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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
equipment. 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.

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

. Reortent 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.
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TI-83 Keyboard

Generally, the keyboard is divided into these zones: graphing keys, editing
keys, advanced function keys, and scientific calculator keys.

Keyboard Zones  Graphing keys access the interactive graphing features.
Editing keys allow you to edit expressions and values.

Advanced function keys display menus that access the
advanced functions.

Scientific calculator keys access the capabilities of a
standard scientific calculator.

Graphing Keys

Editing Keys

Advanced
Function Keys

Scientific
Calculator Keys
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Using the
Color-Coded
Keyboard

Using the
and Keys

The key accesses
the second function
printed in yeliow above

each key.

The key
accesses the alpha

function printed in

The keys on the TI-83 are color-coded to help you easily
locate the key you need.

The gray keys are the number keys. The blue keys along the
right side of the keyboard are the common math functions.
The blue keys across the top set up and display graphs.

The primary function of each key is printed in white on the
key. For example, when you press [MATH], the MATH menu is
displayed.

The secondary function of each key is printed in yellow
above the key. When you press the yellow key, the
character, abbreviation, or word printed in yellow above
the other keys becomes active for the next keystroke. For
example, when you press and then [VATH], the TEST
menu is displayed. This guidebook describes this keystroke
combination as [TEST].

The alpha function of each key is printed in green above
the key. When you press the green key, the alpha
character printed in green above the other keys becomes
active for the next keystroke. For example, when you press
and then [MATH), the letter A is entered. This
guidebook describes this keystroke combination as [ALPHA
[A].

green above each key.

Getting Started 3



TI-83 Menus

Dispiaying a Menu

While using your TI-83, you often will need
to access items from its menus.

When you press a Key that displays a menu,
that menu temporarily replaces the screen
where you are working. For example, when
you press [MATH], the MATH menu is displayed
as a full screen.

After you select an item from a menu, the
screen where you are working usually is
displayed again.

Moving from One Menu to Another

Some keys access more than one menu. When
you press such a key, the names of all
accessible menus are displayed on the top
line. When you highlight a menu name, the
items in that menu are displayed. Press [»] and
to highlight each menu name.

Selecting an Iltem from a Menu

The number or letter next to the current menu
item is highlighted. If the menu continues
beyond the screen, a down arrow ( § )
replaces the colon { @ ) in the last displayed
item. If you scroll beyond the last displayed
item, an up arrow { t ) replaces the colon in
the first item displayed.You can select an item
in either of two ways.
« Press[+] or [2] to move the cursor to the
number or letter of the item; press [ENTER].
« Press the key or key combination for the
number or letter next to the item.

Leaving a Menu without Making a Selection

You can leave a menu without making a

selection in any of three ways.

+ Press to return to the screen
where you were.

» Press [@uiT] to return te the home
screenm.

« Press a key for another menu or screen.

4 Getting Started
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First Steps

Before starting the sample problems in this chapter, follow the steps on this
page to reset the TI-83 to its factory settings and clear all memory. This
ensures that the keystrokes in this chapter will produce the illustrated results.

To reset the TI-83, follow these steps.

1. Press to turn on the calculator.

2. Press and release [2nd], and then press

[MEM] (above [1]).

When you press [2nd), you access the
operation printed in yellow above the next
key that you press. [MEM] is the

operation of the [] key.

The MEMORY menu is displayed.

3. Press 5 to select 5:Reset.
Memord..,
2illefaults.

The RESET menu is displayed.

4. Press 1 to select 1:All Memory.
O
The RESET MEMORY menu is displayed. tResetl
Resetting memord

erases all data
and Frodeamns.

5. Press 2 to select 2:Reset. ﬁ

All memory is cleared, and the calculator
is reset to the factory default settings. Mem cleared

When you reset the TI-83, the display
contrast is reset.

+ If the screen is very light or blank, press
and release [2nd), and then press and
hold [4] to darken the screen.

» If the screen is very dark, press and
release [2nd], and then press and hold [+]
to lighten the screen.

Getting Started 5



Entering a Calculation: The Quadratic Formula

Use the quadratic formula to solve the quadratic equations 3X2 + 5X + 2= 0
and 2X? - X + 3 = 0. Begin with the equation 3X* + 5X + 2 = 0,

L.

t

Press 3 ALPHA] [A] (above [MATH]) to

store the coefficient of the X term.

Press [ALPHA] [ : | (above []). The colon
allows you to enter more than one
instruction on a line.

Press 5 [B] (above [MATRX]) to
store the coefficient of the X term. Press
ALPHA] [ : ] to enter a new instruction on
the same line. Press 2 [c]
(above [PRGM)) to store the constant,

Press to store the values to the
variables A, B, and C.

The last value you stored is shown on the
right side of the display. The cursor moves
to the next line, ready for your next entry.

EECHEE G HEETE |

RESHL = Hel
1

Press (8] [V] [ALPHA] [B]

(22 (] 4 (ALPHA) [A] [ALPHA] [c] (1] 1] [(£] (O 2

ALPHA] [A] [] to enter the expression for

one of the solutions for the quadratic

formula,

b+ T
2a

Press [ENTER] to find one solution for the
equation 3X% + 5X + 2= 0.

The answer is shown on the right side of
the display. The cursor moves to the next
line, ready for you to enter the next
expression.

6 Getting Started
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Converting to a Fraction: The Quadratic Formula

You can show the solution as a fraction.

1. Press to display the MATH menu.

2. Press 1 to select 1»Frac from the MATH
menu.

When you press 1, Ans»Frac is displayed on
the home screen. Ans is a variable that
contains the last calculated answer.

3. Press[ENTER] to convert the result to a
fraction.

w HEM CPH PRE
MErac
e

I
I
Ming
Maxt

Hh o gww

1

3
3
5
g
I3

LB+ CBE—4AC 20
ZA2

D - EELLELEEET
AnzeFracll

L-BHICBZ—4AC ¢

" BEEEGAGEET
AnseFrac
—2r3

To save keystrokes, you can recall the last expression you entered, and then

edit it for a new calculation.

4. Press [ENTRY] {above [ENTER]) to recall
the fraction conversion entry, and then
press [ENTRY] again to recall the
quadratic-formula expression,

b+ 7

2a

Press [+] to move the cursor onto the + sign
in the formula. Press [-] to edit the
quadratic-formula expression to become:
b b2 —dac

Za
6. Press to find the other solution for
the quadratic equation 3X2 + 5X + 2 = 0.

ot

LB+ CBE—4ACI 2]
2R3

~ . BEEELRLEET
AnsrFrac
~2F

LB+ CBEI-4AC ]
ZA: N

2A3
~ . BERBEEERET
AnserFrac

“2%
C-B-JCBE-4ACI2-C
ZH2

-1
L
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Displaying Complex Results: The Quadratic Formula

Now solve the equation 2X% - X + 3 = 0. When you set a+bi complex number
mode, the TI-83 displays complex results.

1. Press FFFEIF ] (6 times), and

then press [»] to position the cursor over
a+bi. Press [ENTER] to select a+bi complex-
number maode.

2. Press [QuiT] (above [MODE]) to return to
the home screen, and then press [CLEAR] to
clear it.

3. Press 2 [STO»] [ALPHA] [A] [ALPHA] [ ][] 1 23H: ~1+B31 330
(STO»] [ALPHA] [B] [ALPHA] [ : ] 3 [STO#] [ALFHA] 3
[c] (EVTERD- "

The coefficient of the X2 term, the
coefficient of the X term, and the constant
for the new equation are stored to A, B,
and C, respectively.

4. Press [ENTRY] to recall the store 2afs 1B 340
instruction, and then press [ENTRY] .
again to recall the quadratic-formula EH?II{ BE—4RC22C
expression,
~b-fb2—dac
2
5. Press to find one solution for the 2aM: -1+B31 340
equation 2X% - X + 3 = 0. c'Et—IiEiz—f#HC}}f%
ZA2
iﬁﬁ“l L 198907FRE11

6. Press [ENTRY] repeatedly until this

quadratic-formula expression is displayed: 5 F-IE: TeBz-4ACH 0~ ‘:

: 2o—-1.19839573811 L
~b+fb2—4ac E:H'EHJ'QEE-‘#HE)D

2a 2 .

7. Press to find the other solution for i25+1 - 1383578511

the quadratic equation: 2X2 - X + 3 = 0.

Note: An alternative for solving equations for real numbers is to use the built-in Equation
Solver (Chapter 2).

8 Getting Started



Defining a Function: Box with Lid

Take a 20 cm. x 25 cm. sheet of paper and cut X x X squares from two corners,
Cut X x 12.56 cm. rectangles from the other two corners as shown in the
diagram below. Fold the paper into a box with a lid. What value of X would
give your box the maximum volume V? Use the table and graphs to determine
the solution.

Begin by defining a function that describes the

X
volume of the box.

From the diagram: 2X + A = 20
2X+2B=25

i
!

V=ABX .
X B X B
Substituting: V=(20-2X)(25/2-X)X —-I
E 25 1
1. Press|[v9 to display the Y= editor, which is Flotl Flotz Flobs
where you define functions for tables and *.T, 1=
graphing. Ve
o
]
~Me=
wNe=
2. Press[(J20[-]2 25(3] 2[4 Pleti Flatz Plot:
[XT.6.) 0] [(XT.6:) [ENTER) to define the i BeLe-2Ra (2aa2
volume function as Y1 in terms of X. Wz
. . g
lets you enter X quickly, without W=
having to press [ALPHA]. The highlighted = wMe=
sign indicates that Y1 is selected. ~HE=

Getting Started 9



Defining a Table of Values: Box with Lid

The table feature of the TI-83 displays numeric information about a function.
You can use a table of values from the function defined on page 9 to estimate
an answer to the problem.

1. Press [TBLSET] (above [WINDOW}) to THELE SETUPR
display the TABLE SETUP menu. Z%?E?F’FB

; : e - Indent: GEIER Aslk

2. Press[ENTER] to accept ThiStart=0. fepend: GOS8 Aop

3. Press1 to define the table increment.
AThi=1. Leave Indpnt: Auto and
Depend: Auto so that the table will be
generated automatically.

4. Press [TABLE] (above [GRAPH)) to display o Y1
the table. M o

i 207

Notice that the maximum value for Y1 % %ﬁg

(box’s volume) occurs when X is about 4, 2 2%5

between 3 and 5. & e

w=0

5. Press and hold [+] to scroll the table until a # Fi

negative result for Y1 is displayed. g g%i

Notice that the maximum length of X for g é?’

this problem occurs where the sign of Y1 1? 5 ?33

(box’s volume) changes from positive to 2

negative, between 10 and 11. s=12
6. Press [TBLSET]. THELE SETUP
Start=n
Notice that TbiStart has changed to 6 to Iagbl fl sk
R . et 1 , R ndrnt: GEER A=k
reflect the first line of the table as it was Depemds e

last displayed. (In step 5, the first value of
X displayed in the table is 8.)

10 Getting Started



Zooming In on the Table: Box with Lid

You can adjust the way a table is displayed to get more information about a
defined function. With smaller values for ATbl, you can zoom in on the table.

1. Press3 to set TbiStart. Press [] 1 THBELE SETUP
to set ATbI. I%lj?iarl‘t=3

‘s adius ; , ; . Indernt: X Ask

This adjusts the table setup to get a more Dependt Rek:

accurate estimate of X for maximum
volume Y1.

2. Press [TABLE]. A Y1

3. Bress & and o scrol the ¢ TE

3. Press[¥] and [2] to scroll the table, 4 ain.eh
Notice that the maximum value for Y1 is 3'5 335’“
410.26, which occurs at X=3.7. Therefore, E‘h E’.gﬁ;ég
the maximum occurs where 3.6<X<3.8. Mo o

4. Press [TBLSET]. Press 3] 6 to THELE SETUP
set ThiStart. Press [-] 01 to set ATbI. I%?Eagbﬂ- &

1
Indrnt: FIEE A=k
PDerendl % Ask

5. Press [TABLE], and then press [+] and [« # Y1
ser : } CIT)
to scroll the table, %Eg Higég
. . .60 4ig.ea
Four equivalent maximum values are 68 | winge
shown, 410.60 at X=3.67, 3.68, 3.69, and £, | Mpcs
3.70. % Hinzx
R=3. 72
6. Press[+] and [4] to move the cursor to 3.67. #® Y1
Press [v] to move the cursor into the Y1 g.gg
column. FEE | bio.ze
368 | winga
The value of Y1 at X=3.87 is displayed on %:;1 ::13;%2
the bottom line in full precision as xrE | Hie.E:
410.261226. Vi=d168. 261226
7. Press (=] to display the other maximums. # Y
) . EE | M10.ZE
The value of Y1 at X=3.68 in full precision is %-EE
410.264064, at X=3.89 is 410.262318, and at T'RA qie,zé_
X=3.7 is 410.256. T, | ahes
hre | wine:
The maximum volume of the box would Yi=410, 26408564

occur at 3.68 if you could measure and cut
the paper at .01-cm. increments.
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Setting the Viewing Window: Box with Lid

You also can use the graphing features of the TI-83 to find the maximum value
of a previously defined function. When the graph is activated, the viewing
window defines the displayed portion of the coordinate plane. The values of
the window variables determine the size of the viewing window.

1. Press [WINDOW] to display the window W MO
editor, where you can view and edit the Amin=-16
) ; Ay Araax=10
values of the window variables. UolT=1
Ymite=-16
Mragx=18
Yeol=1
wres=]1
The standard window variables define the N V.
viewing window as shown. Xmin, Xmax,
Ymin, and ¥Ymax define the boundaries of _ Xmin %
the display. Xscl and Ysci define the o
distance between tick marks on the X and = vea
Y axes. Xres controls resolution. v
2. Press 0 [ENTER] to define Xmin. M:’EHDDMB
min=
3. Press 20 [3] 2 to define Xmax using an amax=2E-21
expression. ﬁi‘i’rl_l: 1 16
Yrax=18
Yacl=1
Hres=]
4. Press [ENTER]. The expression is evaluated, W T MO
and 10 is stored in Xmax. Press [ENTER] to Amin=g
accept Xscl as 1. ﬁgii‘z%a
5. Press 0 [ENTER) 500 [ENTER) 100 [ENTER] 1 [ENTER A=
to define the remaining window variables. gsc.l = % [£]5]
reE=
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Displaying and Tracing the Graph: Box with Lid

Now that you have defined the function to be graphed and the window in
which to graph it, you can display and explore the graph. You can trace along a
function using the TRACE feature.

1. Press[GRAPH] to graph the selected function
in the viewing window.

The graph of Y1=(20-2X){25/2-X)X is
displayed.

2. Press ] to activate the free-moving graph

CUrsor. P

The X and Y coordinate values for the 4
position of the graph cursor are displayed

on the bottom line.

H=E 106202 LY=2E s,

3. Press[d, 2], (=], and [=] to move the free-
moving cursor to the apparent maximum
of the function. 5

As you move the cursor, the X and Y
coordinate values are updated continually.
WeR FREUOME LFEHLL, 20030 .
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Press [TRACE]. The trace cursor is displayed
on the Y1 function.

The function that you are tracing is
displayed in the top-left corner.

Press [(] and D] to trace along Y1, one X dot
at a time, evaluating Y1 at each X.

You alse can enter your estimate for the
maximum value of X.

Press 3 [-] 8. When you press a number key
while in TRACE, the X= prompt is displayed
in the bottom-left corner.

Press [ENTER].

The trace cursor jumps to the point on the
Y1 function evaluated at X=3.8.

Press (] and ] until you are on the
maximum Y value.

This is the maximum of Y1(X) for the X
pixel values. The actual, precise maximum
may lie between pixel values.

14 Getting Started
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Zooming In on the Graph: Box with Lid

To help identify maximums, minimums, roots, and intersections of functions,
you can magnify the viewing window at a specific location using the ZOOM

instructions.
1. Press(200M) to display the ZOOM menu.

This menu is a typical TI-83 menu. To
select an item, you can either press the
number or letter next to the item, or you

can press [¢] until the item number or letter

is highlighted, and then press [ENTER].
Press 2 to select 2:Zoom In.

The graph is displayed again. The cursor
has changed to indicate that you are using
a ZOOM instruction.

With the cursor near the maximuim value
of the function (as in step 8 on page 14),

press [ENTER].

The new viewing window is displayed.
Both Xmax-Xmin and Ymax-Ymin have
been adjusted by factors of 4, the default
values for the zoom factors.

Press to display the new window

MEMORY
P

o
tgoom In
tEgom Out
Zhecimal
codyare
ZStandan

-

B TEEU04T LEYLLE000E .

i

e N R ) L

f-""'_‘“"‘«\

settings.

W I MO
min=2.4734842
Bhax=4, 3734842,
scl=1
Ymin=348. POEe
Vras=47 3. TIA32..
Veol=168

Aras=]
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Finding the Calculated Maximum: Box with Lid

You can use a CALCULATE menu operation to calculate a local maximum of a
function.

L.

Press [2nd] [CALC] (above [TRACE]) to display
the CALCULATE menu. Press 4 to select
4:maximum.

The graph is displayed again with a
Left Bound? prompt.

Press (] to trace along the curve to a point
to the left of the maximum, and then press

ENTER].

A at the top of the screen indicates the
selected bound.

A Right Bound? prompt is displayed.

Press [v] to trace along the curve to a point
to the right of the maximum, and then

press [ENTER].

A qat the top of the screen indicates the
selected bound.

A Guess? prompt is displayed.

Press [(] to trace to a point near the
maximum, and then press [ENTER].

Or, press 3[-] 8, and then press [ENTER] to
enter a guess for the maximum.

When you press a number key in TRACE,
the X= prompt is displayed in the bottom-
left corner.

Notice how the values for the calculated
maximum compare with the maximums
found with the free-moving cursor, the
trace cursor, and the table.

Note: In steps 2 and 3 above, you can enter values
directly for Left Bound and Right Bound, in the same
way as described in step 4.
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Other TI-83 Features

Getting Started has introduced you to basic TI-83 operation. This guidebook
describes in detail the features you used in Getting Started. It also covers the
other features and capabilities of the TI-83.

Graphing

Sequences

Tables

Split Screen

Matrices

Lists

Statistics

You can store, graph, and analyze up to 10 functions
(Chapter 3), up to six parametric functions (Chapter 4), up
to six polar functions (Chapter 5), and up to three
sequences { Chapter 6). You can use DRAW operations to
annotate graphs (Chapter 8).

You can generate sequences and graph them over time. Or,
you can graph them as web plots or as phase plots
(Chapter 6).

You can create function evaluation tables to analyze many
functions simultaneously (Chapter 7).

You can split the screen horizontally to display both a
graph and a related editor (such as the Y= editor), the
table, the stat list editor, or the home screen. Also, you can
split the screen vertically to display a graph and its table
simultaneously (Chapter 9).

You can enter and save up to 10 matrices and perform
standard matrix operations on them (Chapter 10).

You can enter and save as many lists as memory allows for
use in statistical analyses. You can attach formulas to lists
for automatic computation. You can use lists to evaluate
expressions at multiple values simultanecusly and to graph
a family of curves (Chapter 11).

You can perform one- and two-variable, list-based
statistical analyses, including logistic and sine regression
analysis. You can plot the data as a histogram, xyLine,
scatter plot, modified or regular box-and-whisker plot, or
normal probability plot. You can define and store up to
three stat plot definitions (Chapter 12).

Getting Started 17



Inferential
Statistics

Financial
Functions

CATALOG

Programming

Communication
Link

You can perform 16 hypothesis tests and confidence
intervals and 15 distribution functions. You can display
hypothesis test results graphically or numerically
(Chapter 13).

You can use time-value-of-money (TvM) functions to
analyze financial instruments such as annuities, loans,
mortgages, leases, and savings. You can analyze the value
of money over equal time periods using cash flow
functions. You can amortize loans with the amortization
functions {Chapter 14).

The CATALOG is a convenient, alphabetical list of all
functions and instructions on the TI-83. You can paste any
function or instruction from the CATALOG to the current
cursor location (Chapter 15).

You can enter and store programs that include extensive
control and input/output instructions {Chapter 16).

The TI-83 has a port to connect and communicate with
another TI-83, a TI-82, the Calculator-Based Laboratory™
(CBL 2™ CBL™) System, a Calculator-Based Ranger™
(CBR™), or a personal computer. The unit-to-unit link
cable is included with the TI-83 (Chapter 19).
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Turning On and Turning Off the TI-83

Turning On the
Calcufator

Turning Off the
Calcutiator

Batteries

To turn on the TI-83, press [ON].

¢ If you previcusly had turned off the calculator by
pressing [oFF], the TI-83 displays the home screen
as it was when you last used it and clears any error.

e If Automatic Power Down™ (APD™) had previously
turned off the calculator, the TI-83 will return exactly as
you left it, including the display, cursor, and any error.

To prolong the life of the batteries, APD turns off the TI-83

automatically after about five minutes without any activity.

To turn off the TI-83 manually, press [oFF].

¢ All settings and memory contents are retained by
Constant Memory™.

* Any error condition is cleared.

The TI-83 uses four AAA alkaline batteries and has a user-
replaceable backup lithium battery (CR1616 or CR1620).
To replace batteries without lesing any information stored
in memory, follow the steps in Appendix B.
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Setting the Display Contrast

Adjusting the
Display Contrast

When to Replace
Batteries

You can adjust the display contrast to suit your viewing
angle and lighting conditions. As you change the contrast
setting, a number from 0 (lightest) to 9 (darkest) in the
top-right corner indicates the current level. You may not be
able to see the number if contrast is too light or too dark.

Note: The TI-83 has 40 contrast settings, sc each number 0 through 9
represents four settings.

The TI-83 retains the contrast setting in memory when it is
turned off.

To adjust the contrast, follow these steps.
1. Press and release the key.

2. Press and hold [] or [+], which are below and above the
contrast symbol (yellow, half-shaded circle).
¢ [+]lightens the screen.
¢ [«] darkens the screen.

Note: If you adjust the contrast setting to 0, the display may become

completely blank. To restore the screen, press and release [2nd), and
then press and hold [«] untii the display reappears.

When the batteries are low, a low-battery message is
displayed when you turn on the calculator.

Your batteries
are Fou,

Fecommetid
chande of
batteries.

To replace the batteries without losing any information in
memory, follow the steps in Appendix B.

Generally, the calculator will continue to operate for one
or two weeks after the low-battery message is first
displayed. After this period, the TI-83 will turn off
automatically and the unit will not operate. Batteries must
be replaced. All memory is retained.

Note: The operating period following the first low-batiery message
could be longer than two weeks if you use the calculator infrequently.

Operating the TI-83 1-3



The Display

Types of
Displays

Home Screen

Displaying
Entries and
Answers

Returning to the
Home Screen

Busy Indicator

The TI-83 displays both text and graphs. Chapter 3
describes graphs. Chapter 9 describes how the TI-83 can
display a horizontally or vertically split screen to show
graphs and text simultanecusly.

The home screen is the primary screen of the TI-83. On
this screen, enter instructions to execute and expressions
to evaluate. The answers are displayed on the same screen.

When text is displayed, the TI-83 screen can display a
maximum of eight lines with a maximum of 16 characters
per line. If all lines of the display are full, text scrolls off
the top of the display. If an expression on the home screen,
the Y= editor (Chapter 3), or the program editor

(Chapter 16) is longer than one line, it wraps to the
beginning of the next line. In numeric editors such as the
window screen (Chapter 3), a long expression scrolls to
the right and left.

When an entry is executed on the home screen, the answer
is displayed on the right side of the next line.

logc2s — Entry
« SH1BZ299957| —— Answer

The mode settings control the way the TI-83 interprets
expressions and displays answers (page 1-9).

If an answer, such as a list or matrix, is too long to display
entirely on one line, an ellipsis (...) is displayed to the right
or left. Press [»] and [(] to scroll the answer.

L1 — Entry
125,12 BY4.2 36— Answer

To return to the home screen from any other screen, press

[quiT].

When the TI-83 is calculating or graphing, a vertical
moving line is displayed as a busy indicator in the top-right
corner of the screen. When you pause a graph or a
program, the busy indicator becomes a vertical moving
dotted line.
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Display Cursors

In most cases, the appearance of the cursor indicates what
will happen when you press the next key or select the next
menu item to be pasted as a character.

Cursor Appearance

Effect of Next Keystroke

Entry  Solid rectangle A character is entered at the
|

cursor; any existing character is
overwritten

Insert Underline

A character is inserted in front of
the cursor location

Second Reverse arrow

A 2nd character (vellow on the
keyboard) is entered or a 2nd
operation is executed

Alpha  Reverse A
fil

An alpha character (green on the
kevboard} is entered or SOLVE is
executed

Full Checkerboard
rectangle

No entry; the maximum characters

are entered at a prompt or memory
is full

If you press [ALPHA| during an insertion, the cursor becomes
an underlined A (A) If you press during an insertion, the
underline cursor becomes an underlined 1 ( 1),

Graphs and editors sometimes display additional cursors,
which are described in other chapters.
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Entering Expressions and Instructions

Whatls an
Expression?

Entering an
Expression

Muitiple Entries
on a Line

An expression is a group of numbers, variables, functions
and their arguments, or a combination of these elements.
An expression evaluates to a single answer. On the TI-83,
you enter an expression in the same order as you would
write it on paper. For example, nRZ is an expression.

You can use an expression on the home screen to calculate
an answer. In most places where a value is required, you
can use an expression to enter a value.

w1300 WMo
11111188148 “min=-16
¥Max=In

To create an expression, you enter numbers, variables, and
functions from the keyboard and menus. An expression is
completed when you press [ENTER], regardless of the cursor
location. The entire expression is evaluated according to
Equation Operating System (EOS™) rules (page 1-22), and
the answer is displayed.

Most TI-83 functions and operations are symbols
comprising several characters. You must enter the symbol
from the keyboard or a menu; do not spell it cut. For
example, to calculate the log of 45, you must press 45,
Do not enter the letters L, O, and G. If you enter LOG, the
TI-83 interprets the entry as implied multiplication of the
variables L, O, and G.

Caleulate 3.76 = (-7.9 + V5) + 2 log 45.

s07eE[AM70eH

(end] [v]1 8 010 T
[+] 2[LOG] 45 1] +
[ENTER]

59+J’ (]
42575252

To enter two or more expressions or instructions on a line,
separate them with colons ([ALPHA] [:]). All instructions are
stored together in last entry (ENTRY; page 1-16).

[S+H: Z3ETBE

2.3
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Entering a
Number in
Scientific
Notation

Functions

Instructions

Interrupting a
Calcuiation

To enter a number in scientific notation, follow these
steps.

1. Enter the part of the number that precedes the
exponent. This value can be an expression.

2. Press [EE]. E is pasted to the cursor location.

3. If the exponent is negative, press [(J], and then enter the
exponent, which can be one or two digits.

C19-20e -2

B85

When you enter a number in scientific notation, the TI-83
does not automatically display answers in scientific or
engineering notation. The mode settings (page 1-9) and the
size of the number determine the display format.

A function returns a value. For example, %, -, +, +/(, and log(
are the functions in the example on page 1-6. In general, the
first letter of each function is lowercase on the TI-83. Most
functions take at least one argument, as indicated by an open
parenthesis { { ) following the name. For example, sin(
requires one argument, sin{value).

An instruction initiates an action. For example, ClrDraw is
an instruction that clears any drawn elements from a
graph. Instructions cannot be used in expressions. In
general, the first letter of each instruction name is
uppercase. Some instructions take more than one
argument, as indicated by an open parenthesis ( { ) at the
end of the name. For example, Circle( requires three
arguments, Circle(X,Y radius).

To interrupt a calculation or graph in progress, which
would be indicated by the busy indicator, press [GN].

When you interrupt a calculation, the menu is displayed.

¢ To return to the home screen, select 1:Quit.

¢ To go to the location of the interruption, select 2:Goto.

When you interrupt a graph, a partial graph is displayed.

¢ To return to the home screen, press [CLEAR] or any
nongraphing key.

¢ To restart graphing, press a graphing key or select a
graphing instruction.
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TI-83 Edit Keys

Keystrokes Result

] or[¢ Moves the cursor within an expression; these keys repeat.

(=) or [+ Moves the cursor from line to line within an expression that
occupies more than one line: these keys repeat.

On the top line of an expression on the home screen, [a] moves
the cursor to the beginning of the expression.

On the bottom line of an expression on the home screen, [+]
maves the cursor to the end of the expression.

2nd] [¢] Moves the cursor to the beginning of an expression.

2nd Moves the cursor to the end of an expression.

ENTER Evaluates an expression or executes an instruction.

CLEAR On a line with text on the home screen, clears the current line.
On ablank line on the home screen, clears everything on the
home screen.

In an editor, clears the expression or value where the cursor is
located; it dees not store a zero.

Deletes a character at the cursor; this Key repeats.

2nd] [INS] Changes the cursor to ___; inserts characters in front of the
undetline cursor; to end insertion, press [INS] or press (4, [+,
], or [+

Changes the cursor to H; the next keystroke performs a 2nd
operation (an operation in yellow above a key and to the left); to
cancel 2nd, press again.

ALPHA Changes the cursor to [; the next keystroke pastes an alpha

character {a character in green above a key and to the right) or
executes SOLVE (Chapters 10 and 11); to cancel [ALPHA], press
ALPHA] or press (¢, (], [¥], or [=].

[2nd] [A-LOCK]

Changes the cursor to [; sets alpha-lock; subsequent keystrokes
(on an alpha key) paste alpha characters; to cancel alpha-lock,
press [ALPHA]; name prompts set alpha-lock automatically.

A 1.6,

Pastes an X in Func mode, a T in Par mode, a 8 in Pol mode, or an
nin Seq mode with one keystroke.
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Setting Modes

Checking Mode
Settings

Changing Mode
Settings

Setting a Mode
from a Program

Mode settings control how the TI-83 displays and
interprets numbers and graphs. Mode settings are retained
by the Constant Memory feature when the TI-83 is turned
off. All numbers, including elements of matrices and lists,
are displayed according to the current mode settings.

To display the mode settings, press [MODE]. The current
settings are highlighted. Defaults are highlighted below.
The following pages describe the mode settings in detail.

Normal Sci Eng Numeric notation

Fleat 0123456789 Number of decimal places
Radian Degree Unit of angle measure

Func Par Pol Seq Type of graphing

Connected Dot Whether to connect graph points

Sequential Simul Whether to plot simultaneously
Real a+bi rere7 Real, rectangular cplx, or polar ¢plx
Full Horiz G-T Full screen, two split-screen modes

To change mode settings, follow these steps.

1. Press [=] or[<] to move the cursor to the line of the
setting that you want to change.

2. Press [#] or[4] to move the cursor to the setting you
want.

3. Press [ENTER].

You can set a mode from a program by entering the name
of the mode as an instruction; for example, Func or Float.
From a blank command line, select the mode setting from
the mode screen; the instruction is pasted to the cursor
location.

PROGRAME TEST
tFuncl
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Normal, Sci, Eng

Float,
0123456789

Notation modes only affect the way an answer is displayed
on the home screen. Numeric answers can be displayed
with up to 10 digits and a two-digit exponent. You can
enter a number in any format.

Normal notation mode is the usual way we express
numbers, with digits to the left and right of the decimal, as
in 12345.67.

Sci (scientific) notation mode expresses numbers in two
parts. The significant digits display with one digit to the left
of the decimal. The appropriate power of 10 displays to the
right of E, as in 1.234567E4,

Eng (engineering) notation mode is similar to scientific
notation. However, the number can have one, two, or three
digits before the decimal; and the power-of-10 exponent is
a multiple of three, as in 12.34567€3.

Note: if you select Normal notation, but the answer cannot display in
10 digits (or the absolute value is less than .001), the Ti-83 expresses
the answer in scientific notation.

Float (floating) decimal mode displays up to 10 digits, plus
the sign and decimal.

0123456789 (fixed) decimal mode specifies the number of
digits (0 through 9) to display to the right of the decimal.
Place the cursor on the desired number of decimal digits,

and then press [ENTER].

The decimal setting applies to Normal, Sci, and Eng
notation modes.

The decimal setting applies to these numbers:

¢ An answer displayed on the home screen

¢ Coordinates on a graph (Chapters 3, 4, 5, and 6)

¢ The Tangent{ DRAW instruction equation of the line, x,
and dy/dx values (Chapter &)

¢ Results of CALCULATE operations (Chapters 3, 4, 5,
and 6}

¢ The regression equation stored after the execution of a
regression model (Chapter 12)
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Radian, Degree

Func, Par, Pol,
Seq

Connected, Dot

Angle modes control how the TI-83 interprets angle values
in trigonometric functions and polar/rectangular
conversions.

Radian mode interprets angle values as radians., Answers
display in radians.

Degree mode interprets angle values as degrees. Answers
display in degrees.

Graphing modes define the graphing parameters. Chapters
3, 4, 5, and 6 describe these modes in detail.

Func (function) graphing mode plots functions, where Y is
a function of X (Chapter 3).

Par (parametric) graphing mode plots relations, where X
and Y are functions of T (Chapter 4).

Pol (polar) graphing mode plots functions, where ris a
function of & (Chapter 5.

Seq (sequence) graphing mode plots sequences (Chapter 6).

Connected plotting mode draws a line connecting each
point calculated for the selected functions.

Dot plotting mode plots only the calculated points of the
selected functions.
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Sequential, Simul

Real, a+bi, re*6i

Fult, Horiz, G-T

Sequential graphing-order mode evaluates and plots one
function completely before the next function is evaluated
and plotted.

Simul (simultaneous) graphing-order mode evaluates and
plots all selected functions for a single value of X and then
evaluates and plots them for the next value of X.

Note: Regardless of which graphing mode is selected, the TI-83 will
sequentially graph all stat plots before it graphs any functions.

Real mode does not display complex results unless
complex numbers are entered as input.

Two complex modes display complex results.
¢ a+bi (rectangular complex mode) displays complex
mumbers in the form a-+bs.

¢ re”gi (polar complex mode) displays complex numbers
in the form re”83.

Full screen mode uses the entire screen to display a graph
or edit screen.

Each split-screen mode displays two screens
simultaneously.

¢ Horiz (horizontal) mode displays the current graph on
the top half of the screen; it displays the home screen or
an editor on the bottom half (Chapter 93,

¢ G-T (graph-table} mode displays the current graph on
the left half of the screen; it displays the table screen on
the right half (Chapter 9).
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Using TI-83 Variable Names

Variables and
Defined ltems

Notes about
Variables

On the TI-83 you can enter and use several types of data,
including real and complex numbers, matrices, lists,
functions, stat plots, graph databases, graph pictures, and

strings.

The TI-83 uses assigned names for variables and other
items saved in memory. For lists, you also can create your
own five-character names.

Variable Type Names
Real numbers AB,...,Z#6
Complex numbers AB ...,Z 6

Matrices [a}[BLIc), ..., ]

Lists L1, L2, L3, L4, L5, L6, and user-
defined names

Functions Y1,Yz2 ...,Y9, Yo

Parametric equations

X1T and Y17, .. ., X6T and Y&T

Polar functions

1, 12, r3, 14, r5, 16

Sequence functions

u v, w

Stat plots

Plot1, Plot2, Plot3

Graph databases

GDB1, GDB2, . . ., GDBS, GDBO

Graph pictures

Pic1, Pic2, . . ., Pic8, PicO

Strings

Str1, Str2, . .., Str9, Stro

System variables

Xmin, Xmax, and others

¢ You can create as many list names as memory will allow

(Chapter 11).

¢ Programs have user-defined names and share memory
with variables (Chapter 16).

¢ From the home screen or from a program, you can store
to matrices (Chapter 10), lists (Chapter 11), strings
(Chapter 15), system variables such as Xmax (Chapter
1), ThiStart (Chapter 7), and all Y= functions (Chapters

3,4, 5, and 6).

¢ From an editor, you can store to matrices, lists, and
Y= functions {Chapter 3).

¢ From the home screen, a program, or an editor, you can
store a value to a matrix element or a list element.

¢ You can use DRAW STO menu items to store and recall
graph databases and pictures (Chapter 8).
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Storing Variable Values

Storing Values in
a Variable

Displaying a
Variabie Value

Values are stored to and recalled from memory using
variable names. When an expression containing the name
of a variable is evaluated, the value of the variable at that
time is used.

To store a value to a variable from the home screen or a
program using the key, begin on a blank line and
follow these steps.

1. Enter the value you want to store. The value can be an
expression.

2. Press [STO®]. & is copied to the cursor location.

3. Press and then the letter of the variable to which
you want to store the value.

4. Press [ENTER]. If you entered an expression, it is
evaluated. The value is stored to the variable.

F+8"‘3+Q

51?|

To display the value of a variable, enter the name on a
blank line on the home screen, and then press [ENTER].

|E!

Oiv
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Recalling Variable Values

Using Recall
{RCL)

To recall and copy variable contents to the current cursor
location, follow these steps. To leave RCL, press [CLEAR].

1. Press [reL]. Rel and the edit cursor are displayed on
the bottom line of the screen.

2. Enter the name of the variable in any of five ways.
¢ Press and then the letter of the variable.
s Press [LisT], and then select the name of the list,
Or press [Lnl.
¢ Press [MATRX], and then select the name of the matrix.
e Press to display the VARS menu or to

display the VARS Y-VARS menu; then select the type
and then the name of the variable or function.

* Press[PRGM] (], and then select the name of the
program {in the program editor only).

The variable name you selected is displayed on the
bottom line and the cursor disappears.

1be+

Fcl [

3. Press [ENTER]. The variable contents are inserted where
the cursor was located before you began these steps.

[Ea+517H |

Note: You can edit the characters pasted to the expression without
affecting the vaiue in memory.
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ENTRY (Last Entry) Storage Area

Using ENTRY
{Last Entry)

Accessing a
Previous Entry

When you press on the home screen to evaluate an
expression or execute an instruction, the expression or
instruction is placed in a storage area called ENTRY (last
entry). When you turn off the TI-83, ENTRY is retained in
MEIory.

To recall ENTRY, press [ENTRY]. The last entry is
pasted to the current cursor location, where you can edit
and execute it. On the home screen or in an editor, the
current line is cleared and the last entry is pasted to the
line.

Because the TI-83 updates ENTRY only when you press
ENTER], you can recall the previous entry even if you have
begun to enter the next expression.

5[+ 7 547
ENTER 1z
[ENTRY] S5+7H

The TI-83 retains as many previous entries as possible in
ENTRY, up to a capacity of 128 bytes. To scroll those
entries, press [ENTRY] repeatedly. If a single entry is
more than 128 bytes, it is retained for ENTRY, but it cannot
be placed in the ENTRY storage area.

1 [ET0%) (ALPHA] A Tor
[BTER] 1
2 [5T0w) (ALPTA) B 2B
[ENTER] 2

[ENTRY] 2+Ell

If you press [ENTRY] after displaying the cldest stored
entry, the newest stored entry is displayed again, then the
next-newest entry, and so on.

148
2+p
@ [enTRY] 1Al ‘
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Reexecuting the
Previous Entry

Muitiple Entry
Values on a Line

Clearing ENTRY

After you have pasted the last entry to the home screen
and edited it {if you chose to edit it), you can execute the
entry. To execute the last entry, press [ENTER].

To reexecute the displayed entry, press [ENTER] again. Each
reexecution displays an answer on the right side of the
next line; the entry itself is not redisplayed.

0 [STO®] [ALPHA] N e

ENTER] ]
ALPHA] N (] 1 [STO#] [ALFHA] N H+1+HI Mz

ALPHA) [:] [ALPHA] N [xZ] [ENTER 1
ENTER g
ENTER

To store to ENTRY two or more expressions or
instructions, separate each expression or instruction with
a colon, then press [ENTER]. All expressions and instructions
separated by colons are stored in ENTRY.

When you press [ENTRY], all the expressions and
instructions separated by colons are pasted to the current
cursor location. You can edit any of the entries, and then
execute all of them when you press [ENTER].

For the equation A=rr?, use trial and error to find the radius of a
circle that covers 200 square centimeters. Use 8 as your first
guess.

8 (STO»] [ALPHA] R [ALPHA] a+Rinke

[:] [2nd] [] [ALPHA] R [x2] [ENTER 281, 85619298

(2nd] [ENTRY] geR:nkzl
8-}E:n§81 5619298

(2nd] (1] 7 [2nd) [Ns] [] 95 7.95+R Rz

ENTER 198, 5565097

Continue untif the answer is as accurate as you want.

Clear Entries (Chapter 18) clears all data that the TI-83 is
holding in the ENTRY storage area.
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Ans (Last Answer) Storage Area

Using Ans in an
Expression

Continuing an
Expression

Storing Answers

When an expression is evaluated successfully from the
home screen or from a program, the TI-83 stores the
answer to a storage area called Ans (last answer). Ans may
be areal or complex number, a list, a matrix, or a string.
When you turn off the TI-83, the value in Ans is retained in
memaory.

You can use the variable Ans to represent the last answer in
most places. Press [ANS] to copy the variable name Ans

to the cursor location. When the expression is evaluated, the
TI-83 uses the value of Ans in the calculation.

Calculate the area of a garden piot 1.7 meters by 4.2 meters.
Then calculate the yield per square meter if the plot produces a
total of 147 tomatoes.

107E 402 .7#d.2

ENTER 147 F.l4
Nz

147 g [ans) 0. 58823529

You can use Ans as the first entry in the next expression
without entering the value again or pressing [ans]. On
a blank line on the home screen, enter the function. The
TI-83 pastes the variable name Ans to the screen, then the
function.

5[:]2 ] e
ENTER B
x99 Ans+9,9

To store an answer, store Ans to a variable before you
evaluate another expression.

Calculate the area of a circle of radius 5 meters. Next, calculate
the volume of a cylinder of radius 5 meters and height 3.3 meters,
and then store the result in the variable V.

%EET] ® 3
To. 03901634

<]3[]3 Ans+3. 3

ENTER 259, 1813939

STO»] [ALPHA] V Aris-+4
o ALEHA] =259, 1813939
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TI-83 Menus

Using a TI-83
Menu

Scrolling a Menu

You can access most TI-83 operations using menus. When
you press a key or key combination to display a menu, cne
or more menu names appear on the top line of the screen.

¢ The menu name on the left side of the top line is
highlighted. Up to seven items in that menu are
displayed, beginning with item 1, which also is
highlighted.

¢ A number or letter identifies each menu item’s place in
the menu. The order is 1 through 9, then 0, then A, B, C,
and so on. The LIST NAMES, PRGM EXEC, and PRGM
EDIT menus only label items 1 through 9 and 0.

¢  When the menu continues beyond the displayed items, a
down arrow (| ) replaces the colon next to the last
displayed item.

¢ When a menu item ends in an ellipsis, the item displays
a secondary menu or editor when you select it.

To display any other menu listed on the top line, press
or [«] until that menu name is highlighted. The cursor
location within the initial menu is irrelevant. The menu is
displayed with the cursor on the first item.

Note: The Menu Map in Appendix A shows each menu, each
operation under each menu, and the key or key combination you press
to display each menu.

To scroll down the menu items, press [=]. To scroll up the
menu items, press [].

To page down six menu items at a time, press ). To
page up siX menu items at a time, press [+). The
green arrows on the calculator, between [] and (], are the
page-down and page-up symbols.

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 [=].
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Selecting an ltem  You can select an item from a menu in either of two ways.

from a Menu

Leaving a Menu
without Making a
Selection

¢ Press the number or letter of the item you want to
select. The cursor can be anywhere on the menu, and
the item you select need not be displayed on the screen.

e Press[+] or [<] to move the cursor to the item you want,

and then press [ENTER].

After you select an item from a menu, the TI-83 typically
displays the previous screen.

Note: On the LIST NAMES, PRGM EXEC, and PRGM EDIT
menus, only items 1 through 9 and 0 are labeled in such a way that
you can select them by pressing the appropriate number key. To move
the cursor to the first item beginning with any alpha character or 8,
press the key combination for that aipha character or 8. If no items
begin with that character, then the cursor moves beyond it to the next
item.

Calculate 3/27.

(MATH] -] (-] [] (ENTER] ST Ty
27 0] (ENTER] 3

You can leave a menu without making a selection in any of
four ways.

e Press [QUiT] to return to the home screen.

¢ Press [CLEAR] to return to the previous screen.

* Press a key or key combination for a different menu,
such as [MATH] or [LIsT].

¢ Press akey or key combination for a different screen,

such as [Y9 or [TABLE].

1-20 Operating the TI-83



VARS and VARS Y-VARS Menus

VARS Menu You can enter the names of functions and system variables
in an expression or store to them directly.

To display the VARS menu, press [VARS]. All VARS menu
items display secondary menus, which show the names of
the system variables. 1:Window, 2:Zoom, and 5:Statistics
each access more than one secondary menu.

YARS Y-VYARS
l: Window.. XfY, T/e, and U/VAW variables
2: Z00M... ZX/ZY, ZTIZ8, and ZU variables
3: GDB... Graph database variables
4:Picture.. Picture variables
5:Statistics.. XY, X, EQ, TEST, and PTS variables
6:Table.. TABLE variables
7:5tring.. String variables
Selecting a To display the VARS Y-VARS menu, press 0.
Variable from the 1:Function, 2:Parametric, and 3:Polar display secondary
VARS Menu or menus of the Y= function variables.
VARS Y-VARS
Menu YARS Y-VARS
1: Function... Yr functions
2: Parametric.. XnT, YrT functions
3:Polar... rr functions
4:0n/0ff.. Lets you select/deselect functions

Note: The sequence variables (U, v, W) are located on the keyboard
as the second functions of (7], [&, and [5].

To select a variable from the VARS or VARS Y-VARS menu,
follow these steps.

1. Display the VARS or VARS Y-VARS menu.

* DPress to display the VARS menu.

* Press ] to display the VARS Y-VARS menu.
2. Select the type of variable, such as 2:Zeom from the

VARS menu or 3:Polar from the VARS Y-VARS menu. A
secondary menu is displayed.

3. If you selected 1:Window, 2:Zoom, or 5:Statistics from
the VARS menu, you can press [¥] or [{] to display other
secondary menus,

4. Select a variable name from the menu. It is pasted to the
cursor location.
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Equation Operating System (EOS™)

Order of The Equation Operating System (EQOS™) defines the order

Evaluation in which functions in expressions are entered and
evaluated on the TI-83. EOS lets you enter numbers and
functions in a simple, straightforward sequence.

EOS evaluates the functions in an expression in this order:

1 Single-argument functions that precede the
argument, such as +{, sin{, or log(

2 Functions that are entered after the argument,
such as 2, "1, 1. ° T and conversions

3 Powers and roots, such as 245 or 5%/32

Permutations (nPr) and combinations (nCr)

T

Multiplication, implied multiplication, and
division

Addition and subtraction

Relational functions, such as » or <

Logic operator and

[io} Ro ol ICA | Nen

Logic operators or and xor

Within a priority level, EOS evaluates functions from left to
right.

Calculations within parentheses are evaluated first.
Multiargument functions, such as nDeriv(AZ,A,8), are
evaluated as they are encountered.
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Implied
Muitiplication

Parentheses

Negation

The TI-83 recognizes implied multiplication, so you need
not press (x] to express multiplication in all cases. For
example, the TI-83 interprets 2x, 4sin{46), 5(1+2), and (2*5)7
as implied multiplication.

Note: TI-83 implied muitiplication rules differ from those of the TI-82.

For example, the TI-83 evaiuates 1/2X as {1/2)*X while the TI-82
evaluates 1/2X as 1/(2*X) (Chapter 2).

All calculations inside a pair of parentheses are completed
first. For example, in the expression 4(1+2}, EOS first
evaluates the portion inside the parentheses, 1+2, and then
multiplies the answer, 3, by 4.

i+
4i1+20

&
12

You can omit the close parenthesis (1} ) at the end of an
expression. All open parenthetical elements are closed
automatically at the end of an expression. This is also true
for open parenthetical elements that precede the store or
display-conversion instructions.

Note: An open parenthesis foilowing a list name, matrix name, or Y=
function name does not indicate implied mulliplication. It specifies
elements in the list (Chapter 11) or matrix (Chapter 10) and specifies a
vaiue for which to solve the Y= function.

To enter a negative number, use the negation key. Press
and then enter the number. On the TI-83, negation is in the
third level in the EOS hierarchy. Functions in the first
level, such as squaring, are evaluated before negation.

For example, -X2, evaluates to a negative number (or (),
Use parentheses to square a negative number.

7z T
-4 ] 2
L-2)E -Az
4 ) -4
C-EME
4

Note: Use the [7] key for subtraction and the [ key for negation. If
you press [} to enter a negative number, as in 8{x} =} 7, or if you
press 7] to indicate subtraction, as in 9 7, an error occurs. If you
press A B, it is interpreted as implied multiplication
(A%*-B).
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Error Conditions

Diagnosing an
Error

Correcting an
Error

The TI-83 detects errors while performing these tasks.
¢ Evaluating an expression

¢ Executing an instruction

s Plotting a graph

¢ Storing a value

When the TI-83 detects an error, it returns an error
message as a menu title, such as ERR:SYNTAX or

ERR:DOMAIN. Appendix B describes each error type and
possible reasons for the error.

ERE:SYHTHH
Guit
IHoto

e If you select 1:Quit (or press [QuiT] or [CLEAR]), then
the home screen is displayed.

¢ If you select 2:Goto, then the previous screen is
displayed with the cursor at or near the error location.

Note: If a syntax error occurs in the contents of a Y= function during
program execution, then the Goto option returns to the Y= editor, not
to the program.

To correct an error, follow these steps.
1. Note the error type (ERR:error type).

2. Select 2:Goto, if it is available. The previous screen is
displayed with the cursor at or near the error location.

3. Determine the error. If you cannot recognize the error,
refer to Appendix B.

4. Correct the expression.
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Getting Started: Coin Flip

Getting Started is a fast-paced introduction. Read the chapter for details.

Suppose you want to model flipping a fair coin 10 times. You want to track
how many of those 10 coin flips result in heads. You want to perform this
simulation 40 times, With a fair coin, the probability of a coin flip resulting in
heads is 0.5 and the probability of a coin flip resulting in tails is 0.5.

1.

Begin on the home screen. Press [Jto
display the MATH PRB menu. Press 7 to
select 7:randBin({ (random Binomial).
randBin( is pasted to the home screen. Press
10 to enter the number of coin flips. Press
(J. Press [] 6 to enter the probability of
heads. Press [1]. Press 40 to enter the
number of simulations. Press [)].

Press to evaluate the expression. A
list of 40 elements is displayed. The list
contains the count of heads resulting from
each set of 10 coin flips. The list has 40
elements because this simulation was
performed 40 times. In this example, the
coin came up heads five times in the first
set of 10 coin flips, five times in the second
set of 10 coin flips, and so on.

Press [L1] to store the data
to the list name L1. You then can use the
data for another activity, such as plotting a
histogram (Chapter 12).

Press [v] or [{] to view the additional counts
in the list. Ellipses (...) indicate that the list
continues beyond the screen.

Note: Since randBin{ generates random
numbers, your list elements may differ from those
in the example.
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Keyboard Math Operations

Using Lists with
Math Operations

+ (Addition),

- (Subtraction),
* (Muitiplication),
/ (Division)

Trigonometric
Functions

A (Power),
2 (Square),
v{ (Square Root}

“1(Inverse)

Math operations that are valid for lists return a list
calculated element by element. If you use two lists in the
same expression, they must be the same length.

T1.25+43. 4245
A=

12

You can use + (addition, [+]), - (subtraction, [=]), *
(multiplication, [x]), and / (division, [£]) with real and
complex numbers, expressions, lists, and matrices. You
cannot use / with matrices.

valueA+valueB valueA - valueB
valueA*valueB valueA / valueB

You can use the trigonometric (trig) functions (sine, (SIN];
cosine, [C0SJ; and tangent, [TAN]) with real numbers,
expressions, and lists. The current angle mode setting
affects interpretation. For example, sin(30) in Radian mode
returns -.9880316241; in Degree mode it returns .5.

sin{value) cos{value) tan{value)

You can use the inverse trig functions (arcsine, [siNT];
arccosine, [cos™!]; and arctangent, [TaN1]) with
real numbers, expressions, and lists. The current angle
mode setting affects interpretation.

sinl(walue) cos Hwalue) tan (walue)

Note: The trig functions do not operate on complex numbers.

You can use » (power, 2]}, 2 (square, [2]}, and v{ (square
root, [¥]) with real and complex numbers, expressions,
lists, and matrices. You cannot use «/{ with matrices.

valuerpower value? +(value)

You can use "1 (inverse, ) with real and complex
numbers, expressions, lists, and matrices. The
multiplicative inverse is equivalent to the reciprocal, 1/%.

value

B
2
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log(,
104,
In(

e*{ (Exponential)

e (Constant)

- (Negation)

= (Pi)

You can use log( (logarithm, [LOG]), 10*{ {(power of 10, [2nd]
[16*]), and In{ (natural log, [LN]) with real or complex
numbers, expressions, and lists.

log{value) 107 {power} In(value)

eA{ (exponential, [¢*]} returns the constant e raised to
apower. You can use e*{ with real or complex numbers,
expressions, and lists.

erpower)

e o

; 1452.4131591

e (constant, [2nd) [e]) is stored as a constant on the TI-83.
Press [2nd] [e] to copy e to the cursor location. In
,alculatlonq, the TI-83 uses 2.718281828459 for e.

2715281828

- (negation, [(]) returns the negative of value. You can use -
with real or complex numbers, expressions, lists, and
matrices.

-value

EOS rules (Chapter 1) determine when negation is
evaluated. For example, -AZ returns a negative number,
because squaring is evaluated before negation. Use
parentheses to square a negated number, as in (-A)2.

ZZAT AT (RS
Jz,¢ zaed
222704 -4 4

Note: On the Ti-83, the negation symbol (=) is shorter and higher than
the subtraction sign (~), which is displayed when you press [-}.

= (Pi, [x]) is stored as a constant in the TI-83. In
calculations, the TI-83 uses 3.1415926535898 for «.

3. 141592654
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MATH Operations

MATH Menu

»Frac,
»Dec

To display the MATH menu, press [MATH].

MATH NUM CPX PRB

1:»Frac Displays the answer as a fraction.
2:»bec Displays the answer as a decimal.
3; 3 Calculates the cube.

4: 3¢ Calculates the cube root.

5 Xy Calculates the x# root.

6: fMint Finds the minimum of a function.
7: fMaxt( Finds the maximum of a function.
8: nDeriv{ Computes the numerical derivative.
9: fnlntd Computes the function integral.

0: Solver... Displays the equation solver.

»Frac (display as a fraction) displays an answer as its
rational equivalent. You can use »Frae with real or complex
numbers, expressions, lists, and matrices. If the answer
cannot be simplified or the resulting denominator is more
than three digits, the decimal equivalent is returned. You
can only use »Frac following value.

value yFrac

»Dec (display as a decimal) displays an answer in decimal
form. You can use »Dec with real or complex numbers,
expressions, lists, and matrices. You can only use »Dec
following vealue.

value yDec

142+1-3vFrac

576
Ansrlec
L BIIFIIIIIZE
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3(Cube},
3J( {Cube Root)

X (Root}

fMin(,
fMax(

3 {cube) returns the cube of value. You can use 3 with real
or complex numbers, expressions, lists, and square
matrices.

value?

3J( {cube root) returns the cube root of value. You can use
3 ( with real or complex numbers, expressions, and lists.

3 value)

{2:3:4,533

L E8 27V 64 1257

sl CHNS? ]
{23450

Xy (a* root) returns the x?* root of value. You can use %
with real or complex numbers, expressions, and lists.

xrootvalue

R

2

Min{ (function minimum) and fMax( (function maximum})
return the value at which the local minimum or local
maximum value of expression with respect to variable
oceurs, between lower and upper values for variable. fMin{
and fMax{ are not valid in expression. The accuracy is
controlled by tolerance (if not specified, the default is
1E-5).

Min(expression,variablelowerupper| tolerance)}
Max({expression,vartable lower,upper| tolerance])

Note: In this guidebook, optional arguments and the commas that
accompany them are enclosed in brackets {[ ]).

tMincsincRY A 1

-1 SVETITIFL
FH-?}{'isin(H).n A.n
Cl 14

1.5378797171
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nDeriv(

fnint(

nDeriv{ (numerical derivative)} returns an approximate
derivative of expression with respect to variable, given the
value at which to calculate the derivative and ¢ (if not
specified, the default is 1E-3). nDeriv( is valid only for real
numbers.

nDeriv{expression,variable,value,c])

nDeriv{ uses the symmetric difference quotient method,
which approximates the numerical derivative value as the
slope of the secant line through these points.

flx+e)—1(x—€)
Ze
As ¢ becomes smaller, the approximation usually becomes
more accurate.

nDeriwCA™>3:H:5: .
Bl

o, Baal
L S P = . T

73

(%) =

eri
EII}

You can use nDeriv{ once in expression. Because of the
method used to calculate nDeriv(, the TI-83 can return a
false derivative value at a nondifferentiable point.

fnint{ (function integral} returns the numerical integral
(Gauss-Kronrod method) of expression with respect to
variable, given lower limit, wpper limit, and a tolerance (if
not specified, the default is 1E-5). fnint( is valid only for real
numbers.

fnintlexpression,variable lower,upper| tolerance))

fnInt(AZ.H. 0,
.333331¢313

Tip: To speed the drawing of integration graphs (when falnt{ is used
in a Y= equation), increase the value of the Xres window variable
before you press [GRAPH.
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Using the Equation Solver

Solver Solver displays the equation solver, in which you can solve
for any variable in an equation. The equation is assumed to
be equal to zero. Solver is valid only for real numbers.

When you select Solver, one of two screens is displayed.

¢ The equation editor (see step 1 picture below) is
displayed when the equation variable eqn is empty.

¢ The interactive solver editor (see step 3 picture on page
2-9) is displayed when an equation is stored in eqgn.

Entering an To enter an expression in the equation solver, assuming
Expression in the that the variable egn is empty, follow these steps.

Equation Solver
9 1. Select 0:Solver from the MATH menu to display the

equation editor.

ERGURTION SOLYER
CEITHIGED |

2. Enter the expression in any of three ways.

¢ Enter the expression directly into the equation
solver.

* Paste a Y= variable name from the VARS Y-VARS
menu to the equation solver.

e Press [RCL], paste a Y= variable name from the

VARS Y-VARS menu, and press [ENTER]. The
expression is pasted to the equation solver.

The expression is stored to the variable egn as you
enter it.

EGUATION SOLVER
Eﬂm TE=C 3P e-12

5
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Entering and
Editing Variable
Values

3. Press [ENTER] or [7]. The interactive solver editor is
displayed.

LE-54P e~125=1
i=H

F=R
bound=¢ -1g93. 1.

¢ The equation stored in eqn is set equal to zero and
displayed on the top line.

¢ Variables in the equation are listed in the order in
which they appear in the equation. Any values stored
to the listed variables also are displayed.

* The default lower and upper bounds appear in the
last line of the editor (bound={-1£99,1£39} }.

o A {is digplayed in the first column of the bottom line
if the editor continues beyond the screen.

Tip: To use the solver to solve an equation such as K=.5MV2 enter
eqn:0=K-.5MV2 in the equation aditor.

When you enter or edit a value for a variable in the
interactive solver editor, the new value is stored in
memory to that variable.

You can enter an expression for a variable value. It is
evaluated when you move to the next variable.
Expressions must resolve to real numbers at each step
during the iteration.

You can store equations to any VARS Y-VARS variables,
such as Y1 or re, and then reference the variables in the
equation. The interactive solver editor displays all

variables of all Y= functions referenced in the equation.

wifalE 2 ~4AC

M=

EQUATION SOLVER
e O=Y e+

Vs Fr=0

L=
hound={ =199, 1 ..
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Solving for a To solve for a variable using the equation solver after an
Variable in the equaticn has been stored to egn, follow these steps.

Equation Solver
4 1. Select 0:Solver from the MATH menu to display the

interactive solver editor, if not already displayed.

G 34 & ] 2 5=H
=6

F=i )
bound={ -1g99, 1.

2. Enter or edit the value of each known variable. All
variables, except the unknown variable, must contain a
value. To move the cursor to the next variable, press

or [+].
B 3+P E~120=58
=0

-

F=50
bound=¢-1g99,1..

3. Enter an initial guess for the variable for which you are
solving. This is optional, but it may help find the
solution more quickly. Also, for equations with multiple
roots, the TI-83 will attempt to display the solution that
is closest to your guess.

B I+E -1 2520
Li=4H

F=5
bound=+¢ -1g99. 1.

(wpper+lower)
The default guess is calculated as T E—
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4. Edit bound={lower,upper}. lower and upper are the
bounds between which the TI-83 searches for a solution.
This is optional, but it may help find the solution more
quickly. The default is bound={-1£99,1e99}.

5. Move the cursor to the variable for which you want to
solve and press [ALPHA] [SOLVE] (above the key).

I E+FE-125=0
=0=4. 6415588336..

F=5
bournd= {'uB oEx
n left-rt=0

¢ The solution is displayed next to the variable for
which you sclved. A solid square in the first column
marks the variable for which you solved and
indicates that the equation is balanced. An ellipsis
shows that the value continues beyond the screen.

Note: When a number continues beyond the screen, be sure to
press [v] to scroll to the end of the number {o see whether it
ends with a negative or positive exponent. A very small number
may appear fo be a large number until you scroll right fo see
the exponent.

e The values of the variables are updated in memory.

o left-rt=diff is displayed in the last line of the editor.
diff is the difference between the left and right sides
of the equation. A solid square in the first column
next to left-rt= indicates that the equation has been
evaluated at the new value of the variable for which
you solved.
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Editing an
Equation Stored
to egn

Equations with
Muitiple Roots

Further Solutions

Controlling the
Solution for
Solver or solve(

Using solve( on
the Home Screen
or from a
Program

To edit or replace an equation stored to eqn when the
interactive equation solver is displayed, press [+] until the
equation editor is displayed. Then edit the equation.

Some equations have more than one solution. You can
enter a new initial guess (page 2-10) or new bounds
(page 2-11) to look for additicnal sclutions.

After you solve for a variable, you can continue to explore
solutions from the interactive solver editor. Edit the values
of one or more variables. When you edit any variable value,
the solid squares next to the previous solution and
left-rt=diff disappear. Move the cursor to the variable for
which you now want to solve and press [soLvE].

The TI-83 solves equations through an iterative process. To
control that process, enter bounds that are relatively close
to the solution and enter an initial guess within those
bounds. This will help to find a solution more quickly. Also,
it will define which sclution you want for equations with
multiple solutions.

The function solve( is available only from CATALOG or
from within a program. It returns a solution (root) of
expression for variable, given an initial guess, and lower
and upper bounds within which the solution is sought. The
default for lower is -1E99. The default for upper is 1E99.
solve( is valid only for real numbers.

solve(expression,variable,guess| {lower,upper)}

expresston is assumed equal to zero. The value of variable
will not be updated in memory. guess may be a value or a
list of two values. Values must be stored for every variable
in expression, except variable, before expression is
evaluated. lower and upper must be entered in list format.

S =
salue (" I+PE-125

a s gy £ 58, 507 5

4. 641558834

3
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MATH NUM (Number) Operations

MATH NUM Menu To display the MATH NUM menu, press ).

abs(

round(

MATH NUM CPX PRB

1:abs( Absolute value

2: round( Round

3:iPart Integer part

4: fPart( Fractional part

5:1int( Greatest integer

&:min( Minimum value

7:max( Maximum value

8: Tem( Least common multiple
9: ged( Greatest common divisor

abs( (absolute value) returns the absolute value of real or
complex (modulus) numbers, expressions, lists, and
matrices.

abs(value)

absC-2560

-?bza'i 21,25 -5,
£1.25 5,673

Note: abs( is also available on the MATH CPX menu.

sl\.‘l

b
oY}

round( returns a number, expression, list, or matrix
rounded to #decimals (<9). If #decimals is omitted, value
is rounded to the digits that are displayed, up to 10 digits.

round{value| #decimals))

rourdCn. 40 12?456?89312*6
. 1416 2I456e789e11
C- rcundit}

12
1234567 E981 2123
45750
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iPart(,
fPart(

int(

iPart{ (integer part) returns the integer part or parts of real
or complex numbers, expressions, lists, and matrices.

iPart{value)

fPart( (fractional part) returns the fractional part or parts of
real or complex numbers, expressions, lists, and matrices.

fPart(value)
iPartC -23.453 .
fRartC 23,455

int( (greatest integer) returns the largest integer < real or
complex numbers, expressions, lists, and matrices.

int(value)
inbC 23,45

Note: For a given value, the result of int( is the same as the result of
iPart( for nonnegative numbers and negative integers, but one integer
less than the resuit of iPart( for negative noninteger numbers.
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ming,
max(

lemy,
ged(

min{ (minimum value) returns the smaller of valueA and
valueB or the smallest element in list. If iistA and listB are
compared, min{ returns a list of the smaller of each pair of
elements. If list and value are compared, min{ compares
each element in list with value.

max{ (maximum value) returns the larger of valueA and
valueB or the largest element in fist. If listA and listB are
compared, max( returns a list of the larger of each pair of
elements. If list and vafue are compared, max{ compares
each element in list with value.

min{valueAvalueB)  max(valueA,valueB)

min(list) max{list)
min({listA,listB) max{listA,listB)
min{list,value) max{list,value)
Minta, 2420 =
minlL3. 4,50 42

= 4 4%
maxl {4, 3. 63

Note: min{ and max{ aiso are available on the LIST MATH menu.

lemy( returns the least common multiple of valueA and
valueB, both of which must be nonnegative integers. When
listA and listB are specified, lem{ returns a list of the lcm
of each pair of elements. If list and value are specified,
lem{ finds the lecm of each element. in lis? and value.

ged{ returns the greatest common divisor of valueA and
valueB, both of which must be nonnegative integers. When
listA and listB are specified, ged{ returns a list of the ged
of each pair of elements. If list and value are specified,
ged{ finds the gcd of each element in iist and value.

lem{valueA,valueB) ged{valueA,valueB)
lem(listAlistD) ged{listA,listB)
lem(list,value) gedlist,value)
loml2. 50
18

Aodl {48, 66k . Tod.
122%5

{16 23
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Entering and Using Complex Numbers

Complex-Number The TI-83 displays complex numbers in rectangular form

Modes

Entering
Complex
Numbers

Note about
Radian versus
Degree Mode

and polar form. To select a complex-number mode, press
MODE|], and then select either of the two modes,

s a+bi (rectangular-complex mode)
¢ relgi( polar—complex mode)

N8 Horiz 6-T

On the TI-83, complex numbers can be stored to variables.
Also, complex numbers are valid list elements.

In Real mode, complex-number results return an error,
unless you entered a complex number as input. For
example, in Real maede In{-1) returns an error; in a+bi mode
In{-1) returns an answer.

Real mode a+bi mode
lni-1:8% | [lni -18 |

\ \

|EER sHOMREEAL ARG | Int-12

Uit 2. 1415926544,
fGHoto

Complex numbers are stored in rectangular form, but you
can enter a complex number in rectangular form or polar
form, regardless of the mode setting. The components of
complex numbers can be real numbers or expressions that
evaluate to real numbers; expressions are evaluated when
the command is executed.

Radian mode is recommended for complex number
calculations. Internally, the TI-83 converts all entered trig
values to radians, but it does not convert values for
exponential, logarithmic, or hyperbolic functions.

In degree mode, complex identities such as

e (i0) = cos(0) + I sin(8) are not generally true because
the values for cos and sin are converted to radians, while
those for e” () are not. For example,

e™(i45) = cos{45) + i sin(45) is treated internally as
e*(i45) = cos{n/4d) + i sin(n/4). Complex identities are
always true in radian mode.
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Interpreting
Compliex Results

Rectangular-
Complex Mode

Polar-Complex
Mode

Complex numbers in results, including list elements, are
displayed in either rectangular or polar form, as specified
by the mode setting or by a display conversion instruction
(page 2-19}. In the example below, re*6z and Radian modes
are set.

{2+L>~f19*(nf413
1 I2ER54296 .

