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NOTICE

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 protec-
tion against harmful interference in a residential installation. This equipment generates, uses
and can radiate radio frequency energy and, if not installed and used in accordance with the
instructions, may cause harmful interference to radio communications. However, there is no
guarantee that interference will not occur in a particular installation. If this equipment does
cause harmful interference to radio or television reception, which can be determined by turning
the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

* Reorient or relocate the receiving antenna.

¢ Increase the separation between the equipment and receiver.

¢ Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

¢ Consult the dealer or an experienced radio/TV technician for help.

FCC WARNING

Changes or modifications not expressly approved by the party responsible for compliance could
void the user’s authority to operate the equipment.

Proper connectors must be used for connection to host computer and/or peripherals in order to
meet FCC emission limits.

Connector SB-62 Power Graphic Unit to Power Graphic Unit
Connector FA-123 Power Graphic Unit to PC for IBM/Macintosh Machine

Declaration of Conformity
Model Number:  ALGEBRA FX 2.0 PLUS / FX 1.0 PLUS

Trade Name: CASIO COMPUTER CO., LTD.
Responsible party: CASIO AMERICA, INC.
Address: 570 MT. PLEASANT AVENUE, DOVER, NEW JERSEY 07801

Telephone number: 973-361-5400

This device complies with Part 15 of the FCC Rules. Operation is subject to the
following two conditions: (1) This device may not cause harmful interference, and
(2) this device must accept any interference received, including interference that may
cause undesired operation.

FOR CALIFORNIA USA ONLY

Perchlorate Material — special handling may apply. See
www.dtsc.ca.gov/hazardouswaste/perchlorate.

IBM is a registered trademark of International Business Machines Corporation.
Macintosh is a registered trademark of Apple Computer, Inc.




BEFORE USING THE CALCULATOR
FOR THE FIRST TIME...

This calculator does not contain any main batteries when you purchase it. Be sure to
perform the following procedure to load batteries, reset the calculator, and adjust the
contrast before trying to use the calculator for the first time.

1. Making sure that you do not accidently press the key, slide the case onto the
calculator and then turn the calculator over. Remove the back cover from the calculator
by pulling with your finger at the point marked (.

2. Load the four batteries that come with calculator.

* Make sure that the positive (+) and negative (-) ends of the batteries are facing cor-
rectly.

3. Remove the insulating sheet at the location marked “BACK UP” by pulling in the direc-
tion indicated by the arrow.

4. Replace the back cover, making sure that its tabs enter the holes marked @ and turn
the calculator front side up. The calculator should automatically turn on power and
perform the memory reset operation.

MAIM MEMOEIES
CLEARED!

Pres= [MEHMU] EKEY
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P AT
If the Main Menu shown to the right is not on the display, %%é#%d
press the P button on the back of the calculator to E E = e |
perform memory reset. CAS  |ALGEBEA|[TUTOR[TLM |

Toa o] Bl g o i 8
P button * The above shows the ALGEBRA

FX 2.0 PLUS screen.

. Use the cursor keys (®, @, @, ®) to select the SYSTEM icon and press
[Exg, then press (F2)( < ) to display the contrast adjustment screen.

ConLrast
[41Key LhIKey
[ :-
Liaht. Dark

INIT

. Adjust the contrast.
The ® cursor key makes display contrast darker.
The @ cursor key makes display contrast lighter.
(F1) (INIT) returns display contrast to its initial default.

. To exit display contrast adjustment, press [iEN).
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Quick-Start

Quick-Start

Welcome to the world of graphing calculators.

Quick-Start is not a complete tutorial, but it takes you through many of the most common
functions, from turning the power on, and on to graphing complex equations. When
you’re done, you'll have mastered the basic operation of this calculator and will be ready
to proceed with the rest of this user’s guide to learn the entire spectrum of functions
available.

Each step of the examples in Quick-Start is shown graphically to help you follow along
quickly and easily. When you need to enter the number 57, for example, we’ve indi-

cated it as follows:
Press @

Whenever necessary, we've included samples of what your screen should look like.
If you find that your screen doesn’t match the sample, you can restart from the begin-
ning by pressing the “All Clear” button .

TURNING POWER ON AND OFF
To turn power on, press .

OFF
To turn power off, press .

Calculator power turns off automatically if you do not perform any operation within the
Auto Power Off trigger time you specify. You can specify either six minutes or 60
minutes as the trigger time.

USING MODES

This calculator makes it easy to perform a wide range of calculations by simply
selecting the appropriate mode. Before getting into actual calculations and operation
examples, let’s take a look at how to navigate around the modes.

To select the RUN-MAT Mode

1. Press @ to display the Main Menu. % HEHLI e

--
REEUR COHICE EGUH F'RGH

an ALGEERA|TUTOR | T.H
fi éﬁéﬁlv_é ran
* The above shows the ALGEBRA
FX 2.0 PLUS screen.
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Quick-Start

2. Use (@ ) @ (¥ 1o highlight RUN - MAT
and then press .

This is the initial screen of the RUN - MAT Mode,

where you can perform manual calculations,
matrix calculations, and run programs.

BASIC CALCULATIONS

With manual calculations, you input formulas from left to right, just as they are written
on paper. With formulas that include mixed arithmetic operators and parentheses, the
calculator automatically applies true algebraic logic to calculate the result.

Example: 15 x 3 + 61

1. Press to clear the calculator.

2.rress () (B) X] B (B (6] (D g [==+et 16

Parentheses Calculations
Example: 15 x (3 + 61)

1. Press E] @ @ Lws+el 166
@ E] . 15 C3+510 a5

Built-In Functions

This calculator includes a number of built-in scientific functions, including trigonometric
and logarithmic functions.

Example: 25 x sin 45°

Important!

Be sure that you specify Deg (degrees) as the angle unit before you try this
example.
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Quick-Start

SET UP

1. Press |CTRL @ to display the SET UP screen.

2. Press @ @ @ @ @ (Deg) to specify

degrees as the angle unit.

3. Press to clear the menu.
4. Press to clear the unit.
5.Press@@®@@@_

REPLAY FEATURE

EL,IFIC- |}'F"E' :E_

Lraw Trre fConnect
Leriwative =

[ComFlDaC THEX [Ein 0G|

20¥=in 459
17.6TTEE9S3

With the replay feature, simply press @ or @ to recall the last calculation that
was performed so you can make changes or re-execute it as it is.

Example: To change the calculation in the last example from (25 x sin 45°) to

(25 x sin 55°%)

1. Press @ to display the last calculation.

2. Press @ twice to move the cursor (3) to 4.
3. Press to delete 4.
4. Press @

5. Press to execute the calculation again.

19990401

25¥=in 55
28.47280111




4
Quick-Start

FRACTION CALCULATIONS

You can use the key to input fractions into calculations. The symbol “ 1” is used
to separate the various parts of a fraction.

Example: 1 15/,5 + 37/

1. Press .

2. Press (1] (1] (5] LIS IBHSTS 714
% (6] (H (3) R
EXE| .

Indicates 6 7/144

Converting a Mixed Fraction to an Improper Fraction

d/c

While a mixed fraction is shown on the display, press |SHIFT to convert it to an
improper fraction.
d/c

Press (SHIFT again to convert back to a mixed fraction.

1.135016+37T.%
871,144

MAT

Converting a Fraction to Its Decimal Equivalent

While a fraction is shown on the display, press to convert it to its decimal
equivalent.

Press again to convert back to a fraction.

1.1353.16+437.9
c.Bd48511111
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EXPONENTS

Example: 1250 x 2.065

1.Press.
2. press (1] (2] (8] (0] (X] (2) (-] (0] (8).

3. Press and the ~ indicator appears on the display.

4. Press @ . The 75 on the display indicates that 5 is an exponent.

125682, 853
5. Press @ 4EITE. DE2IT
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GRAPH FUNCTIONS

The graphing capabilities of this calculator makes it possible to draw complex graphs
using either rectangular coordinates (horizontal axis: x ; vertical axis: y) or polar
coordinates (angle: 6; distance from origin: r).

All of the following graphing examples are performed starting from the calculator setup
in effect immediately following a reset operation.

Example1: To graph Y = X(X + 1)(X = 2)

1. Press @
2. Use @ @ @ @ to highlight Er‘*.?Ph Func %=

GRPH - TBL, and then press . Y3

SEL IDEL ITYFE IGHEMIDEALI] -

4. Press @(DRAW) or to draw the graph. )

TRACEIZ0OMERTCHG SLUTAELT T

Example 2: To determine the roots of Y = X(X + 1)(X — 2)

1. Press (G-SLV) to display the pull-up menu. ey al
Qi lzect
d:t-TcrL
2:Min
25 Max \\uj
TRACEIZ0OMERTC TRELI [+
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2. Press m (Root).
Press @ for other roots.

V1=HOEHL D CH-20

V.

m=-1 =0

Example 3: Determine the area bounded by the origin and the X = —1 root obtained

for Y = X(X + 1)(X - 2)

1. Press (G-SLV)@.

2. Press (de).

3. Use @ to move the pointer to the location where

X=-1, and then press . Next, use @ to

move the pointer to the location where X = 0, and
then press @ to input the integration range,
which becomes shaded on the display.

19990401
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DUAL GRAPH

With this function you can split the display between two areas and display two graphs
on the same screen.

Example: To draw the following two graphs and determine the points of intersection

Y1 =X(X + 1)(X-2)
Y2=X+12

SET UP

1. Press @ @ @ @ @ (G+G) HEQL&IE?&-EE iﬁiﬂﬁict

to specify “G+G” for the Dual Screen setting. Ly LT

i rarh :
Derivatiwve 0ff
Backaround  fHone 4
T+Gla+G [ateT | 0FF |

GrarhtGrarkh Y=
V1B A+ 2 H-2
YelH+1 2

@ EXE ZEL | DEL I TYPE [GMEMIDRAWT T

3. Press @(DRAW) or to draw the graphs. J/J

TEACE EIZII:IHIIEKTCﬁI:-SLU|RE'-G| [

BOX ZOOM

Use the Box Zoom function to specify areas of a graph for enlargement.

1. Press @(ZOOM) E](Box).
2 e @ B @ @ wmovetneponer | 11

. H=0.6096T14193 Y=-0.3
to one corner of the area you want to specify and
then press .

l
|
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3. Use @ @ @ (@ to move the pointer %{J ‘ ,

again. As you do, a box appears on the display.

Move the pointer so the box encloses the area
you want to enlarge.

W=-1.B25B0EUS]  V¥=la |

inactive (right side) screen.

4. Press , and the enlarged area appears in the //f<

TRACEIZonMEKTCHG- LU TRE-GT |

DYNAMIC GRAPH

Dynamic Graph lets you see how the shape of a graph is affected as the value
assigned to one of the coefficients of its function changes.

Example: To draw graphs as the value of coefficient A in the following function changes
from 1to 3

Y = AX?

1. Press @
2. Use @ @ @ @ to highlight DYNA, Dyvhamic Funciy'=

and then press : Y3

3. Input the formula. E:i-gﬁﬂm Funic:b'=
A 2
(Api) (X6T) (X.67) "H_wg
b= H
Y5

SEL [DEL [TYFE[WARITRCL] I
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. Press . (VAR) E] @ to assign an initial value E&.ngﬁfc Uar A - b
of 1 to coefficient A. I

SEL [RANGISFEED [G¥HA

. Press @(RANG) E] @ E] §&-:g§:5 Ranae

to specify the range and increment of change Ekgrtgé
in coefficient A.

. Press .

. Press (DYNA) to start Dynamic Graph drawing.
The graphs are drawn 10 times. One Moment. Please

I

\

\{/
Hj E T

\{/
o

\[/

A=3
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TABLE FUNCTION

The Table Function makes it possible to generate a table of solutions as different
values are assigned to the variables of a function.

Example: To create a number table for the following function

Y = X (X+1) (X=2)

1. Press @
2. Use @ @ @ @ to highlight Grarh Func  :W=

GRPH - TBL, and then press ) Yy

mula.

w
>
©
[
=
—
>
D
—
o
=

EIJEN
2OJE

>=<
D
=

><
~ll
—
H
><
)
—
2]
S
i
mmh‘

SEL [DEL | TYFE IGHEMIDEAWT T 1

4. Press >) @ (TABL) to generate the number % |
table. -El :
3 12
u uo 1
EDITDELAIRE-TIG-COHIGFLT] |

To learn all about the many powerful features of this calculator, read on and explore!

19990401




Handling Precautions

 Your calculator is made up of precision components. Never try to take it apart.

» Avoid dropping your calculator and subjecting it to strong impact.

* Do not store the calculator or leave it in areas exposed to high temperatures or humidity, or
large amounts of dust. When exposed to low temperatures, the calculator may require more time
to display results and may even fail to operate. Correct operation will resume once the calculator
is brought back to normal temperature.

* The display will go blank and keys will not operate during calculations. When you are operating
the keyboard, be sure to watch the display to make sure that all your key operations are being
performed correctly.

* Replace the main batteries once every 2 years regardless of how much the calculator is used
during that period. Never leave dead batteries in the battery compartment. They can leak and
damage the unit.

* Keep batteries out of the reach of small children. If swallowed, consult a physician immediately.

* Avoid using volatile liquids such as thinner or benzine to clean the unit. Wipe it with a soft, dry
cloth, or with a cloth that has been moistened with a solution of water and a neutral detergent
and wrung out.

* Always be gentle when wiping dust off the display to avoid scratching it.

* In no event will the manufacturer and its suppliers be liable to you or any other person for any
damages, expenses, lost profits, lost savings or any other damages arising out of loss of data
and/or formulas arising out of malfunction, repairs, or battery replacement. It is up to you to
prepare physical records of data to protect against such data loss.

* Never dispose of batteries, the liquid crystal panel, or other components by burning them.

* When the “Low Main Batteries!” message or the “Low Backup Battery!” message appears on the
display, replace the main power supply batteries or the back up battery as soon as possible.

* Be sure that the power switch is set to OFF when replacing batteries.

e If the calculator is exposed to a strong electrostatic charge, its memory contents may be
damaged or the keys may stop working. In such a case, perform the Reset operation to clear the
memory and restore normal key operation.

o |f the calculator stops operating correctly for some reason, use a thin, pointed object to press
the P button on the back of the calculator. Note, however, that this clears all the data in
calculator memory.

* Note that strong vibration or impact during program execution can cause execution to stop or
can damage the calculator’s memory contents.

* Using the calculator near a television or radio can cause interference with TV or radio reception.

* Before assuming malfunction of the unit, be sure to carefully reread this user’s guide and ensure
that the problem is not due to insufficient battery power, programming or operational errors.

19990401




Be sure to keep physical records of all important data!

Low battery power or incorrect replacement of the batteries that power the unit can cause the
data stored in memory to be corrupted or even lost entirely. Stored data can also be affected by
strong electrostatic charge or strong impact. It is up to you to keep back up copies of data to
protect against its loss.

In no event shall CASIO Computer Co., Ltd. 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. Moreover, CASIO Computer Co., Ltd. shall not be liable for any claim of any kind
whatsoever against the use of these materials by any other party.

* The contents of this user’s guide are subject to change without notice.

* No part of this user’s guide may be reproduced in any form without the express written
consent of the manufacturer.

* The options described in Chapter 10 of this user’s guide may not be available in certain
geographic areas. For full details on availability in your area, contact your nearest CASIO
dealer or distributor.
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Getting Acquainted
— Read This First!

About this User’s Guide

® [sur] (23(v)

The above indicates you should press and then (x3, which will input a v~ symbol. All
multiple-key input operations are indicated like this. Key cap markings are shown, followed
by the input character or command in parentheses.

eFunction Keys and Menus

* Many of the operations performed by this calculator can be executed by pressing function
keys (F1) through (F6). The operation assigned to each function key changes according to
the mode the calculator is in, and current operation assignments are indicated by function
menus that appear at the bottom of the display.

 This user’s guide shows the current operation assigned to a function key in parentheses
following the key cap for that key. (F1) (Comp), for example, indicates that pressing (F1)
selects {Comp}, which is also indicated in the function menu.

* When (>) is indicated in the function menu for key (Fg), it means that pressing displays
the next page or previous page of menu options.

eoMenu Titles

* Menu titles in this user’s guide include the key operation required to display the menu
being explained. The key operation for a menu that is displayed by pressing and then
{MAT} would be shown as: [OPTN]-[MAT].

* (Fg)(>) key operations to change to another menu page are not shown in menu title key
operations.
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Getting Acquainted

eGraphs

As a general rule, graph operations are shown on
facing pages, with actual graph examples on the right
hand page. You can produce the same graph on your
calculator by performing the steps under the Procedure
above the graph.

Look for the type of graph you want on the right hand
page, and then go to the page indicated for that graph.
The steps under “Procedure” always use initial RESET
settings.

The step numbers in the “SET UP” and “Execution” sections on the left hand page
correspond to the “Procedure” step numbers on the right hand page.

Example:
Left hand page Right hand page
3. Draw the graph. @ (F5)(DRAW)(or [Exg)

eCommand List

The Program Mode Command List (page 8-7) provides a graphic flowchart of the various
function key menus and shows how to maneuver to the menu of commands you need.

Example: The following operation displays Xfct: [VARS]-[FACT]-[Xfct]

ePage Contents

Three-part page numbers are centered at the top of
each page. The page number “1-2-3”, for example,
indicates Chapter 1, Section 2, page 3.

eSupplementary Information

Supplementary information is shown at the bottom of each page in a “N (Notes)” block.
* indicates a note about a term that appears in the same page as the note.

# indicates a note that provides general information about topic covered in the same section
as the note.
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1-1-1
Keys

COPY PASTE SETUP CAT/CAL GeT H-COPY
(F s (]

V-Window

(sHiFT]) (crrL] [orTn] [Enu)
[A-LocK PRGM r Y~ o QuIT
(aera] [vars) A [Esc]

A 10¥ B eX C sin' D cos' E tan' F

(&) (feg) () (sin) cos) (tan)

HEOHOE

OFF

[7][8][9][ﬁ][m

T

[4][5][6][X][—]

List U Mat vV Y

mm[3][+][—]

Z = SPACE T

I EEES |
- ),




1=1-2,

Keys
H Key Table
Page Page Page Page Page Page
COPY | 1-3-5| PASTE | 1-3-5| SETUP | 1-7-1 [CAT/CAL| 1-3-5| G+ T | 5-3-6 |H-COPY|10-6-1
(F1) (F2) (F3) (F4] (F5]
V-Window| 5-2-1
SHIFT)| 1-1-3|(CTRL) | 1-3-4 |[0PTN]| 1-4-1 |[MENU]| 1-2-1
—+1-6-1| ——2-4-4
[AH-LOCK PRGM r = 0 QuIT
ALPHA)| 1-1-3|[VARS]| 1-5-1 2-4-4|[(ESC
—t2-4-4| —2-4-4| —12-4-3| ——12-4-3| —2-4-3
A 10* B ex C sin1 D Ccos—'E tan-'F
XoT 2-4-4 [E 2-4-4[5in]|2-4-3 [cos]| 243 2-4-3
——2-4-10| —2-4-6 | —2-4-6 | ——2-4-6
dlc G r H 1 x1 J K L
2-4-10 2-4-6 21-1|7) )21 ] 2-2-1
Page Page Page Page Page
M N 0 ins | 1-3-3 OFF
7 8 9 DEL | 1-3-1 |[AC™
3 Q R { S| } T
4 5 6 X [[2-11 || = [2-1-1
—3-1-2 | —2-8-11
List u Mat \' w [ X ] Y
1 2 3 + | 211 — [[2-1-1
——2-4-3
i z = SPACE T » Ans | 2-2-5 u |
0 . EXP| 2-1-1 ][ (=) [ 2-1-1 |EXE
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B Key Markings
Many of the calculator’s keys are used to perform more than one function. The functions
marked on the keyboard are color coded to help you find the one you need quickly and
easily.

@—10* B—®
log

|
@

Function Key Operation
@ log

@ 10

B

(&)

The following describes the color coding used for key markings.

Color Key Operation
Orange Press and then the key to perform the marked function.
Red Press and then the key to perform the marked function.

[A-Lock

# () Alpha Lock
Normally, once you press and then a key If you press and then (i, the keyboard
to input an alphabetic character, the keyboard locks in alpha input until you press again.
reverts to its primary functions immediately.
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1-2 Display

H Selecting Icons

This section describes how to select an icon in the Main Menu to enter the mode you want.

oTo select an icon
1. Press (IEW) to display the Main Menu.
2. Use the cursor keys (@, ®, @, ®) to move the highlighting to the icon you want.
Current/y selected icon

. .
]
TR
RECUR cnnlcsleuun |F'RGH
i:|=|5 ALGEEEAI TUTOR TUH o
Judsn

* The above shows the ALGEBRA
FX 2.0 PLUS screen.

3. Press [B4g to display the initial screen of the mode whose icon you selected.
Here we will enter the STAT Mode.

Lizt IJLizt @|List |List U

oW -

GRPAICALGITES TIINTRIDIST] I

* You can also enter a mode without highlighting an icon in the Main Menu by inputting
the number or letter marked in the lower right corner of the icon.

The following explains the meaning of each icon.

Icon Mode Name Description
RpLEA RUN * MATTix Use this mode for arithmetic calculations and function
+—[c calculations, and for calculations involving binary, octal,
decimal, and hexadecimal values and matrices.
sTAT STATistics Use this mode to perform single-variable (standard deviation)
|:-_".- and paired-variable (regression) statistical calculations, to
analyze data and to draw statistical graphs.
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Icon

Mode Name

Description

=

EFHTEL
®

S

GRaPH-TaBLe

Use this mode to store functions, to generate a numeric table
of different solutions as the values assigned to variables in a
function change, and to draw graphs.

D HA DYNAmic graph Use this mode to store graph functions and to draw multiple
ﬁh‘g versions of a graph by changing the values assigned to the
variables in a function.

RECUER RECURsion Use this mode to store recursion formulas, to generate a
numeric table of different solutions as the values assigned to
variables in a function change, and to draw graphs.

E%g‘ﬁ CONICS Use this mode to draw graphs of conic sections.

Ea%::L*I"Fi EQUAtion Use this mode to solve linear equations with 2 to 30

o= unknowns, and higmh degree (2 to 30) equations.

PRoGraM Use this mode to store programs in th program area and to
run programs.

CA= Computer Algebra | Use this mode to perform algebraic calculations.

,ﬁ:du System (ALGEBRA FX 2.0 PLUS only)

ALGEEER ALGEBRA Use this mode for step-by-step solution of expressions.

2 (ALGEBRA FX 2.0 PLUS only)
TUTOR TUTOR:ial Use this mode to determine the expression type and solve
S mode, and for interactive equation solutions.
(ALGEBRA FX 2.0 PLUS only)

TWH TVM Use this mode to perform financial calculations.

¥4FF (Financial) (On the FX 1.0 PLUS menu, the icon has the number 9 in the
lower right corner.)

DIFF EG DIFFerential Use this mode to solve differential equations.

A= EQuation (On the FX 1.0 PLUS menu, the icon has the letter A in the
lower right corner.)

E-COH E-CON Use this mode when you want to control a CASIO EA-100

[ [ unit from this calculator.

(On the FX 1.0 PLUS menu, the icon has the letter B in the
lower right corner.)

LIMK LINK Use this mode to transfer memory contents or back-up data

to another unit. (On the FX 1.0 PLUS menu, the icon has the
letter C in the lower right corner.)

FMEFORY MEMORY Use this mode to manage data stored in memory.

u'_;':' (On the FX 1.0 PLUS menu, the icon has the letter D in the
lower right corner.)

Y ETEM SYSTEM Use this mode to initialize memory, adjust contrast, and to

% make other system settings. (On the FX 1.0 PLUS menu, the

icon has the letter E in the lower right corner.)
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Bl About the Function Menu

Use the function keys ((F1) to (F8)) to access the menus and commands in the menu bar
along the bottom of the display screen. You can tell whether a menu bar item is a menu or a
command by its appearance.

* Command (Example: TRALI)
Pressing a function key that corresponds to a menu bar command executes the command.

* Pull-up Menu (Example: H%F )
Pressing a function key that corresponds to a pull-up menu opens the menu.
You can use either of the following two methods to select a command from a pull-up menu.

* Input the key to the left of the command on the pull-up menu.

¢ Use the @ and @ cursor keys to move the highlighting to the command you want, and
then press [Exg.

The symbol » to the right of a command indicates that executing the command displays a
submenu.

To cancel the pull-up menu without inputting the command, press [EsJ.

H About Display Screens

This calculator uses two types of display screens: a text screen and a graphic screen. The
text screen can show 21 columns and 8 lines of characters, with the bottom line used for the
function key menu. The graph screen uses an area that measures 127 (W) x 63 (H) dots.

Text Screen Graph Screen
Grarh Func 4=
Yi8=sin =
vi:
Yo
Y
EEL [DEL [TVFE [GMEMIDRAWT T TRRCEIZ00MERTCAG sL0TRELT & 1

The contents of each type of screen are stored in independent memory areas.

Press (F5) (G<>T) to switch between the graphic screen and text screen.

# The symbol T in the upper left corner of a pull- Use the cursor keys to scroll the menu contents to
up menu indicates that there are more view the commands running off the top.
commands running off the top of the menu.
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H Normal Display

The calculator normally displays values up to 10 digits long. Values that exceed this limit are
automatically converted to and displayed in exponential format.

® How to interpret exponential format

1.2e12
l.2e+12

1.2e+12 indicates that the result is equivalent to 1.2 x 10'2. This means that you should move
the decimal point in 1.2 twelve places to the right, because the exponent is positive. This
results in the value 1,200,000,000,000.

|1.2E-3

1.2:-:-;33|

1.2e—03 indicates that the result is equivalent to 1.2 x 10-3. This means that you should move
the decimal point in 1.2 three places to the left, because the exponent is negative. This
results in the value 0.0012.

You can specify one of two different ranges for automatic changeover to normal display.

. 102 (0.01) > Ixl, 1l = 100
.................. 10° (0.000000001) > Ixl, Il = 107

All of the examples in this manual show calculation results using Norm 1.
See page 2-3-2 for details on switching between Norm 1 and Norm 2.
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l Special Display Formats

This calculator uses special display formats to indicate fractions, hexadecimal values, and
degrees/minutes/seconds values.

® Fractions
SE.12.27 | ................. Indicates: 456 23

e Hexadecimal Values
|HBEDEF12

Indicates: ABCDEF12(16), which
equals —141256727810)

RECLEF1Z | .................

® Degrees/Minutes/Seconds
| 12.558244

................. Indicates: 12° 34’ 56.78”

12%34° 56, 78"

¢ In addition to the above, this calculator also uses other indicators or symbols, which are
described in each applicable section of this manual as they come up.

B Calculation Execution Indicator

Whenever the calculator is busy drawing a graph or executing a long, complex calculation or
program, a black box “B” flashes in the upper right corner of the display. This black box tells
you that the calculator is performing an internal operation.

T
Y
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1-3 Inputting and Editing Calculations

M Inputting Calculations

When you are ready to input a calculation, first press to clear the display. Next, input
your calculation formulas exactly as they are written, from left to right, and press (e to
obtain the result.

seocoo0
Example1 2+3-4+10=

MEFEEEEOOEY |2+3—4+1|a 11|
o0 00O
Example2 2(5+4)+ (23 x5)=
MRQOGEAEOD® ZLotHg o L E g
O@EXGEO0EF a. 1565217391

M Editing Calculations

Use the @ and ® keys to move the cursor to the position you want to change, and then
perform one of the operations described below. After you edit the calculation, you can

execute it by pressing B . Or you can use @ to move to the end of the calculation and input
more.

® To change a step

o0 000
Example To change cos60 to sin60

(680 |ms [T |
SUSUSY |:i::|:|5 &8 |
= | |

(sin |sin 5] |
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® To delete a step

o0 000
Example To change 369 x x 2 to 369 x 2

BEXXE |359x><2:: |
@@ |369><2: |

® To insert a step

o0 o000
Example To change 2.362 to sin2.362

ME@OEEE |2.352:: |
(XIS |:2:_352 |
(sin) [sin 2362 |

® To change the last step you input

o0 000
Example To change 396 x 3 to 396 x 2
BEHOXE |359x3:; |

DEL |3E~9K: |

@ |359x2:: |
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H Using Replay Memory

The last calculation performed is always stored into replay memory. You can recall the
contents of the replay memory by pressing @ or ®.

If you press ®, the calculation appears with the cursor at the beginning. Pressing @
causes the calculation to appear with the cursor at the end. You can make changes in the
calculation as you wish and then execute it again.

soecoo
Example 1 To perform the following two calculations
4.12 x 6.4 = 26.368

412 x 7.1 =29.252

MEAOOEXEEM@E |4.12x5.4 |

PE.36E
SASUOIC) [ 12404 |
(stFr) DED) (INS) |4.12x§.4 |
@0 |4.12x?.1_ |
g |4.12x?.1 |

29252

After you press [Ad, you can press @ or ® to recall previous calculations, in sequence
from the newest to the oldest (Multi-Replay Function). Once you recall a calculation, you can
use ® and @ to move the cursor around the calculation and make changes in it to create
a new calculation.

XXX

Example 2
MOEEHEGEEE 123+456 =79
QAR@EEEIE 234-567 33
F |
@ (One calculation back) |234—56? |

@ (Two calculations back) | 123+456 |

# Pressing [DED(INS) changes the cursor to # The contents of replay memory are not cleared

“_”. The next function or value you input is when you press the key, so you can recall a
overwritten at the location of “_”. To abort this calculation and execute it even after performing
operation, press [DED(INS) again. the all clear operation.

# A calculation remains stored in replay memory
until you perform another calculation or
change modes.
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B Making Corrections in the Original Calculation

o0 000
Example 14 + 0 x 2.3 entered by mistake for 14 + 10 x 2.3
MIDOPEFOXEEE 1482, 20
@ 1 Gl
Mz ERROR

Pres=: [ESC]

Press (0. |14,,3:}{2_3

Cursor is positioned automatically at the
location of the cause of the error.

Make necessary changes.

@1 |14x1:|a:x2.3 |

Execute again.

g |14x1ax2.3

3.22'

H Copy and Paste

You can temporarily copy commands, programs, and other text data you input to a memory
area called “the clipboard,” and then paste it to another location on the display.

® To specify the copy range

1. Move the cursor (L3) the beginning or end of the range of text you want to copy and
then press [CRJ. This changes the cursor to “1.”.

|14x1ax2.3£ |

2. Use the cursor keys to move the cursor and highlight the range of text you want to copy.

(it
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3. Press (F1) (COPY) to copy the highlighted text to the clipboard, and exit the copy
range specification mode.

|:1:4x1|ax2. 3

To cancel text highlighting without performing a copy operation, press (Eg.

® Pasting Text

Move the cursor to the location where you want to paste the text, and then press
(F2) (PASTE). The contents of the clipboard are pasted at the cursor position.

|"

(F2(PASTE) |14x113::<2. I

H Catalog Function

The Catalog is an alphabetic list of all the commands available on this calculator. You can
input a command by calling up the Catalog and then selecting the command you want.

¢ To use the Catalog to input a command
1. Press (F4) (CAT/CAL) to display the Catalog at

|
LA lTE IcwiCon D T = |

the bottom of the screen.

2. Press the function key that matches the first letter of the command you want to input.
3. Select the command from the pull-up menu.

o0 000
Example 1 To use the Catalog to input the CirGraph command

(F3) (CAT/CAL) [E3)(C~) (@) (CLR) ClrGrarhl
(1) (Graph)

Al E lcwlcoml O [ I
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o0 o000

Example 2 To use the Catalog to input the Prog command
(F3) (CAT/CAL) [Fe) (>) [Fe) (>>) Froa I
(8 (P) (i) (Prog)

LIHMIHWIOolF L

Pressing or [sJ (QUIT) closes the Catalog.
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1-4 Option (OPTN) Menu

The option menu gives you access to scientific functions and features that are not marked on
the calculator’s keyboard. The contents of the option menu differ according to the mode you
are in when you press the key.

See “8-7 Program Mode Command List” for details on the option (OPTN) menu.

e Option Menu in the RUN - MAT or PRGM Mode

* {LIST} ... {list function menu}

¢ {MAT} ... {matrix operation menu}

e {CPLX} ... {complex number calculation menu}

* {CALC]} ... {functional analysis menu}

* {NUM;} ... {numeric calculation menu}

* {PROB} ... {probability/distribution calculation menu}

* {HYP} ... {hyperbolic calculation menu}

* {ANGL} ... {menu for angle/coordinate conversion, DMS input/conversion}
¢ {STAT} ... {paired-variable statistical estimated value menu}
e {FMEM} ... {function memory menu}

¢ {ZOOM} ... {zoom function menu}

* {SKTCH} ... {sketch function menu}

* {PICT} ... {picture memory menu}

* {SYBL} ... {symbol menu}

*{>’7}...{DMS}

e {«°°7} .. {DMS conversion}

* {ENG}/{— ENG} ... {fENG conversion}

# The option (OPTN) menu does not appear
during binary, octal, decimal, and hexadecimal
calculations.
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The following shows the function menus that appear under other conditions.

e Option Menu when a number table value is displayed in the GRPH - TBL or
RECUR Mode

* {LMEM} ... {list memory menu}
o {<°’ "W{ENG}/{— ENG}

e Option Menu in the CAS or ALGEBRA or TUTOR Mode
(ALGEBRA FX 2.0 PLUS only)

e {co} ... {infinity}

e {Abs} ... {absolute value}
o {x!} ... {factorial}

e {sign} ... {signum function}
* {HYP}Y/{FMEM}

The meanings of the option menu items are described in the sections that cover each mode.
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1-5 Variable Data (VARS) Menu

To recall variable data, press to display the variable data menu.
{V-WIN}/{FACT}/{STAT}/{GRPH}/{DYNA}/
{TABL}/{RECR}{EQUA*"}
See “8-7 Program Mode Command List” for details on the variable data (VARS) menu.

e V-WIN — Recalling View Window values

o {Xmin}/{Xmax}/{Xscale}/{Xdot}
... X-axis {minimum value}/{maximum value}/{scale}/{dot value*?}
* {Ymin}/{Ymax}/{Yscale}
... Y-axis {minimum value}/{maximum value}/{scale}
* {TOmin}/{TOmax}/{TOptch}
... T, 8 {minimum value}/{maximum value}/{pitch}
¢ {R-Xmin}/{R-Xmax}/{R-Xscl}/{R-Xdot}

...Dual Graph right graph X-axis {minimum value}/{maximum value}/{scale}/
{dot value*?}

* {R-Ymin}/{R-Ymax}/{R-Yscl}

...Dual Graph right graph Y-axis {minimum value}/{maximum value}/{scale}
¢ {R-Tmin}/{R-Tmax}/{R-Tpch}

...Dual Graph right graph T,6 {minimum value}/{maximum value}/{pitch}

e FACT — Recalling zoom factors

o {Xfact}/{Yfact}
... {x-axis factor}/{y-axis factor}

*The EQUA item appears only when you *2The dot value indicates the display range (Xmax
access the variable data menu from the value — Xmin value) divided by the screen dot
RUN+«MAT or PRGM Mode. pitch (126).

# The variable data menu does not appear if The dot value is normally calculated automati-
you press while binary, octal, decimal, or cally from the minimum and maximum values.
hexadecimal is set as the default number Changing the dot value causes the maximum to

system. be calculated automatically.
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e STAT — Recalling statistical data
e {n} ... {number of data}

* {X} ... {single-variable, paired-variable x-data}
o (XM {Zx }{Zx2Y{x on}{x on-1}{minX}/{maxX}
...{mean}/{sum}/{sum of squares}/{population standard deviation}/{sample
standard deviation}/{minimum value}/{maximum value}
¢ {Y} ... {paired-variable y-data}
o (FUEYY{Zy2W(ZxyY{y on}l{yon-1}{minY}/{maxY}
...{mean}/{sum}/{sum of squares}/{sum of products of x-data and y-data}/
{population standard deviation}/{sample standard deviation}/{minimum value}/
{maximum value}
¢ {GRAPH} ... {graph data menu}
* {a}l{b}ic}d}le}
... {regression coefficient and polynomial coefficients}
o {r}r?)
... {correlation coefficient}

* {Q1}/{Q3}
... {first quartile}/{third quartile}

e {Med}/{Mod}
... {median}/{mode} of input data

* {H-Strt}/{H-ptch}
... histogram {start division}/{pitch}

¢ {PTS} ... {summary point data menu}
o {x1}{y1}{x2}/{y2}/{x3}/{ys} ... {coordinates of summary points}
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¢ GRPH — Recalling Graph Functions
e {Yn}l{rn}
... {rectangular coordinate or inequality function}/{polar coordinate function}
o {Xtn}/{Ytn}
... parametric graph function {Xt}/{Yt}
e {Xn} ... {X=constant graph function}
(Press these keys before inputting a value to specify a storage area.)

