0.
5. In the Window Editor tmax=10. xmax=10. diftol=.001
([J[wipow]), set the tstep=n/24  xscl=5.
Window variables. tplot=0. ymin=-10.
ymax=40.
yscl=5.
6. Graph the differential
equations ([¢J[GRAPH]).
7. Press [F3]to trace. Then press u
3 [ENTER] to see the number of
foxes (yc for y1) and rabbits
(yc for y2) at t=3. _
toi
weid, —YI() wyci3. 25185
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Note: In this example,
DIRFLD is used for two
related differential equations
that do not represent a 2nd-
order equation.

Tip: Use a list to specify
more than one initial
condition.

Tip: Use ® and @ to move
the trace cursor from one
initial condition curve to
another.

8. Return to the Y= Editor. Press:

9

— or—

TI1-89: (] (I

TI-92 Plus: [¢] F

Set Fields = DIRFLD.

9. Press:
TI-89: [F7]
TI-92 Plus:
Confirm that the axes are set
as shown.

10. In the Y= Editor, clear the
initial conditions for yil and
yi2.

11. Return to the Graph screen,
which displays only the
direction field.

12. To graph a family of solutions,
return to the Y= Editor and
enter the initial conditions
shown below.

yi1={2,6,7} and yi2={5,12,18}

13. Return to the Graph screen,
which displays a curve for
each pair of initial conditions.

14. Press [F3] to trace. Then press
3 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
O<t<10.
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Example Comparison of RK and Euler

Consider a logistic growth model dP/dt = .001* P* (100~ P),
with the initial condition P(0) = 10. Use the BldData instruction
to compare the graphing points calculated by the RK and Euler
solution methods. Then plot those points along with a graph of
the equation’s exact solution.

Example 1. Press and set Graph=DIFF EQUATIONS.
2. Express the 1st-order equation y1'=.001y1%* (100- y1)
in terms of y1' and y1. J

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

Tip: To speed up graphing 3. Enter the equation in the e s |
times, clear any other Y= Editor Y= “FLOTE
; ; . = =l). th=0,
equations in the Y= Editor. @D wyl'=, 081 yl-[ 108 - 1]
With FLDOFF, all equations 4. Enter the initial condition: uil=18
are evaluated even if they
are not selected. yi1=10 t0 is the time at which the initial
condition occurs. By default, t0=0.
5 PreSS' I GRAFH FORMATS Y
: 9 ) E;ordinutes}....... RE.CT“-)
—or—
TI1-89: (] (I

TI-92 Plus: [¢] F
Set Solution Method = RK and
Fields = FLDOFF.

Enter=2AYE ESC=CHMCEL

i i t0=0. xmin=-1. ncurves=0.
6. In the Window Editor tmax=100. xmax=100. diftol=.001
([sJwinpow]), set the tstep=1. xscl=1.
Window variables. tplot=0. ymin=-10.
ymax=10.
yscl=1.

Important: Change tstep from .1
(its default) to 1. Otherwise,
BldData calculates too many
rows for the data variable and a
Dimension error occurs.

Note: You do not need to 7. Inthe Home screen | BidData rkio
graph the equation before TI-89: [HOME g

using BldData . For more

information about BldData , TI-92 Plus: [#] [HOME]

refer to Appendix A. use BldData to create a data
variable containing the RK
graphing points.
8. Return to the Y= Editor, ! ShAPH PORHATS |

Codrd {3 -

press: G

9
Laks1 kg

—Oor — Solution Method [A1NA3+
FitM:......ccoeeee. FLDOFF +

Ti-89: (2] (1)

TI-92 Plus: [¢] F
Set Solution Method = EULER.
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Note: errorlog lets you
combine the data in rklog
and eulerlog so that you can
view the two sets of data
side by side.

Note: rklog[1] and rklog[2]
refer to column 1 and 2 in
rklog, respectively. Likewise
with eulerlog([2].

Tip: Scroll through the data
variable to see how the RK
and Euler values differ for
the same time value.

Note: To see how to use
deSolve() to find this exact,
general solution, refer to
page 196.

194

9. Return to the Home screen,
and use BldData to create a
data variable containing the
Euler graphing points.

10. Use the Data/Matrix Editor
([APPS] 6 3) to create a new

data variable named errorlog.

11. In this new data variable,
define the c1, c2, and c3
column headers to refer to
data in rklog and eulerlog.
Also, enter column titles as
shown.

To define a column header,
move the cursor to that
column, press [F4], type the
reference expression (such
as rklog[1] for c1), and press
(ENTER].

12. In the Data/Matrix Editor,

press [F2). Then press (F1] and
define Plot 1 for the RK data,
as shown to the right.

13. Define Plot 2 for the Euler
data. Use the values shown
to the right.

14. Return to the Y= Editor,

press [MODE], and set
Graph = FUNCTION.

15. The exact solution to the
differential equation is given
below. Enter it as y1.

y1 = (100* e™(x/10))/(e”(x/10)+9)
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Note: The fuzzy line on the
graph indicates differences
between the RK and Euler
values.

16. In the Window Editor, set xmin=-10. ymin=-10. xres=2.
. . xmax=100. ymax=120.
the Window variables. xscl=10.  yscl=10.

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

o

18. In the Window Editor, set the ~ Xmin=39.7 ymin=85.5  xres=2.
. . . xmax=40.3 ymax=86.
Window variables to zoomin  yg¢l=.1 yscl=.1
so that you can examine the

differences in more detail. Euler (Plot 2)

19. Return to the Graph screen. RK (Plot 1) —

20. Press [F3] to trace, and then L1
press @ or @ until y1 is
selected. (1 shows in upper
right corner.) Then enter 40.

EE=t 48. uc i 85, 8485

Exact solution (y1)
y1 is selected when 1 shows here.

By moving the trace cursor to trace each solution to xc = 40, you can
find that:

* The exact solution (y1) is 85.8486, rounded to six digits.
¢ The RK solution (Plot 1) is 85.8952.
¢ The Euler solution (Plot 2) is 85.6527.

You can also use the Data/Matrix Editor to open the errorlog data
variable and scroll to time = 40.
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Example of the deSolve( ) Function

Example

Tip: For maximum
accuracy, use 1/1000
instead of .001. A floating-
point number can introduce
round-off errors.

Note: This example does
not involve graphing, so you
can use any Graph mode.

Tip: Press © to move to
the beginning of the entry
line.

Note: If you got a different
constant (@2, etc.), solve
for that constant.

The deSolve() function lets you solve many 1st- and 2nd-
order ordinary differential equations exactly.

For a general solution, use the following syntax. For a particular
solution, refer to Appendix A.

deSolve( 1st0Or2ndOrderODE, independentVar, dependentVar)
Using the logistic 1st-order differential equation from the example on
page 176, find the general solution for y with respect to t.

deSolve(y' = 1/1000 y* (100- y),t,y)

L Do not use implied multiplication between the
variable and parentheses. If you do, it will be
treated as a function call.

For ', type ['].

Before using deSolve(), clear any existing t and y variables.
Otherwise, an error occurs.

1. In the Home screen = deSoluve|y' = Tggg o (100 )

TI-89: 1_ta
TI-92 Plus: (3] [HomE] y=—t8e

use deSolve() to find the
general solution.

219 41001

' =1 1E00wgH(10E-gY, L, g

HMAIN FRD AUTO FUNC 1,30

@1 represents a constant. You may
get a different constant (@2, etc.).

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 b
. . o 1E
instruction at the wDefing y=—00 e =
beginning of the line. 10 4 foee e
Then press [ENTER]. Dohel
Define y=1BE#e" (L 100 Ce™.
HMAIN RAD AUTO FUNC 24
3. For an initial condition y=10 Wsolue(y=10,21)[t =0
with t=0, use solve() to find Bl =1+=a
the @1 constant. soluelu=10, 1) [t=0
HMAIN FRD AUTO FUNC ERED]
L For @, type

TI-89: [¢
TI-92 Plus:

4. Evaluate the general solution

0
(y) with the constant my|el= % mat-—e
@1=9/100 to obtain the 10 4 g

particular solution shown.

gl B1=3-100
HAIN RAD AUTD FURC CTE]

You can also use deSolve() to solve this problem directly. Enter:
deSolve(y' = 1/1000 y* (100-y) and y(0)=10,t,y)
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Troubleshooting with the Fields Graph Format

Setting the Fields
Graph Format

What Order
Equation Are You
Graphing?

Fields=SLPFLD

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.

From the Y= Editor, Window SEAPH FORMATE
. Coordinates RECT

Editor, or Graph screen, press: s e

9 E::dins Cursar. g';l:)-}

—or— Labe 1 OFF %

TI-89: (3] (1)

TI-92 Plus: [¢] F

If the equation is:

Valid Fields settings are:

1st-order

2nd-order

SLPFLD or FLDOFF
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 f ERRDE !
default setting, a common error Rl and e far

message is shown to the right.

c ESC=CHMCEL 3

When you see this or any other error message:

¢ For your order of equation, use the previous table to find the valid
Fields settings. Change to the applicable setting.

* For a particular Fields setting, check the following for information
that applies to that setting.

In the
Y= Editor

In the Graph
screen

Use [F4] to select one and only one 1st-order equation.
You can enter multiple 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 ! ERRIE )
variable error occurs when Undzfined variable
you graph.

If the slope field is drawn but no solution curve is
plotted, specify an initial condition as described on
page 184.
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Fields=DIRFLD In the
Y= Editor

With custom
axes

In the Graph
screen

Notes

Enter a valid system of two 1st-order equations. For
information about defining a valid system for a 2nd-
order equation, refer to page 186.

Set Axes = CUSTOM: f ERRIR )
TI1-89: [F7] Inualid ax¢s
TI-92 Plus: < EETRE

If Axes = TIME, an Invalid
axes error occurs when
you graph.

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 ! ERRR )

error occurs when you
graph. CCESCCAMCEL -

Dirension

Set axes that are valid for your system of equations.

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.

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 as described
starting on page 184. If you did enter initial
conditions, select ZoomFit:

TI-89: A

TI-92 Plus: [F2)A

The ncurves Window variable is ignored with DIRFLD.
Default curves are not drawn automatically.

With DIRFLD, the equations referenced by the custom
axes determine which equations are graphed,
regardless of which equations are selected in the

Y= Editor.

If your system of equations refers to t, the direction
field (not the plotted curves) is drawn with respect to
one particular time, which is set by the dtime Window
variable.
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Fields=FLDOFF

If You Use the Table
Screen to View
Differential
Equations

In the
Y= Editor

With custom
axes

In the Graph
screen

Notes

If you enter a 2nd- or higher-order equation, enter it
as a valid system of equations as described on
page 186.

All equations (selected or  { ERRDR |
not) must have the same Bimengien
number of initial < EETEAREEL

conditions. Otherwise, a
Dimension error occurs
when you graph.

To set Axes = TIME or CUSTOM, press:
TI-89: (2nd) [F7]
TI-92 Plus:

If X Axis is not t, you must enter at least one initial
condition for each equation in the Y= Editor
(whether the equation is selected or not).

Otherwise, a Diff Eq setup  { ERRIR )
error occurs when you Biff Ea setur
graph.

If no curve is graphed, set an initial condition as
described on page 184. If you did enter initial
conditions in the Y= Editor, select ZoomFit:
TI-89: A

TI-92 Plus: 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 181), which
are ignored with SLPFLD.

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 multiple 1st-order
equations, you can plot one equation or its solution
vs. another by specifying them as the axes.

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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Additional Graphing Topics

Preview of Additional Graphing Topics..
Collecting Data Points from a Graph............ccccceoeuc.

Graphing a Function Defined on the Home Screen..............ccccouu.... 204
Graphing a Piecewise Defined Function...........c.ceceeveceeeniecncenenienns 206
Graphing a Family of Curves................ ... 208
Using the Two-Graph Mode.... .1209
Drawing a Function or Inverse on a Graph.......... ... 212
Drawing a Line, Circle, or Text Label on a Graph ...........ccceccvevenenne 213
Saving and Opening a Picture of @ Graph.........cccoceeveveeeveneccnenennns 217
Animating a Series of Graph Pictures

Saving and Opening a Graph Database ...........cccoceverveeeenieneecerenennns 220

This chapter describes additional features that you can use to
create graphs on the TI-89 / TI-92 Plus. This information generally
applies to all Graph mode settings.

e FE
Tmﬂs Zoom Truce ReGr‘wh Muth Druw Pen 2

K\/\\

\
TANEY

tAIN FHD ALT| FUNC

This chapter assumes that you already know the fundamental
procedures for defining and selecting functions, setting Window
variables, and displaying graphs as described in Chapter 6: Basic
Function Graphing.
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Preview of 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.

B &
TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the MODE dialog box. [ AT !
For Graph mode, select O} Ol sk o ]
3| . FUMCTION %
FUNCTION. SISIC) OO
For Angle mode, select RADIAN. :®1 o1 u
ENTER FFEELY PFIRE...
2. Display the Home screen. Use (¢][Home]
the Graph command and the 2 [2nd) [a-lock] 2
when function to specify the WHEN(aipha) [ X iWHEN[JX Graph when(x<0,7x,5*cos (x))
piecewise defined function. Jo@xX [<JoE@ X
2 selects Graph from the Other L5 [os] i[5
toolbar menu and automatically adds X X
a space.
3. Execute the Graph command, ENTER
which automatically displays the ’\\ /’\L
Graph screen. \_,
The graph uses the current Window
variables, which are assumed to be
their standard values ([F2) 6) for this
example.
4. Draw a horizontal line across [2nd [F7] 5 5
the top of the cosine curve. @ (until the line {(® (until the line

The calculator remains in “line” mode
until you select a different operation
or press [ESC).

5. Save a picture of the graph. Use
PIC1 as the variable name for the
picture.

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

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

7. Open the saved picture variable
to redisplay the graph with the
line.

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

is positioned)
ENTER

F2
020
P I C (alpha) 1

is positioned)

ENTER

2
0200
PIC 1

[ENTER] (ENTER]

[ENTER] (ENTER]

[Fe] 1

1

®2

(if not already
shown, also set
Variable = picl)
ENTER

[Fe) 1

1

02

(if not already
shown, also set
Variable = picl)

Mol yci 3.

i SAYE COFY RE ]

TvRg:
Folder:

Picturs #
mine

variatte: L]
Enkar=SAVE ESC=CANCEL

! OFEN y

Tupe: Ficture #
Folder:  main
variable Ficl

Enter=OK

ESC=CANCEL
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Collecting Data Points from a Graph

Collecting the
Points

Tip: To display coordinates
or math results, trace a
function with [F3] or perform
an F5) Math operation (such
as Minimum or Maximum).
You can also use the free-
moving cursor.

Tip: Use a split screen to
show a graph and the Home
screen or Data/Matrix Editor
at the same time.

Notes about
SysData Variable

e A

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.

Display the graph. (This example shows y1(x)=5*cos(x).)
Display the coordinates or math results you want to collect.

Save the information to the Home screen or the sysData variable.
TI1-89: [¢] (@] (Home screen) or [¢] (1] (sysData variable)
TI-92 Plus: [¢#]H (Home screen) or [¢] D (sysData variable)

Repeat the process as necessary.

woid, 28571 got 2. 05925
DATH FLACED M HOME SCREEM HIZTORY
TI-89: [ - NT1-89: [£] (1)
TI-92 Plus: [(¢] H TI1-92 Plus: (¢]J D
I'dd Y

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

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

Fi- Fer [Fa=| Fi~ FE F&- Fi- F2 Fz F4 FE Fﬁﬂ F7
Tools)i13cbrafCalcOther|Frami0)C1can U] Tools|Flok Sckur|CellHeader [Calc|Ukil)Skat
®[1.93277310924 -1.77O61EN UATA [ 4

[1.93277 -1.77EEZ] T
w[3. 10924369745 4. 997354 3 Einelaaer
[3.18924 -4.93735] E : =5
m[4. 28571428571 -2.069225p i *
[4.28571 -2.06323] I 1
racl=d. seorldeesrl
HMAIN EAD HUTO FUNC 330 HMAIN EAD AUTO FUNC

When you press: TI-89: [¢] [] TI-92 Plus: [¢] D
— 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.

If the Graph screen contains a function or stat plot that
references the current contents of sysData, this command will not
operate.
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Graphing a Function Defined on the Home Screen

What Is the “Native”
Independent
Variable?