Rectangular-complex mode recognizes and displays a
complex number in the form a+bi, where a is the real
component, b is the imaginary component, and { is a constant

equal to \f'I .

|1h

3 14159256544,

To enter a complex number in rectangular form, enter the
value of a (real component), press [+] or [Z], enter the value
of b (imaginary component), and press [{] (constant).

real component(+ or -)imaginary componenti

|4+2L

4+24

Polar-complex mode recognizes and displays a complex
number in the form re” 8, where r is the magnitude, e is the
base of the natural log, 8is the angle, and i is a constant equal

to \Fi

l1ni =15
3.141592654e 01

To enter a complex number in polar form, enter the value
of ¥ (magnitude), press [2nd] [¢”] (exponential function),
enter the value of 8 (angle), press [2nd] [£] (constant), and
then press [J].

magnitudee™(angletl)

18342
1de{1. BV 197aS..
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MATH CPX (Complex) Operations

MATH CPX Menu

conj{

real(

imag{

To display the MATH CPX menu, press [MATH] ] [].

MATH NUM CPX PRB

l:conj( Returns the complex conjugate.
2:reall Returns the real part.

3:imagl Returns the imaginary part.

4:anglel Returns the polar angle.

5:absf Returns the magnitude {modulus).
6:»Rect Displays the result in rectangular form.
7:»Polar Displays the result in polar form.

conj( (conjugate) returns the complex conjugate of a
complex number or list of complex numbers.

conj{a+bi) returns a-bi in a+bi mode.
conj(re*6i)) returns rer(-6f) in re’8i maode.

CondC3+di ) [%GHJ{SE*iéi}
Je

b
3~4=L| 2. 2831853487 ..

real( (real part) returns the real part of a complex number
or list of complex numbers,.

real(a+bi) returns «.
real(re®(6E)) returns r*cos( 8).

freal (3+di ) | lrealiSe“i#i})
3 ~1.968330863

imag( (imaginary part) returns the imaginary {nonreal) part
of a complex number or list of complex numbers.

imag{a+bi} returns b.
imag(re?(6i)) returns rksin{6).

imagC3+di s | limaQ(SE’“(éi‘}}
4 -2 2VB487488
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angle(

abs(

»Rect

»Polar

angle{ returns the polar angle of a complex number or list
of complex numbers, calculated as tan™! (b/a), where b is
the imaginary part and a is the real part. The calculation is
adjusted by +n in the second quadrant or —n in the third
quadrant.

angle(a+bi) returns tan (b/e).
angle(re?(68¢)) returns 8, where -n<f<n.

an3leC3+d4i )
RS s e ke

an3lele™ 4y 22
-2, 2835185587
abs( (absolute value) returns the magnitude (modulus},
(real2+imag?) | of a complex number or list of complex
numbers.

abs{a+bi) returns 4 f(’ a2+b2) .

abs({re?(81)) returns » (magnitude).

|ab5€3*4i3 Sl labs(Ee“(4i}}

»Rect (display as rectangular) displays a complex result in
rectangular form. It is valid only at the end of an
expression. It is not valid if the result is real.

complex resulirRect returns a-+bi.

I “2} Fect
- 4142135621

»Polar (display as polar) displays a complex result in polar
form. It is valid only at the end of an expression. It is not
valid if the result is real.

complex resulivPolar returns re*{6).

JC=2arPolar
1.414213562e~ 01 ...
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MATH PRB (Probability) Operations

MATH PRB Menu To display the MATH PRB menu, press Q.

rand

MATH NUM CPX PRB

1: rand Random-number generator

2:nPr Number of permutations

3: nCr Number of combinations

4: 1 Factorial

5: randInt( Random-integer generator

&: randNorm{ Random # from Normal distribution
7: randBin{ Random # from Binomial distribution

rand (random number) generates and returns one or more

random numbers > 0 and < 1. To generate a list of random-
numbers, specify an integer > 1 for numirials (number of

trials). The default for numtrials is 1.

rand[(numtrials))

Tip: To generate random numbers beyond the range of 0 to 1, you
can include rand in an expression. For example, rand*5 generates a
random number > 0 and < 5.

With each rand execution, the TI-83 generates the same
random-number sequence for a given seed value. The TI-83
factory-set seed value for rand is 0. To generate a different
random-number sequence, store any nonzero seed value to
rand. To restore the factory-set seed value, store 0 to rand
or reset the defaults (Chapter 18).

Note: The seed value also affects randint(, randNorm(, and
randBin{ instructions {page 2-22).

rand
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nPr,
nCr

! (Factorial)

nPr (number of permutations) returns the number of
permutations of items taken number at a time. items and
number must be nonnegative integers. Both {tems and
number can be lists,

tems nPr number

nCr (number of combinations) returns the number of
combinations of items taken number at a time. items and
number must be nonnegative integers. Both {tems and
number can be lists.

items nCr number
5 nPr 2
3 hir 2
16
L2233 mbr 223
{2 &l

28

! (factorial ) returns the factorial of either an integer or a
multiple of .5. For a list, it returns factorials for each
integer or multiple of .5. value must be 2-.5 and <69.

value!
&l
vZa
{54,531
£128 24 7283

Note: The factorial is computed recursively using the relationship
(n+1)1 = pknl, until n is reduced to either 0 or -1/2. At that point, the
definition 0l=1 or the definition (-1/2)1=yx is used to complete the
calculation. Hence:

nl=nkin-1yk(n-2% _*2%1 if nis an infeger =0
ni= nE(n-17(N-2)% . *1/2%7, if n+1/2 is an integer 20
n! is an error, if neither n nor n+1/2 is an integer >0.

{The variable n eqguals value in the syntax description above.)

Math, Angle, and Test Operations 2-21



randint(

randNorm(

randBin(

randInt{ (random integer) generates and displays a random
integer within a range specified by lower and upper integer
bounds. To generate a list of random numbers, specify an
integer >1 for numirials (number of trials); if not
specified, the default is 1.

randInt{lower,upper|[,numirials))

randIntCl. G +ran
dInmtCli- 62 ¢

randintol .o, 3%
21 53

randNorm( (random Normal) generates and displays a
random real number from a specified Normal distribution.
Each generated value could be any real number, but most
will be within the interval [p-3(s), p+3(s)]. To generate a
list. of random numbers, specify an integer > 1 for
numitrials (number of trials): if not specified, the default
is 1.

randNorm(u, of jrumirials)y

randHormiB, 13
BFTZAVEITS
randormd 35, 2. 18

5 )]
L34, B27R1938 37,

randBin{ {random Binomial} generates and displays a
random integer from a specified Binomial distribution.
numirials (number of trials) must be > 1. prob (probability
of success) must be = 0 and < 1. To generate a list of
random numbers, specify an integer > 1 for
numsimulations {(number of simulations); if not specified,
the default is 1.

randBin{rumirials,prob| numsimulations])

randBinth, .23
rafdBind .. 4. 183
325122 .

Note: The seed value stored to rand aiso affects randint(,
randNorm(, and randBin{ instructions (page 2-20).
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ANGLE Operations

ANGLE Menu

DMS Entry
Notation

® (Degree)

To display the ANGLE menu, press [ANGLE]. The ANGLE
menu displays angle indicators and instructions, The
Radian/Degree mode setting affects the TI-83's
interpretation of ANGLE menu entries.

ANGLE

1:° Degree notation

2. DMS minute notation

3: 7 Radian notation

4: pDMS Displays as degree/minute/second
5: RePro Returns r, given X and Y

6: ReP8I( Returns €, given X and Y

7: PeRx( Returns x, given R and 8

8: PeRy( Returns y, given R and 8

DMS {degrees/minutes/seconds) entry notation comprises
the degree symbol (°), the minute symbol (), and the
second symbal (). degrees must be a real number;
minutes and seconds must be real numbers 2 0.

degrees®minuies'seconds”

For example, enter for 530 degrees, 1 minute, 23 seconds. If
the angle mode is not set to Degree, you must use ° so that
the TI-83 can interpret the argument as degrees, minutes,
and seconds.

Degree mode Radian mode
gimi30% 1 ZE sinC3E? 1 2302
L DEESdEd44 1 93431?99‘5‘5
sin3B8] 1 23%eS
» DHEZ424441

° (degree) designates an angle or list of angles as degrees,
regardless of the current angle mode setting. In Radian
mode, you can use ° to convert degrees to radians.

value®
{valuel value2value3valued,... value n}°

° also designates degrees (D) in DMS format.
' (minutes) designates minutes (M) in DMS format.
" (seconds) designates seconds (5) in DMS format.

Note: " is not on the ANGLE menu. To enter ™, press .
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" (Radians)

»DMS

RePr{(,
RePS(,
PrRx(,
PrRy(

" (radians) designates an angle or list of angles as radians,
regardless of the current angle mode setting. In Degree
mode, you can use ' to convert radians to degrees.

value’

Degree mode

SincCmgdat

.“5?1@6?812
sint {8, o237
(AT i

45

»DMS (degree/minute/second) displays answer in DMS
format (page 2-23). The mode setting must be Degree for
answer to be interpreted as degrees, minutes, and seconds.
»DMS is valid only at the end of a line.

answerrDMS

Ao 32 EaN w2
109, 8233333
Arsk0MS
1E9es Y

RePr( converts rectangular coordinates to polar
coordinates and returns r. ReP8{ converts rectangular
coordinates to polar coordinates and returns 8. « and ¥ can
be lists.

R»-Pr(x,y}, RePo{x,y)

FrPro-1.80
REPEC -1, 1 Note: Radian mode is setl.

3 141592654

P»Rx{ converts polar coordinates to rectangular
coordinates and returns x. P»Ry( converts polar
coordinates to rectangular coordinates and returns y. + and
6 can be lists.

P»Rx(r,6), P»Ry{r,0)

PrR=Clama
PRRaCL. o Note: Radian mode is set.
9 kd >
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TEST (Relational) Operations

TEST Menu

ANV

IA IV R

Using Tests

To display the TEST menu, press [TEST].

This operator... Returns 1 (true) if...
TEST LOGIC
1: Equal

Not equal to

Greater than

Greater than or equal to
Less than

Less than or equal to

[+ NS IR O S
AV RN

Relational operators compare valueA and valueB and
return 1 if the test is true or 0 if the test is false. valueA and
valueB can be real numbers, expressions, or lists. For =
and = only, valueA and valueB also can be matrices or
complex numbers. If valueA and valueB are matrices, both
must have the same dimensions.

Relational operators are often used in programs to control
program flow and in graphing to control the graph of a
function over specific values.

valueA=valueB valueA=valueB
valueA>valueB valueAz>valueB
valueA <valueB valueA=valueB
2h=24
8

£1:2,3323

1 1 &
T1.2:32#L3. 2, 13

€1 4 13

Relational operators are evaluated after mathematical
functions according to EOS rules (Chapter 1).

¢ The expression 2+2=2+3 returns 0. The TI-83 performs
the addition first because of EOS rules, and then it
compares 4 to 5.

¢ The expression 2+{2=2)+3 returns 6. The TI-83 performs
the relational test first because it is in parentheses, and
then it adds 2, 1, and 3.
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TEST LOGIC (Boolean) Operations

TEST LOGIC To display the TEST LOGIC menu, press [TEST][*].
Menu
This operator... Returns a 1 (true) if...
TEST LOGIC
1:and Both values are nonzero (true).
2:0r At least one value is nonzero (true).
3: xor Only one value is zero (false).
4:not( The value is zero (false).
Boolean Boolean operators are often used in programs to control
Operators program flow and in graphing to control the graph of the

function over specific values. Values are interpreted as
zero (false) or nonzero (true).

and, and, or, and xor {exclusive or) return a value of 1 if an
or, expression is true or 0 if an expression is false, according
xor to the table below. valueA and valueB can be real

numbers, expressions, or lists.

valueA and valueB
valueA or valueB
valueA xor valueB

valueA valueB and or Xor
#0 #0 returns 1 1 0
=0 0 returns 0 1 1
#0 returns o 1 1
0 0 returns 0 0 0
not{ not{ returns 1 if value (which can be an expression) is 0.
not(vale)
Using Boolean Boolean logic is often used with relational tests. In the
Operations following program, the instructions store 4 into C.

F’ﬁﬁlﬁﬁﬂﬁ BOOLEAH

'IF FI 2 atd B=3
Thent4+C
Elzei53C

End
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Getting Started: Graphing a Circle

Getting Started is a fast-paced introduction. Read the chapter for details.

Graph a circle of radius 10, centered on the origin in the standard viewing
window. To graph this circle, you must enter separate formulas for the upper
and lower portions of the circle. Then use ZSquare {(zoom square) to adjust the
display and make the functions appear as a circle,

1. In Func mode, press [Y9 to display the
Y= editor. Press [v]100 5]
to enter the expression Y=+ (100-X2),
which defines the top half of the circle.

The expression Y=-+{100-X?) defines the
bottom half of the circle. On the TI-83, you
can define one functicn in terms of another.
To define Y2=-Y1, press [(-)] to enter the
negation sign. Press 0] to display the
VARS Y-VARS menu. Then press to
select 1:Function. The FUNCTION secondary
menu is displayed. Press 1 to select 1:Y1.

2. Press 6 to select 6:ZStandard. This is a
quick way to reset the window variables to
the standard values. It also graphs the
functions; you do not need te press [GRAPH].

Notice that the functions appear as an
ellipse in the standard viewing window.

3. To adjust the display so that each pixel
represents an equal width and height, press
5 to select 5:ZSquare. The functions
are replotted and now appear as a circle on
the display.

4. To see the ZSquare window variables, press
WINDOW] and notice the new values for Xmin,
Xmax, Ymin, and Ymax.
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Defining Graphs

TI-83—Graphing
Mode Similarities

Defining a Graph

Displaying and
Exploring a
Graph

Saving a Graph
for Later Use

Chapter 3 specifically describes function graphing, but the
steps shown here are similar for each TI-83 graphing
mode. Chapters 4, 5, and 6 describe aspects that are unique
to parametric graphing, polar graphing, and sequence
graphing.

To define a graph in any graphing mode, follow these
steps. Some steps are not always necessary.

1. Press and set the appropriate graph mode
(page 3-4).

2. Press and enter, edit, or select one or more functions
in the Y= editor {(page 3-5 and 3-7).

3. Deselect stat plots, if necessary (page 3-7).
4. Set the graph style for each function (page 3-8).

5. Press and define the viewing window variables
(page 3-11}).

6. Press [FORMAT] and select the graph format settings
(page 3-13).

After you have defined a graph, press to display it.
Explore the behavior of the function or functions using the
TI-83 tocls described in this chapter.

You can store the elements that define the current graph to
any of 10 graph database variables (GDB1 through GDBS,
and GDBO; Chapter 8). To recreate the current graph later,
simply recall the graph database to which you stored the
original graph.

These types of information are stored in a GDB.

¢ Y= functions

s Graph style settings

s Window settings

¢ Format settings

You can store a picture of the current graph display to any
of 10 graph picture variables (Pic1 through Pic9, and Pic0;
Chapter 8). Then you can superimpose one or more stored
pictures onto the current graph.
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Setting the Graph Modes

Checking and
Changing the
Graphing Mode

Setting Modes
from a Program

To display the mode screen, press MODE]. The default
settings are highlighted below. To graph functions, you
must select Func mede before you enter values for the
window variables and before you enter the functions.

The TI-83 has four graphing modes.

s Func (function graphing)

e Par (parametric graphing; Chapter 4)
+ Pol (polar graphing; Chapter 5)

s Seq (sequence graphing; Chapter 6)

Other mode settings affect graphing results. Chapter 1
describes each mode setting.

e Float or 0123456789 (fixed) decimal mode affects
displayed graph coordinates.

¢ Radian or Degree angle mode affects interpretation of
some functions.

e Connected or Dot plotting mode affects plotting of
selected functions.

* Segquential or Simul graphing-order mode affects
function plotting when more than ene function is
selected.

To set the graphing mode and other modes from a
program, begin on a blank line in the program editor and
follow these steps.

1. Press [MODE] to display the mode settings.

2. Press[+], [t], (1], and [4] to place the cursor on the mode
that you want to select.

3. Press [ENTER] te paste the mode name to the cursor
location.

The mode is changed when the program is executed.
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Defining Functions

Displaying
Functions in the
Y= Editor

Defining or
Editing a
Function

To display the Y= editor, press [Y=]. You can store up to 10
functions to the function variables Y1 through Ys, and Yo.
You can graph one or more defined functions at once. In
this example, functions Y1 and Y2 are defined and selected.

Flotl Flotz Flats
SR 1Ba-HEE
3 = R
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To define or edit a function, follow these steps.

1. Press [Y=] to display the Y= editor.

2. Press [+] to move the cursor to the function you want to
define or edit. To erase a function, press [CLEAR].

3. Enter or edit the expression to define the function.

* You may use functions and variables (including
matrices and lists) in the expression. When the
expression evaluates to a nonreal number, the value
is not plotted; no error is returned.

¢ The independent variable in the function is X. Func

mode defines as X. To enter X, press

or press [ALPHA| [X].

¢ When you enter the first character, the = is

highlighted, indicating that the function is selected.
As you enter the expression, it is stored to the variable
Yn as a user-defined function in the Y= editor.

4. Press [ENTER] or [+] to move the cursor to the next

function.
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Defining a
Function from
the Home Screen
or a Program

Evaluating Y=
Functions in
Expressions

To define a function from the home screen or a program,
begin on a blank line and follow these steps.

1. Press [ALPHA] ['], enter the expression, and then press
ALPHA] [*] again.
2. Press [STO»].

3. Press [VARS] 1] 1 to select 1:Function from the
VARS Y-VARS menu.

4. Select the function name, which pastes the name to the
cursor location on the home screen or program editor.

5. Press [ENTER] te complete the instruction.

"expression">Yn

lezll_}lTli
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When the instruction is executed, the TI-83 stores the
expression te the designated variable Yr, selects the
function, and displays the message Done.

You can calculate the value of a Y= function Yr at a
specified value of X. A list of values returns a list.

Yr(value)
Yr{{valuel value2values, . . . value n})

Floti FIOEZ Flokz VLo
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Selecting and Deselecting Functions

Selecting and You can select and deselect (turn on and turn off) a

Deselecting a function in the Y= editor. A function is selected when the =

Function sign is highlighted. The TI-83 graphs only the selected
functions. You can select any or all functions Y1 through
Y9, and Yo.

To select or deselect a function in the Y= editor, follow
these steps.

1. Press [Y9 to display the Y= editor.

2. Move the cursor to the function you want to select or
deselect.

3. Press [4] to place the cursor on the function’s = sign.
4. Press [ENTER] to change the selection status.

When you enter or edit a function, it is selected
automatically. When you clear a function, it is deselected.

Turning On or To view and change the on/off status of a stat plot in the
Turning Off a Stat Y= editor, use Plot1 Plot2 Plot3 (the top line of the

Piot in the Y= Y= editor). When a plot is on, its name is highlighted on this
Editor line.

To change the on/off status of a stat plot from the
Y= editor, press [«] and [»] to place the cursor on Plot1,
Plot2, or Plot3, and then press [ENTER|.

AR Flotz Pt g |
=, ZHE 2R ~~_ Plot1 is tumed on.

:H’;;E%i:ﬂ:a Plot2 and Plot3 are turned off.
whly=
wMe=
“NE=
N
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Selecting and To select or deselect a function from the home screen or a
Deselecting program, begin on a blank line and follow these steps.

Functions from .
the Home Screen 1. Press [VARS] [#] to display the VARS Y-VARS menu.

or a Program 2. Select 4:0n/0ff to display the ONJOFF secondary menu.

3. Select 1:FnOn to turn on one or more functions or
2:FnOff to turn off one or more functions. The
instruction you select is copied to the cursor location.

4. Enter the number (1 through 9, or 0; not the variable
Yn) of each function you want to turn on or turn off.

¢ Ifyou enter two or more numbers, separate them
with commas.

¢ To turn on or turn off all functions, do not enter a
number after FnOn or FnOff.

FnOn[function# function#, . . . function n]
FnOff[funclion# function#, . . . function n|

5. Press [ENTER]. When the instruction is executed, the
status of each function in the current mode is set and
Done is displayed.

For example, in Func mode, FnOff :FnOn 1,3 turns off all
functions in the Y= editor, and then turns on Y4 and Y3.

Froff sFnldn 1.3 Pt Flotz Plot:
Oone W EL 2R E-Z2E4E
wHaz Wy
~MrEHE
wMy=
sWHpw
e
W=
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Setting Graph Styles for Functions

Graph Style This table describes the graph styles available for function
lcons in the Y= graphing. Use the styles to visually differentiate functions
Editor to be graphed together. For example, you can set Y1 as a

solid line, Y2 as a dotted line, and Y3 as a thick line.

fcon Style Description

h Line A solid line connects plotted points; this is
the default in Connected mode

% Thick A thick solid line connects plotted points

R Above Shading covers the area a*bove the graph

E Below Shading covers the area below the graph

-1 Path A circular cursor traces the leading edge of
the graph and draws a path

i Animate A circular cursor traces the leading edge of
the graph without drawing a path

Dot A small dot represents each plotted point;

this is the default in Dot mode

Note: Some graph styles are not available in all graphing modes.
Chapters 4, 5, and 6 list the styles for Par, Pol, and Seq modes.

Setting the Graph To set the graph style for a function, follow these steps.

Style

1. Press [Y5] to display the Y= editor.

2. Press [+] and [+] to move the cursor to the function.

3. Press [{] [¢] to move the cursor left, past the = sign, to
the graph style icon in the first column. The insert
cursor is displayed. (Steps 2 and 3 are interchangeable.)

4. Press [ENTER] repeatedly to rotate through the graph
styles. The seven styles rotate in the same order in
which they are listed in the table above.

5. Press[+], [4], or [] when you have selected a style.

Flokd Flokz Flot
SABSsin Ry
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Shading Above When you select ® or & for two or more functions, the
and Below TI-83 rotates through four shading patterns.

e Vertical lines shade the first function with a ¥ or k
graph style.

* Horizontal lines shade the second.

¢ Negatively sloping diagonal lines shade the third.

+ Positively sloping diagonal lines shade the fourth.

e The rotation returns to vertical lines for the fifth % or k.
function, repeating the order described above.

When shaded areas intersect, the patterns overlap.

Note: When " or b is selected for a Y= function that graphs a family of
curves, such as Y1={1,2,3}X, the four shading patterns rotate for
each member of the family of curves.

Setting a Graph To set the graph style from a program, select H:GraphStyle(

Style from a from the PRGM CTL menu. To display this menu, press
Program PRGM] while in the program editor. function# is the number

of the Y= function name in the current graphing mode.
graphstyle# is an integer from 1 to 7 that corresponds to
the graph style, as shown below.

1 =" (line} 2 ="% (thick) 3 ="% (above)
4 =& (below) 5 = (path) 6=10
(animate) 7 =" (dot)

GraphStyle(function#,graphstyle#)

For example, when this program is executed in Func mode,
GraphStyle(1,3) sets Y1 to ¥ (above).

PROGEAM: SHADE W

PRI Y
IGrarhbtaled i3

:Disphrarh
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Setting the Viewing Window Variables

The TI-83 Viewing
Window

Displaying the
Window
Variables

Changing a
Window Variable
Value

The viewing window is the portion of the coordinate plane
defined by Xmin, Xmax, Ymin, and Ymax. Xscl (X scale)
defines the distance between tick marks on the x-axis. Yscl
(Y scale) defines the distance between tick marks on the
y-axis. To turn off tick marks, set Xscl=0 and Yscl=0.

™ Ymax W TR0
Amin=-18
s Xsol Amax=10
z 1 ¥scl=1
Xmax 7 ll’fﬁlf-I:-lB
= ve Ymax=18
o Yazgl=l
h wres=l

To display the current window variable values, press
[WINDOW!. The window editor above and to the right shows
the default values in Func graphing mode and Radian angle
mode. The window variables differ from one graphing
mode to another.

Xres sets pixel resolution (1 through 8) for function graphs
only. The default is 1.

* At Xres=1, functions are evaluated and graphed at each
pixel on the x-axis.

e At Xres=8, functions are evaluated and graphed at every
eighth pixel along the x-axis.

Tip: Small Xres values improve graph resoiution but may cause the
TI-83 to draw graphs more slowly.

To change a window variable value from the window
editor, follow these steps.

1. Press [] or [+] to move the cursor to the window
variable you want to change.

2. Edit the value, which can be an expression.

¢ Enter a new value, which clears the original value.
* Move the cursor to a specific digit, and then edit it.

3. Press [ENTER], [=], or [4]. If you entered an expression, the
TI-83 evaluates it. The new value is stored.

Note: Xmin<Xmax and Ymin<Ymax must be true in order tc graph.
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Storingto a
Window Variable
from the Home
Screen or a
Program

AX and AY

To store a value, which can be an expression, to a window
variable, begin on a blank line and follow these steps.

1. Enter the value you want to store.

Press [STO»].
Press [VARS] to display the VARS menu.

Select 1:Window to display the Func window variables
(XY secondary menu).

¢ Press ] to display the Par and Pol window variables
(7/6 secondary menu).

e Press ][] to display the Seq window variables
(UNVIW secondary menu).

5. Select the window variable to which you want to store a
value. The name of the variable is pasted to the current
cursor location.

6. Press [ENTER] to complete the instruction.

When the instruction is executed, the TI-83 stores the
value to the window variable and displays the value.

1d-+Emax

14

The variables AX and AY (items 8 and 9 on the VARS
(1:Window) X/Y secondary menu) define the distance from
the center of one pixel to the center of any adjacent pixel
on a graph (graphing accuracy). aX and oY are calculated
from Xmin, Xmax, Ymin, and Ymax when you display a
graph.

{(Xmax - Xmin) (Ymax - Ymin)
e AY =" o—

AX 94 62

You can store values to AX and AY. If you do, Xmax and
Ymax are calculated from AX, Xmin, AY, and Ymin.
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Setting the Graph Format

Displaying the
Format Settings

Changing a
Format Setting

RectGC, PolarGC

To display the format settings, press [FGRMAT]. The
default settings are highlighted below.

RectGC PolarGe Sets cursor coordinates.

CoordOn  Coord0ff  Sets coordinates display on or off.
Grid0ff GridOn Sets grid off or on.

AxesOn  AxesOff Sets axes on or off.

Label0ff LabelOn  Sets axes label off or on.

ExprOn ExprOff Sets expression display on or off.

Format settings define a graph’s appearance on the display.
Format settings apply to all graphing modes. Seq graphing
mode has an additional mode setting {Chapter 6}.

To change a format setting, follow these steps.

1. Press [=], [+], (), and [{] as necessary to move the cursor
to the setting you want to select.

2. Press to select the highlighted setting.

RectGC (rectangular graphing coordinates) displays the
cursor location as rectangular coordinates X and Y.

PolarGC {(poclar graphing coordinates) displays the cursor
location as polar coordinates R and 6.

The RectGC/PolarGC setting determines which variables
are updated when you plot the graph, move the free-
maoving curscr, or trace.

¢ RectGC updates X and Y; if CoordOn format is selected,
X and Y are displayed.

¢ PolarGC updates X, Y, R, and 6; if CoordOn format is
selected, R and 6 are displayed.
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CoordOn,
CoordOff

GridOff, GridOn

AxesOn, AxesOff

LabelOff,
LabelOn

ExprOn, ExprOff

CoordOn (coordinates on) displays the cursor coordinates
at the bottom of the graph. If ExprOff format is selected,
the function number is displayed in the top-right corner.

CoordOff (coordinates off) does not display the function
number or coordinates.

Grid points cover the viewing window in rows that
correspond to the tick marks (page 3-11) on each axis.

GridOff does not display grid points.
GridOn displays grid points.

AxesOn displays the axes.
AxesOff does not display the axes.

This overrides the LabelOff/ LabelOn format setting.

LabelOff and LabelOn determine whether to display labels
for the axes (X and Y), if AxesOn format is also selected.

ExprOn and ExprOff determine whether to display the
Y= expression when the trace cursor is active. This format
setting alsc applies to stat plots.

When ExprOn is selected, the expression is displayed in the
top-left corner of the graph screen.

When ExprOff and CoordOn both are selected, the number
in the top-right corner specifies which function is being
traced.
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Displaying Graphs

Displaying a New
Graph

Pausing or
Stopping a Graph

Smart Graph

To display the graph of the selected function or functions,
press [GRAPH]. TRACE, ZOOM instructions, and CALC
operations display the graph automatically. As the TI-83
plots the graph, the busy indicater is on. As the graphis
plotted, X and Y are updated.

While plotting a graph, you can pause or stop graphing.

s Press [ENTER] to pause; then press [ENTER] to resume.
¢ Press to stop; then press [GRAPH] to redraw.

Smart Graph is a TI-83 feature that redisplays the last
graph immediately when you press [GRAPH], but only if all
graphing factors that would cause replotting have
remained the same since the graph was last displayed.

If you performed any of these actions since the graph was
last displayed, the TI-83 will replot the graph based on new
values when you press [GRAPH).

¢ Changed a mode setting that affects graphs

¢ Changed a function in the current picture

¢ Selected or deselected a function or stat plot

¢ Changed the value of a variable in a selected function

¢ Changed a window variable or graph format setting

¢ Cleared drawings by selecting CirDraw

¢ Changed a stat plot definition
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Overlaying On the TI-83, you can graph one or more new functions

Functions on a without replotting existing functions. For example, store
Graph sin{X) to Y1 in the Y= editor and press [GRAPH]. Then store

cos(X) to Y2 and press [GRAPH] again. The function Y2 is
graphed on top of Y1, the original function.

o o - “,
e e
Graphing a If you enter a list (Chapter 11) as an element in an

Family of Curves expression, the TI-83 plots the function for each value in
the list, thereby graphing a family of curves. In Simul
graphing-order mode, it graphs all functions sequentially
for the first element in each list, and then for the second,
and so on.

{2,4,6}sin(X) graphs three functions: 2 sin{X), 4 sin{X}, and
6 sin(X).

Flokl FIotz Flets
;V1E€2=4=6}siﬂiﬁ

“Me=

wNar=
iy %?I v
w“Mp=

“Me=

{2,4,6}sin({{1,2,3}X) graphs 2 sin{X), 4 sin{2X)}, and 8 sin(3X).
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Note: When using more than one list, the lists must have the same
dimensions.
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Exploring Graphs with the Free-Moving Cursor

Free-Moving
Cursor

Graphing
Accuracy

When a graph is displayed, press [4, 1], (+), or [&] to move
the cursor around the graph. When you first display the
graph, no cursor is visible. When you press (¢, ], [+, or [=],
the cursor moves from the center of the viewing window.

As you move the cursor around the graph, the coordinate
values of the cursor location are displayed at the bottom of
the screen if CoordOn format is selected. The Float/Fix
decimal mode setting determines the number of decimal
digits displayed for the coordinate values.

To display the graph with no cursor and no coordinate

values, press [CLEAR] or [ENTER). When you press [, [+], [«], or

[=], the cursor moves from the same position.

The free-moving cursor moves from pixel to pixel on the
screen. When you move the cursor to a pixel that appears
to be on the function, the cursor may be near, but not
actually on, the function. The coordinate value displayed at
the bottom of the screen actually may not be a point on the
function. To move the cursor along a function, use
(page 3-18).

The coordinate values displayed as you move the cursor
approximate actual math coordinates, *accurate to within
the width and height of the pixel. As Xmin, Xmax, Ymin, and
¥max get closer together (as in a Zoomln) graphing
accuracy increases, and the coordinate values more closely
approximate the math coordinates.

/‘RJ'\\

Free-moving cursor “on” the curve
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Exploring Graphs with TRACE

Beginning a
Trace

Moving the Trace
Cursor

Moving the Trace
Cursor from
Function to
Function

Use TRACE to move the cursor from one plotted point to
the next along a function. To begin a trace, press [TRACE]. If
the graph is not displayed already, press to display
it. The trace cursor is on the first selected function in the
Y= editor, at the middle X value on the screen. The cursor
coordinates are displayed at the bottom of the screen if
CoordOn format is selected. The Y= expression is displayed
in the top-left corner of the screen, if Expron format is
selected.

To move the TRACE cursor. .. do this:

. .. to the previous or next plotted press [ or [+].
point,

... five plotted points on a function  press (] or
(Xres affects this), [»].

... to any valid X value on a function, enter a value, and

then press [ENTER].

... from one function to another, press [«] or [+].

When the trace cursor moves along a function, the ¥ 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.

?1=.223~2¥+E
1,* L. +— Trace cursor cn the curve

f

H=2,101483Y IY=6.110%702

If you move the trace cursor beyond the top or bottom of
the screen, the coordinate values at the bottom of the
screen continue to change appropriately.

To move the trace cursor from function to function, press
[=] and [<]. The cursor follows the order of the selected
functions in the Y= editor. The trace cursor moves to each
function at the same X value. If ExprOn format is selected,
the expression is updated.
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Moving the Trace To move the trace cursor to any valid X value on the

Cursor to Any current function, enter the value. When you enter the first

Valid X Value digit, an X= prompt and the number you entered are
displayed in the bottom-left corner of the screen. You can
enter an expression at the X= prompt. The value must be
valid for the current viewing window. When you have
completed the entry, press to move the cursor.

T1=.EH3-?{+§ \‘/ '1'1:.233-?*-5 \-;

w=31 gz ul =5y

Note: This feature does not apply to stat plots.

Panning to the If you trace a function beyond the left or right side of the

Left or Right screen, the viewing window automatically pans to the left
or right. Xmin and Xmax are updated to correspond to the
new viewing window.

Quick Zoom While tracing, you can press to adjust the viewing
window so that the cursor location becomes the center of
the new viewing windew, even if the cursor is above or
below the display. This allows panning up and down. After
Quick Zoom, the cursor remains in TRACE.

Leaving and When you leave and return to TRACE, the trace cursor is
Returning to displayed in the same location it was in when you left
TRACE TRACE, unless Smart Graph has replotted the graph

(page 3-15).

Using TRACE in  On ablank line in the program editor, press [TRACE]. The

a Program instruction Trace is pasted to the cursor location. When the
instruction is encountered during program execution, the
graph is displayed with the trace cursor on the first
selected function. As you trace, the cursor coordinate
values are updated. When you finish tracing the functions,
press to resume program execution.
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Exploring Graphs with the ZOOM Instructions

ZOOM Menu To display the ZOOM menu, press [Z00M]. You can adjust the
viewing window of the graph quickly in several ways. All
ZOOM instructions are accessible from programs.

ZOGM MEMORY

1: ZBox Draws a box to define the viewing window.

2: Zoom In Magnifies the graph around the cursor.

3: Zoom Out  Views more of a graph around the cursor.

4: ZDecimal  Sets aX and aAY to 0.1,

5: ZSquare Sets equal-size pixels on the X and Y axes.

6: ZStandard Sets the standard window variables.

7:1Trig Sets the built-in trig window variables.

8: Zlnteger Setsinteger values on the X and Y axes.

9: ZoomStat  Sets the values for current stat lists.

0: ZoomFit Fits YMin and YMax between XMin and XMax.
Zoom Cursor When you select 1:ZBox, 2:Zoom In, or 3:Zoom Out, the

cursor on the graph becomes the zoom cursor (+), a

smaller version of the free-moving cursor (+).

ZBox To define a new viewing window using ZBox, follow these
steps.

1.

Select 1:ZBox from the ZOOM menu. The zoom cursor is
displayed at the center of the screen.

Move the zoom cursor to any spot you want to define as
a corner of the box, and then press [ENTER]. When you
move the cursor away from the first defined corner, a
small, square dot indicates the spot.

Press [4], [+], [], or [7]. As you move the cursor, the sides
of the box lengthen or shorten proportionately on the
Screen.

Note: To cancel ZBoX before you press [ENTER], press [CLEAR].

When you have defined the box, press [ENTER] to replot
the graph.

L A
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To use ZBox to define another box within the new graph,
repeat steps 2 through 4. Te cancel ZBox, press [CLEAR].
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Zoom In,
Zoom Qut

ZDecimal

ZSquare

Zoom In magnifies the part of the graph that surrounds the
cursor location. Zoom Out displays a greater portion of the
graph, centered on the cursor location. The XFact and
YFact settings determine the extent of the zoom.

To zoom in on a graph, follow these steps.
1. Check XFact and YFact (page 3-24); change as needed.

2. Select 2:Zoom In from the ZOOM menu. The zoom
cursor is displayed.

3. Move the zoom cursor to the point that is to be the
center of the new viewing window.

4. Press [ENTER]. The TI-83 adjusts the viewing window by
XFact and YFact; updates the window variables; and
replots the selected functions, centered on the cursor
location.

5. Zoom in on the graph again in either of two ways.
e To zoom in at the same point, press [ENTER].
¢ Tozoom in at a new point, move the cursor to the

point that you want as the center of the new viewing
window, and then press [ENTER].

To zoom out on a graph, select 3:Zoom Cut and repeat
steps 3 through 5.

To cancel Zoom In or Zoom Out, press [CLEAR].

ZDecimal replots the functions immediately. It updates the
window variables to preset values, as shown below. These
values set aX and aY equal to 0.1 and set the X and Y value
of each pixel to one decimal place.

Xmin=-4.7 Ymin=-3.1
Xmax=4.7 Ymax=3.1
Xscl=1 Yscl=1

ZSquare replots the functions immediately. [t redefines the
viewing window based on the current values of the
window variables. It adjusts in only one direction so that
AX=AY, which makes the graph of a circle look like a circle.
Xscl and Yscl remain unchanged. The midpoint of the
current graph (not the intersection of the axes) becomes
the midpoint of the new graph.
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ZStandard

ZTrig

Zinteger

ZoomStat

ZoomFit

Zstandard replots the functions immediately. It updates the
window variables to the standard values shown below.

Xmin=-10 Ymin=-10 Xres=1
Xmax=10 Ymax=10
Xscl=1 Yscl=1

ZTrig replots the functions immediately. [t updates the
window variables to preset values that are appropriate for
plotting trig functions. Those preset values in Radian mode
are shown below.

Xmin=-(47/24)r Ymin=-4
Xmax=(47/24)n Ymax=4
Xscl=n/2 Ysci=1

Zinteger redefines the viewing window to the dimensions
shown below. To use Zlnteger, move the cursor to the point
that you want to be the center of the new window, and
then press [ENTER]; Zinteger replots the functions.

AX=1 Xsci=10
AY=1 Ysci=10

ZoomStat redefines the viewing window so that all
statistical data points are displayed. For regular and
modified box plots, only Xmin and Xmax are adjusted.

ZoomfFit replots the functions immediately. ZoomFit
recalculates YMin and YMax to include the minimum and
maximum Y values of the selected functions between the
current XMin and XMax. XMin and XMax are not changed.
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Using ZOOM MEMORY

ZOOM MEMORY
Menu

ZPrevious

ZoomSto

ZoomRcl

To display the ZOOM MEMORY menu, press [Z0OM [»].

Z00OM MEMORY

1:ZPrevious Uses the previous viewing window.
2:ZoomSto Stores the user-defined window,
3:ZoomRc] Recalls the user-defined window.
4:5etFactors.. Changes Zoom In and Zoom QOut factors.

ZPrevious replots the graph using the window variables of
the graph that was displayed before you executed the last
ZOOM instruction.

ZoomSto immediately stores the current viewing window.
The graph is displayed, and the values of the current
window variables are stored in the user-defined ZOOM
variables ZXmin, ZXmax, ZXscl, ZYmin, ZYmax, Z¥scl, and
ZXres.

These variables apply to all graphing modes. For example,
changing the value of ZXmin in Func mode also changes it
in Par mode.

ZoomRcl graphs the selected functions in a user-defined
viewing window. The user-defined viewing window is
determined by the values stored with the ZoomSto
instruction. The window variables are updated with the
user-defined values, and the graph is plotted.
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ZOOM FACTORS

Checking XFact
and YFact

Changing XFact
and YFact

Using ZOOM
MEMORY Menu
ltems from the
Home Screen or
a Program

The zoom factors, XFact and YFact, are positive numbers
(not necessarily integers) greater than or equal to 1. They
define the magnification or reduction factor used to Zoom
In or Zoom Out around a point.

To display the ZOOM FACTORS screen, where you can
review the current values for XFact and YFact, select
4:SetFactors from the ZOOM MEMORY menu. The values
shown are the defaults.

Z00M FACTORS
JFact=
YFact=4

You can change XFact and YFact in either of two ways.
¢ Enter a new value. The original value is cleared
automatically when you enter the first digit.

¢ Place the cursor on the digit you want to change, and
then enter a value or press to delete it.

From the home screen or a program, you can store directly
to any of the user-defined ZOOM variables.

RafEming Sl nnas
3

From a program, you can select the ZoomSto and ZoomRcl
instructions from the ZOOM MEMORY menu.

3-24 Function Graphing



Using the CALC (Calculate) Operations

CALCULATE
Menu

value

To display the CALCULATE menu, press [caLc]. Use the
items on this menu tc analyze the current graph functions.

CALCULATE

1:value Calculates a function Y value for a given X.
2: zero Finds a zero (x-intercept) of a function.

3: minimum Finds a minimum of a function.

4; maximum Finds a maximum of a function.
5:intersect Finds an intersection of two functions.

6: dy/dx Finds a numeric derivative of a function.
7: ff{x)dx Finds a numeric integral of a function.

value evaluates one or more currently selected functions
for a specified value of X.

Note: When a value is displayed for X, press to clear the value.
When no value is displayed, press to cancel the value
operation.

To evaluate a selected function at X, follow these steps.

1. Select 1:value from the CALCULATE menu. The graph is
displayed with X= in the bottom-left corner.

2. Enter areal value, which can be an expression, for X
between Xmin and Xmax.

3. Press [ENTER].

oy =
f |

R | gz

T2E.H

The cursor is on the first selected function in the Y= editor
at the X value you entered, and the coordinates are
displayed, even if CoordOff format is selected.

To move the cursor from function to function at the
entered X value, press («] or []. To restore the free-moving

cursor, press [ or [+].
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Zero

zero finds a zero (x-intercept or root) of a function using
solve(. Functions can have more than one x-intercept
value; zero finds the zero closest to your guess.

The time zero spends to find the correct zero value
depends on the accuracy of the values you specify for the
left and right bounds and the accuracy of your guess.

To find a zero of a function, follow these steps.

1. Select 2:zero from the CALCULATE menu, The current
graph is displayed with Left Bound? in the bottom-left
corner.

2. Press [4] or [=] to move the cursor onto the function for
which you want to find a zero.

3. Press [4] or ] (or enter a value) to select the x-value for
the left bound of the interval, and then press [ENTER]. A»
indicator on the graph screen shows the left bound.
Right Bound? is displayed in the bottom-left corner.
Press [4] or ] (or enter a value) to select the x-value for
the right bound, and then press [ENTER). A <indicator on
the graph screen shows the right bound. Guess? is then
displayed in the bottom-left corner.

i ZHT-2iE
L3y 1

%557
Wo42EE3e V=11.127765

4. Press [{] or ] (or enter a value) to select a point near
the zero of the function, between the bounds, and then

press [ENTER/].
i

?1=.ZHF-E§|§+E !
/ lJ L\/fl

GU&EET FeF
i | =4 180638 [yzo

The cursor is on the solution and the coordinates are
displayed, even if CoordOff format is selected. To move to
the same x-value for other selected functions, press [+] or
[=]. To restore the free-moving cursor, press (€] or ).
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minimum,
maximum

intersect

minimum and maximum find a minimum or maximum of a.
function within a specified interval to a tolerance of 1E-5.

To find a minimum or maximum, follow these steps.

1. Select 3:minimum or 4:maximum from the CALCULATE
menu. The current graph is displayed.

2. Select the function and set left bound, right bound, and

guess as described for zere (steps 2 through 4; page 3-26).
The cursor is on the solution, and the coordinates are
displayed, even if you have selected CoordOff format;
Minimum or Maximum is displayed in the bottom-left
COrner.

To move to the same x-value for other selected functions,
press [«] or [¢]. To restore the free-moving cursor, press

or ).

intersect finds the coordinates of a point at which two or
more functions intersect using solve{. The intersecticn
must appear on the display to use intersect.

To find an intersection, follow these steps.

1. Select 5:intersect from the CALCULATE menu. The
current graph is displayed with First curve? in the
bottom-left corner.

I
—

Firstourue?
bl i

Yz F

2. Press[+] or [«], if necessary, to move the cursor to the
first function, and then press [ENTER]. Second curve? is
displayed in the bottom-left corner.

3. Press[+] or [+, if necessary, to move the cursor to the
second function, and then press [ENTER].

4. Press [¥] or (4] to move the cursor to the point that is
your guess as to location of the intersection, and then

press [ENTER].

The cursor is on the solution and the coordinates are
displayed, even if CoordOff format is selected. Intersection
is displayed in the bottom-left corner. To restore the free-

moving cursor, press [, (<], [+], or [=].
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dy/dx

TF{(x)dx

dy/dx (numerical derivative) finds the numerical derivative
(slope) of a function at a point, with e=1E-3.

To find a function’s slope at a point, follow these steps.

1. Select 6:dy/dx from the CALCULATE menu. The current
graph is displayed.

2. Press [4] or [7] to select the function for which you want
to find the numerical derivative,

3. Press [¢] or ] (or enter a value) to select the X value at
which to calculate the derivative, and then press [ENTER).

The cursor is on the solution and the numerical derivative
is displayed.

To move to the same x-value for other selected functicns,
press [+] or 7). To restore the free-moving cursor, press
or ]

Jf(x)dx (numerical integral) finds the numerical integral of a
function in a specified interval. It uses the fnint{ function,
with a tolerance of e=1E-3.

To find the numerical derivative of a function, follow these
steps.

1. Select 7:{fp)dx from the CALCULATE menu. The current
graph is displayed with Lower Limit? in the bottom-left
corner.

2. Press [«] or [=] to move the cursor to the function for
which you want to calculate the integral.

3. Set lower and upper limits as you would set left and
right bounds for zero (step 3; page 3-26). The integral
value is displayed, and the integrated area is shaded.

=TT
!ﬁ

Lamgr Lirik?
w1, 20 SECeaduzs MERE14 7

Note: The shaded area is a drawing. Use ClrDraw (Chapter 8) or
any action that invokes Smart Graph to clear the shaded area.
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Getting Started: Path of a Ball

Getting Started is a fast-paced introduction. Read the chapter for details.

Graph the parametric equation that describes the path of a ball hit at an initial
speed of 30 meters per second, at an initial angle of 25 degrees with the
horizontal from ground level. How far does the ball travel? When does it hit the
ground? How high does it go? Ignore all forces except gravity.

For initial velocity v, and angle 8, the position of the ball as a function of time
has horizontal and vertical components.

Horizontal: X1(t)=tvgcos(9) |

Vertical: Y1{t)=tvysin(6)- 7 gt?

The vertical and horizontal vectors of the ball's moticn also will be graphed.
Vertical vector: X2(t)=0 Y2(£)=Y1(t)

Horizontal vector: X3(t)=X1(t) Y3(t)=0

Gravity constant: g=9.8 m/sec?

1. Press [MODE). Press [] [~] [+ [*] [ENTER] to
select Par mode. Press [+] [+] [*] [ENTER] to
select Simul for simultaneous graphing of
all three parametric equations in this
example. :
athi re™EL
M Horiz G-T
2. Press[Y=]. Press 30 25 Flotl PIote Flots
[ANGLE] 1 (to select °) 0] [ENTER] to define ~r1rE3BTCos (2570
X1T in terms of T. gi TBE%$151H':25G p!
3. Press 30 (X107 B 26 @) [ancle] 1 E) [woioe
9832 ENTER] to define Y1T. ﬁzr =
AT
The vertical component vector is defined Flatl Flotz Flobs
by X2T and YaT. ~E1TE3ATeos (25
4. Press 0 [ENTER] to define X2T. mg‘ é?g?l‘%i”ﬁgﬁm 2
~er =@
Var=
nRET S
5. Press [VARS) D] to display the VARS Y-VARS Flotl Flotz PIoEE
menu. Press 2 to display the PARAMETRIC st EIBToos 2570
secondary menu. Press 2 [ENTER] to define Vit BIBTzine 250 )
Yor. ~S, 82T
~rzt B
Yer Yy
SET
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The horizontal component vector is
defined by X3t and Y3T7.

Press [VARS] [v] 2, and then press 1 [ENTER] to
define X3T. Press 0 [ENTER] to define YaT.

Press [«] (1] (] [ENTER] to change the graph
style to % for X317 and Y3T. Press [«] [ENTER)

(ENTER] to change the graph style to - for
X2t and Y21, Press [+] to
change the graph style to - for X1T and Y1T.
(These keystrokes assume that all graph
styles were set to ™ originally.)

Press [WINDOW]. Enter these values for the
window variables.

Tmin=0 Xmin=-10 Ymin=-5
Tmax=5 Xmax=100 Ymax=15
Tstep=.1 Xscl=50 Yscl=10

Press [FormaT] [=] [=] [=] [*] [ENTER] to set.

AxesOff, which turns off the axes.

. Press [GRAPH]. The plotting action
simultaneously shows the ball in flight and
the vertical and horizontal component
vectors of the motion.

Tip: To simulate the ball flying through the air, set
graph style to # (animate) for X1T and Y1T.

. Press [TRACE] to obtain numerical results
and answer the questions at the beginning
of this section.

Tracing begins at Tmin on the first
parametric equation (X1T and Y1T). As you
press [+] to trace the curve, the cursor
follows the path of the ball over time. The
values for X (distance), Y (height), and T
(time) are displayed at the bottom of the
screen.

Fiotl Flpkg Floks
V1r538T$1h(25°3
—-3,852T%

et B

VerBY4r

~RETRAIT

VzrBE

SHANT =

Flotl Plote Flots
V1T A3BTeos 25" )

YipEABT=inC 2552
S B-2T2

ﬁHarE@

VerBYar
oarrEEeT

bl THOIC

TTster=.1
“rmin=-18
Hmax=100
#sc]l=58
Yrin=-5
Ymax=15
Yeol=18

FalariEl

Blr=20Teenl. Yir=20Tsnl2.

N

¢

T=,
H=10.0%E4EY  Y=a.47FDEZE
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Defining and Displaying Parametric Graphs

TI-83 Graphing
Mode Similarities

Seftting
Parametric
Graphing Mode

Displaying the
Parametric Y=
Editor

Selecting a
Graph Style

The steps for defining a parametric graph are similar to the
steps for defining a function graph. Chapter 4 assumes that
you are familiar with Chapter 3: Function Graphing.
Chapter 4 details aspects of parametric graphing that differ
from function graphing.

To display the mode screen, press [MODE]. To graph
parametric equations, you must select Par graphing mode
before you enter window variables and before you enter
the components of parametric equations.

After selecting Par graphing mode, press [Y] to display the
parametric Y= editor.

Flski Flakz Flob3
AR RS |

Vir=

WAET T

VMer=

HIT =

Yirs

WHHT

In this editor, you can display and enter both the X and Y
components of up to six equations, X1T and Y17 through XeT
and YeT. Each is defined in terms of the independent
variable T. A common application of parametric graphs is
graphing equations over time.

The icons to the left of X17 through XeT represent the graph
style of each parametric equation { Chapter 3). The default
in Par mode is ~ (line), which connects plotted points. Line,
% (thick), 4 (path),  (animate), and . (dot) styles are
available for parametric graphing.
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Defining and
Editing
Parametric
Equations

Selecting and
Deselecting
Parametric
Equations

Setting Window
Variables

To define or edit a parametric equation, follow the steps in
Chapter 3 for defining a function or editing a function. The
independent variable in a parametric equation is T. In Par
graphing mode, you can enter the parametric variable T in
either of two ways.

e Press [XT6.4).
¢ Press [Tl

Two components, X and Y, define a single parametric
equation. You must define both of them.

The TI-83 graphs only the selected parametric equations.
In the Y= editor, a parametric equation is selected when the
= signs of both the X and Y components are highlighted.
You may select any or all of the equations X1T and Y1T
through XeT and YeT.

To change the selection status, move the cursor onto the =
sign of either the X or Y component and press [ENTER]. The
status of both the X and Y components is changed.

To display the window variable values, press [WINDOW!.
These variables define the viewing window. The values
below are defaults for Par graphing in Radian angle mode.

Tmin=0 Smallest T value to evaluate
Tmax=6.2831853... Largest T value to evaluate (2m)
Tstep=.1308996... T value increment (n/24)

Xmin=-10 Smallest X value to be displayed
Xmax=10 Largest X value to be displayed
Xscl=1 Spacing between the X tick marks
Ymin=-10 Smallest Y value to be displayed
¥Ymax=10 Largest Y value to be displayed
Yscl=1 Spacing between the Y tick marks

Note: To ensure that sufficient points are plotted, you may want to
change the T window variables.
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Setting the Graph
Format

Displaying a
Graph

Window
Variables and
Y-VARS Menus

To display the current graph format settings, press
[FORMAT]. Chapter 3 describes the format settings in detail.
The other graphing modes share these format settings; Seq
graphing mode has an additional axes format setting.

When you press [GRAPH], the TI-83 plots the selected
parametric equations. It evaluates the X and Y components
for each value of T (from Tmin to Tmax in intervals of
Tstep), and then plots each point defined by X and Y. The
window variables define the viewing window.

As the graph is plotted, X, Y, and T are updated.

Smart Graph applies to parametric graphs (Chapter 3).

You can perform these actions from the home screen or a
program.

Access functions by using the name of the Xor Y
component of the equation as a variable.

it ®,

5
94, FEYIEITE

s Store parametric equations.

M intTa " anyr Flokl Flotz Flok:
al gt ~H1TEsinc T

Moos(Tar"+ Y17 BooscTs
one “HETS

Yer=

¢ Select or deselect parametric equations.

Frofe 1 Flokl Flote Floks
Done wHiT=Cos T

Mir=gintTs

“HETS

Mzr=

e Store values directly to window variables.

SEE+Trax

A6H
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Exploring Parametric Graphs

Free-Moving
Cursor

TRACE

The free-moving cursor in Par graphing works the same as
in Func graphing.

In RectGC format, moving the cursor updates the values of
X and Y; if CoordOn format is selected, X and Y are
displayed.

In PolarGC format, X, Y, R, and 6 are updated; if CoordOn
format is selected, R and 8 are displayed.

you can move the trace cursor along the graph of the
equation one Tstep at a time. When you begin a trace, the
trace cursor is on the first selected function at Tmin. If
ExprOn is selected, then the function is displayed.

In RectGC format, TRACE updates and displays the values
of X, Y, and T if CoordOn format is on.

In PolarGC format, X, ¥, R, 8 and T are updated; if CoordOn
format is selected, R, 8, and T are displayed. The X and Y
(or R and 8) values are calculated from T.

To move five plotted points at a time on a function, press

or [¥). If you move the cursor beyond the top or
bottom of the screen, the coordinate values at the bottom
of the screen continue to change appropriately.

Quick Zoom is available in Par graphing; panning is not
(Chapter 3).
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Moving the Trace
Cursor to Any
Valid T Value

ZOOM

CALC

To move the trace cursor to any valid T value on the
current function, enter the number. When you enter the
first digit, a T= prompt and the number you entered are
displayed in the bottom-left corner of the screen. You can
enter an expression at the T= prompt. The value must be
valid for the current viewing window. When you have
completed the entry, press to move the cursor.

Flskl FIokZ Flatz

~HirBsindT?
Yir 8T
Wr=sindTr | fA7sT Hr=sinits | firsT

s

{ (
¥

T=Z
o d=Bamzary: ly=g

T

ZOOM operations in Par graphing work the same as in Func
graphing. Only the X (Xmin, Xmax, and Xscl) and Y (Ymin,
¥max, and Yscl) window variables are affected.

The T window variables (Tmin, Tmax, and Tstep) are only
affected when you select ZStandard. The VARS ZOOM
secondary menu Z7/26 items 1:ZTmin, 2:ZTmax, and
3:ZTstep are the zoom memory variables for Par graphing.

CALC operations in Par graphing work the same as in Func
graphing. The CALCULATE menu items available in Par
graphing are 1:value, 2:dy/dx, 3:dy/dt, and 4:dx/dt.
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Getting Started: Polar Rose

Getting Started is a fast-paced introduction. Read the chapter for details.

The polar equation R=Asin(B8) graphs a rose. Graph the rose for A=8 and

B=2.5, and then explore the appearance of the rose for other values of A and B.

T

Press to display the mode screen.
Press <] (=] =] [] to select Pol
graphing mode. Select the defaults (the
options on the left) for the other mode
settings.

Press to display the polar Y= editor.
Press 8 2.5 ENTER] to define

ri.

Press 6 to select 6:ZStandard and
graph the equation in the standard viewing
window. The graph shows only five petals
of the rose, and the rose does not appear
to be symmetrical. This is because the
standard window sets 8max=2z and defines
the window, rather than the pixels, as
square.

Press [WINDOW] to display the window
variables. Press [+] 4 [x] to increase the
value of émax to 4.

Press [Z00M) 5 to select 6:ZSquare and plot
the graph.

Repeat steps 2 through 5 with new values
for the variables A and B in the polar
equation ri=Asin(B6). Observe how the new
values affect the graph.

5-2 Polar Graphing
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Defining and Displaying Polar Graphs

TI-83 Graphing
Mode Similarities

Setting Polar
Graphing Mode

Displaying the
Polar Y= Editor

Selecting Graph
Styles

The steps for defining a polar graph are similar to the steps
for defining a function graph. Chapter 5 assumes that you
are familiar with Chapter 3: Function Graphing. Chapter 5
details aspects of polar graphing that differ from function
graphing.

To display the mode screen, press [MODE]. To graph polar
equations, you must select Pol graphing mode before you
enter values for the window variables and before you enter
polar equations.

After selecting Pol graphing mode, press to display the
polar Y= editor.

Plokl Flatz Pletd
g
ME=
wp=
Y=
hES
g

In this editor, you can enter and display up to six polar
equations, r1 through re. Each is defined in terms of the
independent variable 6 (page 5-4).

The icons to the left of r1 through ré represent the graph
style of each polar equation (Chapter 3). The default in Pol
graphing mode is ™ (line), which connects plotted points.
Line, % (thick), 4 (path), # (animate), and . (dot) styles are
available for polar graphing,.
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Defining and
Editing Polar
Equations

Selecting and
Deselecting Polar
Equations

Setting Window
Variabies

To define or edit a polar equation, follow the steps in
Chapter 3 for defining a function or editing a function. The
independent variable in a polar equation is 6. In Pol
graphing mode, you can enter the polar variable 6 in either
of two ways.

The TI-83 graphs only the selected polar equations. In the
Y= editor, a polar equation is selected when the = sign is
highlighted. You may select any or all of the equations.

To change the selection status, move the cursor onto the
= sign, and then press [ENTER].

To display the window variable values, press [WINDOW}.
These variables define the viewing window. The values
below are defaults for Pol graphing in Radian angle mode.

amin=0 Smallest 8 value te evaluate
emax=6.2831853... Largest 6 value to evaluate (21}
Astep=.1308996... Increment between 6 values (n/24)

Xmin=10 Smallest X value to be displayed
Xmax=10 Largest X value to be displayed
Xscl=1 Spacing between the X tick marks
Ymin=-10 Smallest Y value to be displayed
Ymax=10 Largest Y value to be displayed
Yscl=1 Spacing between the Y tick marks

Note: To ensure that sufficient points are plotted, you may want to
change the 8 window variables.
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Setting the Graph
Format

Displaying a
Graph

Window
Variables and
Y-VARS Menus

To display the current graph format settings, press
[FORMAT]. Chapter 3 describes the format settings in detail.
The other graphing modes share these format settings.

When you press [GRAPH], the TI-83 plots the selected polar
equations. It evaluates R for each value of 8 (from emin to
amax in intervals of 8step) and then plots each point. The
window variables define the viewing window.

As the graph is plotted, X, Y, R, and 8 are updated.
Smart Graph applies to polar graphs (Chapter 3).

You can perform these actions from the home screen or a
program.

Access functions by using the name of the equation as a
variable.

Pt E
8

s Store polar equations.

HEE Ty Fleki Flotz Flot:

Dore w1t BDE
wPET

* Select or deselect polar equations.

Frioff 1 Floki Flotz Flaks
Done =08
wpEE

¢ Store values directly to window variables.

B3Emin

8
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Exploring Polar Graphs

Free-Moving
Cursor

TRACE

Moving the Trace
Cursor to Any
Valid 8 Value

ZOOM

CALC

The free-moving cursor in Pol graphing works the same as
in Func graphing. In RectGC format, moving the cursor
updates the values of X and Y; if CoordOn format is
selected, X and Y are displayed. In PolarGC format, X, Y, R,
and 8 are updated; if CoordOn format is selected, R and 8
are displayed.

To activate TRACE, press [TRACE]. When TRACE is active,
you can move the trace cursor along the graph of the
equation one dstep at a time. When you begin a trace, the
trace cursor is on the first selected function at émin. If
ExprOn format is selected, then the equation is displayed.

In RectGC format, TRACE updates the values of X, Y, and 6;
if CoordOn format is selected, X, Y, and 6 are displayed. In
PolarGC format, TRACE updates X, Y, R, and 6; if CoordOn
format is selected, R and & are displayed.

To move five plotted points at a time on a function, press
or ). If you move the trace cursor beyond the
top or bottom of the screen, the coordinate values at the
bottom of the screen continue to change appropriately.

Quick Zoom is available in Pol graphing mode; panning is
not {Chapter 3).

To move the trace cursor to any valid 6 value on the
current function, enter the number. When you enter the
first digit, a 6= prompt and the number you entered are
displayed in the bottom-left corner of the screen. You can
enter an expression at the 8= prompt. The value must be
valid for the current viewing window. When you complete
the entry, press to move the cursor.

ZOOM operations in Pol graphing work the same as in Func
graphing. Only the X (Xmin, Xmax, and Xscl) and Y (Ymin,
Y¥max, and Yscl) window variables are affected.

The 6 window variables (6min, émax, and 6step) are not
affected, except when you select ZStandard. The VARS
ZOOM secondary menu ZT/Z6 items 4:Z6min, 5:Z6max, and
6:Z8step are zoom memory variables for Pol graphing.

CALC operations in Pol graphing work the same as in Func
graphing. The CALCULATE menu items available in Pol
graphing are 1:value, 2:dy/dx, and 3:dr/de.
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Getting Started: Forest and Trees

Getting Started is a fast-paced introduction. Read the chapter for details.

A small forest of 4,000 trees is under a new forestry plan. Each year 20 percent
of the trees will be harvested and 1,000 new trees will be planted. Will the
forest eventually disappear? Will the forest size stabilize? If so, in how many
yvears and with how many trees?

Press [008). Press 515 ) () ) ] =21 Eng
to select Seq graphing mode. Eéggigg?gg

une Far Pol EEBE

2. Press [FORMAT] and select Time axes
format and ExprOn format if necessary.

3. Press[Y3). If the graph-style icon is not . Hﬁi P]itz Flok:
(dot), press [{] [{], press until -, is
displayed, and then press [»] []. nu %g":’ ?épggt’f‘ - But
4. Press (] 3 to select iPart{ (integer 3 E Q?EH}E#‘LEBB
part) because only whole trees are YinMina=
harvested. After each annual harvest, 80 CWERI=
percent (.80) of the trees remain. Press [-]
8 [u] (=] 1 3] to define the
number of trees after each harvest. Press
1000 [J] to define the new trees. Press [+]
4000 to define the number of trees at the
beginning of the program.

Press 0 to set nMin=0. Press [+] 50
to set nMax=50. nMin and nMax evaluate
forest size over 50 years. Set the other
window variables.

ot

PlotStart=1 Xmin=0 Ymin=0
PlotStep=1 Xmax=50 Ymax=6000
Xscl=10 Yscl=1000

6. Press [TRACE). Tracing begins at aAMin (the uziFarte. Bu(:s’.wirwitlmn
start of the forestry plan). Press [] to trace L
the sequence year by year. The sequence is ’
displayed at the top of the screen. The
values for n (number of years}, X (X=n,
because n is plotted on the x-axis), and Y Kn:iih‘i ——
(tree count) are displayed at the bottom.

When will the forest stabilize? With how
many trees?
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Defining and Displaying Sequence Graphs

TI-83 Graphing
Mode Similarities

Setting Sequence
Graphing Mode

TI-83 Sequence
Functions u, v,
and w

The steps for defining a sequence graph are similar to the
steps for defining a function graph. Chapter 6 assumes that
you are familiar with Chapter 3: Function Graphing.
Chapter 6 details aspects of sequence graphing that differ
from function graphing.

To display the mode screen, press [MODE]. To graph
sequence functions, you must select Seq graphing mode
before you enter window variables and before you enter
sequence functions.

Sequence graphs automatically plot in Simul mode,
regardless of the current plotting-order mode setting.

The TI-83 has three sequence functions that you can enter
from the keyboard: u, v, and w. They are above the (7], (8],
and (9] keys.

You can define sequence functions in terms of:

¢ The independent variable n

¢ The previous term in the sequence function, such as
u(n-1)

¢ The term that precedes the previous term in the
sequence function, such as u(n-2)

¢ The previous term or the term that precedes the

previous term in another sequence function, such as
u(n-1) or u{n-2) referenced in the sequence v(n).

Note: Statements in this chapter about u(n) are also true for v{n) and
w(n); statements about u{n-1} are also true for v(n-1) and w{n-1};
statements about u(n-2) are also true for v{n-2) and w(n-2).
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Displaying the
Sequence Y=
Editor

Selecting Graph
Styles

Selecting and
Deselecting
Sequence
Functions

After selecting Seq mode, press to display the sequence
Y= editor.

Flobi Flotz Plat3
nMin=1

L RI=
uinfing=
A =
winflind=

R LS ED
wiafing=

In this editor, you can display and enter sequences for u{n},
v(n)}, and w({n). Also, you can edit the value for aMin, which
is the sequence window variable that defines the minimum
nvalue to evaluate.

The sequence Y= editor displays the nMin value because of
its relevance to u(nMin), v(nMin), and w(nMin), which are the
initial values for the sequence equations u(n), v(n), and
w(n), respectively.

nMin in the Y= editor is the same as nMin in the window
editor. If you enter a new value for nMin in one editor, the
new value for nMin is updated in both editors.

Note: Use u(nMin), v{nMin), or w{nMin) only with a recursive
sequence, which requires an initial value.

The icons to the left of u(n), v(n), and w{n) represent the
graph style of each sequence (Chapter 3). The default in
Seq mode is *. (dot), which shows discrete values. Dot,
“ (line), and % (thick) styles are available for sequence
graphing. Graph styles are ignored in Web format.

The TI-83 graphs only the selected sequence functions. In
the Y= editor, a sequence function is selected when the =
signs of both u(n)= and u(nMin)= are highlighted.

To change the selection status of a sequence function,
move the cursor onte the = sign of the function name, and
then press [ENTER]. The status is changed for both the
sequence function u{n) and its initial value u(nMin}.
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Defining and
Editing a
Sequence
Function

Nonrecursive
Sequences

To define or edit a sequence function, follow the steps in
Chapter 3 for defining a function. The independent variable
in a sequence is n.

In Seq graphing mode, you can enter the sequence variable
in either of two ways.

s Press [X.T.6.1.
¢ Press [cATALOG] [N].

You can enter the function name from the keyboard.

e To enter the function name u, press [u] (above [7]).
¢ To enter the function name v, press [v] {above [B]).
e To enter the function name w, press [w] (above [9]).

Generally, sequences are either nonrecursive or recursive.
Sequences are evaluated only at consecutive integer
values. nis always a series of consecutive integers, starting
at Zero or any positive integer.

In a nonrecursive sequence, the nth term is a function of
the independent variable n. Each term is independent of all
other terms.

For example, in the nonrecursive sequence below, you can
calculate u(s) directly, without first calculating u{1) or any
previous term.

Flokd Plokz Platd
nMin=]
RPN - L 1
Uiniino B
=
wining=

R I e
Wwindini=

The sequence equation above returns the sequence
2,4,6,810,...forn=1,2,3,45....

Note: You may leave blank the initial value u{nMin) when calculating
nonrecursive sequences.
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Recursive
Sequences

In a recursive sequence, the nth term in the sequence is
defined in relation to the previous term or the term that
precedes the previous term, represented by u{n-1) and
u{n-2). A recursive sequence may also be defined in
relation to n, as in u(n)=u(n-1)+n.

For example, in the sequence below you cannot calculate
u(5) without first calculating u(1), u(2), u(3), and u(4).