® DYNA — Recalling Dynamic Graph Set Up Data

o {Start}/{End}/{Pitch}
... {coefficient range start value}/{coefficient range end value}/{coefficient value
increment}

e TABL — Recalling Table & Graph Set Up and Content Data
* {Start}/{End}/{Pitch}
... {table range start value}/{table range end value}/{table value increment}

¢ {Result"'}
... {matrix of table contents}

‘I The Result item appears only when the TABL
menu is displayed in the RUN+MAT or PRGM
Mode.
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® RECR — Recalling Recursion Formula™”, Table Range, and Table Content Data

* {FORM} ... {recursion formula data menu}
° {an}/{an+1 }/{an+2}/{bn}/{bn+1 }/{bn+2}/{Cn}/{Cn+1 }/{Cn+2}
.. {anY{ansY{ans2}{bu}{brir Y{bns2}{Cn}{cni1}{cnr2} eXPressions
* {RANGE]} ... {table range data menu}
* {R-Strt}/{R-End}
... table range {start value}/{end value}
o {ao}l{ar}{a2}/{bo}/{b1}/{b2}/{co}/{c1}/{c2}
... {ao}far}{az} {bo}{b1}/{b2}/{co}/{c1}/{c2} value
° {anstrt}/{bnStrt}/{CnStrt}
... origin of {ax }/{bx}/{c+} recursion formula convergence/divergence graph (WEB
graph)
e {Result 2} ... {matrix of table contents™}

e EQUA — Recalling Equation Coefficients and Solutions™
* {S-Rslt}/{S-Coef}
... matrix of {solutions}/{coefficients} for linear equations™

* {P-Rslt}/{P-Coef}
... matrix of {solution}/{coefficients} for a high degree equation

"1 An error occurs when there is no function or 5 The following conditions cause an error.
recursion formula numeric table in memory. — When there are no coefficients input for the
2“Result” is available only in the RUN+<MAT and equation
PRGM Modes. — When there are no solutions obtained for the
"3Table contents are stored automatically in equation
Matrix Answer Memory (MatAns). "8 Coefficient and solution memory data for a
"4 Coefficients and solutions are stored linear equation cannot be recalled at the same
automatically in Matrix Answer Memory time.

(MatAns).
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1-6 Program (PRGM) Menu

To display the program (PRGM) menu, first enter the RUN - MAT or PRGM Mode from the
Main Menu and then press (rg) (PRGM). The following are the selections available in the
program (PRGM) menu.

*{Prog} ........ {program recall}

* {JUMP} ...... {jump command menu}

o {2} i {input prompt}

o{d}............. {output command}

*{l/O}............ {I/O control/transfer command menu}
o{IF}..ccccueen. {conditional jump command menu}
*{FOR}......... {loop control command menu}

* {WHLE}...... {conditional loop control command menu}
*{CTRL}....... {program control command menu}

* {LOGIC} ..... {logical operation command menu}
*{CLR}......... {clear command menu}

* {DISP} ........ {display command menu}

L H S {multistatement connector}

The following function key menu appears if you press [rs) (PRGM) in the RUN « MAT
Mode or the PRGM Mode while binary, octal, decimal, or hexadecimal is set as the default
number system.

* {Prog}/{JUMP}/{?}/{ 4}/{:}
e{=F<}....... {relational operator menu}

The functions assigned to the function keys are the same as those in the Comp Mode.

For details on the commands that are available in the various menus you can access from
the program menu, see “8. Programming”.
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1-7 Using the Set Up Screen

The mode’s set up screen shows the current status of mode settings and lets you make any
changes you want. The following procedure shows how to change a set up.

¢ To change a mode set up

1. Select the icon you want and press (e to enter a mode and display its initial screen.
Here we will enter the RUN - MAT Mode.

2. Press (F3)(SET UP) to display the mode’s [Fode  iCome |
SET UP screen. [;.E [ITaT= T| WEE EE= N
* This SET UP screen is just one possible example. DE?“{'UEETEE T
Actual SET UP screen contents will differ Anale ima
. . , ComFlex Mode:Real
according to the mode you are in and that mode’s Coord 10n J
current settings. ComFIDEC THEX TEin TOCY ]
Arale tRad T
Comrlex Mode:Real
Coord 0N
Grid Off
Axes tn
|abel HIL

Fix [5ci [Horml ERd |

3. Use the @ and @ cursor keys to move the highlighting to the item whose setting you
want to change.

4. Press the function key ((F1) to (Fg)) that is marked with the setting you want to make.

5. After you are finished making any changes you want, press to return to the initial
screen of the mode.

B SET UP Screen Function Key Menus

This section details the settings you can make using the function keys in the SET UP display.
~~nn indicates default setting.

® Mode (calculation/binary, octal, decimal, hexadecimal mode)
¢ {Comp} ... {arithmetic calculation mode}
ANNAN
« {Dec}/{Hex}/{Bin}/{Oct}
... {decimal}/{hexadecimal}/{binary}/{octal}

20011101




1-7-2
Using the Set Up Screen

® Func Type (graph function type)
Pressing one of the following function keys also switches the function of the key.

* {Y=}/{r=}/{Parm}/{X=c}
L {rectangular coordinate}/{polar coordinate}/{parametric coordinate}/
{X = constant} graph

o (YSYY<Y{Y2){Y<)
e )My <0 y=f0) Y{ysfix)} inequality graph

¢ Draw Type (graph drawing method)

* {Con}/{Plot}
... {connected points}/{unconnected points}

e Derivative (derivative value display)
* {On}/{Off}
ans

... {display on}/{display off} while Graph-to-Table, Table & Graph, and Trace are
being used

¢ Angle (default angle unit)
 {Deg}/{Rad}/{Gra}
... {degrees}/{radians}/{grads}

e Complex Mode
* {Real} ... {calculation in real number range only}
o {a +bi}{r-e"06i}
... {rectangular format}/{polar format} display of a complex calculation
e Coord (graph pointer coordinate display)
 {On}/{Off}
ans
... {display on}/{display off}

e Grid (graph gridline display)
* {On}/{Off}
... {display on}/{display off}

e Axes (graph axis display)
* {On}/{Off}
... {display on}/{display off}

e Label (graph axis label display)
° {On}/{gf\f’}
... {display on}/{display off}
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¢ Display (display format)
* {Fix}/{Sci}/{Norm}/{Eng}

... {fixed number of decimal places specification}/{number of significant digits
specification}/{normal display setting}/{Engineering Mode}

e Stat Wind (statistical graph view window setting method)
¢ {Auto}/{Man}
havaaal
... {automatic}/{manual}

¢ Reside List (residual calculation)
* {None}/{LIST}
ANNN
... {no calculation}/{list specification for the calculated residual data}

e List File (list file display settings)
o {FILE} ... {settings of list file on the display}

¢ Variable (table generation and graph draw settings)
* {Rang}/{LIST}
ANNNY
... {use table range}/{use list data}

e Graph Func (function display during graph drawing and trace)
* {On)/{Off}
... {display on}/{display off}

® Dual Screen (Dual Screen Mode status)
. {T+G}I{G+G}I{GtoT}/{_(\)’tf’}

... {graph on one side and numeric table on the other side of Dual Screen}/
{graphing on both sides of Dual Screen}/{graph on one side and numeric table
on the other side of Dual Screen}/{Dual Screen off}

¢ Simul Graph (simultaneous graphing mode)
* {On)/(Off}

... {simultaneous graphing on (all graphs drawn simultaneously)}/{simultaneous
graphing off (graphs drawn in area numeric sequence)}

¢ Background (graph display background)
 {None}/{PICT}
... {no background}/{graph background picture specification}
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e Dynamic Type (Dynamic Graph locus setting)
¢ {Cnt}/{Stop}
... {non-stop (continuous)}/{automatic stop after 10 draws}

e ¥ Display (Z value display in recursion table)
. {On}/{gg}
... {display on}/{display off}

¢ Slope (display of derivative at current pointer location in conic section
graph)
« {On}/{Off}
ans
... {display on}/{display off}

e Answer Type (result range specification) (ALGEBRA FX 2.0 PLUS only)
* {Real}/{Cplx}
... {real number}/{complex number} range result

e H-Copy (screen shot settings)

* {Dirct}/{Mem}
... {direct send}/{store in memory}
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1-8 When you keep having problems...

If you keep having problems when you are trying to perform operations, try the following
before assuming that there is something wrong with the calculator.

H Getting the Calculator Back to its Original Mode Settings
1. From the Main Menu, enter the SYSTEM Mode.
2. Press (F5) (Reset).
3. Press [F1)(S/U), and then press [Exg (Yes).
4. Press (M) to return to the Main Menu.

Now enter the correct mode and perform your calculation again, monitoring the results on the
display.

H In Case of Hang Up

¢ Should the unit hang up and stop responding to input from the keyboard, press the P
button on the back of the calculator to reset the calculator to its initial defaults (see
page 0-6-1). Note, however, that this may clear all the data in calculator memory.
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H Low Battery Message

If either of the following messages appears on the display, immediately turn off the calculator
and replace main batteries or the back up battery as instructed.

Lo
Main Balteries!

Flease Rerlace

Lo
Backur Batterw!

Fleasze Rerlace

If you continue using the calculator without replacing main batteries, power will automatically
turn off to protect memory contents. Once this happens, you will not be able to turn power
back on, and there is the danger that memory contents will be corrupted or lost entirely.

# You will not be able to perform data # If main batteries and the back up battery go
communications operations after the low low at the same time (indicated when both of
battery message appears. the messages described above appear),

replace the back up battery first and then
replace the main batteries.
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2-1 Basic Calculations

B Arithmetic Calculations

* Enter arithmetic calculations as they are written, from left to right.
e Use the key to input the minus sign before a negative value.

* Calculations are performed internally with a 15-digit mantissa. The result is rounded to a
10-digit mantissa before it is displayed.

* For mixed arithmetic calculations, multiplication and division are given priority over
addition and subtraction.

Example Operation

23+4.5-53=-255 23[#)4.5(=)53E3

56 x (-12) + (-2.5) = 268.8 56 (X) @ 12(F) [@)2.5F9

(2 +3) x 102 = 500 Q2@330) X 1E92Eg ™

1+42-3x4+5+6=6.6 1@H2E3X4F5FH 66

100 — (2 + 3) x 4 = 80 1003 [Q2F30) X469

2+3x(4+5)=29 23X [Q4FH5E9"

(7-2)x(8+5)=65 [A7E=20) @850 @I

4%5:0.3 6 @HO4X5DEE"

(1+2i)+ (2 +3i)=3+5i OOFAEQODBOR@@E
@ & @609

@+i)x(@2-i)=5 02 & YOG X AR E 606

*1 ([J2(#H)30] E®2 does not produce the correct  *3A multiplication sign immediately before an open
result. Be sure to enter this calculation as shown. parenthesis may be omitted.

*2Final closed parentheses (immediately before *This is identical to 6 & 4 &) 5 B9.
operation of the [Exg key) may be omitted, no
matter how many are required.
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B Number of Decimal Places, Number of Significant Digits, Normal
Display Range [SET UP]- [PRE] -[Fix]/[Sci]/[Norm]
* Even after you specify the number of decimal places or the number of significant digits,
internal calculations are still performed using a 15-digit mantissa, and displayed values

are stored with a 10-digit mantissa. Use Rnd of the Numeric Calculation Menu (NUM)
(page 2-4-1) to round the displayed value off to the number of decimal place and

significant digit settings.

* Number of decimal place (Fix) and significant digit (Sci) settings normally remain in effect
until you change them or until you change the normal display range (Norm) setting.

eoo0o0e0
Example 100 + 6 = 16.66666666...

Condition Operation Display

100(5)6 16.66666667
4 decimal places EEUHICIOCIGIGICICIGIOIO .
(F) (Fix) (@) @9 16.6667

5 significant digits F)(SETUP) @®@®®®®@®®@®®® .
F2)(Sci) (B B9 1.6667&+01

Cancels specification FRJSETUP @@®®@®®®®®®®

(F3) (Norm) Esg) 16.66666667

*Displayed values are rounded off to the place
you specify.
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o0 000
Example 200 + 7 x 14 =400

Condition Operation Display
2002 7X) 149 400
3 decimal places FBISETUP @@®®@®@®@®@®@®®®
F1) (Fix) 3) 09 69 B9 400.000
Calculation continues 200 (37 g 28.571
using display capacity Xx) Ans x (]
of 10 digits 149 400.000

« If the same calculation is performed using the specified number of digits:

200579 28.571
The value stored (F5)(NUM) (4] (Rnd) [Exg) 28.571
internally is rounded 3] Ans x [
off to the number of 14 399.994
decimal places you
specify.

H Calculation Priority Sequence
This calculator employs true algebraic logic to calculate the parts of a formula in the following
order:
(@ Coordinate transformation Pol (x, y), Rec (r, 6)
Differentials, quadratic differentials, integrations, X calculations
drdx, d/dx?, [dx, =, Mat, Solve, FMin, FMax, List—Mat, Seq, Min, Max, Median, Mean,
Augment, Mat— List, P(, Q(, R(, t(, List
Composite functions*! fn, Yn, rn, Xtn, Ytn, Xn
@ Type A functions
With these functions, the value is entered and then the function key is pressed.
x%, x7', x!,°"”, ENG symbols, angle unit°, ", 9

*"You can combine the contents of multiple for example, results in the composite function
function memory (fn) locations or graph fn1-fn2 (see page 5-3-3).
memory (Yn, rn, Xtn, Ytn, Xn) locations into A composite function can consist of up to five

composite functions. Specifying fn1(fn2), functions.
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@ Power/root Ax*), v

@ Fractions a’/c

® Abbreviated multiplication format in front of &, memory name, or variable name.
2r, 5A, Xmin, F Start, etc.

® Type B functions
With these functions, the function key is pressed and then the value is entered.

N, 3 L log, In, e, 107, sin, cos, tan, sin~!, cos™, tan™', sinh, cosh, tanh, sinh™', cosh™,
tanh™, (=), d, h, b, o, Neg, Not, Det, Trn, Dim, Identity, Sum, Prod, Cuml, Percent, AList,
Abs, Int, Frac, Intg, Arg, Conjg, ReP, ImP

@ Abbreviated multiplication format in front of Type B functions
2v3, Alog2, etc.

Permutation, combination nPr, nCr

9 x, =+

+ =

{ Relational operators >, <, >, <

@ Relational operators =, =

@ and (bitwise operation)

xnor, xor (bitwise operations)

@ or (bitwise operation)

And (logical operation)

@ Or (logical operation)

o0 000
Example 2 +3x(log sinIZQnT + 6.8) = 22.07101691 (angle unit = Rad)
L@ |
L® |
L@ |
L ® |
L ® |

# When functions with the same priority are used  # Compound functions are executed from right to
in series, execution is performed from right to left.

left. A . . A
# Anything contained within parentheses receives
e InN120 — e{In(v120 )} highest priority.

Otherwise, execution is from left to right.
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B Multiplication Operations without a Multiplication Sign

You can omit the multiplication sign (x) in any of the following operations.

« Before coordinate transformation and Type B functions (D on page 2-1-3 and ) on page
2-1-4), except for negative signs

o0 o000
Example  2sin30, 10log1.2, 2V , 2Pol(5, 12), etc.

» Before constants, variable names, memory names

o0 000
Example 2n, 2AB, 3Ans, 3Y1, etc.

* Before an open parenthesis

o0 000
Example 3(5 +6), (A + 1)(B — 1), etc.

M Overflow and Errors

Exceeding a specified input or calculation range, or attempting an illegal input causes an

error message to appear on the display. Further operation of the calculator is impossible

while an error message is displayed. The following events cause an error message to appear

on the display.

* When any result, whether intermediate or final, or any value in memory exceeds
+9.999999999 x 10%* (Ma ERROR).

* When an attempt is made to perform a function calculation that exceeds the input range
(Ma ERROR).

* When an illegal operation is attempted during statistical calculations (Ma ERROR). For
example, attempting to obtain 1VAR without data input.

* When an improper data type is specified for the argument of a function calculation
(Ma ERROR).

* When the capacity of the numeric value stack or command stack is exceeded (Stack
ERROR). For example, entering 25 successive followed by 2 3 X 4 9.

* When an attempt is made to perform a calculation using an illegal formula (Syntax
ERROR). For example, 5 (X] (X) 3 [Exg.

# Other errors can occur during program # See the “Error Message Table” on page o-1-1
execution. Most of the calculator’s keys for information on other errors.
are inoperative while an error message is
displayed.

Press [0 to clear the error and display
the error position (see page 1-3-4).
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* When you try to perform a calculation that causes memory capacity to be exceeded
(Memory ERROR).

* When you use a command that requires an argument, without providing a valid argument
(Argument ERROR).

* When an attempt is made to use an illegal dimension during matrix calculations (Dimension
ERROR).

* When you are in the real mode and an attempt is made to perform a calculation that
produces a complex number solution. Note that “Real” is selected for the Complex Mode
setting on the SET UP Screen (Non-Real ERROR).

Hl Memory Capacity

Each time you press a key, either one byte or two bytes is used. Some of the functions that
require one byte are: (1], (2], (3], sin, cos, tan, log, In, v, and . Some of the functions that
take up two bytes are d/dx(, Mat, Xmin, If, For, Return, DrawGraph, SortA(, PxIOn, Sum, and
dn+1.

# As you input numeric values or commands, # The allowable range for both input and output
they appear flush left on the display. values is 15 digits for the mantissa and two
Calculation results, on the other hand, are digits for the exponent. Internal calculations
displayed flush right. are also performed using a 15-digit mantissa

and two-digit exponent.
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2-2 Special Functions

Bl Calculations Using Variables

Example Operation Display
193.2(5) xem (A) g 193.2
193.2+23=84 [xem (A) (£) 23 g 8.4
193.2+28=6.9 (xem (A) (£) 28 Exg) 6.9
Hl Memory
® Variables

This calculator comes with 28 variables as standard. You can use variables to store values
you want to use inside of calculations. Variables are identified by single-letter names, which
are made up of the 26 letters of the alphabet, plus r and 6. The maximum size of values that

you can assign to variables is 15 digits for the mantissa and 2 digits for the exponent.

® To assign a value to a variable

[value] (=) [variable name]

o0 000
Example To assign 123 to variable A
d (1) (2 B) (=) () (tem) (A) B9 |123+H 123|
o0 o000
Example To add 456 to variable A and store the result in variable B
(ag) () (x6) (A) () (@) (B (6 (=) () A+456+E |
(g) (B) B a7

# Variable contents are retained even when
you turn power off.

19990401




2-2-2
Special Functions

¢ To display the contents of a variable

o0 000
Example To display the contents of variable A
(A Ed A . |
® To clear a variable
o0 000
Example To clear variable A
@ =) [@H €e1) (A) B9 E+H o

® To assign the same value to more than one variable

[value](=) [first variable name'] (e (Fe) (™) [F6) () (F4) (SYBL) (3] (~) [last variable
name’'] (&g

Example To assign a value of 10 to variables A through F

(d (1 (@) (=] (urm) (67 (A) 1G=A~F ”
e (Fe) (>) E8) () B4 (SYBL) (B) (~)
() tan) (F) B9

® Function Memory [OPTN]-[FMEM]

Function memory (fi~f20) is convenient for temporary storage of often-used expressions. For

longer term storage, we recommend that you use the GRPH - TBL Mode for expressions and
the PRGM Mode for programs.

o {Store}/{Recall}/{fn}/{SEE} ... {function store}/{function recall}/{function area specification
as a variable name inside an expression}/{function list}

" You cannot use “/” or “6” as a variable name.
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e To store a function

eo0ocooe
Example To store the function (A+B) (A-B) as function memory number 1
(3 () (ke (A) () (@) (og) (B) OJ |{FI+E:}{FI—EI}II |
(i) (x6T) (A) (=) (el (og) (B) OJ
G 9 () ED (FMEW) s dAEk R smery =]
(1) (Store) (1] [
® To recall a function
eo0ocooe
Example To recall the contents of function memory number 1
(o) (Ee) (>) (F8) (FMEM) CA+E} (A-EI0
(2) (Recall) (1) g
¢ To display a list of available functions
[E8)(>) [F3) (FMEM) == Fll.:JHc,TE,ﬁH E?mc'r*:-' ==
A+ -
(@) (SEE) fai
fak
Tyl
fs:
fE!
ETOIRCL] fr
# If the function memory number to which you # The recalled function appears at the current
store a function already contains a function, the location of the cursor on the display.
previous function is replaced with the new one.
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® To delete a function

eoecoo0
Example To delete the contents of function memory number 1

) (>) [E8) (FMEM) == Function Memors == |
(1] (Store) (1] [ fit

» Executing the store operation while the display is blank deletes the function in the
function memory you specify.

® To use stored functions

o0 000
Example To store x3 + 1, x2 + x into function memory, and then graph:
y=x*+x2+x+1

Use the following View Window settings.

Xmin=- 4, Xmax= 4, Xscale=1
Ymin=-10, Ymax =10, Yscale=1

(E3)(SET UP) @ [ED(Y=) B0
@) @ @ @™ Fe (>) /5 (FMEM) (@ (Store) (1) @ (stores (x° + 1))
(F5) (FMEM) (3] (Store) (2] 9 (stores (x® + x))

(2 (SKTCH) @) (GRAPH) @) (Y=)

E8 (™) 8 (FMEM) (3] (fn) (1]
E8)(FMEM) (3] (in) 2] 9 ; E
TREACEIZOOMIFICT

* For full details about graphing, see “5. Graphing”.

EJ (ac) o) () (™) E8) (&) (ED (SKTCH) (1D (Clls) 9 [_/

# You can also use B to store a function in "CR+BCA-B2 "= Tl
function memory in a program.
In this case, you must enclose the function
inside of double quotation marks.
The maximum size of the function you can
store is 255 bytes.

19990401




2-2-5
Special Functions

B Answer Function

The Answer Function automatically stores the last result you calculated by pressing

[Exg (unless the (g key operation results in an error). The result is stored in the answer
memory.

® To use the contents of the answer memory in a calculation

o0 000

Example 123 + 456 = 579
789 - 579 =210
MOREEEGEEE 123+456 g
(8) 3 @A ) (Ans) @9 TI9-Fns

218

H Performing Continuous Calculations

Answer memory also lets you use the result of one calculation as one of the arguments in
the next calculation.

eo0eo0ooe
Example1 1+3=
1+3x3=
BIGIEIGCE 173
- A. 3333333333
(Continuing) (X] (3] (X Ansx3
1
Continuous calculations can also be used with Type A functions (x2, x, x/, page 2-1-3), +,
= Aw), N, ete.
# The largest value that the answer memory # Answer memory contents are not cleared
can hold is 15 digits for the mantissa and 2 when you press the key or when you
digits for the exponent. switch power off.
# Only numeric values and calculation results # Answer memory contents are not changed

can be stored in answer memory. by an operation that assigns values to value

memory (such as: (5] (=) (rm xa1) (A) ExE).
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M Stacks

The unit employs memory blocks, called stacks, for storage of low priority values and
commands. There is a 10-level numeric value stack, a 26-level command stack, and a 10-
level program subroutine stack. An error occurs if you perform a calculation so complex that it
exceeds the capacity of available numeric value stack or command stack space, or if
execution of a program subroutine exceeds the capacity of the subroutine stack.

Example X 3+4x(5+4)+3)+5)+8=

1T

Numeric Value Stack Command Stack

- |OI® 0|09
~la|bh|O(N

(XEEE B
+ | ~[x [+ [~]—~|x

# Calculations are performed according to the pri-  # Storing a complex number takes up two numeric
ority sequence. Once a calculation is executed, value stack levels.
it is cleared from the stack. # Storing a two-byte function takes up two
command stack levels.
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B Using Multistatements

Multistatements are formed by connecting a number of individual statements for sequential
execution. You can use multistatements in manual calculations and in programmed calcula-
tions. There are two different ways that you can use to connect statements to form
multistatements.

* Colon ()
Statements that are connected with colons are executed from left to right, without stopping.

¢ Display Result Command ()

When execution reaches the end of a statement followed by a display result command, execu-
tion stops and the result up to that point appears on the display. You can resume execution by
pressing the B key.

eoocoe
Example 6.9 x 123 = 848.7
123 + 3.2 = 38.4375

(&g D @ B) (=) (e [Fe1 (A) 1Z33RTE. A
(s (rs) (PRGM) (E8) () (Fe) (>) (B3] () (6] (D (&) ’ 548.7
() @8 (20 (A) &) @) (PRGM) (E2) () - bise -
k(A BB @ kg
EXE 123+ 6. 9%H.
A5, 2
248, 7
38,4375
# The final result of a multistatement is always # You cannot construct a multistatement in
displayed, regardless of whether the which one statement directly uses the result
calculation ends with a display result of the previous statement.

command. Example : 123 x 456: x 5

Invalid

19990401




2-3-1
Specifying the Angle Unit and Display Format

2-3 Specifying the Angle Unit and Display
Format

Before performing a calculation for the first time, you should use the SET UP screen to
specify the angle unit and display format.

H Setting the Angle Unit [SET UP]- [[XIE]

1. On the Set Up screen, highlight “Angle”.
2. Press the function key for the angle unit you want to specify, then press [Esg.
» {Deg}/{Rad}/{Gra} ... {degrees}/{radians}{grads}
* The relationship between degrees, grads, and radians is shown below.
360° = 2r radians = 400 grads
90° = /2 radians = 100 grads

B Setting the Display Format [SET UP]-[DEEN

1. On the Set Up screen, highlight “Display”.
2. Press the function key for the item you want to set, then press [Esg.

* {Fix}/{Sci}/{{Norm}/{Eng} ... {fixed number of decimal places specification}/
{number of significant digits specification}/{normal display}/{Engineering Mode}

¢ To specify the number of decimal places (Fix)

o0 o000
Example To specify two decimal places

ED(Fix) 2
==

Press the function key that corresponds to the
number of decimal places you want to specify
(n=0t09).

# Displayed values are rounded off to the
number of decimal places you specify.
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¢ To specify the number of significant digits (Sci)

o0 000
Example To specify three significant digits
E2(Sci) (3 [LisFlaw  focis |
T

Press the function key that corresponds
to the number of significant digits you
want to specify (n = 0 to 9).

¢ To specify the normal display (Norm 1/Norm 2)
Press (F3)(Norm) to switch between Norm 1 and Norm 2.
Norm 1: 102(0.01)>xl, x| 210
Norm 2: 10-°(0.000000001)>Ixl, x| 210

m@@@@@t | 17228 o -gz| (Norm 1)
|1f2'5"EI | (Norm 2)

B. 85

¢ To specify the engineering notation display (Eng Mode)
Press (F4 (Eng) to switch between engineering notation and standard notation. The
indicator “/E” is on the display while engineering notation is in effect.
You can use the following symbols to convert values to engineering notation, such as
2,000 (=2 x 10°% — 2k.

E (Exa) x 1018 m (milli) x 107

P (Peta) x10'® 1 (micro) x 107
T (Tera) x 102 n (nano) x107°

G (Giga) x 10° p (pico) x 1072

M (Mega) x 108 f (femto) x1071°
k (kilo) x 103

# Displayed values are rounded off to the number  # The engineering symbol that makes the
of significant digits you specify. mantissa a value from 1 to 1000 is automatically
# Specifying 0 makes the number of significant selected by the calculator when engineering
digits 10. notation is in effect.
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2-4 Function Calculations

B Function Menus

This calculator includes five function menus that give you access to scientific functions not
printed on the key panel.

* The contents of the function menu differ according to the mode you entered from the Main
Menu before you pressed the key. The following examples show function menus that
appear in the RUN « MAT Mode.

o Numeric Calculations (NUM) [OPTN]-[NUM]
* {Abs} ... {select this item and input a value to obtain the absolute value of the value.}
o {Int}/{Frac} ... select the item and input a value to extract the {integer}/{fraction} part.

* {Rnd} ... {rounds off the value used for internal calculations to 10 significant digits
(to match the value in the Answer Memory), or to the number of decimal places (Fix)
and number of significant digits (Sci) specified by you.}

¢ {Intg} ... {select this item and input a value to obtain the largest integer that is not greater
than the value.}

* {E-SYM} ... {engineering symbol}
o (my/{W}/{n}{p}/f} ... {milli (10-%)}/{micro (10-%)}/{nano (10-°)}/{pico (10-'2)}/{femto
(1079}
o {(K{MM{G}{TH{PIE} ... {kilo (10%)}/{mega (10°)}/{giga (10°)}/{tera (10'2)}/{peta
(10")}{exa (10'8)}

® Probability/Distribution Calculations (PROB) [OPTN]-[PROB]
e {x!} ... {press after inputting a value to obtain the factorial of the value.}
¢ {nPr}/{nCr} ... {permutation}/{combination}
* {Ran#}... {pseudo random number generation (0 to 1)}
* (P({Q(Y{R(} ... normal probability {P()}/{Q(#)}/{R()}
e {t(} ... {value of normalized variate #(x)}
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® Hyperbolic Calculations (HYP) [OPTN]-[HYP]
* {sinh}/{cosh}/{tanh} ... hyperbolic {sine}/{cosine}/{tangent}
¢ {sinh~"}/{cosh-"}/{tanh~"} ... inverse hyperbolic {sine}/{cosine}/{tangent}

e Angle Units, Coordinate Conversion, Sexagesimal Operations (ANGL)
[OPTN]-[ANGL]
o {*¥{r}l{g} ... {degrees}/{radians}/{grads} for a specific input value

e {°” 7} ... {specifies degrees (hours), minutes, seconds when inputting a degrees/minutes/
seconds value}

* {»-DMS} ... {converts decimal value to sexagesimal value}
* {Pol(}/{Rec(} ... {rectangular-to-polar}/{polar-to-rectangular} coordinate conversion

® Instant Functions
e {«-°77} .. {converts decimal value to degrees/minutes/seconds value}

* {ENG}/{—ENG} ... shifts the decimal place of the displayed value three digits to
the {left}/{right} and {decreases}/{increases} the exponent by three.
When you are using engineering notation, the engineering symbol is also changed
accordingly.

* The {—°’”}, {ENG} and {—ENG} menu operations are available only when there is a
calculation result on the display.

H Angle Units

To change the angle unit of an input value, first press (F3] (ANGL). On the pull-up
menu that appears, select “o”, “r’, or “g”.

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
To convert 4.25 rad to degrees: (FJ(SET UP)® ® @ O [F1)(Deg)
243.5070629 4.25 o) (Fe) () (F3) (ANGL) (2] (r) 8
47.3° + 82.5rad = 4774.20181° 47.3(F)82.5rm F8) (™) (F3) (ANGL) (2] (1) g
# Once you specify an angle unit, it remains The specification is retained even if you turn

in effect until you specify a different one. power off.
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H Trigonometric and Inverse Trigonometric Functions

* Be sure to set the angle unit before performing trigonometric function and inverse
trigonometric function calculations.

T

(90°=

radians = 100 grads)

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
sin 63° = 0.8910065242 [y (F3)(SET UP)® @ ® @ (F1)(Deg)
w6363
cos (% rad) = 0.5 [y (F3)(SET UP)® @ ® @ (F2) (Rad) s

Cey (D e ) (m) () (B) O] B9

tan (- 35gra) = — 0.6128007881
[F3I(SET UP)® @® @® @ [F3)(Gra) E0)

©35E3
2-sin 45° x cos 65° = 0.5976724775
FI(SET UP)® @® @ @ [F1)(Deg) &0
2(X) (sin)45 (X) o 65 x5 **
o 1 —_
cosec 30° = s =2 15 (sin) 30 )
sin0.5 = 30° (sin) (sin™')0.5"*

(x when sinx = 0.5)

*1[X) can be omitted. *2Input of leading zero is not necessary.
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B Logarithmic and Exponential Functions

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
log 1.23 (log101.23) = 8.990511144 x 102 (og) 1.23 Exg
In 90 (log.90) = 4.49980967 (in)90 Exg

1023 = 16.98243652
(To obtain the antilogarithm of common (log) (10%)1.23 Exg)
logarithm 1.23)

e**=90.0171313
(To obtain the antilogarithm of natural (in) (e")4.5 (g
logarithm 4.5)

(=8)* = (=8) X (=3) x (-3) x (-3) = 81 @30 A4EY
—3*=—(3x3x3x3)=-81 @3 A4

123 (= 123%) =1.988647795 70 (A (VT )123 9
2+3x3E4 —4=10 2[H3X3EHEMAI (T )64(=)4[Eg

*IA (x”) and [ take precedence over
multiplication and division.
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H Hyperbolic and Inverse Hyperbolic Functions

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
sinh 3.6 = 18.28545536 (F) () (FJ(HYP) (3] (sinh)3.6
cosh 1.5 -sinh 1.5 (F§)(>) (Fa (HYP) (2] (cosh)1.5(=)
=0.2231301601 (F2(HYP) (@] (sinh)1.5 [Exg
=0 (Display: —1.5) (n) [©)(Ans) g

(Proof of cosh x + sinh x = &%)
cosh™ <%> = 07953654612 8 (>) [F(HYP) (8) (cosh~") [0 20=) 150 &

Determine the value of x
when tanh 4 x = 0.88

x:tanh;ﬂ @ [F8) (>) F2 (HYP) (€] (tanh~)0.88 (2 4 9

=0.3439419141
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H Other Functions

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
V2 +v5 =3.65028154 G @ )2 6@ )56
V(@ +i)= 1.755317302 3 ;
B+ i= T e ei EE()OREEEQONDE
(-8 =(-3)x(-3)=9 ©30] (@ &
-32=—(3x3)=-9 ©3@ 9
1
71 =12 3R 0 () B 46 O ) 0 6 0 (+ ) B9
R
8l (=1x2x3x%...x8) 8w (F8) (&) (F1) (PROB) (M (x!)
= 40320
%36 x 42 x 49 = 42 EROE ) [O36XE42X490) B9

What is the absolute value of
the common logarithm of % ?

|Iog%| = 0.1249387366 @ 5 (NUM) (1) (Abs) (e (O34 0) 69
What is the integer part of (F5) (NUM) (2] (Int) ) 3.5 [xg)

-3.5? -3

What is the decimal part of (F8) (NUM) (3] (Frac) (=) 3.5 Exg

-3.5? -0.5

What is the nearest integer (F8(NUM) (5] (Intg) (&) 3.5 g

not exceeding —3.5? -4
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Hl Random Number Generation (Ran#)

This function generates a 10-digit truly random or sequentially random number that is greater
than zero and less than 1.

* A truly random number is generated if you do not specify anything for the argument.

Example Operation
Ran # (Generates a random number.) (Fe) (>>) (F1) (PROB) (4] (Ran#) (exg

(Each press of generates a new random EXE
number.) EXE

 Specifying an argument from 1 to 9 generates random numbers based on that sequence.

* Specifying an argument of 0 initializes the sequence.*’

Example Operation
Ran# 1 (Generates the first random number in sequence 1.) | ([F)(PROB) (4] (Ran#)(1] £
(Generates the second random number in sequence 1.)

Ran# 0 (Initializes the sequence.) (F1)(PROB) (4] (Ran#) (0] g
Ran# 1 (Generates the first random number in sequence 1.) | ([F(PROB) (4] (Ran#)(1] £

*'Changing to a different sequence or
generating a totally random number (without
an argument) initializes the sequence.
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H Coordinate Conversion

® Rectangular Coordinates

® Polar Coordinates

P(r,0)

» With polar coordinates, 6 can be calculated and displayed within a range of
—180°< 0= 180° (radians and grads have same range).

* Be sure to specify Comp for Mode in the SET UP screen.

Example

Operation

Calculate r and 6° when x =14 and y = 20.7

1 [24.989 —  24.98979792 (r)
2 55.928 -1 — 55.92839019 (6)

Calculate x and y when r = 25 and 6 = 56°

1 [13.979 —  13.97982259 (x)
2 L20725d - 2072593931 (y)

(F3(SET UP) @ @ @ @ [Fi)(Deg) &)
(F8)(>) [E3J (ANGL) (€] (Pol()
14(3J20.703)

[F3)(SET UP)® @ @ O [Fi)(Deg) i)
[E8)(>) 3 (ANGL) (7] (Rec()
2503156 1) B9
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Bl Permutation and Combination

® Permutation e Combination
n! n!
nPr =5 nCr = =

* Be sure to specify Comp for Mode in the SET UP screen.

o0 o000
Example To calculate the possible number of different arrangements using 4
items selected from among 10 items

Formula Operation
10P4 = 5040 10[r1y) (F8) (>) (FI(PROB) (2] (:P))4 X9

o0 000
Example To calculate the possible number of different combinations of 4 items
that can be selected from among 10 items

Formula Operation
10Cs =210 10[r1y) (F8) (™) (F (PROB) (3] (.C/)4 (g
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B Fractions
* Fractional values are displayed with the integer first, followed by the numerator and then E
the denominator.