Copying from the
Home Screen to the
Y= Editor

Tip: Instead of using [F1) 5
or[Fi] 6 to copy and paste,
use:

T1-89: [+] [COPY] or [¢] [PASTE].
T1-92 Plus: [#] C (copy) or
[¢]V(paste).

Tip: To copy an expression
from the Home screen’s
history area to the entry line,
use the auto-paste feature
or copy and paste.

Tip: Define is available from

the Home screen’s
toolbar menu.

Tip: [Rel] 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).

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.

On the Y= Editor, all functions must be defined in terms of the

Yo K

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

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.
paste Press and select 5:Copy.
2. Display the Y= Editor, highlight the desired
function, and press [ENTER].
3. Press [F1] and select 6:Paste. Then press [ENTER].
Store the expression to a Y= function name.
[2x"3+3x72-4x+12>y1(x) |
Use the complete function —
name: y1(x), not just y1.
Define Define the expression as a user-defined Y= function.
command
[Define yl(x)=2x"3+3x"2-4x+12 |
[2nd)[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 [ENTER] 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.
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Graphing Directly
from the Home
Screen

Tip: Graph is available from
the Home screen’s
toolbar menu.

Note: Graph uses the
current Window variable
settings.

Tip: To create a table from
the Home screen, use the
Table command. It is similar
to Graph. Both share the
same expressions.

Clearing the Graph
Screen

Extra Benefits of
User-Defined
Functions

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
terms of:

Use the Graph command
as shown in this example:

The native

raph 1.25x*cos(x)
independent variable | grap

For function graphing, J
x is the native variable.

A non-native

independent variable [graph 1.25a+cos(a),2

Specify the independent —
variable; otherwise, you
may get an error.

Graph does not work with sequence graphs or differential equations.
For parametric, polar, and 3D graphs, use the following variations.

In PARAMETRIC graphing mode:
In POLAR graphing mode:
In 3D graphing mode:

Graph xExpr, yExpr, t
Graph expr, 6
Graph expr, x,y

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.

Each time you execute Graph, the new expression is added to the
existing ones. To clear the graphs:

¢ Execute the CIrGraph command (available from the Home
screen’s Other toolbar menu).
—or—

¢ Display the Y= Editor. The next time you display the Graph
screen, it will use the functions selected on the Y= Editor.

You can define a user-defined function in terms of any independent
variable. For example:

Defined in terms of “aa”.
—

define fl(aa)=1.25aa*cos(aa)
graph f1(x)

; Refers to the function by using the

and: native independent variable.

define fl(aa)=1.25aa*cos(aa)
f1(x)>y1l(x)

Chapter 12: Additional Graphing Topics 205



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 two-piece
functions. For three or more pieces, it may be easier to create
a multi-statement, user-defined function.

Using the When To define a two-piece function, use the syntax:

Function when (condition, trueExpression, falseExpression)

Tip: Graph math results

may vary. For example, suppose you want to graph a function with two pieces.

When: Use expression: }\
x<0 X /-\

x20 5 cos(x) [ \v
In the Y= Editor: TarE
. . ayrad JHeX L)
The function is pretty ———— g2:{5'°°5(")’9159
printed in this form. .gg:
Q4=

" 3=
Enter the function ——7— _4e=
in this form. ul o=whentxd, —x, TRoos Cx.,

Tip: To enter when, type it

or use the CATALOG. For three or more pieces, you can use nested when functions.

When: Use expression:
X< - 4 sin(x)
xz2-randx<0 2x+6 t \
x>0 6 -x2
In the Y= Editor: FLOTE
4zin(x, x4 m g
oyl 2w+ 6,else 7
o= BE-x<,elze

a5=

ud=

ul G =when (e, when(xd -
where:

[y1(x)=when(x<0,when(x<-m,4*sin(x),2x+6),6-x"2) |

L This nested function is in effect when x<0.

Nested functions quickly become complex and difficult to visualize.
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Using a Multi-
Statement, User-
Defined Function

Note: For information about
similarities and differences
between functions and
programs, refer to

Chapter 17.

Tip: Graph math results
may vary.

From the Home
Screen or a Program

For three or more pieces, you may want to create a multi-statement,
user-defined function.

For example, consider the previous three-piece function.

When: Use expression:

X<-T 4 sin(x)

x>-randx<0 2x+6 \‘\/

x>0 6 -x2 [ \

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.

Func
If x<-m Then
Return 4#*sin(x)

Elself x>=-n and x<0 Then
Return 2x+6

Func and EndFunc
+——must begin and end the
function.

For information about

Else the individual

Return 6-x72 statements, refer to
EndIf Appendix A.
EndFunc

When entering a multi-statement function on the Y= Editor or Home
screen, you must enter the entire function on a single line.

— Use a colon (:) to separate each statement.

|Func:If x<-m Then:Return 4*sin(x): :EndIf:EndFunc |

On the Y= Editor: LTS,
. — BTG F i ]

Only “Func” is shown E%:

for a multi-statement Q4=

function. EE:

a7=

Enter a multi-statement
function on one line. Be
sure to include colons.

ul(xi=FunciIf #<-m ThentR..

From the Home screen, you can also use the Define command to
create a multi-statement, user-defined function. Refer to page 204 for
other information on copying a function from the Home screen to the
Y= Editor.

From the Program Editor (Chapter 17), 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).
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Graphing a Family of Curves

Examples Using the
Y= Editor

Tip: Graph math results
may vary.

Tip: Enclose list elements in
braces ([2nd) [{] and [2nd) [}])
and separate them with
commas.

Note: The commas are
shown in the entry line but
not in the function list.

Example Using the
Graph Command

Simultaneous
Graphs with Lists

Tip: To set graph formats
from the Y= Editor, Window
Editor, or Graph screen,
press:

T1-89: () (0

TI-92 Plus: [¢] F

When Tracing 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.)

Enter the expression {2,4,6} sin(x) and graph the functions.

“FLOTE
Vglf{Z 4 &Y -sinfx)

Ul =0, d, ks intu

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.

~FLOTE

Wlen=02, 4, E2wsint{l,2, 3.

Graphs three functions:
2 sin(x), 4 sin(2x), 6 sin(3x)

Similarly, you can use the Graph command from the Home screen or
a program as described on page 205.

graph {2,4,6}sin(x)
graph {2,4,6}sin({1,2,3}x)

When the graph format is set for Graph Order = SIMUL, the functions
are graphed in groups according to the element number in the list.

For these example functions, the
TI-89 / TI-92 Plus graphs three groups.

“FLOTE

“yl={2 4 BF-zinl=)
g2={1 2 3}-x+4
syFmcostn e 2sin(x), x+4, cos(x)
¢ 4sin(x), 2x+4

¢ 6sin(x), 3x+4

The functions within each group are graphed simultaneously, but the
groups are graphed sequentially.

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 TI-89 / TI-92 Plus’s graph-related
features are duplicated, giving you two independent graphing
calculators. The two-graph mode is only available in split

screen mode.

to Chapter 14.

Setting the Mode

For more information about split screens, refer

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.

HMODE ]
F1 F& Fz
Fads 1|Fads 2|Pads 3
i . LEFT-RIGHT #
i . Horme ¥,
. Grarh¥

* Split Screen = 2 i
TOP-BOTTOM or . t ag;q}a
LEFT-RIGHT o Enter=TAIE 1 (EICCANCEL

*  Number of Graphs = 2

3. Optionally, you can set the following modes.

Page 1:

Page2: -

Graph = Graph mode for top or left side of the split
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

Split Screen Ratio = relative sizes of the two sides
(TI-92 Plus only)

4. Press to close the dialog box.

The Two-Graph
Screen

Graph 1:
left or top
side

Thick border
indicates
active graph
side

I

A two-graph screen is similar to a regular split screen.

Fi=| Fir
LEEH B

Fz Fi FE= | Fhw [Friit
Tra<e|RsGrarh|Mathloraw|Fenf

Graph 2:
right or
bottom side

)

~—

KAD #UTO 1 FUNC

_

L Graph mode of active graph

Active graph side:
GR#1 or GR#2
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Independent Graph-
Related Features

Note: The Y= Editor is
completely independent
only when the two sides use
different graphing modes
(as described below).

The Y= Editor in
Two-Graph Mode

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.

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.

*  Window Editor variables.

* Table setup parameters and Table screens.

¢ Graph formats such as Coordinates, Axes, etc.
* Graph screens.

* Y= Editors. However, both graphs share common function and
stat plot definitions.

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.

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 S il e |
different graphing modes,
each side shows a
different function list.

ulixi=1. Bokekoos (x)
HAIN

EAD AUTO  Gi FUMC

¢ When both sides use

SN A ) i A
Toots[zonm|Editf + [AT7]steTefs0x
-FLOTS -FLOTS

141 yl=1.25 = cp
uZ=.1-w7 -2k

the same graphing mode,
each side shows the

same function list. a5
5=
— You can use [F4] to b
select different
functions and stat
plots (indicated by v")
for each side. Suppose Graph 1 and Graph 2 are
set for function graphing. Although
- Ifyou set a display both sides show the same function
1 functi list, you can select (v) different
style for a function, functions for graphing.
that style is used by
both sides.

(TI-89: [F6]
TI-92 Plus: [F6])
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Using a Split 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

From the Home
Screen or a Program

For more complete information about split screens, refer to
Chapter 14.

» To switch from one graph side to the other, press =]
(second function of [APPS]).

* To display different applications:

— Switch to the applicable graph side and display the application
as you normally would.
- Use to change Split 1 App and/or Split 2 App.

* To exit two-graph mode:

- Use to set Number of Graphs = 1, or exit the split screen
by setting Split Screen = FULL.

— Press [auiT] twice. This always exits a split screen and
returns to a full-sized Home screen.

In two-graph mode, the two sides may appear to be related when, in
fact, they are not. For example:

Fir [E] 4 FE~
[T oo 15| 2oara| Tr ac ¢fFis Grarh(Hath|b,
~FLOTE
For Graph 1, —||+yi=1.,25 = -cM +— For Graph 2,
the Y= Editor wyz=. 1w — M the polar
lists y(x) ugf graph uses
functions. de= r(6)
d&= equations
that are not
HAIN EAD AUTI G2 FOL 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.

To switch the active sides, press [EE] or use the switch function,
switch (1) or switch (2).
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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, Execute DrawFunc , DrawParm , or DrawPol from the Home screen or
Parametric, or Polar a program. You cannot draw a function or equation interactively
Equation from the Graph screen.

DrawFunc expression
DrawParm expressionl, expression? [,tmin] [,tmax] [,tstep]
DrawPol expression [,0min] [,6max] [,6step]

For example: /\i\/
1. Define y1(x)=.1x3-2x+6 on the

Y= Editor, and graph the
function.

To display the Home screen 2. On the Graph screen, press:
and put DrawFunc in the TI-89: [Fe]

entry line, press: .

71-89: () [F] 2 TI-92 Plus:

TI-92 Plus: [F8) 2 and select 2:DrawFunc.

3. On the Home screen, specify

DrawFunc yl -6
the function to draw. | wry y1ix)

Tip: To clear the drawn 4. Press [ENTER] to draw the

function, press function on the Graph

—or— screen.

TI-89: /

LéifD_[Fﬁ] and select You cannot trace, zoom, or

T1-92 Plus: and select perform a math operation on

1:ClrDraw. a drawn function.

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

Drawlnv expression

For example, use the graph of y1(x)=.1x3-2x+6 as shown above.

To display the Home screen 1. On the Graph screen, press:

and put DrawlInv in the TI-89: [Fe]

entry line, press: _ .

T1-80- It6] 3 TI-92 Plus:

T1-92 Plus: 3 and select 3:Drawinv.

2. On the Home screen, specify
the inverse function.

3. Press [ENTER). %
The inverse is plotted as
(y,x) instead of (x,y). '[[_/l
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Drawing a Line, Circle, or Text Label on a Graph

Clearing All
Drawings

Tip: You can also enter
ClrDraw on the Home
screen’s entry line.

Drawing a Point or a
Freehand Line

Tip: When drawing a
freehand line, you can move
the cursor diagonally.

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).

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.)

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.
From the Graph screen:

e TI-89: [F6]

TI-92 Plus:

and select 1:ClrDraw.
* Press (F4] to regraph.

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).

From the Graph screen:

1. TI-89: [2nd] [F7]
TI-92 Plus:

tlertical

and select 1:Pencil. iText
iSave Ficture

2. Move the cursor to the
applicable location.

To draw a: Do this:

Point (pixel-sized) Press [ENTER].

TI-89: Press and hold [1], and move the
cursor to draw the line.

Freehand line

TI-92 Plus: Press and hold (&), and move

the cursor to draw the line.

To quit drawing the line, release (1] or [&].

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].

Chapter 12: Additional Graphing Topics

213



Erasing Individual
Parts of a Drawing
Object

Note: These techniques
also erase parts of graphed
functions.

Drawing a Line
Between Two Points

Tip: Use to move the
cursor in larger increments;
O, etc.

Drawing a Circle

Tip: Use to move the
cursor in larger increments;
O, etc.

From the Graph screen:

1. TI-89: [F7]
TI-92 Plus:
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 TI-89: Press and hold (1], and move the
cursor to erase the line.
TI-92 Plus: Press and hold (&), and move
the cursor to erase the line.

To quit, release (1] or [&].

After erasing, you are still in
“eraser” mode. T P

e To continue erasing, move \
the box cursor to another
location.

* To quit, press [ESC].
From the Graph screen:

1. TI-89: [F7]
TI-92 Plus:
and select 3:Line.
2. Move the cursor to the 1st point, and press [ENTER].

3. Move to the 2nd point, and press [ENTER]. (As you move, a line
extends from the 1st point to the cursor.)

After drawing the line, you are
still in “line” mode.

¢ To continue drawing another \\/
line, move the cursor to a
new lst point.

e To quit, press [ESC].

From the Graph screen:

1. TI-89: [2nd)[F7]
TI-92 Plus:
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 press [ENTER].
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Drawing a
Horizontal or
Vertical Line

Tip: Use to move the
cursor in larger increments;
O, etc.

Drawing a Tangent
Line

Tip: 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

From the Graph screen:

1. TI-89: [2nd) [F7]
TI-92 Plus:
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 3

still in “line” mode. \ / \

To continue, move the cursor x / \\/ \
pA e 74

to another location. uci 7. 94

To quit, press [ESC].

To draw a tangent line, use the Math toolbar menu. From the
Graph screen:

1.
2.
3.

Press and select A:Tangent.

As necessary, use @ and ® to select the applicable function.

ENTER]. /\

The tangent line is drawn, X/ j % \
u=-21 945425 +4., BSEE

and its equation is displayed.

Move the cursor to the
tangent point, and press \

To draw a line through a specified point with a specified slope,
execute the DrawSIlp command from the Home screen or a program.
Use the syntax:

DrawSlp z, y, slope

You can also access DrawSlp from the Graph screen.

1.

TI-89: [Fe]

TI-92 Plus:

and select 6:DrawSlp. This switches to the Home screen and puts
DrawSlp in the entry line.

Complete the command, and |DrawS1p 7.0.6.37 |

press [ENTER].
The TI-89 / TI-92 Plus
automatically switches to the /\

Graph screen and draws the
line.
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Typing Text Labels

Tip: The text cursor
indicates the upper-left
corner of the next character

you type.

From the Home
Screen or a Program

From the Graph screen:

1. TI-89: [2nd) [F7]
TI-92 Plus:
and select 7:Text.

2. Move the text cursor to the location where you want to begin
typing.
3. Type the text label.

Alfte.r typing the text, you are e 2l5x ool
still in “text” mode.

¢ To continue, move the cursor \/ \/ \

to another location.

¢ To quit, press [ENTER] or [ESC].

Commands are available for drawing any of the objects described in
this section. There are also commands (such as PxIOn, PxILine , etc.)
that let you draw objects by specifying exact pixel locations on the
screen.

For a list of the available drawing commands, refer to “Drawing on
the Graph Screen” in Chapter 17.
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Saving and Opening a Picture of a Graph

Saving a Picture of
the Whole Graph
Screen

Saving a Portion of
the Graph Screen

Note: You cannot save a
portion of a 3D graph.

Tip: Use ® and ® to move
the top or bottom, and use
® and © to move the sides.

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.

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. Then:

1. Press [F1] and select
2:Save Copy As.

SHVE COFY RS

2. Specify the type (Picture), £
folder, and a unique variable
name.

3. Press [ENTER]. After typing in an
input box such as Variable, you Important: By default, Type = GDB

. (for graph database). You must set
must press [ENTER] twice. Type = Picture.