Flotl Flotk Flots
nMin=1

U BZRCe—12
wipMinaB1

Using an initial value u{nMin) = 1, the sequence above
returns 1, 2, 4, 8,16, . ..

Tip: On the TI-83, you must type each character of the terms. For
example, to enter u{n-1), press fu] HEO
Recursive sequences require an initial value or values,
since they reference undefined terms.

¢ If each term in the sequence is defined in relation to the

previous term, as in u{n-1), you must specify an initial
value for the first term.

Flobl Flokz Flots

niin=1
B Bula—1 243

uinMinsB168

¢ If each term in the sequence is defined in relation to the
term that precedes the previous term, as in u{n-2), you
must specify initial values for the first two terms. Enter
the initial values as a list enclosed in braces ({ |) with
commas separating the values.

Ho-t_i Flok2 FlokZ
wHLn=
kg(n)ﬂuin—1)+u(n
LHEnMinyBil. 83

The value of the first term is 0 and the value of the second
term is 1 for the sequence u(n).
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Setting Window
Variables

To display the window variables, press (WINDOW]. These
variables define the viewing window. The values below are
defaults for Seq graphing in both Radian and Degree angle
modes.

nMin=1 Smallest n value to evaluate

nMax=10 Largest n value to evaluate
PlotStart=l First term number to be plotted
PlotStep=l Incremental i value (for graphing only)
Xmin=-10 Smallest X value to be displayed
Xmax=10 Largest X value to be displayed

Xscl=l Spacing between the X tick marks
Ymin=-10 Smallest Y value to be displayed
Ymax=10 Largest Y value to be displayed

Yscl=sl Spacing between the Y tick marks

nMin must be an integer > 0. nMax, PlotStart, and PlotStep
must be integers = 1.

nMin is the smallest nvalue to evaluate. nMin also is
displayed in the sequence Y= editor. AMax is the largest n
value to evaluate. Sequences are evaluated at u(nMin),
u(nMin+1), u(nMin+2) , . . ., u{nMax).

PlotStart is the first term to be plotted. PlotStart=1 begins
plotting on the first term in the sequence. If you want
plotting to begin with the fifth term in a sequence, for
example, set PlotStart=5. The first four terms are evaluated
but are not plotted on the graph.

PlotStep is the incremental i value for graphing only.
PlotStep does not affect sequence evaluation; it only
designates which points are plotted on the graph. If you
specify PlotStep=2, the sequence is evaluated at each
consecutive integer, but it is plotted on the graph only at
every other integer.
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Selecting Axes Combinations

Setting the Graph To display the current graph format settings, press

Format [FORMAT]. Chapter 3 describes the format settings in detail.
The other graphing modes share these format settings. The
axes setting on the top line of the screen is available only
in Seq mode.

Time Web uv vw uw  Type of sequence plot (axes)

RectGC PolarGl Rectangular or polar output
CoordOn  Coord0ff Cursor coordinate display on/off
Grid0ff GridOn Grid display off or on
AxesOn  AxesOff Axes display on or off
Label0ff LabelOn Axes label display off or on
ExprOn  ExprOff Expression display on or off
Setting Axes For sequence graphing, you can select from five axes
Format formats. The table below shows the values that are plotted
on the x-axis and y-axis for each axes setting.
Axes Setfing X-axis y-axis
Time n u(n), v{n), w(n)
Web u(n-1), v(n-1), w{n-1) | u(n), v(n), w(n)
uv u(n) v(n)
VW v{n) w(n)
uw u{n) w(n)

See pages 6-11 and 6-12 for more information on Web
plots. See page 6-13 for more information on phase plots
(uv, vw, and uw axes settings).

Displaying a To plot the selected sequence functions, press [GRAPH]. As a

Sequence Graph  graph is plotted, the TI-83 updates X, Y, and n.

Smart Graph applies to sequence graphs (Chapter 3).
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Exploring Sequence Graphs

Free-Moving
Cursor

TRACE

Moving the Trace
Cursor to Any
Valid n Value

The free-moving cursor in Seq graphing works the same as
in Func graphing. In RectGC format, moving the cursor
updates the values of X and Y; if CoordOn format is
selected, X and Y are displayed. In PolarGC format, X, Y, R,
and 8 are updated; if CoordOn format is selected, R and 8
are displayed.

The axes format setting affects TRACE.

When Time, uv, vw, or uw axes format is selected, TRACE
moves the cursor along the sequence one PlotStep
increment at a time. To move five plotted points at once,

press or (2nd [{.

s When you begin a trace, the trace cursor is on the first
selected sequence at the term number specified by
PlotStart, even if it is outside the viewing window.

¢ Quick Zoom applies to all directions. To center the
viewing window on the current cursor location after
you have moved the trace cursor, press [ENTER]. The
trace cursor returns to nMin.

In Web format, the trail of the cursor helps identify points
with attracting and repelling behavior in the sequence.
When you begin a trace, the cursor is on the x-axis at the
initial value of the first selected function.

Tip: To move the curser to a specified hduring a trace, enter a value
for h, and press [ENTER]. For example, to quickly return the cursor to the
beginning of the sequence, paste nMin to the n= prompt and press
[ERTER).

To move the trace cursor to any valid a2 value en the
current function, enter the number. When you enter the
first digit, an n= prompt and the number you entered are
displayed in the bottom-left corner of the screen. You can
enter an expression at the n = prompt. The value must be
valid for the current viewing window. When you have
completed the entry, press to move the cursor.

H=uCn=Ei+uln~2) =M =114uln-21

= é. ??5255 i
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ZOOM

CALC

Evaluating u, v,

and w

6-10

ZOOM operations in Seq graphing work the same as in
Func graphing. Only the X (Xmin, Xmax, and Xscl) and Y
(Ymin, Ymax, and Yscl) window variables are affected.

PlotStart, PlotStep, nMin, and nMax are only affected when
you select ZStandard. The VARS Zoom secondary menu ZU
items 1 through 7 are the ZOOM MEMORY variables for Seq
graphing.

The only CALC operation available in Seq graphing is value.

When Time axes format is selected, value displays Y {the
u(n) value) for a specified n value.

When Web axes format is selected, value draws the web
and displays Y (the u(n) value) for a specified n value.
When uv, vw, or uw axes format is selected, value
displays X and Y according to the axes format setting.
For example, for uv axes format, X represents u(n} and
Y represents v{n).

To enter the sequence names u, v, Or w, press [¢], [v], or

[w]. You can evaluate these names in any of three ways.

Calculate the nth value in a sequence.
Calculate alist of values in a sequence.

Generate a sequence with u(nstart,nstopl,nstepl). nstep
is optional; default is 1.

TREtaytyc3l

Wil 25,7902
1 9 25 49 313
L1922
{1 9 25 49 213
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Graphing Web Plots

Graphing a Web
Piot

Valid Functions
for Web Plots

Displaying the
Graph Screen

Drawing the Web

To select Web axes format, press [FORMAT] [*] [ENTER]. A
web plot graphs u(n) versus u{n-1), which you can use to
study long-term behavior (convergence, divergence, or
oscillation) of a recursive sequence. You can see how the
sequence may change behavior as its initial value changes.

When Web axes format is selected, a sequence will not

graph properly or will generate an error.

¢ It must be recursive with only one recursion level
(u{n-1) but not u{n-2)).

¢ It cannot reference n directly.

o It cannot reference any defined sequence except itself.

In Web format, press to display the graph screen.
The TI-83:

¢ Draws a y=x reference line in AxesOn format.

¢ Plots the selected sequences with u{n-1) as the
independent variable.

Note: A potential convergence point occurs whenever a sequence
intersects the y=x referance line. However, the sequence may or may
not actually converge at that point, depending on the sequence’s initial
value.

To activate the trace cursor, press [TRACE]. The screen
displays the sequence and the current n, X, and Y values (X
represents u(n-1) and Y represents u(n)). Press [»]
repeatedly to draw the web step by step, starting at nMin.
In Web format, the trace cursor follows this course.

1. It starts on the x-axis at the initial value u(pMin} (when
PlotStart=1).

2. It moves vertically (up or down) to the sequence.
3. It moves horizontally to the y=x reference line.

4. It repeats this vertical and horizontal movement as you
continue to press [»].
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Using Web Plots to lllustrate Convergence

Example: 1. Press in Seq mode to display the sequence Y= editor.
Convergence Make sure the graph style is set to ". {dot), and then
define nMin, u(n) and u{nMin) as shown below.

Flebl Flokz Plots
alin=l .
L aR - Buia—-1

3!";‘ .
uinMinaBL-4r
il =
vinling=

AL A=

2. Press [FORMAT] [ENTER] to set Time axes format.
3. Press [WINDOW} and set the variables as shown below.

nMin=1 Xmin=0 Ymin=-10
nMax=25 Xmax=25 Ymax=10
PlotStart=1 Xscl=1 Yscl=1
PlotStep=1

4. Press [GRAPH] to graph the sequence.

5. Press [FORMAT] and select the Web axes setting.

6. Press [WINDOW] and change the variables below.
Xmin=-10 Xmax=10

=1

Press to graph the sequence.

8. Press [TRACE], and then press [¥] to draw the web. The
displayed cursor coordinates n, X (u{n-1)), and
Y (u{n)) change accordingly. When you press ], anew n
value is displayed, and the trace cursor is on the
sequence. When you press ] again, the n value remains
the same, and the cursor moves to the y=x reference line.
This pattern repeats as you trace the web.

uz - Buir-1i+2.5 -~
|13

o

ErL 1
W=l PEELAVE V=l P EEiAve
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Graphing Phase Plots

Graphing with uv, The phase-plot axes settings uv, vw, and uw show
relationships between two sequences. To select a
phase-plot axes setting, press [FORMAT], press [+] until
the cursor is on uv, vw, or uw, and then press [ENTER].

vw, and uw

Example:
Predator-Prey
Model

Axes Setting X-axis y-axis
uv u(n) v{n)
vw v({n) w(n)
uw u{n) w{n)

Use the predator-prey model to determine the regional
populations of a predator and its prey that would maintain
population equilibrium for the two species.

This example uses the model to determine the equilibrium
populations of wolves and rabbits, with initial populations
of 200 rabbits (u(nMin}) and 50 wolves {(v{nMin)}).

These are the variables {given values are in parentheses):

R = number of rabbits

M = rabbit population growth rate without wolves  (.05)
K = rabbit population death rate with wolves {.001)
W = number of wolves

G = wolf population growth rate with rabbits {.0002)
D = wolf population death rate without rabbits (.03)
n = time (in months)

R, =R, (1+M-KW, D

W, = W, (1+GR,_,-D)

1. Press in Seq mode to display the sequence Y= editor.
Define the sequences and initial values for R,, and W, as
shown below. Enter the sequence R, as u(n) and enter
the sequence W, as v(n).

Flotl FlotZ Ploks
nblinsl .
e naButn—-1 a1+
Rl ERETNTEES

5_
uininaBLzeax
uiniBuin-1 ki l+
BEAZ+ECn—] 21—, B3

h)
vinMinaBLSE>

k=
winMina=
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2. Press [FORMAT] [ENTER] to select Time axes format.

3. Press [WINDOW] and set the variables as shown below.

nMin=0
nMax=400
PlotStart=1
PlotStep=1

Xmin=0 Ymin=0
Xmax=400 Ymax=300
Xscli=100 Yscl=100

4. Press [GRAPH] to graph the sequence.

NVAVAN

W

5. Press [TRACE to individually trace the number of
rabbits (u{n}) and wolves (v(n)) over time (n).

Tip: Press a number, and then press to jump to a specific n

value {month) while in TRACE.

Uy -1kl + 05— giddei_

=20l

=l -1kl + 05 - Gdd sy

VAVAN

AzED N SR
f ] Yoifi PE1EE .

6. Press [ForRMAT] [»] [¥] [ENTER] to select uv axes

format.

7. Press [WINDOW] and change these variables as shown

below.
Xmin=84
Xmax=237
Xscli=50

Ymin=25
Ymax=75
Ysci=10

8. Press [TRACE]. Trace both the number of rabbits (X} and
the number of wolves (Y) through 400 generations.

Rtk LS BRI Lk £ oL L

oz

1]
fey
™

0MBZER  V=AE.AECAYT
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Note: When you press [TRACE), the
equation for u is displayed in the
top-left cormer. Press [«] or[+] to
see the equation for v.



Comparing TI-83 and TI-82 Sequence Variables

Sequences and Refer to the table if you are familiar with the TI-82. It

Window shows TI-83 sequences and sequence window variables, as
Variables well as their TI-82 counterparts.
TI-83 TI-82
In the Y= editor:
u(n) Un
u(nMin) UnStart (window variable)
v(n) Vn
v{nMin) VnStart (window variable)
w(n) not available
w(nMin) not available

In the window editor:

nMin nStart

nMax nMax
PlotStart nMin
PlotStep not available
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Keystroke Differences Between TI-83 and TI-82

Sequence Refer to the table if you are familiar with the TI-82. It
Keystroke compares TI-83 sequence-name syntax and variable syntax
Changes with TI-82 sequence-name syntax and variable syntax.
TI-83/TI-82 On Ti-83, press: On TI-82, press:
nin (]
u(n) / Un [u] [Y-vARS]
v{n}/Vn [v] [Y-VARS]
n 0]
wi(n) [w] not available
[J[XLeq 0]
u(n=1)/Un-1  [2d) [u] [Up—s]
B
v{in-1) Vi1 [v] [Va—1]
[HXIead 010
w(n-1) [2nd] [w] not available
[JXIead 010
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Getting Started: Roots of a Function

Getting Started is a fast-paced introduction. Read the chapter for details.

Evaluate the function Y = X% - 2X at each integer between -10 and 10. How

many sign changes occur, and at what X values?

T

Press [MODE] (=] (=] [=] [ENTER] to set Func

graphing mode.

Press [Y). Press WATH) 3 to select 3.

Then press [-] 2 to enter the
function Y1=X3-2X.

Press [TBLSET] to display the TABLE
SETUP screen. Press [ 10 to set.
ThiStart=-10. Press 1 to set ATbI=1.

Press to select Indpnt: Auto
(automatically generated independent
values). Press [+] to select
Depend: Auto (autematically generated
dependent values).

Press [TABLE] to display the table
screer.

Press (] until you see the sign changes in
the value of Y1. How many sign changes
occur, and at what X values?

7-2 Tables
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Setting Up the Table

TABLE SETUP
Screen

ThbiStart, ATbi

Indpnt: Auto,
Indpnt: Ask,
Depend: Auto,
Depend: Ask

Setting Up the
Table from the
Home Screen or
a Program

To display the TABLE SETUP screen, press [TBLSET].
THELE SETUP

Start=0
albl=l
Indent: AR Ask
Dependt [EEI% Ask

TbiStart (table start) defines the initial value for the
independent variable. ThiStart applies only when the
independent variable is generated automatically (when
indpnt: Auto is selected).

ATbI {table step) defines the increment for the independent
variable.

Note: In Seq mode, both ThiStart and ATbl must be integers.

Selections Table Characteristics

indpnt: Auto
Depend: Auto

Values are displayed automatically in both
the independent-variable column and in all
dependent-variable columns.

indpnt: Ask
Depend: Auto

The table is empty; when you enter a value
for the independent variable, all
corresponding dependent-variable values
are calculated and displayed automatically.

Indpnt: Auto  Values are displayed automatically for the

Depend: Ask  independent variable; to generate a value
for a dependent variable, move the cursor
to that cell and press [ENTER].

indpnt: Ask The table is empty; enter values for the

Depend: Ask  independent variable; to generate a value

for a dependent variable, move the cursor
to that cell and press [ENTER].

To store a value to TbiStart, ATbl, or Thilnput from the
home screen or a program, select the variable name from
the VARS TABLE secondary menu. Thilnput is a list of
independent-variable values in the current table.

When you press [TBLSET] in the program editor, you
can select IndpntAuto, IndpntAsk, DependAuto, and
DependAsk.
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Defining the Dependent Variables

Defining
Dependent
Variables from
the Y= Editor

Editing
Dependent
Variabies from
the Table Editor

7-4 Tables

In the Y= editor, enter the functions that define the
dependent variables. Only functions that are selected in the
Y= editor are displayed in the table. The current graphing
mode is used. In Par mode, you must define both
components of each parametric equation (Chapter 4).

To edit a selected Y= function from the table editor, follow
these steps.

1. Press [TABLE] to display the table, then press ] or
[¢] to move the cursor to a dependent-variable column.

2. Press [«] until the cursor is on the function name at the
top of the column. The function is displayed on the
bottom line.

< |1

i
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3. Press [ENTER]. The cursor moves to the bottom line. Edit
the function.
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4. Press [ENTER] or [+]. The new values are calculated. The
table and the Y= function are updated automatically.
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Note: You also can use this feature to view the function that
defines a dependent variable without having to leave the table.



Displaying the Table

The Table

Independent and
Dependent
Variables

Clearing the
Table from the
Home Screen or
a Program

To display the table, press [TABLE].

Current cell
Independent- TR INT Dependent-

I i 4817 f ]
variable values iy iyl T variable values in
in the first ix -y HH | -E7 AN the second and

1x -tz BB | “Be.HB i
column 1 g g gegn ‘__Ihrrd columns
1L “E0.: “hO.g
is “G4.53 § 7453
Y1=-39. 173120459

Current cell’s full value
Note: The table abbreviates the values, if necessary.

The current graphing mode determines which independent
and dependent variables are displayed in the table
(Chapter 1). In the table above, for example, the
independent variable X and the dependent variables Y1 and
Y2 are displayed because Func graphing mode is set.

Graphing Mode  independent Dependent
Variable Variable

Func (function) X Y1 through Ys, and
Yo

Par (parametric) T XtT/Y1T through
X6T/Y6T

Pol (polar) 6 r1 through rs

Seq (sequence) n u{n), v(n), and w(n)

From the home screen, select the ClrTable instruction from
the CATALOG. To clear the table, press [ENTER].

From a program, select $:ClrTable from the PRGM 1/O menu
or from the CATALOG. The table is cleared upon execution.
If iIndpntAsk is selected, all independent and dependent
variable values on the table are cleared. If DependAsk is
selected, all dependent variable values on the table are
cleared.
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Scrolling
Independent-
Variable Values

Displaying Other
Dependent
Variables

7-6 Tables

If indpnt: Auto is selected, you can press [+] and [+] in the
independent-variable column to display more values. As
you scroll the column, the corresponding dependent-
variable values also are displayed. All dependent-variable
values may not be displayed if Depend: Ask is selected.

W # Y Yz
[ [-1 |} k]
3 0 o 0
] i -1 -3
i S 4 )
1] 3 £ iz
168 H £g T3
sz £ 11 13
w=0 w=-1

Note: You can scroll back from the value entered for ThiStart. As you
scroil, ThiStart is updated automatically to the value shown on the top
line of the {able. In the example above, TbiStart=0 and ATbl=1
generates and displays values of X=0, . . ., 6; but you can press [«] to
scroil back and display the table for X=-1, .. | 5.

If you have defined more than two dependent variables,
the first two selected Y= functions are displayed initially.
Press [+] or [ to display dependent variables defined by
other selected Y= functions. The independent variable
always remains in the left column, except during a trace
with Par graphing mode and G-T split-screen mode set.
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Tip: To simultaneously display on the table two dependent variables
that are not defined as consecutive Y= functions, go fo the Y= editor
and deselect the Y= functions between the two you want to display.
For example, to simultaneously display Y4 and Y7 on the table, go to
the Y= editor and deselect Y5 and Y6.
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Getting Started: Drawing a Tangent Line

Getting Started is a fast-paced introduction. Read the chapter for details.

Suppose you want to find the equation of the tangent line at X = v2/2 for the
function Y = sinX.

Before you begin, select Radian and Func Flaki Flotz Flab
mode from the mode screen, if necessary. :‘ﬁ ‘1_& 55 inCsD
1. Press[Y9) to display the Y= editor. Press fﬁiz
to store sin(X) in Y1. He=
M=
~Nr=

2. Press[Z0OM)| 7 to select 7:ZTrig, which
graphs the equation in the Zoom Trig
window.

3. Press [DRAW] 5 to select 5:Tangent(. =5iniH)

The tangent instruction is initiated.

H=0 Y=
4, Press W20 E 2 [=sineias
={L23-2Z0
5. Press [ENTER]. The tangent line is drawn; the -~
X value and the tangent-line equation are ,"/
displayed on the graph. .,

H=. 707 Li067H
P PEENNMNTRETR+ L 06 .
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Using the DRAW Menu

DRAW Menu

Before Drawing
on a Graph

Drawing on a
Graph

To display the DRAW menu, press [DRAW]. The TI-83's
interpretation of these instructions depends on whether
you accessed the menu from the home screen or the
program editor or directly from a graph.

DRAW POINTS STO

1: ClrDraw Clears all drawn elements.

2: Linet Draws a line segment between 2 points.
3: Horizental Draws a horizontal line,

4: Vertical Draws a vertical line,

5: Tangent( Draws a line segment tangent to a function.
6: DrawF Draws a function.

7+ Shade( Shades an area between two functions,
8: Drawlnv Draws the inverse of a function.

9: Circle( Draws a circle.

0: Text( Draws text on a graph screen.

A: Pen Activates the free-form drawing tool.

The DRAW instructions draw on top of graphs. Therefore,
before you use the DRAW instructions, consider whether
you want to perform one or more of the following actions.

¢ Change the mode settings on the mode screen.

s Change the format settings on the format screen.

¢ Enter or edit functions in the Y= editor.

+ Select or deselect functions in the Y= editor.

¢ Change the window variable values.

¢ Turn stat plots on or off.

¢ Clear existing drawings with ClrDraw (page 8-4).
Note: If you draw on a graph and then perform any of the actions

listed above, the graph is replotted without the drawings when you
display the graph again.

You can use any DRAW menu instructions except Drawinv
to draw on Func, Par, Pol, and Seq graphs. Drawinv is valid
only in Func graphing. The coordinates for all DRAW
instructions are the display’s X-coordinate and y-coordinate
values.

You can use most DRAW menu and DRAW POINTS menu
instructions to draw directly on a graph, using the cursor
to identify the coordinates. You also can execute these
instructions from the home screen or from within a
program. If a graph is not displayed when you select a
DRAW menu instruction, the home screen is displayed.

DRAW Instructions 8-3



Clearing Drawings

Clearing
Drawings When
a Graphls
Displayed

Clearing
Drawings from
the Home Screen
or a Program

All points, lines, and shading drawn on a graph with DRAW
instructions are temporary.

To clear drawings from the currently displayed graph,
select 1:ClrDraw from the DRAW menu. The current graph
is replotted and displayed with no drawn elements.

To clear drawings on a graph from the home screen or a
program, begin on a blank line on the home screen or in
the program editor. Select 1:ClrDraw from the DRAW menu.
The instruction is copied to the cursor location. Press

ENTER].

When ClrDraw is executed, it clears all drawings from the
current graph and displays the message Done. When you
display the graph again, all drawn points, lines, circles, and
shaded areas will be gone.

ClrDyaw
Done

Note: Before you clear drawings, you can store them with StorePic
{page 8-17).
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Drawing Line Segments

Drawing a Line To draw a line segment when a graph is displayed, follow
Segment Directly these steps.
on a Graph

1. Select 2:Line( from the DRAW menu.

2. Place the cursor on the point where you want the line
segment to begin, and then press [ENTER].

3. Move the cursor to the point where you want the line
segment to end. The line is displayed as you move the

cursor. Press [ENTER].

-

e

=

e

#=E.3181488 IY=6.4F16120

To continue drawing line segments, repeat steps 2 and 3.

To cancel Line{, press [CLEAR).

Drawing a Line Line{ also draws a line segment between the coordinates
Segment from (X1,YI) and (X2,Y2). The values may be entered as
the Home Screen expressions.

or a Program Line(X1,¥1,X2,Y2)
Line(@. 5. 6. 908

To erase aline segment, enter Line(X1,Y1,X2,Y2,0)
LinedZ: 3. 4.6, 80 ff
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Drawing Horizontal and Vertical Lines

Drawing a Line To draw a horizontal or vertical line when a graph is
Directlyona displayed, follow these steps.
Graph

1. Select 3:Horizontal or 4:Vertical from the DRAW menu. A
line is displayed that moves as you move the cursor.

2. Place the cursor on the y-coordinate (for horizontal
lines} or x-coordinate {for vertical lines) through which
you want the drawn line to pass.

3. Press [ENTER] te draw the line on the graph.

A= -L.FEEBET V=4 193E4BY

To continue drawing lines, repeat steps 2 and 3.

To cancel Horizontal or Vertical, press [CLEAR).
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Drawing a Line Horizontal (horizontal line) draws a horizontal line at Y=y.
from the Home y can be an expression but not a list.
Screen or a .
Program Horizontal
Vertical (vertical line) draws a vertical line at X=x. & can be

an expression but not a list.
Vertical &

To instruct the TT-83 to draw more than one horizontal or
vertical line, separate each instruction with a colon ( : }.

Morizontal 7Y idler
L%Eal 4:lertical
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Drawing Tangent Lines

Drawing

a Tangent Line
Directly

on a Graph

Drawing

a Tangent Line
from the Home
Screen or

a Program

To draw a tangent line when a graph is displayed, follow
these steps.

1. Select 5:Tangent({ from the DRAW menu.

2. Press [+] and [+] to move the cursor to the function for
which you want to draw the tangent line. The current
graph’s Y= function is displayed in the top-left corner, if
ExprOn is selected.

3. Press D] and [{] or enter a number to select the point on
the function at which you want to draw the tangent line.

4. Press [ENTER]. In Func mode, the X value at which the
tangent line was drawn is displayed on the bottom of
the screen, along with the equation of the tangent line.
In all other modes, the dy/dx value is displayed.

™

T

"

S
T

A-L.963498Y
v - THEBHEZEOPIEN+1.67 L

Tip: Change the fixed decimal setting on the mode screen if you want
to see fewer digits displayed for X and the equation for Y.

Tangent( (tangent line) draws a line tangent to expression
in terms of X, such as Y1 or X2, at point X=value. X can be
an expression. expressior is interpreted as heing in Func

mode.

Tangent{expression,value)

TangentoY, 320 f
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Drawing Functions and Inverses

Drawing a
Function

Drawing an
Inverse of a
Function

DrawF (draw function) draws expression as a function in
terms of X on the current graph. When you select 6:DrawF
from the DRAW menu, the TI-83 returns to the home screen
or the program editor. DrawF is not interactive,

Ny
j

Note: You cannot use a list in expression to draw a family of curves,

DrawF expression

DrawF Y1-SA

Drawlnv (draw inverse) draws the inverse of expression by
plotting X values on the y-axis and Y values on the x-axis.
When you select 8:Drawlnv from the DRAW menu, the TI-83
returns to the home screen or the program editor. Drawlnv
is not interactive. Drawlnv works in Func mode only.

Drawinv expression

Drawine Y10 ggf
/\ o

Note: You cannot use a list in expression to draw a family of curves.
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Shading Areas on a Graph

Shading a Graph  To shade an area on a graph, select 7:Shade( from the
DRAW menu. The instruction is pasted to the home screen
or to the program editor.

Shade( draws lowerfunc and upperfunc in terms of X on
the current graph and shades the area that is specifically
abaove lowerfunc and below upperfunc. Only the areas
where lowerfunc < upperfurc are shaded.

Xleft and Xright, if included, specify left and right
boundaries for the shading. Xieft and Xvight must be
numbers between Xmin and Xmax, which are the defaults.

pattern specifies one of four shading patterns.

pattern=1 vertical (default)
pattern=2 horizontal
pattern=3 negative—slope 45°
pattern=4 positive—slope 45°

patres specifies one of eight shading resolutions.

patres=1 shades every pixel (default)
patres=2 shades every second pixel
patres=3 shades every third pixel
patres=4 shades every fourth pixel
patres=5 shades every fifth pixel
patres=6 shades every sixth pixel
patres=7 shades every seventh pixel
patres=8 shades every eighth pixel

Shade(lowerfuncupperfunc| Xleft Xright,pattern,patres))

Ehadetre —0r, A—23
TShade K2, %5 —5i é

2 Thrdrdan

8-10 DRAW Instructions



Drawing Circles

Drawing a Circle
Directlyona
Graph

Drawing a Circle
from the Home
Screen or a
Program

To draw a circle directly on a displayed graph using the
cursor, follow these steps.

1. Select 9:Circle( from the DRAW menu.

2. Place the cursor at the center of the circle you want to

draw. Press [ENTER)].

3. Move the cursor to a point on the circumference. Press
ENTER] to draw the circle on the graph.

a
.

Note: This circle is displayed as circular, regardiess of the window
variable values, because you drew it directly on the display. When
you use the Circle( instruction from the home screen or a
program, the current window variables may distert the shape.

H=h Y=H.PORETPH

To continue drawing circles, repeat steps 2 and 3. To

cancel Circle(, press [CLEAR].

Circle( draws a circle with center (X,¥Y) and radius. These
values can be expressions.

Circle(X,Y,radius)
Circledd.a, 72

Tip: When you use Circle( on the home screen or from a program,
the current window values may distort the drawn circle. Use ZSquare

(Chapter 3) before drawing the circie to adjust the window variables
and make the circle circular.
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Placing Text on a Graph

Placing Text
Directlyona
Graph

Placing Text on a
Graph from the
Home Screen or
a Program

Split Screen

To place text on a graph when the graph is displayed,
follow these steps.

1. Select 0:Text{ from the DRAW menu.
2. Place the cursor where you want the text to begin.

3. Enter the characters. Press or [A-LOCK] to
enter letters and 8. You may enter TI-83 functions,
variables, and instructions. The font is proportional, so
the exact number of characters you can place on the
graph varies. As you type, the characters are placed on
top of the graph.

To cancel Text(, press [CLEAR].

Text{ places on the current graph the characters
comprising value, which can include TI-83 functions and
instructions. The top-left corner of the first character is at
pixel (row,column), where row is an integer between

0 and 57 and colummn is an integer between 0 and 94. Both
row and column can be expressions.

K,
[XFLN] (0284

CEP ) (EFaEY
.“‘ .‘a.

Text(row, column,valuevalue . . )

value can be text enclosed in quotation marks ("), or it
can be an expression. The TI-83 will evaluate an
expression and display the result with up to 10 characters.

Tewtidd, 5k, "=,

2R IS EET I /“ \/"

Vi 2RT-2H+E

On a Horiz split screen, the maximum value for row is 25.
On a &-T split screen, the maximum value for row is 45,
and the maximum value for column is 46.
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Using Pen to Draw on a Graph

Using Pen to
Draw on a Graph

Pen draws directly on a graph only. You cannot execute
Pen from the home screen or a program.

To draw on a displayed graph, follow these steps.

1.
2.

4.

Select A:Pen from the DRAW menu.

Place the cursor on the point where you want to begin
drawing. Press [ENTER] to turn on the pen.

Move the cursor. As you move the cursor, you draw on
the graph, shading one pixel at a time.

Press [ENTER] to turn off the pen.

For example, Pen was used to create the arrow pointing to
the local minimuin of the selected function.

-

To continue drawing on the graph, move the cursor to a
new position where you want to begin drawing again, and
then repeat steps 2, 3, and 4. To cancel Pen, press [CLEAR].
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Drawing Points on a Graph

DRAW POINTS
Menu

Drawing Points
Directly on a
Graph with
Pt-On(

To display the DRAW POINTS menu, press [DRAW] D).
The TI-83's interpretation of these instructions depends on
whether you accessed this menu from the home screen or
the program editor or directly from a graph.

DRAW PGINTS STO

1: Pt-On( Turns on a point.

2: Pt-0ff{ Turns off a point.

3: Pt-Change( Toggles a point on or off.

4: Px1-0n( Turns on a pixel.

5: Px1-0ff¢ Turns off a pixel.

6: Px1-Change( Toggles a pixel on or off,
7:pxl-Test( Returns 1 if pixel on, 0 if pixel off.

To draw a point on a graph, follow these steps.
1. Select 1:Pt-On( from the DRAW POINTS menu.

2. Move the cursor to the position where you want to draw
the point.

3. Press to draw the point.

A=W 4GE0BEL VR4 BEEFOET

To continue drawing points, repeat steps 2 and 3. To
cancel Pt-On{, press [CLEAR|.
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Erasing Points
with Pt-Off(

Changing Points
with Pt-Change(

Drawing Poinis
from the Home
Screenor a
Program

To erase (turn off) a drawn point on a graph, follow these
steps.

1. Select 2:Pt-Off( (point off) from the DRAW POINTS
menu.

2. Move the cursor to the point you want to erase.
3. Press [ENTER] to erase the point.

To continue erasing points, repeat steps 2 and 3. To cancel

Pt-Off(, press [CLEAR].

To change (toggle on or off} a point on a graph, follow
these steps.

1. Select 3:Pt-Change( (pcint change) from the DRAW
POINTS menu.

2. Move the cursor to the point you want to change.
3. Press [ENTER] to change the point’s on/off status,

To continue changing points, repeat steps 2 and 3. To
cancel Pt-Change{, press [CLEAR].

Pt-On{ (point on) turns on the point at (X=a,Y=y). Pt-Off(
turns the point off. Pt-Change( toggles the point on or off.
mark is optional; it determines the point’s appearance;
specify 1, 2, or 3, where:

1 = « (dot; default) 2 =r1(box) 3 = + (cross)

Pt-On{w,y[,mark])
Pt-Off(x,y[ mark])
Pt-Change{x,¥)

FL-Onies: 5. 2 F tFL—
ORES, Se 502 PL—0n . .

T F }

Note: If you specified mark to turn on a point with Pt-On{, you must
specify mark when you turn off the point with Pt-Off{. Pt-Change(
does not have the mark option.
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Drawing Pixels

TI-83 Pixels

Turning On and
Off Pixels with
Px1-On{ and
PxI1-Off(

Using pxI-Test(

Split Screen

A pixel is a square dot on the TI-83 display. The Pxk (pixel}
instructions let you turn on, turn off, or reverse a pixel
(dot) on the graph using the cursor. When you select a
pixel instruction from the DRAW POINTS menu, the TI-83
returns to the home screen or the program editor. The
pixel instructions are not interactive.

Y y
00 (L ]

B2 (BZA84)
-z ‘.

PxI-On( (pixel on) turns on the pixel at (row,column),
where row is an integer between 0 and 62 and columr is an
integer between 0 and 94.

PxI-Off( turns the pixel off. PxI-Change( toggles the pixel on
and off.

Pxi-On{row,columny)
Pxi-Off(row,column)
Pxi-Change({row,column)

pxl-Test({ (pixel test) returns 1 if the pixel at (row,column)
is turned on or 0 if the pixel is turned off on the current
graph. row must be an integer between () and 62. column
must be an integer between 0 and 94.

px-Test(row,column)

On a Horiz split screen, the maximum value for row is 30
for PxI-On{, PxI-Off(, PxI-Change(, and pxI-Test{(.

On a G-T split screen, the maximum value for row is 50 and
the maximum value for column is 46 for PxI-On{, PxI-Off{,
Pxi{-Change(, and pxl-Test(.
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Storing Graph Pictures (Pics)

DRAW STO Menu To display the DRAW STO menu, press [DrRAW] [(].

Storing a Graph
Picture

When you select an instruction from the DRAW STO menu,
the TI-83 returns to the home screen or the program editor.
The picture and graph database instructions are not
interactive.

DRAW POINTS STO

1:StorePic Stores the current picture.
2:RecallPic Recalls a saved picture.
3:StoreGDB Stores the current graph database.
4:Recal 1GDB Recalls a saved graph database.

You can store up to 10 graph pictures, each of which is an
image of the current graph display, in picture variables
Pic1 through Pic8, or Pic0. Later, you can superimpose the
stored picture onto a displayed graph from the home
SCreen or a program.

A picture includes drawn elements, plotted functions, axes,
and tick marks. The picture does not include axes labels,
lower and upper bound indicators, prompts, or cursor
coordinates. Any parts of the display hidden by these items
are stored with the picture.

To store a graph picture, follow these steps.

1. Select 1:StorePic from the DRAW STO menu. StorePic is
pasted to the current cursor location.

2. Enter the number (from 1to 9, or 0) of the picture
variable to which you want to store the picture. For
example, if you enter 3, the TI-83 will store the picture
to Pic3.

StorefFic 3

Note: You also can select a variable from the PICTURE
secondary menu (VARS] 4). The variable is pasted next to
StorePic.

3. Press [ENTER] to display the current graph and store the
picture.
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Recalling Graph Pictures (Pics)

Recalling a To recall a graph picture, follow these steps.

Graph Picture . .
1. Select 2:RecallPic from the DRAW STO menu. RecaliPic

is pasted to the current cursor location.

2. Enter the number (from 1to 9, or 0) of the picture
variable from which you want to recall a picture. For
example, if you enter 3, the TI-83 will recall the picture
stored to Pic3.

RecallPic 3

Note: You also can select a variable from the PICTURE
secondary menu (VARS] 4). The variable is pasted next to
RecallPic.

3. Press [ENTER] to display the current graph with the
picture superimposed on it.

Note: Pictures are drawings. You cannot trace a curve that is partof a
picture.

Deleting a Graph  To delete graph pictures from memory, use the
Picture MEMORY DELETE FROM menu {Chapter 18).
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Storing Graph Databases (GDBs)

What Is a Graph
Database?

Storing a Graph
Database

A graph database (GDB) contains the set of elements that
defines a particular graph. You can recreate the graph from
these elements. You can store up te 10 GDBs in variables
GDB1 through GDB9, or GDBO and recall them to recreate
graphs.

A GDB stores five elements of a graph.

Graphing mode

Window variables

Format settings

All functions in the Y= editor and the selection status of
each

Graph style for each Y= function

GDBs do not contain drawn items or stat plot definitions.

To store a graph database, follow these steps.

L.

2.

Select 3:StoreGDB from the DRAW STO menu. StoreGDB
is pasted to the current cursor location.

Enter the number (from 1 to 9, or 0) of the GDB variable
to which you want to store the graph database. For
example, if you enter 7, the TI-83 will store the GDB to
GDB7.

toreGDE T

Note: You also can select a variable from the GDB secondary
menu {VAES] 3). The variable is pasted next to StoreGDB.

Press [ENTER] to store the current database to the
specified GDB variable.
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Recalling Graph Databases (GDBs)

Recalling a CAUTION: When you recall a GDB, it replaces all existing
Graph Database Y= functions. Consider storing the current Y= functicns to
another database before recalling a stored GDB.

To recall a graph database, follow these steps.

1. Select 4:RecallGDB from the DRAW STO menu.
RecallGDB is pasted to the current cursor location.

2. Enter the number (from 1 to 9, or 0) of the GDB variable
from which you want to recall a GDB. For example, if
you enter 7, the TI-83 will recall the GDB stored to
GDB7.

Fecal lGOE 7

Note: You also can select a variable from the GDB secondary
menu {VARS] 3). The variable is pasted next to RecallGDB.

3. Press [ENTER] to replace the current GDB with the
recalled GDB. The new graph is not plotted. The TI-83
changes the graphing mode automatically, if necessary.

Deleting a Graph To delete a GDB from memory, use the MEMORY DELETE
Database FROM menu (Chapter 18).
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Getting Started: Exploring the Unit Circle

Getting Started is a fast-paced introduction. Read the chapter for details.

Use G-T (graph-table) split-screen mode to explore the unit circle and its
relationship to the numeric values for the commonly used trigonometric angles
of 0°, 30°, 45°, 60°, 90°, and so on.

1. Press[MODE] to display the mode screen.

Press [] =] [*] [ENTER] to select Degree
mode, Press [+] [*] [ENTER] to select Par

(parametric) graphing mode.

Press[~] =] (=] =] 2] [*] to select G-T

(graph-table) split-screen mode.

2. Press [FORMAT] to display the format

screen. Press [+] [+] (] [] [] [#] [ENTER] to
select ExprOff.

B Folari&Go

CaerdDFF

3. Press|[y9] to display the Y= editor for Par Fleki Flokz Flotz
graphing mode. Press ~p1rBooscTy
to store cos(T) to X1T. Press u;‘, 131 E""‘ intTs
to store sin(T) to Y1T. Yer=

“HET =
Yar=
wAYT =

4. Press to display the window
editor. Enter these values for the window
variables.

Tmin=0 Xmin=-2.3 Ymin=-2.5
Tmax=380 Xmax=2.3 Ymax=2.5
Tstep=15 Xscl=1 Yscl=1

5. Press [TRAGE]. On the left, the unit circle is Aar] Wit
graphed parametrically in Degree mode L. 1 [
and the trace cursor is activated. When *f_ k! BRE
T=0 (from the graph trace coordinates), "‘-..;"' :‘-‘5"3?1 :;EE"
you can see from the table on the right Tz3n .CEBE :3555
that the value of X117 (cos(T)) is 1 and Y17 *;-Eﬁﬁﬂil’-"
{(sin{T)) is 0. Press [#] to move the cursor to -
the next 15° angle increment. As you trace
around the circle in steps of 15°, an
approximation of the standard value for
each angle is highlighted in the table.

E
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Using Split Screen

Setting a Split-
Screen Mode

To set a split-screen mode, press [MODE], and then move the
cursor to the bottom line of the mode screen.

e Select Horiz (horizontal) to display the graph screen and
another screen split horizontally.

* Select G-T (graph-table) to display the graph screen and
table screen split vertically.

Wy o

Flotl Flokz Floks
SMiEsingRE )
“NrBoos (K
s r=

The split screen is activated when you press any key that
applies to either half of the split screen.

Some screens are never displayed as split screens. For
example, if you press in Horiz or G-T mode, the mode
screen is displayed as a full screen. If you then press a key
that displays either half of a split screen, such as [TRACE],
the split screen returns.

When you press a key or key combination in either Horiz or
G-T mode, the cursor is placed in the half of the display for
which that key applies. For example, if you press [TRACE],
the cursor is placed in the half in which the graph is
displayed. If you press [TABLE], the cursor is placed in
the half in which the table is displayed.

The TI-83 will remain in split-screen mode until you
change back to Full screen mode.
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Horiz (Horizontal) Split Screen

Horiz Mode In Horiz (horizontal ) split-screen mode, a horizontal line
splits the screen into top and bottom halves.

R e |- 3
o SN

Flotl Flote Flets
“MMiBsiniRE )
“MeBoosKE s
“Nr=

The top half displays the graph.
The bottom half displays any of these editors.

¢ Home screen (four lines)

e Y= editor (four lines)

¢ Stat list editor (two rows)

+ Window editor (three settings)
e Table editor (two rows)

Moving from Half To use the top half of the split screen:

:ﬁol-éae” in Horiz ¢ Press [GRAPH] or [TRACE].

¢ Select a ZOOM or CALC operation.

To use the bottom half of the split screen:

¢ Press any key or key combination that displays the
home screen.

e DPress[Y9] ('Y= editor).

e Press ENTER] (stat list editor).

e Press {(window editor).
e DPress [TABLE] (table editor).

Full Screens in All other screens are displayed as full screens in Horiz
Horiz Mode split-screen mode.

To return to the Horiz split screen from a full screen when
in Heriz mode, press any key or Key combination that
displays the graph, home screen, Y= editor, stat list editor,
window editor, or table editor.
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G-T (Graph-Table) Split Screen

G-T Mode

Moving from Half
to Half in G-T
Mode

Using [T
G-T Mode

Full Screens in
G-T Mode

In G-T (graph-table) split-screen mode, a vertical line splits
the screen into left and right halves.

¥
rar it
TOTSE |

=

The left half displays the graph.
The right half displays the table.

To use the left half of the split screen:

¢ Press [GRAPH] or [TRACE]
s Select a ZOOM or CALC operati()n

To use the right half of the split screen, press [TABLE].

As you move the trace cursor along a graph in the split
screen’s left half in G-T mode, the table on the right half
automatically scrolls to match the current cursor values.

Y=sindd ¥ Wy
it o
~ 275 | EBME

e
it
il M)
Ll |
o

™

-

wm

2UTEGY
207

n= g
'|'= 71307 R1R

Note: When you trace in Par graphing mede, both components of an
equation (XnT and YnT) are displayed in the two columns of the table.
As you trace, the current value of the independent variable T is
dispiayed on the graph.

All screens other than the graph and the table are
displayed as full screens in G-T split-screen mode.

To return to the G-T split screen from a full screen when in
G-T mode, press any key or key combination that displays
the graph or the table.
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TI-83 Pixels in Horiz and G-T Modes

TI-83 Pixels in
Horiz and G-T
Modes

DRAW POINTS
Menu Pixel
Instructions

DRAW Menu
Text( Instruction

PRGM I/O Menu
Output(
Instruction

Setting a
Split-Screen
Mode from the
Home Screen or
a Program

9-6 Split Screen

- - y
F. N
00 £0,3Y) QUL QA

LR LELE- K

LB PR MEN PE
x )

Note: Each set of numbers in parentheses above represents the row
and column of a corner pixel, which is turned on.

For PxI-On(, PxI-Off(, PxI-Change(, and pxl-Test(:
¢ In Horiz mode, yow must be <30; column must be <94,
¢ In G-T mode, row must be £50; column must be <46,

Pxi-On{row,column)

For the Text({ instruction:

¢ In Horiz mode, row must be <25; column must be <94,
¢ In G-T mode, row must be <45; column must be <46.

Text{row,column,"text™)

For the Output{ instruction:

¢ In Horiz mode, row must be £4; column must be <16,
¢ In G-T mode, row must be <8; colum»n must be <16,

Output{row,column,"text™)

To set Horiz or G-T from a program, follow these steps.

1. Press [MODE] while the cursor is on a blank line in the
program editor.

2. Select Horiz or G-T.

The instruction is pasted to the cursor location. The mode

is set when the instruction is encountered during program
execution. [t remains in effect after execution.

Note: You also can paste Horiz or G-T {o the home screen or
program editor from the CATALOG (Chapter 15).
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Getting Started: Systems of Linear Equations

Getting Started is a fast-paced introduction. Read the chapter for details.

Find the solution of X + 2Y + 3Z = 3 and 2X + 3Y + 4Z = 3. On the TI-83, you

can solve a system of linear equations by entering the coefficients as elements

in a matrix, and then using rref( to obtain the reduced row-echelon form.

ot

Press [MATRX]. Press ] [¥] to display the
MATRX EDIT menu. Press 1 to select 1: [A],

Press 2 4 to define a 2x4
matrix. The rectangular cursor indicates
the current element. Ellipses (...) indicate
additional columns beyond the screen.

Press 1 [ENTER] to enter the first element.
The rectangular cursor moves to the
second column of the first row.

Press 2 [ENTER] 3 [ENTER] 3 (ENTER] to complete
the first row for X + 2Y + 3Z = 3.

Press 2 [ENTER] 3 [ENTER] 4 [ENTER] 3 [ENTER] to
enter the second row for 2X + 3Y + 47 = 3.

Press [@uiT] to return to the home
screen. If necessary, press to clear
the home screen. Press ] to
display the MATRX MATH menu. Press [4] to
wrap to the end of the menu. Select B:rref{
to copy rref( to the home screen.

Press 1 to select 1: [A] from the
MATRX NAMES menu. Press ()] [ENTER]. The
reduced row-echelon form of the matrix is
displayed and stored in Ans.

IX-1Z=-3 s0o X=-3+7
1IY+2Z2=3 s0 Y=35-2%

10-2 Matrices
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Defining a Matrix

What Is a Matrix? A matrix is a two-dimensional array. You can display,

Selecting a
Matrix

Accepting or
Changing Matrix
Dimensions

define, or edit a matrix in the matrix editor. The TI-83 has
10 matrix variables, [A] through [J]. You can define a
matrix directly in an expression. A matrix, depending on
available memory, may have up to 99 rows or columns.
You can store only real numbers in TI-83 matrices.

Before you can define or display a matrix in the editor, you
first must select the matrix name. To do so, follow these
steps.

1. Press [MATRX to display the MATRX EDIT menu. The
dimensions of any previously defined matrices are
displayed.

HAMES MATH [
HEILH] Z2x4

20 [B]

i IC]

4: [D]

=i [E]

i [F]

7 [GE]

2. Select the matrix you want to define. The MATRX EDIT
screen is displayed.

MAETEISIE] 1 =1
Lo 1

The dimensions of the matrix {row x coluinn) are
displayed on the top line. The dimensions of a new matrix
are 1 x1. You must accept or change the dimensions each
time you edit a matrix. When you select a matrix to define,
the cursor highlights the row dimension.

¢ To accept the row dimension, press [ENTER].
¢ To change the row dimension, enter the number of rows
(up to 99), and then press [ENTER].

The cursor moves to the column dimension, which you
must accept or change the same way you accepted or
changed the row dimension. When you press [ENTER], the
rectangular cursor moves to the first matrix element.

Matrices 10-3



Viewing and Editing Matrix Elements

Displaying Matrix After you have set the dimensions of the matrix, you can

Elements

Deleting a Matrix

10-4 Matrices

view the matrix and enter values for the matrix elements.
In a new matrix, all values are zero.

Select the matrix from the MATRX EDIT menu and enter or
accept the dimensions. The center portion of the matrix
editor displays up to seven rows and three columns of a
matrix, showing the values of the elements in abbreviated
form if necessary. The full value of the current element,
which is indicated by the rectangular cursor, is displayed
on the bottom line.

MATRIXIAD & =4

FEUPE 2wz 13 .
-1 X CET-I -
0 it ] -
0 i BB -
1.8 i g -
0 BEPLY 8 -
b o i i
1:1=3. 141592853

This is an 8 x 4 matrix. Ellipses in the left or right column
indicate additional columns. 1 or ¢ in the right column
indicate additional rows.

To delete matrices from memory, use the MEMORY DELETE
FROM secondary menu (Chapter 18).



Viewing a Matrix

Viewing-Context
Keys

The matrix editor has two contexts, viewing and editing. In
viewing context, you can use the cursor keys to move
quickly from one matrix element to the next. The full value
of the highlighted element is displayed on the bottom line.

Select the matrix frem the MATRX EDIT menu, and then
enter or accept the dimensicns.

MATREIRIA] & =4

FRCIEE -zauz 1z
1 Ig.i"liﬁ Q

b
i L]
i 0
Berty o

12 1=3. 141592653

41 1 F L}

™
hean il

Key Function

[JorD] Moves the rectangular cursor within the
current row.

[=] or[] Moves the rectangular cursor within the
current column; on the top row, [«] moves
the cursor to the column dimension; on the
column dimension, [«] moves the cursor to
the row dimension.

ENTER Switches to editing context; activates the
edit cursor on the bottom line.

CLEAR Switches to editing context; clears the
value on the bottom line.

Any entry Switches to editing context; clears the

character value on the bottom line; copies the
character to the bottom line.

[INS] Nothing

DEL Nothing

Matrices 10-5



Editing a Maftrix
Element

Editing-Context
Keys

10-6 Matrices

In editing context, an edit cursor is active on the bottom
line. To edit a matrix element value, follow these steps.

1. Select the matrix from the MATRX EDIT menu, and then
enter or accept the dimensions.

2. Press[4], [4], ], and [+] to move the cursor to the matrix
element you want to change.

3. Switch to editing context by pressing [ENTER], [CLEAR], or
an entry key.

4. Change the value of the matrix element using the
editing-context keys described below. You may enter an
expression, which is evaluated when you leave editing
context.

Note: You can press [CLEAR] [ENTER] to restore the value at the
rectangular cursor if you make a mistake.

5. Press [ENTER), [+), or (] to move to another element.

MATEIALAT 2 x4 MATEIXIA] 8 =4
kR TR L i - si4in “xiug 1k -
é& sihle 9 - CEER ] q -

0 0 - 11223 a -
0 0 L] - 0 u B8 -
1.8 ] 0 - 1.8 n a -
] BEPLY @ - ] BEPLY @ -
0 1] 4 4 0 0 4 +

22 1=28E+30 a2 z=H

Key Function

[Jor) Moves the edit cursor within the value.

[+] or [«] Stores the value displayed on the bottom
line to the matrix element; switches to
viewing context and moves the rectangular
cursor within the column.

ENTER Stores the value displayed on the bottom
line to the matrix element; switches to
viewing context and moves the rectangular
cursor to the next row element.

CLEAR Clears the value on the bottom line.

Any entry Copies the character to the location of the

character edit cursor on the bottom line.

[2nd] [INS] Activates the insert cursor.

DEL Deletes the character under the edit cursor

on the bottom line.




Using Matrices with Expressions

Using a Matrixin  To use a matrix in an expression, you can do any of the
an Expression following.

Copy the name from the MATRX NAMES menu.

Recall the contents of the matrix into the expression
with [2nd] [ReL] (Chapter 1).
Enter the matrix directly (see below).

Entering a Matrix  You can enter, edit, and store a matrix in the matrix editor.
in an Expression  You also can enter a matrix directly in an expression.

To enter a matrix in an expression, follow these steps.

1.
2.

Press [[]to indicate the beginning of the matrix.
Press [[] to indicate the beginning of a row.

Enter a value, which can be an expression, for each
element in the row. Separate the values with commas.

Press [1] to indicate the end of a row.
Repeat steps 2 through 4 to enter all of the rows.
Press [1] to indicate the end of the matrix.

Note: The closing ]] are not necessary at the end of an expression
of precading >

The resulting matrix is displayed in the form:
[[element; ;,....element; ],....[element,, ;,....element,, ;1]

Any expressions are evaluated when the entry is
executed.

32?[[1:2,3] [4.5:5

ff2 4 & 1
(818 1211

Note: The commas that you must enter to separate elements are
not displayed on output.
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Displaying and Copying Matrices

Displaying a
Matrix

Copying One
Matrix to Another

Accessing a
Matrix Element

10-8 Matrices

To display the contents of a matrix on the home screen,
select the matrix from the MATRX NAMES menu, and then
press [ENTER|.

[A]

[{¥ g8 9]

{
[Z 2 111}
Ellipses in the left or right column indicate additional

columms. * or ¥ in the right column indicate additional
rows. Press ], [4], [7], and [<] to scroll the matrix.

Ao B0 161, 8T
LlislEEan -lgs,
LA9 EEERa 0 62,4
o s BAAG 95, A,
s BEEE 85,00,
LA REER 13546.48.

e BEBEA 9. B

To copy a matrix, follow these steps.

1. Press [MAIRX] to display the MATRX NAMES menu.

Lo

Select the name of the matrix you want to copy.
Press [STO»].

Press [MATRX] again and select the name of the new
matrix to which you want to copy the existing matrix.

5. Press [ENTER] te copy the matrix to the new matrix name.

[R1+[E]
|

r g 3]
32 111

On the home screen or from within a program, you can
store a value to, or recall a value from, a matrix element.
The element must be within the currently defined matrix
dimensions. Select malriz from the MATRX NAMES menu.

[matriz](row,column)
B+ [BICZ, 328 [B]
[[7 @ 9]

[Z 2 8l

5

[BIC2. 32



Using Math Functions with Matrices

Using Math
Functions with
Matrices

+ (Add), —
(Subtract), *
(Multiply)

- (Negation)

You can use many of the math functions on the TI-83
keyboard, the MATH menu, the MATH NUM menu, and the
MATH TEST menu with matrices. However, the dimensions
must be appropriate. Each of the functions below creates a
new matrix; the original matrix remains the same.

To add ([+]) or subtract ([-]) matrices, the dimensions must,
be the same. The answer is a matrix in which the elements
are the sum or difference of the individual corresponding
elements.

matrizA+matrizB
malrizA-matricB

To multiply ([x]} two matrices together, the column
dimension of matrizA must match the row dimension of
malrizB.

matrizA*matricB

[A]) [Al1+[E]
[[2 2] [[Z2 7]
[5 411 [7 711

[El [A1+[E] .
[[a S} [12 1sl
[4 311 [1e 2711

Multiplying a matrix by a value or a value by a matrix
returns a matrix in which each element of mafriz is
multiplied by valwue.

matrizkvalue
valuekxmatrix

[AT#3

[[& &1
[? 1211

Negating a matrix ([J)) returns a matrix in which the sign
of every element is changed (reversed).

-matrix
[A]
[12 -21
[ 4 1}
~[A}]
[1-2 21
[-3 =411
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abs(

round(

1 (Inverse)

Powers

10-10 Matrices

abs( (absolute value, MATH NUM menu) returns a matrix
containing the absclute value of each element of matriz.

abs(matrix)
[C1
(E-23 9]
[-25 -1411
akbsC 01D
[[235 69]
[25 1411

round({ (MATH NUM menu) returns a matrix. It rounds every
element in matrix to #decimals (< 9). If #decimals is
omitted, the elements are rounded to 10 digits.

round{matrix|,#decimals])

MATRIXIA] 2 =2

[1.259 1
[ 662 % ]

Use the ~1 function () ) to invert a matrix (-1 is not
valid). mafriz must be square. The determinant cannot
equal zero.

matriz

MATRIXIAD 2 =2 | I[FZ]'1

[ 4 k|
[ 4 k|

To raise a matrix to a power, matrix must be square. You
can use 2 {{x7]), 3 (MATH menu), or *power {[*]) for integer
power between 0 and 255.

matriz?
matrias
matrivrpower
MATRIXKIA] 2 =2 [A] =
[1 z 1 [[37 54 ]
[E i i [21 11511
[A1™S
[[iBEe9 1553]
[2337 48] ]



Relational
Operations

iPart(, fPart(, int(

To compare two matrices using the relational operations =
and = (TEST menu), they must have the same dimensions. =
and = compare matrizA and matrizB on an element-by-
element basis. The other relational operations are not valid
with matrices.

matrivcA=matrizB returns 1 if every comparison is true; it
returns 0 if any comparison is false.

matrivAzmatrizB returns 1 if at least one comparison is
false; it returns 0 if no comparison is false.

[Al % [A1=I[E]
11} [A1#[B]
1
3

[EB]

o g oy
Ll R

(S0 SSC B8 1N

Sk bk e ek

1

iPart{ (integer part), fPart{ (fractional part), and int{
(greatest integer) are on the MATH NUM menu.

iPart{ returns a matrix containing the integer part of each
element of mairia.

fPart( returns a matrix containing the fractional part of
each element of matriz.

int{ returns a matrix containing the greatest integer of each
element, of matrizx.

iPart(malriz)
fPartimatrix)
intimatriz)
(0] iPart (L0113
[[1.25 3.333] [r1 S_1
1.5 47,1511 [188 471]
fPartCI012
[[.25 .333]
[.5 .15 11
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Using the MATRX MATH Operations

MATRX MATH To display the MATRX MATH menu, press 0.
Menu

NAMES MATH EDIT

1:det( Calculates the determinant.

2:7 Transposes the matrix,

3: dim( Returns the matrix dimensions.

4: Fill¢ Fills all elements with a constant.

5:identity( Returns the identity matrix.

6: randM{ Returns a random matrix.

7: augmentd Appends two matrices.

8: Matrplist( Stores a matrix to a list.

9: Listrmatr(  Stores alist to a matrix.

0: cumSumf{ Returns the cumulative sums of a matrix.

A: ref( Returns the row-echelon form of a matrix.,

B: rref( Returns the reduced row-echelon form.

C: rowSwap( Swaps two rows of a matrix.

D: rowt( Adds two rows; stores in the second row.

E: *row( Multiplies the row by a number.

F:*rowt( Multiplies the row, adds to the second row.
det( det({ (determinant) returns the determinant (a real number)

of a square matriz.

det{malrix)

T (Transpose) T (transpose) returns a matrix in which each element (row,
column) is swapped with the corresponding element
(column, row) of matriz.

matriz’

(Al [AlT
Z

Cofit
|34
T
LodbJ—
[ (8

Accessing Matrix dim{ (dimension) returns a list containing the dimensions

Dimensions with  ({rows columns}) of matriz.

dim( . .
dim{maitrix)

Note: dim{matriz)>Ln:Ln(1) returns the number of rows.

dim{matriz)? Ln:Ln(2) returns the number of columns.

giT{EEE:‘?‘)i] [-O dlmf[[i’,. 1

[-&
21131l 2L L0
2 33

1 2
L 2
2
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Creating a Matrix
with dim(

Redimensioning a
Matrix with dim(

Fill(

identity(

randM(

Use dim( with to create a new matrizname of
dimensions rows x colummns with 0 as each element.

{rows,colummnsy>dim{matrizname)

L2 233dimt [E] D
2023
[E]

[[@ @]
[ @l

1

Use dim{ with to redimension an existing
malrizname to dimensions rows x columns. The elements
in the old matrixname that are within the new dimensions
are not changed. Additional created elements are zeros.
Matrix elements that are outside the new dimensions are
deleted.

{rows,columnsy>dim{matrizname)

Fill{ stores value to every element in matrichane.
Filllvalue,matrixnaime)

Fill(5: [ET*
Done
[E]

Lnn
e

1
1

—r—

identity( returns the identity matrix of dimension rows x
dimenston columns,

identity(dimension)

randM( (create random matrix) returns a rows x columns
random matrix of integers > -9 and < 9. The seed value
stored to the rand function controls the values (Chapter 2).

randM(rows,columns)
B+pands rarf 2. 2

e -71
g o 1}
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augment(

Matniist(

Listmatr(

10-14 Matrices

augment( appends matrizA to matrizB as new columns.
matrizA and matricB both must have the same number of
FOWS.

augment(malricA,matrich)

[[1:2113:4]1]1=+[A]
F[[S:5]1IF-8]1+IE
%gaugﬂent([HIsEB
3
fi{l1 2 5 &1
2 4 7 811

Matnlist{ (matrix stored to list) fills each listname with
elements from each column in matiiz. Matplist{ ignores
extra listname arguments. Likewise, Matplist{ ignores
extra matrix columns.

Matnlist(mairix,listnomeA,.. listname n)

[Al L1
[11 2 3} — £1 43

o4 5 &£11 Lz
Matrelisto[AY L1 a0

sbz-1Lzd Lz
Done i3 &2

Matnlist( also fills alistname with elements from a specified
columrdt in matriz. To fill a list with a specific column from
matriz, you must enter columndt after matric,

Matplist(matrix,column#,listname)

Al (11 2 3} L1 £3 B3
(4 5 &111 —
Matrklist( [Al.3,
L1
Die

Listmatr( (lists stored to matrix) fills matrizname column by
column with the elements from each list. If dimensions of all
lists are not equal, Listrmatr( fills each extra matrizname
row with 0. Complex lists are not valicl.

Listmatr{listA,... list nymatrizname)

T1,2:3%+ LA ] Listematrd s, LY,
1 2 33 LEs [CT2
T4 0. 0308 Done
. 4 5 63 [C1]
{¥28: 938 ) (11 4 7?1
7 e [2 5 gl
[Z & 311




cumSum(

Row Operations

ref(, rref(

cumSum( returns cumulative sums of the elements in
matriz, starting with the first element. Each element is the
cumulative sum of the column from top to bottom.

cumSummatriz)

[0} cumSumi[?

TR
hfated

MATRX MATH menu items A through F are row operations.
You can use a row operation in an expression. Row
operations do not change watriz in memory. You can
enter all row numbers and values as expressions. You can
select the matrix from the MATRX NAMES menu.

ref( (row-echelon form) returns the row-echelon form of a
real matriz. The number of columns must be greater than
or equal to the number of rows.

refimatrixz)

rref( (reduced row-echelon form) returns the reduced row-
echelon form of a real maitriz. The number of columns must
be greater than or equal to the number of rows.

rref(matrix)
[B] refc[B]y_
[[4 5 &l [[1 1.14:.'85?143
[¥ 3 911 a8 1
rref C[B]
[[1 & -1}
a1 211
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rowSwap(

row+(

*row(

*row+(

10-16 Matrices

rowSwap( returns a matrix. It swaps rowA and rowB of
matriz,

rowSwap{matrix,rowA,rowB)

[F1 rowsSwari [F1.2,42

il
{ [
{
{

3P
AL
O fa T
e
TR,
COCILALA
oo = 0T
SEma

row+{ (row addition) returns a matrix. It adds rowA and
rowB of matrix and stores the results in rowB.

row+{mairiz,rowh,rowB)

FowtC (01, 1. 25
[12:5,7118,9,411 [l 5 7.1
+101 [1e 14 1113
11z 5 71
(5 3 411

*row{ (row multiplication) returns a matrix. It multiplies
row of matrixz by value and stores the results in row.

*row(value,matriz,row)

*row+( (row multiplication and addition) returns a matrix.
It multiplies rowA of matriz by value, adds it to rowB, and
stores the results in rowB.

*rowHvalue matriz,rowA, rowB)

[Eéiﬁ,mm,a,a}z drow+ (3. [E]2 120

&5
[11 2 3] [fL 2 31
[4 5 &l {v¥ 11 1511
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Getting Started: Generating a Sequence

Getting Started is a fast-paced introduction. Read the chapter for details.

Calculate the first eight terms of the sequence 1/AZ. Store the results to a user-
created list. Then display the results in fraction form. Begin this example on a
blank line ¢n the home screen.

ot

Press [LisT] [] to display the LIST OPS
menu.

Press 5 to select 6:seq{, which pastes seq( to
the current cursor location.

Press 1 [+] [ALPHA] [A] (x2] [.] (ALPHA] [A] [ 1
(-] 8[.]11[] to enter the sequence.

Press [ST0#], and then press to
turn on alpha-lock. Press [s] [E] [@], and
then press to turn off alpha-lock.
Press 1 to complete the list name.

Press to generate the list and store it
in SEQ1. The list is displayed on the home
screen, An ellipsis (...) indicates that the list
continues beyond the viewing window,
Press [v] repeatedly (or press and hold [+])
to scroll the list and view all the list
elements.

Press [LisT] to display the LIST NAMES
menu. Press to paste LSEQ1 to the
current cursor location. (If SEQ1 is not item
1 on your LIST NAMES menu, move the
cursor to SEQ1 before you press [ENTER].)

Press [MATH] to display the MATH menu.
Press 1 to select 1:3Frac, which pastes »Frac
to the current cursor location.

Press to show the sequence in
fraction form. Press [v] repeatedly (or press
and hold [#]) to scroll the list and view all
the list elements.

11-2 Lists

[MAMES E}? MATH
Sor

%?qilfﬂzaﬁylysrl
JF
‘:1 .25 J1111111.

E@gﬁln% FMATH

zedil-AZ.H.1-8:1
135EEIL

1 .25 1111111
LSEQ L rFrac

Ei 174 178 1-16..




Naming Lists

Using TI-83 List
Names L1
through Le

Creating a List
Name on the
Home Screen

The TI-83 has six list names in memory: L1, L2, L3, L4, L5,
and Lé. The list names L1 through Lé are on the keyboard
above the numeric keys (1] through [8]. To paste one of
these names to a valid screen, press [2nd), and then press
the appropriate key. L1 through Le are stored in stat list
editor columns 1 through é when you reset memory.

To create a list name on the home screen, follow these steps.

1.

Press [ {], enter one or more list elements, and then
press [ 1]. Separate list elements with commas. List
elements can be real numbers, complex numbers, or
expressions.

[{1’2:3:4} |
Press [STO»).

Press [letter from A to Z or 8] to enter the first
letier of the name.

Enter zero to four letters, 8, or numbers to complete the
name.

[(1.2.3,432TEST |

Press [ENTER]. The list is displayed on the next line. The
list name and its elements are stored in memory. The
list name becomes an item on the LIST NAMES menu.

1.2, 5, 4 3TEST OFS WATH
Tz 3 4 ﬁ%@s

Note: If you want to view a user-created list in the stat list editor,
you must store it in the stat list editor (Chapter 12).

You also can create a list name in these four places.

At the Name= prompt in the stat list editor

At an Xlist:, Ylist:, or Data List: prompt in the stat plot
editor

At a List:, List1:, List2;, Freq:, Freq1:, Freq2:, XList:, or
YList: prompt in the inferential stat editors

On the home screen using SetUpEditor

You can create as many list names as your TI-83 memory
has space to store.
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Storing and Displaying Lists

Storing Elements  You can store list elements in either of two ways.

toaList s Use braces and on the home screen.

T4+3, 537 2L 8
34517 5-3i3

s Use the stat list editor (Chapter 12).

The maximum dimension of a list is 999 elements.

Tip: When you store a complex number to a list, the entire list is
converted to a list of complex numbers. To convert the list to a list of
real numbers, display the home screen, and then enter
real(listname)>listname.