* Be sure to specify Comp for Mode in the SET UP screen.
Example Operation
2 1 13 .
?+37=SE(D|SpIay: 3113120) 2(a%)5 () 32124 [
=3.65 (@& (Conversion to decimal)
(Conversion to fraction)
1 1
5578 T 4575 = 6.066202547 x 10 122578 () 1 (&) 4572 [Ex)
(Display: 6.066202547:—04*")
(Norm 1 display format)
! x 0.5 =0.25*
P) . - 162)2(X).5E9
= 1 a%
4
1 3 .
15+28i=1—+2— 1.5 2.3 (0] (i) @9
2 10 Display: (@)
114122
+243110i
1 5 )
1" 17 (Display: 14547) 13 (O1e83(H1540)9*
3T
*"When the total number of characters, *Pressing [«&] once when converting the decimal
including integer, numerator, denominator part of a complex number to a fraction first
and delimiter marks exceeds 10, the input displays the real part and imaginary part on
fraction is automatically displayed in decimal separate lines.
format. *4You can include fractions within the numerator
*2Calculations containing both fractions and or denominator of a fraction by putting the
decimals are calculated in decimal format. numerator or denominator in parentheses.
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B Engineering Notation Calculations

Input engineering symbols using the engineering notation menu.

* Be sure to specify Comp for Mode in the SET UP screen.

Example Operation
(R F)(SETUP) O @000 O®®
(F4)(Eng) B9
999k (kilo) + 25k (kilo) 999 (e (F5) (NUM) (6] (E-SYM) (€] (k) () 25 [F5) (NUM)
= 1.024M (mega) (6)(E-SYM) (&) (k) e
9+10=0.9 =900m (milli) 9310
=09 [8)(>) Fe) () (Fe) (>) [E3) (——ENG) ™"
= 0.0009k (kilo) (F3) (—ENG)*!
=0.9 [F2) (ENG)*?
=900m (F2) (ENG)*?

*'Converts the displayed value to the next higher ~ *2Converts the displayed value to the next lower
engineering unit, by shifting the decimal point engineering unit, by shifting the decimal point
three places to the right. three places to the left.
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2-5 Numerical Calculations

The following describes the items that are available in the menus you use when performing
differential/ quadratic differential, integration, X, maximum/minimum value, and Solve
calculations.

When the option menu is on the display, press (F4) (CALC) to display the function analysis
menu. The items of this menu are used when performing specific types of calculations.

o {d/dx}/{d?dx?)/{Jdx}/{Z}/{FMin}/{FMax}/{Solve} ... {differential}/{quadratic differential}/
{integration}/{Z (sigma)}/{minimum value}/{maximum value}/{solve} calculations

Solve calculations
The following is the syntax for using the Solve function in a program.

Solve( f(x), n, a, b) (a: lower limit, b: upper limit, n: initial estimated value)
* There are two different input methods that can be used for Solve calculations: direct
assignment and variable table input.

With the direct assignment method (the one described here), you assign values directly
to variables. This type of input is identical to that used with the Solve command used in
the PRGM Mode.

Variable table input is used with the Solve function in the EQUA Mode. This input
method is recommend for most normal Solve function input.

An Error (Iteration ERROR) occurs when there is no convergence of the solution.
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M Differential Calculations [OPTN]-[CALC]-[d/dx]

To perform differential calculations, first display the function analysis menu, and then input
the values shown in the formula below.

(CALC) (@ (d/dx) fx) B a (3ol
(a: point for which you want to determine the
derivative, rol: tolerance)

d
dldx (f (x), a) = Ef(a)
The differentiation for this type of calculation is defined as:

Ax) —
@ i L4 AL @

20 Ax

In this definition, infinitesimal is replaced by a sufficiently small Ax, with the value in the
neighborhood of f'(a) calculated as:

fla+ 4x)—f(a)

Flays ——

In order to provide the best precision possible, this unit employs central difference to perform
differential calculations.

Using Differential Calculation in a Graph Function

* Omitting the tolerance (rol) value when using the differential command inside of a graph
function simplifies the calculation for drawing the graph. In such a case, precision is
sacrificed for the sake of faster drawing. The tolerance value is specified, the graph is
drawn with the same precision obtained when you normally perform a differential
calculation.

* You can also omit input of the derivative point by using the following format for the
differential graph: Y2=d/dx(Y1). In this case, the value of the X variable is used as the
derivative point.
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o0 000
Example To determine the derivative at point x = 3 for the function

y=x3+4x?+x - 6, with a tolerance of “t0l” =1e -5
Input the function f(x).
(&g () (F4) (CALC) (D (d/dx) kel (A B (B (@ Fél) (3 (B (Eed B (&) &
Input point x = a for which you want to determine the derivative.
B0
Input the tolerance value.
® 8]
) 7 dx T IHARERE, T 1
=)
#In the function f(x), only X can be used as a # Specify tolerance (tol) value of 1e-14 or less.
variable in expressions. Other variables (A An error (Iteration ERROR) occurs whenever
through Z, r, 0) are treated as constants, and no solution that satisfies the tolerance value
the value currently assigned to that variable is can be obtained.
applied during the calculation. # Discontinuous points or sections with drastic
# Input of the tolerance (7o) value and the fluctuation can adversely affect precision or
closing parenthesis can be omitted. If you omit even cause an error.
tolerance (tol) value, the calculator automati-
cally uses a value for rol as 1e-10.
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e Applications of Differential Calculations
» Differentials can be added, subtracted, multiplied or divided with each other.

d . d o
f@=f@). =g @=8'@
Therefore:
f'(@) + g'(a), f'(a) x g'(a), etc.
e Differential results can be used in addition, subtraction, multiplication, and division, and in
functions.
2% f'(a), log (f'(a)), etc.
* Functions can be used in any of the terms (f (x), a, tol) of a differential.
d . .
e (sinx + cosx, sin0.5, 1E - 8), etc.

# You cannot use a differential, quadratic # Pressing during calculation of a differential
differential, integration, =, maximum/minimum (while the cursor is not shown on the display)
value or solve calculation expression inside a interrupts the calculation.
differential calculation term. # Always use radians (Rad Mode) as the angle

unit when performing trigonometric differentials.
20011101




2-5-5
Numerical Calculations

M Quadratic Differential Calculations [OPTN]-[CALC]-[d?/dx?]
After displaying the function analysis menu, you can input quadratic differentials using either of
the two following formats.

(CALC) @) (d*/dx?) f(x)BTa ol

(a: differential coefficient point, tol: tolerance)

2 2
Lo =» L@

Quadratic differential calculations produce an approximate differential value using the following
second order differential formula, which is based on Newton’s polynomial interpretation.

_ 2f(a+3h)~ 27 fla+2h) +270 f(a + h) ~ 490 f(a)}+270 f(a — h) — 27 fla— 2h) +2 fla— 3})
180%2

J"(@)

In this expression, values for “sufficiently small increments of /" are used to obtain a value that
approximates f”(a).

o0 o000
Example To determine the quadratic differential coefficient at the point where
x = 3 for the functiony =x®+4x2+x -6
Here we will use a tolerance to/ = 1E-5
Input the function f(x).
(F4)(CALC) (2] (a*/dx?) @
@ =260

Input 3 as point a, which is the differential coefficient point.

B
Input the tolerance value.
OEEEO A2 dx 2 (AR e +H—E B
&5 1e-52
26
# In the function f(x), only X can be used as a # Input of the tolerance (rol) value and the closing
variable in expressions. Other variables (A parenthesis can be omitted.
through Z, r, 6) are treated as constants, and # Discontinuous points or sections with drastic
the value currently assigned to that variable is fluctuation can adversely affect precision or

applied during the calculation. even cause an error.
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¢ Quadratic Differential Applications
* Arithmetic operations can be performed using two quadratic differentials.

2 2
L f@=1"@). S @=g"@

Therefore:
f"a) + g"(a), f"(a)*xg"(a), etc.

* The result of a quadratic differential calculation can be used in a subsequent arithmetic
or function calculation.

2 xf"(a), log (f"(a)), etc.
* Functions can be used within the terms (f(x), a, rol) of a quadratic differential expression.

2
% (sin x + cos X, sin 0.5, 1E - 8), etc.

# You cannot use a differential, quadratic # You can interrupt an ongoing quadratic
differential, integration, =, maximum/minimum differential calculation by pressing the key.
value or Solve calculation expression inside of ~ # Always use radians (Rad Mode) as the angle
a quadratic differential calculation term. unit when performing trigonometric quadratic

# Specify tolerance (rol) value of 1e-14 or less. differentials.

An error (Iteration ERROR) occurs whenever # Using Quadratic Differential Calculation in a
no solution that satisfies the tolerance value Graph Function (see page 2-5-2)

can be obtained.
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H Integration Calculations [OPTN]-[CALC]-[/dx]

To perform integration calculations, first display the function analysis menu and then input
the values in the formula shown below.

@m [F3)(CALC) @) (Jdv) fx) ) a (3 b (3 ol

(a: start point, b: end point, tol: tolerance)

J( Fx), a, b, 10]) = '[ : Foods

y
) y=¢
fia) y=J(x)
Area of Jb f(x)dx is calculated
0| a b o

As shown in the illustration above, integration calculations are performed by calculating
integral values from a through b for the function y = f (x) where a< x = b, and f (x) 2 0. This
in effect calculates the surface area of the shaded area in the illustration.

#1f f (x) < 0 where a a = x = b, the surface area
calculation produces negative values (surface
areax—1).
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Example To perform the integration calculation for the function shown
below, with a tolerance of “fol” = 1e- 4

J.ls 2x?+3x +4) dx

Input the function f (x).
9 @ 3 (CALC) @) (Jax) (@) [e) 2 3 3) () 3 @ D

Input the start point and end point.
OO0EO
Input the tolerance value.

OEE@EO FiZRe+aa+d, 1,
. 134

21E-d2
BELEEET

e Application of Integration Calculation
* Integrals can be used in addition, subtraction, multiplication or division.

Ib ) dx + Id 2(x) dx, etc.

* Integration results can be used in addition, subtraction, multiplication or division, in
functions.

2X th(x) dx, etc. log (be(x) dx), etc.
e Functions can be used in any of the terms (f(x), a, b, tol) of an integral.

cos 0.5
J (sin x + cos x) dx = J(sin X + cos x, sin 0.5, cos 0.5, 1E- 4)
§in 0.5

#In the function f(x), only X can be used as a  # Integration calculations can take a long time to
variable in expressions. Other variables (A complete.
through Z, r, 6) are treated as constants, and
the value currently assigned to that variable is
applied during the calculation.

# Input of “rol” and closing parenthesis can be
omitted. If you omit “70l,” the calculator
automatically uses a default value of 1e-5.

# You cannot use a differential, quadratic
differential, integration, X, maximum/minimum
value or Solve calculation expression inside of
an integration calculation term.
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Note the following points to ensure correct integration values.

(1) When cyclical functions for integration values become positive or negative for different
divisions, perform the calculation for single cycles, or divide between negative and
positive, and then add the results together.

Positive
part ($)

0 | a c Negative part (S) b

,[b fexydx = J:f(x)dx + (,jf F)dx)

\ \
Positive part (S)  Negative part (S)

X

(2) When minute fluctuations in integration divisions produce large fluctuations in integration
values, calculate the integration divisions separately (divide the large fluctuation areas
into smaller divisions), and then add the results together.

f(x)

{
i
i

0 | a X1 X2 X3 X b

X1
a

jf fx)dx = J‘ fx)dx + J: f)dx +....+ Jj fx)dx

1

# Pressing during calculation of an integral # An error (Iteration ERROR) occurs whenever
(while the cursor is not shown on the display) no solution that satisfies the tolerance value
interrupts the calculation. can be obtained.

# Always use radians (Rad Mode) as the angle
unit when performing trigonometric
integrations.
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B > Calculations

[OPTN]-[CALC]-[X]
To perform X calculations, first display the function analysis menu, and then input the values
shown in the formula below.

o E)CALCO)@E) e kP a @D I n

B
Z(ak, k, o, B, n) =Zak=aa+aa+1 Foeen +ap
k=o (n: distance between partitions)

o0 000
Example To calculate the following:

6
Y (k> -3k +5)

k=2

Use n = 1 as the distance between partitions.

[Ac) [orTN) (F3) (CALC) (@) (Z) () (5] (K) (=3 ELKE=-FE+5: K. 2.6, 12
BEaEmOKEE® I3
BHKODDEHDDEE

# You can use only one variable in the function for  # Input of n and the closing parentheses can be

input sequence ax. omitted. If you omit n, the calculator automati-
# Input integers only for the initial term () of callyusesn=1.

sequence ak and last term () of sequence ax .
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e X Calculation Applications

 Arithmetic operations using X calculation expressions

n

Expressions: Se=3 ar, Ta=7 bx
k=1 k=1
Possible operations: Si+ T, Su — T, etc.
» Arithmetic and function operations using X calculation results
2 % Su, log (S»), etc.

 Function operations using X calculation terms (ax, k)

X (sink, k, 1, 5), etc.

# You cannot use a differential, quadratic # Make sure that the value used as the final term
differential, integration, =, maximum/minimum Pis greater than the value used as the initial
value or Solve calculation expression inside of term o. Otherwise, an error will occur.

a X calculation term. # To interrupt an ongoing X calculation (indicated

when the cursor is not on the display), press the
key.
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B Maximum/Minimum Value Calculations [OPTN]-[CALC]-[FMin]/[FMax]

After displaying the function analysis menu, you can input maximum/minimum calculations
using the formats below, and solve for the maximum and minimum of a function within
interval a = x = b. (a: start point of interval, b: end point of interval, n: precision (n = 1 to 9))

oMinimum Value

(m (F2) (CALC) (B) (FMin) fix) (J a I b (I n

eMaximum Value

(m (F2) (CALC) (6] (FMax) f)(J a (I b (I n

o0 000

Example 1 To determine the minimum value for the interval defined by start
point = 0 and end point b = 3, with a precision of n = 6 for the
functiony =x2-4x + 9

Input f(x).
(&g @ [F4) (CALC) (8] (FMin) (éD (3 (=) (@] (ke (B (@) &)

Input the interval a = 0, b = 3.

OHEo
Input the precision n = 6.
(6]
@ An3
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Example 2 To determine the maximum value for the interval defined by start
point a = 0 and end point b = 3, with a precision of n = 6 for the

functiony = —x2 + 2x + 2

Input f(x).

(&d W) (F4) (CALC) (6] (FMax) (@) (k6D (o () (2] (k6T) () 2] (3]

Input the interval a = 0, b = 3.

OHEo
Input the precision n = 6.

(6]

)

# In the function f(x), only X can be used as a
variable in expressions. Other variables (A
through Z, r, 6) are treated as constants, and
the value currently assigned to that variable is
applied during the calculation.

# Input of n and the closing parenthesis can be
omitted.

# Discontinuous points or sections with drastic
fluctuation can adversely affect precision or
even cause an error.

# You cannot use a differential, quadratic
differential, integration, X, maximum/minimum
value or Solve calculation expression inside of
a maximum/minimum calculation term.

AnZ

# Inputting a larger value for n increases the
precision of the calculation, but it also increases
the amount of time required to perform the
calculation.

# The value you input for the end point of the
interval (b) must be greater than the value you
input for the start point (a). Otherwise an error
occurs.

# You can interrupt an ongoing maximum/
minimum calculation by pressing the key.
# You can input an integer in the range of 1 to 9
for the value of n. Using any value outside this

range causes an error.
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2-6 Complex Number Calculations

You can perform addition, subtraction, multiplication, division, parentheses calculations,
function calculations, and memory calculations with complex numbers just as you do with the
manual calculations described on pages 2-1-1 and 2-4-6.

You can select the complex number calculation mode by changing the Complex
Mode item on the SET UP screen to one of the following settings.

¢ {Real} ... Calculation in the real number range only*!

e {a+bi} ... Performs complex number calculation and displays results in rectangular
form

e {re”6i} ...Performs complex number calculation and displays results in polar form*2

Press (F3)(CPLX) to display the complex calculation number menu, which contains the
following items.

* {Abs}/{Arg} ... obtains {absolute value}/{argument}

* {Conjg} ... {obtains conjugate}

* {ReP}/{lmP} ... {real}/{imaginary} part extraction

o {pre”Oi}/{»a+bi} ... converts the result to {polar}/{linear}

*! When there is an imaginary number in the # Solutions obtained by the Real and a+bi/ re"6i
argument, however, complex number modes are different for power root ()
calculation is performed and the result is calculations when x < 0 and y = m/n when n is
displayed using rectangular form. an odd number.

Examples: Example:
In 2i =0.6931471806 + 1.570796327i 3% (-8) =-2(Real)
In2i +In (-2 ) = (Non-Real ERROR) =1 + 1.732050808i(a+bi/ re”i)

*2 The display range of 8 depends on the angle
unit set for the Angle item on the SET UP
screen.

*Deg...-180 < 6 =180
*Rad..—-nt<f=n
*Gra ... —200 < 6 =200
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Complex Number Calculations

H Absolute Value and Argument [OPTN]-[CPLX]-[Abs]/[Arg]

The unit regards a complex number in the form a + bi as a coordinate on a Gaussian plane,
and calculates absolute value | Z|and argument (arg).

o0 000
Example To calculate absolute value (r) and argument (6) for the complex
number 3 + 4i, with the angle unit set for degrees
Imaginary axis

ab-———————

I
I
I
I
I
I
I
I
I
I
|
0 3

Real axis
(F3)(CPLX) (] (Abs) |F|bs CEHaLY - |
(8] () (@ e (01 (i) O B9
(Calculation of absolute value)

F3(CPLX) (2] (Arg) |F|r'~~5l a4 o
BEHAE D@D

(Calculation of argument)

33 13@1@235|

# The result of the argument calculation differs
in accordance with the current angle unit
setting (degrees, radians, grads).
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H Conjugate Complex Numbers [OPTN]-[CPLX]-[Conijg]
A complex number of the form a + bi becomes a conjugate complex number of the form
a— bi.
o0 o000
Example To calculate the conjugate complex number for the complex number 2
+4i
(&g @) [F3) (CPLX) () (Conjg) Conda (Z+d10 i
DEO@OODE '
H Extraction of Real and Imaginary Parts [OPTN]-[CPLX]-[ReP)/[ImP]

Use the following procedure to extract the real part a and the imaginary part b from a
complex number of the form a + bi.

o0 000
Example To extract the real and imaginary parts of the complex number 2 + 5i

[F3)(CPLX) (4 (ReP) |EEP CT451 0
2EHE D@D

(Real part extraction)

2|

F3)(CPLX) (B) (ImP) |ImF‘ C2451 0
2EHE D@D

(Imaginary part extraction)

5|

# The input/output range of complex numbers is # 18 bytes of memory are used whenever you

normally 10 digits for the mantissa and two assign a complex number to a variable.
digits for the exponent. # The following functions can be used with
# When a complex number has more than 21 complex numbers.
digits, the real part and imaginary part are N2 Aw), N, In, log, 107 ¢, sin,
displayed on separate lines. cos, tan, sin™', cos™, tan™', sinh, cosh, tanh,
# When either the real part or imaginary part of sinh~!, cosh™, tanh"
a complex number equals zero, that part is not Int, Frac, Rnd, Intg, Fix, Sci, ENG, <—ENG, °’”,

displayed in rectangular form. 0 bl dle
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H Polar Form and Rectangular Transformation [OPTN]-[CPLX]-[»re” 6i]
Use the following procedure to transform a complex number displayed in rectangular form to
polar form, and vice versa.

Example To transform the rectangular form of complex number 1 + V3i to its
polar form

MOBPOE@GIB D0 [1+iI3arresi -
(@m [F3) (CPLX) (6] (»re”6i) B8 2681
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2-7 Binary, Octal, Decimal, and Hexadecimal
Calculations with Integers

You can use the RUN < MAT Mode and binary, octal, decimal, and hexadecimal settings to
perform calculations that involve binary, octal, decimal and hexadecimal values. You can also
convert between number systems and perform bitwise operations.

* You cannot use scientific functions in binary, octal, decimal, and hexadecimal calcula-
tions.

* You can use only integers in binary, octal, decimal, and hexadecimal calculations, which
means that fractional values are not allowed. If you input a value that includes a decimal
part, the unit automatically cuts off the decimal part.

e |f you attempt to enter a value that is invalid for the number system (binary, octal,
decimal, hexadecimal) you are using, the calculator displays an error message. The
following shows the numerals that can be used in each number system.

Binary: 0, 1

Octal: 0,1, 2,3,4,5,6,7

Decimal: 0, 1,2, 3,4,5,6,7,8,9

Hexadecimal: 0,1, 2, 3,4,5,6,7,8,9,A,B,C,D,E, F

* Negative binary, octal, and hexadecimal values are produced using the two’s complement
of the original value.

* The following are the display capacities for each of the number systems.

Number System Display Capacity
Binary 16 digits
Octal 11 digits
Decimal 10 digits
Hexadecimal 8 digits
The alphabetic characters used in the Normal Text A B | c D E F
hexadecimal number appear differently on Hexadecimal Values| A | B c | o E F

the display to distinguish them from text
characters.

Keys ke | (iog) | (in) | (sin) | (cos) | (tan)
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* The following are the calculation ranges for each of the number systems.

Binary Values

Positive: 0 = x = 1111111111111
Negative: 1000000000000000 = x = 1111111111111111

Octal Values
Positive: 0= x = 17777777777
Negative: 20000000000 = x = 37777777777

Decimal Values
Positive: 0 = x = 2147483647
Negative: —2147483648 = x = —1

Hexadecimal Values
Positive: 0 = x = 7FFFFFFF
Negative: 80000000 = x = FFFFFFFF

® To perform a binary, octal, decimal, or hexadecimal calculation

[SET UP]-|]NEE|-[Dec]/[Hex]/[Bin]/[Oct]
1. In the main menu, select RUN « MAT.

2. Press (F3)(SET UP) and then specify the default number system by pressing
(F2)(Dec), (F3)(Hex), (F3)(Bin), or (F5)(Oct).

3. Press [s¢ to change to the screen for calculation input. This causes a function menu
with the following items to appear.

* {d~0}/{LOGIC}/{DISP}/{SYBL} ... {number system specification}/{bitwise operation}/
{decimal/hexadecimal/binary/octal conversion}/{symbol} menu
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H Selecting a Number System

You can specify decimal, hexadecimal, binary, or octal as the default number system using
the set up screen. After you press the function key that corresponds to the system you want
to use, press [Exg.

® To specify a number system for an input value

You can specify a number system for each individual value you input. Press (F1)(d~0) to
display a menu of number system symbols. Press the function key that corresponds to the
symbol you want to select and then input the value.

o {d}/{h}/{b}/{o} ... {decimal}/{hexadecimal}/{binary}/{octal}

® To input values of mixed humber systems

Example To input 12310 or 10102, when the default number system is
hexadecimal

(3 (SET UP) B3 (Hex) ) 4123 —
&9 F) (d~0) D (d) D @ B 8

F(d~0) @ (b) D @ @ @ 68 |p1eie pEEDaRGR|

H Arithmetic Operations

o0 o000
Example 1 To calculate 101112 + 110102

Em EI(SET U ES G & e S henan: 1 0an1
MOHOLODOD
OOLO0OE
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Example 2 To input and execute 123s x ABC1s, when the default number system is

decimal or hexadecimal

(m) [E3) (SET UP) [E2) (Dec) 0

|0123thBE 228854 |
G F)(d~0) @)D DR X
i) (d~0) @ (h)(A) (B) ("9
(F3)(DISP) (2] (Hex) & |F|r'|serex |
BHEEZTHF 4
B Negative Values and Bitwise Operations
Press (F2)(LOGIC) to display a menu of negation and bitwise operators.
* {Neg} ... {negation}*?
* {Not}/{and}/{or}/{xor}/{xnor} ... {NOT}**/{AND}/{OR}{XOR}/{XNOR}**
® Negative Values
o0 000
Example To determine the negative of 110010:
(w0 [E3)(SET UP) [E4) (Bin) Ed) Mes 118@18
(& 2 (LOGIC) (1) (Neg) 1111111111881118
OOHOQO0MHDOEd

eBitwise Operations
o0 000
Example 1 To input and execute “1201s and AD1s”

(F3(SET UP) [E3) (Hex) 9 1ZAandil
(1 2 @ FJ(LOGIC) I I 2
(8)(and)(A) (@) *' X

*! See page 2-7-1.
*2 two’s complement
*3 one’s complement (bitwise complement)

*4 bitwise AND, bitwise OR, bitwise XOR,
bitwise XNOR

20011101




2-7-5
Binary, Octal, Decimal, and Hexadecimal Calculations with Integers

o0 000
Example 2 To display the result of “36s or 11102” as an octal value

[F3)(SET UP) (5 (Oct) &0 SEorblll |
@ [ E(LOGIC) AEDBEEEEETE
(@) (on) [F)(d~0) (3] (b)

OO0@DOE

o0 000
Example 3 To negate 2FFFED1s

(w0 (F3) (SET UP) (E3) (Hex) B9 Mol ZFFFED
(F2)(LOGIC) (2] (Not) FFREEE12

EEHEHED"EE

® Number System Transformation
Press (F3)(DISP) to display a menu of number system transformation functions.

* {»-Dec}/{»Hex}/{»Bin}/{»Oct} ... transformation of displayed value to its {decimal}/
{hexadecimal}/{binary}/{octal} equivalent

® To convert a displayed value from one number system to another

o0 o000
Example To convert 2210 (default number system) to its binary or octal value

(ad) ) (F3) (SET UP) (F2) (Dec) EY |d22 22|
E(d~0) @D (d) (@2 2 B9

B(DISPE)(>Bin & | BEEEEREEEEE1E] 16 |
EOISP) @ (>Oct) & | 2555 2 05 5 ) |

*1 See page 2-7-1.
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2-8 Matrix Calculations

From the Main Menu, enter the RUN - MAT Mode, and press [F1)(MAT) to perform Matrix
calculations.

26 matrix memories (Mat A through Mat Z) plus a Matrix Answer Memory (MatAns), make it
possible to perform the following matrix operations.

* Addition, subtraction, multiplication
¢ Scalar multiplication calculations

* Determinant calculations

¢ Matrix transposition

e Matrix inversion

* Matrix squaring

» Raising a matrix to a specific power

* Absolute value, integer part extraction, fractional part extraction, maximum integer
calculations

* Matrix modification using matrix commands

* Absolute value, argument, complex conjugate calculation for a matrix with complex
number components

* Real part and complex number part extraction of a matrix with complex number
components

The maximum number of rows that can be specified for a matrix is 255, and the maximum
number of columns is 255.

# About Matrix Answer Memory (MatAns) * Whenever you perform a matrix calculation, the
The calculator automatically stores matrix current Matrix Answer Memory contents are
calculation results in Matrix Answer replaced by the new result. The previous
Memory. Note the following points about contents are deleted and cannot be recovered.
Matrix Answer Memory. * Inputting values into a matrix does not affect

Matrix Answer Memory contents.
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B Inputting and Editing Matrices

Pressing (F1)(MAT) displays the matrix editor screen. Use the matrix editor to input and edit

matrices.

[flatrix

a t Mohe
Mat. C tHaohe
Mat. [ : Mone
Mat. E : Maohe
Mat. F tHaohe
OIF | DEL [BELA

mXn ... m (row) x n (column) matrix
None... no matrix preset

* {DIM} ... {specifies the matrix dimensions (number of cells)}

* {DEL}/{DEL-A} ... deletes {a specific matrix}/{all matrices}

® Creating a Matrix

To create a matrix, you must first define its dimensions (size) in the Matrix list. Then you can
input values into the matrix.

¢ To specify the dimensions (size) of a matrix

o0 000
Example To create a 2-row x 3-column matrix in the area named Mat B

Highlight Mat B.

@ Matrix
at. HI-E -
Mat B iHope |
FD(DIM)
Specify the number of rows. s
@ [MiDimension m+n
Specify the number of columns. i m_ iz
[E)EE) M
E 1 H 3

) |

¢ All of the cells of a new matrix contain the value 0.

# If “Memory ERROR” remains next to the matrix ~ means there is not enough free memory to create
area name after you input the dimensions, it the matrix you want.
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Matrix Calculations

e To input cell values

eoecoo
Example To input the following data into Matrix B :
|:1 2 3
4 5 6
Q@ (Selects Mat B.) Matrix
[1at. A A
M=t B & 2= 3|
E5 E 1 F 3
[ I a 3
NEDBEDE L0 f el
@) B9 (&) B9 (6] e
(Data is input into the highlighted cell. g
Each time you press [Exg, the highlighting ECTTIR-OF[R-DELIR-THAR-ADD [+

moves to the next cell to the right.)

# You can input complex numbers into the
cell of a matrix.

# Displayed cell values show positive
integers up to six digits, and negative
integers up to five digits (one digit used for
the negative sign). Exponential values are
shown with up to two digits for the
exponent. Fractional values are not
displayed.

# You can see the entire value assigned to a cell
by using the cursor keys to move the highlight-
ing to the cell whose value you want to view.

# The amount of memory required for a matrix is 9
bytes per cell. This means that a 3 x 3 matrix
requires 81 bytes of memory (3 x 3 x 9 =81).
Inputting complex numbers into a matrix
doubles the amount of memory used.
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® Deleting Matrices
You can delete either a specific matrix or all matrices in memory.

Matrix

a 2w 2
Mat. B f o 2® 3
[fat. C A
a fHohe
Mat. F i Hohe
OIF | DEL [BELA

® To delete a specific matrix

1. While the Matrix list is on the display, use @ and @ to highlight the matrix you want
to delete.

2. Press (F2)(DEL).

3. Press (e (Yes) to delete the matrix or [Es¢)(No) to abort the operation without deleting
anything.

¢ To delete all matrices
1. While the Matrix list is on the display, press (F3)(DEL-A).

2. Press [exg (Yes) to delete all matrices in memory or ¢ (No) to abort the operation
without deleting anything.

# The indicator “None” replaces the # Inputting the format or changing the dimensions
dimensions of the matrix you delete. of a matrix deletes its current contents.
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H Matrix Cell Operations

Use the following procedure to prepare a matrix for cell operations.

1. While the Matrix list is on the display, use @ and @ to highlight the name of the
matrix you want to use.
You can jump to a specific matrix by inputting the letter that corresponds to the matrix
name. Inputting (8)(N), for example, jumps to Mat N.
Pressing [SJ(Ans) jumps to the Matrix current Memory.

2. Press [ and the function menu with the following items appears.
* {EDIT} ... {cell editing screen}
* {R-OP} ... {row operation menu}
* {R-DEL}/{R*INS}/{R+ADD} ... row {delete}/{insert}/{add}
* {C+DEL}/{C+INS}/{C+ADD} ... column {delete}/{insert}/{add}
All of the following examples use Matrix A.

® Row Calculations
The following menu appears whenever you press (F2)(R-OP) while a recalled matrix is on the
display.
* {Swap} ... {row swap}
¢ {xRow} ... {product of specified row and scalar}
* {xRow+} ... {addition of one row and the product of a specified row with a scalar}

* {Row+} ... {addition of specified row to another row}

® To swap two rows

o0 00O
Example To swap rows two and three of the following matrix :

1 2
Matrix A = |: 3 4}
5 6

(F2)(R-OP) (1] (Swap)
Input the number of the rows you want to swap.

B CEIENEE) Fow OFeration

Swar Fow meRow n
[

(F&) (EXE) (or Exg) A 1 7
I 1 2
a[ 5 B |
3 3
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® To calculate the scalar multiplication of a row

eoecoo0
Example To calculate the product of row 2 of the following matrix and the scalar
4:
1 2
Matrix A = |: 3 4 }
5 6
(F2) (R-OP) (2] (xRow)

Input multiplier value.

Row_ OFeralion
@ kxRow m+Fow m
Specify row number. k=4
| m f2 |
2 &
(F8)(EXE) (or ) A _1__ =
1 1 a
a[ 12 |5]
3 5 I

® To calculate the scalar multiplication of a row and add the result to another
row

o0 000
Example To calculate the product of row 2 of the following matrix and the scalar
4, then add the result to row 3 :

1 2
Matrix A = |: 3 4 }
5 6

(F2(R-OP) (3] (xRow+)
Input multiplier value.
@
Specify number of row whose product should be Fow OFeraticn
caloulated. kxRow m+Row n*Eow n
DE 5 i3
Specify number of row where result should be added.
B)ET
(F8) (EXE) (or@g) A ! 2
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® To add two rows together

eoecoo0
Example To add row 2 to row 3 of the following matrix :

1 2
Matrix A = |: 3 4 }
5 6

(R-OP) (4] (Row+)

Specify number of row to be added. Fow OFeratioh
Row m+REow n*Eow n
(2) B9
Specify number of row to be added to. h
ECE|
(F§) (EXE) (or[Exg) A 1 7
1 1 E
a[ 3 u]
3 s [T

® Row Operations
*{R-DEL} ... {delete row}

* {R*INS} ... {insert row}
* {R+ADD} ... {add row}

® To delete a row

o0 00O
Example To delete row 2 of the following matrix :

1 2
Matrix A = |: 3 4 }
5 6

® ] F

(F3)(R+DEL) 5
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® To insert a row

o0 000
Example To insert a new row between rows one and two of the following
matrix :
1 2
Matrix A = |: 3 4 }
5 6
(O] AR 1 2
I | a
J— ]
3 5 B
3 (R+INS) A1 &8

e To add a row

o0 000
Example To add a new row below row 3 of the following matrix :

1 2
Matrix A = |: 3 4 }
5 6

@@ A ] ]
| | g
[ R
(F5) (R-ADD) %
{ s E]
El 5 B
u 1 1]
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® Column Operations
¢ {C+DEL} ... {delete column}

* {C+INS} ... {insert column}
¢ {C+ADD} ... {add column}

e To delete a column

o0 o000
Example To delete column 2 of the following matrix :

1 2
Matrix A = |: 3 4 }
5 6

® A _1__&
{ i
(Fe)(>) EN(C-DEL) A
)

® To insert a column

o0 000
Example To insert a new column between columns 1 and 2 of the following
matrix :
1 2
Matrix A = |: 3 4 }
5 6
[C) A 1 H
|[ I -]
2 3 y
3 5 B
(Fg) (™) (F2(C~INS) A 1 2 3
I | I 2
a[ 3 [ u]
3 5 o B
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® To add a column

o0 000
Example To add a new column to the right of column 2 of the following
matrix :
1 2
Matrix A = |: 3 4 }
5 6
® R _1T ¢
l[ I -]
a 3 y
3 5 B
(Fe) (> C-ADD A ! 2 El
B ) |[ I 2 ‘]
H E] u 1]
El H] B 1]
M Modifying Matrices Using Matrix Commands [OPTN]-[MAT]

® To display the matrix commands
1. From the Main Menu, enter the RUN « MAT Mode.

2. Press to display the option menu.

3. Press (F2) (MAT) to display the matrix command menu.

The following describes only the matrix command menu items that are used for creating
matrices and inputting matrix data.

¢ {Mat} ... {Mat command (matrix specification)}

¢ {Dim} ... {Dim command (dimension check)}

o {Augmnt} ... {Augment command (link two matrices)}

¢ {Ident} ... {Identity command (identity matrix input)}

o {Fill} ... {Fill command (identical cell values)}

¢ {M—List} ... {Mat—List command (assign contents of selected column to list file)}
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® Matrix Data Input Format [OPTN]-[MAT]-[Mat]
The following shows the format you should use when inputting data to create a matrix using E
the Mat command.
ai a2 ... am
az1 Az ... ax
a.nﬂ a;n2 a;nn

=[[an, a2, ..., au] [@z1, @z, ..., @24 .... [am1, @mz, ..., @m] ]
— Mat [letter A through Z]

o0 000
Example 1 To input the following data as Matrix A :

1 3 5
|:246:|

G (B ([ ) BN BD R EE [[1:2:51[2:4:6]1+Mat
G E)(1)En @E(HERIE A E | |
&) B (1) 6m B (1) &) @W E2 (MAT)

(] (Mat) () (£em (A)

g Matrix name =) i ] 3
I 3 5
a[ 2 u 5]

# You can also use (i) (2] (Mat) in place of # An error occurs if memory becomes full as you
(F2) (MAT) (3] (Mat). are inputting data.
# The maximum value of both m and n is 255. # You can also use the above format inside a

program that inputs matrix data.
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¢ To input an identity matrix
Use the Identity command to create an identity matrix.