Tupe: Fickurs ¥ —_—
Folder:  maind

variatte ]
Enter=SHVE ESCECAMCEL

You can define a rectangular box that encloses only the portion of
the Graph screen that you want to save.

1. TI-89: [F7]
TI-92 Plus:
and select 8:Save Picture.

A box is shown around the
outer edge of the screen.

2. Set the 1st corner of the box
by moving its top and left
sides. Then press [ENTER].

3. Set the 2nd corner by moving h
the bottom and right sides.
Then press [ENTER].

4. Specify the folder and a f
unique variable name.

5. Press [ENTER]. After typing in an
input box such as Variable, you

SAVE COFY RS

Twres Ficture —
Folder:  maind

LLTE Y —
Enter=IavE ESE=CANEEL

must press [ENTER] twice. Note: When saving a portion of a
graph, Type is automatically fixed
as Picture.
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Opening a Graph When you open a graph picture, it is superimposed over the current
Picture Graph screen. To display only the picture, use the Y= Editor to
deselect any other functions before opening the graph picture.

From the Graph screen:

1. Press and select 1:0pen.

2. Select the type (Picture), £ QPEH
folder, and variable that Pt e ]
Note: If a variable name is contain the graph picture you variable pict s
not shown on the dialog want to open.
box, there are no graph
pictures in the folder. 3. Press (ENTER]. Important: By default, Type = GDB
(for graph database). Be sure to set
Type = Picture.
A graph picture is a drawing object. You cannot trace any curve on a
picture.
For Pictures Saved When you press [F1] and select 1:0Open, the picture is superimposed
from a Portion of starting at the upper-left corner of the Graph screen. If the picture
the Graph Screen was saved from a portion of the Graph screen (page 217), it may
appear shifted from the underlying graph.
To specify which screen pixel to use as the upper-left corner, you
can use the commands listed in “From a Program or the Home
Screen” below.
Deleting a Graph Unwanted Picture variables take up calculator memory. To delete a
Picture variable, use the VAR-LINK screen ([2nd] [VAR-LINK]) as described in
Chapter 21.
From a Program or To save (store) and open (recall) a graph picture, use the StoPic,
the Home Screen RclPic , AndPic , XorPic, and RplcPic commands as described in
Appendix A.

To display a series of graph pictures as an animation, use the
CyclePic command. For an example, refer to page 219.
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Animating a Series of Graph Pictures

CyclePic Command

Example

Comments start with @.

Press:

TI-89: [3] \
TI1-92 Plus: X

For ¢, press: —_—

TI1-89: [¢J (0 (alha) F
TI-92 Plus: [#]JGF

For #, press TI-89: —

TI-92 Plus: [2nd)[CATALOG]
and select it from the list.

For &, press:

T1-89: [¢][¥]
TI-92 Plus: H

Note: Due to its complexity,
this program takes several
minutes to run.

As described earlier in this chapter, 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.

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:

CyclePic picNameString, n [,wait] [,cycles] [,direction]

L1 = forward/circular cycle
-1= forward/backward
# of times to repeat cycle

seconds between pictures
# of pictures to cycle
base name of pictures in quotes, such as "pic"

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 Appendix A. For
information about using the Program Editor, refer to Chapter 17.

Program Listing Every Other Graph from Program

scyc()

:Prgm

:local i

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

:~10>xmin

:10> xmax

: 14> xgrid

:~10>ymin

:10>ymax

:14>ygrid

:~10>zmin

110> zmax

:1>zscl

:@Define the function
t(xM3%y-yr3%x)/390>z1(x,y)
:@Generate pics and rotate
:For 1,1,10,1

i*10>eyed

DispG

StoPic #("pic" & string(i))
:EndFor

:@Display animation
:CyclePic "pic",10,.5,5,-1
:EndPrgm

After entering this program on the Program Editor, go to the Home
screen and enter cyc ().
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Saving and Opening a Graph Database

Elements in a Graph
Database

Note: In two-graph mode,
the elements for both
graphs are saved in a single
database.

Saving the Current
Graph Database

Opening a Graph
Database

Deleting a Graph
Database

From a Program or
the Home Screen

220

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.

A graph database consists of:

¢ Mode settings ((MODE]) for Graph, Angle, Complex Format, and
Split Screen (only if you are using the two-graph mode).

* All functions in the Y= Editor ([¢] [v=]), including display styles and
which functions are selected.

e Table parameters ([¢][TbiSet]), Window variables ([(¢] [WiNDOW]), and
graph formats ((F]9 — or — TI-89: [}](1] TI-92 Plus: [¢JF.)

A graph database does not include drawn objects or stat plots.

From the Y= Editor, Window Editor, Table screen, or Graph screen:

1. Press [F1] and select f
2:Save Copy As.

SHUE COFY HE

TUrt GRE
Folder: maind

AL L e—
Enter=sAvE ESC=CAMCEL

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.

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.

From the Y= Editor, Window Editor, Table screen, or Graph screen:

1. Press [F1] and select 1:Open. £ ZEEM

Tvre: GDE |
Folder:  mdind

Variable Jrafdbl

Enter=0k

2. Select the folder and variable
that contain the graph
database you want to open.

3. Press [ENTER].

ESC=CHMCEL

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 Chapter 21.

You can save (store) and open (recall) a graph database by using the
StoGDB and RclGDB commands as described in Appendix A.
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Tables

Note: Tables are not
available in 3D Graph mode.

Preview of Tables ... 222
Overview of Steps in Generating a Table ... 223
Setting Up the Table Parameters .. 224
Displaying an Automatic Table ... 226
Building a Manual (Ask) Table ... 229

Previously, in Chapter 6: Basic Function Graphing, you learned
how to define and graph a function.

By using a table, you can display a defined function in a tabular
form.

Y= Editor shows an
algebraic representation.

o] o= F—F
HAIN FAD AUTO FUHLC

Fie|Fz T
Tools[sxtue )

— : | /

=N “ril.
=N 436,
7. -E29,
TG, —2Ed,
=10,
HMAIN ERD ALTO FUNC
Table screen shows a Graph screen shows a
numeric representation. graphic representation.

The table lists a series of values for the independent variable and
shows the corresponding value of the dependent variable.

Independent variable

y(x) = x3 -2x

Dependent variable
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Preview of 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?

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the MODE dialog box. TR '
For the Graph mode, select o1 o1 MIM .
FUNCTION. ENTER ENTER
CEnteF=FAVE "3 C EZCSCAMCEL 3
2. Display and clear the Y= Editor. [[¥-] Iy
Then define y1(x) = x - 2x. 8 8 [ENTER
ENTER ENTER 2
XE3E 2 X XM3E 2 X E%‘f
ENTER da=
Eal_%r'im= FAD AOTD FUNL
3. Set the table parameters to: [s][Toiset] (] [Tbiset] { TRELE ZETUF
thiStart = - 10 10 10 tn:::m: |11|1:
atbl: |
Atbl =1 1 o1 Graph <-F Table: OFF 3
Graph < - > Table = OFF @@ 1 @ @ 1 Ind b endent: RUTD#
Independent = AUTO @01 @ O 1[ENTER] < EnEar=slE < ESCECANCEL
4. Display the Table screen. [¢] [TABLE] [#] [TABLE] AR
1
MX e
S5, [Fril.
B, 496
7. =29,
6. [-2o4.
ﬁ;ﬂ_la. RAD AUTO FUNC
5. Scroll through the table. Notice (@and ® © and O ]
that y1 changes sign at x = -1, 1, asnecessary as necessary
and 2.
To scroll one page at a time, use
@ and >.
6. Zoom in on the sign change ]
between x = -2 and x = -1 by )2 @2
changing the table parameters i®.1 ©.1

to:
tbiStart = -2
Atbl = .1

[ENTER] (ENTER]

[ENTER] (ENTER]
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Overview of Steps in Generating a Table

Generating a Table

Note: Tables are not

available in 3D Graph mode.

Tip: For information on
defining and selecting
functions with the

Y= Editor, refer to
Chapter 6.

Tip: You can specify:
* An automatic table
- Based on initial values.
— That matches a graph.
* A manual (ask) table.

Exploring the 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.

. HODE )

Set Graph mode and,
if necessary,
Angle mode ([MODE]).

FL Fz Fx
Fads 1|Pads 2|Fads 2

Frakty Frint...
«EnteF=SAYE 3

Define functions on
Y= Editor ([¢] [¥=]).

I

Select ([F4]) which
defined functions to
display in the table.

7=
ol =t T
HilN Ffb AUTO

FUMC

i THELE ZETUF

tEIsEare: | —
he initial bl 1
[Ske)} Up the Inlttla Grarh <=> Table: OFF+
able parame ers Inderendent: AUTO *
(] [Toiset]).
CEnter=IAVE £ ETC=CANCEL o2
s [ ]
S
-3,
- “2. .
Display the table 7. =EN
((+] [TABLE]). E. -Z0d,
B==
HMAIN FRD AUTOD FUMC

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.
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Setting Up the Table Parameters

Displaying the
TABLE SETUP
Dialog Box

Note: The table initially
starts at tblStart, but you
can use @ to scroll to prior
values.

224  Chapter 13: Tables

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.

To display the TABLE SETUP dialog box, press [¢] [TbiSet]. From the
Table screen, you can also press [F2].

L TAELE SETUF

EhIZRart:
athl:
Grach <= Table: OFF *

Inderendent: AUTO+

Enter=SAYE

ESCSCANCEL

Setup Parameter

Description

tblStart

Atbl

Graph <->Table

Independent

If Independent = AUTO and Graph < -> Table = OFF,
this specifies the starting value for the independent
variable.

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.

If Independent = AUTO:

OFF — The table is based on the values you enter
for tbiStart and Atbl.

ON — The table is based on the same independent
variable values that are used to graph the functions
on the Graph screen. These values depend on the
Window variables set in the Window Editor
(Chapter 6) and the split screen size (Chapter 14).

AUTO — The TI-89 / TI-92 Plus 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.




Which Setup
Parameters to Use

Changing the
Setup Parameters

Tip: To cancel a menu or
exit the dialog box without
saving any changes, press
instead of [ENTER].

From the Home
Screen or a Program

To generate: tbiStart Atbl  Graph< ->Table  Independent
An automatic table
* Based on value value OFF AUTO
initial values
* That matches — — ON AUTO

Graph screen

A manual table — — — ASK

“—" means that any value entered for this parameter is ignored for
the indicated type of table.

In SEQUENCE graphing mode (Chapter 9), use integers for tbiStart
and Atbl.

From the TABLE SETUP dialog box:
1. Use ® and @ to highlight the value or setting to change.

2. Specify the new value or setting.

To change: Do this:

tbiStart Type the new value. The existing value is
or erased when you start to type.

Atbl or—

Press © or ® to remove the highlighting.
Then edit the existing value.

Graph < - > Table Press © or () to display a menu of valid
or settings. Then either:
Independent

¢ Move the cursor to highlight the
setting and press [ENTER].
—or—

* Press the number for that setting.

3. After changing all applicable values or settings, press to
save your changes and close the dialog box.

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 Chapter 2.

e Set Graph < - > Table and Independent by using the setTable
function. Refer to Appendix A.
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Displaying an Automatic Table

Before You Begin

Displaying the
Table Screen

Tip: You can scroll back
from the starting value by
pressing ® or >.
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If Independent = AUTO on the TABLE SETUP dialog box, a table
is generated automatically when you display the Table screen.
If Graph < -> Table = ON, the table matches the trace values
from the Graph screen. If Graph < - > Table = OFF, the table is
based on the values you entered for tbiStart and Atbl .

Define and select the applicable functions on the Y= Editor ([¢][Y=]).
This example uses y1(x) = x3 - x/3.

THELE FETUF

Then enter the initial table f
parameters ([¢] [TbiSet]).

EhIZRark:
bl
Grarh <= Table: OFF ¥

Inderendent: AUTO +

Enter=zAVE 1

€ ESC=CANCEL

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.

First column shows

values of the

Other columns show corresponding
T values of the functions selected in
A

independent the Y= Editor.
variable.
Header row shows =~ — | L
names of independent :
. .1 REE R
variable (x) and I T
selected functions .3 1. 7Ear]
(y1). 4 [2.2773
Entry line shows —— |ulix?=. EEAEEEAREEERGT
fU" Value Of HalN FHD AUTO FUMC

highlighted cell.

Press:

©,®,0,0r®
and then @, ®, ®, or ©

To move the cursor:

One cell at a time

One page at a time

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.

e When you scroll right or left, the values of the independent
variable are always visible along the left side of the screen.



Changing the
Cell Width

Note: By default, the cell
width is 6.

How Numbers Are
Displayed in a Cell

Note: If a function is
undefined at a particular
value, undef is displayed in
the cell.

Tip: Use to set the
display modes.

Tip: To see a number in full
precision, highlight the cell
and look at the entry line.

If Results are
Complex Numbers

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.

FORMATS ]

To change the cell width from the f
Table screen:
1. Press([Fi]9

TI-89: [+ (I

TI-92 Plus: [¢] F.

Cell Midth: 6%

Enter=SHVE ESCSCHMCEL

2. Press O 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.

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:

¢ If anumber’s magnitude is too large for the current cell width, the
number is rounded and shown in scientific notation.

e If the cell width is too narrow even for scientific notation, “...” is
shown.

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 5676 .000005 .000005
1.2345678e19 1.2e19 1.2346e19 1.23457€19
-1.23456789012¢& - 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 enough.

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).
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Editing a Selected
Function

Tip: You can use this
feature to view a function
without leaving the table.

Tip: To cancel any changes
and return the cursor to the

table, press [ESC] instead of

[ENTER].

If You Want to
Change the Setup
Parameters

228 Chapter 13: Tables

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 to move the cursor to the entry line, where the function
is displayed and highlighted.

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.

4. Press [ENTER] to save the edited function and update the table. The
edited function is also saved in the Y= Editor.

After generating an automatic table, you can change its setup
parameters as necessary.

Press [F2] or [¢][TbiSet] to display the TABLE SETUP dialog box. Then
make your changes as described on pages 224 and 225.



Building a Manual (Ask) Table

Displaying the
Table Screen

Entering or Editing
an Independent
Variable Value

Tip: To enter a new value in
a cell, you do not need to
press [E3). Simply begin
typing.

Note: In this example, you
can move the cursor to
column 2, but you can enter
values in column 1 only.

If Independent = ASK on the TABLE SETUP dialog box, the
TI-89 / TI-92 Plus lets you build a table manually by entering
specific values for the independent variable.

To display the Table screen, press [¢] [TABLE] or 5.

If you set Independent = ASK (with [¢][TbiSet] ) before displaying a table
for the first time, a blank table is displayed. The cursor highlights the
first cell in the independent variable column.

Header row shows names of |ng§; e ol ber o] Roufind Rou

independent variable (x) and k3 ul
selected functions (y1). H

Enter a value here.

=
HilN EhD RUTD FUNC

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.

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.

¢ Ifyou 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).

e Ifacellin column 1 contains a value, you can edit that value.
2. Press to move the cursor to the entry line.
3. Type a new value or expression, or edit the existing value.

4. Press to move the value to the table and update the
corresponding function values.

The cursor returns to the entered cell. You can use & to move to the
next row.

Enter values in any i
; 1. L BEEET
numerical order. 5 e
2.2 [31.701
22,
Enter a new value here. 12.6 |1996'2I

ol G =1 0640, BEEEEG5ET
HHIN D AUTD FONC

Shows full value of
highlighted cell.
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Entering a List in
the Independent
Variable Column

Note: If the independent
variable column contains
existing values, they are
shown as a list (which you
can edit).

Adding, Deleting,
or Clearing

Cell Width and
Display Formats

From the Home
Screen or a Program

230 Chapter 13: Tables

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

2. Press [F4] to move the cursor to the entry line.

3. Type a series of values, enclosed in braces { } and separated by
commas. For example:

[x=(1,1.5,1.75,2} |

You can also enter a list variable or an expression that evaluates
to a list.

4. Press [ENTER] to move the values into the independent variable
column. The table is updated to show the corresponding function
values.

To: Do this:

Insert a new row Highlight a cell in the specified row and
above a specified row  press:
TI-89: [Fé]
TI-92 Plus:
The new row is undefined (undef) until you
enter a value for the independent variable.

Delete a row Highlight a cell in the row and press (F5].
If you highlight a cell in the independent
variable column, you can also press [«].