Displaying a List To display the elements of a list on the home screen, enter

on the Home the name of the list (preceded by L if necessary; see page
Screen 11-16), and then press [ENTER]. An ellipsis indicates that the

list continues beyond the viewing window. Press
repeatedly (or press and hold [+]) to scroll the list and view
all the list elements.

{25 183
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Copying One List
to Another

Accessing a List
Element

Deleting a List
from Memory

Using Lists in
Graphing

To copy alist, store it to another list.

TEST
{12 3 47

LTEST+TESTE
123 42

You can store a value to or recall a value from a specific
list element. You can store to any element within the
current list dimension or one element beyond.

Listname(element)
1.2 33+

) 1233
dalzi4rzlz ;

1 2 % 4%
Lzt2s

2

To delete lists from memory, including L1 through Ls, use the
MEMORY DELETE FROM secondary menu { Chapter 18).
Resetting memory restores L1 through Lé. Removing alist
from the stat list editor does not delete it from memory.

You can use lists to graph a family of curves (Chapter 3).
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Entering List Names

Using the
LIST NAMES
Menu

Entering a User-
Created List
Name Directly

11-6 Lists

To display the LIST NAMES menu, press [LisT]. Each
item is a user-created list name. LiIST NAMES menu items are
sorted automatically in alphanumerical order. Only the first
10 items are labeled, using 1 through 9, then 0. To jump to
the first list name that beginsg with a particular alpha
character or 8, press [letier from. A to Z or 8].

ﬁyﬁ N OFS MATH
ITEST

Tip: From the top of a menu, press [~ to move to the bottom. From the
bottom, press [+] to move to the top.

Note: The LIST NAMES menu omits list names L1 through L8. Enter
L1 through L6 directly from the keyboard (page 11-3).

When you select a list name from the LIST NAMES menu,
the list name is pasted to the current cursor location.

¢ The list name symbol L precedes a list name when the
name is pasted where non-list name data also is valid,
such as the home screen.

LTEST

{12 3% 42

¢ The L symbol does not precede a list name when the
name is pasted where alist name is the only valid input,
such as the stat list editor’s Name= prompt or the stat
plot editor’s XList: and YList: prompts.

To enter an existing list name directly, follow these steps.
1. Press [LisT] [ to display the LIST OPS menu.

2. Select B:L, which pastes L to the current cursor location.
L is not always necessary (page 11-16).

HHMES MATH Note: You also can paste L to the
T CumSUe current cursor location from the

Fializsty
=§ele-:.tti CATALOG (Chapter 15).

o
S8 agment
Bl istepater
HiMatrrlisto
H.L

3. Enter the characters that comprise the list name.

[(Tizzm |




Attaching Formulas to List Names

Attaching a
Formula to a List
Name

You can attach a formula to a list name so that each list
element is a result of the formula. When executed, the
attached formula must resolve to a list,

When anything in the attached formula changes, the list to
which the fermula is attached is updated automatically.

¢ When you edit an element of a list that is referenced in
the formula, the corresponding element in the list to
which the formula is attached is updated.

¢ When you edit the formula itself, all elements in the list
to which the formula is attached are updated.

For example, the first screen below shows that elements
are stored to L3, and the formula L3+10 is attached to the
list name LADD19. The quotation marks designate the
formula to be attached to LtADD10. Each element of LADD10
is the sum of an element in L3 and 10.

T1.2:33+4 =

£1 2 33
"Lr+1@"+LADOIE
Lz+if

3
LADDOI &
{11 12 132

The next screen shows ancther list, La. The elements of L4
are the sum of the same formula that is attached to Ls.
However, quotation marks are not entered, so the formula
is not attached to L4.

On the next line, -6>L3{1):L3 changes the first element in L3
to -6, and then redisplays L3.

Lx+iB+ly ;
£11 12 132

"Bz (12iLz
16 2 3i

The last screen shows that editing L3 updated LADD10, but
did not change L4. This is because the formula L3+10 is
attached to LADD10, but it is not attached to L4.

LADDLE

4 12 132
£11 12 13%

Note: To view a formula that is attached to a list name, use the stat list
editor (Chapter 12).
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Attaching a
Formula to a List
on the Home
Screenorina
Program

Detaching a
Formula from a
List

11-8 Lists

To attach a formula to a list name from a blank line on the
home screen or from a program, follow these steps.

1. Press [ALPHA] [7], enter the formula (which must resolve to
alist), and press [ALPHA] [*] again.

Note: When you inciude more than one list name in a formuia,
each list must have the same dimension.

2. Press [STO»].

3. Enter the name of the list to which you want to attach
the formula.

¢ Press(2nd], and then enter a TT-83 list name L1
through Ls.

o Press [LisT] and select a user-created list name
from the LIST NAMES menu.

¢ Enter a user-created list name directly using L (page
11-16).

4, Press [ENTER].
{4, 8,903
{4
Mok "Ll LIST

kLo

LLIST

g 9

{28 48 435

Note: The stat list editor displays a formula-lock symbol next to
each list name that has an attached formula. Chapter 12 describes
how to use the stat list editor to attach formulas to lists, edit
attached formulas, and detach formulas from lists.

You can detach (clear) an attached formula from a list in
any of three ways.
¢  Enter "">listname on the home screen.

¢ Edit any element of a list to which a formula is
attached.

¢ Use the stat list editor (Chapter 12).

Note: You also can use CirList or ClrAllList to detach a formula
from a list (Chapter 18).



Using Lists in Expressions

Using a Listin an You can use lists in an expression in any of three ways.

Expression

Using Lists with
Math Functions

When you press [ENTER], any expression is evaluated for
each list element, and a list is displayed.

¢ UJse L1-L6 or any user-created list name in an expression.

12 5. 183 2L
{2 5 18r
2EL

{18 4 2%
+ Enter the list elements directly (step 1 on page 11-3).
2802, 5. 18

{1m

4 23
e Use [RCL] to recall the contents of the list into an
expression at the cursor location (Chapter 1).

L2 0. 1832 .
- 4 25 1ous

Rl Lt

Note: You must paste user-created list names to the Red prompt by
selecting them from the LIST NAMES menu. You cannot enter them
directly using L.

You can use a list to input several values for some math
functions. Other chapters and Appendix A specify whether
a list is valid. The function is evaluated for each list
element, and a list is displayed.

¢ When you use alist with a function, the function must
be valid for every element in the list. In graphing, an
invalid element, such as -1 in +({1,0,-1}), is ignored.

|-l'{ £1.8, 12> | This returns an error.

This graphs X {1} and X/ (0},
but skips X*+/(-1).

Flobl Flotz Floks
SHRETCIL. 8. 100

¢  When you use two lists with a two-argument function,
the dimension of each list must be the same. The
function is evaluated for corresponding elements.

{1.2,3%+4{4:5; 6}
997 %

¢ When you use a list and a value with a twe-argument
function, the value is used with each element in the list.

{1, 2.30+4
5

£ T
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LIST OPS Menu

LIST OPS Menu

SortA(, SortD(

11-10 Lists

To display the LIST OPS menu, press [LIST] D).

NAMES OPS MATH

1:SortAl Sorts lists in ascending order.
2:SortD{ Sorts lists in descending order.
3:dim( Sets the list dimension.

4:Fi11¢ Fills all elements with a constant.
5:s5eq( Creates a sequence.

&:cumSum{ Returns a list of cumulative sums.
7:alist( Retuins difference of successive elements,
8:Select( Selects specific data points.
9:augment( Concatenates two lists.
O:Listrmatr( Stores a list to a matrix.,
A:Matrmlist( Stores a matrix to a list.

B:L Designates the list-name data type.

SortA{ (sort ascending) sorts list elements from low to high
values. SortD( (sort descending) sorts list elements from
high to low values. Complex lists are sorted based on
magnitude {modulus).

With one list, SortA( and SortD( sort the elements of
listname and update the list in memory.

SortA{listname) SortD{listname)
toxbadl SartDol =2
a6 43 Bone
SortAcLz Lz
L Oore 6 5 43
k3
L ST N

With two or more lists, SortA( and SortD( sort keylistname,

and then sort each dependlist by placing its elements in the
same order as the corresponding elements in keylistname.

All lists must have the same dimension.

SortA(keylistname,dependlist]|,dependlist?,... dependlist n))
SortD{keylistname,dependlist]|,dependlist?,... dependlist n))

To 6424y SortAcLuys.bs:
5 A 43 Bone
i1.2:33+Ls Ly
1 2 33 4 5 &2
£
31 23

Note: In the example, 5 is the first element in L4, and 1 is the first
element in L5. After SortA(L4,L5)}, 5 becomes the second element of
L4, and fikewise, 1 becomes the second element of L5.

Note: SortA{ and SortD{ are the same as SortA{ and SortD( on the
STAT EDIT menu (Chapter 12).



Using dim{ to
Find List
Dimensions

Using dim( to
Create a List

Using dim( to
Redimension a
List

Fill(

dim{ (dimension) returns the length (number of elements}
of list.

dim{list)
dimCLl, 3:5:7%0 4

You can use dim{ with to create a new listhame with
dimension length from 1 to 999. The elements are zeros.

length»dim{listname)
S+dimclel
Lz

3
8 a a;

You can use dim with to redimension an existing
listnaame to dimension length from 1 to 999,

¢ The elements in the old lZstnaime that are within the
new dimension are not changed.
¢ Extra list elements are filled by 0.

¢ Elements in the old list that are outside the new
dimension are deleted.

length>dim(listname)
4863+ S#edimcla 2
. 4 2 63
dadimila 2 L4 ]
4 4 8 62
L
4858

Fill{ replaces each element in listrame with value.

Filllvaluelistname)

324,00+ Fillcd+3i,Lz2
S 4 53 Bone
Filldig.Lz2 Lz _. .
L Done T4+341 4434 44317
3
88 ek

Note: dim( and Fill{ are the same as dim( and Fill{ on the MATRX
MATH menu (Chapter 10).
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seq(

cumSum(

AList(

Select(

11-12 Lists

seq( (sequence) returns a list in which each element is the
result of the evaluation of expressiorn with regard to
vartable for the values ranging from begin to end at steps
of increment. variable need not be defined in memory.
increment can be negative; the default value for éncrement
is 1. seq( is not valid within expression.

seqg(expression,pariable begin,end| increment))
seHdlHSH:1,11,33
£1 16 49 10a:

cumSum( (cumulative sum) returns the cumulative sums of
the elements in list, starting with the first element. list
elements can be real or complex numbers.

cumSum(list)
c?mSuﬁE{1,2,3,4,
£ 3 & 1@ 192

AList({ returns a list containing the differences between
consecutive elements in list. AList subtracts the first
element in list from the second element, subtracts the
second element from the third, and so on. The list of
differences is always one element shorter than the original
list. list elements can be a real or complex numbers.

AList(list)
L2838, 45, VA L0
IST

{28 38 45 Ve

alistotDIST
{18 15 293

Select{ selects one or more specific data points from a
scatter plot or xyLine plot {only), and then stores the
selected data points to two new lists, xlistname and
ylistname. For example, you can use Select( to select and
then analyze a porticn of plotted CBL 2/CBL or CBR data.

Select{xlistname,ylistname)

Note: Before you use Select(, you must have selected (turned on) a
scatter piot or xyLine plot. Also, the piot must be displayed in the
current viewing window (page 11-13).



Before Using
Select(

Using Select( to
Select Data
Points from a
Piot

Before using Select(, follow these steps.
1. Create two list names and enter the data.

2. Turn on a stat plot, select 1 (scatter plot) or l=x. (XyLine},
and enter the two list names for Xlist: and Ylist: (Chapter
12).

3. Use ZoomStat to plot the data (Chapter 3).

{1,2:3:4: 56,70 Flgkz Flots .

39 P 5 13 3DIST ot - a

i1 234367 . wrel BE L Jhy : o
£15:15: 15 13,11, o S AR : =

AP 5.3, 2,23 TIN #1istiDIST a

E ¥1ist:TIME "
15 15 15 13 11| Mark: B « - an

To select data points from a scatter plot or xyLine plot,
follow these steps.

1. Press [LisT] [2] 8 to select 8:Select{ from the LIST
OPS menu. Select( is pasted to the home screen.

2. Enter xlistname, press (1], enter ylistname, and then
press [} to designate list names into which you want
the selected data to be stored.

[Select(liLz2M

3. Press [ENTER]. The graph screen is displayed with
Left Bound? in the bottom-left corner.

:F'?iDIniLaTIHE .
v o
"
o

o
. a
Lwfk Eound? T
W=l Y18

4. Press [+] or [=] (if more than one stat plot is selected) to
move the cursor onto the stat plot from which you want
to select data points.

5. Press [4] and [] to move the cursor to the stat plot data
point that you want as the left bound.

F1:DIST TINE [
oo
u
]
o

-]
. o
Lt Boundt %oz
=y ¥=ix
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6.

Press [ENTER). A » indicator on the graph screen shows
the left bound. Right Bound? is displayed in the bottom-
left corner.

F1:DIST.TIHE :
:Hﬂﬂ'

i

o
o
o

: ]
Ridht Bound? oo
LEL ] ¥=iz

Press [¢] or ] to move the cursor to the stat plot point
that you want for the right bound, and then press ([ENTER].

FL:DIETTINE )
B

Fi:ilhl:&cnund? o : Z oo
AE1Y vz :

The x-values and y-values of the selected points are
stored in xlistname and ylistname. A new stat plot of
xlistname and ylistname replaces the stat plot from
which you selected data points. The list names are
updated in the stat plot editor.

L1 Flotz Pletl
{4 SETF 89 9,.. off
wrel B L Jh
{13 11375 3 .. A o =
wlistila
Ylistilez
Mark: B -

Note: The two new lists (xlistname and ylistname) will include the
points you select as left bound and right bound. Also, lefi-bound
x-value < right-bound x-value must be true.



augment(

Listrmatr(

augment( concatenates the elements of listA and listB. The
list elements can be real or complex numbers.

augment(listA,listB)
11721320z
1 17 _ 213
augmentolz. £25:3
£1 1721 25 38

1

Listpmatr{ {lists stored to matrix) fills matrizname column
by column with the elements from each list. If the
dimensions of all lists are not equal, then Listrmatr( fills
each extra matrixnaime row with 0. Complex lists are not
valid.

Listmatr{list] list2, . . . list n,matrizname)

L1253 % LK . Liit*ﬁ@tl""{ L LY
il 2 3% LB, [C12
LT PPN E R Bone
£d4 5 o3| [C1
IF-8:92+.B [{1 4 7l
i 8 9 [2 5 2]
[5 &6 911
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Matriist(

11-16 Lists

Matpist{ (matrix stored to lists) fills each listname with
elements from each column in matriz. If the number of
listrname arguments exceeds the number of columns in
matriz, then Matplist( ignores extra listrame arguments.
Likewise, if the number of columns in matriz exceeds the
number of listname arguments, then Matrlist{ ighores
extra matriz columns.

Matnlistimairiz,listnamel listname2, . . . listname n)

[H] L1
[11 2 3] - £1 43

14 5 411 Lz
Matrelist<[RAlI-L1 2 93

sbzsLlzd Lz
Oorne {3 6}

Matnlist( also fills a istname with elements from a
specified columm# in matriz. To fill a list with a specific
column from malriz, you must enter a column# after
malriz.

Matnlist{malriz,column# listname)

[A] L1
[11 2 3] - LG -
o I4 5 611
Matrelizt({[A}:3,
L12
Oore

L preceding one to five characters identifies those
characters as a user-created listname. listname may
comprise letters, 8, and numbers, but it must begin with a
letter from A to Z or 6.

Liistname

Generally, L must precede a user-created list name when
you enter a user-created list name where other input is
valid, for example, on the home screen. Without the L, the
TI-83 may misinterpret a user-created list name as implied
multiplication of two or more characters.

L need not precede a user-created list name where a list
name is the only valid input, for example, at the Name=
prompt in the stat list editor or the Xlist: and Ylist: prompts
in the stat plot editor. If you enter L where it is not
necessary, the TI-83 will ignore the entry.



LIST MATH Menu

LIST MATH Menu To display the LIST MATH menu, press [LIsT] (4.

min{, max(

mean(, median(

NAMES OPS MATH

1:min( Returns minimum element of a list.
2:max{ Returns maximum element of a list.
3: meant Returns mean of a list.

4; median{ Returns median of a list.

5: sum({ Returns sum of elements in a list.
6: prod( Returns product of elements in list.
7: stdDev( Returns standard deviation of a list.
8: variance( Returns the variance of a list.

min{ (minimum}) and max{ (maximum) return the smallest or
largest element of listA. If two lists are compared, it returns
alist of the smaller or larger of each pair of elements in listA
and #stB. For a complex list, the element with smallest cr
largest magnitude (modulus) is returned.

min(listA[,listB]}
max{listA[ listB])

min €l 2.3, {3:2

’ £1 2 13
£1,2.33, 032

52 33

Mma

1
1

™ S

¥
®
3

Note: min{ and max{ are the same as min{ and max{ on the MATH
NUM menu.

mean({ returns the mean value of list. median{ returns the
median value of list. The default value for freglist is 1.
Each freqlist element counts the number of consecutive
occurrences of the corresponding element in list. Complex
lists are not valid.

mean(list| freqlist])
median(list|,freqlist]}

meant ol 2. 3% L35

T GEEEEEEET
mediaﬂ({lyz:ﬁ}bq
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sum{, prod(

Sums and
Products of
Numeric
Sequences

stdDev(,
variance(

11-18 Lists

sum( (summation) returns the sum of the elements in list.
start and end are optional; they specify a range of
elements. list elements can be real or complex numbers.

prod( returns the product of all elements of list. start and
end elements are optional; they specify a range of list
elements. list elements can be real or complex numbers.

sum(list[,start.end]} prod{list[,start,end])

{1258 183 Mo 25 s am
Sumils 2 2 pradil2 280
zumil 153250 rrodili,3,52

23 4@6

You can combine sum( or prod({ with seq{ to obtain:

upper upper
Zexpression(azj I I expression(x)
x=lower x=lower

To evaluate T 201 from N=1 to 4:

sUmisesl 27 H-1 73
Hal-4:122 -

stdDev( returns the standard deviation of the elements in list.
The default value for freqlist is 1. Each freqlist element
counts the number of consecutive occurrences of the
corresponding element in list. Complex lists are not valid.

variance( returns the variance of the elements in list. The
default value for freqlist is 1. Each freqlist element counts
the number of consecutive occurrences of the corresponding
element in f2st. Complex lists are not valid.

stdDev(list[ freqlist]) variance(list[ freqlist])
sbodlewi{l.2:5. "%
2G5y 22D

3. 9EVER393Y

gariaqagi{lazaﬁa
T 15.5
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Getting Started: Pendulum Lengths and Periods

Getting Started is a fast-paced introduction. Read the chapter for details.

A group of students is attempting to determine the mathematical relationship
between the length of a pendulum and its period (one complete swing of a
pendulum). The group makes a simple pendulum from string and washers and
then suspends it from the ceiling. They record the pendulum’s period for each
of 12 string lengths.*

Length (cm) Time (sec)
6.5 0.51
11.0 0.68
13.2 0.73
15.0 0.79
18.0 0.88
23.1 0.99
24.4 1.01
26.6 1.08
30.5 1.13
34.3 1.26
37.6 1.28
41.5 1.32

1. Press [MGDE) =] (] [+] [ENTER] to set Func

graphing mode.

2. Press 5 to select 5:SetUpEditor. SetirEditor
SetUpEditor is pasted to the home Done
sScreen.

Press [ENTER]. This removes lists from stat
list editor columns 1 through 20, and
then stores lists L1 through Lé in
columns 1 through 6.

Note: Removing lists from the stat list editor does not
delete them from memory.

3. Press 1 to select 1:Edit from the
STAT EDIT menu. The stat list editor is
displayed. If elements are stored in L1
and L2, press [+] to move the cursor onto
L1, and then press =
to clear both lists. Press T
to move the rectangular cursor back to
the first row in L1.

*This exampie is quoted and adapted from Contemporary Precalculus Through Applications,
by the North Carelina School of Science and Mathematics, by permission of Janson
Publications, Inc., Dedham, MA. 1-800-322-MATH. © 1992, All rights reserved.
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ut

Press6[]5 to store the first
pendulum string length (6.5 cm) in L1.
The rectangular cursor moves to the
next row. Repeat this step to enter each
of the 12 string length values in the table
on page 12-2.

Press [»] to move the rectangular cursor
to the first row in L2.

Press[-] 51 to store the first time
measurement (.51 sec) in L2. The
rectangular cursor moves to the next
row. Repeat this step to enter each of
the 12 time values in the table on

page 12-2.

Press to display the Y= editor.

If necessary, press to clear the
function Y1. As necessary, press (], [ENTER],
and ] to turn off Plot1, Plot2, and Piot3
from the top line of the Y= editor

(Chapter 3). As necessary, press [+], (4],
and to deselect functions.

Press [STAT PLOT] 1 to select 1:Plot1
from the STAT PLOTS menu. The stat
plot editor is displayed for plot 1.

Press to select On, which turns on
plot 1. Press [+] to select L
{scatter plot). Press [+ [L1] to
specify Xlist:L1 for plot 1. Press [=]

[L2] to specify Ylist:L2 for plot 1.
Press (<] ] to select + as the Mark

for each data point on the scatter plot.

Press 9 to select 9:ZoomStat from
the ZOOM menu. The window variables
are adjusted automatically, and plot 1 is
displayed. This is a scatter plot of the
time-versus-length data.

Lt L L3

LilE3) =

Li L& L3 &
ik 1.

ch.5 1.8

I 113

ER 1.L6

Ei? i.c0

LECIZN =

Fleti FlotZ Flat3
~i=0
e=
wAr=
sAy=
WA
wWilgm
~hr=

Flotz Flot:
n
Ture! L= iy

b HEH
Alistily
Ylist:lz
Mark: B +

Flotz  Flet®
£

uret B L2 dn,
HE- HIH
“Wlistily
list:Llz
Mark: o B
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Since the scatter plot of time-versus-length data appears to be approximately
linear, fit a line to the data.

10. Press [»] 4 to select 4:LinReg(ax+b) LinKedlaxtbh: N
(linear regression model) from the STAT
CALC menu. LinReg{ax+b} is pasted to
the home screen.

11. Press [2nd] [L1] 1) [L2] (). Press LinRegfax+bs Li-
[] 1 to display the VARS Y-VARS Lz-¥ill

FUNCTION secondary menu, and then
press 1 to select 1:Y1. L1, L2, and Y1 are
pasted to the home screen as arguments
to LinReg({ax+b).

12. Press to execute LinReg(ax+b). The LinEE‘Qb
linear regression for the datain L1 and L2 g=ant
is calculated. Values for a and b are 2;‘ g%ggggz%%%

displayed on the home screen. The linear
regression equation is stored in Y1.
Residuals are calculated and stored 5
automatically in the list name RESID,
which becomes an item on the LIST
NAMES menu.

13. Press [GRAPH]. The regression line and the
scatter plot are displayed.

12-4 Statistics



The regression line appears to fit the central portion of the scatter plot well.
However, a residual plot may provide more information about this fit.

14.

16.

17.

Press 1 to select 1:Edit. The stat
list editor is displayed.

Press [»] and [4] to move the cursor onto
L3

Press [iNs]. An unnamed column is
displayed in column 3; L3, L4, L5, and L&
shift right one column. The Name=
prompt is displayed in the entry line, and
alpha-lock is on.

. Press [LisT] to display the LIST

NAMES menu.

If necessary, press (=] to move the cuisor
onto the list name RESID.

Press [ENTER] to select RESID and paste it
to the stat list editor's Name= prompt.

Press [ENTER]. RESID is stored in column 3
of the stat list editor.

Press [=] repeatedly to examine the
residuals.

Lt Lz L aBE
6.5 1
i Bl
1z 72
i )
ig B
xR 3
dey {1
Hame=[

L1 Lz L JE
6.5 £1
il &8
iz |73
iz 7
i8 BR
ix4 | =8
Zeq |1
Hame=RESID
L1 Lz ki E
6.5 E1 ~.0598
i \Ed - 003G
3z |73 - 0y
it 7B Jidh
iB Bil 04y
gxd | .88 WL
e | L | 6i50R
RESIB = =, RS/ 527 ...

Notice that the first three residuals are negative. They correspond to the
shortest pendulum string lengths in L1. The next five residuals are positive, and
three of the last four are negative. The latter correspond to the longer string
lengths in L1. Plotting the residuals will show this pattern more clearly.
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18. Press [2nd] [STAT PLOT] 2 to select 2:Plot2 Fletl Flot®
from the STAT PLOTS menu. The stat v [BR
plot editor is displayed for plot 2. Tore: e % %
#listilq
Ylist:lez
Mark: B -+
19. Press to select On, which turns on okl 1@@ Flot:
plot 2. See! B L dh
Press [+ to select 1= (scatter plot). wlist :“'L e
Press[+] [L1] to specify Xlist:L1 for ] igt. RéSIB
plot 2. Press [=] [R] [E] [8] [!] [D] Mark:t B + -
(alpha-lock is on) to specify Ylist:RESID
for plot 2. Press [+] to select o as
the mark for each data point on the
scatter plot.
20. Press [¥=] to display the Y= editor. Pleti  AEHE F'W:Z
= B23EETYTI216
Press [ to move the cursor onto the SETE+. 4296 826235
= sign, and then press to deselect. ?gsz
Y1, Press [4] to turn off plot 1. :‘1"2;
~Ny=
o=
21. Press 9 to select 9:ZoomStat from .
the ZOOM menu. The window variables “ " ﬂn"
are adjusted automatically, and plot 2 is R w
displayed. This is a scatter plot of the "
residuals.
F-3 o

Notice the pattern of the residuals: a group of negative residuals, then a group
of positive residuals, and then another group of negative residuals.
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The residual pattern indicates a curvature associated with this data set for
which the linear model did not account. The residual plot emphasizes a
downward curvature, so a model that curves down with the data would be
more accurate. Perhaps a function such as square root would fit. Try a power

regression to fit a function of the form y = a % x".

22.

23.

24.

25.

26.

Press Y] to display the Y= editor.

Press to clear the linear regression
equation from Y1. Press [4] to turn
on plot 1. Press ] to turn off plot
2.

Press 9 to select 9:ZoomStat from
the ZOOM menu. The window variables
are adjusted automatically, and the
original scatter plot of time-versus-
length data (plot 1) is displayed.

Press ] [ALPHA] [A] to select
A:PwrReg from the STAT CALC menu.
PwrReg is pasted to the home screen.

Press 12 [L2] [L]. Press
(] 1 to display the VARS Y-VARS
FUNCTION secondary menu, and then
press 1 to select 1:Y1. L1, L2, and Y1 are
pasted to the home screen as arguments
to PwrReg.

Press to calculate the power
regression. Values for a and b are
displayed on the home screen. The
power regression equation is stored in
Y1. Residuals are calculated and stored
automatically in the list name RESID.

Press [GRAPH]. The regression line and the
scatter plot are displayed.

AME Flotz Flotz
why=

wME=

w

Wiy =

we=

~Alg=

N

-H'* *

FuwrEed L1.Lz-%1R
Purkeag

g=z¥uh

a=, 1922828621
b=, 5224952852
[ |
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The new function y=.192x*% appears to fit the data well. To get more

information, examine a residual plot.
27. Press [Y<] to display the Y= editor.

Press [«] [ENTER] to deselect Y1.

Press [+] [ENTER] to turn off plot 1. Press
(] [ENTER] to turn on plot. 2.

Note: Step 19 defined plot 2 to plot residuals {RESID)
versus string tength (L1).

28. Press 9 to select 9:ZoomStat from
the ZOOM menu. The window variables
are adjusted automatically, and plot 2 is
displayed. This is a scatter plot of the
residuals,

Floti AEHE P13
~Ni=, 19228286213
ESEK”‘ L D224382852

The new residual plot shows that the residuals are random in sign, with the
residuals increasing in magnitude as the string length increases.

To see the magnitudes of the residuals, continue with these steps.

29. Press [TRAGE].

Press [v] and [ to trace the data.
Observe the values for Y at each point.

With this model, the largest positive
residual is about 0.041 and the smallest
negative residual is about -0.027. All
other residuals are less than 0.02 in
magnitude.

12-8 Statistics
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Now that you have a good model for the relationship between length and
period, you can use the model to predict the period for a given string length.
To predict the periods for a penduluin with string lengths of 20 cm and 50 cm,
continue with these steps.

30. Press (] 1 to display the VARS ‘11
Y-VARS FUNCTION secondary menu, and
then press 1 to select 1:Y1. Y1 is pasted
to the home screen.

31. Press[(] 20 [0] to enter a string length of Y0280
20 cm. . L F12ETE1364

Press [ENTER] to calculate the predicted
time of about 0.92 seconds.

Based on the residual analysis, we would
expect the prediction of about 0.92
seconds to be within about 0.02 seconds
of the actual value.

32. Press [ENTRY] to recall the Last Entry. Y28
L B1987E1304
Press 5 to change the string 15

1. 484736865

length to 50 cm.

33. Press [ENTER] to calculate the predicted
time of about 1.48 seconds.

Since a string length of 50 cin exceeds
the lengths in the data set, and since
residuals appear to be increasing as
string length increases, we would expect
more error with this estimate.

Note: You also can make predictions using the table
with the TABLE SETUP settings Indpnt:Ask and
Depend:Auto (Chapter 7).
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Setting Up Statistical Analyses

Using Lists to
Store Data

Setting Up a
Statistical
Analysis

Displaying the
Stat List Editor

12-10 Statistics

Data for statistical analyses is stored in lists, which you
can create and edit using the stat list editor. The TI-83 has
six list variables in memory, L1 through Ls, to which you
can store data for statistical calculations. Also, you can
store data to list names that you create (Chapter 11).

To set up a statistical analysis, follow these steps. Read the
chapter for details.

Enter the statistical data into one or more lists.

FPlot the data.

Calculate the statistical variables or fit a model to the data.

-

Graph the regression equation for the plotted data.

5. Graph the residuals list for the given regression model.

The stat list editor is a table where you can store, edit, and
view up to 20 lists that are in memory. Also, you can create
list names from the stat list editor.

To display the stat list editor, press [STAT), and then select
1:Edit from the STAT EDIT menu.

LACEe =

The top line displays list names. L1 through Lsé are stored in
columns 1 through 6 after a memory reset. The number of
the current column is displayed in the top-right corner.

The bottom line is the entry line. All data entry occurs on
this line. The characteristics of this line change according
to the current context (page 12-17).

The center area displays up to seven elements of up to
three lists; it abbreviates values when necessary. The entry
line displays the full value of the current element.



Using the Stat List Editor

Entering a List To enter alist name in the stat list editor, follow these steps.

Name in the Stat L Displav the Name= promot in ti trv line in either of

List Editor . Display the Name= prompt in the entry line in either o
two ways.

* Move the cursor onto the list name in the coluran
where you want to insert a list, and then press
[INs]. Anunnamed column is displayed and the
remaining lists shift right cne column.

¢ Press[«] until the cursor is on the top line, and then
press [»] until you reach the unnamed column.

Note: If list names are stored to all 20 columns, you must remove
a list name to make room for an unnamed column.

The Name= prompt is displayed and alpha-lock is on.

L1

Hame=H

2. Enter a valid list name in any of four ways.
¢ Select aname from the LIST NAMES menu (Chapter 11).

o Enter L1, L2, L3, L4, L5, or Lé from the keyboard.

¢ Enter an existing user-created list name directly from
the keyboard.

* Enter a new user-created list name {page 12-12).

Hame=HBC

3. Press or [=] to store the list name and its
elements, if any, in the current column of the stat list

editor.

TR L1

Lz

AEC =

To begin entering, scrolling, or editing list elements, press

[=]. The rectangular cursor is displayed.

Note: If the list name you entered in step 2 aiready was stored in
another stat list editor column, then the list and its elements, if any,
move to the current column from the previous column. Remaining list
names shift accordingly.
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Creating a Name
in the Stat List
Editor

Removing a List
from the Stat List
Editor

Removing All
Lists and
Restoring L1
through Le

Clearing All
Elements from a
List

12-12 Statistics

To create a name in the stat list editor, follow these steps.

1. Follow step 1 on page 12-11 to display the Name=
prompt.

2. Press [letter from A to Z or 6] to enter the first letter of
the name. The first character cannot be a number.

3. Enter zero to four letters, 8, or numbers to complete the
new user-created list name. List names can be one to
five characters long.

4. Press [ENTER] or [+] to store the list name in the current
column of the stat list editor. The list name becomes an
item on the LIST NAMES menu {Chapter 11}.

To remove a list from the stat list editor, move the curser
onto the list name and then press [BEL). The list is not deleted
from memory; it is only removed from the stat list editor.

Note: To delete a list name from memory, use the MEMORY
DELETE: List selection screen {Chapter 18).

You can remove all user-created lists from the stat list
editor and restore list names L1 through Ls to columns 1
through 6 in either of two ways.

* Use SetUpEditor with no arguments (page 12-21).

¢ Reset all memory (Chapter 18).

You can clear all elements from a list in any of five ways.

Use ClrList to clear specified lists (page 12-20).
¢ In the stat list editor, press [+] to move the cursor onto a
list name, and then press [CLEAR] [ENTER].

¢ In the stat list editor, move the cursor onto each
element, and then press one by one.

¢  Onthe home screen or in the program editor, enter
0>dim{listname) to set the dimension of listnane to 0
(Chapter 11).

+ Use ClrAllLists to clear all lists in memory (Chapter 18).



Editing a List To edit alist element, follow these steps.

Element

L.

Move the rectangular cursor onto the element you want
to edit.

Press [ENTER] to move the cursor to the entry line.

Note: if you want to replace the current value, you can enter a new
value without first pressing [ENTER]. When you enter the first
character, the current value is cleared automatically.

Edit the element in the entry line.

¢ Press one or more keys to enter the new value. When
vou enter the first character, the current value is
cleared automatically.

e Press[r] to move the cursor to the character before
which you want to insert, press [vs], and then
enter one or more characters.

* Press[+] to move the cursor to a character you want to
delete, and then press to delete the character.

To cancel any editing and restore the original element at

the rectangular cursor, press [CLEAR] [ENTER].
AELC L1 L 1

REC(EY =Sk 1 AR
Note: You can enter expressions and variables for elements.

Press [ENTER], [+], or (=] to update the list. If you entered
an expression, it is evaluated. If you entered only a
variable, the stored value is displayed as a list element.

AEC L1 L& 1
|3 (Y R
ig
143

ARC(MI =

When you edit a list element in the stat list editor, the list is
updated in memory immediately.
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Attaching Formulas to List Names

Attaching a
Formula to a List
Name in Staf List
Editor

12-14 Statistics

You can attach a formula to a list name in the stat list
editor, and then display and edit the calculated list
elements. When executed, the attached formula must
resolve to a list. Chapter 11 describes in detail the concept
of attaching formulas to list names.

To attach a formula to a list name that is stored in the stat
list editor, follow these steps.

1.
2.
3.

Press to display the stat list editor.
Press [+] to move the cursor to the top line.

Press [¢] or ], if necessary, to move the curser onto the
list name to which you want to attach the formula.

Note: If a formula in quotation marks is displayed on the entry line,
then a formula is already attached to the list name. To edit the
formula, press [ENTER], and then edit the formula.

Press [ALPHA] [], enter the formula, and press [ALPHA] [v'].

Note: If you do not use quotation marks, the Ti-83 caiculates and
displays the same initial list of answers, but does not attach the
formula for future calculations.

H =" HEC+16"N

Note: Any user-created list name referenced in a formula must be
preceded by an L symbol (Chapter 11).

Press [ENTER). The TI-83 calculates each list element and
stores it to the list name to which the formula is
attached. A lock symbol is displayed in the stat list
editor, next to the list name to which the formula is
attached.

lock symbol

AELC i WLz E
ST
ZE00R | ZEQLO
0
- e
Lif=15




Using the Stat
List Editor When
Formula-
Generated Lists
Are Displayed

Handling Errors
Resulting from
Attached
Formulas

When you edit an element of a list referenced in an
attached formula, the TI-83 updates the corresponding
element in the list to which the formula is attached
(Chapter 11).

AEE L1 LB [ % 1
16 | eeeaea
[
e | ZE0ig
£l 0
ek L
fECir =0l RECizI=1H

When a list with a formula attached is displayed in the stat
list editor and you edit or enter elements of another
displayed list, then the TI-83 takes slightly longer to accept
each edit or entry than when no lists with formulas
attached are in view.

Tip: To speed editing time, scroll horizontally untif no fists with
formulas are displayed, or rearrange the stat list editor so that no lists
with formulas are displayed.

On the home screen, you can attach to a list a formula that
references another list with dimension 0 (Chapter 11).
However, you cannot display the formula-generated list in
the stat list editor or on the home screen until you enter at
least one element to the list that the formula references.

All elements of a list referenced by an attached formula
must be valid for the attached formula. For example, if
Real number mode is set and the attached formula is
log{L1), then each element of L1 must be greater than 0,
since the logarithm of a negative number returns a
complex result.

Tip: If an error menu is returned when you attempt to display a
formula-generated list in the stat list editor, you can select 2:Goto,
write down the formula that is attached to the list, and then press

to detach (clear) the formula. You then can use the stat
list editor to find the source of the error. After making the appropriate
changes, you can reattach the formula to a list.

If you do not want to clear the formula, you can select 1:Quit, display
the referenced list on the home screen, and find and edit the source of
the error. To edit an element of a list on the home screen, store the
new value io listname{element#) {Chapter 11).

Statistics 12-15



Detaching Formulas from List Names

Detaching a
Formula from a
List Name

Editing an
Element of a
Formula-
Generated List
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You can detach (clear) a formula from a list name in any of
four ways.

¢ In the stat list editor, move the cursor onto the name of
the list to which a formula is attached. Press [ENTER
[ENTER]. All list elements remain, but the formula
is detached and the lock symbol disappears.

¢ In the stat list editor, move the cursor onto an element
of the list to which a formula is attached. Press [ENTER],
edit the element, and then press [ENTER]. The element
changes, the formula is detached, and the lock symbol
disappears. All other list elements remain.

¢ Use ClrList (page 12-20). All elements of one or more
specified lists are cleared, each formula is detached, and
each lock symbol disappears. All list names remain.

¢ Uge ClrAliLists {Chapter 18). All elements of all lists in
memory are cleared, all formulas are detached from all
list names, and all lock symbols disappear. All list
names remain.

As described above, one way to detach a formula from a
list name is to edit an element of the list to which the
formula is attached. The TI-83 protects against
inadvertently detaching the formula from the list name by
editing an element of the formula-generated list.

Because of the protection feature, you must press [ENTER
before you can edit an element of a formula-generated list.

The protection feature does not allow you to delete an
element of a list to which a formula is attached. To delete
an element of a list to which a formula is attached, you
must first detach the formula in any of the ways described
abaove.



Switching Stat List Editor Contexts

Stat List Editor

Contexts
TR L1 ¥ jLE 1
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o 0
K 3K

AeC =N5. 18 . ZOEEE..

*1LE z

LE=20a0RE1 3

5]

» Lz B

L =RoR0nEn 15

ABL B it e

5 15
in 2
T5E7 E5E7
E i
= i

Mame=h]

REC ® x|z [
[ PO -

)
t5E? | EhER
]
ES 5
L1 =" ABC+1GB"

=5

The stat list editor has four contexts,

s View-elements context o [Edit-elements context
¢ View-names context ¢ Enter-name context

The stat list editor is first displayed in view-elements
context. To switch through the four contexts, select 1:Edit
from the STAT EDIT menu and follow these steps.

1. Press [4] to move the cursor onto a list name. You are
now in view-names context. Press [3] and [¢] to view list
names stored in other stat list editor columns.

2. Press [ENTER). You are now in edit-elements context, You
may edit any element in a list. All elements of the
current list are displayed in braces ( {1 )in the entry
line. Press [v] and [¢] to view more list elements.

3. Press again. You are now in view-elements
context. Press [v], [{], [=], and [&] to view other list
elements. The current element’s full value is displayed
in the entry line.

4. Press [ENTER] again. You are now in edit-elements
context. You may edit the current element in the entry
line.

5. Press [+] until the cursor is on a list name, then press

2nd] [INS]. You are now in enter-name context.

6. Press[CLEAR]. You are now in view-names context.

7. Press[+]. You are now back in view-elements context.
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Stat List Editor Contexts

View-Elements
Context

Edit-Elements
Context
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In view-elements context, the entry line displays the list
name, the current element’s place in that list, and the full
value of the current element, up to 12 characters at a time.
An ellipsis (...) indicates that the element continues beyond
12 characters.

Lin=230000 1 @

To page down the list six elements, press [+]. To
page up six elements, press [+]. To delete a list
element, press [DEL). Remaining elements shift up one row.
To insert a new element, press [INs]. 0 is the default
value for a new element.

In edit-elements context, the data displayed in the entry
line depends on the previcus context.

* When you switch to edit-elements context from view-
elements context, the full value of the current element
is displayed. You can edit the value of this element, and
then press [+] and [«] to edit other list elements.

AEC Li WLz 1 AEC L1 LI | %4 i

1 I : T B
s

Horrm| 2010 Horrm| Soo

Fii] o — i 0

eE £ £ *E

RECIZI =2 5EEH aeccz =NSEAH

* When you switch to edit-elements context from view-
names context, the full values of all elements in the list
are displayed. An ellipsis indicates that list elements
continue beyond the screen. You can press ] and [ to
edit any element in the list.

e T i TR T 1
15| cmos £ FER B
io 0 11 H
ZEo0d | ZEodn zEand | ZE0in
0 20 - | = 0
1 g = g
aEC =L5, 18, 253088 ke =05, 18. 250800

Note: In edit-elements context, you can attach a formula to a list
name only if you switched to it from view-names context.



View-Names
Context

Enter-Name
Context

In view-names context, the entry line displays the list name
and the list elements.

i) L1 Lz )]

LN [N
4]

gEogn | ZEQLD
kil

zf K

To remove a list from the stat list editor, press [DEL).
Remaining lists shift to the left one column. The list is not
deleted from memory.

To insert a name in the current column, press [INS].
Remaining columns shift to the right one column.

In enter-name context, the Name= prompt is displayed in
the entry line, and alpha-lock is on.

At the Name= prompt, you can create a new list name,
paste a list name from L1 to Lé from the keyboard, or paste
an existing list name from the LIST NAMES menu

(Chapter 11). The v symbeol is not required at the Name=
prompt.

e T L1 %1
€ Y3
19 zn
zEnmn | ZEale
0
2E 3
Hame=01

To leave enter-name context without entering a list name,
press [CLEAR]. The stat list editor switches to view-names
context.
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STAT EDIT Menu

STAT EDIT Menu

SortAf, SortD(

CirList

12-20 Statistics

To display the STAT EDIT menu, press [STAT].

EDIT CALC TESTS

1: Edit... Displays the stat list editor.

2: SortAf Sorts a list in ascending order.
3: SortD( Sorts a list in descending order.
4: ClrList Deletes all elements of a list.

5: SetUpEditor  Stores lists in the stat list editor.

Note: Chapter 13 inferential Statistics describes the STAT TESTS
menu items.

SortA({ (sort ascending) sorts list elements from low to high
values. SortD( (sort descending) sorts list elements from
high to low values. Complex lists are sorted based on
magnitude (modulus). SortA{ and SortD{ each can sort in
either of two ways.

¢ With one listname, SortA( and SortD{ sort the elements
in listname and update the list in memory.

¢ With two or more lists, SortA( and SortD{ sort
keylistname, and then sort each dependlist by placing
its elements in the same order as the corresponding
elements in keylistname. This lets you sort two-variable
data on X and keep the data pairs together. All lists
must have the same dimension.

The sorted lists are updated in memory.

SortA{listname)
SortD{listname)
SortA{keylistname,dependlist]|,dependlist2,....dependlist n))
SortD{keylistname,dependlist] | dependlist2,....dependlist n))

TS24, 33+ Lz
o i5 4 33 i3 4 5%
{1:273.}'}'_‘1 4 _
11 2 33 32 13
SortACLza Lyl n
Done

Note: SortA{ and SortD{ are the same as SortA{ and SortD( on the
LIST OPS menu.

CirList clears (deletes) from memory the elements of one
or more listnames. CirList also detaches any formula
attached to a listnaime.

CirList istnamel listname2,. listhame n

Note: To clear from memaory all elements of all list names, use
CirAllLists (Chapter 18).



SetUpEditor

Restoring L1
through Le fo the
Stat List Editor

With SetUpEditor you can set up the stat list editor to
display one or more listnames in the order that you
specity. You can specify zeroc to 20 listrames.

SetUpEditor [listnamel listname2,.. listname n)

SetUpEditor with one to 20 listnames removes all list
names from the stat list editor and then stores listnames in
the stat list editor columns in the specified order,
beginning in column 1.

SetUPEdltar FESI

%s » TIME - LOH
' Darie
KEZID £ lic Li *1 H
i it
JOEaz | 2 iz
“iy ] iz
R | 4 1%
ngsy £ iE
“ 0018 | & T
TG | | ————
FESIDUI= -, B 5195, TIHED =50

If you enter a listrnaime that is not stored in memory
already, then listname is created and stored in memory; it
becomes an item on the LIST NAMES menu.

SetUpEditor with no listnames removes all list names from
the stat list editor and restores list names L1 through £6 in
the stat list editor columns 1 through 8.

SetlUrEditor
Oone

rad
g2
ke

ETalP] i) bk

LYETa=
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Regression Model Features

Regression
Model Features

Automatic
Residual List

Automatic
Regression
Equation
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STAT CALC menu items 3 through € are regression models
(page 12-24). The automatic residual list and automatic
regression equation features apply to all regression
models. Diagnostics display mode applies to some
regression models.

When vou execute a regression model, the automatic
residual list feature computes and stores the residuals to
the list name RESID. RESID becomes an item on the

LIST NAMES menu (Chapter 11).

?&Iﬁ OFs MATH
IRESID

The TI-83 uses the formula below to compute RESID list
elements. The next section describes the variable RegEQ.

RESID = Yiistname - RegEQ(Xlistrname)

Each regression model has an optional argument, regegu, for
which you can specify a Y= variable such as Y1. Upon
execution, the regression equation is stored autematically to
the specified Y= variable and the Y= function is selected.

123313 L-1. -
22 Skl
-1 -2 -5

LinRegdax+bs Lis

Lz-YzN

Linkea Flebi FEE Floks
s_§§+b m$1—
b=1.333333333 %§35é2H+1 3E33I3

Regardless of whether you specify a Y= variable for regequ,
the regression equation always is stored to the TI-83
variable RegEQ, which is item 1 on the VARS Statistics EQ
secondary menu.

WY E TEST PTS
EE@%

Note: For the regression equation, you can use the fixed-decimal
mode setting to control the number of digits stored after the decimal
point (Chapter 1). However, limiting the number of digits to a small
number could affect the accuracy of the fit.



Diagnostics
Display Mode

When you execute some regression models, the TI-83
computes and stores diagnostics values for r (correlation
coefficient) and r2 (coefficient of determination) or for R2
(coefficient of determination).

r and r2 are computed and stored for these regression
models.

LinReg{ax+b) LnReg PwrReg
LinReg(a+bx) ExpReg

R2? is computed and stored for these regression models.
QuadReg CubicReg QuartReg

The r and r2 that are computed for LnReg, ExpReg, and
PwrReg are based on the linearly transformed data. For
example, for ExpReg (y=ab”x), r and r? are computed on
In y=In a+x{In b).

By default, these values are not displayed with the results
of aregression model when you execute it. However, you
can set the diagnostics display mode by executing the
DiagnosticOn or DiagnosticOff instruction. Each instruction
is in the CATALOG (Chapter 15).

CHTALDG i
det.C
DiagnosticOf ¥

ki adnosticln
dime

Note: To set DiagnosticOn or DiagnosticOff from the home
screen, press [CATALOG], and then select the instruction for the
mode you want. The instruction is pasted to the home screen. Press
to set the mode.

When DiagnosticOn is set, diagnostics are displayed with
the results when you execute a regression model.

Dizanosticln LinEea
] ore HS=axth
Linkeg{ax+bh? Lis a=-2
Lzl b=1.333333333
reE=, 9236769231

==, 3687689223

When DiagnosticOff is set, diagnostics are not displayed
with the results when you execute a regression model.

DiagrosticOff Linkedg

. [utgt=] u=ax+th
LinFegdax+b) Lis a= 2
L.zM k=1, 333333333
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STAT CALC Menu

STAT CALC
Menu

Frequency of
Occurrence for
Data Points
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To display the STAT CALC menu, press C].

EDIT CALC TESTS

1:1-Var Stats Calculates 1-variable statistics.
2:2-Var Stats Calculates 2-variable statistics.
3: Med-Med Calculates a median-median line.
4: LinReg{ax+tb) Fits a linear model to data.

5: QuadReg Fits a quadratic model to data.

6: CubicReg Fits a cubic model to data.

7: QuartRey Fits a quartic model to data.

8: LinReg{a+bx) Fits a linear model to data.

9: LnReg Fits a logarithmic model to data.
0: ExpReg Fits an exponential model to data.
A: PwrReg Fits a power model to data.

B: Logistic Fits a logistic model to data.

C: SinReg Fits a sinusoidal model to data.

For each STAT CALC menu item, if neither Xlistname nor
Ylistname is specified, then the default list names are L1

and Lz. If you do not specify freglist, then the default is 1

occurrence of each list element.

For most STAT CALC menu items, you can specify a list of
data occurrences, or frequencies (fireqlist).

Each element in freqlist indicates how many times the
corresponding data point or data pair occurs in the data set
you are analyzing.

For example, if L1={15,12,9,14} and LFREQ={1,4,1,3}, then
the TI-83 interprets the instruction 1-Var Stats L1, LFREQ to
mean that 15 occurs once, 12 occurs four times, 9 occurs
once, and 14 occurs three times.

Each element in freqlist must be = 0, and at least one
element must be > 0.

Noninteger freglist elements are valid. This is useful when
entering frequencies expressed as percentages or parts
that add up to 1. However, if freglist contains noninteger
frequencies, 8x and Sy are undefined; values are not
displayed for 8x and Sy in the statistical results.



1-Var Stats

2-Var Stats

Med-Med
{ax+b)

LinReg

{ax+b)

QuadReg
(axZ+bx+c)

1-Var Stats {one-variable statistics) analyzes data with one
measured variable. Each element in freqlist is the
frequency of occurrence for each corresponding data point
in Xlistname. freglist elements must be real numbers > 0.

1-Var Stats [Xlistname, freglist]
1-Var Stats L.l
- |

2-Var Stats (two-variable statistics) analyzes paired data.
Xlistname is the independent variable. Ylistname is the
dependent variable. Each element in _freglist is the
frequency of occurrence for each data pair
(Xlistname,Ylistname).

2-Var Stats [Xlistname,Ylistname freglist]

Med-Med (median-median) fits the model equation y=ax+b
to the data using the median-median line (resistant line)
technique, calculating the summary points x1, y1, x2, y2, x3,
and y3. Med-Med displays values for a (slope) and

b (y-intercept).

Med-Med [Xlistname, Ylistname freqlist,regequ]

Med-Med Lz.Lu:Y: Med—-Med
[ ] e

a=, 875
b=1.34 1668667

LinReg(ax+b} (linear regression) fits the model equation
y=ax+b to the data using a leastsquares fit. [t displays values
for a (slope) and b (y-intercept); when DiagnosticOn is set, it
also displays values for r2 and r.

LinReg(ax+b) [Xlistname,Ylistname freqlist,regequ)

QuadReg (quadratic regression) fits the second-degree
polynomial y=ax?+bx+c to the data. It displays values for a,
b, and ¢; when DiagnosticOn is set, it alsc displays a value
for R2. For three data points, the equation is a polynomial
fit; for four or more, it is a polynomial regression. At least
three data points are required.

QuadReg [Xlistname,Ylistname freqlist,regequ)
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CubicReg
(ax3+bx2+cx+d)

QuartReg
{ax*+bx3+cx?+
dx+e)

LinReg
(a+bx)

LnReg
{a+b In(x))

ExpReg
(ab*)
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CubicReg (cubic regression) fits the third-degree
polynomial y=ax’+bx®+cx+d to the data. It displays values
for a, b, ¢, and d; when DiagnosticOn is set, it also displays
a value for R2. For four points, the equation is a polynomial
fit; for five or more, it is a polynomial regression. At least
four points are required.

CubicReg [Xlistnawme, Ylistnawe freqlist,regequ)

QuartReg (quartic regression) fits the fourth-degree
polynomial y=ax*+bx?+cx?+dx+e to the data. It displays
values for a, b, ¢, d, and e; when DiagnosticOn is set, it also
displays a value for R2. For five points, the equation is a
polynomial fit; for six or more, it is a polynomial
regression. At least five points are required.

QuartReg [Xlistname,Ylistname,freqlist,regequ]

LinReg(a+bx) (linear regression) fits the model equation
y=a+bX to the data using a least-squares fit. It displays values
for a (y-intercept) and b (slope); when DiagnosticOn is set, it
also displays values for r2 and .

LinReg(a+bx) [Xlistname,Yiistname freqlist,regequ]

EnReg (logarithmic regression) fits the model equation
y=a+b In(x) to the data using a least-squares fit and
transformed values In(x) and y. It displays values for a and
b; when DiagnosticOn is set, it also displays values for r?
and r.

LnReg [Xlistrame,Ylistname freqlist,regequ]

ExpReg (exponential regression) fits the model equation
y=ab* to the data using a least-squares fit and transformed
values x and In(y). It displays values for a and b; when
DiagnosticOn is set, it also displays values for r2 and r,

ExpReg [Xlistname,Ylistname freqlist,regequ)



PwrReg
(ax®)

Logistic
c/(1+a*xedx)

SinRegy
a sin(bx+c)+d

PwrReg (power regression) fits the model equation y=ax® to
the data using a least-squares fit and transformed values
In(x) and In(y). It displays values for a and b; when
DiagnosticOn is set, it also displays values for r2 and r.

PwrReg [Xlistname,Ylistname freglist,regequ]

Logistic fits the model equation y=c/ (1+a%e %) to the data
uging an iterative least-squares fit. It displays values for a, b,
and ¢.

Logistic [XEistname,Ylistname freqlist,regequ)

SinReg (sinusocidal regression) fits the model equation

y=4a sin(bx+¢)+d to the data using an iterative least-squares
fit. It displays values for a, b, ¢, and d. At least four data
points are required. At least two data points per cycle are
required in order to avoid aliased frequency estimates.

SinReg [iterations Xlistname Ylistname, period,regequ]

tterations is the maximum number of times the algorithm
will iterate to find a solution. The value for iteraiions can
be an integer = 1 and < 16; if not specified, the default is 3.
The algorithm may find a sclution before iterations is
reached. Typically, larger values for iterations result in
longer execution times and better accuracy for SinReg, and
vice versa.

A period guess is optional. If you do not specify period, the
difference between time values in Xlistname must be equal
and the time values must be ordered in ascending
sequential order. If you specify period, the algorithm may
find a solution more quickly, or it may find a solution when
it would not have found one if you had omitted a value for
period. If you specify period, the differences between time
values in Xlistname can be unequal.

Note: The output of SinReg is always in radians, regardiess of the
Radian/Degree mode setting.

A SinReg example is shown on the next page.
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SinReg Example:  Compute the regression model for the number of hours of
Daylight Hours in  daylight in Alaska during one year.
Alaska for One

Year %EECHE?%:SELE@ Eﬂﬂgtz Flats
iR =T R=F >
a0 14,519 19,5 gpot B L2 I
2 17:14.5:12.5: 8. A A T
Sa0,5,5, 3 ;2 #listila
5.9 82 11 135.5 Ylist:il:
[ ] Mark: o B
SinReg L1.~Lz;‘s'fi|
Sinkeg
wW=gks i R bogg 4o
=0, ¢ ra2a2d45n
h=.B16265705% | \
c=-1.215493579
d=12. 15138372 N,
l —y e

|4—f period —>!

With noisy data, you will achieve better convergence
results when you specify an accurate estimate for period.
You can obtain a period guess in either of two ways.

¢ Plot the data and trace to determine the x-distance
between the beginning and end of one complete period,
or ¢ycle. The illustration above and to the right
graphically depicts a complete period, or cycle.

¢ Plot the data and trace to determine the x-distance
between the beginning and end of N complete periods,
or cycles. Then divide the total distance by N.

After your first attempt to use SinReg and the default value
for tterations to fit the data, you may find the fit to be
approximately correct, but not optimal. For an optimal fit,
execute SinReg 16 Xlistname,Ylistname,2x | b where b is
the value obtained from the previous SinReg execution.
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Statistical Variables

The statistical variables are calculated and stored as indicated below. To
access these variables for use in expressions, press [VARS], and select
5:Statistics. Then select the VARS menu shown in the column below under
VARS menu. If you edit a list or change the type of analysis, all statistical

variables are cleared.

Variables 1-Var 2-Var Other VARS
Stats Stats menu
mean of x values X X XY
sum of x values X X %
sum of x2 values rx2 rx2 z
sample standard deviation of x Sx Sx XY
population standard deviation of x 6X X XY
number of data points n n XY
mean of y values y XY
sum of y values Xy x
sum of y2 values y? z
sample standard deviation of y Sy XY
population standard deviation of y oy XY
sum of x * y Ixy z
minimum of x values minX minX XY
maximum of x values maxX maxX XY
minimum of y values minY XY
maximum of y values maxy XY
1st quartile e F PTS
median Med PTS
3rd quartile Q3 PTS
regression/fit coefficients a, b EQ
polynomial, Logistic, and SinReg a, b, c, EQ
coefficients d, e
correlation coefficient r EQ
coefficient of determination 12, R2 EQ
regression equation RegEQ EQ
summary points (Med-Med only) xt,y1,x2, PTS
y2, x3, y3
Q1 and Q3 The first quartile (Q1) is the median of points between

minX and Med (median). The third quartile (Q3) is the
median of points between Med and maxX.
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Statistical Analysis in a Program

Entering Stat
Data

Statistical
Caiculations
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You can enter statistical data, calculate statistical results,
and fit models to data from a program. You can enter
statistical data inte lists directly within the program
(Chapter 11).

PEOGEAM: %THTS
H Fa 1

L M P PR s -1
To perform a statistical calculation from a program, follow
these steps.

1. On ablank line in the program editor, select the type of
calculation from the STAT CALC menu.

2. Enter the names of the lists to use in the calculation.
Separate the list names with a comma.

3. Enter a comma and then the name of a Y= variable, if you

want to store the regression equation to a Y= variable.

FEOGEAM: STATS

H PN

_'1’ s 533z
inEeaCaxtby L1
FER

MO
—



Statistical Plotting

Steps for Plotting You can plot statistical data that is stored in lists. The six

Statistical Data in types of plots available are scatter plot, xyLine, histogram,

Lists modified box plot, regular box plot, and normal probability
plot. You can define up to three plots.

To plot statistical data in lists, follow these steps.

Store the stat data in one or more lists.

o=

Select or deselect Y= functions as appropriate.

Define the stat plot.

=

Turn on the plots you want to display.

o

Define the viewing window.

6. Display and explore the graph.

Lo Scatter plots plot the data points from Xlist and Ylist as
catter coordinate pairs, showing each point as abox ( T ), cross
Scatt dinat i howi | int box (o)
(+), or dot ( +). Xlist and Ylist must be the same length.
You can use the same list for Xlist and Ylist.

Fletz Flok: N
TR :
wpre ';IE L Jit

i W [ .
mlisteia

Ylistilz o
Mark: = B - ot

A xyLine is a scatter plot in which the data points are plotted

(xyLine) and connected in order of appearance in Xlist and Ylist.
You may want to use SortA{ or SortD( to sort the lists
before you plot them (page 12-20).

Floti EFE Flakx
FEPE = ;xﬂr’
m« e [~

“liztil1@
Vlist:ilz
Mark: B + -
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dIre

(Histogram)

s

(M_odBoxplot)
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Histogram plots one-variable data. The Xscl window variable
value determines the width of each bar, beginning at Xmin.
ZoomStat adjusts Xmin, Xmax, Ymin, and Ymax to include all
values, and also adjusts Xscl. The inequality

(Xmax - Xmin) / Xscl < 47 must be true. A value that occurs
on the edge of a bar is counted in the bar to the right.

Fletz Flob:
o
= i S Pl

LI Ll
wlistela
Fregl

Fidd

Mih=zE HB1Z08
Maxs 26 98EE0F  n=lF

ModBoxplot (modified box plot) plots one-variable data,
like the regular box plot, except points that are 1.5 *
Interquartile Range beyond the quartiles. (The Interquartile
Range is defined as the difference between the third
quartile @3 and the first quartile @1.) These points are
plotted individually beyond the whisker, using the Mark

(o or + or») you select. You can trace these points, which
are called outliers.

The prompt for outlier points is x=, except when the cutlier
is the maximum point (maxX) or the minimum point
(minX). When outliers exist, the end of each whisker will
display x=. When no outliers exist, minX and maxX are the
prompts for the end of each whisker. Q1, Med (median),
and Q3 define the box (page 12-29).

Box plots are plotted with respect to Xmin and Xmax, but
ignore Ymin and Ymax. When two box plots are plotted, the
first one plots at the top of the screen and the second plots
in the middle. When three are plotted, the first one plots at
the top, the second in the middle, and the third at the
bottom.

e ?1” min *
2:FTot2.0n "" {1+
HE- 4 +
ZIPIoLI _OFf
et L2 s
4P lots0ff N3=z8,E




i)
(Boxpiof)

"
{NormProbPlot)

Boxplot (regular box plot) plots one-variable data. The
whiskers on the plot extend from the minimum data point
in the set (minX) to the first quartile (Q1) and from the third
quartile (Q3) to the maximum point {maxX). The box is
defined by @1, Med (median), and Q3 (page 12-29).

Box plots are plotted with respect to Xmin and Xmax, but
ignore Ymin and Ymax. When two box plots are plotted, the
first one plots at the top of the screen and the second plots
in the middle. When three are plotted, the first one plots at
the top, the second in the middle, and the third at the
bottom.

ot T S
ST S N
2iP1ot? On
FTota.0 T ¥
S Plob3 Off
HEHL: 4 :

AP lots0f Medzd ... ...........

NormProbPlot (normal probability plot) plots each
observation X in Data List versus the corresponding
quantile z of the standard normal distribution. If the plotted
points lie close to a straight line, then the plot indicates
that the data are normal.

Enter a valid list name in the Data List field. Select X or'Y
for the Data Axis setting.

¢ If you select X, the TI-83 plots the data on the x-axis and
the z-values on the y-axis.

e Ifyou select Y, the TI-83 plots the data on the y-axis and
the z-values on the x-axis.

PihdﬂﬂﬂmﬁES:E:?ﬁ
I’l
ESS.EI436@?S 36

Floti Plotz  F0OH F 3Ly
ors . )
gFel b 12 dn . o
o O P
Data Listilw . e
Dat.a Hx15:ﬁ i o
Mark: o + B
$=35.513216 Y=.PMELHE19
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Defining the
Piots
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To define a plot, follow these steps.

1.

Press [sTAT PLOT]. The STAT PLOTS menu is
displayed with the current plot definitions.

i rawn

Lsti L a
ZiFPlot2. DFF
=L Lz
SiFlot3. DFF

L B

41F1 CI‘LSD'F'F

Select the plot you want to use. The stat plot editor is
displayed for the plot you selected.

Flatz  Flot:
r
ToFE lﬁ dhin

Hbe HIH |7
wliztily
Ylist:ilz
Marlk: B

+*

Press [ENTER] to select On if you want to plot the
statistical data immediately. The definition is stored
whether you select On or Off.

Select the type of plot. Each type prompts for the
options checked in this table.

Plot Type XList YList Mark Freq Dafta Data
List Axis
= Scatter i « e a Qa a
=~ xyLine F| « F| a Q a
dIt= Histogram o a Q « Q a
= ModBoxplot F| a F| F| Q a
i Boxplot « a Q « Q a
L=~ NormProbPlot [ a F| a F| Fi|

Enter list names or select options for the plot type.

¢ Xlist (list name containing independent data)

e Yiist (list name containing dependent data)

o Mark (1or + or+)

¢ Freq (frequency list for Xiist elements; default is 1)
o Data List (list name for NormProbPlot)

e Data Axis (axis on which to plot Data List)



Displaying Other
Stat Plot Editors

Turning On and
Turning Off Stat
Piots

Each stat plot has a unique stat plot editor. The name of
the current stat plot (Plot1, Plot2, or Plot3) is highlighted in
the top line of the stat plot editor. To display the stat plot
editor for a different plot, press [+], 2], and [{] to move the
cursor onto the name in the top line, and then press [ENTER].
The stat plot editor for the selected plot is displayed, and
the selected name remains highlighted.

PlotsOn and PlotsOff allow you to turn on or turn off stat
plots from the home screen or a program. With no plot
number, PlotsOn turns on all plots and PlotsOff turns off all
plots. With one or more plot numbers (1, 2, and 3}, PlotsOn
turns on specified plots, and PlotsOff turns off specified
plots.

PlotsOff [1,2,3]
PlotsOn [1,2,3]

Done 0 ’?
PlotsOn 3 - L1
Oone 2:Flot2. DFF
[ ] L B! RESID a
SiPlot3. . On
=" LY XREIS -
4LPlots0f

Note: You also can turn on and turn off stat plots in the top line of the
Y= editor (Chapter 3).
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Defining the
Viewing Window

Tracing a Stat
Piot
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Stat plots are displayed on the current graph. To define the
viewing window, press and enter values for the
window variables. ZoomStat redefines the viewing window
to display all statistical data points.

When you trace a scatter plot or XyLine, tracing begins at
the first element in the lists.

When you trace a histogram, the cursor moves from the
top center of one column to the top center of the next,
starting at the first column.

When you trace a box plot, tracing begins at Med (the
median). Press [ to trace to Q1 and minX. Press [¥] to trace
to Q3 and maxX.

When you press [«] or [+] to move to another plot or to
another Y= function, tracing moves to the current or
beginning point on that plot (not the nearest pixel).

The ExprOn/ExprOff format setting applies to stat plots
(Chapter 3).When ExprOn is selected, the plot number and
plotted data lists are displayed in the top-left corner.



Statistical Plotting in a Program

Defining a Stat To display a stat plot from a program, define the plot, and
Piot in a Program then display the graph.

To define a stat plot from a program, begin on a blank line
in the program editor and enter data into one or more lists;
then, follow these steps.

1. Press [sTAT PLOT] to display the STAT PLOTS menu.

TYFE MARK
t1c

Flatzr
3

2. Select the plot to define, which pastes Plott{, Plot2(, or
Plot3( to the cursor location.

PPDEEHM PLOT

'{5~6,?,8}+L2
iFlot2Oim

3. Press [sTAT PLOT] [¥] to display the STAT TYPE
nenu.

FLOTS 3 MAREK
Scatter

Zixdline

wtHistodram

d i MocBoxelat

SiBoxFlob

&8 HormProbPlot

4. Select the type of plot, which pastes the name of the
plot type to the cursor location.

FEOGREAM: FLOT
RSPy
HE PR - S ] I
PlotZoscatterll
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Displaying a Stat
Piot from a
Program
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5. Press []. Enter the list names, separated by commas.

6. Press [STAT PLOT] [{] to display the
STAT PLOT MARK menu. (This step is not necessary if
you selected 3:Histogram or 5:Boxplot in step 4.)

Select the type of mark (o or + or «) for each data point.
The selected mark symbol is pasted to the cursor

location.

7. Press ENTER| to complete the command line.

FEOGRAM: FLOT
L1234
L5, 6, PB4l x

1
Lzana

R uk u3 W

El

F mtﬁiﬁcattewaL

To display a plot from a program, use the DispGraph
instruction (Chapter 16) or any of the ZOOM instructions

(Chapter 3).

PROGEAPN: PLOT
sl aagtal

we Mmool EE AN wR

PROGERAM: PLOT

LR PRER I PR I

LRI TS ST L
iPlot2iScatier.L
1L z2m)
:;aamStat
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Getting Started: Mean Height of a Population

Getting Started is a fast-paced introduction. Read the chapter for details.