[OPTN]-[MAT]-[Ident]

o0 o000
Example 2 To create a 3 x 3 identity matrix as Matrix A

(F2)(MAT) (6] (Ident) A ] 7 3
@ & EB(MAT) (@ (Mat) (8 G20 (A) 68 ;[-.; " E] ‘
Number of rows/columns 3 o o !

® To check the dimensions of a matrix

[OPTN]-[MAT]-[Dim]
Use the Dim command to check the dimensions of an existing matrix.

o0 000

Example 3 To check the dimensions of Matrix A, which was input in
Example 1
(F2) (MAT) (2] (Dim) fins
[E3 (MAT) (D) (Mat) (80 (20 (A) 69 -]

The display shows that Matrix A consists of two rows and three columns.

You can also use {Dim} to specify the dimensions of the matrix.
eo0ocoe

Example 4 To specify dimensions of 2 rows and 3 columns for Matrix B

EAX({) 2B )E(HE E 1 2 E]
@ 3 (MAT) @ (Dim) U e S

[ (MAT) (3] (Mat) (e (og) (B) 9
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® Modifying Matrices Using Matrix Commands
You can also use matrix commands to assign values to and recall values from an existing E
matrix, to fill in all cells of an existing matrix with the same value, to combine two matrices
into a single matrix, and to assign the contents of a matrix column to a list file.

® To assign values to and recall values from an existing matrix
[OPTN]-[MAT]-[Mat]

Use the following format with the Mat command to specify a cell for value assignment and
recall.

Mat X [m, n]

X e matrix name (A through Z, or Ans)
M e row number

T e column number

o0 000

Example 1 Assign 10 to the cell at row 1, column 2 of the following matrix :

1 2
Matrix A = |: 3 4 }
5 6

(1) @) ) & 2 (MAT) (D (Mat) 18+Mat. AL1,2] i
() (C61) (A) ) () ([) (D (D 2]
) =)(1) @9

o0 000
Example 2 Multiply the value in the cell at row 2, column 2 of the above
matrix by 5

@™ (F2(MAT) (1) (Mat) Mal, ALZ: 175
() (6D (A) e B (@ 3O @
&S (]) X B B9

Pl
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o To fill a matrix with identical values and to combine two matrices into a

single matrix [OPTN]-[MAT]-[Fill/TAugmnt]
Use the Fill command to fill all the cells of an existing matrix with an identical value and the
Augment command to combine two existing matrices into a single matrix.

o0 000
Example 1 To fill all of the cells of Matrix A with the value 3

@m F2 (MAT) @ (Fill) s __1_ 2
™

@ (3 F2(MAT) (0 (Mat) () (&n (A) €8 t b S
3 (MAT) (D (Mat) @) FaD (A) 69 *oo3

o0 o000
Example 2 To combine the following two matrices :

=[] e-ld]

(F2(MAT) (8] (Augmnt)
(F2(MAT) (@) (Mat) (ie#) x61) (A) )
(F2)(MAT) (3] (Mat) (e (og) (B) B9

AnZ 1 2

i B

# The two matrices you combine must have the
same number of rows. An error occurs if you
try to combine two matrices that have
different numbers of rows.

20010101




2-8-15
Matrix Calculations

® To assign the contents of a matrix column to a list
[OPTN]-[MAT]-[M—List]

Use the following format with the Mat—List command to specify a column and a list.

Mat — List (Mat X, m) — List n
X = matrix name (A through Z, or Ans)
m = column number
n = list number
o0 o000
Example To assign the contents of column 2 of the following matrix to list 1 :
1 2
Matrix A = 3 4
5 6

2 (MAT) (B) (M—List) finZ

[E3 (VAT) () (Mat) @ (D) (A) () (@) é[-ﬁ']
ED(LIST) @ (List (D B8 * ok
ED(LIST) @D (Lish (D &

# You can also use (i) (1] (List) in place of In the above, ¢, S, and y are any variable
[FED(LIST) (@] (List). names A through Z, and n is any value.
The above does not affect the contents of Matrix

# You can use Matrix Answer Memory to assign
Answer Memory.

the results of the above matrix input and edit
operations to a matrix variable. To do so, use
the following syntax.

e Fill (n, Mat @) — Mat 8

¢ Augment (Mat o, Mat ) — Mat y

20010101




2-8-16
Matrix Calculations

H Matrix Calculations [OPTN]-[MAT]

Use the matrix command menu to perform matrix calculation operations.

¢ To display the matrix commands
1. From the Main Menu, enter the RUN « MAT Mode.

2. Press to display the option menu.

3. Press (F2)(MAT) to display the matrix command menu.
The following describes only the matrix commands that are used for matrix arithmetic
operations.

¢ {Mat} ... {Mat command (matrix specification)}

¢ {Det} ... {Det command (determinant command)}

¢ {Trn} ... {Trn command (transpose matrix command)}
¢ {Ident} ... {Identity command (identity matrix input)}

All of the following examples assume that matrix data is already stored in memory.
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® Matrix Arithmetic Operations [OPTN]-[MAT]-[Mat]

o0 o000
Example 1 To add the following two matrices (Matrix A + Matrix B) :

a=[p ] eele 7]

(2 (MAT) (1) (Mat) (2 (£61) (A)
[E2J(MAT) (] (Mat) () (og) (B) B9

i T

Ang___1 2 ‘

o0 000
Example 2 Calculate the product to the following matrix using a multiplier value
of5:
1 2
Matrix A =|: :I
3 4
(8] ) F2) (MAT) (3 (Mat) s __1_ 2
D (A E (-
eoocoe

Example 3 To multiply the two matrices in Example 1 (Matrix A x Matrix B)

(2 (MAT) (1) (Mat) (g (£61) (A) (X)
2 (MAT) (3] (Mat) (e (og) (B) 9

e S|

fins___| 2 ‘

o0 o000
Example 4 To multiply Matrix A (from Example 1) by a 2 x 2 identity matrix

(F2)(MAT) (3] (Mat) (i) (ko) (A) (X
(2 (MAT) () (Ident) (@) B8

Number of rows and columns

-]

fins___| 2 ‘

# The two matrices must have the same # When performing matrix arithmetic operations,
dimensions in order to be added or inputting the Identity command at the location
subtracted. An error occurs if you try to of a matrix command (such as Mat A) makes it
add or subtract matrices of different possible to perform identity matrix
dimensions. calculations.

# For multiplication (Matrix 1 x Matrix 2), the
number of columns in Matrix 1 must match
the number of rows in Matrix 2. Otherwise,
an error occurs.
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® Determinant [OPTN]-[MAT]-[Det]
o0 000
Example Obtain the determinant for the following matrix :
1 2 3
Matrix A = 4 5 6
-1-2 0
(F2(MAT) (3] (Det) (£2) (MAT) (3 (Mat) |DEL Mat. A
A -
® Matrix Transposition [OPTN]-[MAT]-[Trn]

A matrix is transposed when its rows become columns and its columns become rows.

o0 000
Example

To transpose the following matrix :

1 2
MatrixA=| 3 4

5 6
[orTi) (F2) (MAT) (@) (Trn) (F2) (MAT) (1] (Mat) ns__1 5 3
T D () ES e B

# Determinants can be obtained only for square # The determinant of a 3 x 3 matrix is calculated

matrices (same number of rows and as shown below.

columns). Trying to obtain a determinant for a an aw am

matrix that is not square produces an error. IAl= |: 201 @z am :|
# The determinant of a 2 x 2 matrix is ast asz ass

calculated as shown below.

= anaz2ass + ateazsast + aisaz1asz

an are — a11a23as2 — A12821333 — A13A22A31
IAl= = anazz — arazt
az1 a2
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o Matrix Inversion

[OPTN]-[MAT]-[x~"]

o0 000
Example To invert the following matrix :

MatrixA=|:1 2:|
3 4

(2 (MAT) (] (Mat)
Een (A) e O] () B9

® Squaring a Matrix [OPTN]-[MAT]-[x?]

o0 000
Example To square the following matrix :

MatrixA=|:1 2:|
3 4

EJ(MAT) (3] (Mat) (e (x67) (A) () B9

Anf ! 2

L0 ]

# Only square matrices (same number of rows
and columns) can be inverted. Trying to invert
a matrix that is not square produces an error.

# A matrix being inverted must satisfy the
conditions shown below.

= = 10

# A matrix with a determinant of zero cannot be AA'=A"A=E= |: ]

. ) ) A 01

inverted. Trying to invert a matrix with

determinant of zero produces an error. The following shows the formula used to
# Calculation precision is affected for matrices invert Matrix A into inverse matrix A™".

whose determinant is near zero. |: a b ]

A=
cd

A= 1 d-b
ad - bc - a

Note that ad — bc =¢ 0.
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® Raising a Matrix to a Power

[OPTN]-[MAT]-[A]

Example To raise the following matrix to the third power :

MatrixA=|:1 2:|
3 4

(EJ(MAT) (3] (Mat) (e (x61) (A)
E3CT

T

fing___1 2 ‘

® Determining the Absolute Value, Integer Part, Fraction Part, and
Maximum Integer of a Matrix [OPTN]-[NUM]-[Abs]/[Frac)/[Int)/[Intg]

Example To determine the absolute value of the following matrix :

Matrix A = [ 1 _2]
-3 4

(F8)(NUM) @] (Abs)
EJ(MAT) (@] (Mat) (e (xé1) (A) &

# Determinants and inverse matrices are
subject to error due to dropped digits.

# Matrix operations are performed
individually on each cell, so calculations

may require considerable time to complete.

# The calculation precision of displayed
results for matrix calculations is £+ 1 at the
least significant digit.

# If a matrix calculation result is too large to
fit into Matrix Answer Memory, an error
occurs.

# You can use the following operation to transfer
Matrix Answer Memory contents to another
matrix (or when Matrix Answer Memory
contains a determinant to a variable).

MatAns — Mat o

In the above, o is any variable name A through
Z. The above does not affect the contents of
Matrix Answer Memory.
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Chapter

List Function

Alist is a storage place for multiple data items.

This calculator lets you store up to 20 lists in a single file, and
you can store up to six files in memory. Stored lists can be used
in arithmetic and statistical calculations, and for graphing.

Element number Display range Cell Column
\ | \
\ List 1 List 2 List 3 List 4 List 5| ( List 20 —}— List name
1 56 1 107 {385 4 0
2 37 2 75 6 0 0
3 21 4 122 21 0 0
4 69 8 87 4.4 2 0
5 40 16 298 3 0 0
6 48 32 48 6.8 3 0
7 93 64 338 2 9 O | mow
8 30 128 49 8.7 0 0

§

3-1 Inputting and Editing a List

3-2 Manipulating List Data

3-3 Arithmetic Calculations Using Lists
3-4 Switching Between List Files
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3-1 Inputting and Editing a List

Enter the STAT Mode from the Main Menu to input data into a list and to manipulate list data.

® To input values one-by-one
Use the cursor keys to move the highlighting to the list name or cell you want to select.

neWwn—

GRFHICALCITE: NINTEIDIZT]

The screen automatically scrolls when the highlighting is located at either edge of the

screen.
The following example is performed starting with the highlighting located at Cell 1 of List 1.

1. Input a value and press g to store it in the list.

ENCT

JLigt IJLigt B|List J|List U
J

* The highlighting automatically moves down to the

I
2
3
) y
next cell for input. 5

2. Input the value 4 in the second cell, and then input the result of 2 + 3 in the next cell.

@R HEE [Lizt I|List 8[Lizt 3| List U

3
y
5

I
g
3
| I
5

# You can input values up to 255 cells in a single list.

# You can also input the result of an expres-
sion or a complex number into a cell.
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® To batch input a series of values
1. Use the cursor keys to move the highlighting to another list.

| |Lizt |||L.st gIList u||
i |

2. Press X)({), and then input the values you want, pressing (2] between each one.
Press () (}) after inputting the final value.

EX({(HEODHE®IE(}) [Lict ||| Lizt J[List 4

3. Press [B4g to store all of the values in your list.

@ |Li5t IfLixt gJList J|List Y
| El
- '} 1
3 5 B
y
5
=}

GRPAICALGITES TIINTRIDIST] I

You can also use list names inside of a mathematical expression to input values into another
cell. The following example shows how to add the values in each row in List 1 and List 2, and
input the result into List 3.

1. Use the cursor keys to move the highlighting to the name of the list where you want the
calculation results to be input.

|L|St I|L|St gl_mu.st u||

2. Press and input the expression.

(e ED(LIST) @ (List) (1 (B [List i]List 2|List alList u
m [F(LIST) @ (List) (2 B9

ncw

neCwm—

LISTICFLEIHUM IFROEIHY'F I [~

# You can also use (i) (1] (List) in place of # Remember that a comma separates values, so
[FD(LIST) (@ (List). you should not input a comma after the final

value of the set you are inputting.
Right: {34, 53, 78}
Wrong: {34, 53, 78,}

20010102




3-1-3
Inputting and Editing a List

M Editing List Values

® To change a cell value

Use @ or ® to move the highlighting to the cell whose value you want to change. Input the
new value and press (&g to replace the old data with the new one.

® To edit the contents of a cell
1. Use the cursor keys to move the highlighting to the cell whose contents you want to
edit.
2. Press (Fg) (™) (F2) (EDIT) to display the contents of the cell at the bottom of the screen.
3. Make any changes in the data you want.

® To delete a cell
1. Use the cursor keys to move the highlighting to the cell you want to delete.

|List i|rist glLizt 3|List u
3 g

oW -

g
GRPAICALGITES TIINTRIDIST] I

2. Press (F6) (™) (F3)(DEL) to delete the selected cell and cause everything below it to be

shifted up.
|List ifrist gLizt 3|List 4
1 3 3 g
2 1 11
El B 13
y
5
=]
TOOLIEDIT DEL [DELATIHE | L |
# The cell delete operation does not affect cells neighboring lists, deleting a cell can cause
in other lists. If the data in the list whose cell related values to become misaligned.

you delete is somehow related to the data in
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® To delete all cells in a list
Use the following procedure to delete all the data in a list.

1. Use the cursor key to move the highlighting to any cell of the list whose data you want
to delete.

2. Pressing (Fg) (™) (F4) (DEL-A) causes a confirmation message to appear.

3. Press [exg(Yes) to delete all the cells in the selected list or [Es¢)(No) to abort the delete
operation without deleting anything.

® To insert a new cell

1. Use the cursor keys to move the highlighting to the location where you want to insert
the new cell.

JList I]List | List I|List U]
3

mam

2. Press (Fg) (™) ([F8) (INS) to insert a new cell, which contains a value of 0, causing
everything below it to be shifted down.

JList 1JList B[List |List U

I 3 E
2| I 1
El 5 ]
y

5

# The cell insert operation does not affect cells in neighboring lists, inserting a cell can cause
other lists. If the data in the list where you insert related values to become misaligned.

a cell is somehow related to the data in
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H Sorting List Values

You can sort lists into either ascending or descending order. The highlighting can be located
in any cell of the list.

® To sort a single list
Ascending order
1. While the lists are on the screen, press (Fg) (™) (F1)(TOOL) (1] (SortA).

Sorl Lists Into
Ascending Order

How Make
Lists?:s O

TOOLIEDIT DEL [DELATIRE | L |

2. The prompt “How Many Lists?: ” appears to ask how many lists you want to sort. Here
we will input 1 to indicate we want to sort only one list.

EBJcE Select List
List Hoi O

3. In response to the “Select List List No: ” prompt, input the number of the list you want
to sort.

D&

Lizt g|List 3|List U

nC W —

Descending order

Use the same procedure as that for the ascending order sort. The only difference is that
you should press (2] (SortD) in place of (1] (SortA).
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® To sort multiple lists

You can link multiple lists together for a sort so that all of their cells are rearranged in
accordance with the sorting of a base list. The base list is sorted into either ascending order
or descending order, while the cells of the linked lists are arranged so that the relative
relationship of all the rows is maintained.

Ascending order
1. While the lists are on the screen, press (Fé)(>) (F1)(TOOL) (1] (SortA).

Sort Lists Into
Azcending Order

How  Mare
List=7?:

TOOLIEDIT DEL [DELATIRE | L |

2. The prompt “How Many Lists?: ” appears to ask how many lists you want to sort. Here
we will sort one base list linked to one other list, so we should input 2.

@ e

Select
Base List

List HMos I

3. In response to the “Select Base List List No: ” prompt, input the number of the list you
want to sort into ascending order. Here we will specify List 1.

D

1=

Select
Second List

List Mo: I

4. In response to the “Select Second List List No:” prompt, input the number of the list
you want to link to the base list. Here we will specify List 2.

@ e Lizt I[Ligt a[Lizt d|List U
q q
3 g
5 g

s W -
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Descending order

Use the same procedure as that for the ascending order sort. The only difference is that
you should press (2] (SortD) in place of (1] (SortA).

# You can specify a value from 1 to 6 as the # Specifying a value of 0 for the number of lists
number of lists for sorting. causes all the lists in the file to be sorted. In

# If you specify a list more than once for a single this case you specify a base list on which all
sort operation, an error occurs. other lists in the file are sorted.

An error also occurs if lists specified for sorting
do not have the same number of values (rows).
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3-2 Manipulating List Data

List data can be used in arithmetic and function calculations. In addition, various list data
manipulation functions make manipulation of list data quick and easy.

You can use list data manipulation functions in the RUN+-MAT, STAT, GRPH-TBL, EQUA and
PRGM Modes.

B Accessing the List Data Manipulation Function Menu

All of the following examples are performed after entering the RUN+-MAT Mode.

Press and then (F1)(LIST) to display the list data manipulation menu, which contains the
following items.

o {List}/{Dim}/{Seq}/{Min}/{Max}/{Mean}/{Median}/{Sum}/{Prod}/{Cuml}/{%}/{ AList}/
{Augmnt}/{Fill})/{L—Mat}

Note that all closing parentheses at the end of the following operations can be omitted.

® To count the number of data items in a list [OPTN]-[LIST]-[Dim]
(FD(LIST) (2) (Dim) (F (LIST) (] (List) <list number 1-20>

¢ The number of cells a list contains is its “dimension.”

o0 000
Example To count the number of values in List 1 (36, 16, 58, 46, 56)
(d [m) EH(LIST) (2 (Dim) Dim List 1
ED(LIST) @ (Lish (0 ?

® To create a list or matrix by specifying the number of data items

[OPTNJ-[LIST]-[Dim]

Use the following procedure to specify the number of data in the assignment statement
and create a list.

<number of data n>(=) (FD(LIST) (2) (Dim) [FD (LIST) (3] (List)
<list number 1-20> g

n=1~255
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Example To create five data items (each of which contains 0) in List 1

&) (ED(LIST) (2)(Dim)
FED(LIST) @ (List) (D B9

List IJList @JList 3| List U

You can view the newly created list by entering
the STAT Mode.

Use the following procedure to specify the number of data rows and columns, and the matrix
name in the assignment statement and create a matrix.
X ({)<number of row m> (3] <number of column n> B
(F1)(LIST) (2] (Dim) [F2) (MAT) (1] (Mat) () <matrix name> [Exg
m, n =1~ 255, matrix name; A~ Z

Example To create a 2-row x 3-column matrix (each cell of which

contains 0) in Matrix A

A en X () R2BEEDIE(N)E

ED(LIST) (2] (Dim)
(E2J(MAT) (] (Mat) () (£61) (A) B

The following shows the new contents of Mat A. A

¢ To replace all data items with the same value [OPTN]-[LIST]-[Fill]

FD(LIST) 69 (Fill) <value> () F)(LIST) (@ (List) <list number 1-20> () B

o0 000
Example To replace all data items in List 1 with the number 3
(Ac) [orT) (F1) (LIST) [eog (Fill) Filld3.List 13 D
[=1gt}

G EE(LST)@(Lsy D ) E9

The following shows the new contents of List 1. izt I[Liot B[List 3[Liet 1]

|

g El
El El
Yy El
5 El

20011101




3-2-3
Manipulating List Data

® To generate a sequence of humbers [OPTN]-[LIST]-[Seq]

[ormi) (FD (LIST) (3) (Seq) <expression> (3] <variable name> (3] <start value>
(3] <end value> (3] <increment> Exg

* The result of this operation is stored in ListAns Memory.

o0 o000

Example  To input the number sequence 12, 62, 112, into a list, using the function
flx) = X2. Use a starting value of 1, an ending value of 11, and an
increment of 5

ED(LIST) @) (Seq) ) @) o
EOOHODODHEHE D é[-asl]
3 121

Specifying an ending value of 12, 13, 14, or 15 produces the same result as shown above,
because all of them are less than the value produced by the next increment (16).

® To find the minimum value in a list [OPTN]-[LIST]-[Min]

) (LIST) @) (Min) D (LIST) (@ (List) <list number 1-20>

o0 000
Example To find the minimum value in List 1 (36, 16, 58, 46, 56)

(ad e FD(LIST) (&) (Min) MintList 17
E(LIST) @D (Lish @ D &8 18
® To find the maximum value in a list [OPTN]-[LIST]-[Max]

Use the same procedure as when finding the minimum value (Min), except press (5] (Max) in
place of (4] (Min).
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¢ To find which of two lists contains the smallest value [OPTN]-[LIST]-[Min]
(FO(LIST) (@ (Min) (F1) (LIST) (3] (List) <list number 1-20>
G FY(LIST)[@] (List) <list number 1-20> (] [Exg
* The two lists must contain the same number of data items. If they don’t, an error occurs.

* The result of this operation is stored in ListAns Memory.

eoeooo0
Example To find whether List 1 (75, 16, 98, 46, 56) or List 2 (35, 59, 58, 72, 67)
contains the smallest value

ED(LIST) @ (Min) Ang
FELIST) @ (Lish @ & b
FE)(LIST) @ (Lish @ O) @9

o 11

¢ To find which of two lists contains the greatest value [OPTN]-[LIST]-[Max]
Use the same procedure as that for the smallest value, except press (5] (Max) in place of

@ (Min).

* The two lists must contain the same number of data items. If they don’t, an error occurs.

e To calculate the mean of data items [OPTN]-[LIST]-[Mean]

(F)(LIST) (6] (Mean) (F1) (LIST) (1] (List) <list number 1-20> (3] &

o0 000
Example To calculate the mean of data items in List 1 (36, 16, 58, 46, 56)

ED(LIST) (€] (Mean) Meanilist 12

FED(LIST) (@) (Lish (0 ) &8 2.4

¢ To calculate the mean of data items of specified frequency
[OPTN]-[LIST]-[Mean]

This procedure uses two lists: one that contains values and one that indicates the frequency
(number of occurrences) of each value. The frequency of the data in Cell 1 of the first list is
indicated by the value in Cell 1 of the second list, etc.

* The two lists must contain the same number of data items. If they don’t, an error occurs.

(F)(LIST) (6] (Mean) (F1) (LIST) (1] (List)<list number 1-20 (data)>
] (F)(LIST) (@] (List)<list number 1-20 (frequency)> (] g
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o0 000
Example To calculate the mean of data items in List 1 (36, 16, 58, 46, 56), whose
frequency is indicated by List 2 (75, 89, 98, 72, 67)

ED(LIST) (6] (Mean) MeaniList
FLIST) @ (Listy D &
ED(LIST) @ (Lish @2 O] B9
® To calculate the median of data items in a list [OPTN]-[LIST]-[Med]

(FD(LIST) (@ (Median) [F1) (LIST) (] (List)<list number 1-20> (3]

o0 o000
Example To calculate the median of data items in List 1 (36, 16, 58, 46, 56)

ED(LIST) (7] (Median) MediantList 17

E(LIST) @ (Lish D O 69 45l

® To calculate the median of data items of specified frequency

[OPTN]-[LIST]-[Med]
This procedure uses two lists: one that contains values and one that indicates the frequency
(number of occurrences) of each value. The frequency of the data in Cell 1 of the first list is
indicated by the value in Cell 1 of the second list, etc.

* The two lists must contain the same number of data items. If they don’t, an error occurs.
(FI)(LIST) (@ (Median) (F(LIST) (1] (List) <list number 1-20 (data)>
(] (FI(LIST) (3] (List) <list number 1-20 (frequency)> (] [Exg

o0 o000
Example To calculate the median of values in List 1 (36, 16, 58, 46, 56), whose
frequency is indicated by List 2 (75, 89, 98, 72, 67)

(ad @ FD(LIST) [@ (Median) MediantList 1.List =20
FY(LIST) @ (Listy (D I 46

EQ(LIST)@(Lish (2 O]
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e To calculate the sum of data items in a list [OPTN]-[LIST]-[Sum]

(F1)(LIST) (8] (Sum) ([F1) (LIST) (1] (List)<list number 1-20> Exg

o0 o000
Example To calculate the sum of data items in List 1 (36, 16, 58, 46, 56)

(ad) oem) (E1) (LIST) (8] (Sum) Sum List 1 |
F(LIST) @D (List) (D B9 21z
® To calculate the product of values in a list [OPTN]-[LIST]-[Prod]

(F)(LIST) (9] (Prod) (F1) (LIST) (1] (List)<list number 1-20> Exg

o0 000

Example To calculate the product of values in List 1 (2, 3, 6, 5, 4)
(Ad) {orm) (1) (LIST) (8] (Prod) |Pr~-:-d List 1
F(LIST) @D (List) (D B9 728

¢ To calculate the cumulative frequency of each data item
[OPTN]-[LIST]-[Cuml]

(F1) (LIST) (X&1) (Cuml) (F) (LIST) (@] (List) <list number 1-20> [exg

* The result of this operation is stored in ListAns Memory.

o0 000
Example To calculate the cumulative frequency of each data item in List 1
(2,3,6,5,4)

ED(LIST) e (Cuml)
EQ(LIST) @D (List) (D g Ans

|
2483=———— - B
243+6=—— w13 1
2+3+6+5= ——— 1
2+3+6+5+4= ——mt &
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¢ To calculate the percentage represented by each data item
[OPTN]-[LIST]-[%]

) (LIST) [og) (%) [FA) (LIST) (@) (List)<list number 1-20> @

* The above operation calculates what percentage of the list total is represented
by each data item.

* The result of this operation is stored in ListAns Memory.

eoeocooe
Example To calculate the percentage represented by each data item in List 1
(2,3,6,5,4)

[ED)(LIST) (eg) (%)
ED(LIST) @ (Lish @D B9

An%
2/(2+3+6+5+4) x 100 = ——»- |
3/(2+3+6+5+4) x 100 = ——m @ 15
6/(2+3+6+5+4) x 100 = ——p 3 an
5/(2+3+6+5+4) x 100 = ——p 1Y 25
4/(2+3+6+5+4) x 100 = — - 5 20

¢ To calculate the differences between neighboring data inside a list
[OPTN]-[LIST]-[AList]
(F1)(LIST) (in] (4List)<list number 1-20> Exg)

* The result of this operation is stored in ListAns memory.

LI )
Example To calculate the difference between the data items in List 1
(1 ki 3! 8! 5’ 4)
ED(LIST) [in) (4List) finZ
3—1=—» |
@ 8-3=—» @ 5
5-8=—w 3 -3
4-5=——»n 1y -1
# You can specify the location of the new list (List 1 # The number of cells in the new 4 List is one
through List 20) with a statement like: 4 List 1 — less than the number of cells in the original list.

List 2. You cannot specify another memory or
ListAns as the destination of the 4 List operation.
An error also occurs if you specify a 4 List as the
destination of the results of another 4 List
operation.

# An error occurs if you execute 4 List for a list
that has no data or only one data item.
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® To combine lists [OPTN]-[LIST]-[Augmnt]
* You can combine two different lists into a single list. The result of a list combination
operation is stored in ListAns memory.

(FD(LIST) [sin) (Augmnt) (F1) (LIST) (3] (List) < list number 1-20 >
(] F)(LIST) (@] (List) < list number 1-20 > (] [Exg

o0 000
Example To combine the List 1 (-3, -2) and List 2 (1, 9, 10)

(FD(LIST) [sin) (Augmnt) fins

FED(LIST) @ (Lish @D & |-

(F(LIST) (@ (List) (2 O] g 3 1
y g
5 10

® To transfer list contents to Matrix Answer Memory [OPTN]-[LIST]-[L—Mat]
(FD(LIST) ftan) (L—Mat) (F1) (LIST) (] (List) <list number 1-20>
(] (F)(LIST) (@] (List) <list number 1-20> (3] &g
* You can skip input (F1)(LIST) (] (List) in the part of the above operation.
Example: List — Mat (1, 2) Exg

o0 o000
Example To transfer the contents of List 1 (2, 3, 6, 5, 4) to column 1, and the
contents of List 2 (11, 12, 13, 14, 15) to column 2 of Matrix Answer

Memory

(F1) (LIST) (tan) (L—~Mat) fin3
FED(LIST) @ (Lish D & !
E(LIST) @ (Lish @ O] B9 3
1]
5
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3-3 Arithmetic Calculations Using Lists

You can perform arithmetic calculations using two lists or one list and a numeric value.

ListAns Memory

List E||: List :| Calculation results are

List

Numeric Value Numeric Value stored in ListAns Memory.

M Error Messages

e A calculation involving two lists performs the operation between corresponding cells.
Because of this, an error occurs if the two lists do not have the same number of values
(which means they have different “dimensions”).

* An error occurs whenever an operation involving any two cells generates a mathematical
error.

H Inputting a List into a Calculation

There are two methods you can use to input a list into a calculation.

e To input a specific list by name
1. Press to display the first Operation Menu.
« This is the function key menu that appears in the RUN+MAT Mode when you press [0rh).

LIZTIMATICFLAICALHUM | [

2. Press [F1)(LIST) to display the List Data Manipulation Menu.

3. Press (1] (List) to display the “List” command and input the number of the list you want
to specify.
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Arithmetic Calculations Using Lists

e To directly input a list of values
You can also directly input a list of values using {, }, and [&].

eoocoe
Example 1 To input the list: 56, 82, 64

EAX{()EEBEO0EBEERAE |{55,E:2,E.4}::
(6) @) @ (H)(})
eeo0o0o 4 6
Example 2 To multiply List3(=|: 65 } )by the Iist|: 0 }
22 4

o) ED(LIST) (] (List) (3] (%) () (X ({) (6] (21 (@) (=] (@) (o) (B (3) )

246
The resulting list |: 0 } is stored in ListAns Memory.

88

¢ To assign the contents of one list to another list
Use to assign the contents of one list to another list.

o0 000
Example 1 To assign the contents of List 3 to List 1

EQ(LIST) @ (List) (3 =) E)(LIST) (] (List) (1)

In place of (FO(LIST) (@] (List) (3] operation in the above procedure, you could input
EX(OE@OBNEE O E R ().

o0 000
Example 2 To assign the list in ListAns Memory to List 1

ED(LIST) @] (List) () () (Ans) &) ED(LIST) (3 (List) 3]
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Arithmetic Calculations Using Lists

® To recall the value in a specific list cell

You can recall the value in a specific list cell and use it in a calculation. Specify the cell
number by enclosing it inside square brackets.

eeocooe
Example To calculate the sine of the value stored in Cell 3 of List 2

(sin) (o) () (LIST) (0 (List) (2] (sar) () ([) (3 ) () (1) )

¢ To input a value into a specific list cell

You can input a value into a specific list cell inside a list. When you do, the value that was
previously stored in the cell is replaced with the new value you input.

o0 000
Example To input the value 25 into Cell 2 of List 3

2 5 &) e E(LIST) [ (List) (3) ) (B (1) @) @ (S (1) B9

H Recalling List Contents

o0 000
Example To recall the contents of List 1

ED(LIST) @ (List) (D

* The above operation displays the contents of the list you specify and also stores them
in ListAns Memory. You can then use the ListAns Memory contents in a calculation.

¢ To use list contents in ListAns Memory in a calculation

o0 00O
Example To multiply the list contents in ListAns Memory by 36

ED(LIST) @D (List) @) (=) (Ans) X) (3] (6]
* The operation (FD(LIST) (@] (List) &#F) (&) (Ans) recalls ListAns Memory contents.

* This operation replaces current ListAns Memory contents with the result of the above
calculation.
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Arithmetic Calculations Using Lists

B Graphing a Function Using a List

When using the graphing functions of this calculator, you can input a function such as Y1 =
List 1 X. If List 1 contains the values 1, 2, 3, this function will produces three graphs: Y = X,
Y=2X,Y=3X.

There are certain limitations on using lists with graphing functions.

H Inputting Scientific Calculations into a List

You can use the numeric table generation functions in the Table & Graph Menu to input
values that result from certain scientific function calculations into a list. To do this, first

generate a table and then use the list copy function to copy the values from the table to the
list.

H Performing Scientific Function Calculations Using a List

Lists can be used just as numeric values are in scientific function calculations. When the
calculation produces a list as a result, the list is stored in ListAns Memory.

eooceoe M
Example TouselList3| 65 |to perform sin (List 3)
22

Use radians as the angle unit.

(sin] (e (1) (LIST) (D (List) (3]
-0.158

The resulting list |: 0.8268 } is stored in ListAns Memory.
—-8E-3

In place of the (FO(LIST) (@] (List) (3] operation in the above procedure, you could input
EX({) @O EE R @ D))
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Arithmetic Calculations Using Lists

o0 000 1 4
Example Touselist1| 2 |andList2| 5 |to perform List 1tist2
3 6

This creates a list with the results of 14, 25, 3°.

EY(LIST) O] (List) (D A E)(LIST) (] (List) (2] B9

1
The resulting list |: 32 } is stored in ListAns Memory.
729
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3-4 Switching Between List Files

You can store up to 20 lists (List 1 to List 20) in each file (File 1 to File 6). A simple operation
lets you switch between list files.

e To switch between list files
1. From the Main Menu, enter the STAT Mode.
Press (F3(SET UP) to display the STAT Mode SET UP screen.

Stat Wind fAuLo
FEesid List. iMone

unc TrFe =
Grarh Func :0n
Backaround fHone
Arale iRad d
FILE

2. Press ([F1)(FILE) and then input the number of the list file you want to use.

o0 000
Example To select File 3

Mt mxaus
ED(FILE)(3) Select File HMa.
] File[1l~&1: 33

2T

EE) [List File ifiles

All subsequent list operations are applied to the lists contained in the file you select (List File
3 in the above example).
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Chapter

Equation Calculations

Your graphic calculator can perform the following three types of

calculations:

¢ Simultaneous linear equations
* Higher degree equations
* Solve calculations

From the Main Menu, enter the EQUA Mode.

* {SIML} ... {linear equation with 2 to 30 unknowns}
* {POLY} ... {degree 2 to 30 equations}
* {SOLV} ... {solve calculation}

4-1 Simultaneous Linear Equations
4-2 Higher Degree Equations
4-3 Solve Calculations

4-4 What to Do When an Error Occurs

20011101
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Simultaneous Linear Equations

4-1 Simultaneous Linear Equations

Description
You can solve simultaneous linear equations with two to thirty unknowns.
¢ Simultaneous Linear Equation with Two Unknowns:

aixt + bixz = ¢
azx1 + bax2 = c2

¢ Simultaneous Linear Equation with Three Unknowns:
aixt + bixz + c1xs = dh
azx1 + baxz + cax3 = de
asx1 + baxz + caxs = ds

Set Up
[l 1. From the Main Menu, enter the EQUA Mode.
Execution

2. Select the SIML (simultaneous equation) Mode, and specify the number of unknowns
(variables).
You can specify from 2 to 30 unknowns. To specify more than six unknowns, press
(F8) (n) and then input a value.

3. Sequentially input the coefficients.

The cell that is currently selected for input is highlighted. Each time you input a
coefficient, the highlighting shifts in the sequence:

ar—bi—ci—...an— bn— cn — (n=2to 30)
You can also input fractions, complex numbers, and values assigned to variables as
coefficients.

You can cancel the value you are inputting for the current coefficient by pressing at
any time before you press to store the coefficient value. This returns to the
coefficient to what it was before you input anything. You can then input another value if
you want.

To change the value of a coefficient that you already stored by pressing [, move the
cursor to the coefficient you want to edit. Next, input the value you want to change to or
press [F1)(EDIT).

Pressing (F3)(CLR) clears all coefficients to zero.
4. Solve the equations.
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Simultaneous Linear Equations

o0 000
Example To solve the following simultaneous linear equations for x, y, and z
4 + y - 2z =-1
X+ 6y + 3z =1
-5x+ 4y + z=-7
Procedure
@ ([ED EQUA
@ [FI(SIML) anstbrY+CrnZ=dn
B() T TR T
? HEIEODE0DE - I R -
(D 68 (6) 68 (3) B8 (D) B9 -
OeEFMG@®FNOENO DY EDTTIDELAT CLF | FoCd

@ (Fg)(SOLV)

Result Screen

W
)
2

REFT

ard+tbrNY+CnZ=dm

# Internal calculations are performed using a 15-

digit mantissa, but results are displayed using
a 10-digit mantissa and a 2-digit exponent.