Clear the entire table Press 8. When prompted for
(but not the selected confirmation, press [ENTER].
Y= functions)

Several factors affect how numbers are displayed in a table. Refer to
“Changing the Cell Width” and “How Numbers Are Displayed in a
Cell” on page 227.

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.



Split Screens

Preview of Split SCTEENS.........coceviiiririeirireeeeeeeeeee e
Setting and Exiting the Split Screen Mode ..........cocooveeeiveniecerenennns
Selecting the Active APPLCAtION ......ceovevrerierieieireieeeeeeeeeeene

On the TI-89 / TI-92 Plus, you can split the screen to show two
applications at the same time.

Fle| Fe=[F3 JF4 [FEq FEr | 57
Tools|Zoer]Edik] « [AT1[SbeTg)2N 7

~FLOTS
1 T fJ

=]
gl ed=, S I-2kutE
THIN ZND RAD AUTO FUNLC

For example, it may be helpful to show both the Y= Editor and

they are graphed.

the Graph screen so that you can see the list of functions and how
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Preview of Split Screens

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

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Display the MODE dialog box.
For Graph, select FUNCTION. 01 o1
For Split Screen, select o3 03
LEFT-RIGHT. CIo¥: 002
For Split 1 App, select Y= Editor. :@Q® 4 QO4
For Split 2 App, select Graph.

2. Clear the Y= Editor and turn off 8 8 A R A A A e
any stat data plots. Then define 5 5 RN
y1(x) = .1x3-2x+6. ENTER “Eé" Lol

~ x €2
A thick border around the Y= Editor - 1 XBW3E2X . 1X[3E)2X 3%;
indicates it is active. When active, its 6 6 5=
entry line goes all the way across the U2 L=
display.

3. Select the ZoomStd viewing 6 6 i
window, which switches to the “FLOTS ,

igl=.1- =zl
Graph screen and graphs the Eéf 1=
function. Egi
The thick border is now around the %es {
Graph screen.

4. Svﬁtch to the Y= Edit013n Then3 =] (=)

edit y1(x) to change .1x3 to .5x5. ® ®
[EE] is the second function of — —

B 995 iCo0m

The thick border is around the

Y= Editor.

5. Switch to the Graph screen, 2nd) [=E]) 2nd] [=ET] I S A e
which regraphs the edited
function.

The thick border is around the Graph
screen.

6. Switch to the Y= Editor. Then [e2] (=
open the Window Editor inits  i[+][wiNDow] (¢] [winow]
place.

7. Open the Home screen. Then 2nd) [QUIT] 2nd) [QUIT]
exit to a full-sized Home screen. :[2nd [QuIT] 2nd) [UIT]
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Setting and Exiting the Split Screen Mode

Setting the Split
Screen Mode

Setting the Initial
Applications

Note: In two-graph mode,

described in Chapter 12, the

same application can be in
both parts of a split screen.

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.

1. 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.
—or—
* 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 Chapter

Split Screen Settings
TOP-BOTTOM

LEFT-RIGHT

i MIOBE 1
Fi Fz F3
Fads 1)Fade 2|Pads 2
£ JOF-EQTTON > When you set Split Screen =
1z Editor + TOP-BOTTOM oOr LEFT-RIGHT,
REC] previously dimmed modes
such as Split 2 App become
active.

Enkter=ZAYE 3

e ESCSCHMCEL 3

Before pressing [ENTER] to close the

MODE dialog box, you can use the 3ifindo

Split 1 App and Split 2 App modes to B0 i Editor
. . riProgram Editor

select the applications you want to 5Texf Edifar

use.

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
TI-89 / TI-92 Plus exits the split screen mode and displays the
application full screen.

You can open different applications after the split screen is
displayed, as described on page 235.

Chapter 14: Split Screens
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Other Modes that
Affect a Split Screen

Split Screens and
Pixel Coordinates

Tip: For a list of drawing
commands, refer to
“Drawing on the Graph
Screen” in Chapter 17.

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

Exiting the Split
Screen Mode

When You Turn Off
the TI-89 / T1-92 Plus

Mode Description

Number of Graphs Lets you set up and display two

Note: Leave this set o 1 independent sets of graphs.

unless you have read
the applicable section
in Chapter 12.

This is an advanced graphing feature as
described in “Using the Two-Graph Mode”
in Chapter 12.

The TI-89 / TI-92 Plus 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.

TI-89:

Split 1 App Split 2 App
Split Ratio X y X y
FULL N/A 0-158 0-76 N/A N/A
TOP-BOTTOM  1:1 0-154 0-34 0-154 0-34
LEFT-RIGHT 1:1 0-76  0-72 0-76  0-72
TI-92 Plus:
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
1:2 0- 7 0-98 0-156 0-98
2:1 0-156 0-98 0- 76 0-98
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.
Method 2: Press [auiT] twice to display a full-sized Home screen.

Turning the TI-89 / TI-92 Plus 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 The split screen is just as you left it.
Down™ (APD™) feature, or

when you press [¢] [OFF].
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Selecting the Active Application

The Active
Application

Switching between
Applications

Opening a Different
Application

Note: Also refer to “Using
[auT] to Display the
Home Screen” on page 236.

Note: In two-graph mode,
described in Chapter 12, the
same application can be in
both parts of a split screen.

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 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. rhaTfzham ] [TT|skeTe[ )

~FLOT:
. . -l
Thick border indicates ——— 9%3
the Y= Editor is active. s
S=
ges
Entry line is full width when ——|ul ¢x)=, S 3— T+
Y= Editor is active. MAIN RAD AUTD __ FUNC

Press [EE] (second function of [APPS)) to switch from one

application to the other.

fI—— Toolbar is for Graph

screen.

—— Thick border indicates the

Graph screen is active.

+—— Graph screen does not

have an entry line.

Use [=H] to switch to the application you want to

2. Use or [¢] (such as [#] [WINDOW]) to select the

If you select an application that is already displayed, the
TI-89 / TI-92 Plus switches to that application.

Fi- B F4 FE~-
Tools|2eom|Trace(RkeGr arh)Math o
~FLOTS
vyl=,5ox =

2=
gi=
3=
ug=
e
HMAIN RAD AUTO FUMC
Method 1: 1.
replace.
new application.
Method 2:

1. Press and then [F2].

2. Change Split 1 App and/or Split 2 App.

If you set Split 1 App and Split 2 App to the same
application, the TI-89 / TI-92 Plus exits the split screen
mode and displays the application full screen.
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Using [auiT] to
Display the Home
Screen

Tip: Pressing [2nd) [QuIT] twice
always exits the split screen
mode.

When Using a
Top-Bottom Split

Note: Both Top-Bottom and
Left-Right splits use the
same methods to select an
application.

236

If the Home screen:

Pressing [auiT]:

Is not already displayed

Is displayed, but is not
the active application

Is the active application

Opens the Home screen in place of the
active application.

Switches to the Home screen and makes
it the active application.

Exits the split screen mode and displays
a full-sized Home screen.

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.

Fi=] Fzr] FX F4 FEv] Fow [FF=3ii
T 15)2 0 m|Trac|ReGr ar hjMath|0r aw|Fen (<
PLOTE z
. yl= 5 x? - 2w+ 6

Toolbar is for the 32:

active Graph screen, us=

not the Y= Editor.

-

AIN RAD AUT FUNC
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Data/Matrix Editor

Preview of the Data/Matrix EditOr.........cccccveevenieenieneeninenincrenieene 238
Overview of List, Data, and Matrix Variables...........cccccovverrcerienennns 239
Starting a Data/Matrix Editor SeSsion............ceceveverieeeereneienenieens 241
Entering and Viewing Cell Values..........ccoceeveereriecirenenieesenieeeennens 243
Inserting and Deleting a Row, Column, or Cell...........cccoceceerirueuenenne. 246
Defining a Column Header with an Expression.............. ..248
Using Shift and CumSum Functions in a Column Header ...250
SOrting COIUMNS ......oveuiieieiriireeteeresteeee et ... 251
Saving a Copy of a List, Data, or Matrix Variable............c.ccocvveruennnne 252

The Data/Matrix Editor serves two main purposes.

¢ This chapter describes how to use the Data/Matrix Editor to
create and maintain a list, matrix, or data variable.

Fi-|  Fe FTTTFT@[FD
Tools|Flok Sebur(CeTl|Headsr|Calc|lkil|>kat
DHTA e e i

cz [}
1 4 3. 3333 BEEET
2 El 160,889 -1, 889
3 31 29.7eg|l. EEeR
4 20 29,778 -9.F7R
cd=cZ-cI
HMAlN RAD AUTO FUHC

¢ Chapter 16 describes how to use the Data/Matrix Editor to
perform statistical calculations and graph statistical plots.
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Preview of the 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).

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
1. Start the Data/Matrix Editor and :pps) 6 3 APPS| 6 3 { NE )
create a new list variable named i@ 3 03 Folaers mains
TEMP. ©O Q0 ¢
TEMP TEMP ESC=CHHCEL
(ENTER] (ENTER] [ENTER] (ENTER]
2. Enter a column of numbers. 1 [ENTER L ENTER Y O [ R
Then move the cursor up one 2 [ENTER 2 [ENTER ifoer . N ;
cell (just to see that a 3[ENTER 3 [ENTER T4 . .
ishli ) i s[5
highlighted cgll s value is shown :4 [ENTER 4 [ENTER i H
on the entry line). 5 [ENTER 5 [ENTER v | i
LIST is shown in the upper-left corner i 6 [ENTER 6 [ENTER ifreci=e
to indicate a list variable. ® i[HAN RAD RITD___FUNC
You can use @ instead of [ENTER] to
enter information in a cell.
3. Move to column 2, and define its i@ O i eraf Eetur 2 lneater ane o eat
it 3 DATH
;?lur;lln hez;der1 S0 thzitt it is twice — — —
e value of column 1. ERNE] E]
2 [x][alpha] C 1 2[xJC1 s B s
DATA is shown in the upper-left ENTER ENTER & [E
corner to indicate that the list variable v i
was converted to a data variable. Breco=17
HMAIN RHD AUTO FUMC
@ means the cellisin a
defined column.
4. Move to the column 2 header 2nd] @ 2nd @ TheTslE1ek Setur|te pender|CatclieT SFt?R] ]
3 it : ;|ATR
cell to ‘show its definition in the g @) — —
entry line. T [ =
z [Z q
When the cursor is on the header cell, 3 3 £
you do not need to press to define 4[4 ]
it. Simply begin typing the expression. PR |
H G FHD AUTD FUNC
5. Go to the Home screen, and then [*][HOME]
return to the current variable. APPS] 6 1 APPS] 6 1
6. Clear the contents of the
variable. 8 [ENTER 8 [ENTER
Simply clearing the data does not
convert the data variable back into a
list variable.

Tip: 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 creating a new variable each time, which uses up memory.
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Overview of List,

Data, and Matrix Variables

List Variable

Note: If you enter more than
one column of elements in a
list variable, it is converted
automatically into a data
variable.

Tip: After creating a list in
the Data/Matrix Editor, you
can use the list in any
application (such as the
Home screen).

Data Variable

Note: For stat calculations,
columns must have the
same length.

To use the Data/Matrix Editor effectively, you must understand
list, data, and matrix variables.

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:

¢ Isshown as a single column of Column title
elements, each in a separate cell. 1 [ and header
z 10 cells are not
. . 3 cos(xd saved as
e Must be continuous; blank or P part of the

empty cells are not allowed
within the list.

list.

¢ Can have up to 999 elements.

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
elements on the entry
line, spaces separate the
elements in the history
area.

"{bob 10 cos(x) & 1 B
fhob 10 cos(x) & 1 B

ep Ll coslxd G, 1, hitslist]
MAIH FAD AOTD FIURT 1750

To refer to a specified
element in a list, use the
format shown to the
right.

[1istl[1]

L Element number
(or index number)

Name of list 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:

¢ Can have up to 99

BATA | T
columns. =1 = —=
1 staone [95
¢ Can have up to 999 2 |sally [ross [
. 3 Jdane  |smith [97
elements in each 4 |nick |castlieles

column. Depending on
the kind of data, all
columns may not have
to be the same length.

e Must have continuous columns; blank or empty cells are not
allowed within a column.
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Data Variable
(Continued)

Matrix Variable

Tip: 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
matl[2,1] to access the 1st
element in the 2nd row.

From the Home screen NewData datal,listl,l1ist?

or a program, you can
use the NewData
command to create a
data variable that
consists of existing lists.

L Names of existing
list variables

Name of data variable
to create

Although you cannot Name of data variable
directly display a data F Column number
variable on the Home r

datal[l]
(datal[1])[1]

screen, you can display
a specified column or

element.
L Element number in the
column

Column number

r Displays column 1 of the variable datal.
.

For example: datall1]

ifred sally Jjane niclk

"(datal[1]1[1] fred

cdatal (110011

HMAIN RAD AUTO FUNC 2430
Displays element 1 in column 1

of the variable datal.

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,

|
E
=

but all columns must have the = =5 =

same length.

IS
b
L |
=

Z
]

¢ Isinitially created with 0 in each

cell. You can then enter the Shows the size of the

. ) matrix.

applicable value in place of 0.
From the Home screen or a rowl — —row 2
program, you can use [ST0»] to [[1.2.3104.5.61]>matl
store a matrix with either of the [1,2,3:4,5,6]>mat1l
equivalent methods shown to J L
the right. row 1 row 2
Although you enter the matrix as
shown above, it is pretty printed in 1 203 1 203
the history area in traditional N [4 5 6]
matrix form. r!m[ni L2 [n‘zn nsun?] ]épuitl 1750
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Starting a Data/Matrix Editor Session

Creating a New
Data, Matrix, or List
Variable

Note: If you do not type a
variable name, the

TI-89/ TI-92 Plus will display

the Home screen.

. Press[APPS] and then select RFFLICATIONG
6:Data/Matrix Editor. Liflaghfees...  +AFFS
Zthlindow Editar
. Select 3:New. EH A

. Specify the applicable

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.

information for the new
. Folder:
variable. Variable:

fa

Item Lets you:
Type Select the type of variable to

create. Press () to display a
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
Chapter 5.

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 to
acknowledge the error, the NEW dialog box is

redisplayed.

Row dimension  If Type = Matrix, f HEw }

Tepe: HMatrix
and type the number Folder: main ¥
H H Narigbls:

Col dimension of rows a.nd ot dimension: [
columns in the 2o dimension
matrix. CEmter=0E__» ESESCRNLEL 2

. Press [ENTER] (after typing in an input box such as Variable, press

twice) to create and display an empty variable in the
Data/Matrix Editor.
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Using the Current
Variable

Creating a New
Variable from the
Data/Matrix Editor

Opening Another
Variable

Note: Variable shows the
first existing variable in
alphabetic order. If there are
no existing variables,
nothing is displayed.

Note about
Deleting a 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, press 6 and select 1:Current.

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.

8lElear Editor

You can open another variable at any time.

1. From the Data/Matrix Editor, press [F1] and select 1:Open.
— or—
From any application, press 6 and select 2:Open.

2. Select the type, folder, and ; TR
variable to open. Tobs:  Datad

Folder:  main
3. PreSS ENTER . Variable: dabals

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 Chapter 21.

242  Chapter 15: Data/Matrix Editor



Entering and Viewing Cell Values

The Data/Matrix
Editor Screen

Tip: 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

Tip: To enter a new value,
you can start typing without
pressing or (F3] first.
However, you must use

or F3] to edit an
existing value.

Note: To enter a value from
the entry line, you can also
use @ or®.

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.

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.

Fir F& Fz | F4 [F5 [FE{F7
Tools|Flob Zebup|CeTl{Header|Calc|util)stat

Variabl
ariable type — | T

Column headers ] = | c2 c3
1
2

Row numbers 3
d

Row and column ricl=

number of HMAIN KAD RUTO FUNC

highlighted cell

Column title cells, used to type ——
a title for each column

When values are entered, the entry line shows the full value of the
highlighted cell.

You can enter any type of expression in a cell (number, variable,
function, string, etc.).

1. Move the cursor to highlight the cell you want to enter or edit.
2. Press or [F3] to move the cursor to the entry line.

3. Type anew value or edit the existing one.

4. Press to enter the value into the highlighted cell.

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.

Variable Type After [ENTER], the cursor moves:

Down to the cell in the next row.

List or data

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

How Rows and
Columns Are Filled
Automatically

Note: If you enter more than
one column of elements in a
list variable, it is converted
automatically into a data
variable.