Suppose you want to estimate the mean height of a population of women given
the random sample below. Because heights among a biological population tend
to be normally distributed, a ¢ distribution confidence interval can be used
when estimating the mean. The 10 height values below are the first 10 of 90
values, randomly generated from a normally distributed population with an
assumed mean of 165.1 cm. and a standard deviation of 6.35 cm.
(randNorm{165.1,6.35,80) with a seed of 789).

Height (in cm.) of Each of 10 Women
169.43 168.33 15955 169.97 159.79 181.42 171.17 162.04 167.15 159.53

1. Press to display the stat list L LE i
editor. | ] | -

Press [+] to move the cursor onto £1, and
then press [INS]. The Name= prompt is
displayed on the bottom line. The B cursor
indicates that alpha-lock is on. The Hame=Hl
existing list name columns shift to the

right.

Note: Your stat editor may not look like the one
pictured here, depending on the lists you have
already stored.

2. Enter [H] [G] [H#] [T] at the Name= prompt,
and then press [ENTER]. The list to which
you will store the women’s height data is
created.

Press [+] to move the cursor onto the first
row of the list. HGHT(1)= is displayed on the HGHTED) =
bottom line.

3. Press 169 [] 43 to enter the first height HOHT L4 LZ k)
value. As you enter it, it is displayed on the ﬁ?.ﬁg
bottom line. 17147
16204
Press [ENTER]. The value is displayed in the ig2.is
first row, and the rectangular cursor
moves to the next row. HGHTL A1) =

Enter the other nine height values the
same way.
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4. Press to display the STAT TESTS EDIT _CALC p=E=yes
menu, and then press =] until 8:Tinterval is 2TT-Test
‘o SiZ-Samrsest
highlighted. 41 Z-SappTTezi .
S41-PrordTlest..
£ Z-FrorZTest..
vizInterual..
ERTInterval
5. Press to select 8:Tinterval. The TInterval
inferential stat editor for Tinterval is E?FF’% 'Ilﬁﬁ Stats
displayed. If Data is not selected for Inpt:, F;éq; 1
press [ to select Data. C—Leyel:. 99
Calculate
Press[~] and [H] [&] [#] [T] at the List:
prompt {alpha-lock is on).
Press [7] 7] [£] 89 to enter a 99 percent
confidence level at the C-Level: prompt.
6. Press[+] to move the cursor onto Calculate, TInteryal
and then press [ENTER]. The confidence £13%. ?4_:,1 $3.940
interval is calculated, and the Tinterval g;igﬁggﬁ:g?ggz'ﬁ
results are displayed on the home screen. =18
]

Interpret the results.

The first line, {159.74,173.94), shows that the 99 percent confidence interval for
the population mean is between about 159.74 cm. and 173.94 c¢cm. This is about
a 14.2 em. spread.

The 99 confidence level indicates that in a very large number of samples, we
expect 99 percent of the intervals calculated te contain the population mean.
The actual mean of the population sampled is 165.1 cm. (introduction; page
13-2), which is in the calculated interval.

The second line gives the mean height of the sample ¥ used to compute this
interval. The third line gives the sample standard deviation $x. The bottom line
gives the sample size n.
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To obtain a more precise bound on the population mean y of women’s heights,
increase the sample size to 90. Use a sample mean X of 163.8 and sample
standard deviation $x of 7.1 calculated from the larger random sample
(introduction; page 13-2). This time, use the Stats (summary statistics) input
option.

7. Press 8 to digplay the inferential TInterwal
stat editor for TInterval. InrtiDats HEIE
¥i166,838 -
Press ] to select Inpt:Stats. The ﬁ{{igﬂ ELTE-Ti-F T
editor changes so that you can enter C:Level 1,9
summary statistics as input. Calculate
8. Press[~]163[-] 8 to store 163.8 to . TInterwal
Inptifata HEIE
Press 7[]1 to store 7.1 to Sx. %: 1%318
HE i a
Press 90 to store 90 to n. s SE
C-Level:. 39
Calculate
9. Press[+] to move the cursor onto Calculate, TInterwugl
and then press to calculate the new E_I_?é-_jsg’ 183.772
99 percent confidence interval. The results §;=?. i
are displayed on the home screen. n=9E

If the height distribution among a population of women is normally distributed
with a mean u of 165.1 cm. and a standard deviation ¢ of 6.35 cm., what height
is exceeded by only 5 percent of the women (the 95th percentile)?

10. Press to clear the home screen. = DEA
rnomaledi
Press [DIsTR] to display the DISTR %3 r‘u:lr'ﬂalr:-%if"'i
istributions) e, Jtinvtorm

(distributions) menu Attedf {
Srbodie
GiNipdi
Ko

13-4 Inferential Statistics and Distributions



11. Press 3 to paste invNorm( to the home
screen.

Press[-] 95 ] 165 ]1[.]6(-]35(]

ENTER].

.85 is the area, 165.1 is u, and 6.35is ©.

inuﬂug?{,BSPIES.
Tt rs. 5448205

The result is displayed on the home screen; it shows that five percent of the

women are taller than 175.5 cm.

Now graph and shade the top 5 percent of the population.

12. Press [WINDOW} and set the window
variables to these values.

Xmin=145 Ymin=-.02 Xres=1
Xmax=185 Ymax=.08
Xscl=5 ¥scl=0

13. Press [DisTR] (] to display the DISTR
DRAW menu.

14. Press [ENTER] to paste ShadeNorm{ to the
home screen.

Press [2nd] [ans] (2] 1 [2nd) [EE] 99 (5] 165 [] 1
EIGEI3SI

Ans (175.5448205 from step 11) is the
lower bound. 1E99 is the upper bound. The
normal curve is defined by a mean g of
165.1 and a standard deviation ¢ of 6.35.

15. Press [ENTER] to plot and shade the normal
curve,

Area is the area above the 95th percentile.
low is the lower bound. up is the upper
bound.
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Inferential Stat Editors

Displaying the
Inferential Stat
Editors

Using an
Inferential Stat
Editor

When you select a hypothesis test or confidence interval
instruction from the home screen, the appropriate
inferential statistics editor is displayed. The editors vary
according to each test or interval’s input requirements.
Below is the inferential stat editor for T-Test.

T~Test

InetipEIE Stats
ppEa

Listelq

Fre-x:i

[T LAY VLY |
Calculate Draw

Note: When you select the ANOVA( instruction, it is pasted to the
home screen. ANOVA( does not have an editor screen.

To use an inferential stat editor, follow these steps.

1. Select a hypothesis test or confidence interval from the
STAT TESTS menu. The appropriate editor is displayed.

2. Select Data or Stats input, if the selection is available.
The appropriate editor is displayel.

3. Enter real numbers, list names, or expressions for each
argument in the editor.

4. Select the alternative hypothesis (%, <, or >) against
which to test, if the selection is available.

5. Select No or Yes for the Pooled option, if the selection is
available.
6. Select Calculate or Draw (when Draw is available) to

execute the instruction.
e When you select Calculate, the results are displayed
on the home screen.
¢ When you select Draw, the results are displayed in a
graph.
This chapter describes the selections in the above steps for
each hypothesis test and confidence interval instruction.
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Select Data or
Stats input

Enter values for
arguments

Selecting Data or
Stats

Entering the
Values for
Argumenis

Selecting an
Alternative
Hypothesis
(= <>)

I E-Tesy
\5 fgf’}:é Stats Select an alternative
Cl:l é hypothesis
Li=t*DATH
Fre=il

culate [Oraw | or Draw output

i CATY Y| g‘ Select Calculate
Ca

Most inferential stat editors prompt you to select one of
two types of input. (1-PropZint and 2-PropZTest, 1-PropZint
and 2-PropZint, y2-Test, and LinRegTTest do not.)

* Select Data to enter the data lists as input.
s Select Stats to enter summary statistics, such as ¥, 8x,
and n, as input.

To select Data or Stats, move the cursor to either Data or
Stats, and then press [ENTER].

Inferential stat editors require a value for every argument.
If you do not know what a particular argument symbol
represents, see the tables on pages 13-26 and 13-27.

When you enter values in any inferential stat editor, the
TI-83 stores them in memory so that you can run many
tests or intervals without having to reenter every value.

Most of the inferential stat editors for the hypothesis tests
prompt you to select one of three alternative hypotheses.

¢ The first is a = alternative hypothesis, such as u=po for
the Z-Test.

¢ The second is a < alternative hypothesis, such as p1<u2
for the 2-SampTTest.

¢ The third is a > alternative hypothesis, such as pt>p2 for
the 2-PropZTest.

To select an alternative hypothesis, move the cursor to the
appropriate alternative, and then press [ENTER].
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Selecting the
Pooled Option

Selecting
Caicuiate or Draw
for a Hypothesis
Test

Selecting
Calcutlate for a
Confidence
Interval

Bypassing the
Inferential Stat
Editors

Pooled (2-SampTTest and 2-SampTint only) specifies
whether the variances are to be pooled for the calculation.

e Select No if you do not want the variances pooled.
Population variances can be unequal.

* Select Yes if you want the variances pooled. Population
variances are assumed to be equal.

To select the Pooled option, move the cursor to Yes, and

then press [ENTER].

After you have entered all arguments in an inferential stat
editor for a hypothesis test, you must select whether you
want to see the calculated results on the home screen
(Calculate) or on the graph screen (Draw).

¢ Calculate calculates the test results and displays the
outputs on the home screen.

¢ Draw draws a graph of the test results and displays the
test statistic and p-value with the graph. The window
variables are adjusted automatically to fit the graph.

To select Calculate or Draw, move the cursor to either
Calculate or Draw, and then press [ENTER]. The instruction is
immediately executed.

After you have entered all arguments in an inferential stat
editor for a confidence interval, select Calculate to display
the results. The Draw option is not available.

When you press [ENTER), Calculate calculates the confidence
interval results and displays the outputs on the home
screer,

To paste a hypothesis test or confidence interval
instruction to the home screen without displaying the
corresponding inferential stat editor, select the instruction
you want from the CATALOG menu. Appendix A describes
the input syntax for each hypothesis test and confidence
interval instruction.

|2-SamrZTest |

Note: You can paste a hypothesis test or confidence interval
instruction to a command line in a program. From within the program
editor, select the instruction from either the CATALOG (Chapter 15)
or the STAT TESTS menu.
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STAT TESTS Menu

STAT TESTS
Menu

Inferential Stat
Editors for the

STAT TESTS
Instructions

To display the STAT TESTS menu, press (. When you
select an inferential statistics instruction, the appropriate
inferential stat editor is displayed.

Most STAT TESTS instructions store some cutput variables
to memory. Most of these output variables are in the TEST
secondary menu (VARS menu; 5:8tatistics). For a list of
these variables, see page 13-28.

:2-SampkTest. ..
: LinRegTTest. .
s ANOVA(

Test comparing 2 ¢’s
t test for regression slope and p
One-way analysis of variance

EDIT CALC TESTS

1:Z-Test... Test for 1 p, known o

2:T-Test. .. Test for 1 g, unknown o
3:2-SampZTest. .. Test comparing 2 i’s, known o¢’s
4:2-SampTTest. .. Test comparing 2 i's, unknown «’s
5:1-PropZTest... Test for 1 proportion

6:2-PropZTest. .. Test comparing 2 proportions
7:ZInterval... Confidence interval for 1 4, known ¢
8:TInterval... Confidence interval for 1 y, unknown ¢
9:2-SampZInt... Conf int. for diff. of 2 p’s, known ¢’s
0:2-SampTInt... Conf int. for diff. of 2 ’s, unknown o's
A:1-PropZint... Confidence int. for 1 proportion
B:2-PropZInt... Confidence int. for diff. of 2 props
Cix2-Test... Chi-square test for 2-way tables

D

E

F

Note: When a new test or interval is computed, ail previous output
variables are invalidated.

In this chapter, the description of each STAT TESTS
instruction shows the unique inferential stat editor for that
instruction with example arguments.

Descriptions of instructions that offer the Data/Stats
input choice show both types of input screens.

Descriptions of instructions that do not offer the
Data/Stats input choice show only one input screen.

The description then shows the unique output screen for
that instruction with the example results.

Descriptions of instructions that offer the
Calculate/Draw output choice show both types of
screens: calculated and graphic results.

Descriptions of instructions that offer only the Calculate
output choice show the calculated results on the home

SCreen.
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Z-Test Z-Test {one-sample 2 test; item 1) performs a hypothesis
test for a single unknown population mean p when the
population standard deviation ¢is known. It tests the null
hypothesis Hy: 1=y, against one of the alternatives below.
o Hiustug (uno)

e H.:p<py (uiepo)
o H.u>pg (uino)
In the example:

£1={299.4 297.7 301 298.9 300.2 297}

Data Stats
“Ineiy Stat, SIheiiData HEME
FIE ats netilata
%3=3E Ko 360
T
lnput: L1=t L1 12998333
Freail TH
TR E TN Y] ST A
Calculate Draw Calculate Draw
L 4 L 4
2-Test 2-Test
[TEgRA% 1 e 1515 {5 W 388 .. HEEE
Z= . roaE ZT . oI
p=. 2108 F=. 2158
Calculated resuits: FmPAN BAIIE FamdOH QI
Sx=1,0829 H=6, B88E
n=6, BEEGE
| | [ |
» »
T, T
Drawn resuits: \
- [ e
[g=-.7g8% p=. i1k x= - PEAT (a4

Note: All examples on pages13-10 through 13-25 assume a fixed-
decimal mode setting of 4 (Chapter 1}. if you set the decimal mode to
Float or a different fixed-decimal setting, your output may differ from
the output in the examples.
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T-Test T-Test (one-sample ¢ test; item 2) performs a hypothesis

test for a single unknown population mean y when the
population standard deviation ¢ is unknown. It tests the
null hypothesis H: u=y, against one of the alternatives
below.
o Hi sy (un0)
¢ H u<pg (ui<uo)
o M. u>pg (pi>uo)
In the example:

TEST={81.9 97.8 111.4 122.3 105.4 95}

Data Stats
Rtk Lat T Iheiinats s
PPt Stats nettlata
SoEHEEE Stats bt iES
ListiTEST #1103, 9667
Input: Fres=:l Sxill.46569
T AT Ty niG
Calculate Draw TS LATR TY
Calculate Draw
4 L 4
T-Test T-Test
rEl RS, BE6EE rEI A5, BEAA
t=-,2287 =-, 2287
By Sadid =, SadE
Calculated resuits: =183, 3667 =103, 9A57
Sx=1]l.466%9 Sx=ll.gBees
ln=6.EEBB .n=6. e 50

«
«

Drawn resuits:
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2-SampZTest

Input:

Calculated resuits:

Drawn resuits:

2-SampZTest (two-sample 2z test; item 3) tests the equality
of the means of two populations (y; and w,) based on
independent samples when both population standard
deviations (o; and o) are known. The null hypothesis

Hy: py=ps is tested against one of the alternatives below.
o H.: 7w (nhi=p2)

e H.:p<py (n1:<p2)

o Happps (n1>u2)

In the example:

LISTA={154 109 137 115 140}
LISTB={108 115 126 92 146}

Data Stats
2~SameriTest 2-SapprsiTest
Inptt Stats Inettlats HELE
aglila, agliia. g
F2113.5 gLEl3.g
List1:2LISTH #1131
ListZsLISTE ni:o
Frealsl #2r117.4
JFreqdt ] Jr2En
pligng <p2 e pledul Jp2 e
Ealeulate Draw Calculate Orauw
. »
Z-mampZTezt Z-SamrZTeszt
TRITTN] TR
=1, 4795 z=1.4795
=, 8595 = o
#1=131. 66606 #1=131. 600006
Zz=117.408606 x=117.40
+ox1=18.6145 4111 =0,
[ | [ |
=2, 1941 l fiz=5. 4800
=0, 88686 | |
Fiz=0. AEE6
» »
2T AT
fjﬂf _fgfff R ..
Z=1.478% p=, 0GIE Z=1.479% Pz GE9E
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2-SampTTest

Input:

Calculated resuits:

Drawn resuits:

2-SampTTest (two-sample £ test; item 4) tests the equality
of the means of two populations (p; and w,) based on
independent samples when neither population standard
deviation (o, or ;) is known. The null hypothesis

Hy: py=ps is tested against one of the alternatives below.
o H.: 7w (nhi=p2)

e H.:p<py (n1:<p2)

o Happps (n1>u2)

In the example:

SAMP1={12.207 16.869 25.05 22.429 8.456 10.589}
SAMP2={11.074 8.686 12.064 9.351 8.182 6.642}

Data Stats
ZESagPTTestct R EISB?FTTESL
nFEts SHtats nrt.t lat.s
List1:omiF] el ihats MR
ListZ2iSAMPZ Sxlig.FEld
Freqlil mlis
Fread: 1 29,4998
pls Lpd 2 Sx2ri.agal
JPooledifR Ye= JR2iG
| Ealculate Draw | iz YL Ehel
Pooled: Yas
Calculate Draw
v »
2-samrTTest Z-Same] Test
BAERE TR 1Y)
=2, 2079 =Z.2ara
P=, B659 F=, Q5559
df =5, 2408 df =5, 24682
®1=15, 2333 ®i1=15, 2333
1Re=9.4992 #x2*9.4998
Sxi=6.7814 Sxi=h.vald
=z=1, 9561 Swz=1.9281
F11 =6, BEEE ri1 =5, GEEE
Fiz =6, BERE Mz =6, BARa
v -
- WH
'1'
f!f ;fffp XHAH
L— L B
k=2, 257D p=, 0559 k=g, 2578 F= 0653
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1-PropZTest 1-PropZTest (one-proportion z test; item 5) computes a test
for an unknown proportion of successes (prop). It takes as
input the count of successes in the sample x and the count
of observations in the sample n. 1-PropZTest tests the null
hypothesis Hy: prop=p, against one of the alternatives
below.

e H,: prop#pg (prop:=po)
e H.: prop<pg (prop:<po)
e H. prop>pg (prop:>po}

1-PropdTest
PO,

xi2048

FHE 1= L] .
Input: B LPD »FD
Ealculate Draw

B
Calculated resuits: =24
Fi=

Drawn resuits:

z=. 81 Lty k]
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2-PropZTest

Input:

Calculated resuits:

Drawn resuits:

2-PropZTest (two-proportion 2 test; item 6) computes a test
to compare the proportion of successes (p; and p;) from
two populations. It takes as input the count of successes in
each sample (x; and 25) and the count of observations in
each sample (n; and n,). 2-PropZTest tests the null
hypothesis Hy: p;=ps (using the pooled sample propertion
P) against one of the alternatives below.

o I pi#ps (p1=p2)
* H.: pi<p; (p1:<p2)
e H.:p;>ps (pt:>p2)
2 Zlest

(Lo el cw
P00 11T

LFZ IR
Wlate Oraw

[T a0 o Pl

e

o

=177 F=, 1306
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Zinterval Zinterval (one-sample 2z confidence interval; item 7)
computes a confidence interval for an unknown population
mean g when the population standard deviation o is
known. The computed confidence interval depends on the
user-specified confidence level.

In the example:

L1={289.4 287.7 301 298.9 300.2 297}

Data Stats
Zlnterusl 2Interual
Ingt:l!ﬁﬁ Stats InetiDats MR
F3 I: 3
Liztzlq %1599, @333
Input: Frexil nia
C-Level:. C-Lawel:. 9
Calculate Calculate
» »
Zlnterval Zlnterval .
L2782, 3A1, 850 LZIV . B2, 301,85
=299, @333 ¥=209, B335
Sx=1,.0829 n=g, BREaE
Calculated results: =& . BAEE
[ [
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TInterval Tinterval (one-sample ¢ confidence interval; item 8)
computes a confidence interval for an unknown population
mean g when the population standard deviation ¢ is
unknown. The computed confidence interval depends on
the user-specified confidence level.

In the example:

Le={1.6 1.7 1.8 1.9}

Data Stats
T%ntirﬁual chat. T%ntgraa{ —_—
net Stats rrtiData
[oEiEE = F11.75
Frea:l Sxi. 1291
Input: C-Leuwsli.o5 ned
Calculate C~Leuesl:, 95
Calculate
» »
TInterual TInteryval
£1.5446.1,95545 L1.5446.1,95540
==1.7o04 ¥=1.7odd
Sx=. 1291 Sxme 1291
Calculated results: ri=d . BREE ni=d . BENE
[ [
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2-SampZint

Input:

Calculated resuits:

2-SampZint (two-sample 2z confidence interval; item 9)
computes a confidence interval for the difference between
two population means {u;-p,) when both population
standard deviations (o; and &) are known. The computed
confidence interval depends on the user-specified
confidence level.

In the example:

LISTC={154 109 137 115 140}
LISTD={108 115 126 92 146}

Data Stats
2=SameZInt 2=5SamesInt
Irmet: Stats InetiDat s SEEES
agl:ia. al=ig.g
2135 g2il3. 5
Listl:LISTE ¥1:131
ELizt2iLISTO nits
Fre«lsl #2r117.4
LFrex2t] 2 ES
E-Lewvel:. 99 C-Lawsl: .99
Calculate Calculate
v 4
2-SamrsInk . 2=SamrZInt
L-18, 88, 37,2780 L -18, 88, 37, 2780
®1=131. 0086 H1=131. 0888
Zx=117. 4000 ¥r=117.4800
Sxi=18.6145 ni =5, 4aaa
Swr=28. 1941 ne=9, 8860
L1 =5. BE0AE
[ | [ |
nz=o,. 8866
[
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2-SampTint 2-SampTInt (two-sample ¢ confidence interval; item 0)
computes a confidence interval for the difference between
two population means (g1 - 15} when both population
standard deviations (o; and o) are unknown. The
computed confidence interval depends on the user-
specified confidence level.

In the example:

SAMP1={12.207 16.869 25.05 22.429 8.456 10.588)
SAMP2={11.074 8.686 12.064 9.351 8.182 6.642}

Data Stats
EESaszIﬁt Stat EESa?#gI?L
it Atz rrLillata
Listi%ﬁ’ = Inetilata, mEE
ListZ2: SAMPZ Sxl:é.vald
Input; Fregqi:l ni:c
Freg2i] 2, 4998
E-Leue]l:, 95 Sx2il.95a]
IPonledifF Yes 2 Ed
| Caleulate ! C-Lewels .95
PDDIEd=%E Yes
Calculate
4 L 4
2=5amrT Int 2=SamrTInt
-, 58458, 13,4520 C- SE49, 13,4520
di'=5, 8405 di'=5,. 8408
21=15.9333 ®1=153.9333
Calculated resuits: Zr=9, 4995 Tx=0, 4998
Sxi=6.7@al4 SHi=H.7Al4
I5xz=1.950]1 Jo=z=1.90681
[ | [ |
i1 =6, B886 ni=&, G866
.n3=6.ﬁﬁﬂﬁ nz=t, BE60
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1-PropZint

Input:

Calculated resuits:

1-PropZInt (one-proportion z confidence interval; item A)
computes a confidence interval for an unknown proportion
of successes. It takes as input the count of successes in the
sample x and the count of observations in the sample #.
The computed confidence interval depends on the user-
specified confidence level.

E-Lewal:.99
Calculate

.
1-FrorZInt
(L4887 L O2720
g=, 5059
n=4840, Baaa
[
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2-PropZint

Input:

Calculated resuits:

2-PropZint (two-proportion z confidence interval; item B)
computes a confidence interval for the difference between
the proportion of successes in two populations (p;—ps). [t
takes as input the count of successes in each sample

(2 and ;) and the count of observations in each sample
(n; and ny). The computed confidence interval depends on
the user-specified confidence level.

2= ZInt

] BabJ=—="T

PR L L SN ]

[ogtang I8 L LN
Ll
)
A

P TR TR T
FEE ]

TR S TR

i
Paal 1}
s

P

-

At

4742

100 03T

e w G
P 00T
" r
CEEIP IS et
GO

funtun]
ulicx ]
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y2-Test

Matrix editor:

Input:

Calculated resulits:

Drawn resuits:

¥2-Test (chi-square test; item €) computes a chi-square test
for association on the two-way table of counts in the
specified Observed matrix. The null hypothesis H, for a
two-way table is: no association exists between row
variables and column variables. The alternative hypothesis
is: the variables are related.

Before computing a 3 2-Test, enter the observed counts in a
matrix. Enter that matrix variable name at the Observed:
prompt in the x’-Test editor; default=[A]. At the Expected:
prompt, enter the matrix variable name to which you want
the computed expected counts to be stored; default=[B].

MATRIXIA] 3 =2 Note: Press IDIDREY)
[ E.0000 18040 ] select 1:[A] from the MATRX
$E I B
Ke-Tast
Bhseryedt [H]
Expected: [B]
Calculate Draw
» Note: Press B} to
display matrix [BI.
¥e-Test [E]
Xe=3, 3750 [[3.0808 16,868
ey ] [S.0008 16,806,
gdf =2, BEbEg a [2.8008 16,0886,
.
3
=278 p= 105
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2-SampFTest

Input:

Calculated resuits:

Drawn resuits:

2-SampF Test (two-sample F-test; item D) computes an
F-test to compare two normal population standard
deviations {o; and ¢;). The population means and standard
deviations are all unknown. 2-SampFTest, which uses the
ratio of sample variances 5x1%/8x2’, tests the null
hypothesis Hy: 6,=0, against one of the alternatives below.

s H. o#0, (61:1%52)
e H. oi<6s (61:<62)
e H. o>06: (c1:>62)

In the example:

SAMP4={ 7 -4 18 17 -3 -5 1 10 11 -2}
SAMPS5={ 112 1 -3 3 -5 5§ 2-11 -1 -3}
Data Stats
2=SamrFTest 2=SanrF Test
TrEt: Stats InFtiData
List]l: P Sxlig.743
List2: SAMPS niiid
Freglsl Sx2E D, 9EaE7
Froeaz:l nasll
gl: S o e U1=Eﬂ? g2 kgl
Calculate Diraw Calculate Diraw
. »
Z-SanrFTest Z-SanrFTest
g1FT JidTe
=2, 1955 F=2. 19564
Py 2a650 B, 2atd
Sx1=8.7433 Sxi=2. 7433
Sxz=5, 9067 Swez=5. 96087
#§1=5.@@@ﬁ Frin=18, ARE6H
Rr=-=. 2727 ne=11.Hd888
=108, 8668
nz=11.8868
4 L 4
F=Z 48EE Pz, ZZRE F=Z 19Eq £=, 2264
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LinRegTTest

Input:

Calculated resuits:

LinRegTTest (linear regression ¢ test; item E) computes a
linear regression on the given data and a ¢ test on the value
of slope B and the correlation coefficient p for the equation
y=0+Bx. It tests the null hypothesis Hy: B=0 (equivalently,
p=0) against one of the alternatives below.

o H.: B0 and p=0 (B & p:=0)

e H.: B<0and p<0 (B & p:<0)

e H.:B>0and p>0 (3 & p:>0)

The regressicn equation is automatically stored to RegEQ
(VARS Statistics EQ secondary menu). If you enter a Y=
variable name at the RegEQ: prompt, the calculated
regression equation is automatically stored to the specified

Y= equation. In the example below, the regression equation
is stored to Y1, which is then selected (turned on).

In the example:

L3={38 56 59 6474}
b4={4163 70 72 84}

LinkEeaTTest
Xl;st:Lz
?11qt Ly

& Pt %
[34=3 [N %ﬂ
Calculate

.

LinEedTTest Flobd Flotz Flakx
s g+ SNiB-Z.6596+1. 19
P20 and peB Bax
=13, 2405 o=
F=0, sbBd4E -4 “Mr=
df =3, Ba6a =Hy=

da=-3,55% sMNE=

e

Th=1.194%9
==1,9220
FrEi=, 9883
=, 9941

When LinRegTTest is executed, the list of residuals is
created and stored to the list name RESID automatically.
RESID is placed on the LIST NAMES menu.

Note: For the regression equation, you can use the fix-decimal mode
setting to control the number of digits stored after the decimal point
(Chapter 1). However, limiting the number of digits to a smali number
could affect the accuracy of the fit.
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ANOVA(

Input:

Calculated resuits:

ANOVA( (one-way analysis of variance; item F) computes a
one-way analysis of variance for comparing the means of
two to 20 populations. The ANOVA procedure for
comparing these means involves analysis of the variation
in the sample data. The null hypothesis Hy: yy=po=...=4, is
tested against the alternative H,: not all p;...;, are equal.

ANOVA(list 1 list2],... list20])
In the example:

L1={7 4 6 6 5)
L2=(6 5 5 8 7}
L3={4 7 6 7 6}

AHOVACL1-Lz-Lz20

[

T ETE
NG 1§D
WL« ]
[ I i L2 N
LRI s LT
e L
[EALE LoV B
A
~JLAEY

L

[T
EIE

HHHND
e s ol e
= = 2Ob)

paChe

VI
ORFF LT ]
P-EAEIEN
ol
~JEAGIC

)]

Note: 88 is sum of squares and MS is mean square.
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Inferential Statistics Input Descriptions

The tables in this section describe the inferential statistics inputs discussed in
this chapter. You enter values for these inputs in the inferential stat editors.
The tables present the inputs in the same order that they appear in this

chapter.

Input Description

g Hypothesized value of the pepulation mean that you are
testing.

G The known population standard deviation; must be a real
number > 0.

List The name of the list containing the data you are testing.

Freq The name of the list containing the frequeney values for the
data in List. Default=1. All elements must be integers = 0.

Calculate/Draw Determines the type of output to generate for tests and
intervals. Calculate displays the output on the home screen.
In tests, Draw draws a graph of the results.

X, Sx, n Summary statistics (mean, standard deviation, and sample
gize) for the one-sample tests and intervals.

a1 The known population standard deviation from the first
population for the two-sample tests and intervals, Must be
a real number > 0.

62 The known population standard deviation from the second

population for the two-sample tests and intervals. Must be
a real number > 0.

Listt, List2

The names of the lists containing the data you are testing
for the two-sample tests and intervals. Defaults are L1 and
L2, respectively.

Freq1, Freq2

The names of the lists containing the frequencies for the
data in List1 and List2 for the two-sample tests and
intervals. Defaults=1. All elements must be integers = 0.

X1, 8x1, m, X2,
Sx2, n2

Summary statistics (mean, standard deviation, and sample
size) for sample one and sample two in the two-sample
tests and intervals.

Pooled

Specifies whether variances are to be pooled for
2-SampTTest and 2-SampTint. No instructs the TI-83 not to
pool the variances. Yes instructs the TI-83 to pool the
variances.
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Input

Description

P, The expected sample proportion for 1-PropZTest. Must be a
real number, such that 0 < p, < 1.

X The count of successes in the sample for the 1-PropZTest
and 1-PropZint. Must be an integer > (.

n The count of observations in the sample for the
1-PropZTest and 1-PropZint. Must be an integer > 0.

x1 The count of successes from sample one for the
2-PropZTest and 2-PropZint. Must be an integer = 0.

x2 The count of successes from sample two for the
2-PropZTest and 2-PropZint. Must be an integer = 0.

n1 The count of observations in sample one for the
2-PropZTest and 2-PropZint. Must be an integer > 0.

n2 The count of observations in sample two for the
2-PropZTest and 2-PropZint. Must be an integer > 0.

C-Level The confidence level for the interval instructions. Must be

= 0and <100. If it is = 1, it is assumed to be given as a
percent and is divided by 100. Default=0.95.

Observed (Matrix)

The matrix name that represents the columns and rows for
the observed values of a two-way table of counts for the
y>-Test. Observed must contain all integers = 0. Matrix
dimensions must be at least 2x2.

Expected {Matrix)

The matrix name that specifies where the expected values
should be stored. Expected is created upon successful
completion of the ¥>Test.

Xlist, Ylist

The names of the lists containing the data for LinRegTTest.
Defaults are L1 and L2, respectively. The dimensicons of
Xlist and Ylist must be the same.

RegEQ

The prompt for the name of the Y= variable where the
calculated regression equation is to be stored. If a

Y= variable is specified, that equation is automatically
selected (turned on). The default is to store the regression
equation to the RegEQ variable only.
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Test and Interval Output Variables

The inferential statistics variables are calculated as indicated below. To access
these variables for use in expressions, press (VARS], 5 (5:Statistics), and then
select the VARS menu listed in the last column below.

LinRegTTest, VARS

Variables Tests Intervals ANOVA Menu
p-value p P TEST
test statistics zt, 2, F t, F TEST
degrees of freedom df df df TEST
sample mean of x values for X1,x2  X1,%2 TEST
sample 1 and sample 2
sample standard deviation of x Sx1, Sxit, TEST
for sample 1 and sample 2 Sx2 Sx2
number of data points for sample n1,n2 nft, n2 TEST
1 and sample 2
pooled standard deviation SxP SxP SxP TEST
estimated sample proportion b b TEST
estimated sample proportion for  p1 ik} TEST
population 1
estimated sample proportion for  p2 p2 TEST
population 2
confidence interval pair lower, TEST
upper
mean of X values X X XY
sample standard deviation of x Sx Sx XY
number of data points n n XY
standard error about the line s TEST
regression/fit coefficients ab EQ
correlation coefficient r EQ
coefficient of determination 2 EQ
regression equation RegEQ EQ
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Distribution Functions

DISTR menu To display the DISTR menu, press [DISTR].
DISTR DRAW
1:normalpdf( Normal probability density
2:normalcdf( Normal distribution probability
3: invNorm{ Inverse cumulative normal distribution
4: tpdfe( Student-f probability density
5: tedfl Student-¢ distribution probability
6: xipdfi( Chi-square probability density
7: yicdf Chi-square distribution probability
8: Fpdfl( F probability density
9: Fedf( F distribution probability
0: binompdf( Binomial probability
A: binomedf( Binomial cumulative density
B: poissonpdf( Poisson probability
C: poissoncdf( Poisson cumulative density
D: geometpdf( Geometric probability
E: geometcdf( (Geometric cumulative density

Note: -1E99 and 1E99 specify infinity. If you want o view the area left
of upperbound, for example, specify lowerbound="1£99.

normalpdf( norwmalpdf{ computes the probability density function
(pdf) for the normal distribution at a specified x value. The
defaults are mean u=0 and standard deviation o=1. To plot
the normal distribution, paste normalpdf( to the Y= editor.
The probability density function (pdf) is:

1 - (2P
f(x) = € o® y O > 0
véno
normalpdf{x[,u,c])
Ploki FIotZ Plak3 Note: For this example,
‘“E‘ Brormalpdf X Xmin = 28
33.22 Xmax =42

Ymin=0

\\ Ymax = .25
4 Y

3,

N

Tip: For plotting the normal distribution, you can set window variables
Xmin and Xmax so that the mean p falls between them, and then
select 0:ZoomFit from the ZOOM menu.
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normalcdf(

invNorm(

tpdf(

normalcdf( computes the normal distribution probability
between lowerbound and upperbound for the specified
mean g and standard deviation . The defaults are u=0
and o=1.

normalcdf(lowerbound,upperbound|,u,c]}
normal %?P{ -1e99,
T EB14824678

invNorm{ computes the inverse cumulative normal
distribution function for a given area under the normal
distribution curve specified by mean ¢ and standard
deviation o. It calculates the x value associated with an
area to the left of the x value. 0 £ area £ 1 must be true.
The defaults are y=0 and o=1.

invNorm{area[,u,0])
inuwMorm . 6914824
Brgs 30 21

36 BERAERAL

fpdf( computes the probability density function (pdf) for
the Student-¢ distribution at a specified & value. df (degrees
of freedom) must be >0. To plot the Student-£ distribution,
paste tpdf{ to the Y= editor. The probability density
function (pdf) is:

p ) —(df +1)/2
fla) = T[(df +1)/2]  (1+x2/df)

T(df/2) ’ﬂdf
tpdf(x,df)
Flotl Flotz Pletd | Note: For this example,
=MiBtedi o, 22 Xmin =-4.5
Xmax =4.5
Ymin=0
Ymax = .4
e e}
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tedf(

x2pdf

yZedf(

tedf{ computes the Student-¢ distribution probability
between lowerbound and upperbound for the specified df
(degrees of freedom), which must be > 0.

fedfflowerbound,upperbound,df)

todid -2, 35,185
» PESVAES044

¥2pdf( computes the probability density function (pdf) for
the x? (chi-square) distribution at a specified 2 value. df
(degrees of freedom) must be an integer > 0. To plot the ¥
distribution, paste ¥2pdf{ to the Y= editor. The probability
density function {pdf) is:

2

f(m):—l (1/2)YH72 g2~ 1g-2/2 x>
T(df/2)
2 2pdf(.df)
FIobl FlokE Flut: Note: For this example,
S ENER O R, D Xmin =10
s EHEIPAF R, T2 Xmax = 30
iz Ymin =-.02
Shes Ymax = .132
R
Y=

AN

o

¥2cdf{ computes the y? (chi-square) distribution probability
between lowerbound and upperbound for the specified df
(degrees of freedom), which must be an integer > 0.

v2edf{lowerbound,upperbound.df}
Hicdf (8,19, A23:9
LHVSHE 19581
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Fpdf(

Fedf(

Fpdf{ computes the probability density function (pdf) for
the F distribution at a specified x value. numerator df
(degrees of freedom) and derominator df must be integers
> 0. To plot the F distribution, paste Fpdf{ to the Y= editor.
The probability density function (pdf) is:

f(x):M r e .96"/2’1(1+7w/d)’("+‘i)/2,x20
T(n/2)T(d/2} d
where n = numerator degrees of freedom

d = denominator degrees of freedom

Fpdf(x,numerator df,denominalor df)

Flokl Flotz Flatz Note: For this example,
S ERFAEOR, 24. 19 Xmin =0
e Xmax =5
Ymin=0
Ymax =1

Fedf{ computes the F distribution probability between
lowerbound and upperbound for the specified numerator
df (degrees of freedom) and denominator df. numerator
df and denominator df must be integers >0.

Fedf{lowerbound,upperbound numerator df,
denominator df)

Iﬁ'cl:,gr-:a, Z. e 25, 24

« IF49EIETE
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binompdf{

binomcdf(

poissonpdf(

binompdf{ computes a probability at x for the discrete
binomial distribution with the specified rumitrials and
probability of success (p) on each trial. ¥ can be an integer
or a list of integers. 0<p<1 must be true. rumtrials must be
an integer > 0. If you do not specify «, a list of probabilities
from 0 to rumirials is returned. The probability density
function (pdf) is:

flay= (ngx(l —pyE w =01,

where n = numtrials
binompdf{numirials,p[.x])
birnomedf (S, . 6. £3
4,030

L3406 L2092 8.

binomedf{ computes a cumulative probability at x for the
discrete binomial distribution with the specified numirials
and probability of success (p) on each trial. x can be a real
number or a list of real numbers, Osps1 must be true.
numirials must be an integer > 0. If you do not specity x, a
list of cumulative probabilities is returned.

binomcdf{numirials,p[,x])
binomodf (5, . & £3
2, 5 2

T.6038d4 2224

poissonpdf{ computes a probability at x for the discrete
Poisson distribution with the specified mean 1, which must
be areal number > 0. x can be an integer or a list of
integers. The probability density function (pdf) is:

fle)y=e " Mu¥/x!, x=0,12,...

poissonpdf{u,r)

Folzssonedi (6, 180
B413R30934
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poissoncdf(

geometpdf(

geometcdf(

poissoncdf{ computes a cumulative probability at x for the
discrete Poisson distribution with the specified mean p,
which must be a real number > 0. x ¢an be a real number
or a list of real numbers.

poissoncdf(,x)
nodf (. 126,
5o

1484638 (9.

Foisso
THa21.2
{.881%

geometpdf{ computes a probability at x, the number of the
trial on which the first success occurs, for the discrete
geometric distribution with the specified probability of
success p. 0<p<1 must be true. & can be an integer or a list
of integers. The probability density function (pdf) is:

Sl)y=pll-py¥-La=12,.

geometpdf{p.x)

Jeapetrdf(,d .52

L031104

geometcdf{ computes a cumulative probability at x, the
number of the trial on which the first success occurs, for
the discrete geometric distribution with the specified
probability of success p. 0<p<1 must be true. x can be a
real number or a list of real numbers.

geometcdf(p,a)

QQQMﬂtGdfé S fls
Uils .75 .avs
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Distribution Shading

DISTR DRAW
Menu

ShadeNorm(

To display the DISTR DRAW menu, press [DisTR] ().
DISTR DRAW instructions draw various types of density
functions, shade the area specified by lowerbound and
upperbound, and display the computed area value.

To clear the drawings, select 1:ClrDraw from the DRAW
menu (Chapter 8).

Note: Before you execute a DISTR DRAW instruction, you must set
the window variables so that the desired distribution fits the screen.

DISTR DRAW
1: ShadeNorm( Shades normal distribution.

2:Shade_t( Shades Student-¢ distribution.
3:Shadey?(  Shades ¥® distribution.
4:ShadeF( Shades F distribution.

Note: -1£99 and 1E95 specify infinity. If you want to view the area left
of upperbound, for example, specify lowerbound=1E93.

ShadeNorm( draws the normal density function specified
by mean u and standard deviation ¢ and shades the area
between lowerbound and upperbound. The defaults are
u=0and o=1.

ShadeNorm(lowerbound, upperbound|,i,6])

Shadetormiad, 66, Note: For this example,
B3.6:2.520 Xmin = 55

Xmax =72

Ymin =-.05

Ymax =.2

-

frgaz 7EEREH
Tirlar =B upsHA
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Shade_{( Shade_t( draws the density function for the Student-¢
distribution specified by df (degrees of freedom} and
shades the area between lowerbound and upperbound.

Shade_t(lowerbound,upperbound,df)

Shade_td -1, 1g99, Note: For this example,
M Xmin =-3
Xmax =3
Ymin=-.15
Ymax =.5
AFoa= B120E [dF=y
Tonr=-1
Shadey?( Shadey2( draws the density function for the 2 (chi-square)

distribution specified by df (degrees of freedom) and shades
the area between lowerbound and upperbourd.

Shadey2lowerbound,upperbound df)
|Shad9k_2 Cad, 1;3';;' Note: For this example,

Xmin=0
Xmax = 35
Ymin =-.025
Ymax = .1
s
HFea= 0EZEET di=1n
Tatar= i UEsh
ShadeF( ShadeF( draws the density function for the F distribution

specified by numerator df (degrees of freedom) and
denominator df and shades the area between lowerbound
and upperbound.

ShadeF (lowerbound, upperbound,numerator df,
denominator df)

Shadel (1.2, 18,15 Note: For this example,
b | Xmin=0
Xmax =5
i Ymin =-.25
Ymax=.9
HF &z, ZFETY
Tow=1 ur=z
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Financial
Functions
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Getting Started: Financing a Car

Getting Started is a fast-paced introduction. Read the chapter for details.

You have found a car you would like to buy. The car costs 9,000. You can
afford payments of 250 per month for four years. What annual percentage rate
(APR} will make it possible for you to afford the car?

1. Press 0] to set the
fixed-decimal mode setting to 2. The TI-83
will display all numbers with two decimal
places.
2. Press [FINANCE] to display the
FINANCE CALC menu. T
SRS
4ii
Sit
3L
TnPul
3. Press to select 1: TVM Solver. The N=8, 84
TVM Solver is displayed. ééfg . %g
Press 48 to store 48 months to N. EgIEBEgB
Press [+] 9000 to store 9,000 to PV. Pry=1.068
Press [-]] 250 to store -250 to PMT. Le%=1, Bk
{Negation indicates cash outflow.) Press ¢ FHT:HRM BEGIH
to store 0 to FV, Press 12 to —
store 12 payments per year to P/Y and 12 ?;2%' %g
compounding periods per year to C/Y. PU=0EGG, BA
Setting PIY to 12 will compute an annual PMT=-250. 88
percentage rate {compounded monthly) EE‘,‘?E i gBBB
for I%. Press [+] to select PMT:END, CeY=12. 866
which indicates that payments are due at PHT: =3I BESIH
the end of each period.
4. Press[+][«] [+] [«][+] [¢] to move the cursor N=48, G5
to the I% prompt. Press [ALPHA] [SOLVE] to - I:’:f 14,24
solve for [%. What APR should you look Eg?i@g%,‘a?ge
for? Fi=8, &
Pey=12, 0
CoY=12, 068
FHMT: SR BESIH
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Getting Started: Computing Compound Interest

At what annual interest rate, compounded monthly, will 1,250 accumulate to
2,000 in 7 years?

Note: Because there are no payments when you solve compound interest problems, PMT
must be set to 0 and P/Y must be setto 1.

1. Press [FINANCE] to display the - LUARS
FINANCE CALC menu. ﬁ%ﬁ Soluer..
frup_ PRt
SR AV -
4itom Py
Grium M
&2 tum_FY
TdrEu L
2. Press to select 1:TVM Solver. Press 7 N=7
to enter the number of periods in years. éﬁf@ 128G
Press (][] [0) 1250 to enter the present. FHT=5
value as a cash outflow (investment). FUi=2E06
Press [+] 0 to specify no payments. Press Py=1
(=] 2000 to enter the future value as a cash Eé?;ﬁ! BEGIM
inflow (return). Press 7] 1 to enter
payment pericds per year, Press [+] 12 to
set compounding periods per year to 12.
3. Press[+] [2] [«] [4] [+] to place the cursor on N=7
the 1% prompt. éé:l_ 1258
PMT=8
FW=2008
Fei=1
Coy=12
FHT: |33 BEGIH
4. Press [sOLVE] to solve for 1%, the &J:?éBgS
P ali N vy n =g,
annual interest rate. Fii=-1585. o
PMT=H. BH
Fu=266, B8
P<¥=1, 8Bk
CoY=12, 08
FHT:HM BEGIH
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Using the TVM Solver

Using the TVM
Soiver

The TVM Solver displays the time-value-of-money (TVM)
variables. Given four variable values, the TVM Solver solves
for the fifth variable.

The FINANCE VARS menu section (page 14-14) describes
the five TVM variables (N, %, PV, PMT, and FV) and P/Y and
ClY.

PMT: END BEGIN in the TVM Solver corresponds to the
FINANCE CALC menu items Pmt_End (payment at the end
of each period) and Pmt_Bgn (payment at the beginning of
each period).

To solve for an unknown TVM variable, follow these steps.

1. Press [FINANCE] to display the TVM Solver. The
screen below shows the default values with the fixed-
decimal mode set to two decimal places.

=k, HE

S o.

b= I L
e ion Tl
&

[y

N
1
Py
FH
F
B~
-

g e BT
113 | EeEr

™ 1. 66
FPHT:[H8I0 EEGIHN

2. Enter the known values for four TVM variables.

Note: Enter cash inflows as positive numbers and cash
outflows as negative numbers.

3. Enter a value for PfY, which automatically enters the
same value for C/Y; if PfY # CIY, enter a unique value for
ClY.

4. Select END or BEGIN to specify the payment method.

5. Place the cursor on the TVM variable for which you
want to solve.

6. Press [ALPHA] [soLve]. The answer is computed,
displayed in the TVM Soclver, and stored to the
appropriate TVM variable. An indicator square in the left
column designates the solution variable.
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Using the Financial Functions

Entering Cash When using the TI-83 financial functions, you must enter

Inflows and Cash cash inflows (cash received) as positive numbers and cash

Outflows cutflows (cash paid) as negative numbers. The TI-83
follows this convention when computing and displaying
answers.

FINANCE CALC  To display the FINANCE CALC menu, press [FINANCE].

Menu
CALC VARS
1:TVM Solver.. Displays the TVM Solver.
2:tvm_Pmt Computes the amount of each payment.
3:tvm I% Computes the interest rate per year.
4:tvm PV Computes the present value.
5:tvin_N Computes the number of payment periods.
6:tvm FV Computes the future value.
7:npv( Computes the net present value.
8:irr( Computes the internal rate of return.
9: bal( Computes the amortization sched. balance.
0:ZPrn( Computes the amort. sched. principal sum.
A:=Int( Computes the amort. sched. interest sum.
B:»Nom{ Computes the nominal interest rate.
CipEfFY Computes the effective interest rate.
D: dbd( Calculates the days between two dates.
E:Pmt_End Selects ordinary annuity (end of period).
F:Pmt_Bgn Selects annuity due (beginning of period).
Use these functions to set up and perform financial
calculations on the home screen.

TVM Solver TVM Solver displays the TVM Solver (page 14-4).
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Calculating Time Value of Money (TVM)

Calcuiating Time
Value of Money

tvm_Pmt

Use time-value-of-money (TVM) functions (menu items 2
through 6) to analyze financial instruments such as
annuities, loans, mortgages, leases, and savings.

Each TVM function takes zero to six arguments, which
must be real numbers. The values that you specify as
arguments for these functions are not stored to the TVM
variables (page 14-14).

Note: To store a value to a TVM variable, use the TVM Sclver (page
14-4) or use and any TVM variable on the FINANCE VARS
menu (page 14-14).

If you enter less than six arguments, the TI-83 substitutes a
previously stored TVM variable value for each unspecified
argument.

If you enter any arguments with a TVM function, you must
place the argument or arguments in parentheses.

tvm_Pmt computes the amount of each payment.

tvm_Pmt[(N,I%.PV.FV.P/Y,C/T}

[
g
i)

tum_Prt
-rE3.91
tum PRt 360,952
-840, 85

{4 | e

bt (51N
i
s
o
&

OO T—E
N e E el
Fakd

i [ 1T QL

FHMT:|38lL BEGIH

Note: In the example above, the values are stored to the TVM
variables in the TVM Solver. Then the payment (tvm_Pmt) is
computed on the home screen using the values in the TVM Solver.
Next, the interest rate is changed to 9.5 to ilfustrate the effect on the
payment amount.

g
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tvm_I% tvm_I% computes the annual interest rate.
wm_I%[(NPV.PMT,FV,.P/Y,C/T)]
Lum_[H043, 10004,

m2SE B, 122
9,24
Arns+I%
924
tvm_PV tvm_PV computes the present value.

tvm_PV[(N,1%,PMT,FV,P/Y,C/T)]

SER2NE 111X 108
$¢PHT:HQFM=12@Px

12.86
Lum_PY
185885, 35
tvm_N tvm_N computes the number of payment periods.

tvm_N[{(I%,PV,PMT,FV,P/Y,C/Y)]

B I SRRRFPYE -35
E+PMT: G+FWE 3Py

3. 83
36.47

tum N

tvm_FV fvm_FV computes the future value,
tvm_FV[(N,I% PV,PMT,P/Y,C/Y)]

oM g+IME ~S5AEF
VaaPMT: 1+PoY

tum_FY )
E727.51
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Calculating Cash Flows

Calcufating a
Cash Flow

npv(, irr(

Use the cash flow functions {menu items 7 and 8) to
analyze the value of money over equal time periods. You
can enter unequal cash flows, which can be cash inflows or
outflows. The syntax descriptions for npv( and irr{ use
these arguments.

s inlerest rale is the rate by which to discount the cash
flows (the cost of money ) over one period.

¢ CF0is the initial cash flow at time 0; it must be a real
number.

o (CFListis alist of cash flow amounts after the initial
cash flow CFO.

¢ CFFreq is alist in which each element specifies the
frequency of occurrence for a grouped (consecutive)
cash flow amount, which is the corresponding element
of CFList. The default is 1; if you enter values, they
must be positive integers < 10,000,

For example, express this uneven cash flow in lists.

2730 20‘00 2oIoo 4T0 4000
-3000
CFO = 2000

CFList = {2000,-3000,4000}
CFFreq = {2,1,2}

npv( (net present value) is the sum of the present values
for the cash inflows and outflows. A positive result for npv
indicates a profitable investment.

npv(interest rate,CFO,CFList[,CFFreq)

irr( {internal rate of return) is the interest rate at which the
net present value of the cash flows is equal to zero.

irr(CFO,CFList|[,CFFreqg])

1000 ] 5000 3000

—QDLD -2500

L1086, ~2508, 8, 58 - TP R
EIEY , SRR+ L 2928, 65
L1088,.80 -2580., . ired -2E660, L%% -
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Calculating Amortization

Calculating an
Amortization
Schedule

bal(

TPrn(, ZInt(

Use the amortization functions (menu items 9, 0, and A) to
calculate balance, sum of principal, and sum of interest for
an amortization schedule.

bal{ computes the balance for an amortization schedule
using stored values for I%, PV, and PMT. npmt is the
number of the payment at which you want to calculate a
balance. It must be a positive integer < 10,000. roundvalue
specifies the internal precision the calculator uses to
calculate the balance; if you do not specify roundvalue,
then the TT-83 uses the current Float/Fix decimal-mode
setting.

bal{npmi[,roundvalue])

188888 +PYi 3. 5+ 1% hal{12
FE;EEE‘ S1+PMT: 12+ 39244, 87

12.688

TPrn{ computes the sum of the principal during a specified
period for an amortization schedule using stored values for
I%, PV, and PMT. pmtl is the starting payment. pm{2 is the
ending payment in the range. pm#l and pmt2 must be
positive integers < 10,000. roundvalue specifies the internal
precision the calculator uses to calculate the principal; if you
do not specity roundvalue, the TI-83 uses the current
Float/Fix decimal-mode setting.

Note: You must enter values for 1%, PV, PMT, and before computing
the principal.

IPrn{pmit] ,pmit2| roundvalue])

TInt{ computes the sum of the interest during a specified
period for an amortization schedule using stored values for
%, PV, and PMT. pmii is the starting payment. pmi2 is the
ending payment in the range. pmfl and pmi2 must be
positive integers < 10,000, roundvalue specifies the
internal precision the calculator uses to calculate the
interest; if you do not specify roundvalue, the TI-83 uses
the current Float/Fix decimal-mode setting.

Tint{pmil pmit2],roundvaluel)

S0E+NE 100EAA-PY PPl 122
B.5+I%: -758,.913F 55,93
MT: 123PY Elntcla122

12,688 -S47E, 9
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Amortization
Example:
Calculating an
Outstanding
Loan Balance

You want to buy a home with a 30-year mortgage at 8
percent APR. Monthly payments are 800. Calculate the
cutstanding loan balance after each payment and display
the results in a graph and in the table.

L.

Press [MODE). Press [=] (] [*] [#] [ENTER] to set the
fixed-decimal mode setting to 2. Press (<] ] ] to
select Par graphing made.

Sci End
oat @1EI456789

Press [FINANCE] [ENTER] to display the TVM Solver.

Press 360 to enter number of payments. Press [+] 8 to
enter the interest rate. Press [+] [+] [(J] 800 to enter the
payment amount. Press [+] 0 to enter the future value of
the mortgage. Press [+] 12 to enter the payments per
year, which also sets the compounding pericds per year
to 12. Press (<] =] to select PMT:END.

MN=354, Bl
I%=5.88
FU=8, 35
FMT=-288. 68
Fiu=@, 3p
Prij=1z.80
Coiy=12, BH
FHT: =8 BEGTH

PHT: [0 BESTH

Press [Y=] to display the parametric Y= editor. Turn off all
stat plots. Press to define X1T as T. Press [=]
[FINANCE] @ to define Y17 as bal(T).

Flotl Flotz Flokz
~51r BT
YirBhaloT)
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Press [WINDOW] to display the window variables. Enter
the values below.

Tmin=0 Xmin=0 Ymin=0
Tmax=360 Xmax=360 Ymax=125000
Tstep=12 Xscl=50 Yscl=10000

Press to draw the graph and activate the trace
cursor. Press ] and [{] to explore the graph of the
outstanding balance over time. Press a number and then
press to view the balance at a specific time T.

Bir=T Tir=baWTd

H“q‘-"

-,

o

.k"‘-
T=1z0 \l
H=130 L. y=BEEyz.4E

. Press [TBLsET] and enter the values below.

ThiStart=0
ATbl=12

. Press [TABLE] to display the table of outstanding

balances (Y1T).

Vit
10807

10228k

.Press FAEHEEEHBEEDN] to select G-T

split-screen mode, in which the graph and table are
displayed simultaneously.

Press [TRACE] to display X1T (time) and Y1T (balance) in
the table.

Bir=T Pie=bal Hi7] Yt
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Calculating Interest Conversion

Calculating an
Interest
Conversion

»Nom(

VEF(

Use the interest conversion functions {menu items B and
C) to convert interest rates from an annual effective rate to
anominal rate ()Nom( ) or from a nominal rate to an annual
effective rate (Eff( ).

»Nom{ computes the nominal interest rate. effective rate
and compounding periods must be real numbers.
compounding periods must be >0,

»Nom{effective rate,compounding periods)

rHoMC IS B 42
15

»Eff{ computes the effective interest rate. nominal rate and
compounding periods must be real numbers.
compounding periods must be >0,

»Eff(nominal rate,compounding periods)

PEFFOE, 120
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Finding Days between Dates/Defining Payment Method

dbd(

Defining the
Payment Method

Pmi_End

Pmt_Bgn

Use the date function dhd{ (menu item D) to calculate the
number of days between two dates using the actual-day-
count method. datel and date? can be numbers or lists of
numbers within the range of the dates on the standard
calendar.

Note: Dates must be between the years 1850 through 2049.
dbd{datel date2)
You can enter datel and date2 in either of two formats.

¢ MM.DDYY (United States)
¢ DDMM.YY (Europe)

The decimal placement differentiates the date formats.
dbdcliz. 3196, 12,3
192

Tai.08

Pmt_End and Pmt_Bgn (menu items E and F) specify a
transaction as an ordinary annuity or an annuity due. When
you execute either command, the TVM Solver is updated.

Pmt_End (payment end) specifies an ordinary annuity,
where payments occur at the end of each payment period.
Most loans are in this category. Pmt_End is the default.

Pmt_End

On the TVM Soclver's PMT:END BEGIN line, select END to set
PMT to ordinary annuity.

Pmt_Bgn (payment beginning) specifies an annuity due,
where payments occur at the beginning of each payment
period. Most leases are in this category.

Pmt_Bgn

On the TVM Sciver's PMT:END BEGIN line, select BEGIN to
set PMT to annuity due.
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Using the TVM Variables

FINANCE VARS
Menu

N, I%, PV, PMT,
Fv

P/Y and C/Y

To display the FINANCE VARS menu, press [FINANCE]
[]. You can use TVM variables in TVM functions and store
values to them on the home screen.

CALC VYARS

1: N Total number of payment periods

2: 1% Annual interest rate

3: PY Present value

4: PMT Payment amount

5: FY Future value

6: P/Y Number of payment periods per year
7:C/Y Number of compounding periods/vear

N, I%, PV, PMT, and FV are the five TVM variables. They
represent the elements of common financial transactions,
as described in the table above. I% is an annual interest rate
that is converted to a per-period rate based on the values
of P/Y and C/Y.

P/Y is the number of payment periods per year in a
financial transaction.

ClY is the number of compounding periods per year in the
same transaction.

When you store a value to P/Y, the value for CIY
automatically changes to the same value. To store a unique
value to C/Y, you must store the value to C/Y after you have
stored a value to PiY.
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CATALOG, Strings,
Hyperbolic Functions
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Browsing the TI-83 CATALOG

What Is the
CATALOG?

The CATALOG is an alphabetical list of all functions and

instructions on the TI-83. You also can access each

CATALOG item from a menu or the keyboard, except:

¢ The six string functions (page 15-6)

¢ The six hyperbolic functions (page 15-10)

s The solve( instruction without the equation solver editor
(Chapter 2)

¢ The inferential stat functions without the inferential stat
editors (Chapter 13)

Note: The only CATALOG programming commands you can execute
from the home screen are GetCalce(, Get(, and Send{.

Selecting an ltem To select a CATALOG item, follow these steps.

from the
CATALOG

1. Press [caTALOG] to display the CATALOG.

CATALDS B
rabs !
and
angled
AMOVAL
Ans .
augment o
Axezff

The » in the first column is the selection cursor.

2. Press [+] or[+] to scroll the CATALOG until the selection
cursor points to the item you want.

e To jump to the first item beginning with a particular
letter, press that letter; alpha-lock is on.

¢ Items that begin with a number are in alphabetical
order according to the first letter after the number.
For example, 2-PropZTest{ is among the items that
begin with the letter P.

¢ Functions that appear as symbols, such as +, "1, <,
and +/(, follow the last item that begins with Z. To
jump to the first symbol, !, press [8].

3. Press to paste the item to the current screen.
jabs |

Tip: From the top of the CATALOG menu, press {=] to move to the
bottom. From the bottom, press [+] to move to the fop.
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Entering and Using Strings

What Is a String? A string is a sequence of characters that you enclose within

Entering a String

quotation marks. On the TI-83, a string has two primary
applications.

¢ It defines text to be displayed in a program.

¢ It accepts input from the keyboard in a program.

Characters are the units that you combine to form a string.

¢ Count each number, letter, and space as one character.

¢ Count each instruction or function name, such as sin{ or
cos{, as one character; the TI-83 interprets each
instruction or function name as one character.

To enter a string on a blank line on the home screen orin a
program, follow these steps.

1. Press [ALPHA] [7] to indicate the beginning of the string.

2. Enter the characters that comprise the string.

¢ Use any combination of numbers, letters, function
names, or instruction names to create the string.

e To enter a blank space, press [ALPHA] [..].

e To enter several alpha characters in a row, press
[A-LOCK] to activate alpha-lock.

3. Press [ALPHA] [v] to indicate the end of the string.
“St?ﬁing"

4. Press [ENTER]. On the home screen, the string is displayed
on the next line without quotations. An ellipsis (...)
indicates that the string continues beyond the screen.
To scroll the entire string, press ] and [].

"2;59 12334 EFGH
RECD 1234 EFGH ..

Note: Quotation marks do not count as string characters.
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Storing Strings to String Variables

String Variables  The TI-83 has 10 variables to which you can store strings.

You can use string variables with string functions and
instructions.

To display the VARS STRING menu, follow these steps.

1. Press [VARS] to display the VARS menu. Move the cursor
to 7:8tring.

{Iﬂﬁ Y-LARS
=21hdaum

EhE...
Picture..
5

o

3

4 e,
SiStatistics..
&t Table..
-t 1na
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Storing a String To store a string to a string variable, follow these steps.

to a Strin
Variable 9 1. Press [ALPHA] [], enter the string, and press [ALPHA] [].

2. Press [STO#.

3. Press [VARS] 7 to display the VARS STRING menu.

4. Select the string variable (from Str1 to $tr9, or Strd) to
which you want to store the string.

§=5%P%
?Str?
P5Lrd
42 5trd
SRRy N ]
piShrg
[ 2539 e
The string variable is pasted to the current cursor
location, next to the store symbol ().

5. Press to store the string to the string variable. On
the home screen, the stored string is displayed on the
next line without quotation marks.

"HELLO"+5tr2

HELLD
Displaying the To display the contents of a string variable on the home
Contents of a screen, select the string variable from the VARS STRING

String Variable menu, and then press [ENTER]. The string is displayed.

Sird
HELLO
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String Functions and Instructions in the CATALOG

Displaying String
Functions and
Instructions in
the CATALOG

+ (Concatenation)

Selecting a Sfring
Function from
the CATALOG

String functions and instructions are available only from
the CATALOG. The table below lists the string functions
and instructicns in the order in which they appear among
the other CATALOG menu items. The ellipses in the table
indicate the presence of additional CATALOG items.

CATALOG

EqwStringl Converts an equation to a string.
expr( Converts a string to an expression.

inString(  Returns a character’s place number.
Tength Returns a string’s character length.

StringEqu( Converts a string to an equation.
subl{ Returns a string subset as a string.

To concatenate two or more strings, follow these steps.
1. Enter stringl, which can be a string or string name.
2. Press[t].

3. Enter string2, which can be a string or string name. If
necessary, press [+] and enter string3, and so on.

string I+string2+string3. . .
4, Press to display the strings as a single string.
"HIJE "+htrliStr

1+"LMHOF"
HIJKE LMHOF

To select a string function or instruction and paste it to the
current screen, follow the steps on page 15-2.
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EqurString(

expr(

inString(

EquString{ converts to a string an equation that is stored
to any VARS Y-VARS variable. Yr contains the equation.
Strr (from Str1 to Str9, or Str0) is the string variable to
which you want the equation to be stored ag a string.

Equ»String(Y»,Strn)
IR

Do
EqurStringiys .St
13

Strl
3

Done

expr( converts the character string contained in string to
an expression and executes it. string can be a string or a
string variable.

expr(string)

2R "SH" $5hr1 expr (" L+24HE
expr(SHe1 )46

A

18

inString( returns the character position in string of the first
character of substring. string can be a string or a string
variable. start is an optional character position at which to
start the search; the default is 1.

inString(string,substring|,start])

inStringc"PRESTU
(R LI 51 LT

Note: If string does not contain substring, or start is greater than the
length of string, inString( returns 0.
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length(

StringpEqu(

length( returns the number of characters in string. string
can be a string or string variable,

Note: An instruction or function name, such as sin{ or cos{, counts as
one character.

length(string)
MY E" 5]

WEhs
length She]

StringpEqu( converts string into an equation and stores the
equation to Yn. string can be a string or string variable.
StringrEquq is the inverse of EqurString(.

StringpEqu{string,Yn)

TR ELrE
2¥

StringrEauiSter,
Ve
Jone

Flekd PlobE Pleb2
]

SRE
2 B2
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sub(

Entering a
Function to
Graph during
Program
Execution

sub{ returns a string that is a subset of an existing string.
string can be a string or a string variable. begin is the
position number of the first character of the subset. length
is the number of characters in the subset.

sub{string.begin.length)

"HECSEFE“+Str5
sybCSterS. 4. 25
DE

o]
m

E: 38T “an enter 3 ‘tion to gr: i
In a program, you can enter a function to graph durin
program execution using these commands.

PROGREAM: IMPUT

I Input, "ENTRY=",
Strl -
PSbringrEaulSte3
DisrGrarh

pram IMPUT
EHTRY=Z-:R

Note: When you execute this program, enter a function to store to Y3
at the ENTRY= prompt.
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Hyperbolic Functions in the CATALOG

Hyperbolic
Functions

sinh(, cosh(,
tanh(

sinh’1(, cosh™(,
tanh™(

The hyperbolic functions are available only from the
CATALOG. The table below lists the hyperbolic functions in
the order in which they appear among the other CATALOG
menu items. The ellipses in the table indicate the presence
of additional CATALOG items.

CATALCG
cosh( Hyperbolic cosine
cosh™l{ Hyperbolic arccosine
sinh( Hyperbolic sine
sinh™iy Hyperbolic arcsine
tanh( Hyperbolic tangent
tanh1¢ Hyperbolic arctangent

sinh{, cosh{, and tanh( are the hyperbolic functions. Each is
valid for real numbers, expressions, and lists.

sinh{value)
cosh{value)
tanh(value)

sinhC. Sl
e g ] 1= LA
coshe{. 25,0102

{1.8314131 1.12.

sinh1( is the hyperbolic arcsine function. cosh™( is the
hyperbolic arccosine functicon. tanh™( is the hyperbolic
arctangent function. Each is valid for real numbers,
expressions, and lists.

sinh™Wvalue)
cosh (value)
sinh lvalue)

sinkr1 {8,122 j
8 BE1IVIDET:

tankh g -, 52

-. 04938601443
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Getting Started: Volume of a Cylinder

Getting Started is a fast-paced introduction. Read the chapter for details.

A program is a set of commands that the TI-83 executes sequentially, as if you
had entered them from the keyboard. Create a program that prompts for the
radius R and the height H of a cylinder and then computes its velume.

1.

Press [PRGM) ] [v] to display the
PRGM NEW menu.

Press to select 1:Create New. The
Name= prompt is displayed, and alpha-lock
is on. Press [c] [¥] [L] [1] [N] [D] [E] [R], and
then press to name the program
CYLINDER.

You are now in the program editor. The
colon ( : ) in the first column of the second
line indicates the beginning of a command
line.

Press [PRGM] ] 2 to select 2:Prompt from
the PRGM I/O menu. Prompt is copied to
the command line. Press [ALPHA] [R] [1]

ALPHA] [H] to enter the variable names for
radius and height. Press [ENTER].

EXEC EBIT
HCreate Heuw

E'EDERHE'!: CYLIHOER

PROGRAM: CYL THDER
EFﬁomwt F.H

Press [2nd) [n] [ALFHA] [R] [xZ] [ALPHA] [H] (STO®]
ALPHA] [V] to enter the expression
7R2H and store it to the variable V.