# Simultaneous linear equations are solved by
inverting the matrix containing the coefficients
of the equations. For example, the following
shows the solution (x1, x2, x3) of a simultane-
ous linear equation with three unknowns.

X1 ar b1 a1 77" T di
|:x2} = |: az b2 c2 } [da}
X3 as bs cs3 ds

#

#

19990401

Because of this, precision is reduced as the
value of the determinant approaches zero. Also,
simultaneous equations with three or more
unknowns may take a very long time to solve.
An error occurs if the calculator is unable to find
a solution.

After calculation is complete, you can press

(F1) (REPT), change coefficient values, and then

re-calculate.
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4-2 Higher Degree Equations

Description

You can use this calculator to solve higher degree equations such as quadratic equations
and cubic equations.
¢ Quadratic Equation:
ax® + bx+c=0(a#0)

e Cubic Equation:
ax® + bx® + cx +d =0(a # 0)

Set Up
B 1. From the Main Menu, enter the EQUA Mode.
Execution

2. Select the POLY (higher degree equation) Mode, and specify the degree of the
equation.
You can specify a degree from 2 to 30. To specify a degree greater than three, press
(F3)(n) and then input a value.

3. Sequentially input the coefficients.

The cell that is currently selected for input is highlighted. Each time you input a
coefficient, the highlighting shifts in the sequence:

a—>b—c—..
You can also input fractions, complex numbers, and values assigned to variables as
coefficients.
You can cancel the value you are inputting for the current coefficient by pressing at
any time before you press to store the coefficient value. This returns to the
coefficient to what it was before you input anything. You can then input another value if
you want.
To change the value of a coefficient that you already stored by pressing [Exg, move the

cursor to the coefficient you want to edit. Next, input the value you want to change to or
press (F1)(EDIT).

Pressing (F3)(CLR) clears all coefficients to zero.
4. Solve the equations.

# Internal calculations are performed using a # An error occurs if the calculator is unable to find
15-digit mantissa, but results are displayed a solution.
using a 10-digit mantissa and a 2-digit # After calculation is complete, you can press
exponent.

(F1)(REPT), change coefficient values, and then
# High degree equations of third degree or re-calculate.
higher may take a very long time to solve.
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Higher Degree Equations

o0 000
Example To solve the cubic equation

x3-2x2-x+2=0

Procedure
@ [@EW EQUA
@ [F3(POLY)
E(3)
DNHEOEEEDEEEE
@ (Fg(SOLV)

Result Screen

Al +I:|H}=.' E+icintd=H

REFTI z
aH3+bHHE+EH+d=EI aH5+bHE-¥:—H+d=E‘
IE-II =3 | :
d q
-1 2
REEFT EEFT!

(Multiple Solutions) (Complex Number Solution)
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4-3 Solve Calculations

Description

The Solve Calculation Mode lets you determine the value of any variable in a formula without
having to solve the equation.

Set Up
B 1. From the Main Menu, enter the EQUA Mode.
Execution

2. Select the SOLV (Solver) Mode, and input the equation as it is written.
If you do not input an equals sign, the calculator assumes that the expression is to the
left of the equals sign, and there is a zero to the right. *!

3. In the table of variables that appears on the display, input values for each variable.
You can also specify values for Upper and Lower to define the upper and lower limits of
the range of solutions. *2

4. Select the variable for which you want to solve to obtain the solution.
“Lft” and “Rgt” indicate the left and right sides that are calculated using the solution.*?

*An error occurs if you input more than one equals The closer the difference between the Lft and

sign. Rgt values is to zero, the lower degree of error
*2An error occurs if the solution falls outside the in the result.

range you specify. # The message “Retry” appears on the display
*3Solutions are approximated using Newton’s when the calculator judges that convergence is

method. Lft and Rgt values are displayed for not sufficient for the displayed results.

confirmation, because Newton’s method may
produce results that are the real solution.

20011101




4-3-2
Solve Calculations

eeocoe

Example An object thrown into the air at initial velocity V takes time T to reach
height H. Use the following formula to solve for initial velocity V when
H = 14 (meters), T = 2 (seconds) and gravitational acceleration is G =
9.8 (m/s?).

H=VT-1/2 GT?

Procedure

@ [N EQUA

@ (F3)(SOLV)
(ee) (23 (H) ) (D (=) () 23 (V) o) (MBI O D EH @G
(i) (@2 (G) () () (T) (=3 )

@ @DM@EIH=14)
@ Eg(V =0)
@EI(T=2)
@O BEEIG=9.28)

@ Press @ to highlight V = 0, and then press (g (SOLV).

Result Screen

C1s20G6TE
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4-4 What to Do When an Error Occurs

e Error during coefficient value input

Press the [0 key to clear the error and return to the value that was registered for the
coefficient before you input the value that generated the error. Try inputting a new value
again.

® Error during calculation

Press the key to clear the error and display the coefficient. Try inputting values for the
coefficients again.

e . . .
H Clearing Equation Memories
1. Enter the equation calculation mode (SIML or POLY) you want to use and
perform the function key operation required for that mode.

In the case of the SIML Mode ((F1)), use number keys to specify the number of
unknowns.

In the case of the POLY Mode ([F2)), use number keys to specify the degree of
the polynomial.

If you pressed (F3)(SOLV), advance directly to step 2.

2. Press [F2)(DEL-A).

3. Press [Exg(Yes) to delete the applicable equation memories or [Es¢) (No) to abort
the operation without deleting anything.
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Graphing

Sections 5-1 and 5-2 of this chapter provide basic information
you need to know in order to draw a graph. The remaining
sections describe more advanced graphing features and functions.

Select the icon in the Main Menu that suits the type of graph you
want to draw or the type of table you want to generate.
* GRPH-TBL ... General function graphing or number table generation
* CONICS ... Conic section graphing
(5-1-5~5-1-6, 5-11-17~5-11-21)
* RUN-MAT ... Manual graphing (5-6-1 ~ 5-6-4)
* DYNA ... Dynamic Graph (5-8-1 ~5-8-6)
* RECUR ... Recursion graphing or number table generation
(5-9-1~5-9-8)

5-1 Sample Graphs

5-2 Controlling What Appears on a Graph Screen
5-3 Drawing a Graph

5-4 Storing a Graph in Picture Memory

5-5 Drawing Two Graphs on the Same Screen
5-6 Manual Graphing

5-7 Using Tables

5-8 Dynamic Graphing

5-9 Graphing a Recursion Formula

5-10 Changing the Appearance of a Graph
5-11 Function Analysis

20011101



5-1-1
Sample Graphs

5-1 Sample Graphs

B How to draw a simple graph (1)

Description
To draw a graph, simply input the applicable function.

Set Up
B 1. From the Main Menu, enter the GRPH - TBL Mode.

Execution

2. Input the function you want to graph.
Here you would use the V-Window to specify the range and other parameters of the
graph. See 5-2-1.

3. Draw the graph.
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Sample Graphs

o0 000
Example To graph y = 3x2

Procedure
@ [@@Y GRPH-TBL
@ @ GE
@ [ (DRAW) (or (ex)

Result Screen
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Sample Graphs

H How to draw a simple graph (2)

Description
You can store up to 20 functions in memory and then select the one you want for graphing.

Set Up
B 1. From the Main Menu, enter the GRPH « TBL Mode.

Execution
2. Specify the function type and input the function whose graph you want to draw.

You can use the GRPH « TBL Mode to draw a graph for the following types of expres-
sions: rectangular coordinate expression, polar coordinate expression, parametric
function, X = constant expression, inequality.

(FI(TYPE) (AJ(Y =) ... rectangular coordinates
[2)(r =) ... polar coordinates
(8)(Param) ... parametric function
[@)(X =c) ... X = constant function
(BJ(INEQUA) ([T (Y>)~([@(YS) ... inequality
(6] (CONV)([@J(»Y=)~ (5] (»Y=) ... changes the function type
Repeat this step as many times as required to input all of the functions you want.

Next you should specify which of the functions among those that are stored in memory
you want to graph (see 5-3-6). If you do not select specific functions here, the graph
operation will draw graphs of all the functions currently stored in memory.

3. Draw the graph.
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Sample Graphs

o0 000
Example Input the functions shown below and draw their graphs
Y1 =2x2-3,r2 =3sin20

Procedure
@ MW GRPH-TBL
@ B)TYPE)[@(Y=)(2) KD (=3 (=) (3] ()
E)(TYPE) (@ (r=) (3] (sin) (2] &7 (g
@ (F5(DRAW)

Result Screen

a2

(Param) (INEQUA) (Plot)

TRACEIZ0UMERT CHG sLUTAEL] T
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Sample Graphs

H How to draw a simple graph (3)

Description
Use the following procedure to graph the function of a parabola, circle, ellipse, or hyperbola.

Set Up
B 1. From the Main Menu, enter the CONICS Mode.

Execution
2. Use the cursor @ @ keys to specify one of the function type as follows.

Graph Type Function
Parabola X=A(-K?2+H
X=AY2+BY +C
Y=AX-HZ+K
Y=AX?+BX+C

Circle (X=H)+ (Y -K)>2=R?
AX?2 +AY?+BX+CY+D=0

Ellipse (X—HE  (Y-Kp2
Rt !
Hyperbola (X —H)? (Y = K)?
AT m
(Y=K? __(X=H? _,
A2 B

3. Input values for the required variables.
4. Graph the function.
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Sample Graphs

Example Graph the circle (X-1)? + (Y-1)?= 22

Procedure
@ [N CONICS
(ERCIGIOIOJET
G HNIME
@ (Fe)(DRAW)

Result Screen

()

N

I e

[ <

TRACEIZOOMER T CHE SLUIRE-G] T

(Parabola)

TRACEIZ00HMERTCHG SLUIRE-G] T

(Ellipse)
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Controlling What Appears on a Graph Screen

5-2 Controlling What Appears on a Graph Screen

B V-Window (View Window) Settings

Use the View Window to specify the range of the x- and y-axes, and to set the spacing
between the increments on each axis. You should always set the V-Window parameters you
want to use before graphing.

® To make V-Window settings
1. From the Main Menu, enter the GRPH « TBL Mode.
2. Press [orT) (V-Window) to display the V-Window setting screen.

Rectangular coordinate parameter Jiew Window
Xmin ... Minimum x-axis value max sb.
) ) scaleil
Xmax ... Maximum x-axis value dot. 26.1
. . Ymin 2-3.1
Xscale ... Spacing of x-axis increments max =

IHITTRIGIETOET O RCL |

Xdot ... Value that corresponds to one x-axis dot

Ymin ... Minimum y-axis value Wiew Window
. ) YWmin 2-3.1
Ymax ... Maximum y-axis value max

. L scalerl’
Yscale ... Spacing of y-axis increments
max =

Polar coordinate parameter FlLchig
IHITTRIGIETO S T0 kel

TOmin ... T, @minimum values
TOmax ... T, # maximum values
Téptch ... T, O pitch

3. Press (® to move the highlighting and input an appropriate value for each parameter,
pressing (B after each.
* {INIT}/{TRIG}/{STD} ... V-Window {initial settings}/{initial settings using specified
angle unit}/{standardized settings}
* {STO}{RCL} ... V-Window setting {store}/{recall}

After settings are the way you want them, press or S (QUIT) to exit the V-Window
setting screen.*’

*Pressing (g without inputting anything while Bl
is displayed exits the View Window setting
screen.
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e V-Window Setting Precautions
* Inputting zero for T ptch causes an error.
* Any illegal input (out of range value, negative sign without a value, etc.) causes an error.

¢ An error occurs when Xmax is less than Xmin, or Ymax is less than Ymin. When T max
is less than TOmin, TO ptch becomes negative.

* You can input expressions (such as 2r) as V-Window parameters.

* When the V-Window setting produces an axis that does not fit on the display, the scale
of the axis is indicated on the edge of the display closest to the origin.

* Changing the V-Window settings clears the graph currently on the display and
replaces it with the new axes only.

* Changing the Xmin or Xmax value causes the Xdot value to be adjusted automatically.
Changing the Xdot value causes the Xmax value to be adjusted automatically.

* A polar coordinate (r =) or parametric graph will appear coarse if the settings you
make in the V-Window cause the T, 6 pitch value to be too large, relative to the
differential between the T, 6 min and T, 6 max settings. If the settings you make cause
the T, 6 pitch value to be too small relative to the differential between the T, 6 min and
T, 6 max settings, on the other hand, the graph will take a very long time to draw.

* The following is the input range for V-Window parameters.
—9.999999999 97 to 9.999999999: 97
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Controlling What Appears on a Graph Screen

M Initializing and Standardizing the V-Window

¢ To initialize the V-Window

1. From the Main Menu, enter the GRPH « TBL Mode.

2. Press [orT) (V-Window).
This displays the V-Window setting screen.

3. Press [F1)(INIT) to initialize the V-Window.
Xmin =-6.3, Xmax =86.3, Xscale =1 Xdot = 0.1
Ymin=-3.1, Ymax=3.1, Yscale = 1
T6 min =0, TO max =2x (rad), TO ptch =21/60 (rad)

¢ To initialize the V-Window in accordance with an angle unit

In step 3 of the procedure under “To initialize the V-Window” above, press (F2)(TRIG) to
initialize the V-Window in accordance with an angle unit.

Xmin =-3n (rad), Xmax =3=n (rad), Xscale =n/2 (rad), Xdot=mn/21 (rad),
Ymin =-1.6, Ymax = 1.6, Yscale = 0.5

¢ To standardize the V-Window
The following are the standard V-Window settings of this calculator.

Xmin =-10, Xmax =10, Xscale = 1, Xdot = 0.15873015,
Ymin =-10, Ymax = 10, Yscale =1,
TO min=0, TO max = 2x (rad), TO ptch = 2r/60 (rad)

In step 3 of the procedure under “To initialize the V-Window” above, press (F3)(STD) to
standardize V-Window settings in accordance with the above.

# Initialization and standardization cause T6O Gra Mode:
min, T@ max, T6 ptch values to change TOmin =0, TOmax =400, T6ptch =400/60
automatically in accordance with the current
angle unit setting as shown below.

Deg Mode:
TOmin =0, TO@max = 360, TOptch =6
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Controlling What Appears on a Graph Screen

M V-Window Memory

You can store up to six sets of V-Window settings in V-Window memory for recall when you
need them.

® To store V-Window settings
1. From the Main Menu, enter the GRPH « TBL Mode.

2. Press [orTi) (V-Window) to display the V-Window setting screen, and input the values
you want.
3. Press (F4)(STO) to display the pop-up window.

4. Press a number key to specify the V-Window memory where you want to save the
settings, and then press . Pressing (1] Ex§ stores the settings in V-Window Memory
1 (V-Win1).

® To recall V-Window memory settings
1. From the Main Menu, enter the GRPH « TBL Mode.
2. Press [0PTY) (V-Window) to display the V-Window setting screen.
3. Press (F5) (RCL) to display the pop-up window.

4. Press a number key to specify the V-Window memory number for the settings you want
to recall, and then press Eg. Pressing (1) [ recalls the settings in V-Window Memory

1 (V-Win1).
# Storing V-Window settings to a memory that # Recalling settings causes the current V-Window
already contains setting data replaces the settings to be replaced with those recalled from

previous data with the new settings. memory.
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Controlling What Appears on a Graph Screen

H Specifying the Graph Range

Description
You can define a range (start point, end point) for a function before graphing it.

Set Up
1. From the Main Menu, enter the GRPH « TBL Mode.
I 2. Make V-Window settings.
Execution
3. Specify the function type and input the function. The following is the syntax for function
input.
Function (3] () ([)Start Point (3] End Point =(])
4. Draw the graph.
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o0 000
Example Graph y =x2 + 3x — 2 within therange-2=x =4

Use the following V-Window settings.
Xmin=-3, Xmax=5, Xscale =1
Ymin=-10, Ymax =30, Yscale=5

Procedure
@ [N GRPH-TBL
@ (A @™ (V-Window) @) (3] B4 (8] B8 (D) 9 @
© 00O EdE) O EdE) E9Y 6D
@ E)N(TYPE)E(Y=)Fa) @ B B Ked =& @2 &
GrBE(HERE@EIE(])EY
@ (F5)(DRAW)

Result Screen

THHEEiEIJIJIHEHTEﬁE-ELU TRELT T |

# You can specify a range when graphing
rectangular expressions, polar expressions,
parametric functions, and inequalities.
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Controlling What Appears on a Graph Screen

B Zoom

Description

This function lets you enlarge and reduce the graph on the screen.

Set Up
[ 1. Draw the graph.

Execution
2. Specify the zoom type.
(F2)(zOOM) (1] (BoX) ...

(2)(Factor)
@) (In)/[@)(

(8] (Auto)...

(6] (Orig) ...

Box zoom

Draw a box around a display area, and that area is enlarged to
fill the entire screen.

Out) ... Factor zoom

The graph is enlarged or reduced in accordance with the factor
you specify, centered on the current pointer location.

Auto zoom

V-Window y-axis settings are automatically adjusted so the
graph fills the screen along the y-axis.

Original size

Returns the graph to its original size following a zoom opera-
tion.

(Square) ... Graph correction

(8J(Rnd) ...

(@) (Intg) ...

[xem (Pre)...

V-Window x-axis values are corrected so they are identical to
the y-axis values.

Coordinate rounding

Rounds the coordinate values at the current pointer location.
Integer

Each dot is given a width of 1, which makes coordinate values
integers.

Previous

V-Window parameters are returned to what they were prior to
the last zoom operation.

(log) (QUICK) ... Quick zoom

Box zoom range specificat

Redraws the graph in accordance with the settings stored in a
selected V-Window memory.

ion

3. Use the cursor keys to move the pointer (gx) in the center of the screen to the location

where you want one cor

ner of the box to be, and then press [exg.

4. Use the cursor keys to move the pointer. This causes a box to appear on the screen.
Move the cursor until the area you want to enlarge is enclosed in the box, and then

press to enlarge it.
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Controlling What Appears on a Graph Screen

o0 000
Example Graphy = (x + 5)(x + 4)(x + 3), and then perform a box zoom.

Use the following V-Window settings.
Xmin=-8, Xmax=38, Xscale =2
Ymin=-4, Ymax=2, Yscale =1

Procedure
@ (@Y GRPH-TBL
(stF7) [opni) (V-Window) (@) (8] ) (8] () (2] g @
©@E 2 0 EYE
EB)NTYPE)@(Y=) D keI HE QO ke B @ I
BHEDOE
[F5) (DRAW)
@ [(200Mm) (@] (Box)
@ @-@E
(OROMOROHOJET

Result Screen

#=-5.960253968 ¥=1.032258064

LN

TRRCEIZ00MEETCHG-SLUITAEL

# You must specify two different points for box
zoom, and the two points cannot be on a straight
line vertically or horizontally from each other.
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B Factor Zoom

Description
With factor zoom, you can zoom in or out, centered on the current cursor position.

Set Up
[l 1. Draw the graph.

Execution

2. Press (F2)(ZOOM) (2] (Factor) to open a pop-up window for specifying the x-axis and
y-axis zoom factor. Input the values you want and then press [Esg.

3. Press (F2)(ZOOM) (3] (In) to enlarge the graph, or (F2)(ZOOM) (4] (Out) to reduce it. The
graph is enlarged or reduced centered on the current pointer location.

4. Use the cursor keys to move the cursor to the point upon which you want the zoom
operation to be centered, and then press to zoom.
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Controlling What Appears on a Graph Screen

o0 000

Example Enlarge the graphs of the two expressions shown below five times on
both the x-and y-axis to see if they are tangent.
Y1=(x+4)(x+1)(x-3), Y2=3x + 22
Use the following V-Window settings.
Xmin = -8, Xmax = 8, Xscale = 1
Ymin=-30, Ymax =30, Yscale=5

Procedure
@ [EW) GRPH-TBL
(8 (@0 (V-Window) () (8] [ (8] B8 (1) B8
©E @ E (3 0] EE (5 6 Ed
E)(TYPE)@(Y=) D FOAOOQE®B OO
OrIEE00E
(3] (6D () (2] (2) =)
@(DRAW)
@ [ (200Mm) (2] (Factor) (5] 4 (5] [ 0
® @(ZOOM)@(IH)
(OROBOROMONEE]

Result Screen

<
17

W= -d. 193650793 'Y= 13. 543809

THHEE|200HEHTE;E-5LU ;THBL = 1

# You can repeat factor zoom to enlarge or
reduce a graph even further.
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Controlling What Appears on a Graph Screen

H Turning Function Menu Display On and Off
Press (0] to toggle display of the menu at the bottom of the screen on and off.

TRACEIZO0MERTCHG-SLUITAEL] [

Turning off the function menu display makes it possible to view part of a graph hidden behind
it. When you are using the trace function or other functions during which the function menu is
normally not displayed, you can turn on the menu display to execute a menu command.

# If a pull-up menu is open when you press
(0] to turn off menu display, the pull-up menu
remains on the screen.
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Controlling What Appears on a Graph Screen

B About the Calc Window

Pressing (F3) (CAT/CAL) while a graph or number table is on the display opens the Calc
Window. You can use the Calc Window to perform calculations with values obtained from
graph analysis, or to change the value assigned to variable Ain Y = AX and other
expressions and then redraw the graph.

I[ Wt

Press to close the Calc Window.

# After using the Calc Window to change the # Calc Window cannot be used in combination
value of a variable connected with a graph or with V-Window or the table range setting screen.
table, be sure to always execute (re- # Complex number calculations cannot be
graph) or (re-calculate table). Doing so performed on the Calc Window.
ensures that the displayed graph or table is
current.

# Calc Window cannot be used in the RUN -
MAT Mode while a program is running, or in
combination with Dynamic Graph.
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5-3-1
Drawing a Graph

5-3 Drawing a Graph

You can store up to 20 functions in memory. Functions in memory can be edited, recalled,
and graphed.

H Specifying the Graph Type

Before you can store a graph function in memory, you must first specify its graph type.

1. While the Graph function list is on the display, press (F6) (™) [F3)(TYPE) to display the
graph type menu, which contains the following items.

* {Y=}/{r=}/{Param}/{X=c} ... {rectangular coordinate}/{polar coordinate}/{parametric}/
{X=constant}*' graph

« {INEQUA}

o {YSIY<YY2I{Y<) .. {Y>A) MY <) V{Y=2f(x) }/{Y=f(x)} inequality graph
« {CONV}

(> Y=Y{»Y>}{»Y<}/{»Y2}{»Y<} ... changes the function type
2. Press the number key that corresponds to the graph type you want to specify.

M Storing Graph Functions

¢ To store a rectangular coordinate function (Y =) *2
o0 o000
Example To store the following expression in memory area Y1 :y=2x2-5

(F)(TYPE) (@] (Y =) (Specifies rectangular coordinate expression.)
@ (=) (8] (Inputs expression.)

; Grarh Func 4=
(@9 (Stores expression.) YiEZHE-5

e To store a polar coordinate function (r =) *2
o0 000

Example To store the following expression in memory arear2 : r = 5 sin36

[F3)(TYPE) (2] (r =) (Specifies polar coordinate expression.)
(5] (sin) (3] (%67 (Inputs expression.)

I [Exg) (Stores expression.)

*1 Attempting to draw a graph for an expression
in which X is input for an X = constant
expression results in an error.

*2 A function cannot be stored into a memory area that
already contains a function of a different type from
the one you are trying to store. Select a memory
area that contains a function that is the same type
as the one you are storing, or delete the function in
the memory area to which you are trying to store.
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Drawing a Graph

® To store a parametric function *'

o0 000

Example To store the following functions in memory areas Xt3 and Y3 :
x=3sinT
y=3cosT

[F3)(TYPE) (3] (Param) (Specifies parametric expression.)
(3] (sin) [Exg (Inputs and stores x expression.)
@ B (Inputs and stores y expression.)

¢ To store an X = constant expression *2
o0 o000

Example To store the following expression in memory area X4 :
X=3

[F3(TYPE) (@) (X = c) (Specifies X = constant expression.)
() (Inputs expression.)
[Exg (Stores expression.)

e Inputting X, Y, T, r, or 6 for the constant in the above procedures causes an error.

¢ To store an inequality *2

eoeo0o0eo
Example To store the following inequality in memory area Y5 :
y>x2-2x-6
[F3)(TYPE) (8] (INEQUA) (1] (Y>) (Specifies an inequality.)
(=) (2) (%61 (=) (6] (Inputs expression.)
[ (Stores expression.)

*"You will not be able to store the expression in *2A function cannot be stored into a memory area
an area that already contains a rectangular that already contains a function of a different type
coordinate expression, polar coordinate from the one you are trying to store. Select a
expression, X = constant expression or memory area that contains a function that is the
inequality. Select another area to store your same type as the one you are storing, or delete
expression or delete the existing expression the function in the memory area to which you are

first. trying to store.
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Drawing a Graph

® To create a composite function

o0 000
Example

To register the following functions as a composite function:
Y1=+/(X+1), Y2=X2+3

Assign Y1°Y2to Y3, and Y2°Y1 to Y4.

(Y1oY2 =v/((+3) #1) =y (Z+4) Y2°Y1 = (V(X+1)) +3 = X +4 (X=-1))

Brremr AT T
BE CRPH (D10 D e

OE(YN@ O Ed YAEYZCY1 D
F4(GRPH)([@(Yn)(2) _:
E](Yn) m W-WIHTFACT ISTAT ERF‘H DvHAl & |

* A composite function can consist of up to five functions.

® To assign values to the coefficients and variables of a graph function

After you combine functions or equations into a composite function, you can assign values to
the coefficients and variables of the expression and draw a graph.

o0 000
Example

Assign the values -1, 0, and 1 to the expression Y = AX?-1, which is in
memory area A

E3)(TYPE) @ (Y=) ETEEEEFTW; V=
(iei) (K6 (A) [CeT) (=3 (=) (1 B9 EEHEE:&@)
es) (F2)(GRPH) (3] (Yn) (D YAEY1¢A=15

1

(O () {6 (A) (ar) () (=) (@ (0 I &9

F4(GRPH)[@D(Yn) (D T FACT ETAT ISR AIDTHAT &1
(ew) (£67) (A) Em) (] (=) (@ O B
F4(GRPH) D (Yn) [

(9 (ww) (ken (A) G (] (=) 3 OJ &9
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Drawing a Graph

@ ®®® & [FI(SEL) 5 (DRAW) YE=Y1{R=-1

\\‘x
S

=1 ¥=-2

YI=Y1cA=82

L1

n=l ¥=-1

Ya=Y1cA=12

=1 V=0

The above three screens are produced using the Trace function.
See “5-11 Function Analysis” for more information.

* If you do not specify a variable name (variable A in the above key operation), the calculator
automatically uses one of the default variables listed below. Note that the default variable
used depends on the memory area type where you are storing the graph function.

Memory Area Type Default Variable
Yn X
rm 0
Xtn T
Ytn T
fn X

o0 000
Example Y1 (3) and Y1 (X = 3) are identical values.

* You can also use Dynamic Graph for a look at how changes in coefficients alter the
appearance of a graph. See “5-8 Dynamic Graphing” for more information.
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Drawing a Graph

H Editing and Deleting Functions

® To edit a function in memory
o0 o000
Example To change the expression in memory area Y1 fromy = 2x2 -5 to
y=2x2-3
® (Displays cursor.)
® & ® ® (e (3] (Changes contents.)

[ (Stores new graph function.)

¢ To change the type of a function*"

1. While the Graph function list is on the display, press @ or ® to move the highlighting
to the area that contains the function whose type you want to change.

2. Press (F3)(TYPE) (€] (CONV).
3. Select the function type you want to change to.

o0 o000

Example To change the function in memory area Y1 fromy = 2x2-3 to
y<2x%-3
(F3(TYPE) (6] (CONV) (3] (»Y<) (Changes the function type to “Y<".)

e To delete a function

1. While the Graph function list is on the display, press @ or (® to move the highlighting
to the area that contains the function you want to delete.

2. Press (F2)(DEL) or 0D .
3. Press (g (Yes) to delete the function or Esg(No) to abort the procedure without deleting

anything.
*1The function type can be changed for # Parametr.kl: functions come in pa.lirs (Xtand Yt).
rectangular coordinate functions and When editing a parametric function, clear the graph

inequalities only. functions and re-input from the beginning.
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Drawing a Graph

Hl Selecting Functions for Graphing

¢ To specify the draw/non-draw status of a graph

o0 o000
Example To select the following functions for drawing :
Y1 =2x2-5,r2 =5 sin360

Use the following V-Window settings.

Xmin =-5, Xmax=>5, Xscale =1
Ymin=-5, Ymax=35, Yscale =1
TOmin=0, TOmax=m TOptch=27/60

@ @ (Select a memory area that contains a function
for which you want to specify non-draw.)

(F1) (SEL) (Specifies non-draw.)
(F5) (DRAW) or (Exg (Draws the graphs.)

TRACEIZOOMERTCHG-SLUITAEL]D [+

e Each press of [F1)(SEL) toggles a graph between draw and non-draw.

* Pressing F8)(G«>T) or returns to the Graph function list.

* You can use the SET UP screen settings to alter the appearance of the graph screen as

shown below.

* Grid: On (Axes: On Label: Off)

This setting causes dots to appear at the grid
intersects on the display.

* Axes: Off (Label: Off Grid: Off)
This setting clears the axis lines from the display.

TRACEIZO0OMERTCHG-SLUITAEL

e Label: On (Axes: On Grid: Off)
This setting displays labels for the x- and y-axes.

TRACEIZOOMERTCHG-SLUITAEL] [
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H Graph Memory
Graph memory lets you store up to 20 sets of graph function data and recall it later when you
need it.
A single save operation saves the following data in graph memory.

* All graph functions in the currently displayed Graph function list (up to 20)
* Graph types

¢ Draw/non-draw status

* View Window settings (1 set)

¢ To store graph functions in graph memory
1. Press (F4)(GMEM) (1] (Store) to display the pop-up window.

2. Press a number key to specify the Graph memory where you want to save the graph
function, and then press [B. Pressing (1] [ stores the graph function to Graph
Memory 1 (G-Mem?1).

* There are 20 graph memories numbered G-Mem1 to G-Mem20.

® To recall a graph function
1. Press (F4 (GMEM) (2] (Recall) to display the pop-up window.

2. Press a number key to specify the Graph memory for the function you want to recall,
and then press (. Pressing (1) recalls the graph function in Graph Memory 1

(G-Mem1).
# Storing a function in a memory area that # Recalling data from graph memory causes any
already contains a function replaces the data currently on the Graph function list to be
existing function with the new one. deleted.

# If the data exceeds the calculator’s remaining
memory capacity, an error occurs.
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Storing a Graph in Picture Memory

5-4 Storing a Graph in Picture Memory

You can save up to 20 graphic images in picture memory for later recall. You can overdraw
the graph on the screen with another graph stored in picture memory.

® To store a graph in picture memory

1. After graphing in GRPH-TBL Mode, press (Fg) (™) [F1)(PICT) (1] (Store) to display the
pop-up window.

2. Press a number key to specify the Picture memory where you want to save the picture,

and then press ([Exg. Pressing (1] [ stores the picture function to Picture Memory 1
(Pict 1).

¢ There are 20 picture memories numbered Pict 1 to Pict 20.

¢ To recall a stored graph
1. After graphing in GRPH-TBL Mode, press (F6) (™) (F1)(PICT) (2] (Recall) to display the
pop-up window.

2. Press a number key to specify the Picture memory for the picture you want to recall,

and then press (Exg. Pressing (1J [ recalls the picture function in Picture Memory 1
(Pict 1).

# Storing a graphic image in a memory area that  # A dual Graph screen or any other type of graph
already contains a graphic image replaces the that uses a split screen cannot be saved in
existing graphic image with the new one. picture memory.
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5-5 Drawing Two Graphs on the Same Screen

H Copying the Graph to the Sub-screen

Description

Dual Graph lets you split the screen into two parts. Then you can graph two different
functions in each for comparison, or draw a normal size graph on one side and its enlarged
version on the other side. This makes Dual Graph a powerful graph analysis tool.

With Dual Graph, the left side of the screen is called the “main screen,” while the right side is
called the “sub-screen.”

® Main Screen
The graph in the main screen is actually drawn from a function.

® Sub-screen
The graph on the sub-screen is produced by copying or zooming the main screen graph.
You can even make different V-Window settings for the sub-screen and main screen.

Set Up
1. From the Main Menu, enter the GRPH - TBL Mode.
2.0n the SET UP screen, select G+G for Dual Screen.
3. Make V-Window settings for the main screen.
Press (F8) (RIGHT) to display the sub-graph settings screen. Pressing (F§)(LEFT)
returns to the main screen setting screen.
Execution
4. Store the function, and draw the graph in the main screen.
5. Perform the Dual Graph operation you want.
(F3)(COPY) ... Duplicates the main screen graph in the sub-screen
(F5) (SWAP) ... Swaps the main screen contents and sub-screen contents
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Drawing Two Graphs on the Same Screen

o0 000
Example Graph y = x(x + 1)(x — 1) in the main screen and sub-screen.

Use the following V-Window settings.
(Main Screen)

Xmin =-2, Xmax = 2, Xscale = 0.5
Ymin=-2, Ymax=2, Yscale=1
(Sub-screen)

Xmin=-4, Xmax=4, Xscale=1
Ymin =-3, Ymax =3, Yscale = 1

Procedure
@ ([@W GRPH-TBL
@ (e (F3)(SET UP)® @ @ (2 (G+G) B
@ (& e (V-Window) @) (2] € (2) (B9 (@) (3] (B) B8 @
© a2 0 Y
F(RIGHT) @ (@ B8 (@) 8 (1) 9 @
© )4 E) g [ B 60
@ E)(TYPE)E)(Y=) (a1 (A FeD (B (1 O (A e (=) () BJ B9
[F5) (DRAW)
® [E8(>)[F4(COPY)

Result Screen

f ]

ICOFYIEWRF] ¢ |
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H Graphing Two Different Functions

Description
Use the following procedure to graph different functions in the main screen and sub-screen.

Set Up
1. From the Main Menu, enter the GRPH « TBL Mode.
2. On the SET UP screen, select G+G for Dual Screen.
3. Make V-Window settings for the main screen.
Press (Fe) (RIGHT) to display the sub-graph settings screen. Pressing (Fg) (LEFT)
returns to the main screen setting screen.
Execution
4. Store the functions for the main screen and sub-screen.
5. Select the function of the graph that you want to eventually have in the sub-screen.
6. Draw the graph in the main screen.
7. Swap the main screen and sub-screen contents.
8. Return to the function screen.
9. Select the function of the next graph you want in the main screen.
10. Draw the graph in the main screen.
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o0 000

Example Graph y = x(x + 1)(x — 1) in the main screen, and y = 2x2 - 3 in the sub-
screen.
Use the following V-Window settings.
(Main Screen)
Xmin=-4, Xmax=4, Xscale =1
Ymin=-5, Ymax=5, Yscale=1
(Sub-screen)
Xmin =-2, Xmax = 2, Xscale = 0.5
Ymin=-2, Ymax=2, Yscale=1

Procedure

@ [@9 GRPH-TBL
@ [mJ [FI(SET UP)® @ @ FJ(G+G) B
@ () ) (V-Window) @) (@) 9 (@) @9 () B9 ®

QEFMGERDE
FIRIGHI D2 R MO HENH®

2 kE 2 e 0] EYE

@ EN(TYPE)O(Y=) oD (O a1 (B () O (D (en = 0 O e
2 ke (23 (=) (3] &9

® @@ [FEN(SEL)

® (F5)(DRAW)

@ E9(>)[ES(SWAP)

E)

© [EJ(SEL)

(F5) (DRAW)

Result Screen

A
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H Using Zoom to Enlarge the Sub-screen

Description

Use the following procedure to enlarge the main screen graph and then move it to the sub-
screen.

Set Up
1. From the Main Menu, enter the GRPH - TBL Mode.
2.0n the SET UP screen, select G+G for Dual Screen.
3. Make V-Window settings for the main screen.

Execution
I 4. Input the function and draw the graph in the main screen.
5. Use Zoom to enlarge the graph, and then move it to the sub-screen.
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o0 000
Example Draw the graph y = x(x + 1)(x — 1) in the main screen, and then use
Box Zoom to enlarge it.

Use the following V-Window settings.
(Main Screen)

Xmin=-2, Xmax=2, Xscale = 0.5
Ymin=-2, Ymax=2, Yscale=1

Procedure
@ [EW GRPH-TBL
@ (e (F3)(SET UP)® @ @ (2 (G+G) B
@ () [0 (V-Window) (@) (2] 8 (2] &8 (0] () (B) B8 @
© 2 4 2 9 @ e B0
@ E)TYPE)(E)(Y=) (a1 (A KeD (B (3 O (A e (=) () BJ B9
[F5) (DRAW)
® ([)(ZOO0M) (3] (BOX)
OEOICHCOIES
CHOIONMONEE|

Result Screen

] / ‘
/ L_m]—'»
TRACEIZ0OHERTCHG-SLURE-GT |
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5-6 Manual Graphing

B Rectangular Coordinate Graph

Description
Inputting the Graph command in the RUN - MAT Mode enables drawing of rectangular
coordinate graphs.