To move the cursor: Press:
One cell at a time ,3,0,0r®
One page at a time and then @, ®, (), or ©

Go to row 1 in the current [P ®or
column or to the last row M®
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 [BXO)
last column that contains O
data, respectively. If the

cursor is in or past that last
column, [¢] ® goes to

column 99.

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.

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, the TI-89 / TI-92 Plus handles the gaps
automatically.

* Inalist variable, a cell in the gap is undefined until you enter a
value for the cell.

LIET LIET

3 ]
4 undef
=] =]

= F

¢ 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.

N

1

THTA TATH
o] c3

_—

|
[~

=] =5
uhdet
uhdet

£ Ju[raf— o
P R
FA N )
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Note: Although you specify
the size of a matrix when
you create it, you can easily
add additional rows and/or
columns.

Changing the
Cell Width

Tip: Remember, to see a
number in full precision, you
can always highlight the cell
and look at the entry line.

Clearing a Column
or all Columns

Note: For a list or data
variable, a clear column is
empty. For a matrix, a clear
column contains zeros.

¢ 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.

* cZ ol cd : cd [ cd
1 2 ] 1 2 3 []
2 z 3 [ [o]
3 3 7] o
4 H - a F_

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 [F1] 9

— Oor —

TI1-89: (¢J(1)

TI-92 Plus: [¢]JF

[ FOEHATS kY Cell width is the maximum
Coll Width:  [4* number of characters that can
Auto-calculate: OH+ be displayed in a cell.

All cells have the same cell
width.

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.

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. TI-89: [F6]
TI-92 Plus:
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).
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Inserting and Deleting a Row, Column, or Cell

Note About Column
Titles and Headers

Inserting a Row or
Column

Note: For a list variable,
inserting a row is the same
as inserting a cell.

Note: For a list variable, you
cannot insert a column
because a list has only one
column.

246

The general procedures for inserting and deleting a cell, row,
or column are simple and straightforward. You can have up to
99 columns with up to 999 elements in each column.

You cannot delete the rows or cells that contain column titles or
headers. Also, you cannot insert a row or cell before a column title or
header.

The new row or column is inserted before the row or column that
contains the highlighted cell. In the Data/Matrix Editor:

1. Move the cursor to any cell in the applicable row or column.

2. TI-89: [2nd] [F6]
TI-92 Plus:
and select 1:Insert.

: G
[Zfcoluny Lolumb

Farttal adjust all
gillear Tolumn

3. Select either 2:row or
3:column.

When you insert a row:

. DATA DATA
e In a list or data . - = - ==
variable, the row is 1 1o 15 1 |18 15
. 2 [z 25 2 |28 i
undefined. SR TR S - |z [anger e
4 [a40 4 [3@
¢ In a matrix variable,
the row is filled with
Zeros.
When you insert a column:
. [oATa TRTH
¢ Inadata Val"lable, = == 1 =5 =
the column is 1 [ig 15 1 i@ 15
2 [28 25 2 [28 75
blank. 3 [3m ] — |7 58 Hs:ﬁ
4 38 45 | 4 [48 | |45

¢ In a matrix
variable, the
column is filled
with zeros.

You can then enter values in the undefined or blank cells.
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Inserting a Cell

Note: For a matrix variable,
you cannot insert a cell
because the matrix must
retain a rectangular shape.

Deleting a Row or
Column

Deleting a Cell

Note: For a matrix variable,
you cannot delete a cell
because the matrix must
retain a rectangular shape.

If You Need to Add a
New “Last” Row,
Column, or Cell

The new cell is inserted before the highlighted cell in the same
column. (You cannot insert a cell into a locked column, which is
defined by a function in the column header. Refer to page 248.) In the
Data/Matrix Editor:

1.

3.

The inserted cell is PRTR vATA
undefined. You can then
enter a value in the cell.

Move the cursor to the
applicable cell.

TI-89: [Fe]
TI-92 Plus:
and select 1:Insert.

Select 1:cell.

L]

uhdef

L] P
(%]
[
EoR R

In the Data/Matrix Editor:

1.

Move the cursor to any cell in the row or column you want to
delete.

TI-89: [Fe]
TI-92 Plus:
and select 2:Delete.

Select either 2:row or
3:column.

If you delete a row, any rows below the deleted row are shifted up.
If you delete a column, any columns to the right of the deleted
column are shifted left.

In the Data/Matrix Editor:

1.

3.

Move the cursor to the cell you want to delete. (You cannot delete
a cell in a locked column, which is defined by a function in the
column header. Refer to page 248.)

TI-89: [F6]
TI-92 Plus:
and select 2:Delete.

[

o lumn
1, adjust all
oiunn

i M

Select 1:cell.

Any cells below the deleted cell are shifted up.

You do not need to use the Util toolbar menu to:

Add a new row or cell at the bottom of a column.
—or—
Add a new column to the right of the last column.

Simply move the cursor to the applicable cell and enter a value.
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Defining a Column Header with an Expression

Entering a Header
Definition

Tip: To view an existing
definition, press [F4] or move
the cursor to the header cell
and look at the entry line.

Tip: To cancel any changes,
press before pressing
(ENTER].

Note: The seq function is
described in Appendix A.

Note: If you refer to an
empty column, you will get
an error message (unless
Auto-calculate = OFF as
described on page 249).

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).

Clearing a Header
Definition

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.

In the Data/Matrix Editor:

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].

Note: [ENTER] 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].

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.
— or—

* Press © or ® to remove the highlighting. Then edit the old
expression.

You can use an expression that: For example:

Generates a series of numbers. cl=seq(x"2,x,1,5)

cl={1,2,3,4,5}

c2=2%cl
c4=cl*c2-sin(c3)

Refers to another column.

——cl=seq(x,x,1,7)

3. Press [ENTER], ®, or ® to croecl
save the definition and [
TATR | I [
update the columns. - 13
1 2
2 |2 4
You cannot directly 3 3 g
change a locked cell
@) since itis defined ™ |geror=T

by the column header.

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].

2. Press to clear the highlighted expression.
3. Press(ENTER], @, or ®.
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Using an Existing
List as a Column

Note: If you have a

CBL 2™/CBL™ or CBR™,
use these techniques for
your collected lists.

Tip: Use [2nd) [VAR-LINK] to
see existing list variables.

To Fill a Matrix with
a List

The Auto-calculate
Feature

Tip: You may want to set
Auto-calculate = OFF to:

.

Make multiple changes
without recalculating
each time.

.

Enter a definition such
as cl=c2+c3 before you
enter columns 2 and 3.

.

Override any errors in a
definition until you can
debug the error.

Suppose you have one or more existing lists, and you want to use
those existing lists as columns in a data variable.

Do this:

In the applicable column, use to define
the column header. Refer to the existing
list variable. For example:

From the:
Data/Matrix Editor

cl=listl

Use the NewData command as described in
Appendix A. For example:

Home screen or a
program

NewData datavar, listl [, list2] [, list3] ...

Existing list variables to
copy to columns in the
data variable.

Data variable. If this data
variable already exists, it will
be redefined based on the
specified lists.

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 Appendix A.

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.

e 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(Fi9 I FIRFATS —
—Or— C&11 Kidkh: ¥

Auto-calculate: BEIS
TI-89: (¢ [
TI-92 Plus: [¢]F

Enter=SAYE ESC=CHMCEL

2. Change Auto-Calculate to
OFF or ON.

3. Press to close the
dialog box.

If Auto-calculate = OFF and you make changes as described above, the
header definitions are not recalculated until you set
Auto-calculate = ON.
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Using Shift and CumSum Functions in a Column Header

Using the Shift
Function

Note: To enter “shift”, type it
from the keyboard or select
it fromthe CATALOG.

Using the CumSum
Function

Note: To enter “cumSum”,
type it, select it from the
CATALOG, or press

[2nd) [MATH] and select it from
the List submenu.

When defining a column header, you can use the shift and
cumSum functions as described below. These descriptions
differ slightly from Appendix A. This section describes how to
use the functions in the Data/Matrix Editor. Appendix A gives a
more general description for the Home screen or a program.

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 (column [,integer])

LNumber of elements to shift (positive shifts up;
negative shifts down). Default is -1.

Column used as the base for the shift.

For example, for a two-element shift up and down:
c2=shift(c1,2)

c3=shift(cl,-2)
—

cl =] =]

1 3 unidef

2 4 uridef

3 undef [1 .

3 undet |2 +——— Shifted columns have the same
length as the base column (c1).

\; Last two elements of c1 shift down and out the
bottom; undefined elements shift into the top.

First two elements of c1 shift up and out the top;
undefined elements shift into the bottom.

The cumSum function returns a cumulative sum of the elements in a
base column. Use [F4] to define a column header with the syntax:

cumSum (column)

Column used as the base for the cumulative sum

For example:

h c2=cumSum(cl)

[=¥]

i~

1+2

N N o )

1
3
[
1

5 1+2+3+4
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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 In the Data/Matrix Editor:
Column 1. Move the cursor to any cell in the
column.
2. TI-89: [Fe]
TI-92 Plus:
and select 3:Sort Column.
cl cl
Numbers are sorted in ascending fred = [75
order. sally 82
chris = (98
Character strings are sorted in jane chris
alphabetical order. 75 = [fred
98 jane
82 sally
Sorting All Columns Consider a database structure in which each column along the same
Based on a “Key” row contains related information (such as a student’s first name, last
Column 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 1 —= —=
Note: For a list variable, this cell in the “key” column. fred |stone |95
is the same as sorting a sally lkoss 7S

. . i ith |57
single column. In this example, move the %93_

cursor to the second column
(c2) to sort by last name.

Note: This menu item isnot 2. TI-89: [2nd][F6] 1 o5 ==

available if any column is T1-92 Plus: rick lcasilalos
locked. =ally [ross 7o

and select 4:Sort Col, adjust all. jane |=mith |97
fred mg!i

When using this procedure for a data variable:

e 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, f is
shown at the beginning of the entry line.
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Saving a Copy of a List, Data, or Matrix Variable

Valid Copy Types

Note: A list is automatically
converted to a data variable
if you enter more than one
column of information.

Procedure

Note: If you type the name
of an existing variable, its
contents will be replaced.

To Copy a Data
Column to a List

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.

You can copy a: To a:

List List or data
Data Data

Data column List

Matrix Matrix

From the Data/Matrix Editor:
1. Display the variable that you want to copy.
2. Press and select 2:Save Copy As.

3. Inthe dialog box: ZAVE COFY OF Craginski] oS

Tupe: Data
Folder:  mdind

Lt E—

¢ Select the Type and
Folder for the copy.

¢ Type avariable name

for the copy.

« Wh ilabl lect th Column is dimmed unless you
€n avallable, selec € copy a data column to a list.

column to copy from. The column information is not
used for other types of copies.

4. Press [ENTER] (after typing in an input box such as Variable, you
must press [ENTER] twice).

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.

SAVE COFY OF Craainttd] AS

List variable to copy to. Tuee:  Lists
Folder:  maind

[ N—

Coluran:  cz4

Data column that will be copied to
the list. By default, this shows the

column that contains the cursor.
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Statistics and Data Plots

Preview of Statistics and Data Plots...........ccccoeeevieviniecienieeieneceen, 254
Overview of Steps in Statistical ANalysiS.........ccocererrcererenrierenennne 258
Performing a Statistical Calculation............ccoceeveveverieeeeneneccreniens 259
Statistical Calculation TYPES ......cccccevveieerierieiirinieieerene e seeeeeenes 261
Statistical Variables..........ccccecvevieirieieinenieeeisieee e 263
Defining a Statistical Plot .. 264
Statistical Plot Types........cccccceu..... ... 266
Using the Y= Editor with Stat Plots....... ... 268
Graphing and Tracing a Defined Stat Plot ........c.ccocooeveninenvcenenennns 269
Using Frequencies and CategOories .........cccvvvverveererieenenieneeesenienens 270
If You Have a CBL 2/CBL or CBR.......c.ccccoeiinrcerineccncccireeceenee 272

The Data/Matrix Editor serves two main purposes.

¢ As described previously in Chapter 15, the Data/Matrix Editor
lets you create and maintain a list, matrix, or data variable.

* This chapter describes how to use the Data/Matrix Editor to
perform statistical calculations and graph statistical plots.

Fi- F2 Fx FYy F& JFa-F?
Tools|Flok Sebur(CeTl|Headsr|Calc|lkil|>kat
DHTA e e i
cZ [ ]
1 4 3. 3333 BEEET
2 El 160,889 -1, 889
3 31 29.7Fgl, 22ed
4 [2@_ [29.7ve]9.778
cd=cP-cE
HMAlN RAD AUTO FUHC
¢ ZTAT VARE LY
¥=q-x+b
a =.0B1E61
b =iz.0dEhEl
COFF =.8EFIF

Rz =89164E57

Enter=0k
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Preview of 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.

254

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
Display the MODE dialog box. [ A— .
For Graph mode, select o1 o1 e it | ]
FUNCTION. ENTER ENTER :
Display the Data/Matrix Editor, 63 63
and create a new data variable (®® 6] et
named BUILD. BUILD BUILD o
[ENTER] (ENTER] [ENTER] (ENTER] :
Using the sample data below.
o rg s popuﬁaﬁon o e f—, g g Em: ?, g 8 Exg RN N A
column 1 el [
1 . ) 800 800 i[5 [5oa

Pop. (in 1000s) Bldgs > 12 stories & [T5@

150 4 25 0 [ENTER] 25 0 [ENTER] 7 [E0

500 31 500 500 2 H

800 42 H =

250 9 750 750 (ENTER) EEEI TEGAUTH FUNE

500 20 950 9 5 0 (ENTER]

750 55

950 73
Move the cursor to row 1 in OF® @) ® R vt Bete oot earc e
column 2 (r1c2). Then enter the :4 4 [eaTa
corresponding number of 31 31 g géa ;g <
buildings. 42 42 s
[®] ® moves the cursor to the top of ;9 [ENTER 9 [ENTER g
the page. After typing data for a cell, ilrgce=
you can press or @ to enter the 2 O[ENTER 2 O[ENTER m
data and move the cursor down one 5 5 [ENTER 55
cell. Pressing ® enters the data and 17 3 73
moves the cursor up one cell.
Move the cursor to row 1 in o> O ® G
column 1 (rlcl). Sort the data in :[znd)[re] 4 4

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 TI-89: [¢]®

TI-92 Plus : @ so that you can
see the first four rows.
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TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
6. Display the Calculate dialog box. o uild Lol late
Set: [OMAS) Q710 i
Calculation Type = MedMed C 1® C1® stars RedEa to e
x=C1l (2@ 20
y=C2 ® © [ENTER) O © [ENTER i -
Store RegEQ to = yl(x) S ENLer=ZAYE 2 £ ETC=CANCEL o2
7. Perform the calculation to ENTER ENTER
display the MedMed regression
equation.
As specified on the Calculate dialog
box, this equation is stored in y1(x).
8. Close the STAT VARS screen. ENTER
The Data/Matrix Editor displays.
9. Display the Calculate dialog box. £ ainibuild foleulate
Set. @ 5 @ @ 5 @ Ec.l.kumt.on TvRE .|. Figd 3+
. . [z
Calculation Type = LinReg g 8 Fpe R L e PR
x=C1 Flafa w o
y=C2 ® © [ENTER) O © [ENTER i s
Store RegEQ to = y2(x) S ENLer=ZAYE 2 £ ETC=CANCEL o2
10. Perform the calculation to ENTER ENTER
display the LinReg regression : iy
equation. g CHEE
This equation is stored in y2(x).
11. Close the STAT VARS screen. ENTER ENTER
The Data/Matrix Editor displays.
12. Display the Plot Setup screen. AT -
Plot 1 is highlighted by default. [—]—D_—]Mf“ S
lets you clear highlighted Plot Flik i
settings. Flat g
Flok 7
Flit 5
13. Define Plot 1 as: : ainbuild Fet L
Plot Type = Scatter 01l® O10 Efﬁm
Mark = Box 0le o100 E
x=C1 C[abha 1 © C1® i
y=C2 Cc2 c2 -

14.

Notice the similarities between this
and the Calculate dialog box.

Save the plot definition and
return to the Plot Setup screen.

Notice the shorthand notation for Plot
1’s definition.

i
Enter==AYE ESCSCHMNCEL

[ENTER] (ENTER]

[ENTER] (ENTER]

i Taain sbuild )
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TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display

15. Display the Y= Editor. For y1(x), i[][y-] v
the MedMed regression [F6] 2 2
equation, set the display style to
Dot.

Note: Depending on the previous
— i _H—
contents of your Y= Editor, you may qux)_ 975555555555556*x+
need to move the cursor to y1. LT FAD RUTD FUN
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.