16-2 Programming
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t

Press 3 to select 3:Disp from the
PRGM /O menu. Disp is pasted to the
command line. Press [A-Lock] "] [v]
(0] [L] [u] [m] [E][-] [1] [s] [""](ALPHA] (L]
ALPHA] [Vv] to set up the program to
display the text VOLUME IS on one line and
the calculated value of V on the next.

Press [QuiT] to display the home
screen.

Press to display the PRGM EXEC
menu. The items on this menu are the
names of stored programs.

Press to paste prgmCYLINDER to the
current cursor location. {If CYLINDER is
not item 1 on your PRGM EXEC menu,
moaove the cursor to CYLINDER before you

press [ENTER].)

Press to execute the program. Enter
1.5 for the radius, and then press [ENTER].
Enter 3 for the height, and then press
(ENTER). The text VOLUME IS, the value of V,
and Done are displayed.

Repeat steps 7 through 9 and enter
different values for R and H.

PREOGEAM: CYLINDER

3

=+
izF YUOLUME IS

="
%

rath
I=

2

-
o

iﬁ% EBIT MEW
LIMDER

FranCYLIMNDERE

FranCyL INDER
R=71.5

YOLOME IS
1. 2a575041
Oore
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Creating and Deleting Programs

Whatls a
Program?

Creating a New
Program

Managing
Memory and
Deleting a
Program

A prograin is a set of one or more command lines. Each
line contains one or more instructions. When you execute a
program, the TI-83 performs each instruction on each
command line in the same order in which you entered
them. The number and size of programs that the TI-83 can
store is limited only by available memory.

To create a new program, follow these steps.

1. Press [4] to display the PRGM NEW menu.
EXEC EDIT [3=f
HCreate MHew

2. Press [ENTER] to select 1:Create New. The Name= prompt
is displayed, and alpha-lock is on.

3. Press aletter from A to Z or 8 te enter the first
character of the new program name.

Note: A program name can be one to eight characters fong. The
first character must be a letter from A to Z or 8. The second
through eighth characters can be lefters, numbers, or 6.

4. Enter zero to seven letters, numbers, or 6 to complete
the new program name.

Press [ENTER]. The program editor is displayed.

oLt

=)

Enter one or more program commands (page 16-5).

=~

Press [QuIT] to leave the program editor and return
to the home screen.

To check whether adequate memory is available for a
program you want to enter, press [2nd) [MEM], and then
select 1:Check RAM from the MEMORY menu (Chapter 18}.

To increase available memory, press [MEM], and then
select 2:Delete from the MEMORY menu (Chapter 18).

To delete a specific program, press [MEM], select
2:Delete from the MEMORY menu, and then select 7:Prgm
from the DELETE FROM secondary menu ( Chapter 18).
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Entering Command Lines and Executing Programs

Entering a
Program
Command Line

Executing a
Program

Breaking a
Program

You can enter on a command line any instruction or
expression that you could execute from the home screen. In
the program editor, each new command line begins with a
colon. To enter more than one instruction or expression on a
single command line, separate each with a colon.

Note: A command line can be longer than the screen is wide; long
command lines wrap to the next screen line.

While in the program editor, you can display and select
from menus. You can return to the program editor from a
menu in either of two ways.

s Select a menu item, which pastes the item to the
current command line.

¢ Press [CLEAR].

When you complete a command line, press [ENTER]. The
cursor moves to the next command line.

Programs can access variables, lists, matrices, and strings
saved in memory. If a program stores a new value to a
variable, list, matrix, or string, the program changes the
value in memory during execution.

You can call another program as a subroutine (page 16-15
and page 16-22).

To execute a program, begin on a blank line on the home
screen and follow these steps.

1. Press [PRGM] to display the PRGM EXEC menu.

2. Select a program name from the PRGM EXEC menu
(page 16-7). prgmname is pasted to the home screen
(for example, prgmCYLINDER).

3. Press [ENTER] te execute the program. While the program
is executing, the busy indicator is on.

Last Answer (Ans) is updated during program execution.
Last Entry is not updated as each command is executed
(Chapter 1).

The TI-83 checks for errors during program execution. It
does not check for errors as you enter a program.

To stop program execution, press [ON]. The ERR:BREAK
menu is displayed.

¢ To return to the home screen, select 1:Quit.
¢ To go where the interruption occurred, select 2:Goto.
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Editing Programs

Editing a To edit a stored program, follow these steps.
Program
g 1. Press [PRGM] 2] to display the PRGM EDIT menu.

2. Select a program name from the PRGM EDIT menu {page
16-7). Up to the first seven lines of the program are
displayed.

Note: The program editor does not display a | to indicate that
a program continues beyond the screen.

3. Edit the program command lines.

o Move the cursor to the appropriate location, and
then delete, overwrite, or insert.

e Press[CLEAR] to clear all program commands on the
command line (the leading colon remains), and then
enter a new program command.

Tip: To move the cursor to the beginning of a command line, press
[, to move to the end, press {¥]. To scroll the cursor down
seven command lines, press [*1. To scroll the cursor up seven
command lines, press =.

Inserting and To insert a new command line anywhere in the program,
Deleting place the cursor where you want the new line, press

Command Lines  [iNs], and then press [ENTER]. A colon indicates a new line.

To delete a command line, place the cursor on the line,
press to clear all instructions and expressions on
the line, and then press to delete the command line,
including the colon.
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Copying and Renaming Programs

Copying and
Renaming a
Program

Scrolling the
PRGM EXEC and
PRGM EDIT
Menus

To copy all command lines from cne program into a new
program, follow steps 1 through 5 for Creating a New
Program (page 16-4), and then follow these steps.

1. Press [RCL]. Rel is displayed on the bottom line of
the program editor in the new program {Chapter 1).

2. Press [PRGM] [{] to display the PRGM EXEC menu.

3. Select a name from the menu. prgmnaine is pasted to
the bottom line of the program editor.

4. Press [ENTER]. All command lines from the selected
program are copied into the new program.

Copying programs has at least two convenient
applications.

¢ You can create a template for groups of instructions
that you use frequently.

¢ You can rename a program by copying its contents intc
a new program.

Note: You alse can copy all the command lines from one existing
program to another existing program using RCL.

The TI-83 sorts PRGM EXEC and PRGM EDIT menu items
automatically into alphanumerical order. Each menu only
labels the first 10 items using 1 through 9, then 0.

To jump to the first program name that begins with a
particular alpha character or 8, press (ALPHA| [letter from A
to Z or 0.

Tip: From the top of either the PRGM EXEC or PRGM EDIT menu,

press [« to move to the bottom. From the bottom, press 7] to move to
the top. To scroll the cursor down the menu seven items, press
[5]. To scroll the cursor up the menu seven items, press =
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PRGM CTL (Control) Instructions

PRGM CTL Menu

Controlling
Program Flow

To display the PRGM CTL (program control) menu, press
PRGM] from the program editor only.

CTL 1/0 EXEC

1: If Creates a conditional test.

2: Then Executes commands when ¥ is true.

3: Else Executes commands when if is false.

4: For( Creates an incrementing loop.

5: While Creates a conditional loop.

6: Repeat Creates a conditional loop.

7: End Signifies the end of a block.

8: Pause Pauses program execution.

9: Lbl Defines a label.

0: Goto Goes to a label.

A IS>( Increments and skips if greater than.

B: DS<( Decrements and skips if less than.

C: Menut Defines menu items and branches.

D: prgm Executes a program as a subroutine.

E: Return Returns from a subroutine.

F: Stop Stops execution.

G: DelVar Deletes a variable from within program.
H: GraphStyle( Designates the graph style to be drawn.

These menu items direct the flow of an executing program.
They make it easy to repeat or sKip a group of commands
during program execution. When you select an item from
the menu, the name is pasted to the cursor location cn a
command line in the program.

To return to the program editor without selecting an item,

press (CLEAR/.

Program contrel instructions tell the TI-83 which
command to execute next in a program. If, While, and
Repeat check a defined condition to determine which
command to execute next. Conditions frequently use
relational or Boolean tests (Chapter 2), as in:

If A<7T:A+13A
or

if N=1 and M=1:Goto Z
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I¥ Use If for testing and branching. If condition is false (zero),
then the command immediately following if is skipped. If
condition is true (nonzero), then the next command is
executed. If instructions can be nested.

Af condition
command (if true)
command

Program Output
PROGREAM: COUNT eI LOUHT
FE4H H 15

IA+1+A A IS
Dise "A IS":A
A2 Bone

o
to 2

If-Then Then following an If executes a group of commands if
condition is true (nonzero). End identifies the end of the
group of commands.

if condition

‘Then

command (if true)
comvmand (if true)
:End

comamand

Output
FramTEST

Pons
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[f-Then-Else

For(

Else following #-Then executes a group of commands if
condition is false (zerc). End identifies the end of the
group of commands.

Af condition

:Then

:command (if true)
command (if true)
:Else

:comvmand (if false)
:command (if false)
:End

command

Program Output

PROGRAME TESTELSE FramTESTELSE
Hlnput, MHE="a R W=3

If e 100
2 Then . Done
PHEY W= .
tElze 15 257
L Bone
tEnd

[tDise £3.43 |

For{ loops and increments. It increments variable from
begin to end by increment. increment is optional (default
is 1) and can be negative (end<begin). end is a maximum
or minimum value not to be exceeded. End identifies the
end of the loop. For{ loops can be nested.

:For(variable,begin,end[,increment))
:comvmand (while end not exceeded)
:command (while end not exceeded)

:End

command

Program Output

FROGEAM: SQUARRE FrImSEUARRE

tForiA:8,8,23 5}

i0isF A= 4

tEnd 15
36
od

Dorne
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While

Repeat

While performs a group of commands while condition is
true. condition is frequently a relational test {Chapter 2).
condition is tested when While is encountered. If
condition is true (nonzero), the program executes a group
of comanands. End signifies the end of the group. When
condition is false (zero), the program executes each
command following End. While instructions can be nested.

‘While eondition

:command (while condition is true)
:command (while condition is true)
:End

command

Output
SEQNLDDP

Hone

Repeat repeats a group of commands until condition is
true (nonzero). It is similar to While, but condition is tested
when End is encountered; therefore, the group of
comamands is always executed at least once. Repeat
instructions can be nested.

:Repeat condition

:command (until condition is true)
:command (until condition is true)
:End

command

Program Output

PROGRAM: RLOOF Fr-amELOOP
PE] J=

J
ereat. 126 Bone
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End End identifies the end of a group of commands. You must
include an End instruction at the end of each For(, While, or
Repeat loop. Also, you must paste an End instruction at the
end of each i~Then group and each If-Then-Else group.

Pause Pause suspends execution of the program so that you can
see answers or graphs. During the pause, the pause
indicator is on in the top-right corner. Press to
resume execution.

¢ Pause without a value temporarily pauses the program.
If the DispGraph or Disp instruction has been executed,
the appropriate screen is displayed.

¢ Pause with value displays value on the current home
screen. value can be scrolled.

Pause [value]

Output
;fngHUQE
18
;EQNPHUSE
‘ 18
Baore
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Lbl, Goto

IS>(

Lbi (label) and Goto (go to) are used together for
branching.

Eb! specifies the label for a command. label can be one or
two characters (A through Z, 0 through 99, or 8).

Lbi label

Goto causes the program to branch to label when Goto is
encountered.

Goto label

Output

rr3mCLUBE
: PE
: =
i ] 23
5t 27
D 7185
rPause bone
GHoto 99

IS>( (increment and skip) adds 1 to variable. If the answer
is > value (which can be an expression), the next
command is skipped; if the answer is < value, the next
command is executed. variable cannot be a system
variable.

AS>(variable,value)
:command (if answer < value)
:command {if answer > value)

Program Output

PEOGREAM: ISKIF Fr3m ISKIF

7+H 1

2ISE(H 62 Done

t0isp "HOT > &°
iz "> &Y

Note: IS>{ is not a looping instruction.
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DS<(

Menu(

Ds<( (decrement and sKip) subtracts 1 from variable. If the
answer is < value (which can be an expression), the next
comamand is skipped; if the answer is > value, the next
command is executed. variable cannot be a system
variable.

:DS<(variable,value)}

command (if answer > value)

:command (if answer < value)

Output
FramlSkIP
NOT » &

Bone

T 6“

Note: DS<( is not a looping instruction.

Menu( sets up branching within a program. If Menu( is
encountered during program execution, the menu screen is
displayed with the specified menu items, the pause
indicator is on, and execution pauses until you select a
menu item.

The menu tifle is enclosed in quotation marks ( " J. Up to
seven pairs of menu items follow. Each pair comprises a
text item (also enclosed in quotation marks) to be
displayed as a2 menu selection, and a label item to which to
branch if you select the corresponding menu selection.

Menu(“title","text " labell "text2" label2, . . )
Program Output

PROGREAN: TDSSEIICE m
PMent " TOSS D 3 CE
u "Fﬂ B _OIC fWEIGHTED BICE

“WEIGHTED DIEE“
B

The program above pauses until you select 1 or 2. If you
select 2, for example, the menu disappears and the
program continues execution at Lbl B.
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prgm

Return

Stop

DelVar

GraphStyle(

Use prgm to execute other programs as subroutines (page
16-22). When you select prgm, it is pasted to the cursor
location. Enter characters to spell a program name. Using
prgm is equivalent to selecting existing programs from the
PRGM EXEC menu; however, it allows you to enter the
name of a program that you have not yet created.

prgmname

Note: You cannot directly enter the subroutine name when using RCL.
You must paste the name from the PRGM EXEC menu (page 16-7).

Return quits the subroutine and returns execution to the
calling program (page 16-22}, even if encountered within
nested loops. Any loops are ended. An implied Return
exists at the end of any program that is called as a
subroutine. Within the main program, Return stops
execution and returns to the home screen.

Stop stops execution of a program and returns to the home
screen. Stop is optional at the end of a program.

DelVar deletes from memory the contents of variable.
DelVar variable

PROGRAM: DELMHTR
:0elVar [AIN

GraphStyle( designates the style of the graph to be drawn.
Sunctiornd# is the number of the Y= function name in the
current graphing mode. graphstyle is a number from 1 to 7
that corresponds to the graph style, as shown below.

1 = * (line) 5 = (path)
2 ="% (thick) 6 = (animate)
3 =% (shade above) 7 =", (dot)

4 =1 (shade below)

GraphStyle(function#,graphstyle)

For example, GraphStyle(1,5) in Func mode sets the graph
style for Y1 to - (path; §).

Not all graph styles are available in all graphing modes. For

a detailed description of each graph style, see the Graph
Styles table in Chapter 3.
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PRGM l/O (Input/Output) Instructions

PRGM I/O Menu  To display the PRGM /O (program input/output) menu,
press (] from within the program editor only.

CTL

—

|2 O w0 G

[/0 EXEC
: Input

: Prompt

: Bisp

: DispGraph
: DispTable
: Qutput(

: getKey

: ClrHome
:ClrTable
: GetCaled

: Get(

: Send(

Enters a value or uses the cursor.
Prompts for entry of variable values.
Displays text, value, or the home screen.
Displays the current graph.

Displays the current table.

Displays text at a specified position.
Checks the keyboard for a keystroke.
Clears the display.

Clears the current table.

Gets a variable from another TI-83.
Gets a variable from CBL 2/CBL or CBR.
Sends a variable to CBL 2/CBL or CBR.

These instructions control input to and output from a
program during execution. They allow you to enter values
and display answers during program execution.

To return to the program editor without selecting an item,

press [CLEAR].

Displaying a

Input without a variable displays the current graph. You

Graph with Input  can move the free-moving cursor, which updates X and Y
(and R and 6 for PolarGC format). The pause indicator is
on. Press [ENTER] to resume program execution.

input

Program

PROGRAM: GINFUT
tFrd

-]

[}

T

(4 3]
gk

=

13

iy
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Storing a
Variable Value
with Input

Input with variable displays a 7 (question mark) prompt
during execution. variable may be areal number, complex
number, list, matrix, string, or Y= function. During program
execution, enter a value, which can be an expression, and
then press [ENTER]. The value is evaluated and stored to
pariable, and the program resumes execution.

Input [variable]

You can display text or the contents of Strn (a string
variable) of up to 16 characters as a prompt. During
program execution, enter a value after the prompt and then
press [ENTER). The value is stored to variable, and the
program resumes execution.

input ["lext" variable]
input [Stran,variable]

Program Output

PROGREAM: HIMPUT FramHIHFUT

: InFPut. 2

flneut. La

Plmeat Mhysa iy Pi1. 2232

:Ineut "DATA=":1t Y=t 2ReZ!

DHTH DATA={4,5. &}

t0isFr YiCH

tDise Y1dla2 R -]
{18 12 143

[fDize %1 CLDATAY | bone

Note: When a program prompts for input of lists and Y n functions
during execution, you must include the braces ( { } ) around the list
elements and quotation marks (") around the expressions.
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Prompt

Displaying the
Home Screen

Displaying
Values and
Messages

16-18

During program execution, Prompt displays each variable,
one at a time, followed by =7. At each prompt, enter a
value or expression for each variable, and then press
[ENTER]. The values are stored, and the program resumes

execution.

Prompt variableA[,variableB,...,

Program

PRDERHH:MIHDGM
IPromrt Emin
-PPDﬂPt 3
Promrt. Ymin
IPromet. Ymax

vartable n)

Output

PﬁQmMIHDDE
Amin=7-18

Bone

Note: Y= functions are not valid with Prompt.

Disp (display) without a value displays the home screen.
To view the home screen during program execution, follow
the Disp instruction with a Pause instruction.

Disp

Disp with one or more values displays the value of each.

Disp [valueA,valueBvalueC,...

Jalue n)

s If value is a variable, the current value is displayed.

¢ Ifvalue is an expression, it is evaluated and the result is
displayed on the right side of the next line.

s If value is text within quotation marks, it is displayed on
the left side of the current display line. » is not valid as

text.

Program

PROGRAM: A
:0isFe "THE AMSWE
RIS "smo2

Output
FrgmA
THE AHSWEERE 15
1.3578736327
Bone

If Pause is encountered after Disp, the program halts
temporarily so you can examine the screen. To resume

execution, press [ENTER].

Note: If a matrix or list is too large to display in its entirety, ellipses {...)
are displayed in the last column, but the matrix or list cannot be
scrofled. To scroll, use Pause value (page 16-12).

Programming



DispGraph

DispTable

Output(

DispGraph (display graph) displays the current graph. If
Pause is encountered after DispGraph, the program halts
temporarily so you can examine the screen. Press to
resume execution.

DispTable (display table} displays the current table. The
program halts temporarily so you can examine the screen.
Press [ENTER] to resume execution.

Output{ displays text or value on the current home screen
beginning at row (1 through 8} and column (1 through 16),
overwriting any existing characters.

Tip: You may want to precede Qutput{ with ClrHome (page 16-20).

Expressions are evaluated and values are displayed
according to the current mode settings. Matrices are
displayed in entry format and wrap to the next line. » is
not valid as text.

Output{row,column,"text")
Output{row,column,value)

Program Output
PROGRAM: QUTFUT

P 3+0E

:C1rHome

:Ogteut o5, 4, "AMS

WER:" AMSWER: &

P0utpPutcS, 12,82

For Output{ on a Horiz split screen, the maximum value for
row is 4.
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getKey

TI-83 Key Code
Diagram

ClirHome,
ClrTable

getKey returns a number corresponding to the last key
pressed, according to the key code diagram below. If no
key has been pressed, getKey returns . Use getKey inside
loops to transfer control, for example, when creating video

games,

Program

FPROGEAM: GETKEY
Phhils 1

Output
er-gmZETREY
4
4.3
165
Bore

Note: [MATH, [VATRX], PRGM], and
ENTER] were pressed during
program execution.

Note: You can press at any time during execution to break the

program {page 16-5}.

L) (a2 e ) 1e ] 005 )

G0 30 ()

(i) (32 (55 (G (55
(7] [72) (72 (74 [75)
(o) () G5 (5 (5

5]
(2] (2] (2]
Se

() (o) () () 2
N )

CirHome (clear hoie screen) clears the home screen

during program execution.

ClrTable (clear table) clears the values in the table during

program execution.
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GetCalc(

Get(, Send(

GetCalc( gets the contents of variable on another TI-83 and
stores it to variable on the receiving TI-83. variable can be
areal or complex number, list element, list name, matrix
element, matrix name, string, Y= variable, graph database,
or picture.

GetCalc{variable)

Note: GetCalc( does not work between TI-82s and Ti-83s.

Get( gets data from the Calculator-Based Laboratory™
(CBL 2™, CBL™) System or Calculator-Based Ranger™
(CBR™) and stores it to vertable on the receiving TI-83.
variable can be a real number, list element, list name,
matrix element, matrix name, string, Y= variable, graph
database, or picture.

Get(variable)

Note: If you transfer a program that references the Get{ command to
the Ti-83 from a Ti-82, the Ti-83 will interpret it as the Get( described
above. Use GetCalc( to get data from another TI-83.

Send( sends the contents of variable to the CBL 2/CBL or
CBR. You cannot use it to send to another TI-83. variable
can be a real number, list element, list name, matrix
element, matrix name, string, Y= variable, graph database,
or picture. variable can be a list of elements.

Send(variable)

F‘RDEEHH GETSOUND Note: This program gets sound data
2Send {3, H25, and time in seconds from

99:1 BoBlaB, 0,100 CBL 2/CBL.

tEet ol

PEetclzl

Note: You can access Get(, Send(, and GetCalc( from the
CATALOG to execute them from the home screen (Chapter 15).

Programming 16-21



Calling Other Programs as Subroutines

Calling a
Program from
Another Program

Notes about
Calling Programs

On the TI-83, any stored program can be called from
ancther program as a subroutine. Enter the name of the
program to use as a subroutine on a line by itself.,

You can enter a program name on a command line in either

of two ways.

e DPress to display the PRGM EXEC menu and
select the name of the program {page 16-7). prgmname is
pasted to the current cursor location on a command line.

e Select prgm from the PRGM CTL menu, and then enter
the program name (page 16-15).

prgmname

When prgmnaane is encountered during execution, the next
command that the program executes is the first command
in the second program. It returns to the subsequent
command in the first program when it encounters either
Return or the implied Return at the end of the second
program.

Program Output

PROGRAM: VOLCYL ErQmbOLCYL
Plneut MO=".0 D=4

:InFPut "H=".H - [H=5

tpramfREARCIR B2, 83185387
I AsHL Blore
t0iz¢ W

Subroutine {1t
FPROGRAM: AREAC IR
1024k

kR ESA
PReturn

Variables are global.

label used with Goto and Lbl is local to the program where
it is located. label in one program is not recognized by
another program. You cannct use Goto to branch to a label
in another program.

Return exits a subroutine and returns to the calling
program, even if it is encountered within nested loops.
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Comparing Test Results Using Box Plots

Problem An experiment found a significant difference between boys
and girls pertaining to their ability to identify objects held
in their left hands, which are controlled by the right side of
their brains, versus their right hands, which are controlled
by the left side of their brains. The TI Graphics team
conducted a similar test for adult men and women.

The test involved 30 small objects, which participants were
not allowed to see. First, they held 15 of the ohjects one by
one in their left hands and guessed what they were. Then
they held the other 15 objects one by one in their right hands
and guessed what they were. Use box plots to compare
visually the correct-guess data from this table.

Correct Guesses

Women Women Men Men
Left Right Left Right
8 4 7 12
9 1 8 6
12 8 7 12
11 12 5 12
10 11 7 7
8 11 8 11
12 13 11 12
7 12 4 8
9 11 10 12
11 12 14 11
13 9
5 9
Procedure 1. Press 5 to select 5:SetUpEditor. Enter list names

WLEFT, WRGHT, MLEFT, and MRGHT, separated by
commas. Press [ENTER]. The stat list editor now contains
only these four lists.

2. Press 1 to select 1:Edit.

3. Enter into WLEFT the number of correct guesses each
woman made using her left hand (Women Left). Press
to move to WRGHT and enter the number of correct
guesses each woman made using her right hand (Women
Right).

4. Likewise, enter each man’s correct guesses in MLEFT
(Men Left) and MRGHT (Men Right).

5. Press [sTAT PLOT]. Select 1:Plot1. Turn on plot 1;
define it as a modified box plot &= that uses WLEFT.
Move the cursor to the top line and select Plot2. Turn on
plot 2; define it as a modified box plot that uses WRGHT.
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6. Press [Y=]. Turn off all functions,

7. Press [WINDOW!. Set Xsci=1 and Yscl=0. Press [200M] 9 to
select 9:ZoomStat. This adjusts the viewing window and
displays the box plots for the women’s results.

8. Press [TRACE].

FLMLEFT »—@—4 = \Women's left-hand data
l P »———-—-{—T.]—q = \Women's right-hand data

Hd=f.5

Use [ and [¥] to examine minX, Q1, Med, Q3, and maxX
for each plot. Notice the cutlier to the women’s right-
hand data. What is the median for the left hand? For the
right hand? With which hand were the women more
accurate guessers, according to the box plots?

9, Examine the men’s results. Redefine plot 1 to use
MLEFT, redefine plot 2 to use MRGHT. Press [TRACE].

li'i:HLEFL_E____‘ = Men's left-hand data

._____{_ﬂ = Men's right-hand data

Hed=P B

Press [4] and [¥] to examine minX, Q1, Med, Q3, and maxX
for each plot. What difference do you see between the
plots?

10.Compare the left-hand results. Redefine plot 1 to use
WLEFT, redefine plot 2 to use MLEFT, and then press
to examine minX, 1, Med, Q3, and maxX for each
plot. Who were the better left-hand guessers, men or
women?

11.Compare the right-hand results. Define plot 1 to use
WRGHT, define plot 2 to use MRGHT, and then press
to examine minX, Q1, Med, @3, and maxX for each
plot. Who were the better right-hand guessers?

In the original experiment boys did not guess as well
with right hands, while girls guessed equally well with
either hand. This is not what our box plots show for
adults. Do you think that this is because adults have
learned to adapt or because our sample was not large
enough?
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Graphing Piecewise Functions

Problem

Procedure

The fine for speeding on a road with a speed limit of 45
kilometers per hour (kph) is 50; plus 5 for each kph from
46 to 55 kph; plus 10 for each kph from 56 to 65 kph; plus
20 for each kph from 66 kph and above. Graph the
piecewise function that describes the cost of the ticket.

The fine (Y) as a function of kilometers per hour (X) is:

Y=10 0<X<4b
Y =50+5(X-45) 45 <X <56
Y =50+5%10+ 10 (X - 55) 55 < X <65
Y=50+5%10+ 10 =% 10 + 20 (X - 65) 65 <X

1. Press [MODE]. Select Func and the default settings.

2. Press [y=]. Turn off all functions and stat plots. Enter the
Y= function to describe the fine. Use the TEST menu
operations to define the piecewise functicn. Set the
graph style for Y1 to . (dot).

Floti Flakd Flat:
B

Pl

3. Press and set Xmin=-2, Xs¢l=10, Ymin=-5, and
Ysci=10. [gnore Xmax and Ymax; they are set by AX and
AY in step 4.

4. Press [@uIT] to return to the home screen. Store 1 to
AX, and then store 5 to AY. AX and AY are on the
VARS Window X/Y secondary menu. AX and AY specify
the horizontal and vertical distance between the centers
of adjacent pixels. Integer values for AX and AY produce
nice values for tracing.

5. Press [TRACE] to plot the function. At what speed does
the ticket exceed 2507

‘E1=('3lJ*EﬂC-HEJJE‘IE%';:GII(Hﬁ_

q=5l ¥=ZEl
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Graphing Inequalities

Problem Graph the inequality 0.4X3 - 3X + 5 < 0.2X + 4. Use the
TEST menu operations to explore the values of X where the
inequality is true and where it is false.

Procedure 1. Press [MODE]. Select Dot, Simul, and the default settings.
Setting Dot mode changes all graph style icons to
. (dot) in the Y= editor.

2. Press [Y9). Turn off all functions and stat plots. Enter the
left side of the inequality as Y4 and the right side as Ys.

“ B, R F-FH+S
~AeBL ZH+AN
iR

M=

3. Enter the statement of the inequality as Ye. This
function evaluates to 1 if true or 0 if false.

Nyl R I3RS
s el 2xtd

M ERYa el
sNe=

4. Press 6 to graph the inequality in the standard
window.

5. Press =] [&] to move to Y6. Then press (4] and

to trace the inequality, observing the value of Y.

YE=TYHAYE -

HS.BIHEEPHT YTl

6. Press [Y=]. Turn off Y4, Y5, and Ye. Enter equations to
graph only the inequality.

=, 4RO T-THAS
7 EY 54N s
M aBY ewYE

Press . Notice that the values of Y7 and Y& are
zero where the inequality is false.

-3

PIEYRENY YE=YEHYE

p—"5 pr—">
M s 'J_,.......;--—J—" d
n= -l 4BBZET Y= Hw= "1 MEBZEE Y=
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Solving a System of Nonlinear Equations

Problem Using a graph, solve the equation X7 - 2X = 2cos(X). Stated
ancther way, solve the system of two equations and two
unknowns: Y = X?-2X and Y = 2cos(X). Use ZOOM factors
to control the decimal places displayed on the graph.

Procedure 1.

-
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Press [MODE]. Select the default mode settings. Press [Y=].
Turn off all functions and stat plots. Enter the functions.

SN g B F e
~NMIBZcos Xl

Press 4 to select 4:ZDecimal. The display shows
that two solutions may exist (points where the two
functions appear to intersect).

NS

Press 4 to select 4:SetFactors from the ZOOWM
MEMORY menu. Set XFact=10 and YFact=10.

Press 2 to select 2:Zoom in. Use [, [2], [+], and []
to move the free-moving cursor onto the apparent
intersection of the functions on the right side of the
display. As you move the cursor, notice that the X and Y
values have cone decimal place.

Press [ENTER] to zoom in. Move the cursor over the
intersection. As you move the cursor, notice that now
the X and Y values have two decimal places.

Press [ENTER] to zoom in again. Move the free-moving
cursor onto a point exactly on the intersection. Notice
the number of decimal places.

Press [caLc] 5 to select B:intersect. Press to
select the first curve and to select the second
curve. To guess, move the trace cursor near the
intersection. Press [ENTER]. What are the coordinates of
the intersection point?

Press [Z00OM] 4 to select 4:ZDecimal to redisplay the
original graph.

Press [Z00OM]. Select 2:Zoom In and repeat steps 4
through 8 to explore the apparent function intersection
on the left side of the display.



Using a Program to Create the Sierpinski Triangle

Setting up the
Program

Program

This program creates a drawing of a famous fractal, the
Sierpinski Triangle, and stores the drawing to a picture. To
begin, press (] [z] 1. Name the program SIERPINS,
and then press [ENTER]. The program editor is displayed.

PROGRAM: STERPINS
:FnOff :ClrDraw
:PlotsOff
:AxesOff

02 Xmin: 1> Xmax
:0>Ymin: 1> Ymax
rand>X:rand>Y
:For(K,1,3000})
:rand>»N

:If N<1/3

:Then

L BX>X

;. hY>Y

:End

If 1/3<N and N<2/3
:Then
BB X

L5 (1+Y )Y

:End

If 2/73<N
:Then

B (1+X)>X

1 BY>Y

:End
Pt-0n(X,Y)
:End

:StorePic 6

:l— Set viewing window.

:I— Beginning of For group.

— if/Then group
— if/Then group.

— if/Then group.

Draw point.
End of For group.
Store picture.

After you execute the program above, you can recall and
display the picture with the instruction RecallPic 6.
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Graphing Cobweb Attractors

Problem

Using Web format, you can identify points with attracting

and repelling behavior in sequence graphing.

Procedure 1.

=1
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Press MODE]. Select Seq and the default mode settings.
Press [FORMAT]. Select Web format and the default.
format settings.

Press [y9. Clear all functions and turn off all stat plots.
Enter the sequence that corresponds to the expression
Y = K X(1-X).

u{nm=Ku(n-1}{1-u(n-1))
u{nMin)=.01

Press [@uIT] to return to the home screen, and then
store 2.8 to K.

Press [WINDOW]. Set the window variables.

nMin=0 Xmin=0 Ymin=-.26
nMax=10 Xmax=1 Ymax=1.1
PlotStart=1 Xscl=1 Yscl=1
PlotStep=1

Press [TRACE] to display the graph, and then press [+] to
trace the cobweb. This is a cobweb with one attractor.

[P o Dl LS R Tl W
"

=il
H=.668PH5FE  Y=.66B7ASTE

Change K to 3.44 and trace the graph to show a cobweb
with two attractors.

Change K to 3.54 and trace the graph to show a cobweb
with four attractors.

=R (=100 -t -1 -

_.,.r"
: kY

iy
W2 ELLRE6YE Y BHHEROGE




Using a Program to Guess the Coefficients

Setting Up the
Program

Program

PROGRAM: GUESS
:PlotsOff :Func
:FnOff :Radian
:C1rHome
:"Asin(BX)}">Y1
:"Csin(DX)">»Y2
:GraphStyle(1,1)
:GraphStyle(2,5)
:FnOff 2

:randInt(1,10)>A

:randInt(1,10)>B
:0»C:0»D
=2r>Xmin
x> Xmax
/22> Xscl
:-10>Ymin
:10>Ymax
:1>Yscl
:DispGraph
:Pause
:FnCn 2
:Lb1 7
:Prompt C,D
:DispGraph
:Pause

:If C=A

:Text(1,1,"C IS OK™)

I CeA

:Text(1,1,"C IS WRONG™)

:If D=B

:Text(1,50,"D IS OK™})

:If D=B

:Text(1,50,"D IS WRONG™)

:DispGraph
:Pause

:If C=A and D=B
:Stop

:Goto Z

This program graphs the function A sin(BX) with random
integer coefficients between 1 and 10. Try to guess the
coefficients and graph your guess as C sin(DX). The
program continues until your guess is correct.

} Define equations.

Set line and path graph
styles.

Initialize coefficients.

Set viewing window.

j_ Display graph.

Prompt for guess,
]_ Display graph.

= Display results.

j_ Display graph.

Quit if guesses are
|- correct.
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Graphing the Unit Circle and Trigonometric Curves

Problem Using parametric graphing mode, graph the unit circle and
the sine curve to show the relationship between them.

Any function that can be plotted in Func mode can be
plotted in Par mode by defining the X component as T and
the Y component as F(T).

Procedure 1.

Press [MODE]. Select Par, Simul, and the default settings.
Press [WINDOW]. Set the viewing window.

Tmin=0 Xmin=-2 Ymin=-3
Tmax=2n Xmax=7.4 Ymax=3
Tstep=.1 Xsci=n/2 Yscl=1

Press [Y5). Turn off all functions and stat plots. Enter the
expressions to define the unit circle centered on (0,0).

Flokl Flokz Flok:
~AirBoos T
Y11 BzincT2

~HeT BT .
YarBeincTa

. Enter the expressions to define the sine curve.

Floti Flotz Flots
~EiTEcosET)
YirBsincT2
~aetT BT

YerBeincTa
Press [TRACE]. As the graph is plotting, you may press
ENTER] to pause and [ENTER] again to resume graphing as

you watch the sine function “unwrap” from the unit
circle.

Wiz ooslT) Tp=sini T

Tz0
=1 ¥=n

Note: You can generalize the unwrapping. Replace sin{T) in Y2T with
any other trig function to unwrap that function.
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Finding the Area between Curves

Problem

Procedure

Find the area of the region bounded by

f(x) = 300x/(x2 + 625)

g(x)
X

3cos(.1x)
=75

Press MODE]. Select the default mode settings.

Press [WINDOW!. Set the viewing window.
Xmin=0 Ymin=-5
Xmax=100 Ymax=10
Xsci=10 Ysci=1
Xres=1

Press [Y5). Turn off all functions and stat plots. Enter the
upper and lower functions.

Y1=300X/(X2+625)

Y2=3cos(.1X)

. Press [cALC] 6 to select B:intersect. The graph is

displayed. Select a first curve, second curve, and guess
for the intersection toward the left side of the display.
The solution is displayed, and the value of X at the
intersection, which is the lower limit of the integral, is
stored in Ans and X.

Press [QuiT] to go to the home screen. Press
[2nd) [DRAW] 7 and use Shade( to see the area graphically.

Shade(Y2,Y1,Ans,75)

P

Press [QuIT] to return to the home screen. Enter the
expression to evaluate the integral for the shaded
region.

fnint(Y1-Y2,X,Ans,75)
The area is 325.839962.

Applications 17-11



Using Parametric Equations: Ferris Wheel Problem

Problem

Procedure

Using two pairs of parametric equations, determine when
two objects in motion are closest to each other in the same
plane,

A ferris wheel has a diameter (d) of 20 meters and is
rotating counterclockwise at a rate (3) of one revolution
every 12 seconds. The parametric equations below
describe the location of a ferris wheel passenger at time T,
where o is the angle of rotation, (0,0} is the bottom center
of the ferris wheel, and {10,10) is the passenger’s location
at the rightmost point, when T=0).

X(Ty=rcos o where ¢ = 2nTs and r = d/ 2
Y(T)=r+rsinc

A person standing on the ground throws a ball to the ferris
wheel passenger. The thrower’s arm is at the same height as
the bottom of the ferris wheel, but 25 meters (b) to the right
of the ferris wheel's lowest point {(25,0). The person throws
the ball with velocity (vg) of 22 meters per second at an
angle (8) of 66° from the horizontal. The parametric
equations below describe the location of the ball at time T.

X(T)=b - Tvg cosd
Y(T) = Tvg sin® - (g/2) T2 where g=
9.8 m/sec?

1. Press [MODE]. Select Par, Simul, and the default settings.
Simul (simultaneous) mode simulates the two objects in
maotion over time.

2. Press [WINDOW]. Set the viewing window.

Tmin=0 Xmin=-13 Ymin=0
Tmax=12 Xmax=34 Ymax=31
Tstep=.1 Xsci=10 Yscl=10

3. Press [Y5). Turn off all functions and stat plots. Enter the
expressions to define the path of the ferris wheel and the
path of the ball. Set the graph style for X271 to + (path}.

Floti Flakz Flat:
~EirBlBcoscaT &

!V1TEIB+IBEih{ﬁT
ez B20-22Toos (b
52 .

Vet B22Tsinine® s
(9, 8-2072 |

Tip: Try setting the graph styles to i X1T and # X2T, which simulates a
chair on the ferris wheel and the ball flying through the air when you

press BRAPH).
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=1

Press to graph the equations, Watch closely as
they are plotted. Notice that the ball and the ferris
wheel passenger appear to be closest where the paths
cross in the top-right quadrant of the ferris wheel.

[ DY

Press [WINDOW]. Change the viewing window to
concentrate on this portion of the graph.

Tmin=1 Xmin=0 Ymin=10
Tmax=3 Xmax=23.5 Ymax=25.5
Tstep=.03 Xsci=10 Yscl=10

Press [TRACE]. After the graph is plotted, press [] to
move near the point on the ferris wheel where the paths
cross. Notice the values of X, Y, and T.

e e

o,

SN
L b N

T
A= 0M0FE0R  YSi9.EE661E

Press [=] to move to the path of the ball. Notice the
values of X and Y (T is unchanged). Notice where the
cursor is located. This is the position of the ball when
the ferris wheel passenger passes the intersection. Did
the ball or the passenger reach the intersection first?

MigoiE-rel_ YErezeTmninl_

',

s,

A

T=hi
Az MENMBELZZ Vo189 87E4H

You can use [TRACE] to, in effect, take snapshots in time
and explore the relative behavior of two objects in
motion.
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Demonstrating the Fundamental Theorem of Calculus

Problem 1 Using the functions fnlnt{ and nDeriv({ from the MATH menu
to graph functions defined by integrals and derivatives
demonstrates graphically that:

X
F(x)= Jl 1/t dt = In{x), x > 0 and that

DX”lX 1/tdi] = 1/x

Procedure 1 1.

17-14 Applications

Press [MODE]. Select the default settings.

Press [WINDOW]. Set the viewing window.

Xmin=.01 Ymin=-1.5 Xres=3
Xmax=10 Ymax=2.5

Xsci=1 Ysci=1

Press [Y=). Turn off all functions and stat plots. Enter the

numerical integral of 1/T from 1 to X and the function
In(X). Set the graph style for Y1 to ™ (line) and Y2 to
At (path).

Flotdl Flotz Floks
SSMBFRInt LT Ts
1,82

WEBIRCHD

. Press [TRACE]. Press [¢], [], [*], and [+] to compare the

values of Y1 and Y2,

Press [Y9]. Turn off ¥1 and Y2, and then enter the
numerical derivative of the integral of 1/X and the
function 1/X. Set the graph style for Y3 to * (line) and Y4
to % (thick).

Flotd Flotz Flots
SA=PnIntC1loTaTs

A =ln (M
~MrBrDerivoh . ¥,

o
A - D et

Press [TRACE]. Again, use the cursor keys to compare the
values of the two graphed functions, Y3 and Ya.

tE=nleriv (PR =1

A= ABBERFY Y= ZLlZEBEIZ RERARBIBFR Y= ZlZEREEL




Problem 2

Procedure 2

Explore the functions defined by

y:J_ZXt dt.

J-OX t2dt, and LX 2 dt

1. Press [Y7]. Turn off all functions and stat plots. Use a list
to define these three functions simultaneously. Store

the function in Ys.

Flotl Flotz Flotz
1. ¥s )
A e=lntHEd
§¥3=nDEP1uﬂV1,.,

“iy=1s
x?;EFn%nthz aTs 1

o)

Press [Z00M) 6 to select 6:ZStandard.

Press [TRACE]. Notice that the functions appear identical,
only shifted vertically by a constant.

Press [Y9). Enter the numerical derivative of Ysin Ye.

Flatl Flokz Flots
§¥3=nﬂer1uﬁV1:K>

L el T
EESEFnInthE;T,{

i sBrberiviys, ¥,
W

Press [TRACE]. Notice that although the three graphs
defined by Y5 are different, they share the same

derivative.

?E:nberi?iﬂ
ﬁf
He 'i.HiHHElH/L:E.EEEHiH
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Computing Areas of Regular N-Sided Polygons

Problem Use the equation solver to store a formula for the area of a
regular N-sided polygon, and then solve for each variable,
given the other variables. Explore the fact that the limiting
case is the area of a circle, mr?.

Consider the formula A = NB? sin{n/N) cos(n/N) for the
area of a regular polygon with N sides of equal length and
B distance from the center to a vertex.

N

Procedure 1.

o

17-16 Applications

=4 sides N = 8 sides N =12 sides

Press 0 to select 0:Seolver from the MATH menu.
Either the equation editor or the interactive solver
editor is displayed. If the interactive solver editor is
displayed, press [«] to display the equation editor.

Enter the formula as 0=A-NB2sin{x / N)cos(r / N}, and
then press [ENTER]. The interactive solver editor is
displayed.

-

5 .4%25ininfm...2@
;:
bBound=L~1e99, 1.

mZD
100 H

Enter N=4 and B=6 to find the area (A) of a square with
a distance (B) from center to vertex of 6 centimeters.

Press [+] [=] to move the cursor onto A, and then press
ALPHA] [soLvE]. The solution for A is displayed on the
interactive solver editor.

A-MEZzintm-H1. =8
"Fi T EIEIE"EIEIEIEIEIE

i—'D'UJI

ool
"'.152!3“'45-

nd=L-1g99. 1.
t-rt=0

Now solve for B for a given area with various number of
sides. Enter A=200 and N=6. To find the distance B,
move the cursor onto B, and then press [SOLVE].

Enter N=8. To find the distance B, move the cursor onto
B, and then press [ALPHA] [soLve]. Find B for N=9, and
then for N=10.



Find the area given B=6, and N=10, 100, 150, 1000, and
16000. Compare your results with 762 (the area of a circle
with radius 6), which is approximately 113.097.

7. Enter B=6. To find the area A, move the cursor cnto A,
and then press [soLve]. Find A for N=10, then
N=100, then N=150, then N=1000, and finally N=10€00.
Notice that as N gets large, the area A approaches nB2,

Now graph the equation to see visually how the area
changes as the number of sides gets large.

8.

Press [MODE]. Select the default mode settings.
Press [WINDOW]. Set the viewing window.

Xmin=0 Ymin=0 Xres=1
Xmax=200 Ymax=150
Xsci=10 Ysci=10

10.Press [Y7]. Turn off all functions and stat plots. Enter the
equation for the area. Use X in place of N. Set the graph

styles as shown.

Floti Flokz Flot:
SYBREERs iR wiG
0E AR

<Y zBnE:

W=

“Ny=

e

sNaw

11.Press [TRACE]. After the graph is plotted, press 100
to trace to X=100. Press 150 [ENTER]. Press 188 [ENTER].
Notice that as X increases, the value of Y converges to
76?2, which is approximately 113.097. Y2=rB2 (the area of
the circle) is a horizontal asymptote to Y1, The area of
an N-sided regular polygon, with r as the distance from
the center to a vertex, approaches the area of a circle
with radius r (nr?) as N gets large.

Pi=HBEsinlw Hacesim i)

Ye=mwh=

—

A8 stsee '= 11307628 o

|

=180 a1 =113.0073Y
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Computing and Graphing Mortgage Payments

Problem

You are a loan officer at a mortgage company, and you

recently closed on a 30-year home mortgage at 8 percent
interest with monthly payments of 800. The new home
owners want to know how much will be applied to the
interest and how much will be applied to the principal
when they make the 240th payment 20 years from now.

Procedure 1.

17-18 Applications

Press [MODE] and set the fixed-decimal mode to 2 decimal
places. Set the other mode settings to the defaults.

Press [FINANCE] 1 to display the TVM Solver. Enter
these values.

N=3c8, 86
Ix=2.88
Fi/=H, 56
FMT=288. bE
Fl/=8, B
P-i=12.60
CoYy=1z2, B8
PHT:[F88 BEGTH

Note: Enter a positive number (800) to show PMT as a cash
inflow. Payment values will be displayed as positive numbers on
the graph. Enter 0 for FV, since the future value of a loan is 0 once
it is paid in full. Enter PMT: END, since payment is due at the end
of a period.

Move the cursor onto the PV= prompt, and then press
ALPHA] [sOLVE]. The present value, or mortgage amount,
of the house is displayed at the PV= prompt.




Now compare the graph of the amount of interest with the
graph of the amount of principal for each payment.

4.

Press [MODE]. Set Par and Simul.

Press [Y9]. Turn off all functions and stat plots. Enter
these equations and set the graph styles as shown.

Flotl Flokz Flakz
~edT BT X
YT EEPrHCT TS
ez BT
Nzt BEIntOT, T
R ET
VrrBYir+iar
Note: ZPrn{ and ZInt{ are located on the FINANCE CALC menu.
Press [WINDOW]. Set these window variables.

Tmin=1 Xmin=0 Ymin=0
Tmax=360 Xmax=360 Ymax=1000
Tstep=12 Xsci=10 Yscl=100

Tip: To increase the graph speed, change Tstep to 24.

. Press [TRACE]. After the graph is drawn, press 240 [ENTER

to move the trace cursor to T=240, which is equivalent
to 20 years of payments.

Gir=T Piy=ZFrniT.-

The graph shows that for the 240th payment (X=240),
358.03 of the 800 payment is applied to principal
(Y=358.03).

Note: The sum of the payments (Y3T=Y1T+Y2T) is always 800.
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8. Press [] to move the cursor onto the function for
interest defined by X27 and Y2T. Enter 240.

=T Yer=EIntiT..

YEUYLET e

The graph shows that for the 240th payment {X=240),
441.97 of the 800 payment is interest {(Y=441.97).

9. Press [QuiT] [FINANCE] 9 to paste 9:bal{ to the
home screen. Check the figures from the graph.

sl 2390
66235, 33
Rﬂi*i.ﬁﬂf{&) .

7

At which monthly payment will the principal allocation
surpass the interest allocation?
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Checking Available Memory

MEMORY Menu

Displaying the
Check RAM
Screen

To display the MEMORY menu, press [MEM].

MEMORY

1: Check RAM.. Reports memory availability/usage.
2: Delete... Displays DELETE FROM menu.
3:Clear Entries Clears ENTRY {last-entry storage}.
4: ClrAllLists Clears all lists in memory.

5; Reset... Displays RESET menu (all/defaults).

Check RAM displays the Check RAM screen. The top line
reports the total amount of available memory. The
remaining lines report the amount of memory each
variable type is using. You can check this screen to see
whether you need to delete variables from memory to
make room for new data, such as programs.

To check RAM usage, follow these steps.
1. Press [vEM] to display the MEMORY menu.

gﬁggem k RAM..
lete

ear Entries
rAlllists

2. Select 1:Check RAM to display the Check RAM screen.
The TI-83 expresses memory quantities in bytes.

MEM FREE 2728
Real 1

5 Note: The | in the left column of
a] the bottom row indicates that you
E‘fgi lex % can scrofl or page down to view

MStr i A more variable types.
Y~llars 248
Frdm 14
JPic 5]
5]

g0E
String H

Note: Real, List, Y-Vars and Prgm variable types never reset to
zero, even after memory is cleared.

To leave the Check RAM screen, press either [QuiT] or
CLEAR]. Both options display the home screen.
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Deleting ltems from Memory

Deleting an Item

To increase available memory by deleting the contents of
any variable (real or complex number, list, matrix,

Y= variable, program, picture, graph database, or string),
follow these steps.

1. Press [MEM] to display the MEMORY menu.

2. Select 2:Delete to display the DELETE FROM secondary
menu.

tREeal..
fComE le
tList.,
tMatrix..
Y -lara,
LPram...

3. Select the type of data you want to delete, or select 1:All
for a list of all variables of all types. A screen is
displayed listing each variable of the type you selected
and the number of bytes each variable is using.

For example, if you select 4:List, the DELETE:List screen
is displayed.

DELETE:Lizt
kLA
LATH
4. Press [+] and [+] to move the selection cursor (») next to
the item you want to delete, and then press [ENTER]. The

variable is deleted from memory. You can delete
individual variables one by cne from this screen.

63
R

To leave any DELETE: screen without deleting anything,
press [QuiT], which displays the home screen.

Note: You cannot delete some system variables, such as the last-
answer variable Ans and the statistical variable RegEQ.
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Clearing Entries and List Elements

Clear Entries

CilrAllLists

Clear Entries clears the contents of the ENTRY {last entry)
storage area (Chapter 1). To clear the ENTRY storage area,
follow these steps.

1. Press [MEM] to display the MEMORY menu.

2. Select 3:Clear Entries to paste the instruction to the
home screen.

3. Press [ENTER] to clear the ENTRY storage area.

Clear Entries
Dorne

To cancel Clear Entries, press [CLEAR].

Note: If you select 3:Clear Entries from within a program, the Clear
Entries instruction is pasted to the program editor, and the Entry
(last entry) is cleared when the program is executed.

CirAllLists sets to 0 the dimension of each list in memory.
To clear all elements from all lists, follow these steps.
1. Press [MEM] to display the MEMORY menu.

2. Select 4:ClrAllLists to paste the instruction to the home
SCreen.

3. Press [ENTER] to set to 0 the dimension of each list in
memory.

ClrAlllists
Dok

To cancel ClrAllLists, press [CLEAR].

ClrAliLists does not delete list names from memory, from
the LIST NAMES menu, or from the stat list editor.

Note: If you select 4:ClIrAllLists from within a program, the
ClrAllLists instruction is pasted to the program editor. The lists are
cleared when the program is executed.
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Resetting the TI-83

RESET
Secondary Menu

Resetting All
Memory

The RESET secondary menu gives you the option of
resetting all memory (including default settings) or
resetting the default settings while preserving other data
stored in memory, such as programs and Y= functions.

Resetting all memory on the TI-83 restores memory to the
factory settings. It deletes all nonsystem variables and all
programs. It resets all system variables to the default
settings.

Tip: Before you reset all memory, consider restoring sufficient
available memory by deleting only selected data (page 18-3).

To reset all memory on the TI-83, follow these steps.
1. Press [MEM] to display the MEMORY menu.
2. Select 5:Reset to display the RESET secondary menu.

Memorg...
Zihefaults..

3. Select 1:All Memory to display the RESET MEMORY
tertiary menu.

D
é:Reset

Rezetting memora
etrrases all data
ahd Frograns.

4. Read the message below the RESET MEMORY menu.

¢ To cancel memory reset and return to the home
screen, select 1:No.

e To erase from memory all data and programs, select
2:Reset. All factory defaults are restored.
Mem cleared is displayed on the home screen.

Mern cleared

Note: When you clear memory, the conirast sometimes changes. if
the screen is faded or blank, adjust the contrast (Chapter 1).
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Resetting When you reset defaults on the TI-83, all defaults are
Defaults restored to the factory settings. Stored data and programs
are not changed.

These are some examples of TI-83 defaults that are
restored by resetting the defaults.

Made settings such as Normal (notation); Func
(graphing); Real (numbers); and Full (screen)

Y= functions off

Window variable values such as Xmin=-10; Xmax=10;
Xscl=1; Yscl=1; and Xres=1

Stat plots off

Format settings such as CoordOn (graphing coordinates
on); AxesOn; and ExprOn (expression on)

rand seed value to 0

To reset all TI-83 factory defaults, follow these steps.

1.
2.
3.

Press [MEM] to display the MEMORY menu.
Select 5:Reset to display the RESET secondary memnu.

Select 2:Defaults to display the RESET DEFAULTS
tertiary menu.

ﬁ!‘ﬂ!ﬂ‘ﬂﬂ!ﬂ

o
ZiReset

Consider the consequences of resetting defaults.

e To cancel reset and return to the home screen, select
1:No.

e To restore factory default settings, select 2:Reset.
Default settings are restored. Defaults set is
displayed on the home screen.

[Defaults setl
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Getting Started: Sending Variables

Getting Started is a fast-paced introduction. Read the chapter for details.

Create and store a variable and a matrix, and then transfer them to another
TI-83.

L.

ot

10.

On the home screen of the sending unit,

press 5[] 5 ALPHA] Q. Press [ENTER] to

store 5.5 to Q.

Press(2nd] [ [][20d) [ []11[] 2 (2nd] []][2nd] [ [
13 4[2nd] []](20d] []][5T0*] [MATRX] 1.
Press [ENTER] to store the matrix to [A].

Connect the calculators with the link
cable. Push both ends in firmly.

On the receiving unit, press [LinK] ] to
display the RECEIVE menu. Press 1 to
select 1:Receive. The message Waiting... is
displayed and the busy indicator is on.

On the sending unit, press [LINK] to
display the SEND menu.

Press 2 to select 2:All-. The Ali- SELECT
screen is displayed.

Press [] until the selection cursor { » ) is
next to [A] MATRX. Press [ENTER].

Press [+] until the selection cursor is next
to Q@ REAL. Press [ENTER]. A square dot next.
to [A] and Q indicates that each is selected
to send.

On the sending unit, press [+] to display the
TRANSMIT menu.

On the sending unit, press 1 to select
1:Transmit and begin transmission. The
receiving unit displays the message
Receiving....When the items are
transmitted, both units display the name
and type of each transmitted variable.

19-2 Communication Link
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TI-83 LINK

TI-83 Link
Capabiiities

Linking Two
TI-83s

Linking a TI-82
and a TI-83

Connecting Two
Caiculators with
the Cable

Linking to a CBR
or the CBL 2/CBL
System

Linking to a PC
or Macintosh

The TI-83 has a port to connect and communicate with
another TI-83, a TI-82, the Calculator-Based Laboratory ™
(CBL 2™ CBL™) System, the Calculator-Based Ranger™
(CBR™), or a personal computer. The unit-to-unit link
cable is included with the TI-83. This chapter describes
how to communicate with another calculator.

You can transfer all variables and programs to another
TI-83 or backup the entire memory of a TI-83. The
software that enables this communication is built intc the
TI-83. To transmit from one TI-83 to another, follow the
steps on pages 19-6 and 19-7.

You can transfer from a TI-82 to a TI-83 all variables and
programs. Also, you can transfer from a TI-83 to a TI-82 lists
L1 through Les.

The software that enables this conmmmunication is built into the

TI-83. To transmit data from a TI-82 to a TI-83, follow the

steps on pages 19-6 and 19-7.

¢  You cannot perform a memory backup from a TI-82 to a
TI-83.

¢ The only data type you can transmit from a TI-83 to a
TI-82 is list data stored in L1 through Ls. Use the LINK
SEND menu item 5:Lists to TI82 (page 19-8).

[

Insert either end of the cable into the port very firmly.

Lo

Insert the other end of the cable into the other
calculator’s port.

CBR and the CBL 2/CBL System are optional accessories
that connect to a TI-83 with the unit-to-unit link cable.
With a CBR or a CBL 2/CBL and a TI-83, you can collect
and analyze real-world data.

TI-GRAPH LINK™ is an optional accessory that links a TI-83
to enable communication with a personal computer.
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Selecting ltems to Send

LINK SEND Menu To display the LINK SEND menu, press [LINK].

SEND RECEIVE

1: All+... Displays all items selected.

2: ATl Displays all items deselected.
3: Prgm... Displays all programs names.
4: List... Displays all list names.

5: Lists to TIBZ.. Displays list names L1 through Le.
6: GDB... Displays all graph databases.
7:Pic.. Displays all picture data types.
8: Matrix.. Displays all matrix data types.
9: Real... Displays all real variables.

0: Complex... Displays all complex variables.
A:Y-Vars.. Displays all Y= variables.

B: String... Displays all string variables.
C:Back Up... Selects all for backup to TI-83.

When you select an item on the LINK SEND menu, the
corresponding SELECT screen is displayed.

Note: Each SELECT screen, except All+ SELECT, is displayed
initially with no data selected.

Selecting ltems To select items to send on the sending unit, follow these
to Send steps.

1. Press [LINK] to display the LINK SEND menu.

2. Select the menu item that describes the data type to
send. The corresponding SELECT screen is displayed.

3. Press [+] and [+] to move the selection cursor (») to an
item you want to select or deselect.

4. Press [ENTER] to select or deselect the item. Selected
names are marked with a ».

S TRALSNIT
"'y QU
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5. Repeat steps 3 and 4 to select or deselect additional items.
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Receiving ltems

LINK RECEIVE
Menu

Receiving Unit

DuplicateName
Menu

Insufficient
Memory in
Receiving Unit

To display the LINK RECEIVE menu, press [LINK] ]

SEND RECEIVE
1: Receive Sets unit to receive data transmission.

When you select 1:Receive from the LINK RECEIVE menu on
the receiving unit, the message Waiting... and the busy
indicator are displayed. The receiving unit is ready to
receive transmitted items. To exit the receive mode
without receiving items, press [ON], and then select 1:Quit
from the Error in Xmit menu.

To transmit, follow the steps on page 19-6.

When transmission is complete, the unit exits the receive
mode. You can select 1:Receive again to receive more
items. The receiving unit then displays a list of items
received. Press [QuiIT] to exit the receive mode.

During transmission, if a variable name is duplicated, the
DuplicateName menu is displayed on the receiving unit.

DuplicateName

1: Rename Prompts to rename receiving variable.

2: 0verwrite  Overwrites data in receiving variable.

3: 0mit Skips transmission of sending variable.
4:Quit Stops transmission at duplicate variable,

When you select 1:Rename, the Name= prompt is displayed,
and alpha-lock is on. Enter a new variable name, and then
press [ENTER]. Transmission resumes.

When you select 2:Overwrite, the sending unit’s data
overwrites the existing data stored on the receiving unit.
Transmission resumes.

When you select 3:0mit, the sending unit does not send the
data in the duplicated variable name. Transmission
resumes with the next item.

When you select 4:Quit, transmission stops, and the
receiving unit exits receive mode.

During transmission, if the receiving unit dees not have
sufficient memory to receive an item, the Memory Full menu
is displayed on the receiving unit.

¢ To skip this item for the current transmission, select
1:0mit. Transmission resumes with the next item.

s To cancel the transmission and exit receive mode,
select 2:Quit.

Communication Link 19-5



Transmitting ltems

Transmitting
ltems

Stopping a
Transmission

Error Conditions

To transmit selected items after you have selected items to
send on the sending unit {(page 19-4) and set the receiving
unit to receive (page 19-5), follow these steps.

1. Press [+] on the sending unit to display the TRANSMIT
menu.

SELECT IIﬁEIIHiI]I
HTransml

2. Confirm that Waiting... is displayed on the receiving
unit, which indicates it is set to receive (page 19-5).

3. Press to select 1:Transmit. The name and type of
each item are displayed line by line on the sending unit
as the item is queued for transmission, and then on the
receiving unit as each item is accepted.

1 EGL Receiving.
kg Efl Yy EGH
Done g EGiL
Oone

After all selected items have been transmitted, the message
Dene is displayed on both calculators, Press [4] and [=] to
scroll through the names.

To stop a link transmission, press [ON]. The Error in Xmit
menu is displayed on both units. To leave the error menu,
select 1:Quit.

A transmission error occurs after one or two seconds if;

¢ A cable is not attached to the sending unit.
e A cable is not attached to the receiving unit.
Note: If the cable is attached, push it in firmly and try again.
¢ The receiving unit is not set to receive transmission.
¢ You attempt a backup between a TI-82 and a TI-83.

¢ You attempt a data transfer from a TI-83 to a TI-82 with
data other than lists L1 through Le or without using
menu item 5:Lists to TI82,

Although a transmission error does not occur, these two
conditions may prevent successful transmission.

¢ You try to use Get( with a calculator instead of a
CBL 2/CBL or CBR.
¢ Youtry to use GetCale{ with a TI-82 instead of a TI-83.
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Transmitting
ltems to an
Additional TI-83

After sending or receiving data, you can repeat the same
transmission to additional TI-83 units—from either the
sending unit or the receiving unit—without having to
reselect data to send. The current items remain selected.

Note: You cannot repeat transmission if you selected Ail+ or All-.

To transmit to an additional TI-83, follow these steps.

1.
2.

Set the TI-83 to receive (page 19-5).

Do not select or deselect any new items to send. If you
select or deselect an item, all selections or deselections
from the previous transmission are cleared.

Disconnect the link cable from one TI-83 and connect it
to the additional TI-83.

Set the additional TI-83 to receive (page 19-5).

Press [LiNK] on the sending TI-83 to display the
LINK SEND menu.

Select the menu item that you used for the last
transmission. The data from your last transmission is
still selected.

Press [+] to display the LINK TRANSMIT menu.

Confirm that the receiving unit is set to receive
(page 19-5).

Press [ENTER] to select 1:Transmit and begin transmitting,.
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Transmitting Lists to a TI-82

Transmitting The only data type you can transmit from a TI-83 to a TI-82
Lists to a TI-82 is list data stored in L1 through Ls.

To transmit to a TI-82 the list data that is stored to TI-83
lists L1, L2, L3, L4, L5, or L8, follow these steps.

1. Set the TI-82 to receive (page 19-5).

2. Press [LINK] 5 on the sending TI-83 to select
5:Lists to T182. The SELECT screen is displayed.

3. Select each list to transmit.
4. Press [+] to display the LINK TRANSMIT menu.

5. Confirm that the receiving unit is set to receive
(page 19-5).

6. Press [ENTER] to select 1:Transmit and begin transmitting.

Note: If dimension > 99 for a TI-83 list that is selected to send, the
receiving Ti-82 will truncate the list at the ninety-ninth element during
fransmission.
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Transmitting from a TI-82 to a TI-83

Resolved
Differences
between the TI-82
and TI-83

Unresolved
Differences
between the TI-82
and TI-83

Generally, you can transmit items to a TI-83 from a TI-82,
but differences between the two products may affect some
transmitted data. This table shows differences for which
the software built into the TI-83 automatically adjusts
when a TI-83 receives TI-82 data.

TI-82 TI-83
nMin PlotStart
nStart nMin

Un u

Vhn v
UnStart u(nMin)
VnStart v(nMin)
ThbiMin ThiStart

For example, if you transmit from a TI-82 to a TI-83 a
program that contains nStart on a command line and then
display the program on the receiving TI-83, you will see
that aMin has automatically replaced nStart on the
command line.

The software built into the TI-83 cannot resolve some
differences between the TI-82 and TI-83, which are
described below. You must edit the data on the TI-83 after
you transmit to account for these differences, or the TI-83
will misinterpret the data.

The TI-83 reinterprets TI-82 prefix functicns to include
open parentheses, which may add extraneous parentheses
to transmitted expressions.

For example, if you transmit sin X+5 from a TI-82 to a
TI-83, the TI-83 reinterprets it as sin(X+5. Without a closing
parenthesis after X, the TI-83 interprets this as sin(X+5), not
the sum of 5 and sin(X).

If a TI-82 instruction that the TI-83 cannot translate is
transmitted, the ERR:INVALID menu is displayed when the
TI-83 attempts to execute the instruction. For example, on
the TI-82, the character group Un-1 is pasted to the cursor
location when you press [Un-1]. The TI-83 cannot
directly translate Un-1 to the TI-83 syntax u(n-1), so the
ERR:INVALID menu is displayed.

Note: TI-83 implied muitiplication rules differ from those of the TI-82.
For example, the TI-83 evailuates 1/2X as {1/2)*X, while the TI-82
evaluates 1/2X as 1/(2%X) {Chapter 2).
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Backing Up Memory

Memory Backup

Receiving Unit

Memory Backup
Complete

To copy the exact contents of memory in the sending TI-83
to the memory of the receiving TI-83, put the other unit in
receive mode. Then, on the receiving unit, select C:Back Up
from the LINK SEND menu.

¢ Warning: C:Back Up overwrites the memory in the
receiving unit; all information in the memory of the
receiving unit is lost.
Note: If you do not want to do a backup, select 2:Quit to return to
the LINK SEND menu.

¢ Select 1:Transmit to begin transmission.

EE | r".ans,m%
SRt

As a safety check to prevent accidental loss of memory,
the message WARNING - Backup is displayed when the
receiving unit receives notice of a backup.

¢ To continue with the backup process, select 1:Continue.
The backup transmission begins.
s To prevent the backup, select 2:Quit.

Note: If a transmission error is returned during a backup, the receiving
unit is reset.

When the backup is complete, both the sending calculator
and receiving calculator display a confirmation screen.

MEMORY BARCKUP
Done
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Table of Functions and Instructions

Functions return a value, list, or matrix. You can use functions in an expression.
Instructicns initiate an action. Some functions and instructions have arguments.
Optional arguments and accompanying commas are enclosed in brackets ([ ]).
For details about an item, including argument descriptions and restrictions, turn
to the page listed on the right side of the table.

From the CATALOG, you can paste any function or instruction to the home
screen or to a command line in the program editor. However, some functions
and instructions are not valid on the home screen. The items in this table
appear in the same order as they appear in the CATALOG.

1 indicates keystrokes that are valid in the program editor only. Some keystrokes
display menus that are available only in the program editor. Others paste mode,
format, or table-set instructions only when you are in the program editor.

Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
abs(value) Returns the absolute value of a
real number, expression, list, NUM
or matrix. 1:abs( 2-13
10-10
abs{complex value) Returns the magnitude of a
complex number or Hst. CPX
5:abs( 2-19
valueA and valueB Returns 1 if both valued and [TEST]
valueB are # 0. valueA and LOGIC
valueB can be real numbers, 1:and
expressions, or lists. 2-26
angle(value) Returns the polar angle of a MATH
complex number or Hst of CPX
complex numbers. 4:angle( 2-19
ANOVA(list] Hst2 Performs a one-way analysis of
[2st3,... list20]) variance for comparing the TESTS
means of two to 20 F:ANOVA(
populations. 13-25
Ans Returns the last answer. [ANS] 1-18
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
augment{matrizA,matrizB) Returns a matrix, which is MATRX
matrizB appended to matrizA MATH
as new columms. 7:augment( 10-14
augment(lisiA,listB) Returns a list, which is listB [LisT]
concatenated to the end of OPS
listA. 9:augment( 11-15
AxesOff Turns off the graph axes. T [FORMAT]
AxesOff 3-14
AxesOn Turns on the graph axes, T [FORMAT]
AxesOn 3-14
a+bi Sets the mode to rectangular T [MODE
complex mumber mode (a+bi).  a+bi 1-12

bal(rnpm!|,roundvalue]} Computes the balance at npmi [FINANCE]
for an amortization schedule CALC
using stored values for PV, [%, 9:bal(
and PMT and rounds the
computation to roundvalue. 14-9

binomedf(numirials,p[,x]) Computes a cumulative [DisTR]
probability at o for the discrete DISTR
binomial distribution with the  A:binomedf(
specified numitrials and
probability p of success on

each trial. 13-33
binompdf(numrials,p[,x]) Computes a probability at x for [Di1sTR]
the discrete binomial DISTR

distribution with the specified 0:binompdf{
numtrials and probability p of

success on each trial. 13-33
y2edf(lowerbound, Conputes the y? distribution [DISTR]
wpperbound,df) probability between DISTR

lowerbound and upperbound  TyZcdf(
for the specified degrees of
freedom df. 13-31
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Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
2pdf(r,df) Computes the probability [DisTR]
density function (pdf) forthe  DISTR
y? distribution at a specified x  6:y2pdf(
value for the specified degrees
of freedom df. 13-31
v 2-Test{observedmatriz, Performs a chi-square test. T
expectedmairix drawflag=1 draws results; TESTS
[drawflag)) drawflag=0 calculates results. Ciy2-Test{ 13-22
Circle(X,Y radius) Draws a circle with center [DRAW]
(X.Y) and radius. DRAW
9:Circle( 8-11
Clear Entries Clears the contents of the Last  [2nd] [MEM]
Entry storage area. MEMORY
3:Clear Entries 18-4
CirAllLists Sets to 0 the dimension of all [MEM]
lists in memory. MEMORY
4:ClrAllLists 18-4
ClirDraw Clears all drawn elements from [DRAW]
a graph or drawing. CRAW
1:ClrDraw 8-4
CirHome Clears the home screen. T
I{e]
8:ClrHome  16-20
CirList listnamel Sets to 0 the dimension of one
[listname?, ..., or more listnames. EDIT
listname n| 4:ClrList 12-20
ClrTable Clears all values from the T [PRGM
table. 11O
9:ClrTable  16-20
conj{value) Returns the complex conjugate
of a complex number or list of CPX
complex numbers. 1:conj{ 2-18
Connected Sets connected plotting mode; T [MODE
resets all Y= editor graph-style Connected
settings to ™ . 1-11
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
CoordOff Turns off cursor coordinate T [FORMAT]

value display. CoordOff 3-14
CoordOn Tums on cursor coordinate T [FORMAT]

value display. CoordOn 3-14
cos({value) Returns cosine of a €as

real number, expression, or

list. 2-3
cos Hwalue) Returns arccosine of a real [cos™]

number, expression, or Lst. 2-3
cosh{value) Returns hyperbolic cosine of a [cATALOG]

real number, expression, or cosh(

list. 15-10
cosh wakie) Returns hyperbolic arccosine [cATALGG]

of a real number, expression, cosh’f(

or list. 15-10
CubicReg [Xlistname, Fits a cubic regression model

Ylistname,freqlist, to Xlisthame and Ylistname CALC
regeqi| with frequency freglist, and 6:CubicReg

stores the regression equation

10 regequ. 12-26
cumSum(list) Returns a Hst of the cumulative [LisT]

sums of the elements in list, OPS

starting with the first element. 6:cumSum{ 11-12
cumSum(matrix) Returns a matrix of the MATRX

cumulative sums of matrix MATH

elements. Each element in the  0:cumSum{
returned matrix is a cumulative
sum of a matrix column from

top to bottom. 10-15
dbd(daiel date?) Caleulates the number of days  [2nd] [FINANCE]

between datel and date2 using CALC

the actual-day-count method. D:dbd{ 14-13
valueyDec Displays a real or complex MATH

number, expression, list, or MATH

matrix in decimal format. 2»Dec 2-5
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
Degree Sets degree angle mode. + [MOBE
Degree 1-11
DelVar variable Deletes from memory the T
contents of variable. CTL
G:DelVar 16-15
DependAsk Sets table to ask for T [TBLSET]
dependent-variable values. Depend: Ask  7-3
DependAuto Sets table to generate T [TBLSET]
dependent-variable values Depend: Auto
automatically. 7-3
det{matrix) Returns determinant of MATRX
matriz, MATH
1:det( 10-12
DiagnosticOff Sets diagnostics-off mode; r, r2, [CATALOG]
and R2 are not displayed as DiagnosticOff
regression model results. 12-23
DiagnosticOn Sets diagnostics-on mode; r, ¥2, [cATALOG]
and R2 are displayed as DiagnosticOn
regression model results. 12-23
dim(listname) Returns the dimension of [LisT]
listname. OPS
3:dim( 11-11
dim(matrizname) Returns the dimension of MATRX
matrizname as a list. MATH
3:dim{ 10-12
length>dim(listname) Assigns a new dimension [LisT]
(length) to a new or existing OPS
listname. 3:dim{ 11-11
{rows,columns}>» Assgigns new dimensions to a MATRX
dim{matricname) new or existing matrizname. MATH
3:dim( 10-13
Disp Displays the home screen. T [PRGM
11O
3:Disp 16-18
Disp [valueA,valueB, Displays each value. ¥
valueC,... value n) 11O
3:Disp 16-18
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
DispGraph Displays the graph. + [PRGM
11O
4:DispGraph 16-19
DispTable Displays the table. T [PRGM
11O
5:DispTable 16-19
valueyDMS Displays value in DMS format. [ANGLE]
ANGLE
4:»DMS 2-24
Dot Sets dot plotting mode; resets + MODE
all Y= editor graph-style settings Dot
to". 1-11
DrawF expression Draws expression (in terms of [DRAW]
X) on the graph. DRAW
6:DrawF 89
Drawlnv expression Draws the inverse of [DRAW]

expression by plotting X values DRAW
on the y-axis and Y valueson  8:Drawlinv

the x-axis. 89
:DS<(variablevalue) Decrements variable by 1, T
rcommandA skips commandA if variable < CTL
wcommands value. B:DS<( 16-14
er(power) Returns e raised o power. [2*]
2-4
er(list) Returns a Hst of e raised to a [e*]
list of powers. 2-4
Exponent: Returns value times 10 to the [EE]
valueEexponent exponent. 1-7
Exponent: Returns list elements times 10 [EE]
listEexponent to the exponent. 1-7
Exponent: Returns matriz elements times [EE]
matrixEexponent 10 to the exponent. 1-7
»Eff(nominal rate, Computes the effective interest [FINANCE]
compounding periods) rate. CALC
CHES 14-12

Else
See If:Then:Else
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
End [dentifies end of For(, + [PRGM
If-Then-Else, Repeat, or While CTL
loop. 7:End 16-12
Eng Sets engineering display mode. + [MODE
Eng 1-10
EquString(Y= var,Strn) Converts the contents of a Y= [cATALOG]
var to a string and stores itin -~ Equ»String(
Strn. 15-7
expr(string} Converts string to an [CATALOG]
expression and executes it, expr( 15-7
ExpReg [Xlistname, Fits an exponential regression
Ylistname,freqlist,regequ] model to Xlistname and CALC
Yiistname with frequency 0:ExpReg
freqlist, and stores the
regression equation to regequ. 12-26
ExprOff Turns off the expression T [FORMAT]
display during TRACE. ExprOff 3-14
ExprOn Turns on the expression T [FORMAT]
display during TRACE. ExprOn 3-14
Fedf(lowerbound, Computes the F distribution [DisTR]
upperbound, probability between DISTR
numerator df, lowerbound and upperbound  %:Fcdf(
denominator df) for the specified numerator df
(degrees of freedom) and
denominator df. 13-32
Fillfpalue,matrizname) Stores value to each element in [MATRX
matrizname. MATH
A:Fill{ 10-13
Filllvalue,listname) Stores value to each element in [LisT]
listname. OPS
4:Fill{ 11-11
Fix # Sets fixed-decimal mode for # 7 [MODE
of decimal places. 0123456789
(select one) 1-10
Float Sets floating decimal mode. T
Float 1-10
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
fMax{expression,variable, Returns the value of variable
lowerupper|,tolerance])  where the local maximaum of MATH
expresston occurs, between 7:fMax(
lower and wupper, with
specified tolerance. 2-6
fMin(expression,variable,  Returns the value of variable
lower,upper]| tolerance]})  where the local minimum of MATH
expression occurs, between 6:fMin{
lower and wpper, With
specified tolerance. 2-6
fnlntlexpression,variable, Returns the function integral of
lower,upper]|,tolerance]}  expression with respect to MATH
variable, between lower and 9:fnint(
upper, with specified
tolerance. 2-7
FnOff [functiont, Deselects all Y= functions or VARS
Jfunction#,...function n] specified Y= functions. Y-VARS On/Off
2:FnOff 3-8
FnOn [function#, Selects all Y= functions or [VARS]
function#,... function n]  specified Y= functions. Y-VARS On/Off
1:FnOn 3-8
:For(variablebegin,end Executes commands through 1
[sincrement]) End, incrementing variable CTL
:commands from begin by increment until  4:For(
:End variable>end.
wcommands 16-10
fPart{vaiue) Returns the fractional part or
parts of a real or complex NUM
number, expression, list, or 4:fPart( 2-14
matrix, 10-11
Fpdf(xnumerator df, Computes the F distribution [DISTR]
denominator df) probability between DISTR
lowerbound and upperbound  8:Fpdf{
for the specified numerator df
(degrees of freedom) and
denominator df. 13-32
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Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
valueyFrac Displays a real or complex MATH
number, expression, list, or MATH
matrix as a fraction simplified  1»Frac
to its simplest terms. 2-5
Full Sets full screen mode. + [MOCE
Full 1-12
Func Sets function graphing mode. 7
Func 1-11
ged(valueA,valueB) Returns the greatest common  [MATH
divisor of valueA and valueB, NUM
which ean be real numbers or  3:ged{
lists. 2-15
geometcdf(p,x) Computes a cumulative [DisTR]
probability at 2, the number of DISTR
the trial on which the first E:geometcdf(
success oceurs, for the discrete
geometric distribution with the
specified probability of success
. 13-34
geometpdf(p,x) Computes a probability at x, the [DisTR]
number of the trial on which the DISTR
first success occurs, for the D:geometpdf{
discrete geometric distribution
with the specified probability of
SUCCRSS p. 13-34
Get{variable) Gets data from the CBL2/CBL 1 [PRGM
System or CBR and stores it in I{e]
variable. A:Get( 16-21
GetCalc(variable) Gets contents of variable on T [PRGM
another TI-83 and stores it to I}
variable on the receiving TI-83.  0:GetCalc({  16-21
getKey Returns the key code for the T [PRGM
current keystroke, or 9, if no lle]
key is pressed. 7:getKey 16-20
Goto label Transfers control to label. T [PRGM
CTL
0:Goto 16-13
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
GraphStyle{function#, Sets a graphstyle for + [PRGM
graphstyle#) functiondt. CTL
H:GraphStyle(
=15
GridOff Turns off grid format. T [FORMAT]
GridOff 3-14
GridOn Turns on grid format. T [FORMAT]
GridOn 3-14
G-T Sets graph-table vertical T [MOBE
split-screen mode. G-T 1-12
Horiz Sets horizontal + [MOBE
split-screen mode, Horiz 1-12
Horizontal Draws a horizontal line at 3. [DRAW]
DRAW
3:Horizontal 8-6
identity(dimension) Returns the identity matrix of
dimension rows x dimension MATH
columns. 5:identity( 10-13
Hf condition If condition = ( (false), skips T [PRGM
rcomamandA commandA. CTL
rcommands 1:0f 16-9
A condition Executes commands from + [PRGM
:Then Then to End if condition = 1 CTL
commands (true). 2:Then
:End
:commands 16-9
:f condition Executes commands from T [PRGM
:Then Then to Else if condition = | CTL
commands (true); from Else to End if 3:Else
:Else condition = 0 (false).
rcommands
:End
rcommands 16-10
imag{value) Returns the imaginary
(nonreal) part of a complex CPX
number or list of complex 3:imag(
numbers. 2-18
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Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
IndpntAsk Sets table to ask for T [TBLSET]
independent-variable values. Indpnt: Ask 7-3
IndpntAuto Sets table to generate T [TBLSET]
independent-variable values Indpnt: Auto
automatically. 7-3
Input Displays graph. T |PRGM
11O
1:Input 16-16
Input [variable] Prompts for value to store to T [PRGM
Input ["text" variable] variable. ie
1:Input 16-17
Input [Strr,pariable] Displays Strr and stores T
entered value to variable. ItO
1:Input 16-17
inString(string,substring  Returns the character position [cATALOG]
[,start]) in string of the first character  inString(
of substring beginning at start, 15-7
int{value) Returns the largest integer < a MATH
real or complex munber, NUM
expression, list, or mafrix. B:int( 2-14
10-11
Tint{pmil pmi2 Computes the sum, rounded to [FINANCE]
[roundvaluel) roundvalue, of the interest CALC
amount between pmtl and A:Zint(
pmi2 for an amortization
schedule. 14-9
invNorm{area[,11,6]} Computes the inverse [DiIsTR]
cumulative normal distribution DISTR
function for a given area under 3:invNorm(
the normal distribution curve
specified by y and o. 13-30
iPart(value) Returns the integer part of a MATH
real or complex number, NUM
expression, Hst, or matrix. 3:iPart( 2-14
10-11
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
irr(CF0,CFList[,CFFreq])  Returns the interest rate at [FINANCE]
which the net present value of CALC
the cash flows is equal to zero. 8:irr(
14-8
US> (variablevalue) Inerements variable T [PRGM
~commandA by 1; skips commandA if CTL
scommands variable>value. Acls>( 16-13
LUistname Identifies the next one to five [LisT]
characters as a user-created OPS
list name. B:. 11-16
LabelOff Turns off axes labels. T [FORMAT]
LabelOff 3-14
LabelOn Turns on axes labels, T [FORMAT]
LabelOn 3-14
Lbl label Creates a label of one or two + [PRGM
characters. CTL
9:Lbl 16-13
fem{valued, valueB) Returns the least common MATH
multiple of valued and valueB, NUM
which can be real numbers or  8:lemy
lists. 2-15
tength(string} Returns the number of [cATALOG]
characters in string. length( 15-8
Line(X1,Y1,X2,¥2) Draws a line from (X1,¥1) to [DRAW]
(X2,Y2). DRAW
2:Line{ 55
Line(X1,Y1,X2,Y2,0) Erases a line from (X1,Y1)to [DRAW]
(X2.Y2). DRAW
2:Lineg{ 8-5
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Function or Instruction/
Arguments

Result

Key or Keys/
Menu or Screen/ltem

LinReg{a+bx) [Xlistname,

Ylistname,freqlist,
regequ]

Fits a linear regression model
to Xlistname and Ylistname
with frequency freglist, and
stores the regression equation

CALC

8:LinReg(at+bx)

10 regequ. 12-26
LinReg{ax+b) [Xlistname, Fits alinear regression model
Ylistname,freqlist, to Xlistname and Ylistname CALC
regeqi| with frequency freglist, and 4:LinReg(ax+b)
stores the regression equation
1o regequt. 12-25
LinRegTTest [Xlistname,  Performs a linear regression T
Ylistname,freqlist, and a t-test. alternative=-1is TESTS
alternativeregequ) <; alternative=0 is #; E:LinRegTTest
alteynative=11s > 13-24
AList{list} Returns a Hst containing the [LisT]
differences between oPSs
consecutive elements in list, 7:AList( 11-12
List» matr{listnamel,..., Fills matrizname columm by [LisT]
listname nynatrizname) column with the elements from  OPS
each specified listname. O:Listrmatr( 10-14
11-15
Inf{value) Returns the natural logarithm
of a real or complex number,
expression, or list. 2-4
LnReg [Xlistname, Fits a logarithmic regression
Ylistname,freqlist, model to Xlistname and CALC
regequ Yiistname with frequency 9:LnReg
freglist, and stores the
regression equation to regequ. 12-26
tog(value) Returns logarithm of areal or  [LOG
complex number, expression,
or list. 2-4
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
Logistic [Xlistname, Fits a logistic regression model
Ylistname,freqlist, to Xlistname and Ylistname CALC
regequ] with frequency freglist, and B:Logistic
stores the regression equation
10 regequ. 12-27
Matr» list(matrizx, Fills each listname with [LisT]
listnameA,.. Jlistname n) elements from each columnin OPS 10-14
matiix. A:Matrylist( 11-16
Matr» list(matriz, Fills a listname with elements [LisT]
colwmnit listname) from a specified column# in OPS 10-14
matrix. A:Matrylist{ 11-16
max{valueA,valueB) Returns the larger of valueA MATH
and valueB. NUM
7:max( 2-15
max({list) Returns largest real or [LisT]
complex element in list. MATH
2:max( 11-16
max{listA,lisiB) Returns a real or complex list of [LisT]
the larger of each pair of MATH
elements in listA and listB. 2:max(
11-16
max{vahue,list) Returns a real or complex list of [LisT]
the larger of value or each list  MATH
element. 2:max( 11-16
mean(list[ freglist]) Returns the mean of list with  [2nd] [LiST]
frequency freglist. MATH
3:mean( 11-16
median(list[,freqlist]) Returns the median of list with [LisT]
frequency freglist. MATH
4:median( 11-16
Med-Med [Xlistname, Fits a median-median model to
Ylistname,freqlist, Xlistname and Ylistname with CALC
regeqi frequency freglist, and stores  3:Med-Med
the regression equation to
regequ. 12-25
Menu("title","text]" labell (enerates a menu of up to T [PRGM
[ye-es " text 7" label 7)) seven items during program CTL
execution. C:Menu( 16-14
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
min{valueA,valueB) Returns smaller of valueA and  [MATH
valueB. NUM
&:min{ 2-15
min{list) Returns smallest real or [LisT]
complex element in list. MATH
1:min{ 11-16
min(list4,lisiB) Returns real or complex list of [LisT]
the smaller of each pair of MATH
elements in kistA and listB. 1:mind 11-16
min(value,list) Returns a real or complex list [LisT]
of the smaller of valute or each  MATH
list element. 1:min{ 11-16
valueA nCr valueB Returns the number of MATH
combinations of valueA taken PRB
valueB at a time. 3:nCr 2-21
value nCr list Returns a Hst of the
combinations of value taken PRB
each element in list at a time.  3:nCr 2-21
list nCr value Returns a list of the MATH
combinations of each element PRB
in list taken value at a time. 3:nCr 2-21
listA nCr listB Returns a list of the MATH
combinations of each element PRB
in listA taken each elementin  3:nCr
listB at a time. 2-21
nDeriv{expression,variable, Returns approximate MATH
value|,e]} numerical derivative of MATH
expression With respect to 8:nDeriv(
variable at value, with
specified €. 2-7
»Nom(effective rate, Computes the nominal interest [FINANCE]
compounding periods) rate. CALC
B:axNom{ 14-12
Normal Sets normal display mode. T
Normal 1-10

A-16 Tables and Reference Information



Function or Instruction/
Arguments

Result

Key or Keys/
Menu or Screen/ltem

normalcdf{lowerbound,
upperbound[,p,c])

Computes the normal
distribution probability
between lowerbound and
upperbound for the specified u

[DIsTR]
DISTR

2:normalcdf{

and o. 13-27
normalpdf(x[,u,c]} Computes the probability [DIsTR]

density function for the normal DISTR

distribution at a specified x 1:normalpdf{

value for the specified ¢ and o. 13-29
not{value) Returns 0 if value is # 0. value [TEST]

can be a real number, LOGIC

expression, or list. 4:not( 2-26
valueA nPr valueB Returns the number of MATH

permutations of valued taken PRB

valueB at a time. 2:nPr 2-21
value nPr list Returns a Hst of the

permutations of value taken PRB

each element in list at a time.  2:nPr 2-21
list nPr value Returns a list of the MATH

permutations of each element PRB

in list taken value at a time. 2:nPr 2-21
listA nPr listB Returns a list of the MATH

permutations of each element PRB

in listA taken each element in  2:nPr

listB at a time. 2-21
npv{inierest rate,CFO, Computes the sum of the [FINANCE]

CFList[,CFFreq]) present values for cash inflows CALC

and outflows. 7:npv{ 14-8
valuel ot valueB Returns 1 if valueAd or valueB [TEST]

is # 0. valueA and valueB can  LOGIC

be real numbers, expressions, 2:or

or lists. 2-26
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
Output(row,column,"text”) Displays text beginning at + [PRGM
specified row and column. 11O
6:0utput( 16-19

=|| & =[T
Hoom
o) o
rnE =

o

o

=

Output{row,column,value) Displays value beginning at
specified row and column.

16-19
Param Sets parametric graphing T
mode. Par 1-11
Pause Suspends program execution 7 [PRGM
until you press [ENTER]. CTL
8:Pause 16-12
Pause [value] Displays value, suspends 1 [PREM
program execution until you CTL
press [ENTER]. 8:Pause 16-12
Plot#({type, Xlistname, Defines Plot# (1, 2, or 3) of T [2nd] [STAT PLOT]
Ylistname,mark) type Scatter or xyLine for PLOTS
Xlistname and Ylistname 1:Plot1(
using mark. 2:Plot2{
3:Plot3( 12-37
Plot#{type, Xkistname, Defines Plot# (1, 2, or 3) of T (2nd] [STAT PLOT]
fregqlist) type Histogram or Boxplot for  PLOTS
Xlistname with frequency 1:Plott{
freglist. 2:Plot2(
3:Plot3( 12-37
Plot#(type,Xlistname, Defines Plot# (1, 2, or 3) of 1 [2nd] [STAT PLOT]
freglist,mark) type ModBoxplot for PLOTS
Xlistname with frequency 1:Plott{
freqlist using mark. 2:Plot2(
3:Plot3( 12-37
Plot#(type,datalistname,  Defines Plot# (1, 2, or 3) of 1 [2nd] [STAT PLOT]
data axis,mark) type NormProbPlot for PLOTS
datalistname on data axis 1:Plott{
using mark. data axis can be X 2:Plot2(
orY. 3:Plot3{ 12-37
PlotsOff [1,2,3] Deselects all stat plots or one [STAT PLOT]
or more specified stat plots (1, STAT PLOTS
2 or3). 4:PlotsOff 12-35
PlotsOn [1,2,3] Selects all stat plots or one or [STAT PLOT]
more specified stat plots (1,2, STAT PLOTS
or 3). 5:PlotsOn 12-35
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
Pmt_Bgn Specifies an annuity due, [FINANCE]

where payments occur atthe  CALC

beginning of each payment F:Pmt_Bgn

period. 14-13
Pmt_End Specifies an ordinary annuity, [FINANCE]

where payments occeur at the CALC
end of each payment period. E:Pmt_End 14-13

poissoncdf{u,x} Computes a cumulative [2nd] [DiSTR]
probability at & for the discrete DISTR
Poisson distribution with C:poissoncdf(
specified mean w. 13-34
poissonpdf{j,x) Computes a probability at x for  [2nd] [DISTR]
the discrete Poisson distribution DISTR
with the specified mean p. B:poissonpdf( 13-33
Polar Sets polar graphing mode. + [MODE
Pol 1-11
complex value yPelar Displays complex value in MATH
polar format. CPX
7»Polar 2-19
PolarGC Sets polar graphing T [FORMAT]
coordinates format. PolarGC 3-13
prgmmame Executes the program name. 1 [PRGM
CTRL
Diprgm 16-15
TPrn{pmtl pmit2 Computes the sum, rounded to [FINANCE]
[roundvaluel) roundvalue, of the principal CALC
amount between pmtl and 0:ZPrn(
»mi2 for an amortization
schedule. 14-9
prod(list[,start,end]} Returns produet of st [2nd] [LIsT]
elements between start and MATH
end. 6:prod{ 11-18
Prompt variableA Prompts for value for + [PRGM
[variableB,...pariable n] variableA, then variableB, and /O
so on. 2:Prompt 16-18
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Arguments

Result

Key or Keys/
Menu or Screen/ltem

1-PropZint{x,n
[sconfidence level)])

Computes a one-proportion
2 confidence interval.

T
TESTS
A:1-PropZint( 13-20

2-PropZint{x1,rl,x2,nd
[sconfidence level])

Computes a two-proportion
2 confidence interval.

T(STAT
TESTS
B:2-PropZint( 13-21

1-PropZTest(pO,z.n
[yalternative,drawflag])

Computes a one-proportion

2 test. alternative=-1is <,
alternative=0 is #;
alternative=11s >. drawflag=1
draws results; drawflag=0
calculates results.

i
TESTS
5:1-PropZTest({

13-14

2-PropZTest(xI nl,x2n2
[salternative drawfloag])

Computes a two-proportion

2 test. alternative=-11s <;
alternative=0 is #;
alternative=11s >, drawflag=1
draws results; drawflag=0

t
TESTS
6:2-PropZTest(

calculates results, 13-15
Pt-Change(x,y) Reverses a point at (x,y). [DRAW]
POINTS
3:Pt-Change{ 8-15
Pt-Off(x,y[,mark]) Erases a point at (x,y) using [DRAW]
mark. POINTS
2:Pt-Off( 8-15
Pt-On(x.y[,mark]) Draws a point at (z,y) using [DRAW]
mark. POINTS
1:Pt-On{ 814
PwrReg [Xlistname, Fits a power regression model
Ylistname,freqlist, to Xlisthame and Ylistname CALC
regequ| with frequency freglist, and A:PwrReg
stores the regression equation
10 regequ. 12-27
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Function or Instruction/
Arguments

Result

Key or Keys/
Menu or Screen/ltem

Pxi-Change({row,column)

Reverses pixel at

[DRAW]

(row,column); 0 < row < 62 POINTS
and 0 < column < 94. 6:PxI-Change( 8-16
PxI-Off(row,column} Erases pixel at (row,column); [DRAW]
0 < row < 62 and POINTS
(0 < colummn < 94. 5:PxI-Off( 8-16
PxI-On{row,column) Draws pixel at (row,column); [DRAW]
0 < row < 62 and POINTS
0 < colummn < 94, 4:PxI-On{ 816
pxl-Test{row,column) Returns 1 if pixel (row, [DRAW]
colummn) is on, O if it is off; POINTS
(0 < row < 62 and 7:pxl-Test{
0 < column £ 94, 8-16
PYRx(r,6) Returns X, given polar [ANGLE]
coordinates rand 8 or alist of ANGLE
polar coordinates. T:PrRx( 2-24
PrRy(r.6) Returns Y, given polar [ANGLE]
coordinates r and 8 or a list of ANGLE
polar coordinates, 8:PrRy( 2-24
QuadReg [Xlistname, Fits a quadratic regression
Ylistname,freqlist, model to Xlistname and CALC
regeqi| Yiistname with frequency 5:QuadReg
freglist, and stores the
regression equation to regequ. 12-25
QuartReg [Xlistname, Fits a quartic regression model
Ylistname,freqlist, to Xlistname and Ylistname CALC
regequ with frequency freglist, and 7:QuartReg
stores the regression equation
10 regequ. 12-26
Radian Sets radian angle mode. + [MODE
Radian 1-11
rand[{rumtrials) Returns a random number MATH
between 0 and 1 fora PRB
specified number of trials 1:rand
numitrials. 2-20
randBin{numirials,prob Generates and displays a MATH
[ynumsimulations]) random real number from a PRB
specified Binomial distribution. 7:randBin( 2-22
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
randint{ lower,upper Generates and displays a MATH
[,numtrials]) random integer within a range PRB

specified by lower and upper  5:randint(
integer bounds for a specified

number of trials numtrials. 2-22
randM(rows,columns) Returns a random matrix of
rows (1-99) x columns (1-99). MATH
G:randM( 10-13
randNorm(u, o[ ,numirials|} Generates and displays a MATH
random real number from a PRB

specified Normal distribution  6:randNorm(
specified by p and s fora
specified number of trials

numtrials. 2-22
re 6i Sets the mode to polar + [MOGE
complex number mode (re?6i).  re”oi 1-12
Real Sets mode to display complex 1 [MODE
results only when you enter Real
complex numbers. 1-12
real{value) Returns the real part of a
complex number or Hst of CPX
complex numbers. 2:real( 2-18
RecallGDB n Restores all settings stored in [DRAW]
the graph database variable 370
GDBn. 4:RecallGDB 8-20
RecallPic » Displays the graph and adds [DRAW]
the picture stored in Picn. ST0O
2:RecallPic 518
complex value »yRect Displays complex value or list  [MATH
in rectangular format. CPX
&»Rect 2-19
RectGC Sets rectangular graphing T [FORMAT]
coordinates format. RectGC 3-13
reflmatric) Returns the row-echelon form
of a matriz. MATH
A:ref( 10-15
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
:Repeat condition Executes commands until + [PRGM
rcommands condition is true. CTL
:End 6:Repeat 16-11
rcommands
Return Returns to the calling program. 7 [PRGM

CTL

E:Return 16-15
round{value[,#decimals])  Returns a number, expression, [MATH

list, or matrix rounded to NUM
#decimals (£ 9). 2:round( 2-13
*krow(value, matriz,row) Returns a matrix with rew of  [MATRX
matriz nmultiplied by value and MATH
stored in row. E:¥row( 10-16
row+(matrix,rowA,yowB)  Returns a matrix with rowA of  [MAIRX
matrix added to rowB and MATH
stored in rowB. D:row+( 10-16
*row+value,matrix, Returns a matrix with rowA of [MATRX
rowA,rorwB) matriz naltiplied by valae, MATH
added to rowB, and stored in ~ Frkrow+(
rowhB. 10-16
rowSwap({matrixz,rowA, Returns a matrix with rowA of
rowhB) matriz swapped with rowB. MATH
C:rowSwap{ 10-16
rref{matrix) Returns the reduced row- MATRX
echelon form of a matriz. MATH
B:rref{ 10-15
RPriz.y) Returns R, given rectangular [ANGLE]
coordinates x and y or alist of ANGLE
rectangular coordinates. B:R»Pr{ 2-24
RPa(x,y) Returns 8, given rectangular  [2nd] [ANGLE]
coordinates x and y or alistof ANGLE
rectangular coordinates. 6:Ry POy 2-24
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Arguments

Key or Keys/

2-SampFTest [listnamel,
listname2,freqlistl,
freqlist2 alternative,
drawflag)

(Data list input)

Result Menu or Screen/ltem
Performs a two-sample F test. 7
alternative=-11is <; TESTS

alternative=0 18 #;
alternative=1is >. drawflag=1
draws results; drawflag=0

D:2-SampkTest

2-SampFTest Sxinl,
Sx2Zn2(,alternative,
drawflag)

(Summeary stats input.)

calculates results. 13-23
Performs a two-sample F test. ¥
alternative=-11is <; TESTS

alternative=0 is =; D:2-SampkTest
alternative=1is >. drawflag=1

draws results; drawflag=0

calculates results, 13-23

2-SampTInt [listramel, Computes a two-sample ¢ T

listhame?2, confidence interval. pooled=1 TESTS

freqlist] freqlist2, pools variances; pooled=0 does  0:2-SampTint

confidence level,pooled]  not pool variances.
(Data list input) 13-19
2-SampTint X1,Sx1,n1, Computes a two-sample ¢ T

X2.5x2n2 confidence interval. pooled=1 TESTS

[,confidence level,pooled] pools variances; pooled=0 does  0:2-SampTint
(Summary stats input) not pool variances. 13-19
2-SampTTest [listnamel, Computes a two-sample £ test. 7

listname?2, freqlistl, alternative=-11is <; TESTS

freqlist2,alternative, alternative=0 18 #; 4:2-SampTTest

pooled drawflag] alternative=1 is >, pooled=1

(Data list input)

pools variances; pooled=0 does
not pool variances. drawflag=1
draws results; drawflag=0

calculates results. 13-13
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2-SampTTest xI1,5x1,nl,
X2,8x2m2[,alternative,
pooled,drawflag)

(Summeary stats input)

Computes a two-sample ¢ test.
alternative=-11is <;
alternative=0 18 #;
alternative=1 1is >, pooled=1
pools variances; pooled=0 does
not pool variances. drawflag=1
draws results; drawflag=0
calculates results.

TESTS
4:2-SampTTest

13-15

2-SampZint(si,o,
[listnamel listname?2,
freqlistl freqlistZ,
confidence level])
(Data list input)

Computes a two-sample z
confidence interval.

f
TESTS
9:2-SampZint(

13-18

2-SampZint(ci,o,,
x1nl X2n2
[;confidence level])

(Summeary stats input)

Computes a two-sample z
confidence interval.

f
TESTS
9:2-SampZint{

[»

2-SampZTest(cl, o
[listnamel listname2,
freqlistl freqlist2,
alternative,drawflag))
(Data list input)

Computes a two-sample = test.
alternative=-11is <,
alternative=0is = ;
alternative=1 is >. drawflag=1
draws results; drawflag=0
calculates results.

i
TESTS
3:2-SampZTest(

13-12

2-SampZTest(cl o,
X1nl,X2n2
[salternative,drawflag)

(Summary stats input.)

Computes a two-sample z test.
alternative=-11s <;
alternative=0 is #;
alternative=11is >. drawflag=1
draws results; drawflag=0

TESTS
3:2-SampZTest(

calculates results. 13-12
Sci Sets scientific notation display T [MODE

mode. Sci 1-10
Select(Xlistname, Selects one or more specific [LisT]

Ylistname) data points from a scatter plot OPS

or xyLine plot (only), and then 8:Select(

stores the selected data points

to two new lists, Xlistname

and Ylisthame. 11-12
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Send(variable) Sends contents of variable to T
the CBL 2/CBL System or CBR. /O
B:Send( 16-21
seq{expression,variable,  Returns list created by [LisT]
begin,end[,increment]) evaluating expression with oPS
regard to variable, from begin 5:seq(
to end by tncremend. 11-11
Seq Sets sequence graphing mode. 7
Seq 1-11
Sequential Sets mode to graph functions 7
sequentially. Sequential 1-12
SetUpEditor Removes all list names from
the stat list editor, and then EDIT
restores list names L1 through 5:SetUpEditor
Ls to columns 1 through 6. 12-21
SetUpEditor listnamel Removes all list names from
[listname2,..., the stat list editor, then sets it EDIT
listname20)| up to display one or more 5:SetUpEditor
listnames in the specified
order, starting with column 1. 12-21
Shade(lowerfunc, Draws lowerfunc and 2nd) [DRAW]
upperfunc| Xleft Xright, wupperfuncinterms of X onthe DRAW
pattern,patres]) current graph and uses 7:Shade(
pattern and patres to shade the
area bounded by lowerfunc,
wpperfune, Xleft, and Xright. 8-10
Shadey2{lowerbound, Draws the density function for [DIsTR]
upperbound,df) the 2 distribution specified by DRAW
degrees of freedom df and 3:Shadey?(
shades the area between
lowerbound and upperbound. 13-36
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ShadeF (lowerbound,
upperbound,
numerator df,
denominator df)

Draws the density function for
the F distribution specified by
numerator df and
denominator df and shades the
area between lowerbound and

[DISTR]
DRAW
4:ShadeF(

upperbound. 13-36

ShadeNorm(lowerbound,  Draws the normal density [DisTR]
upperbound|,u,c]) function specified by p ando  DRAW

and shades the area between 1:ShadeNorm{

lowerbound and upperbound. 13-35
Shade_t(lowerbound, Draws the density function for [DisTR]

wpperbound,df) the Student-f distribution DRAW

specified by degrees of 2:Shade_t(

freedom df, and shades the

area between lowerbound and

wupperbound. 13-36
Simul Sets mode to graph functions T [MODE

simultaneously. Simul 1-12
sin{value) Returns the sine of a real SIN

number, expression, or lst. 2-3
sin"Yvalue) Returns the arcsine of a real [sINT]

number, expression, or Hst. 2-3
sinh(value) Returns the hyperbolic sine of [cATALOG]

a real number, expression, or  sinh(

list. 15-10
sinh Y value) Returns the hyperbolic arcsine [CATALCG]

of a real number, expression, sinh'1(

or list. 15-10
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SinReg [iterations, Attempts iterations times to fit
Xlistname,Ylistname, a sinusoidal regression model to CALC
period regequ) Xlistname and Ylistname using C:SinReg
apertod guess, and stores the
regression equation to regequ. 12-27
solve(expressionpariable, Solves expiression for variable, T
guess {lower,upper}) given an initial guess and lower MATH
and upper bounds within O:solve(
which the solution is sought. 2-12
SortA(lisiname) Sorts elements of listname in [LisT]
ascending order. OPS 11-10
1:SortA( 12-20
SortA{keylistname, Sorts elements of keylistname [LisT]
dependlisti[dependlist?, in ascending order, then sorts OPS
. dependlist 1)) each dependlist as a dependent 1:SortA( 11-10
list. 12-20
SortD{lisiname) Sorts elements of listrname in [LisT]
descending order. OPS 11-10
2:SortD( 12-20
SortD(keylistname, Sorts elements of keylistname [LisT]
in descending order, then sorts OPS
dependlist] [ dependlist2,.., each dependlist as a dependent 2:SortD( 11-10
dependlist n)) list. 12-20
stdDev(list] freqlist]) Returns the standard deviation [LisT]
of the elements in list with MATH
frequency freglist. 7:stdDev( 11-18
Stop Ends program execution; T [PRGM
returns to home screen. CTL
F:Stop 16-15
Store: value>variable Stores value in variable. STO» 1-14
StoreGDB n Stores current graph in [DRAW]
database GDBn. S70

3:StoreGDB 8-19
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StorePic n Stores current picture in [DRAW]
picture Picn. ST0
1:StorePic 8-17
StringtEqu(string,Y= var) Converts string into an [CATALOG]
equation and stores itin Y= StringrEqu(
var. 15-8

sub(string begin,length) Returns a string that is a subset [cATALOG]
of another string, from begin  sub{

to lengih. 15-9
sum{list[,start,end]) Returns the sum of elements of [LisT]
list from start to end. MATH
5:sum( 11-18
tan{value) Returns the tangent of a real TAN
number, expression,
or list. 2-3
tan Yvalue) Returns the arctangent of a [TanT]
real number, expression, or
list. 2-3
Tangent{expression,value) Draws a line tangent to [DRAW]
expresston at X=value. DRAW
5:Tangent( 8-8
tanh{value} Returns hyperbolic tangent of a [CATALCG]
real number, expression, or list. tanh( 15-10
tanh 1(walue) Returns the hyperbolic [cATALOG]
arctangent of a real number, tanh™}{
expression,
or list. 15-10
tedf{lowerbound, Computes the Student-¢ [DISTR]
upperbound,df) distribution probability DISTR
between lowerbound and 5:tedf(
upperbound for the specified
degrees of freedom df. 13-31
Text(row,column,textl, Writes text on graph beginning [DRAW]
text2,.. text n) at pixel (row,column), where  DRAW
0 < row < 57 and 0:Text{
0 < column £ 94 8-12
Then
See If:Then
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Function or Instruction/
Arguments

Result

Key or Keys/
Menu or Screen/ltem

Time Sets sequence graphs to plot T [FORMAT]
with respect to time. Time 6-8
Tinterval [listname, Computes a t confidence T
freqlist,confidence level] interval. TESTS
(Data list input) 8:Tinterval  13-17
Tinterval X,Sx,n Computes a t confidence T
[;confidence level] interval. TESTS
(Summary stats input) 8:Tinterval  13-17
tpdfi{x,df) Computes the probability [DisTR]
density function (pdf) for the  DISTR
Student-¢ distribution at a 4:tpdf(
specified x value with specified
degrees of freedom df. 13-30
Trace Displays the graph and enters  [TRACE
TRACE mode. 3-18
T-Test u0[ listname, Performs a ¢ test with T
Jfreqlist,alternative, frequency freglist. TESTS
drawflag) alternative=-11s <; 2:T-Test
(Data list input) alternative=0 is =;
alternative=11s >. drawflag=1
draws results; drawflag=0
calculates results. 13-11
T-Test u0, X,Sx/n Performs a { test with T
[,alternative drawflag] frequency freglist. TESTS
(Summary stats input) alternative=-11is < ; 2:T-Test
alternative=01is # ;
alternative=11is >. drawflag=1
draws results; drawflog=0
calculates results. 13-11
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Function or Instruction/ Key or Keys/

Arguments Result Menu or Screen/ltem
tvm_FV[(N,1%,PV,PMT, Computes the future value. [FINANCE]
P/Y,0/7)] CALC
§:tvm_FV 14-7
tvm_I%[{N,PV.PMT FV, Computes the annual interest [FINANCE]
PY,C/Y)] rate. CALC
3itvm_I% 14-7
tvm_N[({%,PV.PMT.FV, Computes the number of [FINANCE]
P/Y,CY)] payment periods, CALC
B:itvm_N 14-7
tvm_Pmt[(N,J% PV, FV, Computes the amount of each [FINANCE]
PY,C/Y)] payment. CALC
2:tvm_Pmt 14-6
tvm_PV[(N,J%.PMTFV, Computes the present value, [FINANCE]
PY,C/Y)] CALC
4:tvm_PV 14-7
uvAxes Sets sequence graphs to plot 1 [FORMAT]
u(n) on the x-axis and v{n) on uv
the y-axis. 6-8
uwAxes Sefs sequence graphs to plot 7 [FORMAT]
u(n) on the x-axis and w{n) on uw
the y-axis. 6-8
1-Var Stats [Xlistname, Performs one-variable analysis
freqlist] on the data in Xlisthame with CALC
frequency freqlist. 1:1-Var Stats  12-25
2-Var Stats [Xlistname, Performs two-variable analysis [STAT
Ylistname, freqlist] on the data in Xlistname and  CALC
Yiistname with frequency 2:2-Var Stats
freqlist. 12-25
variance(list[ freqlist]} Returns the variance of the [LisT]
elements in kst with frequency MATH
freglist. 8:variance( 11-18
Vertical x Draws a vertical line [DRAW]
at . DRAW
4:Vertical 8-6
vwAXxes Sets sequence graphs to plot 1 [FORMAT]
v{n) on the x-axis and w(n) on vw
the y-axis. 6-8
Web Sets sequence graphs to trace 7 [FORMAT]
as webs. Web 6-8
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Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
:While condition Executes commands while T [PRGM
rcommands condition is true. CTL
:End 5:While 16-11
rcommand
valueA xor valueB Returns 1 if only valueA or [TEST]

valueB = 0. valueA and valueB LOGIC

can be real numbers, 3:xor

expressions, or lists. 2-26
ZBox Displays a graph, lets you draw 7 [Z00OM

a box that defines a new Z00M

viewing window, and updates 1:ZBox

the window. 3-20
ZDecimal Adjusts the viewing window so 1 [ZOOM

that aX=0.1 and AY=0.1, and ZOOM

displays the graph screen with 4:ZDecimal

the origin centered on the

screen, 3-21
Zinteger Redefines the viewing window 1 [ZOOM

using these dimensions: ZO0OM

AX=1 Xsci=10 8:ZInteger

AY=1 Yscli=10 3-22
Zinterval of listname, Computes a z confidence  [STAT

freqlist,confidence level]  interval. TESTS

(Data list input)

7:ZInterval 13-16

Zinterval o, xXn Computes a z confidence ¥
[;confidence level) interval. TESTS
(Summeary stats input) 7:ZInterval  13-16
Zoom In Magnifies the part of the graph 7 [Z00M
that surrounds the cursor ZOOM
location. 2:Zoom in 3-21
Zoom Out Displays a greater portion of T [Z00M
the graph, centered on the ZOOM
cursor location. 3:Zoom Out  3-21
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
ZoomFit Recalculates Ymin and Ymax 7

to include the minimum and ZO0OM

maxinmum Y values, between 0:ZoomFit

Xmin and Xmax, of the

selected functions and replots

the functions. 3-22
ZoomRcl Graphs the selected functions

in a user-defined viewing MEMORY

window. 3:ZoomRcl 3-23
ZoomStat Redefines the viewing window 1 [ZOOM

so that all statistical data ZO0OM

points are displayed. 9:ZoomStat  3-22
ZoomSto Immeediately stores the current 1 [Z00OM

viewing window. MEMORY

2:ZoomSto 3-23

ZPrevious Replots the graph using the T

window variables of the graph MEMORY

that was displayed before you 1:ZPrevious

executed the last ZOOM

instruction. 3-23
ZSquare Adjusts the X or Y window ¥

settings so that each pixel ZO0OM

represents an equal width and 5:ZSquare

height in the coordinate

system, and updates the

viewing window. 3-21
ZStandard Replots the functions T1Z00M

immediately, updating the ZOOM

window variables to the 6:ZStandard

default values. 3-22
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
Z-Test{uOc|,listname, Performs a = test with T
freqlist,alternative, frecuency freglist. TESTS
drawflag]) alternative=-11s <; 1:Z-Test(
(Data list input) alternative=0 is =;
alternative=1is >. drawflag=1
draws results; drawflag=0
calculates results, 13-10
Z-Test(uO,cX,n Performs a 2 test. T
[,alternative drawflag])  alternative=-11s <, TESTS
(Summeary stats input.) alternative=0 is #; 1:Z-Test(
alternative=11is >. drawflag=1
draws results; drawflag=0
calculates results, 13-10
ZTrig Replots the functions T [Z00M
immediately, updating the ZO0OM
window variables to preset 7:ZTrig
values for plotting trig
functions. 3-29
Factorial: valuel Returns factorial of value.
PRB
4:! 2-21
Factortal: listt Returns factorial of list MATH
elements. PRB
4:! 2-21
Degrees notation: value® Interprets value as degrees; [ANGLE]
designates degrees in DMS ANGLE
format. 1:° 2-23
Radian: angle Interprets angle as radians. [ANGLE]
ANGLE
3r 2-24
Transpose: matrixl Returns a matrix in which each
element (row, cohimn) is MATH
swapped with the 2.7
corresponding element
(columm, row) of matrizx. 10-12
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Function or Instruction/

Arguments Result Menu or Screen/ltem
xProot*[value Returns x®root of value. MATH
MATH
LR 2-6
xroot*Jlist Returns x™root of list MATH
elements. MATH
By 2-6
List* value Returns list roots of value. MATH
MATH
By 2-6
listA*listB Returns listA roots of lstB. MATH
MATH
5:Xy 2-6
Cube: value® Returns the cube of a real or MATH
complex number, expression, MATH
list, or square matrix. 3:3 2-6
10-10
Cube root; 3 (value) Returns the cube root of areal or [MATH
complex number, expression, or MATH
list. 4:3( 2-6
Equal: valueA=valueB Returns 1 if valued = valueB. [TEST]
Retumns 0 if valueA # valueB. TEST
valueA and valueB can be real =
or complex numbers, 2-25
expressions, lists, or matrices. 10-11
Not equal: valueAzvalueB  Returns 1 if valued # valueB.  [2nd] [TEST]
Returns 0 if valueA = valueB. TEST
valueA and valueB can be real 2=
or complex numbers, 2-25
expressions, lists, or matrices. 10-11
Less than: valueA<valueB  Returns 1 if valued < valueB. [TEST]
Returns 0 if valueA z valueB.  TEST
valueA and valueB can be real 5:<
or complex numbers,
expressions, or lists. 2-25
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Function or Instruction/

Key or Keys/

Arguments Result Menu or Screen/ltem
Greater than: Returns 1 if valueA > valueB. [TEST]
valueA>valueB Returns 0 if valueA < valueB.  TEST
valueA and valueB can be real 32>
or complex numbers,
expressions, or lists. 2-25
Less than or equak: Returns 1 if valueA < valueB. [TEST]
valueA<valueB Returns 0 if valueA > valueB.  TEST
valueA and valueB can be real 8:<
or complex numbers,
expressions, or lists. 2-25
Greater than or equal: Returns 1 if valued > valueB. [TEST]
valueAzvalueB Returns 0 if valueA < valueB. TEST
valueA and valueB can be real 4:>
or complex numbers,
expressions, or lists. 2-25
Inverse; value™? Returns 1 divided by a real or
complex number or
expression. 2-3
Inverse: list Returns 1 divided by list
elements. 2-3
Inverse: matrixz| Returns matriz inverted. 10-10
Square: value? Returns value multiplied by
itself. value can be a real or
complex number or
expression. 2-3
Square: list? Returns list elements squared.
2-3
Square: matriz? Returns matriaz multiplied by
itself. 10-10
Powers: valuerpower Retumns value raised to power.
value can be a real or complex
number or expression. 2-3
Powers: listApower Returns list elements raised to
power. 2-3
Powers: valuellist Returns value raised to list
elements. 2-3
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Function or Instruction/
Arguments

Result

Key or Keys/
Menu or Screen/ltem

Powers: matrixrpower

Returns matrix elements

raised to power. 10-10
Negation: -value Returns the negative of areal [
or complex number, 2-4
expression, list, or matrix. 10-9
Power of ten: 10*{value) Returns 10 raised to the value [10%]
power. value can be a real or
complex number or
expression. 2-4
Power of ten: 10*{list) Returns a Hst of 10 raised to [10%]
the list power. 2-4
Square root: {value) Returns square root of a real or [V]
complex number, expression,
or list. 2-3
Multiplication: Returns valueA times valueB.
valueA*valueB 2-3
Multiplication: Returns value times each list
valuexlist element. 2-3
Multiplication: Returns each list element
list*value times value. 2-3
Multiplication: Returns listA elements times
listA*listB listB elements. 2-3
Multiplication: Returns value times matrix
valuekmatrie elements, 10-9
Multiplication: Returns matrixz4 times
matrizA*matricB matrixB. 10-9
Division: valued/valueB Returns valueA divided by =]
valueB. 2-3
Division: list/value Returns list elements divided [5)
by value. 2-3
Division: value/list Returns value divided by list  [3)
elements. 2-3
Division: listA/listB Returns listA elements divided [3]
by listB elements. 2-3
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Function or Instruction/ Key or Keys/
Arguments Result Menu or Screen/ltem
Addition: valued+valueB  Returns valueA plus valueB. 2-3
Addition: list+value Returns list in which value is
added to each list element. 2-3
Addition: listA+listB Returns listA elements plus
listB elements. 2-3

Addition: Returns matrizA elements

matrixA+matricB plus matrixzB elements. 10-9
Concatenation: Concatenates two or more )

stringl+string?2 strings. 15-6
Subtraction: Subtracts valueB from valueA. [-]

valueA-valueB 2-3
Subtraction: Subtracts list elements from -]

value-list value. 2-3
Subtraction: Subtracts value from list [=]

list-value elements. 2-3
Subtraction: Subtracts listB elements from  [7]

listA-listB listA elements. 2-3
Subtraction: Subtracts matrixB elements =]

matrizA-matrizB from matrizA elements. 10-9
Minutes notation: Interprets minutes angle [ANGLE]

degrees“minutes' measurement as minutes. ANGLE

seconds" 2: 2-23
Seconds notation: Interprets seconds angle ALPHA] ']

degrees“minutes’ measurentent as seconds.

seconds” 2-23
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TI-83 Menu Map

The TI-83 Menu Map begins at the top-left corner of the keyboard and follows
the keyboard layout from left to right. Default values and settings are shown.

=

T T T 1
(Func mode) (Par mode) (Pol mode) (Seq mode)
Plotl Plot2 Plotl Plot2 Plotl Plot2 Plotl Plot2
Plot3 Plot3 Plot3 Plot3
“Y1= “X1T= wrle nMin=1
“Y2= Y1T= 2= “uln}=
“Y 3= “X2T= 3= ulnMin)=
“Yi= Y2T= ol “wink=
N Ce b vinMin)=
“Y 9= “X6T= 6= “win}=
“Y0= Y6T= winMin}=
(2nd] [STAT PLOT] [2nd) [STAT PLOT]

— T : T 1
STAT PLOTS (PRGM editor) (PRGM editor) {PRGM editor)
1:Plot1..0ff PLOTS TYPE MARK

e L1 L2 o 1:Plotl( l:Scatter l:o
2:Pl1ot2.0ff 2:Plot2( 2:xylLine Z2:+

e L1 L2 @ 3:Plot3¢ 3:Histogram 3.
3:P1ot3..0ff 4:PlotsOff 4:ModBoxplot

w2 L1 L2 o 5:PTotsOn 5:Boxplot
4:PlotsOff 6:NormProbPlot
5:PTotsOn

T T T 1
(Func mode) (Par mode) (Pol mode) (Seq mode)
WINDOW WINDOW WINDOW WINDOW

Xmin=-10 Tmin=0 omin=0 nMin=1
Xmax=10 Tmax=mk2 ama x=m*2 nMax=10
Ascl=1 Tstep=n/24 Ostep=n/24 PlotStart=1
Ymin=-10 Amin=-10 Xmin=-10 PlotStep=l
Ymax=10 Xmax=10 Xmax=10 Xmin=-10
¥Yscl=1 Xsel=1 Xscl=1 Xmax=10
Xres=1 Ymin=-10 Ymin=-10 Xscl=1

Ymax=10 Ymax=10 Ymin=-10

Yscl=1 Yscl=1 Ymax=10

Yscl=1
[2nd] [TBLSET] [2nd] [TBLSET]

’_I '—I

TABLE SETUP (PRGM editor)
Tb1Start=0 TABLE SETUP
ATb1=1 Indpnt:Auto Ask
Indpnt:Auto Ask Depend:Auto Ask

Depend:Auto Ask
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ZOQM

Z00M MEMORY

1 ZBox 1:ZPrevious
Z2:ZoomSto
3:ZoomRcl
4:SetFactors..

:Zoom In
:Zoom Qut
:IDecimal
:ISquare
:ZStandard
:ITrig
:ZInteger
:ZoomStat
:ZoomFit

Lo RN oINS o BRI s SNRS R AR VSN S ol

[2nd] [FORMAT]

1
MEMORY

XFact=4
YFact=4

T
{Func/Par/Pol modes}
RectGC PolarG(
CoordOn CoordOff
GridOff GridOn
AxesOn AxesOff
LabelQff LabelOn
ExprOn ExprOff

1
(Seq mode)

Time Web uv vw uw
RectGC PolarGC
CoordOn Coord0ff
Grid0Off GridOn
AxesOn AxesOff
Label0ff LabelOn
ExprOn ExprOff

(Set Factors...)
700M FACTORS

2nd] [CALC]
T T T

(Func mode)} (Par mode) (Pol mode)
CALCULATE CALCULATE CALCULATE
l:value l:value l:value
2:zero0 2:dy/dx 2:dy/dx
3:minimum 3:dy/dt 3:dr/de
4:maximum 4:dx/dt
S:intersect
6:dy/dx
7:if(x)dx

’_I

Normal Sci Eng
Float 0123456789
Radian Degree
Func Par Pol Seq
Connected Dot
Sequential Simul
Real a+bi re st
Full Horiz G-T
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(Seq mode)
CALCULATE
l:value



(2nd] [LINK]

1
RECEIVE

Tables and Reference Information A-41

SEND
1:AT+. 1:Receive
2:A11-.
3:Prgm..
4:List..
5:Lists to TI82Z..
6:GDB..
7:Pic..
8:Matrix..
9:Real..
0:Complex..
A:Y-Vars..
B:String..
C:Back Up..
T T ]
EDIT CALC TESTS
1:Edit.. 1:1-Var Stats 1:7-Test..
2:SortAl 2:2-Var Stats 2:T-Test..
3:50rtD( 3:Med-Med 3:2-SampZTest..
4:C1rlist 4:LinReglax+b) 4:2-SampTTest..
5:5etUpEditor 5:0uadReg 5:1-PropZTest..
6:CubicReg 6:2-PropZTest..
7:QuartReg T:Zlnterval..
8:LinReg{a+tbx} 8:TInterval..
9:LnReg 9:2-SampZlnt..
0:ExpReg 0:2-SampTInt..
A:PwrReg A:1-PropZint..
B:logistic B:2-PropZlnt..
C:SinReg Cip?-Test..
D:2-SampFTest..
E:LinRegTTest..
F:ANOV AL



[LIsT]
|

T
NAMES

T
0PS

1
MATH

1:Tistname 1:SortA( 1:min{
Z2:1istname 2:SortD( 2:max(
3:Tistname 3:dim( 3:mean(
4:Fi11¢ 4:median(
5iseql 5:sum(
6:cumSum{ 6:prod(
7:AList( 7:stdDev(
8:Select( 8:variance(
9:augment(
O:Listrmatr(
A:Matrmrlist(
B:L
T T T 1
MATH NUM CPX PRB
1:»Frac 1:abs( l:conj( 1:rand
2:Dec 2:round( 2:real 2:nPr
3,3 3:iPart( 3:imag( 3:nCr
4:34¢ 4;fPart( 4:anglal 4:1
5o XN Brint( hrabs( birandInt(
6:fMin( 6:min( 6:»Rect 6:randNorm(
7:fMax( 7:max( 7:»Polar 7:randBin(
8:nheriv( 8:1cm(
9:fnlnt( 9:gcd(
0:Solver..
[TEST]
TEST LOGIC
1:= 1:and
21 2:or
3:> 3:xor
4:> 4:not(
5:<
b:<
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nd) [ANGLE
MATRX
I
’—I

NAMES MATH EDIT ANGLE
1:[A] l:det( 1:[A] 1:°
2:[B] 2.1 2:[B] 2
3:[C] 3:dim{ 3:[C] 3:r
4:[D] 4:Fi11¢ 4:[D] 4 :»DMS
5:[E] hridentityl 5:[E] 5:RPr
6:[F1 6:randM( 6:[F] 6: RyPo(
7:[G] 7:augment( 7:[G] 7:PyRx(
8:[H] S:Matrlist( 8:[H] 8: PRy (
9:[11 9:Listrmatr( 9:[11
0:[Jd] 0:cumSum{ 0:[J1]
A:ref(
B:rref(
C:rowSwap(
D:row+(
E:xrow(
Fiwrowt+{
T T 1
EXEC EDIT NEW
1: name 1:name 1:Create New
2 name 2 :name
T T 1
(PRGM editor) (PRGM editor) (PRGM editor}
CTL 1/0 EXEC
1:If 1:Input l:name
2:Then 2:Prompt Z:name
3:Else 3:Disp
4:For( 4:DispGraph
5:While 5:DispTable
6:Repeat 6:0utputl
7:End 7igetKey
8:Pause 8:ClrHome
8:Lbl 9:ClrTable
0:Goto 0:GetCalcl
ArIS>( A:Get(
B:DS<( B:Send(
C:Menu(
D:prgm
E:Return
F:Stop
G:DelVar
H:GraphStyle(
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(2nd] [DRAW]
1
[

T 1
POINTS

DRAW STO
1:C1rDraw 1:Pt-0On( 1:StorePic
2:Line( 2:Pt-0ff( 2:RecallPic
3:Horizontal 3:Pt-{hange{ 3:StoreGDB
4:Yertical 4:Px1-0n( 4:RecallGDB
5:Tangent{ 5:PxT1-0ff(
6:DrawF 6:Px1-Change(
7:Shade( 7:px1-Test(
8:Drawlnv
8:Circle(
0:Text(
A:Pen
VARS
T 1
YARS Y-VARS
1:Window.. 1:Function..
2:Zoom.. 2:Parametric..
3:GDB.. 3:Polar.
4:Picture.. 4:0n/0ff...
5:Statistics..
6:Table..
7:String..
VARS
T T
{(Window..) (Window..) (Window.)
X7Y T/e UV /W
1:Xmin 1:Tmin L:u(nMin)
2:Xmax 2:Tmax 2:vinMin)}
3:Xscl 3:Tstep 3:winMin)
4:Ymin 4:8min 4:nMin
5:Ymax 5:08max 5:nMax
6:¥scl 6:0step 6:PlotStart
7:Xres 7:PlotStep
8:aX
gAY
0:XFact
A:YFact
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YARS
T T T

(Zoom..) (Zoom..) (Zoom..}
IX/ZY IT/28 ZU
1:ZXmin 1:ZTmin 1:Zu{nMin)
2:7Xmax 2:7Tmax 2:Zv(nMin)
3:7Xscl 3:7Tstep 3:Zw(nMin)
4:7Ymin 4:76min 4:7nMin
5:ZY¥max 5:Z0max 5:ZnMax
6:7Y¥scl 6:78step 6:ZPTotStart
7:1Xres 7:ZP1otStep
YARS
T T
(GDB...) (Picture..)
GRAPH DATABASE PICTURE
1:60B1 1:Picl
2:GDB2 2:Pic2
G:GDBY 9:PicY
0:GDBO 0:PicO
YARS
T T T T T

(Statistics..) (Statistics.) (Statistics..) (Statistics.} (Statistics.)
XY h EQ TEST PTS
l:n 1:Zx 1:RegEQ I:p 1:x1
2:% 2:xx2 2:a 2:z 2:yl
3:5x 3:zy b 3:t 3:x2
4:6x 4.3y2 4:c 4:%2 b4:y2
5:y 5:Ixy 5:d 5:F 5:x3
6:Sy 6:e 6:df 6:y3
7:0y 7:r 7:p 7:01
8:minX 8:r? 8:51 8:Med
9:maxX 9:R? 9:p2 9:03
O:minY 0:s
A:max¥ A:X1

B:x2

C:Sxl

D:Sx2

E:Sxp

F:nl

G:n2

H:Tower

[:upper
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¥ARS

T
(Table..) (String..)

TABLE STRING
1:Tb1Start 1:5trl
2:4Tb1 2:5tr2
3:Tb1Input 3:5tr3
4:5tr4
9:5tr9
0:5tr0

Y-VARS
|

T T T ]
(Function..} (Parametric..) (Polar..) (0n/0ff.)

FUNCTION PARAMETRIC POLAR ON/OFF
1:Y1 1:X17 l:r1 1:Fn0On
2:Yz 2:Y1T 2:r2 2:Fn0ff
3:Y3 3: X2t 3:r3

4:Y4 4:Y27 4:r4

A B 5:r5

8:Y¢ A XeT 6:ré

0:Yo B:Ye6T
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(2nd] [Dllsm]
T 1
DISTR DRAW
:normalpdf( 1:ShadeNorm(
:normalcdf( 2:Shade_t{
:invNorm{ 3:Shadey?(
1tpdfe( 4:Shadek(
rtedfl(
sy Zpdfo
spledf(
:Fpdfe(
:Fedf(
:binompdf(
:binomedf(
rpoissonpdf(
:poissoncdf(
:geometpdf(
:geometcdf(

MO O W@ OWo-Nod e

(2nd] [FIN/?NCE]

T
CALC ¥
:TVM Solver.. 1
:tvm_ Pmt 2
stvm 1% 3.
stvm_PV 4:PMT
ctvim_N 5
stvm_FV [
:npv( 7
irr(

:bal(

:ZPrn(

:2Int(

:»Nom(

EFF(

:dbd(

:Pmt_End

:Pmt_Bgn

MM OO W COW OSSOy UT B
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(2nd] [MEM]
’_I

MEMORY

1:Check RAM..
2:Delete..
3:Clear Entries
4:CTrAllLists
5:Reset..

MEMORY (Reset..)

MEMORY
T

(Check RAM..)
MEM FREE 27225

Real 15
Complex 0
List 0
Matrix 0
Y-Vars 240
Prgm 14
Pic 0
GDB 0
String 0

T
{ATT Memory..}
RESET MEMORY
1:No

Z2:Reset

Resetting memory

erases all data and

programs.

1
(Defaults..}
RESET DEFAULTS
1:No

2:Reset

T
(Delete..)
DELETE FROM..
cAl..
:Real..
:Complex..
cList..
:Matrix..
sY-VYars..
:Prgm..
:Pic..
:GDB...
;String..

W0 OGP W

[CATALOG]
CATALOG
cosh(

cosh 1y

édﬁbString(
expr(

inString(
Tength(
sinh(
sinh™1{
Sffﬁng)Equ(
sub(

tanh(
tanh™1(
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(Reset..)
RESET

1:A11 Memory..
2:Defaults.



Variables

User Variables

System Variables

The TI-83 uses the variables listed below in various ways.
Some variables are restricted to specific data types.

The variables A through Z and 6 are defined as real or
complex numbers. You may store to them. The TI-83 can
update X, Y, R, 8, and T during graphing, so you may warnt
to avoid using these variables to store nongraphing data.

The variables (list names) L1 through Ls are restricted to
lists; you cannot store another type of data to them.

The variables {(matrix names) [A] through [J] are restricted
to matrices; you cannot store another type of data to them.

The variables Pic1 through Pic9® and Pic0 are restricted to
pictures; you cannot store another type of data to them.

The variables GDB1 through GDB9 and GDBO are restricted
to graph databases; you cannot store another type of data
to them.

The variables $tr1 through $tr9 and $tr0 are restricted to
strings; you cannot store another type of data to them.

You can store any string of characters, functions,
instructions, or variables to the functions Y», (1 through 8,
and 0), Xn1/¥YnT (1 through 8), rr (1 through §), u{n), v{n),
and w(n) directly or through the Y= editor. The validity of the
string is determined when the function is evaluated.

The variables below must be real numbers. You may store
to them. Since the TI-83 can update some of them, as the
result of a ZOOM, for example, you may want to avoid
using these variables to store nongraphing data.

¢  Xmin, Xmax, Xscl, AX, XFact, Tstep, PlotStart, nMin, and
other window variables.

e ZXmin, ZXmax, ZXscl, ZTstep, ZPlotStart, Zu{nMin), and
other ZOOM variables.

The variables below are reserved for use by the TI-83. You
cannot store to them.

n, X, Sx, ox, minX, maxX, Xy, Ly2, Ixy, a, b, c, RegEQ, x1, x2,
v1,z,t, F, 42, B, X1, Sx1, n1, lower, upper, r2, RZ and other
statistical variables.
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Statistics Formulas

This section contains statistics formulas for the Logistic and SinReg
regressions, ANOVA, 2-SampFTest, and 2-SampTTest.

Logistic

SinReg

The logistic regression algorithm applies nonlinear
recursive least-squares techniques to optimize the
following cost function:

N

¢ 2
J~2(1+ae"bxi -yi]

i=1

which is the sum of the squares of the residual errors,

where: x = the independent variable list
y = the dependent variable list
N = the dimension of the lists

This technique attempts to estimate the constants a, b, and
¢ recursively to make J as small as possible.

The sine regression algorithm applies nonlinear recursive
least-squares techniques to optimize the following cost
function:

N
J= [a, sm(bxi+0)+d'?/i]2

i=1

which is the sum of the squares of the residual errors,

where: 2z = the independent variable list
y = the dependent variable list
N = the dimension of the lists

il

This technique attempts to recursively estimate the
constants a, b, ¢, and d to make J as small as possible.
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ANOVA(

The ANOVA F statistic is:

_ Factor MS
" Error MS

The mean squares (MS) that make up F are:

Factor MS — Loctor S8
Factor df
Evrror MS = M
Evror df

The sum of squares (SS) that make up the mean squares
are:

I
Factor $§ = 2 (X — X

i=1

I
ErrorSS = 2 (n; ~ DSz

i=1

The degrees of freedon df that make up the mean squares
are:

Factor df = I —1 = numerator df for F

I
Errordf = 2 {(n; — 1) = denominator df for F

{=1
where: I = number of populations
x; = the mean of each list
Sxi = the standard deviation of each list

n? = the length of each list
¥ = the mean of all lists
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2-SampFTest Below is the definition for the 2-SampFTest.

Sxl, Sx2 = Sample standard deviations having
n1-1 and ny-1 degrees of freedom df,
respectively.

Szl

5
= F-statistic = | ——
Sx2

-
i

dfizx, n-1, ng-1) = Fpdf{ ) with degrees of

freedom df, n;-1, and ns-1

p = reported p value

2-SampFTest for the alternative hypothesis o, > o3,

p= ff(x,nlml,nzml)dx
F

2-SampF Test for the alternative hypothesis o < o.

F
p= jf(x,nl—l,nz-l)dw
4]

2-SampF Test for the alternative hypothesis ¢ # ¢o. Limits
must satisfy the following:

Lona 50

%: jf(x,nl = 1,1y — 1)dx = jf(cv,nl = 1,15 ~1)dx
[¢] Uona

where: [Lbnd,Ubnd] = lower and upper limits

The F-statistic is used as the bound preducing the smallest
integral. The remaining bound is selected to achieve the
preceding integral’s equality relationship.
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2-SampTTest

The following is the definition for the 2-SampTTest. The
two-sample ¢ statistic with degrees of freedom df is:

B
s

where the computation of § and df are dependent on
whether the variances are pooled. If the variances are not
pooled:

otherwise:

_ () — 1)5&1712 +(ny— I)Sszz

Sz,
P af
S= ]f—l--t-—l-Sxp
1y 1y
dfm n1+n2-2

and Sxp is the pooled variance.
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Financial Formulas

This section contains financial formulas for computing time value of money,
amortization, cash flow, interest-rate conversions, and days between dates.