Set Up
I 1. From the Main Menu, enter the RUN - MAT Mode.
2. Make V-Window settings.
Execution
3. Input the commands for drawing the rectangular coordinate graph.
I 4. Input the function.
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Manual Graphing

o0 000

Example Graphy =2x2+3x -4
Use the following V-Window settings.
Xmin=-5, Xmax=5, Xscale =2
Ymin=-10, Ymax=10, Yscale=5

Procedure
T [EW) RUN-MAT
@ (s o) (V-Window) @) (5] ) (8] (e (2) g @
OO0EG0OEE E
@ (o [Fe) (™) [F8)(>) [F (SKTCH) (A (Cls) )
(F2(SKTCH) (@ (GRAPH)(1J(Y=)
@ (2 (3) k1) (=) (@) 9

\ |/
Y

TRACEIZ00MIFICT]

Result Screen
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Manual Graphing

H Integration Graph

Description

Inputting the Graph command in the RUN « MAT Mode enables graphing of functions
produced by an integration calculation.

The calculation result is shown in the lower left of the display, and the calculation range is
blackened in the graph.

Set Up
I 1. From the Main Menu, enter the RUN « MAT Mode.

2. Make V-Window settings.

Execution
I 3. Input graph commands for the integration graph.
4. Input the function.

19990401




5-6-4
Manual Graphing

o0 000 1

Example Graph the integration /_z(x +2)(x = 1)(x — 3) dx.
Use the following V-Window settings.
Xmin=-4, Xmax=4, Xscale =1
Ymin =-8, Ymax =12, Yscale=5

Procedure
@ [EY RUN-MAT
@ (s [ormh) (V-Window) (@) (4] (e (4] () (1) (9 @
OEREDDEEE EEE

@ ([ (Fe) (™) (Fe) (>) (F2) (SKTCH) (3] (Cls) exg)
(F2) (SKTCH) (@) (GRAPH) (2 (] dx)

@QOQrEEPpAO00OMEEOO0MAERE0E
RO E

Result Screen

LOIER= -2 UFFEFR=1
Jdx=15. 15
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Manual Graphing

H Drawing Multiple Graphs on the Same Screen

Description

Use the following procedure to assign various values to a variable contained in an expres-
sion and overwrite the resulting graphs on the screen.

Set Up
1. From the Main Menu, Enter GRPH - TBL Mode.
I 2. Make V-Window settings.

Execution

3. Specify the function type and input the function. The following is the syntax for function
input.

Expression containing one variable (3] [H([) variable M=)

value (2] value (3] ... (3] value [sF) (=)(])
4. Draw the graph.
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Manual Graphing

Example To graph y = Ax2- 3 as the value of A changes in the sequence 3, 1,

-1.

Use the following V-Window settings.

Xmin = -5, Xmax =5, Xscale =1
Ymin=-10, Ymax =10, Yscale=2

Procedure
@ [N GRPH-TBL

@ () [em) (V-Window) (@) (8] () (8] () (1) (€ @
©OOOE DO E R EEED
@ EB)N(TYPE) @ (Y=) i [£eD (A) kel (23 B B &
R (B ([) [ fam) (A) B (D (=) 3 60 D B @) @ & F(1) 69

@ [F5)(DRAW)

Result Screen

# The value of only one of the variables in the
expression can change.

# Any of the following cannot be used for the
variable name: X, Y, r, 6, T.

# You cannot assign a variable to the variable
inside the function.

# When Simul Graph is turned on, all of the
graphs for the specified variable values are
drawn simultaneously.

# Overwrite can be used when graphing
rectangular expressions, polar expressions,
parametric functions, X = constant functions,
and inequalities.
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5-7 Using Tables

Hl Storing a Function and Generating a Number Table

e To store a function

o0 000
Example To store the function y = 3x2 -2 in memory area Y1

Use @ and ® to move the highlighting in the Graph function list to the memory area
where you want to store the function. Next, input the function and press to store it.

® Variable Specifications

There are two methods you can use to specify value for the variable x when generating a
numeric table.

* Table range method
With this method, you specify the conditions for the change in value of the variable.

o List

With this method, the data in the list you specify is substituted for the x-variable to
generate a number table.

® To generate a table using a table range

o0 000
Example To generate a table as the value of variable x changes from -3 to 3, in
increments of 1

(Fe) (>) (F2) (RANG) ;able EREE
BEEEO
ELSPLEEE
1 -

The numeric table range defines the conditions under which the value of variable x changes
during function calculation.

Start ........... Variable x start value
End.....c...... Variable x end value
pitch ............ Variable x value change (interval)

After specifying the table range, press to return to the Graph function list.
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Using Tables

® To generate a table using a list
1. While the Graph function list is on the screen, display the SET UP screen.
2. Highlight Variable and then press (F2)(LIST) to display the pop-up window.

3. Select the list whose values you want to assign for the x-variable.
* To select List 6, for example, press [6] [Exg. This causes the setting of the Variable item
of the SET UP screen to change to List 6.

4. After specifying the list you want to use, press to return to the previous screen.

* Note that the {RANG} item does not appear when a list name is specified for the Variable
item of the SET UP screen.

® Generating a Table

eeocoe
Example To generate a table of values for the functions stored in memory areas
Y1 and Y3 of the Graph function list

Use @ and @ to move the highlighting to the function you want to select for table genera-
tion and press (F1)(SEL) to select it.

The “=" sign of selected functions is highlighted on the screen. To deselect a function, move
the cursor to it and press (F1)(SEL) again.

EP§Ph Func  i4=

SEL |DEL ITYFE [GMEMIDRAWT [

Press (F5)(TABL) to generate a number table using the functions you selected. The value of
variable x changes according to the range or the contents of the list you specified.

The example screen shown here shows the results
based on the contents of List 6 (- 3, -2, -1, 0, 1, 2, 3). N S § N - I
3| 25 L
-2 I y
-1 I 1
o -2 o

-3

EDT T DELAIRE-TIG-CORIGFLT] T |

Each cell can contain up to six digits, including negative sign.
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You can use cursor keys to move the highlighting around the table for the following purposes.

* To display the selected cell’'s value at the bottom of the screen, using the calculator’s
current number of decimal place, number of significant digit, and exponential display
range settings

* To scroll the display and view parts of the table that do not fit in the display

* To display at the top of the screen the scientific function that produced the value in the
selected cell (in columns Y1, Y2, etc.)

* To change x variable values by replacing values in column X

)
Press to return to the Graph function list. '

® To generate a differential number table *'

Changing the setting of SET UP screen’s Derivative item to On causes a number table that
includes the derivative to be displayed whenever you generate a number table.

Locating the cursor at a differential ﬂ:-'a-’d:x}:{ a0 v va
coefficient displays ‘dy/dx” in the top line,
R : ; -3 25 T 9
which indicates differential. -2 n -12 u
-1 I -E 1
L -a L ]
-1g
ECT T DELAIRE-TIG-CORIGFLT] T |

® Specifying the function type
You can specify a function as being one of three types.*?
* Rectangular coordinate (Y=)
¢ Polar coordinate (r =)
* Parametric (Param)

1. Press (F3)(TYPE) while the function list is on the screen.
2. Press the number key that corresponds to the function type you want to specify.

*1An error occurs if a graph for which a range is *2The number table is generated only for the
specified or an overwrite graph is included function type specified on the function list
among the graph expressions. (Graph Func). You cannot generate a number

table for a mixture of different function types.
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Using Tables

M Editing and Deleting Functions

® To edit a function

o0 000
Example To change the function in memory area Y1 fromy = 3x2-2 to
y=3x2-5
Use @ and ® to move the highlighting to the function you want to edit.
Grarh Func %= |
Wigece—2t

Use @ and ® to move the cursor to the location of the change.

EEE®®EE Grarh Func Y= |
Y1=3Ke-50]

g Grarh_ Func V=
YiB3H2-5
(F8) (™) [F8) (TABL)
4 vl v3
3| 22 g
-2 1 y
-1 -2 1
o 5 o
-3
EDI T DELAIRE-TIG-CoRlG-FLTT © |

* The Function Link Feature automatically reflects any changes you make to functions in
the GRPH - TBL Mode list, and DYNA Mode list.

® To delete a function

1.Use @ and ® to move the highlighting to the function you want to delete and then
press (F2)(DEL) or (0EJ.

2. Press (g (Yes) to delete the function or Eg(No) to abort the operation without deleting
anything.
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Using Tables

H Editing Tables
You can use the table menu to perform any of the following operations once you generate a
table.
* Change the values of variable x
 Edit (delete, insert, and append) rows
* Delete a table and regenerate table
* Draw a connect type graph
* Draw a plot type graph

While the Table & Graph menu is on the display, press (F5)(TABL) to display the table menu.
* {EDIT} ... {edit value of x-variable}
* {DEL-A} ... {delete table}
* {Re-T} ... {regenerate table from function}
* {G-CON}/{G-PLT} ... {connected type}/{draw plot type} graph draw
* {R-DEL}/{R-INS}/{R-ADD} ... {delete}/{insert}/{add} row

¢ To change variable values in a table

o0 000
Example To change the value in Column x, Row 3 of the table generated on
page 5-7-2 from —-1to-2.5
@®® BOEE
b v E| H ¥l bE|
-3 25 g -3 a5 g
-2 1 y -2 n y
[ -] 1 ﬂ [E.E 16115 s.asl
] -2 o [ -2 o
-1 2.5
ECTTDECAIRE-TIG-CoHIGFLT] | ECTTPELAIRE-TIG-COHIGFLTT T |

* When you change a variable value in Column x, all values in the columns to the right are
recalculated and displayed.

# You cannot directly change any values in the

# If you try to replace a value with an illegal
operation (such as division by zero), an error other (non-x) columns of the table.

occurs and the original value remains
unchanged.
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® Row Operations

e To delete a row

o0 000
Example

O

To delete Row 2 of the table generated on page 5-7-2

—t
-3
T
-1

o

i

1
25
1o
1
-2

'3

|

EDITDELAIRE-TIG-COHIGFLT] |

() ED(R-DEL)
i i | 3
|' -3 25 5‘|

| |

1} -2 1}

| | |
-2 -1
F-DELIR-THAR-AOD 1

® To insert a row

Example
page 5-7-2

Q)

E9(>)EJ(R-INS)

To insert a new row between Rows 1 and 2 in the table generated on

4t
-3
T
-1

0

|

LE]

|

4 ¥l v3

-3 25 g

| n u

-2 o u

-1 I 1
-2 -2
F-DELIR-THF-ADD T 1

ECTTDELAIRE-TIGCOHIGFLT] |
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® To add a row

eoecoo0
Example To add a new row below Row 7 in the table generated on page 5-7-2

CIGIGIVIOIO) [F8)(>)(F3)(R-ADD)
bl | 4 vl va
] 2 i 1 1 1
1 1 1 a I u
2 1 u 3 a5 g
E| 25 | 2 | 3] 25 g -
EDITIDECAIRE-TIG-COHIG-FLTT ¢ | R-DELIR-INHR-ADDI T 1

® Deleting a Table
1. Display the table and then press (F2) (DEL-A).

2. Press (exg (Yes) to delete the table or [Es¢(No) to abort the operation without deleting
anything.
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H Copying a Table Column to a List

A simple operation lets you copy the contents of a numeric table column into a list.

® To copy a table to a list

o0 000
Example To copy the contents of Column x into List 1
E)(LMEM)
Store In
List Memor:
List.01~2@]1: I
T L = Lo | _3
LHEr < o332l EMG |=EHG
* You can select any row of the column you want to copy.
Input the number of the list you want to copy and then press [Exg.
D Ed
H Yl '3
] 25 g
- I u
[ -1 [ |l
o -2 o
-3

LMEF < ¢332l EMG |=EHG
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H Drawing a Graph from a Number Table

Description

Use the following procedure to generate a number table and then draw a graph based on the
values in the table.

Set Up
1. From the Main Menu, enter the GRPH - TBL Mode.
2. Make V-Window settings.

Execution
3. Store the functions.
4. Specify the table range.
5. Generate the table.
6. Select the graph type and draw it.
(F4(G+CON) ... line graph*!
(F5) (G« PLT) ... plot type graph*'*2

*1After drawing the graph, pressing *2Pressing (F6) (™) (F4)(G - PLT) on the function
[F5)(G <> T) or [0 returns to the function storage screen generates the number table
storage screen. To return to the number table and plots the graph simultaneously.

screen, press (F5)(TABL).
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Using Tables

o0 o000

Example Store the two functions below, generate a number table, and then draw
a line graph. Specify a range of -3 to 3, and an increment of 1.
Y1=3x2-2, Y2=x2
Use the following V-Window settings.
Xmin =0, Xmax = 6, Xscale =1
Ymin = -2, Ymax =10, Yscale=2

Procedure
@ @@y GRPH-TBL
@ (s (o) (V-Window) (@] g (€] B8 (1) 8 @

2@ 0O Y (2) B9 ED
@ [F)(TYPE)[(Y=) B D (3 (=) (2 9
@ (Fe(™>)([F23(RANG) @) (3] B€ (3] B8 (1) B9
® (F5)(TABL)
® (F4(G-CON)
Result Screen
TRACEIZ oG R TER [FRELT = 1

# You can use Trace, Zoom, or Sketch after
drawing a graph.
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H Specifying a Range for Number Table Generation

Description

Use the following procedure to specify a number table range when calculating scatter data
from a function.

Set Up
B 1. From the Main Menu, enter the GRPH - TBL Mode.

Execution
2. Store the functions.
3. Specify the table range.
4. Select the functions for which you want to generate a table.
The “=” sign of selected functions is highlighted on the screen.
5. Generate the table.

19990401




5-7-12
Using Tables

Example Store the three functions shown below, and then generate a table for

functions Y1 and Y3. Specify a range of -3 to 3, and an increment of 1.

Y1=3x2-2, Y2=x +4, Y3 =x?2

Procedure
@ ([@W GRPH-TBL
@ [E)(TYPE)E@(Y=)([E] =@

@ e
9
® FI(>)[FI(RANG) @ BB (3] B9 (D
@ @ @ [F1(SEL)
® ([F5)(TABL)
Result Screen
i Y1 v3
] 25 9
-2 1o u
-1 | 1
] -2 o
-3
EDITOELAIRE-TIGCOHIGFLT] |

# You can include derivatives in generated

# You can generate number tables from
rectangular coordinate, polar coordinate, and number tables by specifying On for the
parametric functions. Derivative item on the SET UP screen.
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H Simultaneously Displaying a Number Table and Graph

Description

Specifying T+G for Dual Screen on the SET UP makes it possible to display a number table
and graph at the same time.

Set Up
1. From the Main Menu, enter the GRPH - TBL Mode.
2. Make V-Window settings.
3. On the SET UP screen, select T+G for Dual Screen.

Execution
4. Input the function.
5. Specify the table range.
6. The number table is displayed in the sub-screen on the right.
7. Specify the graph type and draw the graph.
(F3)(G - CON) ... line graph
(F5)(G + PLT) ... plot type graph*!

*Pressing (F6) (™) (F4)(G - PLT) on the function
storage screen generates the number table
and plots the graph simultaneously.
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o0 o000
Example Store the function Y1 = 3x2 — 2 and simultaneously display its number
table and line graph. Use a table range of -3 to 3 with an increment of 1.

Use the following V-Window settings.
Xmin =0, Xmax = 6, Xscale = 1
Ymin = -2, Ymax =10, Yscale=2

Procedure
@ [@EW GRPH-TBL
@ () @M (V-Window) (@] & (6] € (1) B9 @
ORkEDOEREEE
@ () F3)(SET UP) @ @ @ [FI)(T+G) Esd
@ EB)ITYPE)[(Y=)E) (el @3 & (@) B
® (Fe)(>)([F2(RANG)

©REREE D EEE
® [3(TABL)

@ ([F8(G+CON)

Result Screen

" Tl

1

TRACEIZ0OMEFRTCH TRELI [
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H Using Graph-Table Linking

Description

With Dual Graph, you can use the following procedure to link the graph and table screens so
the pointer on the graph screen jumps to the location of the currently selected table value.

Set Up
1. From the Main Menu, enter the GRPH - TBL Mode.
2. Make the required V-Window settings.

Display the SET UP screen, select the Dual Screen item, and change its setting to
“T+G”.

Execution
3. Input the function of the graph and make the required table range settings.
4. With the number table on the right side of the display, draw the graph on the left side.
(F4) (G + CON) ... connect type graph
(F5) (G« PLT) ... plot type graph
5. Turn on G- Link.

6. Now when you use ® and @ to move the highlighting among the cells in the table,
the pointer jumps to the corresponding point on the graph screen.
If there are multiple graphs, pressing @ and ® causes the pointer to jump between
them.

To turn off G« Link, press or [ES9 (QUIT).
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o0 000
Example Store the function Y1 = 3logx and simultaneously display its number

table and plot-type graph. Use a table range of 2 through 9, with an
increment of 1.

Use the following V-Window settings.

Xmin =-1, Xmax =10, Xscale=1

Ymin=-1, Ymax=4, Yscale=1

Procedure
@ W GRPH-TBL
@ (s forn) (V-Window) (@) (1 (g (0 (0] &9 () 9 ®
D e @ e DEd
(cm) 3 (SET UP) @ @ @ [F1)(T+G) B0
@ EI(TYPE)[(Y=)([3) e
[F8)(>)[F2(RANG)

2 @) B9 (1) B9 B
@ () (TABL)
#5)(G-PLT)

©® [Eg(>)Ea(G-Link)
PO~ ®-®

Result Screen

W1=31log H Y1=21loa =
) b ¥l - b vl
2 IFEGHT L B 2.33uy4
3 1.u313 = - 1 2.5352
Y 1.8OEI L 8 2.70828
= 5 a.mEsf| < PR Beall
n=a =0. 30308599865 =g ¥=g3. BE2"T21528
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5-8 Dynamic Graphing

l Using Dynamic Graph
Description

Dynamic Graph lets you define a range of values for the coefficients in a function, and then
observe how a graph is affected by changes in the value of a coefficient. It helps to see how
the coefficients and terms that make up a function influence the shape and position of a
graph.

Set Up
I 1. From the Main Menu, enter the DYNA Mode.
2. Make V-Window settings.

Execution
3. On the SET UP screen, specify the Dynamic Type.
(F9(Cont) ... Continuous
(F2)(Stop) ... Automatic stop after 10 draws
4. Use the cursor keys to select the function type on the built-in function type list.*!

5. Input values for coefficients, and specify which coefficient will be the dynamic vari-
able.*?

6. Specify the start value, end value, and increment.
7. Specify the drawing speed.
(F3)(SPEED) [FJ) (Nir) ..... Pause after each draw (Stop & Go)
FA(z) ....... Half normal speed (Slow)
FI(F) ....... Normal speed (Normal)
Fa (=) ...... Twice normal speed (Fast)
8. Draw the Dynamic Graph.

*1The following are the seven built-in function [@J ... rectangular coordinate expression
types. (2] ... polar coordinate expression
*Y=AX+B (3] ... parametric function
*Y=A(X-B)*+C *2You could also press [Ex§ here and display the
*Y=AX2+BX+C parameter setting menu.

’Y:AXA3+BX2+CX+D # The message “Too Many Functions” appears
*Y=Asin(BX+C) when more than one function is selected for
*Y=Acos(BX+C) Dynamic Graphing.

eY=Atan(BX+C)

After you press (F3)(TYPE) and select the
function type you want, you can then input the
actual function.
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eo0ocooe
Example Use Dynamic Graph to graph y = A (x — 1) -1, in which the value of
coefficient A changes from 2 through 5 in increments of 1. The Graph
is drawn 10 times.
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure
@ @@y DYNA
@ () @) (V-Window) ED) (INIT) 69
@ [ [F3I(SET UP)[F2)(Stop) €0
@ [F9(>)[F3(B-IN)® [ED(SEL)
® [Fe(>)FA(VAR) 2 D 9 @ D B9
©® [F2(RANG) (2 9 (8] 9 () (b 0
(
(

@ ([F3)(SPEED) (k)
® [F8(DYNA)

Result Screen

n
One Moment Flease
[ I
Repeats from @) through @.
d
D[F1=AH-BIE+C @[¥1=ACH-B12+C
. \
LS . )
A=2 A=3
T
@ [Y1=RACE-B22+C @ [V1=ATH-Er2+0C
| . /
v — W
A=5 A=4
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l Dynamic Graph Application Examples

Description
You can also use Dynamic Graph to simulate simple physical phenomena.

Set Up
1. From the Main Menu, enter the DYNA Mode.
I 2. Make V-Window settings.
Execution
3. On the SET UP screen, specify Stop for Dynamic Type and Deg for Angle.

4. Specify Param (parametric function) as the function type, and input a function that
contains a dynamic variable.

5. Specify the dynamic coefficient.

6. Specify the start value, end value, and increment.
7. Specify Normal for the draw speed.

8. Start the Dynamic Graph operation.
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eoocoe

Example The path over time T of a ball thrown in the air at initial velocity V and
an angle of 6 degrees from horizontal can be calculated as follows.
X =(Vcos 0)T, Y =(Vsin 0)T — (1/2)gT? (g = 9.8m/s?)

Use Dynamic Graph to plot the path of a ball thrown at an initial
velocity of 20 meters per second, at horizontal angles of 30, 45, and 60
degrees (Angle: Deg).

Use the following V-Window settings.
Xmin=-1, Xmax=42, Xscale=5
Ymin=-1, Ymax=16, Yscale=2
TOmin =0, TOmax =6, TOptch=0.1

Procedure
@ (@@ DYNA
@ () em (V-Window) @) (1 € (4 21 9 (B) B9 @
POEODEEEDEE
DEGBELDDDBE®
@ (cmJ (F3)(SET UP) [F2)(Stop)
@ @ ® @ [F)(Deg)EJ

@ [3)(TYPE)(3) (Param)
(3 @ (@] (eos) () (xa (A) DI [T
(A 2 (@) (sin) (wm) (67 (A) O KeD (=) (@) (3 (8] (eD (3 Ex
® [F4)(VAR)
® ([F2(RANG) (3] (0] & (6] (@) g (] (5] (Exg) EsC)
@ (F3)(SPEED)(F3)(r) B
® [F8)(DYNA)

Result Screen

fl=(2B8co= AXT»(2B8=in fl=02B8co= AXTs (2B=in

& ™ heeo
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B Adjusting the Dynamic Graph Speed

You can use the following procedure to adjust the Dynamic Graph speed while the draw
operation is taking place.

1. While a Dynamic Graph draw operation is being performed, press to change to the
speed adjustment menu.

fl=C2Bcos AXT.C2B=in
Dwnamic Rarnae

Start:34
End :&B
Fitch:la

e I = Tk [ % [sT01

e {ur:} ... {Each step of the Dynamic Graph draw operation is performed each time you

press [exg.}
o {=M{e}{x} ... {slow (1/2 speed)}/{normal (default speed)}/{fast (double speed)}
¢ {STO} ... {stores graph conditions and screen data in Dynamic Graph memory}

2. Press the function key ((F1) to (F4)) that corresponds to the speed you want to change
to.

# To clear the speed adjustment menu without # Press [F5) (G<>T) to return to the graph
changing anything, press [Bxg. screen.
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H Using Dynamic Graph Memory

You can store Dynamic Graph conditions and screen data in Dynamic Graph memory for
later recall when you need it. This lets you save time, because you can recall the data and
immediately begin a Dynamic Graph draw operation. Note that you can store one set of data
in memory at any one time.

The following is all of the data that makes up a set.
e Graph functions (up to 20)
* Dynamic Graph conditions
* SET UP screen settings
* V-Window contents

* Dynamic Graph screen

® To save data in Dynamic Graph memory

1. While a Dynamic Graph draw operation is being performed, press to change to the
speed adjustment menu.

2. Press [F8)(STO). In response to the confirmation dialog that appears, press (Exg(Yes) to
save the data.

® To recall data from Dynamic Graph memory
1. Display the Dynamic Graph function list.
2. Press [Fg)(RCL) to recall all the data stored in Dynamic Graph memory.

# If there is already data stored in Dynamic # Data recalled from Dynamic Graph memory
Graph memory, the data save operation replaces the calculator’s current graph functions,
replaces it with the new data. draw conditions, and screen data. The previous

data is lost when it is replaced.
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5-9 Graphing a Recursion Formula

H Generating a Number Table from a Recursion Formula

Description
You can input up to three of the following types of recursion formulas and generate a number

table.
* General term of sequence {anr}, composed of an, n
e Linear two-term recursion composed of an+1, an, n
e Linear three-term recursion composed of an+2, an+1, an, n

Set Up
B 1. From the Main Menu, enter the RECUR Mode.

Execution
2. Specify the recursion type.
(F3)(TYPE) (1] (an=) ... {general term of sequence ax}
(2) (an+1=) ... {linear two-term recursion}
() (an+2=) ... {linear three-term recursion}
3. Input the recursion formula.

4. Specify the table range. Specify a start point and end point for n. If necessary, specify a
value for the initial term, and a pointer start point value if you plan to graph the formula.

5. Display the recursion formula number table.
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o0 000
Example Generate a number table from recursion between three terms as

expressed by an+2= an+1 + an, with initial terms ofa1=1,a2=1
(Fibonacci sequence), as n changes in value from 1 to 6.

Procedure
@ @ RECUR
@ F(TYPE) () (an+2=)
@ FA(n. an )@ (ann) @B [FD(an) x5
@ [FE(RANG) (2 (a1) (@ & (6] @8 (1) B9 (1D B9
® (F6)(TABL)

Result Screen

—nik ek
I I
2 I
3 2
4 3
1
Re-TIDELA] [G-CoHIGFLT]

* The first two values correspond to
at=1andaz2=1.

# Specifying On for the X Display of the SET UP
screen causes the sum of each term to be
included in the table.
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H Graphing a Recursion Formula (1)
Description

After generating a number table from a recursion formula, you can graph the values on a line
graph or plot type graph.

Set Up
1. From the Main Menu, enter the RECUR Mode.
2. Make V-Window settings.
Execution
3. Specify the recursion formula type and input the formula.

4. Specify the table range, and start and ending values for n. If necessary, specify the
initial term value and pointer start point.

5. Display the recursion formula number table.
6. Specify the graph type and draw the graph.
(F5(G < CON) ... line graph
(F§) (G + PLT) ... plot type graph
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eoocoe

Example Generate a number table from recursion between two terms as
expressed by an+1 = 2an+1, with an initial term of a1 = 1, as n changes
in value from 1 to 6. Use the table values to draw a line graph.

Use the following V-Window settings.
Xmin =0, Xmax = 6, Xscale = 1
Ymin=-15, Ymax =65, Yscale=5

Procedure
@ [@EW RECUR
@ () [em) (V-Window) (@] [ (6] € (1) B9
©@DGEEE G EY G EFEE
@ B)(TYPE) (2] (an+1=) (2] [ (an) B (] B9
@ [F3)(RANG)[F2(«1) @D @9 (8) @8 (D B9 ED
® [E(TABL)
® ([F9(G-CON)

Result Screen

_HHEE|2IJIJIHEHTEﬁF:E'-G|TFIBL| r_|
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H Graphing a Recursion Formula (2)
Description

The following describes how to generate a number table from a recursion formula and graph
the values while X Display is On.

Set Up
1. From the Main Menu, enter the RECUR Mode.
2. 0On the SET UP screen, specify On for X Display.
3. Make V-Window settings.

Execution
4. Specify the recursion formula type and input the recursion formula.

5. Specify the table range, and start and ending values for n. If necessary, specify the
initial term value and pointer start point.

6. Display the recursion formula number table.
7. Specify the graph type and draw the graph.
(F5)(G + CON) (A (an) ... Line graph with ordinate a», abscissa n
(2)(Zan) ... Line graph with ordinate Zax, abscissa n
(F§)(G+PLT) (@) (an) ... Plot type graph with ordinate an, abscissa n
(2)(Zan) ... Plot type graph with ordinate Zax, abscissa n
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eoocoe
Example Generate a number table from recursion between two terms as
expressed by an+1 = 2an+1, with an initial term of a1 = 1, as n changes
in value from 1 to 6. Use the table values to draw a plot line graph with
ordinate Xax, abscissa n.
Use the following V-Window settings.
Xmin =0, Xmax = 6, Xscale =1
Ymin=-15, Ymax =65, Yscale=5

Procedure
@ [ RECUR
@ (F3)(SET UP) 1) (On) Es0)
@ () [em) (V-Window) (@] [ (6] € (1) B9
DEEGEGEEE
@ [E)(TYPE) (2] (an+1=) (2] (3 (an) B (] B9
® (F3(RANG) [ (a1) D &4 (6] B9 (D B9 EY
® [E(TABL)
@ [E8(G-PLT)(2)(Zan)

Result Screen

: .
TRACEIZ00HERTCHRE-GITAEL] &
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5-9-7
Graphing a Recursion Formula

Bl WEB Graph (Convergence, Divergence)

Description

v = fix) is graphed by presuming an+1 =y, an = x for linear two-term regression an+1 = flan)
composed of an+1, an. Next, it can be determined whether the function is convergent or
divergent.

Set Up
I 1. From the Main Menu, enter the RECUR Mode.
2. Make V-Window settings.

Execution
3. Select 2-term recursion as the recursion formula type, and input the formula.
4. Specify the table range, n start and end points, initial term value, and pointer start
point.
5. Display the recursion formula number table.
6. Draw the graph.

7. Press [, and the pointer appears at the start point you specified.
Press several times.

If convergence exists, lines that resemble a spider web are drawn on the display.
Failure of the web lines to appear indicates either divergence or that the graph is
outside the boundaries of the display screen. When this happens, change to larger
View Window values and try again.

You can use @ @ to select the graph.
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5-9-8
Graphing a Recursion Formula

o0 000

Example To draw the WEB graph for the recursion formula a»+1 = =3(ax)? + 3an,
bn+1=3bn + 0.2, and check for divergence or convergence. Use the
following table range and V-Window Settings.

Table Range

Start = 0, End = 6, ao = 0.01, a»Str = 0.01, bo = 0.11, b»Str = 0.11
V-Window Settings

Xmin =0, Xmax =1, Xscale =1

Ymin =0, Ymax=1, Yscale=1

Procedure
@ ([@W RECUR
@ (s (o) (V-Window) (@] B8 (1) B8 (1) 8 @
DEOBEDBEEE

@ [E)(TYPE) (2] (an+1=) (@) (3) [ (an) @) B () F2) (@) B9
BEG)BFOOREd

@ ([FB(RANG)(F1)(ao)
OEEEOO0O0DNMOODDM®

OHOOMOODAOEE
® [F8)(TABL)
® [F4(WEB)

@ [F(TRACE)[Eg~[E8(an is convergence)
@ B9~ [ (b is divergence)

Result Screen

br+1=3bnt+4.

L=

-l
H=5.51 ¥=5.51

19990401




5-10-1
Changing the Appearance of a Graph

5-10 Changing the Appearance of a Graph

B Drawing a Line

Description
The sketch function lets you draw points and lines inside of graphs.

Set Up
[ 1. Draw the graph.

Execution
2. Select the sketch function you want to use.*
(F3)(SKTCH) (1] (Cls) ... Screen clear
(2)(PLOT)
{On}/{Off}/{Change}/{Plot} ... Point {On}/{Off}/{Change}/{Plot}

(8] (LINE)
{F-Line}/{Line} ... {Freehand line}/{Line}

(4] (Text) ... Text input
(8] (Pen) ... Freehand
(6] (Tangnt) ... Tangent line
(Normal) ... Line normal to a curve
(8] (Invrse) ... Inverse function*?
(8] (Circle) ... Circle
[Xe7 (Vert) ... Vertical line
(log) (Horz) ... Horizontal line

3. Use the cursor keys to move the pointer (gr) to the location where you want to draw,
and press [xg.*?

*1The above shows the function menu that *3Some sketch functions require specification of
appears in the GRPH - TBL Mode. Menu items two points. After you press [ to specify the
may differ somewhat in other modes. first point, use the cursor keys to move the

*2|n the case of an inverse function graph, pointer to the location of the second point and
drawing starts immediately after you select press [Exg.

this option.
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5-10-2
Changing the Appearance of a Graph

o0 000
Example Draw a line that is tangent to point (2, 0) on the graph for
y=x(x+2)(x-2).
Use the following V-Window settings.
Xmin = -5, Xmax =5, Xscale =1
Ymin=-5, Ymax=5, Yscale =1

Procedure
@ [EW GRPH-TBL
(8 00T (V-Window) (@) (5] [ (58] ) (1) B @

©EFNGEE GO EE
E(TYPE) @ (Y=)(kaD (A K61 () (2] ] (O (1) = (2
(F5) (DRAW)
@ (F3)(SKTCH) (6] (Tangnt)
(ORCHC)CEM

Result Screen

W =W =20

#=laU2B571U2E  Y=-2."19HE33813

*"You can draw a tangent line in succession by
moving the “gn” pointer and pressing [Exg.
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5-10-3
Changing the Appearance of a Graph

H Inserting Comments

Description
You can insert comments anywhere you want in a graph.

Set Up
[l 1. Draw the graph.

Execution
2. Press (F3)(SKTCH) (4] (Text), and a pointer appears in the center of the display.

3. Use the cursor keys to move the pointer to the location where you want the text to be,
and input the text.

# You can input any of the following charactersas ~ x2,/, log, In, Y, , 10%, &%, % , x', sin, cos,
comment text: A~Z, 1, 6, space, 0~9, ., +,—, %,  tan, sin!, cos™, tan™, i, List, Mat
+ (=), EXP, m, Ans, (,), [, ], {, }, comma, —,
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5-10-4
Changing the Appearance of a Graph

o0 000
Example Insert text into the graph y =x (x + 2)(x - 2).

Use the following V-Window settings.
Xmin=-5, Xmax=5, Xscale =1
Ymin = -5, Ymax =5, Yscale =1

Procedure
@ [@EW GRPH-TBL
() @8 (V-Window) @) (8] € (8] Y (1) BF

QEEEEIGEYE
E)(TYPE)@](Y=)EeD (D (el B 2 D [ Een F @2 DI e
(5 (DRAW)

@ (F3(SKTCH) (@ (Text)
P@®-® @-@
(e (=)(Y) ) () (=) (en) (O (el (1) (21 O) [ kel (=) (21 O

Result Screen

Y=HOR+2 M H-22
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5-10-5
Changing the Appearance of a Graph

M Freehand Drawing

Description
You can use the pen option for freehand drawing in a graph.

Set Up
[l 1. Draw the graph.

Execution

2. Press (F3)(SKTCH) (8] (Pen), and a pointer appears in the center of the screen.

3. Use the cursor keys to move the pointer to the point from which you want to start
drawing, and then press (Exg.

4. Use the cursor keys to move the pointer. A line is drawn wherever you move the pointer.
To stop the line, press [Exg.
Repeat step 3 and 4 to draw other lines.
After you are finished drawing, press (.
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5-10-6
Changing the Appearance of a Graph

o0 000
Example Use the pen to draw on the graphy =x (x + 2)(x — 2).

Use the following V-Window settings.
Xmin=-5, Xmax=5, Xscale =1
Ymin = -5, Ymax =5, Yscale =1

Procedure
@ [@EW GRPH-TBL
() @8 (V-Window) @) (8] € (8] Y (1) BF

© B & B & 0 @9 60
E)(TYPE) (@ (Y=) ka1 (A e () (21 B (A (k671 (=) (21 OJ [x9)
(F5) (DRAW)

@ [F3(SKTCH) (B (Pen)
Q@®® @-@fd
ONCOIC RN CRCHCIORMC N ET

Result Screen

e
>

#=-1.90416190U Y¥=U.354B3ET09
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5-10-7
Changing the Appearance of a Graph

H Changing the Graph Background

You can use the set up screen to specify the memory contents of any picture memory area
(Pict 1 through Pict 20) as the Background item. When you do, the contents of the
corresponding memory area is used as the background of the graph screen.

o0 000

Example 1 With the circle graph X2 + Y2 = 1 as the background, use Dynamic
Graph to graph Y = X2 + A as variable A changes value from -1 to 1 in
increments of 1.

Recall the background graph.
Xe+Y2=1)

T
~L/
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5-10-8
Changing the Appearance of a Graph

Draw the dynamic graph.