16. Scroll up to highlight Plot 1. ® o
The displayed shorthand definition is R
the same as on the Plot Setup screen. :gg?ggg;;gigggg% x ¥ E:

RHD AUTO FUNC

17. Use ZoomData to graph Plot 1 9 9
and the regression equations
y1(x) and y2(x).

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

18. Return to the current session of :[apps] 6 1 APPS] 6 1
the Data/Matrix Editor.

19. Enter a title for column 3. Define P0®® 000e06
column 3’s header as the values [locklMED iMED
predicted by the MedMed line. ENTER ENTER
To enter a title, the cursor must Y1 C Y1[QcC
Z;ghcllglzgge title cell at the very top of 1[0 [ENTER 10
lets you define a header from
anywhere in a column. When the
cursor is on a header cell, pressing
is not required.

20. Enter a title for column 4. Define :® @ (2nd] [a-lock] et el et o ] |
column 4’s header as the RE S I D([aloha) [eATA — ggd m
residuals (difference between ENTER T[4 3, 3334|. BEEET
observed and predicted values) :(albha) C 2 (=] (alpha) AT A T
for MedMed. C 3 [ENTER] C 3 [ENTER) 4 [z2@ 29,770 -9.778

cd=ci-c3
ELMMN FRD RUTO FUNC

21. Enter a title for column 5. Define i® @ ® (©]G)
column 5's header as the values ifa-lock] L I N LIN
predicted by the LinReg line. ENTER ENTER

Y2 Y2
C1 C1




TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
22. Enter a title for column 6. Define ;® @ 2nd[a-lock] (OO H i R e ey
column 6’s header as the RESID[apha] RESID H T [resid [Iin_Tesid
! [t
residuals for LinReg. ENTER ENTER T [.6BE67[. 22169]3, 7ros
F 20 A2 I Erhpoe
(alpha) C 5 (ENTER] :C 5 [ENTER) 4 [-9.7r8[ze.ves|-8.7e8
cE=cZ-ch
LMNIN FRD RUTOD FUNC
23. Display the Plot Setup screen and
deselect Plot 1.
24. Highlight Plot 2 and define it as: {® @) ot bl
Plot Type = Scatter ® © -
Mark = Box ©) ® TR E
X = Cl c l@ C 1 @ srl"t: Aand CatedoricsT HOF
y = C4 (MedMed residuals) c4 c4 i %
ENTER ENTER ERter=SAvE :
25. Highlight Plot 3 and define it as: i® © TR P
Plot Type = Scatter ©) © s
Mark = Plus 03 Q30 ST
X = Cl C 1@ C 1 @ ;F.r't: and Catedoriest WO¥
y = C6 (LinReg residuals) Cé6 Co6
ENTER
26. Display the Y= Editor and turn ~ i(#][Y¥=] (eJ0v=]
all the y(x) functions off. 3 3
) ! ictions Ut
Il:r'glrln select 3:Functions Off, not
Plots 2 and 3 are still selected.
HEET FAD AOTD FUNL
27. Use ZoomData to graph the 9 9 : a 2
residuals. + A
n o
O marks the MedMed residuals; °
+ marks the LinReg residuals. b .
28. Display the Home screen. [+ [HomE]
29. Use the MedMed (y1(x)) and (MATH] 1 3 MATHI 13 L T e et |
LinReg (y2(x)) regression Y1[J300 Y1[d300
equations to calculate values for (] 0 Jo
x = 300 (300,000 population). ® @
= poundl 9 1CIaE) , @) 15.
The round function ([2nd) [MATH] 13) POOOO VOO0O B routd(y2 3000, @) 12.
ensures that results show an integer :©© ©[=]2 [BISIDIE= VAN round(u2CBBs. 0
number of buildings. ENTER i

After calculating the first result, edit
the entry line to change y1 to y2.
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Overview of Steps in Statistical Analysis

Calculating and
Plotting Stat Data

Note: Refer to Chapter 15
for details on entering data in
the Data/Matrix Editor.

Tip: You can also use the
Y= Editor to define and
select stat plots and y(x)
functions.

Tip: Use ZoomData to
optimize the viewing
window for stat plots.

Zoom s available on the
Y= Editor, Window Editor,
and Graph screen.

Exploring the
Graphed Plots

258

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.

Set Graph mode ([MODE])
to FUNCTION.

Enter stat data in the
Data/Matrix Editor
([2pPS] 6).

Perform stat
calculations to find
stat variables or fit

data to a model ([F5]).

Define and select stat
plots ((F2) and then [F)).

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

Change the graph
format if necessary.
9
—or—
TI-89: [ (I
TI1-92 Plus: F

I
Graph the selected
stat plots and
functions ([+] [GRAPH]).

From the Graph screen, you can:

Fir|  FE FX | F4 [FE [FE-F7
Tools[Flot Fetup[CeTl(Header|Calc|UkiT)stat)

EATR |

=51 =] [
1 E]

z2 250 F]
3 SEIC 31
4 o 28
rici=
] RO ALTO FINL

maintbuild Calculats
Mediied %
1

v
Store RedEQ o
F d Cate

< Enfer=IAE > ETCSCRNLEL

fl wdin'build N

Fz [ F3 |F4
Copufciear| -

Display the coordinates of any pixel by using the free-moving
cursor, or of a plotted point by tracing a plot.

Use the Zoom toolbar menu to zoom in or out on a portion of

the graph.

Use the Math toolbar menu to analyze any function (but not

plots) that may be graphed.
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Performing a Statistical Calculation

The Calculate
Dialog Box

Note: If an item is not valid
for the current settings, it will
appear dimmed. You cannot
move the cursor to a
dimmed item.

Tip: To use an existing list
variable for x, y, Freq, or
Category, type the list name
instead of a column number.

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.

You must have a data variable opened. The Data/Matrix Editor will
not perform statistical calculations with a list or matrix variable.

From the Data/Matrix Editor:

1. Press [F5) to display the
Calculate dialog box.

This example shows all f
items as active. On your
calculator, items are
active only if they are
valid for the current
settings of Calculation

Pathname of the
data variable

maintbuild Calculate
i bichied ¥

™ Includs Catedories....

CEntek=SAYE 2

EESCECHMCEL 3

Type and Use Freq and

Categories.

2. Specify applicable settings for the active items.

Item

Description

Calculation Type

Store RegEQ to

Use Freq and
Categories?

Select the type of calculation. For descriptions,
refer to page 261.

Type the column number in the Data/Matrix
Editor (C1, C2, etc.) used for x values, the
independent variable.

Type the column number used for y values, the
dependent variable. This is required for all
Calculation Types except OneVar.

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.

Select NO or YES. Note that Freq, Category, and
Include Categories are active only when
Use Freq and Categories? = YES.
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The Calculate
Dialog Box
(Continued)

Note: For an example of
using Freq, Category, and
Include Categories, refer to
page 270.

Note: Any undefined data
points (shown as undef) are
ignored in a stat calculation.

Redisplaying the
STAT VARS Screen

260 Chapter 16: Statistics and Data Plots

Item Description

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

Categories this 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.

Press (after typing in an input box, press twice).

The results are displayed on the STAT VARS screen. The format
depends on the Calculation Type. For example:

For Calculation Type = OneVar

Enter=0K

a1 =
F’ MgdSkat

For Calculation Type = LinReg

STAT YARS

Enter=0k

When w is shown instead of =, you
can scroll for additional results.

4. To close the STAT VARS screen, press [ENTER].

The Data/Matrix Editor’s Stat toolbar menu redisplays the previous
calculation results (until they are cleared from memory).

TI-89: [F7]

TI-92 Plus:

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

Selecting the
Calculation Type

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.

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.

From the Calculate dialog box ([F5)), highlight the current setting for
the Calculation Type and press ().

You can then select from a

men! f availabl . = Twollar
enu of available types :CubicRes
sEx

SCSCAMCEL 3

If an item is dimmed, it is not valid
for the current Calculation Type.

Calc Type

Description

OneVar

TwoVar

CubicReg

ExpReg

LinReg

LnReg

Logistic

One-variable statistics — Calculates the statistical
variables described on page 263.

Two-variable statistics — Calculates the statistical
variables described on page 263.

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.

Exponential regression — Fits the data to the model
equation y=ab X (where a is the y-intercept) using a least-
squares fit and transformed values x and In(y).

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.

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 regression — Fits the data to the model
y=a/(1+b#e”(c*x))+d and updates all the system
statistics variables.
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Selecting the
Calculation Type
(Continued)

From the Home
Screen or a Program

Calc Type

Description

MedMed

PowerReg

QuadReg

QuartReg

SinReg

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.

Power regression — Fits the data to the model equation
y=axP using a least-squares fit and transformed values
In(x) and In(y).

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.

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.

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.

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 Appendix A 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.
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Statistical Variables

Calculated Variables

To type the character %,
press:

T1-89: [¢] [s]
T1-92 Plus: G[]s

To type the character o,
press:

T1-89: [¢] [s]
TI-92 Plus : GS

Tip: To type a power (such
as 2in 2x2), X, or y, press
[CHAR] and select it from
the Math menu.

Note: 1stquartile is the
median of points between
minX and medStat, and 3rd
quartile is the median of points
between medStat and maxX.

Tip: Ifregeq is 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].

Statistical calculation results are stored to variables. To access
these variables, type the variable name or use the VAR-LINK
screen as described in Chapter 21. All statistical variables are
cleared when you edit the data or change the calculation type.
Other conditions that clear the variables are listed on

page 260.

Statistical variables are stored as system variables. However, regCoef
and regeq are treated as a list and a function variable, respectively.

One Two

Var Var Regressions
mean of x values X X
sum of x values X X
sum of x2 values X2 x2
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 Ty
sum of y2 values Ty?
sample standard deviation of y Sy
population std. deviation of y oy
sum of x*y values Xy
minimum of x values minX minX
maximum of x values maxX maxX
minimum of y values minY
maximum of y values maxyY
1st quartile ql
median medStat
3rd quartile g3
regression equation regeq
regression coefficients (a, b, c, d, €) regCoef
correlation coefficient 17 corr
coefficient of determination 7 R?2
summary points medx1, medyl,
(MedMed only) medx2, medy2,

medx3, medy3

¥ The indicated variables are calculated but are not shown on the
STAT VARS screen.

11 corr is defined for a linear regression only; R2 is defined for all
polynomial regressions.
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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 £ oin Juitd B
Plot Setup screen.

Fi F2 | Fz
Defing|Cope|Clear| «

Initially, none of the B
plots are defined. HbE

2. Move the cursor to
highlight the plot
number that you want
Pathname of the
to define. data variable
Note: This dialog box is 3. Press [F1] to define the E LObUg Pt L
Mark...

similar to the Calculate plot.
dialog box.

This example shows all Frea and Cabedoriest *:s-)
items as active. On your e -
calculator, items are CENEerTAE CEEC=CANCEL
active only if they are

Note: If an item is not valid
for the current settings, it will

appear dimmed. You cannot valid for the current
move the cursor to a setting of Plot Type and
dimmed item.

Use Freq and Categories?

4. Specify applicable settings for the active items.

Item Description
Plot Type Select the type of plot. For descriptions, refer to
page 266.
Mark Select the symbol used to plot the data points:
Box (O), Cross (x), Plus (+), Square (=), or Dot (+ ).
Note: Plots defined with X Type the column number in the Data/Matrix
column numbers always use Editor (C1, C2, etc.) used for x values, the

the last data variable in the
Data/Matrix Editor, even if

that variable was not used y Type the column number used for y values, the
to create the definition. . o .

dependent variable. This is active only for

Plot Type = Scatter or xyline.

independent variable.

Tip.j To use an existing list
variable for x, y, Freq, or Hist. Bucket Specifies the width of each bar in a histogram.

Category, type the list name . . .

instead of the column Width For more information, refer to page 267.

number. Use Fregand  Select NO or YES. Note that Freq, Category, and
Categories? Include Categories are active only when

Use Freq and Categories? = YES. (Freq is active
only for Plot Type = Box Plot or Histogram.)
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Note: For an example of
using Freq, Category, and
Include Categories, refer to
page 270.

Note: Any undefined data
points (shown as undef) are
ignored in a stat plot.

Selecting or
Deselecting a Plot

Copying a Plot
Definition

Note: If the original plot was
selected (v'), the copy is
also selected.

Clearing a Plot
Definition

Item Description

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

Categories the 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.

5. Press [ENTER] (after typing in an input box, press [ENTER] twice).

The Plot Setup screen is i mginbuild 0
redisplayed.

The plot you just
defined is automatically
selected for graphing.

Notice the shorthand Flot il Owstwcz

definition for the plot. Plot Type = Scatter J L y=c2

Mark = Box x=cl

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.)
* Execute a Graph command.

¢ Open a different variable in the Data/Matrix Editor.

From Plot Setup:

1. Highlight the plot and
press (F2).
2. Press () and select the

plot number that you
want to copy to.

3. Press [ENTER].

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.
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Statistical Plot Types

Scatter

xyline

Box Plot

266

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.

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 g
with the symbol that you o
select as the Mark. :

oo

If necessary, you can specify o

the same column or list for
both x and y.

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.
TI-89: [F6] 3 or [Fe] 4
TI-92 Plus: 3or[Fg 4

This plots one-variable data with respect to the minimum and

maximum data points (minX and maxX) in the set.

A box is defined by its first ‘ Q1 ‘ Med ‘ Q3
quartile (Q1), median (Med), .
and third quartile (Q3). N | —

Whiskers extend from minX | ‘

to Q1 and from Q3 to maxX. minX maxx —

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, you Xmax - xmin
can specify the Hist. Bucket ~Number of bars = =m0 o e
Width (default is 1) to set
the width of each bar.

e A data point at the edge of
a bar is counted in the bar
to the right.

»  ZoombData ([F2] 9 from the |—|
Graph screen, Y= Editor, or =
Window Editor) adjusts xmin + Hist. Bucket Width
xmin and xmax to include xmin
all data points, but it does
not adjust the y axis.

— Use [¢][wiNDOW] to set
ymin = 0 and ymax = the
number of data points
expected in the tallest
bar. Trace cursor

*  When you trace ([F3)) a
histogram, the screen
shows information about
the traced bar.

“minsd.

M

[maxt5.5 nEg.
Range of L # of data
the traced points in the
bar traced bar
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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.

Showing the List of Press [¢][Y=] to display the Y= Editor. Initially, the nine stat plots are
Stat Plots 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.

s
01 (o=, o7 e et
HMAIN EAD AUTO FUMC

To see the list of stat plots, use @ to scroll above the y(x) functions.

Note: Plots defined with If a Plot is highlighted, this —————— |TATRman g

column numbers always use  shows the data variable that s )

the last data variable in the will be used for the plots. P Lo et wick

Data/Matrix Editor, even if / o IB_?ggg’é e "

that variable was not used If a Plot is defined, it shows T et s Bostse -

to create the definition. the same shorthand
notation as the Plot Setup TIRIN FAD ALTD FIINC
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.

To: Do this:
Note: You can not use Edit a plot Highlight the plot and press [F3]. You will see the
T1-89: (2nd) [Fe] definition same definition screen that is displayed in the
TI-92 Plus: Data/Matrix Edi
to set a plot’s display style. ata/Matrix Editor.
H , the plot definiti S
le?svfcf rs el eitp tge rs ;Zé on Select or deselect  Highlight the plot and press [F4].
used for the plot. aplot
Turn all plots Press and select the applicable item. You
and/or functions can also use this menu to turn all functions on.
off
To Graph Plots and As necessary, you can select and graph stat plots and y(x) functions
Y= Functions at the same time. The preview example at the beginning of this

chapter graphs data points and their regression equations.
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Graphing and Tracing a Defined Stat Plot

Defining the
Viewing Window

Tip: Zoom is available
on the Y= Editor, Window
Editor, and Graph screen.

Changing the Graph
Format

Tracing a Stat Plot

Note: When a stat plot is
displayed, the Graph screen
does not automatically pan it
you trace off the left or right
side of the screen. However,
you can still press to
center the screen on the
trace cursor.

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

Chapter 6).

Stat plots are displayed on the current graph, and they use the
Window variables that are defined in the Window Editor.

Use [¢][WINDOW] to display the Window Editor. You can either:

* Enter appropriate values.
—or—

* Select 9:ZoomData from the Zoom toolbar menu. (Although you
can use any zoom, ZoomData is optimized for stat plots.)