Time Value of i:[e(yxlqz(w+l))]_1
Money
where: PMT 20
y =CY+FPY

x = {01 x1%)+ C/Y
C/Y = compounding periods per year
P/Y = payment periods per year
1% = interest rate per year

i=(FV+pPV)1+N)_]
where: PMT =0
The iteration used to compute ?:

1-(1+9H)™N

():PV+PMT><G5[
i

}+FV><(1+@')N

I% = 100><C/Y><[e<y><ln(x+1)>_1]

where: =1
= PY-+C/Y
Gi=1+ixk
where: k = 0 for end-of-period payments

kol
]

1 for beginning-of-period payments

(PMTXG@—Fin)
In

N = PMT xG;+ PV i
In(l+ %)
where: 70

N ="(PV+ FV)y+ PMT

where: 1 =0
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PV+FV}

PMT =L py+—L 21
G, 1+ -1

?
where: 1720
PMT = (PV+FV)+ N

where: =0

PV:[Pztﬁ"xc;imw}>< 1 PMT x Gy

i a+iy
where: 170

PV =-(FV+PMT «N)

where: =0
FVxLJT,XG@'-(1+i)N><(PV+7PMT_XG5)

i 1
where: T #0

FV =~(PV + PMT x N

where: =0
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Amortization

If computing bal(), pmit2 = npmi
Let bal(0) = END(PV)
Iterate from m = 1 to pmi2
{ I, = RND[RND12(~% % bal(m ~ 1))]
bal(m) = bal(m —1)— I+ RND(PMT)
then:
bal() = bal( pmit2)
X Prn() = bal(pmi2) - bal{ pmil)
TInt( )= (pmit2— pmtl + 1y x RND(PMT - X Prn()

where: RNI} = round the display to the number of
decimal places selected

RNDI12 = round to 12 decimal places

Balance, principal, and interest are dependent on the
values of PMT, PV, [%, and pmil and pmi2.
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Cash Flow

Interest Rate
Conversions

N )
2 - Ny

npv{ 3 =CFy + CF;(1+1) 7&-1(1(1#
J=1

J
where: §; = 2"‘5 j=zl

(R

0  §=0

Net present value is dependent on the values of the initial
cash flow (CFy), subsequent cash flows (CF}), frequency of
each cash flow (n), and the specified interest rate (7).

irr() = 100 % i, where ¢ satisfies npv() =0

Internal rate of return is dependent on the values of the
initial cash flow (CFp) and subsequent cash flows (CFY).

1 = %+ 100

PEFF( ) = 100 x (e CP < in(z +1) 1)

where: x = .01l x NOM = CP
WNom( ) = 100x CP x[e! * Ptz + 1) _q]

where: x = Ol <xEFF
EFF = effective rate
CP = compounding periods
NOM = nominal rate
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Days between
Dates

With the dbd{ function, you can enter or compute a date
within the range Jan. 1, 1950, through Dec. 31, 2049.

Actual/actual day-count method (assumes actual
number of days per month and actual number of days per
year):
dbd( (days between dates) =

Number of Days I1 - Number of Days [

Number of Days I = (YI-VB) x 365
+ (number of days MB to M1)
+ DT1
(¥1-YB)
A —
4

Number of Days Il = (Y2-YB) x 365
+ {number of days MB to M2)
+ DT2
(Y2-¥EB)
n
4
month of first date
DT1 = day of first date
¥1 = year of first date
M2 = month of second date
DT2 = day of second date
Y2 = year of second date
MB = base month {(January)
DB = base day (1)
YB = base year (first year after leap year)

where: M1

i

il
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Battery Information

When to Replace
the Batteries

Effects of
Replacing the
Batteries

Battery
Precautions

The TI-83 uses five batteries: four AAA alkaline batteries
and one lithium battery. The lithium battery provides
auxiliary power to retain memory while you replace the
AAA batteries.

When the battery voltage level drops below a usable level,
the TI-83 displays this message when you turn on the unit.

Your batteries
are lou.

Fecommstid
chande of
hatteries.,

After this message is first displayed, you can expect the
batteries to function for about one or two weeks,
depending on usage. (This one-week to two-week period is
based on tests with alkaline batteries; the performance of
other kinds of batteries may vary.)

The low-battery message continues to be displayed each
time you turn on the unit until you replace the batteries. If
you do not replace the batteries within about two weeks,
the calculator may turn off by itself or fail to turn on until
you install new batteries.

Replace the lithium battery every three or four years.

Do not remove both types of batteries (AAA and lithium
auxiliary) at the same time. Do not allow the batteries to
lose power completely. If you follow these guidelines and
the steps for replacing batteries on page B-3, you can
replace either type of battery without losing any
information in memory.

Take these precautions when replacing batteries.
¢ Do not mix new and used batteries. Do not mix brands
(or types within brands) of batteries.

¢ Do not mix rechargeable and nenrechargeable
batteries.

¢ Install batteries according to polarity (+ and -)
diagrams.

¢ Do not place nonrechargeable batteries in a battery
recharger.

s Properly dispose of used batteries immediately. Do not
leave them within the reach of children.

¢ Do not incinerate batteries.
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Replacing the
Batteries

To replace the batteries, follow these steps.

1.

Turn off the calculator. Replace the slide cover over the
keyhoard to avoid inadvertently turning on the
calculator. Turn the back of the calculator toward you.

Hold the calculator upright. Place your thumb on the
oval indentation on the battery cover. Push down and
toward you to slide the cover about ¥ inch {6 mm). Lift
off the cover to expose the battery compartment.

Note: To avoid loss of information stored in
memory, you must turn off the calculator. Do not
remove the AAA batteries and the lithium battery
simultaneously.

Replace all four AAA alkaline batteries at the same
time. Or, replace the lithium battery.

¢ Toreplace the AAA alkaline batteries, remove all
four discharged AAA batteries and install new ones
according to the polarity {(+ and —) diagrams in the
battery compartment.

e To remove the lithium battery, place your index
finger on the battery. Insert the tip of a ball-pcint pen
(or similar instrument) under the battery at the small
opening provided in the battery compartment.
Carefully pry the battery upward, holding it with
your thumb and finger. (There is a spring that pushes
against the underside of the battery.)

* Install the new battery, + side up, by inserting the
battery and gently snapping it in with your finger.
Use a CR1616 or CR1620 (or equivalent) lithium
battery.

. Replace the battery compartment cover. Turn the

calculator on and adjust the display contrast, if
necessary (step 1; page B-4).
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In Case of Difficulty

Handling a To handle a difficulty, follow these steps.

Difficulty

1.

If you cannot see anything on the screen, the contrast
may need to be adjusted.

To darken the screen, press and release [2nd], and then
press and hold [+] until the display is sufficiently dark.

To lighten the screen, press and release [2nd], and then
press and hold [=] until the display is sufficiently light.

If an error menu is displayed, follow the steps in
Chapter 1. Refer to pages B-5 through B-9 for details
about specific errors, if necessary.

you have entered the maximum number of characters in
a prompt, or memory is full. If memory is full, press
[MEM] 2 to select 2:Delete, and then delete some items
from memory (Chapter 18}.

If the busy indicator (dotted line) is displayed, a graph
or program has been paused; the TI-83 is waiting for
input. Press [ENTER] to continue or press to break.

If the calculator does not seem to work at all, be sure
the batteries are fresh and that they are installed
properly. Refer to battery information on pages B-2 and
B-3.
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Error Conditions

When the TI-83 detects an error, it displays ERR:message and an error menu.
Chapter 1 describes the general steps for correcting errors. This table contains
each error type, possible causes, and suggestions for correction.

Error Type

Possible Causes and Suggested Remedies

ARCHIVED VAR

A function or instruction is archived and therefore cannot
be executed or edited. Use the unarchive command to
unarchive the variable before using it.

ARGUMENT

A function or instruction does not have the correct number
of arguments. See Appendix A and the appropriate chapter.

BAD GUESS

« In a CALC operation, you specified a Guess that is not
between Left Bound and Right Bound.

+ For the solve( function or the equation solver, you
specified a guess that is not between lower and upper.
« Your guess and several points around it are undefined.
Examine a graph of the function. If the equation has a
solution, change the bounds and/or the initial guess.

BOUND

« Ina CALC operation or with Select{, you defined
Left Bound > Right Bound.

« In fMin{, fMax{, solve(, or the equation solver, you
entered lower = upper.

BREAK

You pressed the key to break execution of a program,
to halt a DRAW instruction, or to stop evaluation of an
expression.

DATATYPE

You entered a value or variable that is the wrong data type.

« For a function (including implied multiplication) or an
instruction, you entered an argument that is an invalid
data type, such as a complex number where a real
number is required. See Appendix A and the appropriate
chapter.

« In an editor, you entered a type that is not allowed, such
as a matrix entered as an element in the stat list editor.
See the appropriate chapter.

+ You attempted to store to an incorrect data type, such as
a matrix, to a list.

DIM MISMATCH

You attempted to perform an operation that references
more than one list or matrix, but the dimensions do not
match.

DIVIDEBY O

« You attempted to divide by zero. This error is not
returned during graphing. The TI-83 allows for
undefined values on a graph.

+ You attempted a linear regression with a vertical line.
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Error Type Possible Causes and Suggested Remedies

DOMAIN » You specified an argument to a function or instruction
outside the valid range. This error is not returned during
graphing. The TI-83 allows for undefined values on a
graph. See Appendix A and the appropriate chapter.

« You attempted a logarithmic or power regression with a
-X or an exponential or power regression with a -Y.

+ You attempted to compute ZPrn( or Zint( with
pmt2 < pmil.

Duplicate Name A variable you attempted to transmit cannot be transmitted
because a variable with that name already exists in the
receiving unit.

Error in Xmit « The TI-83 was unable to transmit an item. Check to see
that the cable is firmly connected to both units and that
the receiving unit is in receive mode.

+ You pressed to break during transmission.

« You attempted to perform a backup from a TI-82 to a
TI-83.

« You attempted to transfer data (other than L1 through
Ls) from a TI-83 tc a TI-82.

« You attempted to transfer L1 through Ls from a TI-83 to

a TI-82 without using 5:Lists to TI82 on the LINK SEND
menu.

[LLEGAL NEST You attempted to use an invalid function in an argument to
a function, such as seq( within expression for seq(.

INCREMENT « The increment in seq{ is 0 or has the wrong sign. This
error is not returned during graphing. The TI-83 allows
for undefined values on a graph.

« The increment in a For{ loop is 0.

INVALID « You attempted to reference a variable or use a function
where it is not valid. For example, Y cannot reference
Y, Xmin, AX, or TbiStart.

+ You attempted to reference a variable or function that
was transferred from the TI-82 and is not valid for the
TI-83. For example, you may have transferred Un-1 to
the TI-83 from the TI-82 and then tried to reference it.

« In Seq mode, you attempted to graph a phase plot
without defining both equations of the phase plot.

B-6 General Information



Error Type

Possible Causes and Suggested Remedies

INVALID (cont.)

+ In Seq mode, you attempted to graph a recursive
sequence without having input the correct number of
initial conditions.

« In Seq mode, you attempted to reference terms other
than (n-1) or {(n~2).

« You attempted to designate a graph style that is invalid
within the ¢urrent graph mode,

+ You attempted to use Select( without having selected
(turned on) at least one xyLine or scatter plot.

INVALID DiM

« You specified dimensions for an argument that are not
appropriate for the operation.

» You specified a list dimension as something other than
an integer between 1 and 999,

+ You specified a matrix dimension as something other
than an integer between 1 and 99.

« You attempted to invert a matrix that is not square.

ITERATIONS

+ The solve{ functicn or the equation solver has exceeded
the maximum number of permitted iterations. Examine
a graph of the function. If the equation has a solution,
change the bounds, or the initial guess, or both.

« irr{ has exceeded the maximum number of permitted
iterations.

«  When computing I%, the maximum number of iterations
was exceeded.

LABEL

The label in the Goto instruction is not defined with a Lbl
instruction in the program.

MEMORY

Memory is insufficient to perform the instruction or
function. You must delete items from memory (Chapter 18)
before executing the instruction or function.

Recursive problems return this error; for example,
graphing the equation Y1=Y1.

Branching out of an If/Then, For({, While, or Repeat loop with
a Goto also can return this error because the End statement
that terminates the loop is never reached.
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Error Type

Possible Causes and Suggested Remedies

MemoryFull

+ You are unable to transmit an item because the receiving
unit’s available memory is insufficient. You may skip the
item or exit receive mode.

« During a memory backup, the receiving unit’s available
memory is insufficient to receive all items in the sending
unit’s memory. A message indicates the number of bytes
the sending unit must delete to do the memory backup.
Delete items and try again.

MODE

You attempted to store to a window variable in another
graphing mode or to perform an instruction while in the
wrong mode; for example, Drawinv in a graphing mode
other than Func.

NO SIGN CHNG

+ The solve{ functicn or the equation solver did not detect
a sign change.

« You attempted to compute [% when FV, (N¥PMT), and PV
are all > 0, or when FV, (N¥PMT), and PV are all < 0.

« You attempted to compute irr( when neither CFList nor
CFO is > 0, or when neither CFList nor CFO is < 0.

NONREAL ANS

In Real mode, the result of a calculation yielded a complex
result. This error is not returned during graphing. The TI-83
allows for undefined values on a graph.

OVERFLOW

You attempted to enter, or you have calculated, a number
that is beyond the range of the calculator. This error is not
returned during graphing. The TI-83 allows for undefined
values on a graph.

RESERVED

You attempted to use a system variable inappropriately.
See Appendix A.

SINGULAR MAT

« A singular matrix (determinant = 0) is not valid as the
argument for 1.

« The SinRegq instruction or a polynomial regression
generated a singular matrix (determinant = 0) because it
could not find a solution, or a solution does not exist.

This error is not returned during graphing. The TI-83

allows for undefined values on a graph.
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Error Type

Possible Causes and Suggested Remedies

SINGULARITY

expression in the solve{ function or the equation solver
contains a singularity (a peint at which the function is not
defined). Examine a graph of the function. If the equation
has a solution, change the bounds or the initial guess or
both.

STAT

You attempted a stat calculation with lists that are not
appropriate.
« Statistical analyses must have at least two data points.

«  Med-Med must have at least three points in each
partition.

+ When you use a frequency list, its elements must be = 0.
» (Xmax - Xmin} / Xscl must be < 47 for a histogram.

STAT PLOT

You attempted to display a graph when a stat plot that uses
an undefined list is turned on.

SYNTAX

The command contains a syntax error. Look for misplaced
functions, arguments, parentheses, or commas. See
Appendix A and the appropriate chapter.

TOL NOT MET

You requested a tolerance to which the algorithm cannot
return an accurate result.

UNDEFINED

You referenced a variable that is not currently defined. For
example, you referenced a stat variable when there is no
current calculation because a list has been edited, or you
referenced a variable when the variable is not valid for the
current calculation, such as a after Med-Med.

WINDOW RANGE

A problem exists with the window variables.

« You defined Xmax < Xmin or Ymax < Ymin.

« You defined 8max < min and dstep > 0 (or vice versa).
« You attempted to define Tstep=0.

« You defined Tmax < Tmin and Tstep > @ (or vice versa).

« Window variables are too small or too large to graph
correctly. You may have attempted to zoom in or zoom
out to a point that exceeds the TI-83's numerical range.

ZOOM

« A point or a line, instead of a box, is defined in ZBox.
« A ZOOM operation returned a math error.
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Accuracy Information

Computational To maximize accuracy, the TI-83 carries more digits
Accuracy internally than it displays. Values are stored in memory
using up to 14 digits with a two-digit exponent.

¢ You can store a value in the window variables using up
to 10 digits {12 for Xscl, Yscl, Tstep, and 8step).

¢ Displayed values are rounded as specified by the mode
setting with a maximum of 10 digits and a two-digit
exponent.

* RegEQ displays up to 14 digits in Float mode. Using a
fixed-decimal setting other than Float causes RegEQ
results to be rounded and stored with the specified
number of decimal places.

Graphing Xmin is the center of the leftmost pixel, Xmax is the center

Accuracy of the next-to-the-rightmost pixel. (The rightmost pixel is
reserved for the busy indicator.) AX is the distance
between the centers of two adjacent pixels.

e In Full screen mode, AX is calculated as
{(Xmax - Xmin) / 94. In G-T split-screen mode, AX is
calculated as (Xmax — Xmin) / 46.

¢ If you enter a value for AX from the home screen or a
program in Full screen mode, Xmax is calculated as
Xmin + AX % 94, In G-T split-screen mode, Xmax is
calculated as Xmin + AX = 46.

¥min is the center of the next-to-the-bottom pixel, Ymax is
the center of the top pixel. AY is the distance between the
centers of two adjacent pixels.

o In Full screen mode, AY is calculated as
(Ymax — Ymin) / 62. In Horiz split-screen mode, AY is
calculated as (Ymax - Ymin) / 30. In G-T split-screen
maode, AY is calculated as (Ymax — Ymin) / 50.

¢ If you enter a value for AY from the home screen or a
program in Full screen mode, Ymax is calculated as
Ymin + AY % 62. In Horiz split-screen mode, Ymax is
calculated as Ymin + AY * 30. In G-T split-screen mode,
Ymax is calculated as Ymin + AY = 50,
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Function Limits

Function Results

Cursor coordinates are displayed as eight-character
numbers {(which may include a negative sign, decimal
point, and exponent} when Float mode is selected. X and Y
are updated with a maximum accuracy of eight digits.

minimum and maximum on the CALCULATE menu are
calculated with a tolerance of 1E-5; [f{x)dx is calculated at
1e-3. Therefore, the result displayed may not be accurate to
all eight displayed digits. For most functions, at least five
accurate digits exist. For fMin(, fMax{, and fnint{ on the
MATH menu and solve( in the CATALOG, the tolerance can
be specified.

Function Range of Input Values

sinx, cos o, tanx 0 < lrl < 1012 (radian or degree)
sinlx, cos o -lgxsl

Inx, logx 107190 « g o 1L00

e -10100 ¢ o < 230.25850929040

1% -10100 < 5 < 100

sinh 2, cosh lal < 230.25850929940

tanhx lal < 10100

sinh’1x lal < 5 x 1099

coshta 1<a<bx10%

tanh™ x lex<l

Y (real mode) 0<a <1010

Jx (complex mode) x| < 10100

x! -5 < x <69 where x is a multiple of .5
Function Range of Result

sinl o, tan 1o -90° to 90° or-n/2 to n/2 (radians)
cos ' x 0° to 180°  or 0 to n (radians)
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Support and Service Information

Product Support
Customers in the U.S,, Canada, Puerto Rico, and the Virgin Islands
For general questions, contact Texas Instruments Customer Support:

phone: 1-800-TI-CARES (1-800-842-2737)
e-mail:  ti-cares@ti.com

For technical questions, call the Programming Assistance Group of Customer
Support:

phone: 1-972-917-8324

Customers outside the U.S., Canada, Puerto Rico, and the Virgin Islands

Contact T by e-mail or visit the TI ealculator home page on the World Wide Web.

e-mail: ti-cares@ti.com
Internet: education.ti.com

Product Service
Customers in the U.S. and Canada Only

Always contact Texas Instruments Customer Support before returning a product
for service.

Customers outside the U.S. and Canada

Refer to the leaflet enclosed with this product or contact your local Texas
Instruments retailer/distributor.

Other Tl Products and Services

Visit the TI calculator home page on the World Wide Web.
education.ti.com

Refer to the leaflet enclosed with this product or contact your local Texas
Instruments retailer/distributor.
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Warranty Infermation

Customers in the U.S. and Canada Only

One-Year Limited Warranty for Electronic Product

This Texas Instruments (“TT”) electronic product warranty extends only to the original
purchaser and user of the product.

Warranty Duration. This TI electronic product is warranted to the original purchaser
for a period of one (1) year from the original purchase date.

Warranty Coverage. This T1 electronic product is warranted against defective
materials and construction. THIS WARRANTY 1S VOID IF THE PRODUCT HAS BEEN
DAMAGED BY ACCIDENT OR UNREASONABLE USE, NEGLECT, IMPROPER
SERVICE, OR OTHER CAUSES NOT ARISING OUT OF DEFECTS IN MATERIALS
OR CONSTRUCTION.

Warranty Disclaimers. ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED
IN DURATION TO THE ABOVE ONE-YEAR PERIOD. TEXAS INSTRUMENTS SHALL
NOT BE LIABLE FOR LOSS OF USE OF THE PRODUCT OR OTHER INCIDENTAL
OR CONSEQUENTIAL COSTS, EXPENSES, OR DAMAGES INCURRED BY THE
CONSUMER OR ANY OTHER USER.

Some states/provinces do not allow the exclusion or limitation of implied warranties or
consequential damages, so the above limitations or exclusions may not apply to you.

Legal Remedies. This warranty gives you specific legal rights, and you may also have
other rights that vary from state to state or province to province.

Warranty Performance. During the above one (1) year warranty period, your defective
product will be either repaired or replaced with a reconditioned model of an equivalent
quality (at TT's option) when the product is returned, postage prepaid, to Texas
Instruments Service Facility. The warranty of the repaired or replacement unit will
continue for the warranty of the original unit or six (6) months, whichever is longer.
Other than the postage requirement, no charge will be made for such repair and/or
replacement. T1 strongly recommends that you insure the product for value prior to
mailing.

Software. Software is licensed, not sold. TT and its licensors do not warrant that the
software will be free from errors or meet your specific requirements. All software is
provided “AS IS.”

Copyright. The software and any documentation supplied with this product are
protected by copyright.
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Australia & New Zealand Customers only

One-Year Limited Warranty for Commercial Electronic Product

This Texas Instruments electronic product warranty extends only to the
original purchaser and user of the product.

Warranty Duration. This Texas Instruments electronic product is warranted
to the original purchaser for a period of one (1) year from the original
purchase date.

Warranty Coverage. This Texas Instruments electronic product is warranted
against defective materials and construction. This warranty is void if the

product has been damaged by accident or unreasonable use, neglect, improper
service, or other causes not arising out of defects in materials or constiruction.

Warranty Disclaimers. Any implied warranties arising out of this sale,
including but not limited to the implied warranties of merchantability
and fitness for a particular purpose, are limited in duration to the
above one-year period. Texas Instruments shall not be liable for loss
of use of the product or other incidental or consequential costs,
expenses, or damages incurred by the consumer or any other user.

Some jurisdictions do not allow the exclusion or limitation of implied
warranties or consequential damages, so the above limitations or exclusions
may not apply to you.

Legal Remedies. This warranty gives you specific legal rights, and you may
also have other rights that vary from jurisdiction to jurisdiction.

Warranty Performance. During the above one (1) year warranty period,
yvour defective product will be either repaired or replaced with a new or
reconditioned model of an equivalent quality {at TI's option) when the product
is returned to the original point of purchase. The repaired or replacement unit
will continue for the warranty of the original unit or six (6) months, whichever
is longer. Other than your cost to return the product, no charge will be made
for such repair and/or replacement. TI strongly recommends that you insure
the product for value if you mail it.

Software. Software is licensed, not sold. TI and its licensors do not warrant.
that the software will be free from errors or meet your specific requirements.
All software is provided “AS [S.”

Copyright. The software and any documentation supplied with this product
are protected by copyright.

All Customers QOutside the U.S. and Canada
For information about the length and terms of the warranty, refer to your package

and/or to the warranty statement enclosed with this product, or contact your local Texas
Instruments retailer/distributor.
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+  (addition), 2-3, A-38

xzcdf( (chi-square cdf), 13-31, A-3

,( 2pdf( (chi-square pdf), 13-31, A-4

,{ 2.Test (chi-square test), 13- 22 A-4

: (colony, 6, 16-5

+  (concatenation), 15-6, A-38

3 (cube), 2-6, A-35

3V( (cube root), 2-6, A-35

° (degrees notation), 2-3, A-34

/7 (division)}, 2-3, A-37

= (equal-to relational test), 2-25,

A-35

! (factorial), 2-21, A-34

] (graph style, animate}, 3-9

K (graph style, dot), 3-9

(graph style, line}, 3-9

(greater than), 2-25, A-35

(greater than or equal to), 2-25,
A-35

(inverse), 2-3, 8-9, 10-10, A-36

(less than), 2-25, A-35

(less than or equal to), 2-25, A-36

(list indicator), 11-4

(meatrix indicator), 10-7

(minutes notation), 2-23, A-38

(multiplication), 2-3, A-37

(negation), 1-23, 2-4, A-37

(not equal to), 2-25, A-35

(parentheses), 1-23

(ph), 2-4

(pixel mark), 8-15, 12-34

(pixel mark), 8-15, 12-34

(pixel mark), 8-15, 12-34

(plot type, box), 12-33

(plot type, histogram), 12-32

(plot type, modified box), 12-32

(plot type, normal probability),
12-33

(power), 2-3, A-86, A-37

10"( (power of ten), 2-4, A-37

(root), 2-6, A-35

" (seconds notation), 2-23, A-38

(square), 2-38, A-36

v{ (square root), 2-3, A-37

Store, 1-14, A-28

(string indicator}, 15-3

- (subtraction), 2-3, A-38

v v
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-A-

a+bhi (rectangular complex mode),
1-12, 2-16, A-3
above graph style(™), 3-9
abs( {absolute value), 2-13, 2-19,
10-10,A-2
accuracy information
computational and graphing, B-10
graphing, 8-17
function limits and results, B-11
addition (+), 2-3, A-38
alpha cursor, 1-5
alpha key, 8
alpha-lock, 1-8
alternative hypothesis, 13-7
amortization
bal({ (amortization balance), 14-9,
A-3
calculating schedules, 14-9
formula, A-56
ZInt{ (sum of interest}), 14-9, A-12
IPrn{ (sum of principal), 14-9, A-19
and (Boolean operator), 2-26, A-2
angle(, 2-19, A-2
ANGLE menu, 2-23
angle modes, 1-11
animate graph style (i), 3-9
ANOVA( (one-way variance analysis),
13-25,A-2
formula, A-51
Ans (last answer), 1-18, A-2
APD™ (Automatic Power Down™), 1-2
applications. See examples,
applications
arccosine (cos (), 2-8
aresine (sin™1), 2-8
arctangent (tan™(), 2-3
augment(, 10-14, 11-15, A-3
Automatic Power Down™ (APD™), 1-2
automatic regression equation, 12-22
automatic residual list (RESID), 12-22
axes format, sequence graphing, 6-8
axes, displaying (AxesOn, AxesOff),
3-14,A-3
AxesOff, 3-14, A-3
AxesOn, 3-14 A-3

Index-1



-B-

hacking up calcwlator memory, 19-4,
19-10

hal{ (amortization balance), 14-9, A-3

hatteries, 1-2, B-2

below graph style (k), 3-9

binomedf(, 13-33, A-3

binompdf(, 13-33 A-3

Boolean logic, 2-26

box pixel mark (&), 8-15, 12-34

Boxplot plot type ( ), 12-33

busy indicator, 1-4

-C -

CALCULATE menu, 3-25
Calculate output option, 13-6, 13-8
cash flow
calculating, 14-8
formula, A-57
irr{ (internal rate of return), 14-&,
A-13
npv( (net present value), 14-8, A-17
CATALOG, 15-2
CBL 2/CBL System, 16-21, 19-3, A-10
CBR, 16-21, 19-3, A-10
Check RAM (memory screen), 18-2
chi-square cdf (y2cdf(), 13-31, A-3
chi-square pdf (y2pdf(), 13-31, A-4
chi-square test (y2-Test), 13-22, A-4
Circle( (draw circle), 811, A-4
Clear Entries, 18-4, A-4
clearing
entries {Clear Entries), 18-4, A-4
all lists (ClrAliLists), 18-4, A-4
drawing (ClrDraw), 8-4, A-4
home screen (ClrHome), 16-20, A-4
list (ClrList), 12-20, A-4
table (ClrTable)}, 16-20, A-4
ClrAllLists (clear all lists), 18-4, A-4
ClrDraw (clear drawing), 8-4, A-4
CirHome (clear home screen), 16-20,
A4
ClrList (clear list), 12-20, A-4
ChrTable (clear table), 16-20, A-4
coefficients of determination (r2, R?),
12-23
colon separator {2), 6, 16-5
combinations (nCr), 2-21, A-16

Index-2

- C (continued) -

complex
modes (a+bi, re”8i), 1-12, 2-16, A-3,
A-22
numbers, 1-12, 2-16, 2-18, A-22
compounding-periods-per-year variable
(CIY), 14-4, 14-14
concatenation (+), 15-6, A-38
confidence intervals, 18-8, 13-16 -
13-21
conj{ (conjugate), 2-18, A-4
Connected (plotting mode), 1-11, A-4
contrast {(display), 1-3
convergence, sequence graphing, 6-12
conversions
»Dec (to decimal), 2-5, A-5
»DMS (to degrees/minutes/ seconds),
2-24, A-7
»Eff (to effective interest rate),
14-12, A-7
EqurString( (equation-to-string
conversion), 15-7, A-8
»Frac (to fraction conversion), 2-5,
A-10
Listtmatr({ (list-to-matrix
conversion), 10-14, 11-15, A-14
Matrrlist{ (matrix-to-list conversion),
10-14, 11-16, A-15
»Nom (to nominal interest rate
conversion), 14-12, A-16
»Polar (to polar conversion), 2-19,
A-19
PrRx(, PPRy( {polar-to-rectangular
conversion), 2-24, A-21
»Rect (to rectangular conversion),
2-19, A-22
RyPr{, ReP8( (rectangular-to-polar
conversion), 2-24, A-23
StringpEqui{ (string-to-equation
conversion), 15-8, A-29
CoordOff, 3-14, A-5
Coord®n, 3-14, A-5
correlation coefficient (r), 12-23, 12-25
to 12-27
cos{ (cosine), 2-3, A-5
cos™{ (arccosine), 2-3, A-5
cosh{ (hyperbolic cosine), 15-10, A-5



- D (continued) -

cosh™{ (hyperbolic arccosine), 15-10,
A-5

cosine (cos(), 2-8, A-5

cross pixel mark (+), 815, 12-34

cube ( 3,26, A-35

cube root (3(3, 2-6, A-35

CubicReg (cubic regression), 12-26,
A-5

cubic regression (CubicReq), 12-26,
A-5

cumulative sum (cumSumy), 10-15,
11-12, A-5

cumSum( {cumulative sum), 10-15,
11-12, A-5

cursors, 1-5, 1-8

C/Y (compounding-periods-per-year
variable}, 14-4, 14-14

-D-

Data input option, 13-6, 13-7

days between dates (dbd(), 14-13, A-5,
A-58

dbd( (days between dates), 14-13, A-5,
A-58

»Dec (to decimal conversion), 2-5, A-5

decimal mode (float or fixed), 1-10

decrement and skip (DS<(}, 16-14, A-7

definite integral, 2-7, 3-28, 4-8, 5-6

Degree angle mode, I-11,2-23, A-6

degrees notation (%), 2-3, A-34

DELETE FROM menu, 18-3

delete variable contents (DelVar),
16-15, A-6

DelVar (delete variable contents),
16-15, A-6

DependAsk, 7-3, 7-5, A-6

DependAuto, 7-3, 7-5, A-6

derivative. See numerical derivative

det{ (determinant), 10-12, A-6

determinant (det(), 10-12, A-6

DiagnosticOff, 12-23, A-6

DiagnosticOn, 12-23, A-6

diagnostics display mode(r, r2, R2),
12-23

differentiation, 2-8, 3-28, 4-8, 5-6

- D (continued) -

dimensioning a list or matrix, 10-12,
10-13,11-11, A-6
dim( (dimension), 10-12, 11-11, A-6
>dim( (assign dimension), 10-13,
11-11, A-6
Disp (display), 16-18, A-6
DispGraph (display graph), 16-19, A-7
display contrast, 1-3
display cursors, 1-5
DispTable (display table), 16-19, A-7
DISTR (distributions menu), 13-29
DISTR DRAW (distributions drawing
menu), 13-35
distribution functions
binomedf{, 13-33, A-3
binompdf{, 13-33, A-3
v2edf(, 13-31, A-3
v2pdf(, 13-31, A-4
Fedf(, 13-32, A-8
Fpdf(, 13-32, A-9
geometcdf(, 1.3-34, A-10
geometpdf(, 13-34, A-11
invNorm(, 13-30, A-12
normalcdf(, 13-30, A-17
normalpdf{, 13-29, A-17
poissoncdf(, 13-34, A-99
poissonpdf(, 13-33, A-19
tcdf(, 13-31, A-29
tpdf(, 13-30, A-29
distribution shading instructions
Shadey?(, 13-36, A-26
Shadel(, 13-36, A-27
ShadeNorm(, 13-35, A-27
Shade_t(, 13-36, A-27
division (/), 2-3, A-37
DMS (degrees/minutes/seconds entry
notation), 2-23, A-38
»DMS (fo degrees/minutes/seconds),
2-24, A-7
dot graph style (), 3-9
dot pixel mark (v), 815, 12-34
Dot (plotting mode), I-11, A-7
DrawF (draw a function), 8-9, A-7

Index-3



- D (continued) -

drawing on a graph
circles (Circle(), 8-11
functions and inverses (DrawF,
Drawlnv), 8-9
lines (Horizontal, Line(, Vertical),
8-6, 8-7
line segments (Line(), 8-5
pixels (Pxi-Change, Pxi-Off Pxl-On,
pxi-Test), 8-16
points (Pt-Change, Pt-Off, Pt-On),
5-14
tangents (Tangent), §-&
text (Text), 8-12
using Pen, &8-13
Drawlnv (draw inverse), 8-9, A-7
DRAW menu, 8-3
DRAW instructions, 8-3 - §-16
Draw output option, 13-6 - 13-8
DRAW POINTS menu, 8-14
DRAW STO (draw store menu}, 8-17
dr/d® operation on a graph, 5-6
BS<( (decrement and skip), 16-14, A-7
DuplicateName menu, 19-5
dx/dt operation on a graph, 3-28, 4-&
dy/dx operation on a graph, 3-28, 4-8,
5-6

-E -

e {constant), 2-4

e (exponential), 2-4, A-7

e{exponent), 1-7, 1-10, A-7

edit keys table, 1-8

»Eff( (to effective interest rate), 14-12,
A7

Else, 16-10

End 16-12, A-8

Eng (engineering notation mode), 1-10,
A-8

entry cursor, 1-5

ENTRY (last entry key), I-16

EOS™ (Equation Operating System),
1-22

eqgn (equation variable), 2-8, 2-12

equal-to relational test (=), 2-25, A-35

Equation Operating System (EOS™),
1-22

Equation Solver, 2-8

equations with mulitiple roots, 2-12

Index-4

- E {continued) -

EqurString{ (equation-to-string
conversion), 15-7, A-8
eITors
diagnosing and correcting, 1-24
messages, B-5
examples—applications
area between curves, 17-11
areas of regular n-sided polygons,
17-16
box plots, 17-2
cobweb attractors, 17-8
fundamental theorem of calculus,
17-14
guess the coefficients, 17-9
inequalities, 17-5
mortgage payments 17-18
parametric equations: ferris wheel
problem, 17-12
piecewise functions, 17-4
Sierpinski triangle, 17-7
solving a system of nonlinear
equations, 17-6
unit circle and trig curves, 17-10
examples—Getting Started
box with lid 9 to 16
defining a, 9
defining a table of values, 10
finding calculated maximuin, 16
setting the viewing window, 12
tracing the graph, 13
zooming in on the graph, 15
zooming in on the table, 11
coin flip, 2-2
compound interest, 14-3
drawing a tangent line, 8-2
financing a car, 14-2
forest and trees, 6-2
denerating a sequence, 11-2
graphing a circle, 3-2
mean height of a population, 13-2
path of a ball, 4-2
pendulum lengths and periods, 12-2
polar rose, 5-2



- E (continued) -

examples—{Gretting Started (continued)
quadratic formula
converting to a fraction, 7
displaying complex results, 8
entering a calculation, 6
rootsof a, 7-2
sending variables, 19-2
solving a system of linear equations,
10-2
unit eircle, 9-2
volume of a cylinder, 16-2
examples—miscellaneous
convergence, 6-12
daylight hours in Alaska, 12-28
calculating outstanding loan
balances, 14-10
predator-prey model, 6-13
exponential regression { ExpReg),
12-26, A-8
expr( (string-to-expression conversion),
15-7, A-8
ExpReg (exponential regression),
12-26, A-8
expression, 1-6
converting from string (expr(), 15-7,
A-8
furning on and off (ExprOn,
ExprOff), 3-14, A-8
ExprOff (expression off), 3-14, A-8
ExprOn (expression on), 3-14, A-8

-F-

[f(x)dx operation on a graph, 3-28
factorial (1), 2-21, A-34
family of curves, 3-16
Fedf(, 13-32, A-8
Fill{, 10-13, A-8
FINANCE CALC menu, 14-5
FINANCE VARS menu, 14-14
financial functions
amortization schedules, 14-9
cash flows, 14-8
days between dates, 14-13
interest rate conversions, 14-12
payment method, 14-13
time value of money (TVM}, 14-6

- F {continued) -

Fix (fixed-decimal mode), 1-10, A-8
fixed-decimal mode (Fix), 1-10, A-8
Float (floating-deciimal mode), 1-10,
A-8
floating-decimal mode (Float), 1-10,
A-8
fMax{ (function maximum), 2-6, A-9
fMin{ (function minimum), 2-6, A-9
fnint( (function integral), 2-7, A-9
FnOff (function off), 3-8, A-9
FnOn (function on}, 3-8, A-9
For{, 16-10, A-9
format settings, 3-13, 6-8
formulas
amortization, A-56
ANOVA, A-51
cash flow, A-57
days between dates, A-58
factorial, 2-21
interest rate conversions, A-57
logistic regression, A-50
sine regression, A-50
time value of money, A-54
two-sample F-Test, A-52
two-sample ¢ test, A-53
fPart{ (fractional part}, 2-14, 10-11, A-9
Fpdf(, 13-32, A-9
»Frac (to fraction), 2-5, A-10
free-moving cursor, 3-17
frequency, 12-24
Full {full-screen mode), 1-12, A-10
full-screen mode (Full), 1-12, A-10
Func (function graphing mode), I-11,
A-10
funection, definition of, 1-7
function graphing, 3-1 to 3-28
accuracy, 3-17
CALC {calculate menu), 3-25
defining and displaying, 3-3
defining in the Y= editor, 3-5
defining on the home screen, ina
program, 3-6
deselecting, 3-7
displaying, 3-8 8-11,3-15
evaluating, 3-6
family of curves, 3-16
format settings, 3-13

Index-5



- F (continued) -

Function graphing (continued)
free-moving cursor, 3-17
¢raph styles, 3-9
maximum of (fMax(), 2-6, A-9
minimum of (fMin(), 2-6, A-9
modes, I-11, 3-4, A-10
moving the cursor to a value, 3-19
overlaying functions on a graph,
3-16
panning, 3-19
pausing or stopping a graph, 3-15
Quick Zoom, 3-19
selecting, 3-7, 3-8, A-9
shading, 3-10
Smart Graph, 3-15
tracing, 3-18
window variables, 3-11, 3-12
Y= editor, 3-5
viewing window, 3-11
AX and AY window variables, 3-12
ZOOM menu, 3-20
ZOOM MEMORY menu, 3-23
function integral (fnint(), 2-7, A-9
functions and instructions table, A-2 to
A-2
future value, 14-5, 14-7, 14-14
present value, 14-5, 14-7, 14-14
FV (future-value variable), 14-4, 14-14

-G -

ged( (greatest common divisor), 2-15,
A-10

GDB (graph database), 8-19

geometcdf( 13-34, A-10

geometpdf(, 13-34, A-10

Get( (get data from CBL 2/CBL or
CBR), 16-21, A-10

GetCalc( (get data from TI-83), 16-21,
A-10

getKey, 16-20, A-10

Getting Started, I to 18. See also
examples, Getting Started

Goto, 16-13, A-10

Index-6

- G (continued) -

graph database (GDB), 8-19

¢graphing modes, 1-11

¢graphing-order modes, 1-12

GraphStyle(, 16-15, A-11

graph styles, 3-9

graph-table split-screen mode (G-T),
1-12 9-5, A-11

greater than {»), 2-25, A-35

greater than or equal to (»), 2-25, A-35

greatest common divisor (ged{), 2-15,
A-10

greatest integer (int(), 2-14, 10-11,
A-12

GridOff, 3-14, A-11

GridCn, 3-14, A-11

G-T (graph-table split-screen mode),
1-12,9-5, A-11

-H-

Histogram plot type (dhm), 12-32

home screen, 1-4

Horiz (horizontal split-sereen mode),
1-12,9-4, A-11

hyperbolic functions, 15-10

Horizontal (draw line), 8-6 - 8-7, A-11

hypothesis tests, 13-10 - 13-15

i {complex number constant), 2-17
[% (annual interest rate variable), 14-4,
14-14%

identity(, 10-13, A-11
If instructions

if, 16-9, A-11

if-Then, 16-9, A-11

if-Then-Else, 16-10, A-11
imag( (imaginary part), 2-18, A-11
imaginary part (imag(), 2-18, A-11
implied multiplication, 1-23
increment and skip (1S>(), 16-13, A-13
IndpntAsk, 7-3, A-12
IndpntAuto, 7-3, A-12
independent variable, 7-3, A-12
inferential stat editors, 13-6



- | {continued) -

inferential statistics. See also stat tests;
confidence intervals
alternative hypotheses, 13-7
hypassing editors, 13-8
calculating test results (Calculate),
13-8
confidence interval calculations,
13-8, 13-16 - 13-21
data input or stats input, 13-7
entering argument values, 13-7
graphing test results (Draw), 13-&
input descriptions table, 13-26
pooled option, 13-&
STAT TESTS menu, 13-9
test and interval output variables,
13-28
Input, 16-16, 16-17, A-12
insert cursor, 1-5
inString( (in string), 15-7, A-12
mstruction, definition of, I-7
int( (greatest integer), 2-14, 10-11,
A-12
Zint{ (sum of interest), 14-9, A-12
integer part (iPart{), 2-14, 10-11, A-12
integral. See numerical integral
mterest rate conversions
calculating, 14-12
»EF( (compute effective interest
rate), 14-12, A-7
formula, A-57
»Nom{ (compute nominal interest
rate), 14-12, A-16
internal rate of return (irr(}, 14-8, A-13
intersect operation on a graph, 3-27
inverse (1), 2-3, 8-9, 10-10, A-36
mverse cumulative normal distribution
(invNorm({), 13-30, A-12
mverse trig functions, 2-3
invNorm( {inverse cumulative normal
distribution), 13-30, A-12
iPart{ (integer part), 2-14, 10-11, A-12
irr( (internal rate of return}, 14-8, A-13
IS>( (increment and skip}, 16-13, A-18

keyboard

layout, 2, 3

math operations, 2-3
key-code diagram, 16-20

-L-

L (user-created list name symbol),
11-16, A-13
LabelOff 3-14, A-13
LabelOn, 3-14, A-13
labels
graph, 3-14, A-13
program, 16-13, A-13
Last Entry, 1-16
Lbl (label), 16-13, A-13
lem({ (least common multiple), 2-15,
A-13
least common multiple (lem(}, 2-15,
A-13
length{ of string, 15-8, A-13
less than (<), 2-25, A-35
less than or equal to (<), 2-25, A-36
line graph style (»), 3-8
Line{ (draw line), 8-5, A-13
line segments, drawing, 8-5
lines, drawing, 8-6, -7
linking
receiving items, 19-5
to a CBL 2/CBL System or CBR, 19-8
to a PC or Macintosh, 19-3
toa TI-82, 19-3, 19-8
transmitting items, 19-6
two TI-83 units, 19-3
LINK RECEIVE menu, 19-5
LINK SEND menu, 19-4
LinReg(a+bx) (linear regression),
12-26, A-14
LinReg(ax+b) (linear regression),
12-25, A-14
LinRegTTest (linear regression t test),
13-24, A-14
alist(, 11-12, A-14
LIST MATH menu, 11-17
Listrmatr( (lists-to-matrix conversion),
10-14, 11-15, A-14
LIST NAMES menu, 11-6
LIST OPS mienu, 11-10

Index-7



- L (continued) -

lists, i1-1to i1-18
accessing an element, 11-5
attaching formulas, 11-7, 12-14
clearing all elements, 12-12, 12-20
copying, 11-5
creating, 11-3, 12-12
deleting from memory, 11-5, 18-3
detaching formulas, 11-8, 12-16
dimension, 11-4, 11-11
entering list names, 11-6, 12-11
indicator ({ }), 11-%4
naming Hsts, 11-3
storing and displaying, 11-4
transmitting to and from TI-82, 19-4
using in expressions, 11-9
using to graph a family of curves,
3-16, 11-5
using to select data points from a
plot, 11-18
using with math functions, 11-9
using with math operations, 2-3
in(, 2-4, A-14
LnReg (logarithmic regression), 1.2-26,
A-14
fog(, 2-4, A-14
logic (Boolean) operators, 2-26
Logistic (regression), 12-27, A-15
logistic regression formula, A-50

-M -

MATH CPX (complex menu}, 2-18
MATH menu, 2-5
MATH NUM {number menu), 2-18
math operations, keyboard, 2-3
MATH PRB (probability menu), 2-20
Matnlist{ (matrix-to-list conversion),
10-14, 11-16, A-15
matrices, 10-1 to 10-16
accessing elements, 10-8
copying, 10-8
defined, 10-3
deleting from memory, 10-4
dimensions, 10-3, 10-12, 10-13
displaying a matrix, 10-8
displaying matrix elements, 10-4
editing matrix elements, 10-6

Index-8

- M (continued) -

mafrices, {continued)
indicator ([ ]}, 10-7
inverse (1), 10-10
math functions, 10-9 to 10-11
matrix math functions {det(, T, dim{,
Fill{, identity(, randM(, augment(
Matprlist(, Lisbmatr(, cumSumy),
10-12to 10-16
referencing in expressions, 10-7
relational operations, 10-11
row operations(ref(, rref(, rowSwap(,
row+(, ~row(, srow+{ ), 10-15
selecting, 10-3
viewing, 10-5
MATRX EDIT menu, 10-3
MATRX MATH menu, 10-12
MATRX NAMES menu, 10-7
max( (maximum), 2-15, 11-17, A-15
maximum of a function (fMax(), 2-6,
A-9
maximum operation on a graph, 3-27
mean(, 11-17, A-15
median{, 11-17, A-15
Med-Med (median-median), 12-25,
A-15
memory
backing up, 19-10
checking available, 18-2
clearing all list elements from, 18-4
clearing entries from, 18-4
deleting items from, 18-3
insufficient during transmission,
19-5
resetting defaunlts, 15-6
resetting memory, 158-5
MEMORY menu, 18-2
Menu{ (define menu), 16-14, A-15
menus, 4, 1-19
defining (Menu(), 16-14, A-15
map, A-39
scrolling, 1-19
min{ (minimum), 2-15, 11-17, A-16
minimum operation on a graph, 3-27
minimum of a function (fMin{), 2-6, A-9
minutes notation ("), 2-23, A-38
ModBoxplot plot type (L), 12-82

bl



- M (continued) -

modified box plot type (&), 12-32
mode settings, 1-9
a+bi {complex rectangular), 1-12,
2-16, A-8
re”8i {complex polar), 1-12, 2-16,
A-22
Connected (plotting), I-11, A-4
Degree (angle), I-11, 2-24, A-6
Dot (plotting), 1-11, A-7
Eng (notation), 1-10, A-8
Fix (decimal), I-10, A-8
Float (decimal), 1-10, A-8
Full {(screeny), 1-12, A-10
Func (graphing), 1-11, A-10
G-T {screen), 1-12, A-11
Horiz (screen), 1-12, A-11
Normal (notation), 1-10, A-16
Par/Param (graphing), 1-11, A-18
Pol/Polar (graphing), 1-11, A-19
Radian (angle), 1-11, 2-24, A-21
Real, 1-12, A-22
Sci (notation), 1-10, A-25
Seq (graphing), 1-11, A-26
Sequential (graphing order), 1-12,
A-20
Simut (graphing order), 1-12, A-27
modified box plot type (&), 12-32
multiple entries on a line, 1I-6
multiplication (¥), 2-3, A-37
multiplicative inverse, 2-3

-N-

N (number of payment periods
variable), 14-4, 14-14

nCr (number of combinations), 2-21,
A-16

nDeriv{ (numerical derivative), 2-7,
A-16

negation {-), 1-23, 2-4, A-37

sNomy( (to nominal interest rate), 14-12,
A-16

nonrecursive sequences, 6-5

normal distribution probability
(normalcdf(), 13-30, A-17

Normal notation mode, I-10, A-16

normal probability plot type (k=Z),
12-33

- N (continued) -

normalcdf( (normal distribution
probability), 13-30, A-17

normalpdf( (probability density
function), 13-29, A-17

NormProbPlot plot type (L), 12-33

not( (Boolean operator), 2-26, A-17

not equal to (#), 2-25, A-35

nPr (permutations), 2-21, A-17

npv( (net present value), 14-8, A-17

numerical derivative, 2-7, 3-28, 4-8,
5-6

numerical integral, 2-7, 3-28

-0 -

one-proportion z confidence interval
(1-PropZint}, 13-20, A-20

one-proportion 2 test (1-PropZTest),
13-14, A-20

one-sample ¢ confidence interval
(Tinterval), 13-17, A-80

one-variable stafistics (1-Var Stats),
12-25  A-31

or (Boolean) operator, 2-26, A-17

order of evaluating equations, 1-22

Output(, 9-6, 16-19, A-18

-pP-

panning, 3-19
Par/Param (parametric graphing
mode), 1-9, 1-11, A-18
parametric equations, 4-5
parametric graphing
CALC (calculate operations on a
graph), 4-8
defining and editing, 4-4
free-moving cursor, 4-7
graph format, 4-6
graph styles, 4-4
moving the cursor to a value, 4-&
selecting and deselecting, 4-5
setting parametric mode, 4-4
tracing, 4-7
window variables, 4-5
Y= editor, 4-4
Zoom operations, 4-8
parentheses, 1-23
path (4) graph style, 3-9

Index-9



- P (continued) -

Pause, 16-12, A-18
pausing a graph, 3-15
Pen, 8-13
permutations (nPr), 2-21, A-17
phase plots, 6-13
Pi (x), 2-4
Pic (pictures), 8-17, 8-18
pictures (Pic), 817, 8-18
pixel, 8-16
pixels in Horiz/G-T modes, 8-16, 9-6
Plot1(, 12-34, A-18
Plot2(, 12-34, A-18
Plot3(, 12-34, A-18
PlotsOff, 12-35, A-18
PlotsOn, 12-35, A-18
plotting modes, 1-11
plotting stat data, 12-31
PMT (payment amount variable), 14-4,
14-14
Pmt_Bgn (payment beginning
variable), 14-13, A-19
Pmt_End (payment end variable},
14-13, A-19
poissoncdf(, 13-34, A-19
poissonpdf{, 13-33, A-19
Pol/Polar (polar graphing mode), 1-9,
1-11,A-19
polar equations, 5-4
polar form, complex numbers, 2-17
»Polar (to polar), 2-19, A-19
polar graphing
CALC (calculate operations on a
graph), 5-6
defining and displaying, 5-3
equations, 5-4
free-moving cursor, 5-6
graph format, 5-5
graph styles, 5-3
moving the cursor to a value, 5-6
selecting and deselecting, 5-4
mode (Pol/Polar), 1-9, 1-11, 5-3,
A-19
tracing, 5-6
window variables, 5-4
Y= editor, 5-3
ZOOM operations, 5-6
PolarGC (polar graphing coordinates),
3-13, A-19

Index-10

- P {continued) -

pooled option, 13-6, 13-8
power (), 2-8, A-36, A-37
power of ten (104(), 2-4, A-37
present value, 14-5, 14-7, 14-14
previous entry (Last Entry), I1-16
PRGM CTL (program control menu),
16-8
PRGM EDIT menu, 16-7
PRGM EXEC menu, 16-7
PRGM /O (Input/Output menu), 16-16
prgm (program name), 16-15, A-19
PRGM NEW mern, 16-4
IPrn{ {(sum of principal), 14-9, A-19
probability, 2-20
probability density function
(normalpdf(}, 13-29, A-17
prod{ (product}, 11-18, A-19
programuming
copying and renaming, 16-7
creating new, 16-4
defined, i6-4
deleting, 16-4
deleting command lines, 16-6
editing, 16-6
entering command lines, 16-5
executing, 16-5
instructions, 16-9 - 16-21
inserting command lines, 16-6
name (prgm), 16-15, A-19
renaming, 16-7
stopping, 16-5
subroutines, 16-22
Prompt, 16-18 A-19
1-PropZint (one-proportion
2z confidence interval), 1.3-20,
A-20
1-PropZTest (one-proportion z test),
13-14, A-20
2-PropZint (two-proportion
2z confidence interval), 13-21,
A-20
2-PropZTest (two-proportion 2 test),
18-15, A-20
PrRx(, PPRy( (polar-to-rectangular
conversions), 2-24, A-21
Pt-Change(, 8-15, A-20
Pt-Off{, 8-15, A-20
Pt-On{, 8-14, A-20



- P (continued) -

PV (present value variable), 14-4,
14-14

p-value, 13-28

PwrReg (power regression), 12-27,
A-20

Pxl-Change{(, 8-16, A-21

PxI-Off(, 816, A-21

Pxl-On{, 8-16, A-21

pxl-Test(, 5-16, A-21

P/Y (number-of-payment-periods-per-
year variable), 14-4, 14-14

- Q -

QuadReg {quadratic regression),
12-25, A-21

QuartReg (quartic regression), 12-26

Quick Zoom, 3-19, A-21

-R-

" (radian notation), 2-24, A-34

r {correlation coefficient), 12-23

r2, R2 (coefficients of determination),
12-23

Radian angle mode, 1-11, 2-24, A-21

radian notation ("), 2-24, A-34

rand (random number), 2-20, A-21

randBin{ (random binomial), 2-22,
A-21

randint{ (random integer), 2-22, A-22

randM( (random matrix), 10-13, A-22

randNorm{( (random Normal), 2-22,
A-22

random seed, 2-20, 2-22

RCL (recall), I-15, 11-9

re™6i (polar complex mode), 1-12,
2-16, A-22

Real mode, 1-12, A-22

real( (real part), 2-18, A-22

RecallGDB, 8-20, A-22

RecallPic, 8-18, A-22

»Rect (to rectangular), 2-19, A-22

rectangular form, complex numbers,
2-17

RectGC (rectangular graphing
coordinates), 3-13, A-22

recursive sequences, 6-6

ref{ (row-echelon form), 10-15, A-22

- R (continued) -

RegEQ (regression equation variable),
12-22, 12-29
regression model
automatic regression equation,
12-22
automatic residual list feature,
12-22
diagnostics display mode, 12-23
models, 12-25
relational operations, 2-25, 10-11
Repeat, 16-11, A-23
RESET menu, 18-5
resetting
defaults, 18-6
memory, 5, 18-5
residual list (RESID), 12-22
Return, 16-15, A-23
root {X), 2-6, A-35
root of a function, 3-26
round(, 2-13, 10-10, A-23
row+{, 10-16, A-23
xrow(, 10-16, A-23
srow+(, 10-16, A-23
rowSwap(, 10-16, A-23
RPr(, RP8( (rectangular-to-polar
conversions), 2-24, A-23
rref{ (reduced-row-echelon form),
10-15, A-23

-8 -

2-SampFTest (two-sample F-Test),
18-23, A-24

2-SampTint (two-sample ¢ confidence
mterval), 13-19, A-24

2-SampTTest (two-sample £ test),
18-13, A-24, A-25

2-SampZint (two-sample 2 confidence
interval), 13-18, A-25

2-SampZTest (two-sample z test),
13-12, A-25

Scatter plot type (=), 12-31

Sci (scientific notation mode), 1-10,
A-25

scientific notation, 1-7,1-10

screen modes, 1-12

second cursor (2nd), 1-5

second key (2nd), 8

Index-11



- S (continued) -

seconds DMS notation ("), 2-23
Select(, 11-12, A-25
selecting
data points from a plot, 11-13
functions from the home screen or a
program, 3-8
functions in the Y= editor, 3-7
items from menus, 4
stat plots from the Y= editor, 3-7
Send( (send to CBL 2/CBL or CBR),
16-21, A-26
sending. See transmifting
Seq (sequence graphing mode), I-11,
A-20
seq{ (sequence), 11-12, A-26
sequence graphing
axes format, 6-8
CALC {calculate menu), 6-10
defining and displaying, 6-3
evaluating, 6#-10
free-moving cursor, 6-9
graph format, 6-8
graph styles, 6-4
moving the cursor to a value, 6-9
nonrecursive sequences, -5
phase plots, 6-13
recursive sequences, 6-6
setting sequence mode, 6-3
selecting and deselecting, 6-4
TI-83 versus TI-82 table, 6-15
tracing, 6-9
web plots, 6-11
window variables, 6-7
Y= editor, 6-4
ZOOM (zoom menu), 6-10
Sequential (graphing order mode),
1-12, A-26
service information, B-12
setting
display contrast, 1-3
¢graph styles, 3-9
¢graph styles from a program, 3-10
modes, 1-9
modes from a program, 1-9
split-screen modes, 9-8
split-screen modes from a program,
9-6
fables from a program, 7-3

Index-12
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SetUpEditor, 12-21, A-26
shade above (%) graph style, 3-9
shade below (k) graph style, 3-10
Shade(, 8-9, A-26
Shadey?(, 13-36, A-26
ShadeF{(, 13-36, A-27
ShadeNorm(, 13-35, A-27
Shade_t(, 13-36, A-27
shading graph areas, 3-10, 8-10
Simut (simultaneous graphing order
mode), 1-12, A-27
sin{ (sine), 2-3, A-27
sin"1( (arcsine), 2-3, A-27
sine (sin{}, 2-3, A-27
sine regression formula, A-50
sinh{ (hyperbolic sine), 15-10, A-27
sinh™!{ (hyperbolic arcsine), 15-10,
A-27
SinReg (sinusoidal regression), 12-27,
A-28
Smart Graph, 3-15
solve(, 2-12, A-28
Solver, 2-8
solving for variables in the equation
solver, 2-10,2-11
SortA( (sort ascending), 11-10, 12-20,
A-28
SortD{ (sort descending), 11-10, 12-20,
A-28
split-screen modes
G-T (graph-table) mode, 9-5
Horiz (horizontal) mode, 9-4
setting, 9-3, 9-6
split-screen values, 8-12, 8-16, 9-6
square (2), 2-3, A4-36
square root (v{), 2-3, A-37
STAT CALC menu, 12-24
STAT EDIT menu, 12-20
stat list editor
attaching formulas to list names,
12-14
clearing elements from lists, 12-12
creating list names, 12-12
detaching formulas from Hst names,
12-16
displaying, 12-10
edit-elements context, 12-18



- S (continued) -

stat list editor (continued)

editing elements of formula-
generated lists, 12-16

editing list elements, 12-13

enter-names context, 12-19

entering list names, 12-11

formula-generated list names, 12-15

removing lists, 12-12

restoring list names L1-Ls, 1.2-12,
12-21

switching confexts, 12-17

view-elements context, i2-18

view-names context, 12-19

STAT PLOTS menu, 12-34%
stat tests and confidence intervals

ANOVA( (one-way analysis of
variance), 13-25

y~Test (chi-square test), 13-22

LinRegTTest (linear regression
ttest), 13-24

1-PropZint (one-proportion
z confidence interval), 13-20

1-PropZTest (one-proportion z test),
13-14

2-PropZint (two-proportion
z confidence interval), 13-21

2-PropZTest (two-proportion z test),
13-15

2-SampFTest (two-sample F-Test),
13-28

2-SampTint (two-saniple
t confidence interval), 13-19

2-SampTTest (fwo-sample £ test),
13-13

2-SampZint (two-sample
z confidence interval), 13-18

2-SampZTest (two-sample z test),
13-12

Tinterval (one-sample ¢ confidence
interval), 18-17

T-Test (one-sample ¢ test), 13-11

ZlIntervai (one-sample 2 confidence
interval), 13-16

Z-Test (one-sample = test), 13-10

- S {continued) -

statistical plotting, 12-31
Boxplot (regular box plot}, 12-33
defining, 12-34
from a program, 12-37
Histogram, 12-32
ModBoxplot (modified box plot),
12-32
NormProbPlot (normal probability
plot), 12-38
Scatter, 12-31
tracing, 12-36
turning on/off stat plots, 8-7, 12-35
viewing window, 12-36
xyLine, 12-31
statistical variables table, 12-29
stdDev( {standard deviation), 11-185,
A-28
Stop, 16-15, A-28
Store (), 1-14, A-28
StoreGDB, 8-19, A-28
StorePic, 8-17, A-29
storing
graph databases (GDBs), 8-19
graph pictures, 8-17
variable values, 1-14
StringrEqu( (string-to-equation
conversions), 15-8, A-29
strings, 15-3 to 15-9
concatenation (+), 15-6, A-38
converting, 15-7, 15-8
defined, 15-3
displaying contents, 15-5
entering, 15-3
functions in CATALOG, 15-6
indicator ("), 15-3
length (length(}, 15-8, A-13
storing, 15-5
variables, 15-4
student-¢ distribution
probability (tedf(), 13-31, A-29
probability density function (tpdf(),
13-30, A-30
sub( (substring), 15-9, A-29
subroutines, 16-15, 16-22

Stats input option, 13-6, 13-7

STAT TESTS menu, 13-9

gtatistical distribution functions. See
distribution functions

subtraction (-), 2-3, A-38
sum{ (summation), 11-18, A-29
gystem variables, A-49

Index-13
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TABLE SETUP screen, 7-3
tables, 7-1 to 7-6
description, 7-5
variables, 7-3to 7-5
tan{ (tangent), 2-3, A-29
tan™( (arctangent), 2-3, A-29
tangent. (tan(), 2-3, A-29
Tangent( (draw line), 8-8, A-29
tangent lines, drawing, 8-8
tanh{ (hyperbolic tangent), 15-10, A-29
tanh™!{ (hyperbolic arctangent), 15-10,
A-29
ATbl (table step variable), 7-3
ThiStart (table start variable), 7-3
tedf{ (student-t distribution
probability}, 13-31, A-29
technical support, B-12
TEST (relational menu), 2-25
TEST LOGIC (Boolean menu), 2-26
Text(
instruction, 8-12, 9-6, A-29
placing on a graph, 8-12
Then, 16-9, A-11
thick (%) graph style, 3-9
TI-82
link differences, 19-9
transmitting to/from, 19-4, 19-8,
19-9
TI-83
features, 17, 18
keyboard, 2, 3
key code diagram, 16-20
Link. See linking
menu map, A-39
TI-GRAPH LINK, 19-3
Time axes format, 6-8, A-30
time value of money (TVM}
calculating, 14-6
C/Y variable (number of
compounding periods per year),
14-14
formulas, A-54
FV variable (future value), 14-14
% variable (annual interest rate),
14-14

Index-14
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time value of money (continued)
N variable (number of payment
periods), 14-14
PMT variable (payment amount),
14-14
PV variable (present value), 14-14
P/Y variable (number of payment
periods per year), 14-14
tvm_FV (future value), 14-7, A-31
tvm_I1% (interest rate), 14-7, A-31
tvm_N (# payment periods), 14-7,
A-31
tvm_Pmt (payment amount), 14-6,
A-31
tvm_PV (present value), 14-7, A-31
TVM Solver, 14-4
variables, 14-14
Tinterval (one-sample ¢ confidence
mterval), 13-17, A-30
tpdf{ (student-¢ distribution probability
density function), 13-30, A-30
TRACE
cursor, 3-18
entering numbers during, 3-19, 4-8,
5-6, 6-9
expression display, 3-14, 3-18
Trace instruction in a program, 3-19,
A-30
fransmitting
error conditions, 19-6
from a TI-82 to a TI-83, 19-9
items to another unit, 19-6
lists to a TI-82, 19-4, 19-8
stopping, 19-6
to an additional TI-83, 19-7
T (transpose matrix), 10-12, A-34
transpose matrix (7), 10-12, A-34
frigonometric functions, 2-3
T-Test (one-sample t test), 13-11, A-30



- T (continued) -

turning on and off

axes, 3-14

calculator, 1-2

coordinates, 3-14

expressions, 3-14

functions, 3-7

grid, 3-14

labels, 3-14

pixels, 8-16

points, 8-14

stat plots, 3-7, 12-85
tvm_FV (Tuture value), 14-7, A-31
tvm_I% (interest rate), 14-7, A-31

tvm_N (# payment periods), 14-7, A-31

tvm_Pmt (payment amount), 14-6,
A-81

tvm_PV (present value}, 14-7, A-31

two-proportion z confidence interval
(2-PropZint), 13-21, A-20

two-proportion 2 test (2-PropZTest),
13-15, A-20

two-sample F-Test formula, 4-52

two-sample ¢ test formula, A-53

two-variable statistics (2-Var Stats),
12-25 A-31

-U-

u sequence function, 6-3

user variables, A-49

uv/uvAxes (axes format), 6-8, A-31
uw/uwAxes (axes format), 6-8, A-31

- V -
v sequence function, 6-3
1-Var Stats (one-variable statistics),
12-25 A-31
2-Var Stats (two-variable statistics),
12-25, A-31
value operation on a graph, 3-25

- V {continued) -

variables
complex, 1-13
displaying and storing values, 1-14
equation solver, 2-10
graph databases, 1-13
graph pictures, 1-13
independent/dependent, 7-5
list, 1-13, 11-3
matrix, 1-13, 10-3
real, 1-13
recalling values, 1-15
solver editor, 2-9
statistical, 12-29
string, 15-4, 15-5
test and interval output, 13-28
types, 1-13
user and systeny, 1-13, A-49
VARS and Y-VARS menus, 1-21
variance( (variance of a list), 11-18,
A-31
variance of a list (variance(), 11-18,
A-31
VARS menu
GDB, 1-21
Picture, 1-21
Statistics, 1-21
String, 1-21
Table, 1-21
Window, 1-21
Zoom, 1-21
Vertical (draw line), 8-6, A-31
viewing window, 3-11
vw/uvAxes (axes format), 6-8

-W-

w sequence function, 6-3
warranty information, B-13
Web (axes format), 6-8, A-31
web plots, sequence graphing, 6-11
While, 16-11, A-32
window variables
function graphing, 3-11
parametric graphing, 4-5
polar graphing, 5-4
sequence graphing, 6-7

Index-15
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XFact zoom: factor, 3-24
x-intercept of a root, 3-26

xor (Boolean) exclusive or operator,

2-26, A-32

x™ root (%), 2-6
xyLine (l=~) plot type, 12-31
AX window variable, 3-12

-Y -

YFact zoom factor, 3-24
Y= editor
function graphing, 3-5
parametric graphing, 4-4
polar graphing, 5-3
sequence graphing, 6-4
Y-VARS menu
Function, 1-21
Parametric, 1-21
Polar, 1-21
On/Off, 1-21
AY window variable, 8-12

-Z-

ZBox, 3-20, A-32
ZDecimal, 3-21, A-32

zero operation on a graph, 3-26

Zinteger, 3-22, A-32

Zinterval (one-sample z confidence

interval), 13-16, A-82
zoom, 3-20 to 3-24

cursor, 3-20
factors, 3-24
function graphing, 3-20
parametric graphing, 4-8
polar graphing, 5-6
sequence graphing, 6-10

ZoomFit (zoom to fit function), 3-22,

A-33

Zoom In (zoom in), 3-21, A-32

ZOOM menu, 3-20
ZOOM MEMORY menu, 3-23

Zoom Out (zoom out), 3-21, A-32
ZoomRecl (recall stored window), 3-23,

A-33

ZoomStat (statistics zoom), 3-22, A-33

Index-16

- Z {continued) -

ZoomSto (store zoom window), 3-23,
A-33

ZPrevious (use previous window),
3-23, A-33

ZSquare (sef square pixels), 3-21, A-38

ZStandard (use standard window),
3-22, A-33

Z-Test (one-sample 2 test), 13-10, A-34

ZTrig (trigonometric window), 3-22,
A-3%4
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