(Y=X2-1) Lrl2=:x;a+ﬂw
N 4

LT

(Y =X WE=HE+A W
T

T

(Y=X2+1) US=t 2 +H >.F<
T

* See “5-8-1 Dynamic Graphing” for details on using the Dynamic Graph feature.
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5-11-1
Function Analysis

5-11 Function Analysis

B Reading Coordinates on a Graph Line

Description
Trace lets you move a pointer along a graph and read out coordinates on the display.

Set Up
[ 1. Draw the graph.

Execution
2. Press [F1)(TRACE), and a pointer appears in the center of the graph.*!

3. Use @ and ® to move the pointer along the graph to the point at which you want to
display the derivative.

When there are multiple graphs on the display, press @ and @ to move between
them along the x-axis of the current pointer location.

4. You can also move the pointer by pressing to display the pop-up window, and then
inputting coordinates.

The pop-up window appears even when you input coordinates directly.
To exit a trace operation, press [Esg.

*The pointer is not visible on the graph when # You can turn off display of the coordinates at the
it is located at a point outside the graph pointer location by specifying “Off” for the “Coord”
display area or when an error of no value item on the SET UP screen.
occurs.
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5-11-2
Function Analysis

o0 000
Example Read coordinates along the graph of the function shown below.
Y1=x2-3
Use the following V-Window settings.
Xmin = -5, Xmax =5, Xscale =1
Ymin=-10, Ymax =10, Yscale=2
Procedure

@ [EW GRPH-TBL

(8 @™ (V-Window) (@) (8] [ (58] € (1) € @
00O OQE @ EIE)

E)(TYPE)[@(Y=) Fa) (23 =) B &9
[F5) (DRAW)

@ [F)(TRACE)

@ @~-@

@ ©@0eE9

Result Screen

Y1=KE-3

{ /

#=-2a 1177177777 ¥=U. 11 604T3EE

Y1=KE=3

n=-1 ¥=-d

# The following shows how coordinates are ¢ Parametric Graph
displayed for each function type.
|T=u.1asasa|saas

« Polar Coordinate Graph %26 1975065333 =4, | BUIB0G035

F'=1.1320508015  %=0. 34306585039 ° Inequa"ty Graph

|x=| 4=
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5-11-3
Function Analysis

H Displaying the Derivative

Description

In addition to using Trace to display coordinates, you can also display the derivative at the
current pointer location.

Set Up
1. On the SET UP screen, specify On for Derivative.
2. Draw the graph.

Execution

3. Press [F1)(TRACE), and the pointer appears at the center of the graph. The current
coordinates and the derivative also appear on the display at this time.

4.Use @ and ® to move the pointer along the graph to the point at which you want to
display the derivative.

When there are multiple graphs on the display, press @ and ® to move between
them along the x-axis of the current pointer location.

5. You can also move the pointer by pressing to display the pop-up window, and then
inputting coordinates.

The pop-up window appears even when you input coordinates directly.
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5-11-4
Function Analysis

o0 000

Example Read coordinates and derivatives along the graph of the function
shown below.
Y1=x2-3
Use the following V-Window settings.
Xmin = -5, Xmax =5, Xscale = 1
Ymin=-10, Ymax =10, Yscale=2

Procedure

@ @EW GRPH-TBL
(] (F3)(SET UP) @ @ @ @ @ [F1)(On) B0
@ () foem) (V-Window) (@) (58] (e (5] (g () € @

Q00 E M O] kY 2] BY &I
EJ(TYPE)GI(Y=) =06
(5 (DRAW)
@ [FO(TRACE)
(ONCORIC)

6 ODE

Result Screen

dY/dH= -5. 555
W=-2« 117171171717 ¥=U. 16045382

/

dY/dH= -2
n=-1 Y=-g

Y1=KE-3

I
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5-11-5
Function Analysis

H Graph to Table

Description

You can use trace to read the coordinates of a graph and store them in a number table. You
can also use Dual Graph to simultaneously store the graph and number table, making this an
important graph analysis tool.

Set Up
1. From the Main Menu, enter the GRPH « TBL Mode.
2. 0On the SET UP screen, specify GtoT for Dual Screen.
3. Make V-Window settings.

Execution
4. Save the function and draw the graph on the active (left) screen.

5. Activate Trace. When there are multiple graphs on the display, press @ and ® to
select the graph you want.

6. Use @ to move the pointer and press to store coordinates into the number table.
Repeat this step to store as many values as you want.

7. Press (Fg)(CHNG) to switch the number table side.
8. From the pop-up window, input the list number you want to save.
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5-11-6
Function Analysis

o0 000
Example Save, in a table, the coordinates in the vicinity of the points of
intersection at X = 0 for the two graphs shown below, and store the

table contents in List 1.

Y1=x2-3, Y2=-x +2

Use the following V-Window settings.
Xmin=-5, Xmax=5, Xscale =1
Ymin=-10, Ymax =10, Yscale=2

Procedure
@ (W) GRPH-TBL
@ (F3)(SET UP)® @ @ (F3)(GtoT) €
@ (A e (V-Window) @) (B8] b9 (8 b8 (D 8 @

ODOEDOEEEE
@ E)(TYPE)[@(Y=) koD (@ &) B) &8
OEEEE
(5) (DRAW)
® [F)(TRACE)
0 -HE®-®IE
@ [8(CHNG)

EJ(LMEM) (1] B9

Result Screen

[ il
[-a.1u| Y.5182

1 -3
[PRECHE 0. 1471

1.774193548
LMEM £ saaal EHG [=EMil
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5-11-7
Function Analysis

H Coordinate Rounding

Description
This function rounds off coordinate values displayed by Trace.

Set Up
B 1. Draw the graph.

Execution

2. Press (F2)(ZOOM) (8] (Rnd). This causes the V-Window settings to be changed
automatically in accordance with the Rnd value.

3. Press [F1)(TRACE), and then use the cursor keys to move the pointer along the graph.
The coordinates that now appear are rounded.
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5-11-8
Function Analysis

eoocoe
Example Use coordinate rounding and display the coordinates in the vicinity of
the points of intersection for the two graphs produced by the
functions shown below.
Y1=x2-3, Y2=-x+2
Use the following V-Window settings.
Xmin=-5, Xmax =5, Xscale =1
Ymin=-10, Ymax =10, Yscale=2

Procedure
@ [N GRPH-TBL
() (o) (V-Window) (&) (8] B9 (B) @8 (1) B9 @
© 00O GO 0O Ed (2 EY 6D
E(TYPE)[@(Y=) =03

@
[F5) (DRAW)
@ (F2(ZOOM) (8] (Rnd)
® [F)(TRACE)
@-@
Result Screen
W1 =H\‘E -3
'\—\_\_\_\_\.4}

i

= -2« THE ¥=Ua 1172344
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5-11-9
Function Analysis

H Calculating the Root

Description
This feature provides a number of different methods for analyzing graphs.

Set Up
B 1. Draw the graphs.

Execution
2. Select the analysis function.
(F4(G-SLV) (@) (Root) ... Calculation of root
(2] (Max) ... Local maximum value
(8] (Min) ... Local minimum value
(@) (Y-Icpt) ... y-intercept
(8] (Isect) ... Intersection of two graphs
(6] (Y-Cal) ... y-coordinate for given x-coordinate
(X-Cal) ... x-coordinate for given y-coordinate
(Jdx) ... Integral value for a given range

3. When there are multiple graphs on the screen, the selection cursor (H) is located at
the lowest numbered graph. Use the cursor keys to move the cursor to the graph you
want to select.

4. Press [ to select the graph where the cursor is located and display the value
produced by the analysis.
When an analysis produces multiple values, press ® to calculate the next value.
Pressing @ returns to the previous value.
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5-11-10
Function Analysis

o0 000
Example Draw the graph shown below and calculate the root for Y1.
Y1=x(x+2)(x -2)
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure

@ [EW GRPH-TBL
©@m (V-Window) F1) (INIT) Esg)
E(TYPE) @ (Y=)(kam (A @ kel =2 @2
(F5) (DRAW)

® [F4(G-SLV) (] (Root)

@ ®
®

Result Screen

WMI=HOH+Z2DCH-20 '1-'1=H':H+2:--:\:=<[—2:-‘J
r [\ } FonT ( -F\ } FooT
H=-o ‘=0 #=0 =0

Yl=HOHE2 0 CH=20

v
Y-

n=g Y=0

# When analyzing a single graph, results appear  # The y-intercept is the point where the graph
as soon as you select an analysis function in crosses the y-axis.
step 2, so step 3 is not necessary.
# Root, local maximum value, local minimum
value, and y-intercept can be calculated for
rectangular coordinate graphs and inequality
graphs only.
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5-11-11
Function Analysis

H Calculating the Point of Intersection of Two Graphs

Description
Use the following procedure to calculate the point of intersection of two graphs.

Set Up
[ 1. Draw the graphs.
Execution

2. Press [F4)(G-SLV) (F5) (Isect). When there are three or more graphs, the selection cursor
(M) appears at the lowest numbered graph.

3. Use the cursor keys to move the cursor to the graph you want to select.

4. Press [ to select the first graph, which changes the shape of the cursor from B to
¢

5. Use the cursor keys to move the cursor to the second graph.

6. Press to calculate the point of intersection for the two graphs.
When an analysis produces multiple values, press ® to calculate the next value.
Pressing @ returns to the previous value.
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5-11-12
Function Analysis

o0 000

Example Graph the two functions shown below, and determine the point of
intersection between Y1 and Y2.
Yi=x+1, Y2=Xx2

Use the following V-Window settings.
Xmin = -5, Xmax =5, Xscale =1
Ymin=-5, Ymax=5, Yscale=1

Procedure
@ [@W GRPH-TBL
(8 0T (V-Window) (©) (58] [ (58] € (1) € @

B E gD Ee
E)(TYPE) [ (Y=) )
(F5) (DRAW)
® [F4(G-SLV) (8] (Isect)
® ®
Result Screen
Y1==k+1 Y1==k+1
[ ISECT [ ISECT
¥w=-0.6180339881 'Y=0.3819660112 ¥W=1.618033988 ‘Y=2. 618033988
# In the case of two graphs, the point of # You can calculate the point of intersection for
intersection is calculated immediately after you rectangular coordinate graphs and inequality

press (F4 (5] in step 2. graphs only.
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5-11-13
Function Analysis

H Determining the Coordinates for Given Points

Description

The following procedure describes how to determine the y-coordinate for a given x, and the
x-coordinate for a given y.

Set Up
[ 1. Draw the graph.

Execution

2. Select the function you want to perform. When there are multiple graphs, the selection
cursor (M) appears at the lowest numbered graph.

(F3) (G-SLV) [6](Y-Cal) ... y-coordinate for given x
(X-Cal) ... x-coordinate for given y

3. Use @ @ to move the cursor (M) to the graph you want, and then press (g to select
it.

4. Input the given x-coordinate value or y-coordinate value.
Press to calculate the corresponding y-coordinate value or x-coordinate value.
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5-11-14
Function Analysis

o0 000

Example Graph the two functions shown below and then determine the y-
coordinate for x = 0.5 and the x-coordinate for y = 2.2 on graph Y2.
Yi=x+1, Y2=x(x + 2)(x - 2)
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure
@ [EW GRPH-TBL
[ (V-Window) [F1) (INIT) B9
E)(TYPE) @ (Y=)(ken (B (D (e
O FHR@O0AOFEE0E

{5 (DRAW)
@ [F3)(G-SLV) &) (Y-Cal) @ [F(G-SLV)[@ (X-Cal)
® @k ® @
@ OBEE @® 2032 Ed

Result Screen

WMESHOEFZICH=20 WM2=HOR+2 0 CH=20

X X
[ A0

n=0.5 ¥=-1.815 w=-1.62T2B43UT  Y=id.d

# When there are multiple results for the above # The X-Cal value cannot be obtained for a
procedure, press ® to calculate the next parametric function graph.
value. Pressing @ retums to the previous # After obtaining coordinates with the above

value. o procedure, you can input different coordinates
# Step 3 of the above procedure is skipped by first pressing (1.
when there is only one graph on the display.
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5-11-15
Function Analysis

H Calculating the Integral Value for a Given Range

Description
Use the following procedure to obtain integration values for a given range.

Set Up
[l 1. Draw the graph.

Execution

2. Press (F4)(G-SLV) (@) (Jdx). When there are multiple graphs, this causes the selection
cursor (H) to appear at the lowest numbered graph.

3. Use @ @ to move the cursor (M) to the graph you want, and then press (g to select
it.

4. Use @ to move the lower limit pointer to the location you want, and then press .

You can also move the pointer by pressing to display the pop-up window, and then
inputting coordinates.

5. Use ® to move the upper limit pointer to the location you want.

You can also move the pointer by pressing to display the pop-up window, and then
inputting the upper limit and lower limit values for the integration range.

6. Press to calculate the integral value.

S

# You can also specify the lower limit and upper  # Integral values can be calculated for rectangular
limit by inputting them on the 10-key pad. coordinate graphs only.

# When setting the range, make sure that the lower
limit is less than the upper limit.
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5-11-16

Function Analysis

o0 000

Example Graph the function shown below, and then determine the integral value
at (-2, 0).
Y1=x(x +2)(x -2)
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin=-4, Ymax=4, Yscale=1

Procedure

@ [@W GRPH-TBL
(s [oemi) (V-Window) (@) (6] (4 (3] @9 (6] () (B3] () () ) @

(@ &g (@ g 0 B
EB)N(TYPE) @ (Y=)e1) (O keD (B 2 O] [Q e =) (2 O B
(F5) (DRAW)
@ [F@(G-SLV) (@ (Jdx)
® @-@E
® ®~® (Upper limit; x = 0)
®
Result Screen
LOWER= -2 UFFER=0
rduzU
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5-11-17
Function Analysis

H Conic Section Graph Analysis

You can determine approximations of the following analytical results using conic section
graphs.

» Focus/vertex/eccentricity

e Latus rectum

* Center/radius

* x-/y-intercept

* Directrix/axis of symmetry drawing and analysis
* Asymptote drawing and analysis

After graphing a conic section, press (F4) (G-SLV) to display the following graph analysis
menus.

¢ Parabolic Graph Analysis
* {Focus}/{Vertex}/{Length}/{e} ... {focus}/{vertex}/{latus rectum}/{eccentricity}
o {Dirtrx}/{Sym} ... {directrix}/{axis of symmetry}
o {X-lcpt}/{Y-lcpt} ... {x-intercept}/{y-intercept}

e Circular Graph Analysis
¢ {Center}/{Radius} ... {center}/{radius}
o {X-lcpt}/{Y-lcpt} ... {x-intercept}/{y-intercept}

e Elliptical Graph Analysis
¢ {Focus}/{Vertex}/{Center}/{e} ... {focus}/{vertex}/{center}/{eccentricity}
o {X-lcpt}/{Y-lcpt} ... {x-intercept}/{y-intercept}

® Hyperbolic Graph Analysis
» {Focus}/{Vertex}/{Center}/{e} ... {focus}/{vertex}/{center}/{eccentricity}
e {Asympt} ... {asymptote}
o {X-lcpt}/{Y-Icpt} ... {x-intercept}/{y-intercept}

The following examples show how to use the above menus with various types of conic
section graphs.
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5-11-18
Function Analysis

e To calculate the focus, vertex and latus rectum
[G-SLV]-[Focus]/[Vertex]/[Length]

o0 00O
Example

To determine the focus, vertex and latus rectum for the parabola

X=(Y-2)2+3
Use the following V-Window settings.

Xmin =-1, Xmax =10, Xscale=1
Ymin = -5, Ymax =5, Yscale =1
(F3)(G-SLV)
(M) (Focus)

(Calculates the focus.)

ESC

(G-SLV)

() (Vertex)

(Calculates the vertex.)

ESC)

(G-SLV)

(8] (Length)

(Calculates the latus rectum.)

R=FICY—K2+H =

S

t Focuz
W=3.25 V=g
W=FICY—K2+H ]

S

t UERTEX
H=3 Y=g
®=FCY—K2+H =

|: Q“‘——_

t LE HGTH
L=1

* When calculating two foci for an ellipse or hyperbolic graph, press ® to calculate the
second focus. Pressing @ returns to the first focus.

¢ When calculating two vertexes for an ellipse or hyperbolic graph, press ® to calculate
the second vertex. Pressing @ returns to the first vertex.
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5-11-19
Function Analysis

® To calculate the center and radius [G-SLV]-[Center]/[Radius]

eoecoo0
Example To determine the center and radius for the circle
(X+2)2+(Y+1)2=22

Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax=3.1, Yscale=1

ED(G-SLY) cH-Hy2+cv—e=Re -
(1) (Center)
(Calculates the center.) £,
Lt
CE HTER
=-2 y=-|
- (H-Hy+cv—Kr2=R? ]
(F3)(G-SLV)
(@) (Radius) £
(Calculates the radius.) ( —
r=a
¢ To calculate the x- and y-intercepts [G-SLV]-[X-lcpt)/[Y-Icpt]
o0 000
Example To determine the x- and y-intercepts for the hyperbola
(X -3) (Y-1) ’
2 o2
Use the following V-Window settings.
Xmin=-4, Xmax=38, Xscale =1
Ymin = -5, Ymax =5, Yscale =1
F8(G-SLV) M2 Lv—FIE _
A2 FERL
(&) (X-lcpt)
(Calculates the x-intercept.)
H-ICPT
#=0.16393208a5 =0
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ESC L¥—H»2 _ fh-Kod =1
s - t—\]aa (@
(@ (Y-lcpt)

(Calculates the y-intercept.)

Y=ICFT
n=0 ¥=-1.236067971

* Press ® to calculate the second set of x-/y-intercepts. Pressing @ returns to the first
set of intercepts.

® To draw and analyze the axis of symmetry and directrix
[G-SLV]-[Sym]/[Dirtrx]

o0 000
Example To draw the axis of symmetry and directrix for the parabola
X=2(Y-1)2+1
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin=-3.1, Ymax=3.1, Yscale=1

E8(G-SLV) HERCY-KDZ+H =
(a](Sym)
(Draws the axis of symmetry.)
SYMMETRY
¥zl
ESC)
H=ACY-K22+H E
(F4(G-SLV)
(2] (Dirtrx)
(Draws the directrix.)
DIRECTRI
4=0.815
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® To draw and analyze the asymptotes [G-SLV]-[Asympt]

o0 000
Example To draw the asymptotes for the hyperbola
(X-1)? (Y-1)

2 T 22 -
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1

1

Ymin=-5, Ymax=5, Yscale =1
(F3)(G-SLV) CX—HYE2_tv—RE _
AE S
(@) (Asympt) *
(Draws the asymptotes.)
AT MFTOTES
£
® To calculate eccentricity [G-SLV]-[e]
o0 000
Example To determine the eccentricity of the graph for ellipse
(X-2) (Y-2)
- "+ =1
42 22
Use the following V-Window settings.
Xmin=-3, Xmax=7, Xscale =1
Ymin =-1, Ymax =5, Yscale =1
(Fa(G-SLV) TRHE | CW-RIE
@) CURE R ==

(Calculates eccentricity.)

CCE HTRICITY

&=0. BEE025U03"

# Certain V-Window parameters can produce
errors in values produced as graph analysis
results.

# The message "Not Found” appears on the
display when graph analysis is unable to
produce a result.

# The following can result in inaccurate analysis
results or may even make it impossible to obtain
a solution at all.

— When the solution is tangent to the x-axis.
— When the solution is a point of tangency
between two graphs.
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Chapter

Statistical Graphs and
Calculations

This chapter describes how to input statistical data into lists, and
how to calculate the mean, maximum and other statistical values.
It also tells you how to perform regression calculations.

6-1 Before Performing Statistical Calculations
6-2 Calculating and Graphing Single-Variable Statistical
Data
6-3 Calculating and Graphing Paired-Variable Statistical
Data
6-4 Performing Statistical Calculations
Important!

* This chapter contains a number of graph screen shots. In each case, new
data values were input in order to highlight the particular characteristics of
the graph being drawn. Note that when you try to draw a similar graph, the
unit uses data values that you have input using the List function. Because of
this, the graphs that appear on the screen when you perform a graphing
operation will probably differ somewhat from those shown in this manual.
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6-1 Before Performing Statistical Calculations

From the Main Menu, enter the STAT Mode and display the statistical data lists.
Use the statistical data lists to input data and to perform statistical calculations.

List IJLixt gJList IIList U

Use @, @, @ and ® to move
the highlighting around the lists.

GRPAICALGITES TIINTRIDIST] I

Once you input data, you can use it to produce a graph and check for tendencies. You can
also use a variety of different regression calculations to analyze the data.

H Inputting Data into Lists

o0 000
Example To input the following two data groups

0.5,1.2,2.4,4.0,5.2
-2.1,0.3,1.5,2.0,2.4

OOEEOEEE [List 1[List 2| List 3| List u
® s sz
ORAOAOMOGOGBE B
OO0EFEEMEEME@E GRPRICALGITEC TIMTRIDIST] & |

Once data is input, you can use it for graphing and statistical calculations.

# Except for complex numbers, calculation # You can use the @, @, @ and ® keys
results can be input as statistical data. to move the highlighting to any cell in the lists
for data input.
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B Changing Graph Parameters

Use the following procedures to specify the graph draw/non-draw status, the graph type, and
other general settings for each of the graphs in the graph menu (GPH1, GPH2, GPH3).

While the statistical data list is on the display, press (F1)(GRPH) to display the graph menu,
which contains the following items.

+ {S-Gph1}/{S-Gph2}/{S-Gph3} ... graph {1}/{2}/{3} drawing"

* {Select} ... {simultaneous graph (GPH1, GPH2, GPH3) selection} (You can specify the
multiple graphs.)

* {Set} ... {graph settings (graph type, list assignments)}

1. General graph settings [GRPH]-[Set]

This section describes how to use the general graph settings screen to make the following
settings for each graph (GPH1, GPH2, GPH3).

* Graph Type

The initial default graph type setting for all the graphs is scatter graph. You can select one of
a variety of other statistical graph types for each graph.

o List

The initial default statistical data is List 1 for single-variable data, and List 1 and List 2 for
paired-variable data. You can specify which statistical data list you want to use for x-data and
y-data.

* Frequency

Normally, each data item or data pair in the statistical data list is represented on a graph as a
point. When you are working with a large number of data items however, this can cause
problems because of the number of plot points on the graph. When this happens, you can
specify a frequency list that contains values indicating the number of instances (the
frequency) of the data items in the corresponding cells of the lists you are using for x-data
and y-data. Once you do this, only one point is plotted for the multiple data items, which
makes the graph easier to read.

“ The initial default graph type setting for all the # You can specify the graph draw/non-draw
graphs (Graph 1 through Graph 3) is scatter status, the graph type, and other general
diagram, but you can change to one of a settings for each of the graphs in the graph

number of other graph types. menu (GPH1, GPH2, GPH3).

19990401




6-1-3
Before Performing Statistical Calculations

e Mark Type
This setting lets you specify the shape of the plot points on the graph.

¢ To display the general graph settings screen [GRPH]-[Set]
Pressing (F1)(GRPH) (5] (Set) displays the general graph settings screen.

Frequency

Mark TxFe

GFH1lGFH2IGFHI

* The settings shown here are examples only. The settings on your general graph settings
screen may differ.

* StatGraph (statistical graph specification)
e {GPH1}/{GPH2}/{GPH3} ... graph {1}/{2}/{3}

* Graph Type (graph type specification)
* {Scat}/{xy}/{NPP} ... {scatter diagram}/{xy line graph}/{normal probability plot}
* {Hist}/{Box}/{ModB}/{N-Dis}/{Brkn} ... {histogram}/{med-box graph}/{modified-box
graph}/{normal distribution curve}/{broken line graph}
o {X}{Med}/{X"2}/{X~3}/{X*4} ... {linear regression graph}/{Med-Med graph}/{quadratic
regression graph}/{cubic regression graph}/{quartic regression graph}
* {Log}/{Exp}/{Pwr}/{Sin}/{Lgst} ... {logarithmic regression graph}/{exponential regression
graph}/{power regression graph}/{sinusoidal regression graph}/{logistic regression graph}
¢ XList (x-axis data list)
* {LIST} ... {List 1 to 20}

e YList (y-axis data list)
e {LIST} ... {List 1 to 20}

* Frequency (number of times a value occurs)
e {1} ... {1-to-1 plot}
* {LIST} ... contents of this list indicates the frequency of XList and YList data

¢ Mark Type (plot mark type)
o {CM{x}{e} ... scatter diagram plot points

19990401




6-1-4
Before Performing Statistical Calculations

2. Graph draw/non-draw status [GRPH]-[Select]

The following procedure can be used to specify the draw (On)/non-draw (Off) status of each of
the graphs in the graph menu.

¢ To specify the draw/non-draw status of a graph
1. Pressing [F1)(GRPH) (4] (Select) displays the graph On/Off screen.

Ty
L aul
iDrawlff

atGrarF
StatGrarh3

Note that the StatGraph1 setting is for Graph 1 (GPH1 of the graph menu), StatGraph2
is for Graph 2, and StatGraphg3 is for Graph 3.

2. Use the cursor keys to move the highlighting to the graph whose status you want to
change, and press the applicable function key to change the status.

{On}/{Off} ... {On (draw)}/{Off (non-draw)}
{DRAW} ... {draws all On graphs}

3. To return to the graph menu, press [EsJ.

# View Window parameters are normally set # The default setting automatically uses List 1
automatically for statistical graphing. If you data as x-axis (horizontal) values and List 2
want to set View Window parameters data as y-axis (vertical) values. Each set of X/y
manually, you must change the Stat Wind item data is a point on the scatter diagram.
to “Manual”.

# Pressing CTRY (0] does not hide the menu while a

While the statistical data list is on the display, statistical graph is on the display.

perform the following procedure.

(F3)(SET UP) (F2) (Man)

[Esg) (Returns to previous menu.)
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6-2 Calculating and Graphing Single-Variable
Statistical Data

Single-variable data is data with only a single variable. If you are calculating the average
height of the members of a class for example, there is only one variable (height).

Single-variable statistics include distribution and sum. The following types of graphs are
available for single-variable statistics.

You can also use the procedures under “Changing Graph Parameters” on page 6-1-2 to make
the settings you want before drawing each graph.

l Normal Probability Plot (NPP)

This plot compares the data accumulated ratio with a normal distribution accumulated ratio.
XList specifies the list where data is input, and Mark Type is used to select from among the
marks {{]/ %/« }you want to plot.

TRACEIZ0OMEETCHCALC) [

Press [ or [SJ (QUIT) to return to the statistical data list.

H Histogram (Bar Graph) (Hist)

XList specifies the list where the data is input, while Freq specifies the list where the data
frequency is input. 1 is specified for Freq when frequency is not specified.

y
Set. Interwal

P1%GE=E.555
Briaui EEE S @0 t H_’_l—rﬂ | ‘ \

GRFHICALC TEE HINTRIDIST] & | RHEE Z00MEKTCHCAL

The display screen appears as shown above before the graph is drawn. At this point, you
can change the Start and pitch values.
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H Med-box or Box and Whisker Graph (Box)

This type of graph lets you see how a large number of data items are grouped within specific
ranges. A box encloses all the data in an area from the first quartile (Q1) to the third quartile
(Q8), with a line drawn at the median (Med). Lines (called whiskers) extend from either end
of the box up to the minimum (minX) and maximum (maxX) of the data.

XList specifies the list where the data is input, while Freq specifies the list where the data
frequency is input. 1 is specified for Freq when frequency is not specified.
minX Q1Med Q3 maxX

— —

'i'RﬁEE|2IZII:IHEKTEﬁE-HLa [

M Modified Box Graph (ModB)
The modified box graph omits everything in the range past 1.5 x IQR (IQR = Q3 - Qf1,
Q3: 3rd quartile, Q1: 1st quartile) from the med-box 4th quartile and draws whiskers.
Outliers are displayed as plot points.

XList specifies the list where the data is input, while Freq specifies the list where the data
frequency is input. 1 is specified for Freq when frequency is not specified.

I

TRACEIZ00MERTCHCALC] [l

# Input a positive integer for frequency data. # Dimension ERROR usually occurs when two
Other types of values (decimals, etc.) cause lists contain a different number of elements.
an error.
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H Normal Distribution Curve (N-Dis)
The normal distribution curve is graphed using the following normal distribution function.

1 _ (=)?

y= ——e¢ 2w’
(2 1) xon

XList specifies the list where the data is input, while Freq specifies the list where the data
frequency is input. 1 is specified for Freq when frequency is not specified.

I
TRACEIZ0OMERTCHCALC] [l

H Broken Line Graph (Brkn)

Lines connect center points of a histogram bar.

XList specifies the list where the data is input, while Freq specifies the list where the data
frequency is input. 1 is specified for Freq when frequency is not specified.

Set Interwval
- /—/\‘__//“-
e —

1Lohil. [Exg) (Draw)
[Dr-aw: [EXE]
1
GRFHICALCITE: TINTEIDIZT] [ TRACEIZ0OMERTCHCALC] [

The display screen appears as shown above before the graph is drawn. At this point, you
can change the Start and pitch values.
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H Displaying the Calculation Results of a Drawn Single-Variable Graph

Single-variable statistics can be expressed as both graphs and parameter values. When
these graphs are displayed, the single-variable calculation results appear as shown below
when you press (F4)(CALC) (1] (1VAR).

1-lariable
x =134.8
Ex =154z
Txd  =239T22
xzdn  =3.HZ2654919
xdn-l =3, 19826295
4] =18
TRALE

e Use @ to scroll the list so you can view the items that run off the bottom of the screen.

The following describes the meaning of each of the parameters.

.......... sum of squares
.... population standard deviation

........ sample standard deviation

[/ R number of data items
minX ....... minimum

Qtl .......... first quartile

Med ........ median

Q3 ... third quartile

maxX ...... maximum

Mod ........ mode

Mod : n ... number of data mode items
Mod : F ... data mode frequency

* Press (F§)(DRAW) to return to the original single-variable statistical graph.

# When Mod has multiple solutions, they are all
displayed.
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6-3 Calculating and Graphing Paired-Variable
Statistical Data

B Drawing a Scatter Diagram and xy Line Graph

Description

The following procedure plots a scatter diagram and connects the dots to produce an xy line
graph.

Set Up
B 1. From the Main Menu, enter the STAT Mode.

Execution
I 2. Input the data into a list.

3. Specify Scat (scatter diagram) or xy (xy line graph) as the graph type, and then execute
the graph operation.

Press or [ESS) (QUIT) to return to the statistical data list.
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eoocoe
Example Input the two sets of data shown below. Next, plot the data on a
scatter diagram and connect the dots to produce an xy line graph.
0.5, 1.2, 2.4, 4.0, 5.2, (xList)
-2.1, 0.3, 1.5, 2.0, 2.4 (yList)

Procedure

@ [Ny STAT

QNHEBMAOERAEE
QHEHEEAOEEBEE2E
®
AQHOEOODEE
OO0EHEEERE@E

@ (Scatter diagram) (F1) (GRPH) (5] (Set) ® (F1) (Scat) Esg)

(F1)(GRPH) (1) (S-Gph1)
@ (xy line graph) (F1) (GRPH) (5] (Set) ® (F2) (xy) €0
(F1)(GRPH) (1) (S-Gph1)

Result Screen

a
TRACEIZ0OMERTCHCAL CDEF Gl |

(Scatter diagram)

o
/

TRACEIZ0OMERTCHCALCDEE &l T
(xy line graph)
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B Drawing a Regression Graph

Description

Use the following procedure to input paired-variable statistical data, perform a regression
calculation using the data, and then graph the results.

Set Up
B 1. From the Main Menu, enter the STAT Mode.

Execution
2. Input the data into a list, and plot the scatter diagram.

3. Select the regression type, execute the calculation, and display the regression
parameters.

4. Draw the regression graph.

# You can perform trace on a regression graph.
You cannot perform trace scroll.
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o0 000

Example Input the two sets of data shown below and plot the data on a scatter
diagram. Next, perform logarithmic regression on the data to display
the regression parameters, and then draw the corresponding
regression graph.

0.5, 1.2, 2.4, 4.0, 5.2, (xList)
-2.1, 0.3, 1.5, 2.0, 2.4 (yList)

Procedure

@ [N STAT

@OUNHEBMEOEOEE
AH0@EAEFMEFRE
®
A0 DEOOEE
OO0EHERFEEEE R
(F1)(GRPH) (5] (Set) ® (F1) (Scat) Esg)
(F1)(GRPH) (1] (S-Gph1)

@ ([F4)(CALC) (@ (Log)

@ (Fe)(DRAW)

Result Screen

[CoFYTDRALI]

il

TRACEIZOOMERTCHCALCDEF &l [
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H Selecting the Regression Type

After you graph paired-variable statistical data, press (F4)(CALC). Then you can use the
function menu at the bottom of the display to select from a variety of different types of
regression.

* {2VAR} ... {paired-variable statistical results}

¢ {Linear}/{MedMed}/{Quad}/{Cubic}/{Quart}/{Log}/{Exp}/{Power}/{Sin}/{Lgstic}
... {linear regression}/{Med-Med}/{quadratic regression}/{cubic regression}/{quartic
regression}/{logarithmic regression}/{exponential regression}/{power regression}/
{sinusoidal regression}/{logistic regression} calculation and graphing

H Displaying Statistical Calculation Results

Whenever you perform a regression calculation, the regression formula parameter (such as a
and b in the linear regression y = ax + b) calculation results appear on the display. You can
use these to obtain statistical calculation results.

Regression parameters are calculated as soon as you press a function key to select a
regression type, while a graph is on the display.

B Graphing Statistical Calculation Results

While the parameter calculation result is on the display, you can graph the displayed
regression formula by pressing (F§) (DRAW).
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M Linear Regression Graph

Linear regression uses the method of least squares to plot a straight line that passes close to
as many data points as possible, and returns values for the slope and y-intercept
(y-coordinate when x = 0) of the line.

The graphic representation of this relationship is a linear regression graph.

(CALC) (@ (Linear)
(F8) (DRAW) ' /

The following is the linear regression model formula.

y=ax+b TRACEIZCOMERTCHE AL CDer Gl [
A oveeeenns regression coefficient (slope)

/2 regression constant term (y-intercept)

T oeeieeiieens correlation coefficient

72 e coefficient of determination

MSe ........ mean square error

B Med-Med Graph

When it is suspected that there are a number of extreme values, a Med-Med graph can be
used in place of the least squares method. This is similar to linear regression, but it
minimizes the effects of extreme values.

(CALC) (3] (MedMed)
[F8)(DRAW) ' /

The following is the Med-Med graph model formula. +‘;—/
y=ax+b TRACEIZ0nHERTCHEALCIDEF &l T
[7 2SO Med-Med graph slope
|72 Med-Med graph y-intercept

# Input a positive integer for frequency data.
Other types of values (decimals, etc.) cause
an error.
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B Quadratic/Cubic/Quartic Regression Graph

A quadratic/cubic/quartic regression graph represents connection of the data points of a
scatter diagram. It uses the method of least squares to draw a curve that passes close to as
many data points as possible. The formula that represents this is quadratic/cubic/quartic
regression.

Ex. Quadratic regression

(CALC) (@) (Quad) ' /,,——-nx
[F6) (DRAW) t /

TRACEIZOOMERTCHG AL CIDEF Gl T

Quadratic regression
Model formula ..... y = ax? + bx + ¢
regression second coefficient

regression first coefficient

Coavverreeenns regression constant term (y-intercept)
72 e coefficient of determination
MSe ........ mean square error

Cubic regression
Model formula ..... y = ax® + bx® + cx + d
[7 2SO regression third coefficient
regression second coefficient
.. regression first coefficient

regression constant term (y-intercept)
72 e, coefficient of determination
MSe ........ mean square error

Quartic regression
Model formula ..... y = ax* + bx® + cx® + dx + ¢
QA e regression fourth coefficient
Do regression third coefficient

regression second coefficient

.. regression first coefficient

regression constant term (y-intercept)
72 e coefficient of determination
MSe ........ mean square error
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B Logarithmic Regression Graph

Logarithmic regression expresses y as a logarithmic function of x. The standard logarithmic
regression formulais y = a + b x In x, so if we say that X = In x, the formula corresponds to
linear regression formula y = a + bX.

(CALC) (@) (Log)

[F8) (DRAW) ' /JV_,-r—’r_/

The following is the logarithmic regression model formula.

TRACEIZOOMERTCHEG AL CIDEF Gl T

y=a+b-Inx

[7 2 regression constant term
Do, regression coefficient
correlation coefficient
coefficient of determination

mean square error

B Exponential Regression Graph

Exponential regression expresses y as a proportion of the exponential function of x. The
standard exponential regression formula is y = a x ¢, so if we take the logarithms of both
sides we get In y = In a + bx. Next, if we say Y = Iny, and A = In a, the formula corresponds
to linear regression formula Y = A + bx.