ZoomData sets the viewing window to z

. PR . 21Z2oomIn
display all statistical data points. 21 Faaniut
tZoombec
1 ZoomSar
fZoomStd
fZoonlria

oot

2L E oo

For histograms and box plots, only xmin
and xmax are adjusted. If the top of a
histogram is not shown, trace the
histogram to find the value for ymax.

IEL%

o GREAFH FORMATS
Press: I ]
Coordinatss.... RECT#

9 1 sERF

i IFF 3
—or— . e
TI-89: [¢] (1] Leading Cursor OFF 3
TI-92 Plus: [¢]F

Labgls............. OFF %
from the Y= Editor, Window Editor,
or Graph screen.

Then change the settings as
necessary.

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.

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).
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Using Frequencies and Categories

Example of a
Frequency Column

Tip: A frequency value of 0
effectively removes the data
point from analysis.

Note: You can also use
frequency values from a list
variable instead of a
column.

Example of a
Category Column

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.

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.
e The final exam is weighted three times as much.

In the Data/Matrix Editor, you can enter the test scores and
frequency values in two columns.

Test scores
hFrequency values
T

I
cl c2 These cl
85 1 weighted scores 85
97 1 are equivalent to 97
92 2 the single column

f h 92

89 1 of scores listed to Frequency of 2
the right. 92
91 1 89
95 3 91
95

95 Frequency of 3
95

To use frequency values, specify the frequency column when you
perform a statistical calculation or define a stat plot. For example:

mainsdatal Calculake

Calculation Tees Ore:lar
L[l

FRard Ry

Set this to YES. Frea and Cabederies? WEZ S
[+

Catedors .
 Include Cabedories ... [{3
Type the column

number (or list ', HEREsr=SRVE = ¥ ESC=CANLEL =

name) that
contains the
frequency values.

H

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.
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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.

Note: You can also use
category values from a list
variable instead of a
column.

Note: To analyze the whole
class, leave the Category
input box blank. Any
category values are ignored.

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

Test scores

r FCategory values
In the Data/Matrix Editor, you T i

can enter the scores and the cl

N

category values in two columns. 85

97
92
88
90
95
79
68
92
84
82

= IS B E NN Y NN e

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.

Set this to YES.

ragintdatal Calculaks
Calculation Tves . Onelar ¥
-2l

§rirn A L L L BT

Type the column

Frea and Catedories? YES ¥

number (or list
name) that
contains the
category values.

Catedary.,

=
 Include Cabedorigs ... [{1.23
Enter=tRUE £ EFC=CAMCEL 1
Within braces { }, type the category

values to use, separated by commas. (Do
not type a column number or list name.)

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}
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If You Have a CBL 2/CBL or CBR

How CBL 2/CBL
Data Is Stored

Note: For specifics about
using the CBL 2/CBL and
retrieving data to the
TI-89 / TI-92 Plus, refer to
the guidebook that comes
with the CBL 2/CBL unit.

Referring to the
CBL 2/CBL Lists

The Calculator-Based Laboratory™ System (CBL 2™/CBL™)
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 / TI-92 Plus

CBL 2/CBL and CBR programs are available from the Tl web
site at: http://www.ti.com/calc/cbl and http://www.ti.com/calc/cbr

When you collect data with the CBL 2/CBL, that data is initially
stored in the CBL 2/CBL unit itself. You must then retrieve the data
(transfer it to the TI-89 / TI-92 Plus) by using the Get command, which
is described in Appendix A.

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 / TI-92 Plus,
you can specify the list variable names that you want to use. For
example, you can use the CBL 2/CBL 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/CBL information on the TI-89 / TI-92 Plus,
there are two ways to use the CBL 2/CBL list variables.

When you perform a statistical calculation or define a plot, you can
refer explicitly to the CBL 2/CBL list variables. For example:

raginhbermrl Calculats
i Linksd ¥

x Eirae —j Type the CBL list
w Erae — variable name instead
Shore RedER Lo, [TTES Of a CO|Umn number_

Frea and Catedories? WO¥
£ -

Enter=SAVE T3 CESC=CAMCEL
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Creating a Data
Variable with the
CBL 2/CBL Lists

Tip: To define or clear a
column header, use [F4). For
more information, refer to
Chapter 15.

CBR

You can create a new data variable that consists of the necessary
CBL 2/CBL list variables.

From the Home screen or a program, use the NewData command.

NewData dataVar, listl [,list2] [,list3] ...

L CBL list variable names. In the new
data variable, listl 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 temp1l, time, temp

creates a data variable called templ 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/CBL list that you want
to include, define a column header as that list name.

Fi~ Fz F3 F4 FE JFESF7
TooT5|F 1ok Satur|Cel1Headsr|Calsfutil]stat
BATR TENF

For example, define ———mM8M8M8 ci 2 3
column 1 as time, é é éga
column 2 as temp. : B =

4 [3 73

el Title="TIME"
MAIN B AL BOTO FURC

At this point, the columns are linked to the CBL 2/CBL 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/CBL 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/CBL list.

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

Note: For details and
examples of any

TI-89 / TI-92 Plus program
command mentioned in this
chapter, refer to

Appendix A.

Preview of Programming...............ccoeeeereneninenenincneneecseneesesieeene
Running an Existing Program...

Starting a Program Editor SeSSiON...........cccocevvevieveriinieieireneeeesene 280
Overview of Entering a Program.............ccccecevveeveenenieenenieseeeneneeenns 282
Overview of Entering a Function...........cceeceeevieevnnccnnccncnncncnnne. 285
Calling One Program from Another .|287
Using Variables in a Program .............cccccceueueeee. ... 288
Using Local Variables in Functions or Programs . ..290
StriNg OPETatiONS ......co.eeveieirierieiirieieieeret ettt see e 292
Conditional TESES .....c.covveueriririeerinreieirieieeereteeree et seenenene 294
Using If, Lbl, and Goto to Control Program Flow............ccccecvvevnuennnns 295
Using Loops to Repeat a Group of Commands.........c.ccceeueerureccnenne. 297
Configuring the TI-89 / TI-92 Plus........cccccoeueerunuee ...300
Getting Input from the User and Displaying Output .. ..301
Creating a Custom Menu.........ccccoeeivircicniiiecnnnnns ...[303
Creating a Table Or Graph........c.ccoceceiveneininereresee e 305
Drawing on the Graph SCIeen ..........ccevvevieerinenieereieeeereeseseens 307

Accessing Another TI-89 / TI-92 Plus, a CBL 2/CBL, or a CBR.......... 309
Debugging Programs and Handling Errors
Example: Using Alternative Approaches. .
Assembly-Language Programs .........c.cocoeevenennenenenneneneeeseneens

This chapter describes how to use the TI-89 / TI-92 Plus’s Program
Editor to create your own programs or functions.

Fir| Fer |FzFi« FE | Fax
Taols|Controlfl/0 Wk |Find.. | Modg

fproglcy

s Ptgm .
:ﬁequest "Enter an integer

2

feRpr iR+

H¥tenp

fFor i,1,m,1
tempti+henp

: EndFor

t0isp tenp

tEndPram

AN RnD AUTO FhF

The chapter includes:

¢ Specific instructions on using the Program Editor itself and
running an existing program.

* An overview of fundamental programming techniques such as
If...EndIf structures and various kinds of loops.

¢ Reference information that categorizes the available program
commands.

¢ Obtaining and running assembly-language programs.
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Preview of 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.

TI-89 TI-92 Plus
Steps Keystrokes Keystrokes Display
APPS] 7 3 APPS]) 7 3 L
1 ISJtaIt a ne};vdprogram on the TiTogpees. .. ve
Th= itor
rogram Editor. Silindow Editor
i Graph
S:Table X X
tilata-Matrix Editor »
1:Curtent
2 0pet. . . 1tor *
2. Type PROG1 (with no spaces) as i®@® (6]6) [ HEH '
the name of the new program PROG 1 :PROGL Tt —*
variable. Wariable:
3. Display the “template” for a new ;[ENTER][ENTER] [ENTER] [ENTER] m, c\,nW]T,,, ol ] ]
program. The program name, ; ;gﬁ
Prgm, and EndPrgm are shown ;'E,.,C,,:.,\gMI
automatically.
After typing in an input box such as
Variable, you must press twice. H T -
4. Type the following program Type the Type the roale)
lines. program lines  iprogram lines a3 .
as shown as shown. 'Request Enter an integer
Request "Enter an - - S
i ngeger‘" Press [ENTER Press [ENTER F EE@Q) "
i For 1
Displays a dialog box that at the end of at the end of =E gsmp+1+£emp
prompts “Enter an integer’, waits ieach line. each line. ;DTspDEenp
for the user to enter a value, and i
stores it (as a string) to variable n. ! EndPran
expr(n)>n
Converts the string to a numeric
expression.
0>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.

276 Chapter 17: Programming



TI-89 TI-92 Plus

Steps Keystrokes Keystrokes Display
Go to the Home screen. Enter (] [HoMmE] [progl()
the program name, followed by a [a-lock] PROGIPROG
set of parentheses. 1 1
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.
Type 5 in the displayed dialog 5 5

box.

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.

Leave the Program I/O screen
and return to the Home screen.
You can also press [ESC], [aurT], or

TI-89:
T1-92 Plus: [¢][HOME]

SNFL=] Fe- [F2-| Fi= | FE [
|[Towls|A1debral Calc]Okher [FEAmIOjC1ean U,

[ enter an inteder: E

3

Entsr=0K ESC=CANCEL

;Eogu)
H HMAlN

RHD AUTO FHE [T

[ENTER] (ENTER]

[ENTER] (ENTER]

HGELT

é QOutput from other
5 programs may still be
10 on the screen.
15 — Result of integer 5.

RHD AUTO FHE D]

il Fi=] Fe= [FZ=| F4=| FE [
H|(Tee1sfA1dcbrajCale]Okher [FEArIOJC1can Up

to return to the Home screen. 2progli) Dane
El_P'"‘:'gl [
H HMAIN FRD RUTOD FRE 1730
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Running an Existing Program

Running a Program

Tip: Use [2nd] [VAR-LINK] to list
existing PRGM variables.
Highlight a variable and
press to paste its
name to the entry line.

Note: Arguments specify
initial values for a program.
Refer to page 283.

Note: The TI-89/TI-92 Plus
also checks for run-time
errors that are found within
the program itself. Refer to
page 310.

“Breaking” a
Program

278

After a program is created (as described in the remaining
sections of this chapter), you can run it from the Home screen.
The program’s output, if any, is displayed on the Program 1/O
screen, in a dialog box, or on the Graph screen.

On the Home screen:

3.

. Type the name of the program.

You must always type a
set of parentheses after
the name.

[progl() |

L If arguments are not required

Some programs require
you to pass an argument
to the program.

Press [ENTER].

[progl(x,y) |

If arguments are required

When you run a program, the TI-89 / TI-92 Plus automatically checks
for errors. For example, the following message is displayed if you:

This error message appears if you:

ERROR

Do not enter () after the
program name.

AFIUMERE SFFor

ESCSCHMCEL

ERROR

Do not enter enough arguments,
if required.

Too Few ardumenks

ESCSCHMNCEL

To cancel program execution if an error occurs, press [ESC]. You can
then correct any problems and run the program again.

When a program is running, the BUSY indicator is displayed in the
status line.

Press to stop program execution. A message is then displayed.

ERKOFR ]

To display the program in the f
Program Editor, press [ENTER]. The
cursor appears at the command

where the break occurred.

Ereak
Enter=GOTO EZC=CANCEL

To cancel program execution,
press [ESC].
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Where Is the Output
Displayed?

The Program 1/O
Screen

Tip: To clear any previous
output, enter the CIrIO
command in your program.
You can also execute CIr10
from the Home screen.

Tip: If Home screen
calculations don’t work after
you run a program, you may
be on the Program I/O
screen.

Leaving the
Program 1/0 Screen

Depending on the commands in the program, the TI-89 / TI-92 Plus
automatically displays information on the applicable screen.

¢ Most output and input commands use the Program I/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 / TI-92 Plus shows the last screen
that was displayed.

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.

1
3
&
g
15

Last output

HAlN KAD AUTO Fik D

On the Program I/O screen; —4M8M8M8
. toolbar is available; all

others are dimmed.
« There is no entry line.

When a program stops on the Program I/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.

From the Program I/O screen:

* Press[F5] to toggle between the Home screen and the Program I/O
screen.
» Press [ESC), [auiT], or
TI-89:
TI-92 Plus: [¢][HOME]
to display the Home screen.
—or—
» 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.

Stal’ting a New 1. Press [APPS] and then select RFFLICATIONE
Program or 7:Program Editor. TiFlaghfers. .. oAFPS |
E t. 3t |,.,|1 dow Editor
unction 2. Select 3:New. dikraeh
=1} DaLa/HaLrﬂx Ed1t.0r~ >
1t Cumﬂent am Eoltok
z
3. Specify the applicable ; R
information for the new Tepe:  Frodramé
. Folder:  maind
program or function. [ —
Item Lets you:
Type Select whether to create a

new program or function.

Folder Select the folder in which the new program or
function will be stored. For information about
folders, refer to Chapter 5.

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 [ENTER] (after typing in an input box such as Variable, you
must press [ENTER] twice) to display an empty “template.”

Note: A program (or i orr ol e ]
function) is saved This is the template for a ——— Bmgl [#]

automatically as you type. program. Functions have HER

You do not need to save it a similar template. tEndPram

manually before leaving the

Program Editor, starting a

new program, or opening a

preVIous one. HMAIN FAD RUTO FAE

You can now use the Program Editor as described in the
remaining sections of this chapter.
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Resuming the
Current Program

Starting a New
Program from the
Program Editor

Opening a Previous
Program

Note: By default, Variable
shows the first existing
program or function in
alphabetical order.

Copying a Program

Note about
Deleting a 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, press 7 and select 1:Current.

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. &

e lete
SlClear Editar

Filelet,
3. Press [ENTER] twice.

You can open a previously created program or function at any time.

1. From within the Program Editor, press and select 1:0pen.

— or—
From another application, press 7 and select 2:0Open.

2. Select the applicable type, ; OFEN

Frodram ¥

folder, and variable. Tupst

Foldar: Ml
3. Press [ENTER].

variable: kst

Enter=Ok

ESCSCHMCEL

In some cases, you may want to copy a program or function so that

you can edit the copy while retaining the original.

1. Display the program or function you want to copy.
2. Press and select 2:Save Copy As.

3. Specify the folder and variable for the copy.

4. Press twice.

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 Chapter 21.
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Overview of Entering a Program

Entering and Editing
Program Lines

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.

Note: Entering a command
does not execute that
command. It is not executed
until you run the program.

Entering Multi-
Command Lines

Entering Comments

Tip: Use comments to enter
information that is useful to
someone reading the
program code.

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.

On a blank template, you can begin entering commands for your new
program.

B Fi- Fix i Fu FE FB=
Program name, which you —— |Irestslcentranlinfvarring. Jrieas 1
specify when you create a fprogldl
new program. iran
/{: =|EndPrgm
Enter your program
commands between Prgm
and EndPrgm .
HMAald FRD AUTO FRE

All program lines begin
with a colon.

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 Chapter 18.

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.

To enter more than one command on the same line, separate them
with a colon by pressing [:].

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

:@Displays sum of 1 thrun

:Request "Enter an integer”,n
:expr(n)>n:@Convert to numeric expression

Description of the
program.

Description of expr.

To enter the comment symbol, press:

o TI-89: [¢]
TI-92 Plus: X
—or—

* Press[F2] and select 9:@
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Controlling the Flow
of a Program

Tip: For information, refer to
pages 295 and 297.

Using Indentation

Displaying
Calculated Results

Tip: For a list of available
output commands, refer to
page 302.

Getting Values into
a Program

Tip: For a list of available
input commands, refer to
page 301.

When you run a program, the program lines are executed in
sequential order. However, some commands alter the program flow.
For example:

¢ Control structures such as If...Endlf commands use a conditional
test to decide which part of a program to execute.

* Loops commands such as For...EndFor repeat a group of
commands.

For more complex programs that :If x>5 Then

use If...EndIf and loop structures Disp "x is > 5"
such as For...EndFor , you can make :Else L i
the programs easier to read and -Enc[jhlwip x is <or =5

understand by using indentation.

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.

:12% 6
:cos(n/4)
:solve(x*2-x-2=0,x)

These calculations will not display
aresult in a program (although they
will on the Home screen).

:Disp 12%6
:Disp cos(n/4)
:Disp solve(x”2-x-2=0,x)

Output commands such as Disp will
display a result in a program.

:cos(n/4)>maximum
:Disp maximum

Displaying a calculation result does
not store that result. If you need to
refer to a result later, store it to a
variable.

To input values into a program, you can:

* Require the users to store a value (with [ST0»] ) to the necessary
variables before running the program. The program can then refer
to these variables.

:Disp 12%6

¢ Enter the values directly into
:cos(m/4)>maximum

the program itself.

:Input "Enter a value",i
:Request "Enter an integer",n

¢ Include input commands that
prompt the users to enter the
necessary values when they
run the program.

¢ Require the users to pass one
or more values to the
program when they run it.

|progl(3,5)
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Example of Passing
Values to a Program

Note: In this example, you
cannot use circle as the
program name because it
conflicts with a command
name.

Note: This example
assumes that the user
enters values that can be
displayed by the viewing

window set up by ZoomStd

and ZoomSaqr.

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 scirc(x,y,r)

name, specify the variables :Prgm Only circ() is
that will be used to store the :FnOff initially displayed
passed values. :ZoomStd ?enmtglea tl:bel_aglé cure
Notice that the program also é?i??g rx T to edit this line.
contains commands that set :LineHorz y+r

up the Graph screen. :EndPrgm

Before drawing the circle, the program turns off any selected
Y= Editor functions, displays a standard viewing window, and
“squares” the window.

e To run the program from the Home screen:

The user must specify the

i 0,0,5
applicable values as | cire )

arguments within the (). L passedtor.
Passed to y.
The arguments, in order, are Passed to x.

passed to the program.

Fz Fi FE= | FE:
Trace|keGrarh]Fath|ora

N
N

MAIN EAD AT FAE
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Overview of Entering a Function

Why Create a User-
Defined Function?

Note: You can create a
function from the Home
screen (see Chapter 5), but
the Program Editor is more
convenient for complex,
multi-line functions.

Differences
Between Functions
and Programs

Tip: For information about
local variables, refer to
pages 288 and 290.

A function created in the Program Editor is very similar to the
functions and instructions that you typically use from the Home
screen.

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.

¢ You can create functions that expand on the TI-89 / TI-92 Plus’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.

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...EndlIf (all forms)
Lbl Local Loop...EndLoop
Return While...EndWhile > ([STO¥] key)

e Can use all built-in TI-89 / TI-92 Plus 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.

e 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.
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Entering a Function

Note: Use the cursor pad to
scroll through the function
for entering or editing
commands.

How to Return a
Value from a
Function

Note: This example
calculates the cube if x=0;
otherwise, it returns a 0.

Example of a
Function

Note: Because x and y in
the function are local, they
are not affected by any
existing x or y variable.

286

When you create a new function in the Program Editor, the
TI-89 / TI-92 Plus displays a blank “template”.

. . Fi-|_ Fer [Fa-{F4=| FE | F&~
Function name, which you T |lrosislcontrorlia]tarrini.. v
specify when you create a B TaT=S A

new function. tFunc U Be sure to edit this line to
include any necessary
/E fEndFuUnc  5rguments. Remember to

use argument names in
the definition that will
never be used when
calling the function.

FAD AUTO FhE

Enter your commands
between Func and
EndFunc .

All function lines begin
with a colon. HAIN

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.)

There are two ways to return a value from a function:

e As the last line in the function :cube(x)
(before EndFunc ), calculate the :Func
value to be returned. iX"3
:EndFunc
e Use Return. This is useful for :cube(x)
exiting a function and returning :Func
a value at some point other than (If x<0
the end of the function. .XAgetU"n 0
:EndFunc

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 (pages 288 and 290).

There is an implied Return at the end of the function. If the last line is
not an expression, an error occurs.

The following function returns the xth root of a value y (W ). Two
values must be passed to the function: x and y.

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)
:Func
t 5 tyM(1/x)
:EndFunc
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Calling One Program from Another

Calling a Separate
Program

Calling an Internal
Subroutine

Tip: Use the Program
Editor’s (F4) Var toolbar
menu to enter the Define
and Prgm...EndPrgm
commands.

Notes about Using
Subroutines

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.

To call a separate program, use the same syntax used to run the
program from the Home screen.

:subtestl() ——» :subtest2(x,y)

:Prgm :Prgm

:For i,1,4,1 : Disp x,y
subtest2(i,i*1000) —— :EndPrgm

:EndFor <

:EndPrgm

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.

An internal subroutine is called and executed in the same way as a
separate program.

:subtest1()

Declares the subroutine
as a local variable. \ :Prgm

:lTocal subtest?2

:Define subtest2(x,y)=Prgm
Defines the subroutine. { : Disp x,y
:EndPrgm

:@Beginning of main program
:For i,1,4,1
: subtest2(i,ix1000)

Calls the subroutine, ——— -EndFor

:EndPrgm

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.

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.
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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

Note: For information about ~ Folder
folders, refer to Chapter 5. Variables

Note: If a program has local ~ Local
variables, a graphed Variables
function cannot access
them. For example:
Local a
5>a
Graph a* cos(x)
may display an error or an
unexpected result (ifa is an
existing variable in the
current folder).

Variables with reserved names that are created
automatically to store data about the state of the
TI-89 / TI-92 Plus. 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.

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

¢ Ifyourefer 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

L Variable name
Folder name

After the program stops, any folder variables created
by the program still exist and still take up memory.

Temporary variables that exist only while a program is
running. When the program stops, local variables are
deleted automatically.

¢ To create alocal variable in a program, use the
Local command to declare the variable.

¢ Alocal 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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Circular Definition
Errors

Variable-Related
Commands

Note: The Define, DelVar,
and Local commands are
available from the Program
Editor’s [F4) Var toolbar
menu.

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:

X+1>Xx

Causes a Circular definition error message if x
—or— or i does not have a value. The error does not
Fori,i,10,1 occur if x or i has already been assigned a value.

Disp i

EndFor

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.

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.

Local Declares one or more variables as local variables.

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.
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Using Local Variables in Functions or Programs

Example of a Local
Variable

Tip: 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.

What Causes an
Undefined Variable
Error Message?

You Must Initialize
Local Variables

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.

The following program segment shows a For...EndFor loop (which is
discussed later in this chapter). The variable i is the loop counter. In
most cases, the variable i is used only while the program is running.

Declares variable i as local. —— :local i
:For 1,0,5,1
Disp i
:EndFor
:Disp i

If you declare variable i as local, it is deleted automatically when the
program stops so that it does not use up memory.

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.

For example:

Define fact(n)=Func:
Localm: ——————— | ocal variable m is not assigned an
While n>1: initial value.
n*¥m>m: n-1>n:
EndWhile:
Return m:
EndFunc

In the example above, the local variable m exists independently of
any variable m that exists outside of the function.

All local variables must be assigned an initial value before they are
referenced.

Define fact(n)=Func:
Local m: 1>m: —— 1 is stored as the initial value for m.
While n>1:
n*¥m>m: n-1>n:
EndWhile:
Return m:
EndFunc

The TI-89 / TI-92 Plus cannot use a local variable to perform symbolic
calculations.
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To Perform If you want a function or program to perform symbolic calculations,

Symbolic you must use a global variable instead of a local. However, you must

Calculations 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.

e 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.)
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String Operations

How Strings Are
Used

Strings are used to enter and display text characters. You can
type a string directly, or you can store a string to a variable.

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 Appendix A for
syntax for all TI-89 / TI-92 Plus
commands and functions.

Command

Description

#

char

dim

expr

format

inString

left

mid

ord

right

rotate

shift

string

Converts a string into a variable name. This is called
indirection.

Appends (concatenates) two strings into one string.

Returns the character that corresponds to a
specified character code. This is the opposite of the
ord command.

Returns the number of characters in a string.

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.

Returns an expression as a character string based
on the format template (fixed, scientific,
engineering, etc.)

Searches a string to see if it contains a specified
substring. If so, inString returns the character
position where the first occurrence of the substring
begins.

Returns a specified number of characters from the
left side (beginning) of a string.

Returns a specified number of characters from any
position within a string.

Returns the character code of the first character
within a string. This is the opposite of the char
command.

Returns a specified number of characters from the
right side (end) of a string.

Rotates the characters in a string. The default is -1
(rotate right one character).

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"

Converts a numeric expression into a string. This is
the opposite of the expr command.
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Conditional Tests

Entering a Test
Operator

Relational Tests

Tip: From the keyboard,
you can type:

>= for >

<= for <

/= for #

(To get the / character,
press[3].)

Boolean Tests

The Not Function

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 chapter).

¢ Type the operator directly from the keyboard.
* Press [MATH] and select
8:Test. Then select the
operator from the menu.
—or—
¢ Display the built-in functions.
Press:
TI-89:
TI-92 Plus: [CATALOG]
The test operators are listed
near the bottom of the
Built-in menu.

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

Boolean operators let you combine the results of two separate tests.

Operator True if: Example

and Both tests are true a>0 and a<10

or At least one test is true a<0 or b+c>10

xor One test is true and the a+6<b+1 xor c<d
other is false

The not function changes the result of a test from true to false and
vice versa. For example:

notx>2 is true if x<2
false if x>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

Control Toolbar
Menu

If Command

Tip: Use indentation to
make your programs easier
to read and understand.

If...Then...EndIf
Structures

Note: EndIf marks the end
of the Then block that is
executed if the condition is
true.

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.

To enter If...EndIf structures, use

the Program Editor’s [F2] Control 21

toolbar menu. iiFor, EndFor
Silhile. Endihile
6=LDOEmEndLOOP

viCustom. EndCustm
SlTransfers [

The If command is available
directly from the (F2] menu.

To see a submenu that lists other
If structures, select 2:If...Then. 70

s Emména&astm
SdTransfers L]

When you select a structure such as :If | Then
If...Then...EndIf , a template is

inserted at the cursor location. :EndIf

The cursor is positioned so
that you can enter a
conditional test.

To execute only one command if a conditional test is true, use the
general form:

Executed only if x>5; \ (If x>5
otherwise, skipped. :  Disp "x is greater than 5"
Always displays the value of x. —— :Disp x

In this example, you must store a value to x before executing the
If command.

To execute multiple commands if a conditional test is true, use the
structure:

:If x>5 Then

Executed only if x>5. : Disp "x is greater than 5
t2¥X>X
:EndIf

Displays value of: ——— :Disp x

* 2x if x>5.

« x if x<5.
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If...Then...Else...

EndIf Structures

If...Then...Elself...

EndIf Structures

Lbl and Goto
Commands

To execute one group of commands if a conditional test is true and a
different group if the condition is false, use this structure:

:If x>5 Then
Executed only if X>5_4‘ Disp "x is greater than 5
2% X> X
:Else
. Disp "x is Tless than or
Executed only if x<5. —‘ equal to 5
5% x> X
:EndIf
Displays value of: ———— :Disp x
o 2x if x>5.
« 5x if x<5.

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.

Refer to Appendix A for more information and an example.

You can also control the flow of your program by using Lbl (1abel)
and Goto commands.

Use the Lbl command to label (assign a name to) a particular
location in the program.

Lbl labelName

L name to 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
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
If x>5, branches directly to —— : Goto GT5
label GT5. :Disp x

For this example, the program —— :--------
must include commands (such .Lbl GTS
as Stop) that prevent Lbl GT5

from being executed if x<5. :Disp "The number was > 5”
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Using Loops to Repeat a Group of Commands

Control Toolbar
Menu

Note: A loop command
marks the start of the loop.
The corresponding End
command marks the end of
the loop.

For...EndFor Loops

Note: The ending value can
be less than the beginning
value, but the increment
must be negative.

Note: The For command
automatically increments the
counter variable so that the
program can exit the loop
after a certain number of
repetitions.

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.

To enter most of the loop-related
commands, use the Program
Editor’s Control toolbar menu.

]

gl
. EndLoop
: - ErdCustm
SiTransfers [

When you select a loop, the loop

command and its corresponding

End command are inserted at the
cursor location.

:For |
[ :EndFor
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.

A For...EndFor loop uses a counter to control the number of times
the loop is repeated. The syntax of the For command is:

For (variable, begin, end [, increment])

L added to the counter each subsequent time
For is executed (If this optional value is
omitted, the increment is 1.)

exits the loop when variable exceeds this value
counter value used the first time For is executed
variable used as a counter

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 .

——— :For 1,0,5,1
i>5 i<5b .

At the end of the loop (EndFor ), program control jumps back to the
For command, where variable is incremented and compared to end.
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Tip: You can declare the
counter variable as local
(pages 288 and 290) if it
does not need to be saved
after the program stops.

While...EndWhile
Loops

Note: The While command
does not automatically
change the condition. You
must include commands
that allow the program to
exit the loop.

For example:

:For i,0,5,1
Displays 0, 1, 2, 3,4, and 5. —— : Disp i

:EndFor
Displays 6. When variable ———— :Disp i

increments to 6, the loop
is not executed.

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 .

:While x<5

Xx25 x<55 P

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.)

e The loop 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).

For example:

Initially sets x. ——— 0> x
:While x<5
Displays 0, 1,2,3,and 4. —— : Disp x
Increments X, — 8 ¢ Xx+1>Xx
:EndWhile
Displays 5. When x — :Disp x

increments to 5, the loop is

not executed.
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Loop...EndLoop
Loops

Note: The Exit command

exits from the current loop.

Repeating a Loop
Immediately

Lbl and Goto
Loops

A Loop...EndLoop creates an infinite loop, which is repeated
endlessly. The Loop command does not have any arguments.

:Loop —

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:

10> x
:Loop
Disp x
X+1>x
An If command checks ——— :  If x>5
the condition. . Exit
:EndLoop
Exits the loop and jumpsto  —— :Disp x
here when x increments to 6.

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.

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 .

Although the Lbl (label) and Goto commands are not strictly loop
commands, they can be used to create an infinite loop. For example:

As with Loop...EndLoop , the loop should contain commands that let
the program exit from the loop.
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Configuring the TI-89 / TI-92 Plus

Configuration
Commands

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 Appendix D.

Entering the
SetMode Command

Note: The Mode menu does
not let you set the Current
Folder mode. To set this
mode, use the setFold
command.

300

Programs can contain commands that change the
configuration of the TI-89 / TI-92 Plus. 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.

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
(tbIStart, 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.
In the Program Editor:
1. Position the cursor where you want to insert the setMode
command.
2. Press:
TI-89: [Fe]
TI-92 Plus:
to display a list of modes. F EQUATIONS
Si5plit Soreen
3. Select a mode to display a menu of its valid settings.
4. Select a setting.

The correct syntax is inserted into

your program.

:setMode("Graph", "FUNCTION")
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Getting Input from the User and Displaying Output

1/0O Toolbar Menu

Input Commands

Tip: String input cannot be
used in a calculation. To
convert a string to a numeric
expression, use the expr
command.

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.

To enter most of the commonly
used input/output commands, use
the Program Editor’s [F3] I/O toolbar

menu.

To see a submenu that lists

additional commands, select i

1:Dialog.

1]
tDialog . EncdDlog
i ToolBar EndTBar
iTitle

tlten

Command

Description

getKey

Input

InputStr

PopUp

Prompt

Request

Returns the key code of the next key pressed. See
Appendix B for a listing of key codes.

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.

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".

Displays a pop-up menu box and lets the user select
an item.

Prompts the user to enter a series of expressions. As
with Input, each expression is treated according to
how it is entered.

Displays a dialog box that prompts the user to enter
an expression. Request always treats the entered
expression as a string.
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Output Commands

Note: In a program, simply
performing a calculation
does not display the result.
You must use an output
command.

Tip: After Disp and Output ,
the program immediately
continues. You may want to
add a Pause command.

Graphical User
Interface
Commands

Tip: When you run a
program that sets up a
custom toolbar, that toolbar
is still available even after
the program has stopped.

Note: Request and Text
are stand-alone commands
that can also be used
outside of a dialog box or
toolbar program block.

Command Description

CIrlo 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 I/O screen without displaying
additional information.

DispG Displays the current contents of the Graph screen.

DispHome Displays the current contents of the Home screen.

DispThbl Displays the current contents of the Table screen.

Output Displays an expression or string starting at specified
coordinates on the Program I/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.

Text Displays a dialog box that contains a specified
character string.

Command Description

Dialog... Defines a program block (consisting of Title,

EndDlog Request, etc., commands) that displays a dialog box.

Toolbar... Defines