(CALC) (8] (Exp)
(F8) (DRAW)

The following is the exponential regression model formula.

y=a-e* TRACEIZ0nHERTCHEALCIDEF &l T
[7 2SO regression coefficient

b .. .... regression constant term

T oeeeiieeeenns correlation coefficient

72 coefficient of determination

MSe ........ mean square error
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B Power Regression Graph

Power regression expresses y as a proportion of the power of x. The standard power
regression formula is y = a x x*, so if we take the logarithm of both sides we get In y =In a +
b x In x. Next, if we say X =Inx, Y = Iny, and A = In a, the formula corresponds to linear
regression formula Y = A + bX.

(CALC) (9] (Power)
(F8) (DRAW) .
The following is the power regression model formula.
y=a-x TRACEIZ0OMERTCHC AL CIDEr Gl & 1
A e regression coefficient
/2 regression power
T oeeeiieeeenns correlation coefficient
P2, coefficient of determination
MSe ........ mean square error

H Sinusoidal Regression Graph

Sinusoidal regression is best applied for cyclical data.
The following is the sinusoidal regression model formula.
y=asin(bx +c)+d

While the statistical data list is on the display, perform the following key operation.

(CALC) x61) (Sin)

8 (DRAW) ’ /,/‘_\w\
1 N

TRACEIZOOMERTCHG AL CIDEF Gl T

Drawing a sinusoidal regression graph causes the angle unit setting of the calculator to
automatically change to Rad (radians). The angle unit does not change when you perform a
sinusoidal regression calculation without drawing a graph.

* Certain types of data may take a long time to calculate. This does not indicate malfunction.
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H Logistic Regression Graph
Logistic regression is best applied for time-based phenomena in which there is a continual
increase until a saturation point is reached.
The following is the logistic regression model formula.

C

YT T ¥ aen

(CALC) iog) (Lgstic)
8 (DRAW) e

TRACEIZOOMERTCHEG AL DR Gl T

» Certain types of data may take a long time to calculate. This does not indicate malfunction.

M Residual Calculation

Actual plot points (y-coordinates) and regression model distance can be calculated during
regression calculations.

While the statistical data list is on the display, recall the SET UP screen to specify a LIST
(“List 1” through “List 20”) for “Resid List”. Calculated residual data is stored in the specified
list.

The vertical distance from the plots to the regression model will be stored in the list.

Plots that are higher than the regression model are positive, while those that are lower are
negative.

Residual calculation can be performed and saved for all regression models.

# Any data already existing in the selected list is
cleared. The residual of each plot is stored in
the same precedence as the data used as the
model.
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H Displaying the Calculation Results of a Drawn Paired-Variable Graph

Paired-variable statistics can be expressed as both graphs and parameter values. When
these graphs are displayed, the paired-variable calculation results appear as shown below
when you press (F4) (CALC) (1] (2VAR).

2-Uariable
X =2.E55
Bx_ =13.3
Ex? =58,49
xirn =1.73856851
airn-1=1. 943 TETTD
ri =5
DRAL

e Use @ to scroll the list so you can view the items that run off the bottom of the screen.

X i mean of data stored in xList ~ Zy?...... sum of squares of data stored in yList
D25 NURT sum of data stored in xList VG ...... population standard deviation of data
X% sum of squares of data stored in yList

stored in xList Yyou .... sample standard deviation of data
XOn v population standard stored in yList

deviation of data stored in ZXY ... sum of the product of data stored in

xList xList and yList
XOn1 e sample standard deviation minX ... minimum of data stored in xList

of data stored in xList maxX .. maximum of data stored in xList

number of data minY ... minimum of data stored in yList
.. mean of data stored in yList ~ maxY .. maximum of data stored in yList
sum of data stored in yList

H Copying a Regression Graph Formula to the GRPH-TBL Mode

You can copy regression formula calculation results to the GRPH« TBL Mode graph formula
area, and store and compare.
1. Press (F5) (COPY) to copy the regression formula that produced the displayed data to
the GRPH - TBL Mode graph formula area*'.

2. Press to save the copied graph formula and return to the previous regression
calculation result display.

*1You cannot edit regression formulas for graph
formulas in the GRPH+TBL Mode.
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H Multiple Graphs

You can draw more than one graph on the same display by using the procedure under
“Changing Graph Parameters” to set the graph draw (On)/non-draw (Off) status of two or all
three of the graphs to draw On, and then pressing (Fg)(DRAW)(see page 6-1-4). After
drawing the graphs, you can select which graph formula to use when performing single-

variable statistic or regression calculations.

(CALC)
(2] (Linear)

aLbraF ;Irawl
SLtatGrarh3d  iDrawln

* The text at the top of the screen indicates the currently selected graph (StatGraph1 =

Graph 1, StatGraph2 = Graph 2, StatGraph3 = Graph 3).

1. Press ®. The graph name at the top of the screen changes when you do.

2. When the graph you want to use is selected, press [Exg.

StalGrarh3

Linsarkes
a =H, 32285714
b =-8. 1465555
- =H, 99343452
rE=d, 98591227
MSe=%.B47EE -B3
¥»=ax+h

Now you can use the procedure under “Displaying the Calculation Results of a Drawn
Paired-Variable Graph” on page 6-3-11 to perform statistical calculations.
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B Overlaying a Function Graph on a Statistical Graph

Description
You can overlay a paired-variable statistical graph with any type of function graph you want.

Set Up
[ 1. From the Main Menu, enter the STAT Mode.

Execution
2. Input the data into a list, and draw the statistical graph.

3. Display the Graph Function menu, and input the function you want to overlay on the
statistical graph.

4. Graph the function.
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o0 000
Example Input the two sets of data shown below. Next, plot the data on a
scatter diagram and overlay a function graph y = 2In x.

0.5, 1.2, 2.4, 4.0, 5.2,
-2.1, 0.3, 1.5, 2.0, 2.4

Procedure

@ [N STAT

QUILEMODE®@EE
A0@EGAFMEFRE
®
QA0 DEOBEE
OO0EHEEERE@E
(F1)(GRPH) (1] (S-Gph1)

@ [F5)(DefG)
(2] (in) (x67) (g (Register Y1 = 2In x)

@ (Fe)(DRAW)

Result Screen

sl
e

TRACEIZ0OMERTCHCAL CDEF Gl |

# You can also perform trace, etc. for drawn # Pressing [s¢ while inputting a function returns
function graphs. the expression to what it was prior to input.
# Graphs of types other than rectangular Pressing [ES0)(QUIT) clears the input

coordinate graphs cannot be drawn. expression and returns to the statistical data list.
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6-4 Performing Statistical Calculations

All of the statistical calculations up to this point were performed after displaying a graph. The
following procedures can be used to perform statistical calculations alone.

® To specify statistical calculation data lists

You have to input the statistical data for the calculation you want to perform and specify
where it is located before you start a calculation. Display the statistical data and then press

{2 (CALC) (@ (Set).

ar Freq i1
2lar mlist iListl
2lar YlList iListZ2
2ar Frea :

LI=T]
The following is the meaning for each item.
1Var XList ............ location of single-variable statistic x values (XList)
1Var Freq ............ location of single-variable frequency values (Frequency)
2Var XList ............ location of paired-variable statistic x values (XList)
2VarYList ............ location of paired-variable statistic y values (YList)
2Var Freq ..o location of paired-variable frequency values (Frequency)

* Calculations in this section are performed based on the above specifications.
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H Single-Variable Statistical Calculations

In the previous examples from “Normal Probability Plot” and “Histogram (Bar Graph)” to
“Line Graph,” statistical calculation results were displayed after the graph was drawn. These
were numeric expressions of the characteristics of variables used in the graphic display.

These values can also be directly obtained by displaying the statistical data list and pressing
(F2) (CALC) (@] (1VAR).

After this, pressing @ or ® scrolls the statistical calculation result display so you can view
variable characteristics.

For details on the meanings of these statistical values, see “Displaying the Calculation
Results of a Drawn Single-Variable Graph” (page 6-2-4).

B Paired-Variable Statistical Calculations

In the previous examples from “Linear Regression Graph” to “Logistic Regression Graph,”
statistical calculation results were displayed after the graph was drawn. These were numeric
expressions of the characteristics of variables used in the graphic display.

These values can also be directly obtained by displaying the statistical data list and pressing
(F2) (CALC) (2] (2VAR).

2-Uariable

= =28

Zx_ =1HH

Ex? =2258

xin =T.@T1867T81
ain-1=T . FETE 3415 .
r‘l =

After this, pressing @ or ® scrolls the statistical calculation result display so you can view
variable characteristics.

For details on the meanings of these statistical values, see “Displaying the Calculation
Results of a Drawn Paired-Variable Graph” (page 6-3-11).
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H Regression Calculation

In the explanations from “Linear Regression Graph” to “Logistic Regression Graph,”
regression calculation results were displayed after the graph was drawn. Here, each
coefficient value of the regression line and regression curve is expressed as a number.

You can directly determine the same expression from the data input screen.
Pressing (F2)(CALC) (3] (REG) displays the pull-up menu, which contains the following items.

¢ {Linear}/{MedMed}/{Quad}/{Cubic}/{Quart}/{Log}/{Exp}/{Power}/{Sin}/{Lgstic} ...
{linear regression}/{Med-Med}/{quadratic regression}/{cubic regression}/
{quartic regression}/{logarithmic regression}/{exponential regression}/
{power regression}/{sinusoidal regression}/{logistic regression} parameters

o0 o000
Example To display single-variable regression parameters

[F2(CALC) (B](REG) (@] (Linear) LinearRes
a =A.31164637
b =-8, 1863733
P =8, 9TITTISEZ
r2=d,94323519
MSe=6,8T7198341
w=ax+h
[CoFT

The meanings of the parameters that appear on this screen are the same as those for
“Linear Regression Graph” to “Logistic Regression Graph”.
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H Estimated Value Calculation (z, 3)

After drawing a regression graph with the STAT Mode, you can use the RUN - MAT Mode to

calculate estimated values for the regression graph's x and y parameters.

o0 000
Example To perform a linear regression using the nearby data
and estimate the values of $and x when xi = 20 and

1. From the Main Menu, enter the STAT Mode.

2. Input data into the list and draw the linear regression graph.

Xi yi

10 | 1003
15 | 1005
20 | 1010
25 | 1011
30 | 1014

TRACEIZ0OMEETCHC AL CIDE Gl

3. From the Main Menu, enter the RUN « MAT Mode.

4. Press the keys as follows.

(2) (@ (value of xi) =B
) (>) E(STAT) @ (5) E8 1a@g. &
The estimated value y is displayed for xi = 20.
1 @ (@ @ (value of yi) =h e
F4(STAT) @D (%) ) 1 @z )
4, 542857143

The estimated value X is displayed for yi = 1000.

# You cannot obtain estimated values for a Med-  quartic regression, sinusoidal regression, or

Med, quadratic regression, cubic regression, logistic regression graph.
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H Normal Probability Distribution Calculation

You can calculate normal probability distributions for single-variable statistics with the

RUN « MAT Mode.

Press (Fg) () (F1) (PROB) to display a function menu, which contains the following items.
o {P({Q(/{R(} ... obtains normal probability {P(#)}/{Q(?)}{R()} value
e {t(} ... {obtains normalized variate #(x) value}

* Normal probability P(7), Q(#), and R(f), and normalized variate #(x) are calculated using
the following formulas.

P (1) Q) R(1)
1 1 1 t _u 1 +oo_ u?
o7 J-o€ Zdu Vor Jo € 2du w/z_nft e 2du
100="5
o0 000

Example The following table shows the results of measurements of the height
of 20 college students. Determine what percentage of the students fall
in the range 160.5 cm to 175.5 cm. Also, in what percentile does the
175.5 cm tall student fall?

Class no. [Height (cm)|Frequency
1 158.5 1
160.5
163.3
167.5
170.2
173.3
175.5
178.6
180.4
186.7

O|lo|N[o|jo|~|w|N

=N [OND[ND| =

-
o
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1. Input the height data into List 1 and the frequency data into List 2.

2. Perform the single-variable statistical calculations.™

3 (CALC) (@) (Set) 1-Uariskle
e B i,

@ F(LIST) @ 8 ED) i =7.B4lEh445
3(CALC) @) (1VAR) xdnei =7: 22455425 .

3. Press ({ENY, select the RUN - MAT Mode, press (Fg) () (F1) (PROB) to recall the
probability calculation (PROB) menu.

FE(PROB)(E (1) D @@ HE O ke
(Normalized variate ¢ for 160.5cm) Result: —1.633855948
(5-1.634)

F(PROB)EI(() @B ®E
(Normalized variate ¢ for 175.5cm) Result: 0.4963343361
(=0.496)

F((PROB)BI(P( DD @@ E X E

F)(PROB)B(PO @ M H E B @ I Y

(Percentage of total) Result: 0.638921
(63.9% of total)

FE(PROB)@DRID @ E®EDIEY
(Percentile) Result: 0.30995

(31.0 percentile)

“'You can obtain the normalized variate
immediately after performing single-variable
statistical calculations only.
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B Drawing a Normal Probability Distribution Graph

Description

You can draw a normal probability distribution graph using manual graphing with the
RUN « MAT Mode.

Set Up
B 1. From the Main Menu, enter the RUN - MAT Mode.

Execution
I 2. Input the commands to draw a rectangular coordinate graph.
3. Input the probability value.
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o0 000
Example To draw a normal probability P (0.5) graph.

Procedure
@ [ RUN - MAT
@ (om F8)(>)[F8 (™) F2 (SKTCH) () (Cls) xg)
(F2)(SKTCH) (@ (GRPH) [ (Y=)
® F8(>)F)(PROB)E (PO @ (B

Result Screen

Fili=A.69146
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7-1-1
Using the CAS (Computer Algebra System) Mode

7-1 Using the CAS (Computer Algebra System)
Mode

On the Main Menu, select the CAS icon to enter the CAS Mode.
The following table shows the keys that can be used in the CAS Mode.

COPY  PASTE  SETUP GT  HCOPY

EIEEIE)

] i [ [ )
) ) () (]

sint D cosE tan' F

n-@@--
OEOOCOs

DEIE)Ra ey
@@@@E
DEEEE

OOECEE

M Inputting and Displaying Data

Input in the Algebra Mode is performed in the upper part of the display, which is called the
“input area.” You can input commands and expressions at the current cursor location.

i s et s Sl

TRHS ICALCIERUAT &an RPAT &

CLE [ S [R-AHEIMEM I 1

Calculation results appear in the lower part of the display, which is called the “output area.”
When a calculation produces an equation or inequality, the lower part of the display is
divided between a “natural result display area” for the result, and a “formula number area” for
the formula number as shown below.

i e et s el A
ZrEth=R-2N 1]
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If all the result does not fit on the display, use the cursor keys to scroll it.

LExrandisin (H+EX 2
costBY -sintAY+sintEY -

»

B Inputting List Data

List: {element, element, ..., element}

* Elements should be separated by commas, and the entire set of elements should be
enclosed within {curly braces}.

*You can input numeric values and expressions, equations, and inequalities as list elements.

o0 000
Example To input List {1, 2, 3}
X DOEEE {12,257

TEHZ ICALCIERUAl 2 an RFAl &

M Inputting Matrix Data
Matrix (m x n): [[(1,1) entry, (1,2) entry, ..., (1,m) entry] [(2,1) entry, ...... , (2,n) entry]...
[(m, n) entry, ..., (m, n) entry]]

*The above input is arranged to show the relative positions of entries in the matrix. Actual
input is an unbroken line, from left to right.

* Entries should be separated by commas, and the entire set of elements should be enclosed
within [square brackets]. And each line also should be enclosed within [square brackets].

*You can input numeric values and expressions as matrix entries.

o0 000

Example To input the matrix shown below | 1 2 3
456
789

EE(NEEH(NOEHRE®E [[[1:2.3104,5.6107:5:3
FENEHNEDEDE [;gg
& G (DHEnEH(NHDHEHE TE9 ]
& B (1) &8 2 (1) 68
TRIE ICAL EIEGUA! 6 9h BRPAL T
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M Inputting Vector Data

Vector: [component, component, ..., component]

* Components should be separated by commas, and the entire set of components should be
enclosed within [square brackets].

*You can input numeric values and expressions as vector component entries.

o0 000
Example To input Vector (1 2 3)

EHHOEROE [1.2:51
& S (])EY [1.2.31

TEHZ ICALCIERUAl 2 an RFAl &

B Performing an Algebra Mode Operation

There are two methods that you can use for input in the Algebra Mode.
¢ Function menu command input
*Manual formula and parameter input

B Menu Command Input
Press a function menu key to display the menu of functions for the type of operation you are
trying to perform.
*TRNS ... {formula transformation menu}
*CALC ... {formula calculation menu}
*EQUA ... {equation, inequality menu}

eeqn ... {calls up an equation stored in Equation Memory in accordance with a specified
input value}

*CLR ... {variable/formula delete menu}

Pressing the key displays the menu shown below.
*LIST ... {list calculation menu}
*MAT ... {matrix calculation menu}
*VECT ... {vector calculation menu}

For details on commands and their formats, see the “Algebra Command Reference” on
page 7-1-11.
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B Manual Formula and Parameter Input

You can use the function menus, key, and key in combination to input formulas and
parameters as described below.

« (F3)(EQUA) (1] (INEQUA)
o {SY{<}{2}/{<} ... {inequality}
* @M key

o {}/{Abs}/{x!}/{sign} ... {infinity}/{absolute value}/{factorial}/{signum function*'}
*{HYP} ... {hyperbolic}/{inverse hyperbolic} functions
¢ {sinh}/{cosh}/{tanh}/{sinh~"}/{cosh~"}/{tanh"}

* (g key
o {Yn}{rn}/{Xtn}/{Ytn}/{Xn} ... input of graph memory {Yn}/{rm}/{Xtn}/{Ytn}/{Xn}

B Formula Memory

The CAS Mode has 28 formula variables. Variable names are the letters A through Z, plus r,
and 6. CAS Mode formula variables are independent of standard value variables.

o0 000
Example To assign a formula that differentiates sin(X) at X (cos(X)) to variable A

(F2)(CALC) (@] (diff) sin) (67 (2] diffr=in w. %2 *A
Fan) ) (=) e ©eD) (A) B cosiHd

1 (real number, A > 0)
—1 (real number, A < 0)

i
e () I::;l(A: imaginary number)

Undefined (A = 0)
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o0 000 123 —
Example To assign M to row 1 column 2 of variable A when the matrix I:X Yz
is assigned to it -

@ @D (M) =) @8 Fa (A) M+ALC1.2]
EH()DDDEE()E EXE

TEHZ ICALCIERUAl 2 an RFAl &

o0 000
Example To recall the value of variable A when the list {X, Y, Z} is assigned to it
EEIGVIES A
BN
TRHZ ICALCIE Al 290 IREAl [
o0 000

Example To recall the first component (A [1]) of variable A when vector (XY 2Z) is
assigned to it

() (X6 (A) () () ([ ) (D AC1]
R E(])E i

TRH= ICALCIECUAl £9n IGREAL I
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Bl Function Memory and Graph Memory

Function memory lets you store functions for later recall when you need them.

With graph memory, you can store graphs in memory. Press the key and then input the
name of the graph.

o0 000

Example To differentiate f1 = cos(X), which is assigned to function memory fi,
atX
(F2(CALC) (3] (diff) em) Ee) (>) E4) (FMEM)  [diffefril,
@) @D & & 0 69 ~ sintsy

o0 000

Example To differentiate Y1 = cos(X), which is assigned to graph memory Y1,
at X
[F2(CALC) (D) (diff) LT INL 7 |
(wrg) (F1(Yn) (D (2 kel OJ B9 e

B Egn Memory

When a calculation result is an equation or inequality, its formula number is displayed in the
formula number area, and the equation is stored in Eqn memory.*' Stored equations can be
recalled with the eqn command, rclEgn command or rclAlIEgn command.

*'Up to 99 formulas can be stored in Eqn
memory.
The error message “Memory ERROR” when
you try to store an equation when there are
already 99 equations in Eqn memory. When
this happens, execute the ALLEQU (Delete
All Equations) from the CLR menu.
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Bl Answer (Ans) Memory and Continuous Calculation

Answer (Ans) memory and continuous calculation can be used just as with standard
calculations. In the Algebra Mode, you can even store formulas in Ans memory.

o0 000
Example To expand (X+1)? and add the result to 2X
(ED(TRNS) (] (expand) cxpandlintl 2y
OEEDDEDDE M2
Continuing:
@ An=+zm
ME ]

H Replay Contents

Replay memory can be used in the input area. After a calculation is complete, pressing @
or ® in the input area recalls the formula of the last calculation performed. After a
calculation or after pressing (ag), you can press @ or (® to recall previous formulas.

Bl Moving the Cursor Between Display Areas

When € > A V indicates a calculation result that does not fit on the display, the cursor
keys perform output area scrolling. To use the Replay Function from this condition, press
(F)(>>) (F2(SW). <« > A V¥ change to a dotted line display to indicate that cursor key
operations control the input area.

Pressing (F2)(SW) again moves the cursor back to the output area.

# Pressing (Fg)(>) (F1)(CLR) (3] (ALLEQU) # You can input up to 255 bytes of data into the
deletes Eqn memory, Ans memory, and input area.
Replay memory contents.
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SET UP ltems

® Angle ... Unit of angular measurement specification
* {Deg}/{Rad} ... {degrees}/{radians}

e Answer Type ... Result range specification
¢ {Real}/{Cplx} ... {real number}/{complex number}

e Display ... Display format specification (for approx only)

o {Fix}/{Sci}/{Norm} ... {number of decimal places}/{number of significant digits}/
{normal display format}

B Graph Function

Pressing (F5) (GRPH) displays the graph formula screen, which you can use to input a graph
formula. Press (F4(G+VAR) if you want to input a graph memory.

You can also use the (F(SEL), (F2)(DEL), and (F3)(TYPE) functions while the graph formula
screen is on the display.

Press (F§) (DRAW) to draw a graph.

Bl RECALL ANS Function
Pressing (Fg) (™) (F3) (R-ANS) recalls Ans Memory contents.

B Solution Memory

In the CAS Mode or ALGEBRA Mode, you can save the history of a calculation you perform
(replay memory contents) into solution memory. This section describes how you can access
and work with the contents of solution memory. Pressing (Fg) (™) (F4) (MEM) on the CAS Mode
or ALGEBRA Mode main menu display the initial solution memory screen shown below.

Solution Memor»
Fl:Sawve

F2iClear Memor:
FatOrLimization
F&:DisFrlax Memory

SAVEIDELAIOE T IDIZF]

¢ {SAVE} ... {saves the calculation history to solution memory}
e {DEL-A}... {deletes solution memory contents}

¢ {OPT} ... {optimizes solution memory}

* {DISP} ... {displays solution memory contents}
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® To save a calculation history to solution memory (Save)
On the initial solution memory screen, press (F1)(SAVE).

Sawve

0K Lo =awe all CAS
rerlay memor:y

contents?
VES | [ho

Press (F1)(YES) to save the calculation history to solution memory.

5

u] ComrFletel

4

C Fres=:[ESC]

VEZ [HAD

Pressing returns to the solution memory initial screen.

¢ Pressing (Fg)(NO) in place of (F1J(YES) returns to the solution memory initial screen without
saving anything.

¢ To clear solution memory contents (Clear Memory)
On the initial solution memory screen, press (F2)(DEL*A).

Clear Memor:y
F. Lo clear CAS and

]
ALG all data in
solution memories?

EE | [Ho

Press (F(YES) to clear solution memory contents.
Pressing returns to the solution memory initial screen.

*Pressing (Fg)(NO) in place of ([F(YES) returns to the solution memory initial screen without
clearing anything.

* This clears both CAS Mode and ALGEBRA Mode memory contents. You cannot select the
mode shows memory contents you want to delete.
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¢ To display solution memory contents (Display Memory)
On the initial solution memory screen, press (Fg)(DISP).

This displays the oldest expression and result in solution memory. The bottom line shows the
record number.

absExFandiAbs (Z2X-Fa=
2e—=3=1 [1]
o 2H—3=—19 B

BEE 1
ERCEICEL | UM TZEL THERT]

« [F§)(DISP) is disabled when there is no data in Solution memory.

*To display the next record
Press (F6)(NEXT).

*To display the previous record

Press (F1)(BACK).

* Pressing (F1) (BACK) while the oldest record is on the display returns to the solution
memory initial screen.

*To display a particular record

Press (F5 (SEL) and then input the number of the record you want to display.

absExFrandi{Abs (2x-31=

=z 1]

- Select MHumber B
[1-1892a]1:

HEE1

EACEIDEL | UM TSEL THERT]

Pressing (e displays the record whose number you input.

*To delete a single solution memory record

Display the record you want to delete, and then press (F2)(DEL).

In response to the confirmation message that appears, press B (Yes) to delete the record
you displayed.

To clear the above screen without deleting anything, press [Esg (No).

*To toggle record number display on and off

Press (F4 (NUM) to toggle display of the record number on and off.

® To optimize solution memory (Optimization)

On the initial solution memory screen, press (F3)(OPT).

Pressing returns to the solution memory initial screen.

Optimizing solution memory rearranges data and can free up more storage space. Perform
the above procedure when solution memory capacity starts running low.
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== Algebra Command Reference

The following are the abbreviations used in this section.
*Exp ... Expression (value, formula, variable, etc.)
*Eq ... Equation
elneq ... Inequality
eList ... List
*Mat ... Matrix
*Vect ... Vector

Anything enclosed within square brackets can be omitted.

® expand
Function: Expands an expression.
Syntax: expand ({Exp/Eq/Ineg/List/Mat/Vect} [ ) ]

o0 000
Example To expand (X+2)2

EJ(TRNS) (1 (expand) (D 2 &g

X2+4X +4

e rFactor (rFctor)
Function: Factors an expression up to its root.
Syntax: rFactor ({Exp/Eqg/Ineg/List/Mat/Vect} [ ) ]

o0 000
Example To factor the X2- 3

EJ(TRNS) (2] (rFetor) (é1) (3 (=) (3] 9

X=-V3) (X+V3)

e factor
Function: Factors an expression.
Syntax: factor ({Exp/Eqg/Ineq/List/Mat/Vect} [ ) ]

o0 000
Example To factor X2— 4X + 4

F1)(TRNS) (@) (factor) &) @3 =) @ @ e

20010102
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e solve
Function: Solves an equation.
Syntax: solve( Eq [,variable] [) ]
solve( {Eg-1,..., Eg-n}, {variable-1,...,variable-n} [ ) ]
eoocoe
Example To solve AX + B =0 for X

(EJ(TRNS) (@) (solve) () (£6T) (A)
(leg) (B) () (-] (=) (0]

o0 000

Example To solve simultaneous linear equation 3X + 4Y =5,2X-3Y=-8

ED(TRNS) (@) (solve) (ur) (X ( {)

(3) (w) (B (X) (3 (@) @8 (=) (Y) ) (D (=) B ]
(2 @ (B (X) = 6B @ G () e O @
Gur) () (}) 0 ) (X ({) e () (X) 5]

) (=) (Y) ) (2 (}) B9

* X is the default when no variable is specified.

X=‘_B
A

X=-1

¢ tExpand (tExpnd)
Function: Employs the addition theorem to expand a trigonometric function.
Syntax: tExpand( {Exp/List/Mat/Vect} [ ) ]

o0 000
Example To employ the addition theorem to expand sin(A+B)

[ (TRNS) (8 (TRIG) (@) (tExpnd)

(sin) (A) (B)Eg cos(B) ¢ sin(A) + sin(B) ¢ cos(A)

e tCollect (tColic)

Function: Employs the addition theorem to transform the product of a trigonometric
function to a sum.

Syntax: tCollect( {Exp/List/Mat/Vect} [ ) ]

o0 o000

Example To employ the addition theorem to transform sin(A)cos(B) to
trigonometric sum

ED(TRNS) (B)(TRIG) (@ (tCollc) sin(A+B)  sin(A-B)

+
0 [0 62D (A) = ([ (9 (B) 2

20011101
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e trigToExp (trigToE)
Function: Transforms a trigonometric or hyperbolic function to an exponential function.
Syntax: trigToExp( {Exp/List/Mat/Vect} [ ) ]

o0 000
Example To convert cos(iX) to an exponential function

X, ,—X
FED(TRNS) ) (TRIG) (3) (trig ToE) 3 69 (21 () 2 8 o

e expToTrig (expToT)
Function: Converts an exponential function to a trigonometric or hyperbolic function.
Syntax: expToTrig( {Exp/List/Mat/Vect} [ )]

XEXX .
Example  To convert e!X to a trigonometric function

(F1(TRNS) (B)(TRIG) (@) (expToT)
(i) () (@) (i) (e7) 9 cos(X) + sin(X) * i

¢ simplify (smplfy)
Function: Simplifies an expression.
Syntax: simplify( {Exp/Eq/Ineg/List/Mat/Vect} [ ) ]
o0 000
Example To simplify 2X +3Y-X+3=Y+X-3Y+3-X
(F1)(TRNS) (6] (smplfy) (2] (i) () (X) ) (3] (i) (S (Y)
& e (3 (X) @B @) @r) (I (=) [ (2 (Y)
HEwBHXEEE DB E B
(aew) () (X) X9 X+3Y+3=-2Y+3
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e combine (combin)
Function: Adds and reduces rational expressions.
Syntax: combine( {Exp/Eq/Ineq/List/Mat/Vect} [ ) ]

o0 000
Example To reduce the fraction (X + 1)/(X + 2) + X (X + 3)

(F1) (TRNS) (@ (combin) OO0=

X34+ 5X24+7X +1

QOB @0 @B ED [ ke B B B9 X+2
e collect (colict)
Function: Rearranges an expression, focusing on a particular variable.
Syntax: collect( {Exp/Eq/Ineqg/List/Mat/Vect} [,{Exp/variable}] [ ) ]
o0 000
Example To rearrange X2+ AX + BX, focusing on the variable X
ED(TRNS) (&) (collct) (em (A) (6
0 (3 (B) (e 68 X2+ (A + B)X

* X is the default when nothing is specified for [ ,{Exp/variable}].

¢ substitute (sbstit)
Function: Assigns an expression to a variable.

Syntax: substitute( {Exp/Eq/Ineq/List/Mat/Vect}, variable=expression
[,..., variable=expression] [ ) ]

o0 o000
Example To assign 5to X in 2X -1

(EJ(TRNS) (8] (sbstit) (2] keT (=) (D (]
OEGEEd

20011101




7-1-15
Using the CAS (Computer Algebra System) Mode

e cExpand (cExpnd)
Function: Expands xth root of imaginary number.
Syntax: cExpand( {Exp/Eg/Ineg/List/Mat/Vect} [ ) ]

o0 000
Example To expand V2i
(ED)(TRNS) (4D (cExpnd) @) @ (V ) (2 &1 (@ () B9 1+i
® approx

Function: Produces a numerical approximation for an expression.
Syntax: approx( {Exp/Eq/Ineg/List/Mat/Vect} [ ) ]

o0 o000
Example  To obtain a numerical value for V2

[F1) (TRNS) (iog) (approx) @ 1.414213562
eoocoe
Example 920
Normal: () (] 12157665459056928801

approx: ([F1)(TRNS) (ieg) (approx) (8] (A (2] (@) 1. 215766546E+19 (Display: Norm1)

# About approx
With normal calculations (when approx is not exponential format range specified by the Display
used) in the CAS Mode, calculation results are item of the SET UP screen.
displayed in full, Witho‘ft using exponents. This means approx displays results in the CAS
When you use approx in the CAS Mode, Mode the same way they are displayed in the

however, results are displayed using the RUNe®MAT Mode.
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o diff
Function: Differentiates an expression.
Syntax: diff( {Exp/List} [, variable, order, derivative] [ ) ]
diff( {Exp/List}, variable [, order, derivative] [) ]
diff( {Exp/List}, variable, order [, derivative] [ ) ]

o0 000
Example To differentiate X8 with respect to X

(F2(CALC) (@) (diff) @D A (6

* X is the default when no variable is specified.
¢ 1 is the default when no order is specified.

6X°

o]
Function: Integrates an expression.
Syntax: [( {Exp/List} [, variable, integration constant] [ ) ]
J({Exp/List}, variable [, integration constant] [ ) ]
J({ExplList}, variable, lower limit, upper limit [ ) ]

o0 000
Example To integrate X2 with respect to X

(F2(CALC) @ (/) D (&3 @9

* X is the default when no variable is specified.

e |im
Function: Determines the limits of a function expression.
Syntax: lim( {Exp/List}, variable, point [, direction] [ ) ]

o0 000
Example To determine the limits of sin(X)/X when X=0

(2 (CALC) (3] (lim) (sin) 61 () (Le1) (] (kem) (] (0] &9

* Direction can be positive (from right) or negative (from left).
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(D
Function: Calculates a sum.
Syntax: X( {Exp/List}, variable, start value, end value [ ) ]

Example To calculate the sum as the value of X in X2 changes from X =1

through X =10
F(CALC)@EEN P D H D@

385

o]
Function: Calculates a product.
Syntax: I( {Exp/List}, variable, start value, end value [ ) ]

Example To calculate the product as the value of X in x2 changes from X =1

through X =5
(F2(CALC) (8] (1) e (=3 (3] (ke ) (D 3 (B) (B

14400

e taylor
Function: Finds a Taylor polynomial.
Syntax: taylor( {Exp/List}, variable, order [, center point] [ ) ]

Example To find a 5th order Taylor polynomial for sin(X) with respect to X =0

x3
—— - — +X

(2 (CALC) (8] (taylor) sin) (61) (-] (k61 (-] (5] () (@)

¢ The default center point is zero.

x5
120

6

® arcLen
Function: Returns the arc length.
Syntax: arcLen( {Exp/List}, variable, start value, end value [) ]

Example To determine the arc length for X2 from X =0to X =1

[F2)(CALC) (7] (arcLen)

In(4V5+8) _In(2) V5

€en (= D e @ B @8

20010102
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e tanLine (tanLin)
Function: Returns the expression for a tangent line.
Syntax: tanLine( {Exp/List}, variable, variable value at point of tangency [ ) ]

o0 000
Example To determine the expression for a line tangent with X3 when X =2

(2 (CALC) (8] (tanLin) (67 (A) (3] (2 (ked (] (2 B9 12X

-16

e denominator (den)
Function: Extracts the denominator of a fraction.
Syntax: denominator( {Exp/List} [) ]

o0 000
Example To extract the denominator of the fraction (X + 2)/(Y - 1)

(2 (CALC) (@) (EXTRCT) (@ (den)
QEEXEROEQE=(Y)E G e

® numerator (num)
Function: Extracts the numerator of a fraction.
Syntax: numerator( {Exp/List} [) ]

o0 000
Example To extract the numerator of the fraction (X + 2)/(Y - 1)

(2 (CALC) @ (EXTRCT) @ (num)
QEEXEROEQE=E(YE G e

X+2

e gcd
Function: Returns the greatest common divisor.
Syntax: gcd( {Exp/List}, {Exp/List} [ ) ]

o0 000
Example To determine the greatest common divisor of X + 1 and X2-3X-4

(F2)(CALC) [x61) (ged) (EeD) (1) (D (] (6T) (23 (5
() koD (=) (@ e

20011101

X+1




7-1-19
Using the CAS (Computer Algebra System) Mode

®cm
Function: Obtains the least common multiple of two expressions
Syntax: lem( {Exp/List}, {Exp/List} [) ]

o0 000
Example To obtain the least common multiple of X2-1and X2 +2X-3

F3(CALC) (g (cm) (D @ B @
e (@ @ @ ) = &) 69 x34+3x2-Xx-3

e rclEqn
Function: Recalls multiple eqgn memory contents.

Syntax: rclEqn( memory number [, ..., memory number] [ ) ]

o0 000

Example To recall the contents of equation memory 2 and equation memory 3
(F3)(EQUA) @ (relEan) @ () (3] 9 3X-Y=7

3X +6Y =63

* The memory numbers of equations produced as the result of a recall are not updated.

e rclAlIEqgn (rclAll)
Function: Recall all egn memory contents.
Syntax: rclAllEgn

* The memory numbers of equations produced as the result of a recall are not updated.

e rewrite (rewrit)
Function: Moves the right side expression to the left side.
Syntax: rewrite( {Eqg/Ineq/List} [ ) ]

o0 o000
Example To move the right side expression of X + 3 = 5X — X2 to the left side

3 (EQUA) @) (rewrit) a1 (@8 (3) ) () (=)
() () = D) @ B9 X2-4X+3=0
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e exchange (exchng)
Function: Exchanges the right-side and left-side expressions.
Syntax: exchange( {Eq/Ineq/List} [ ) ]

Example To exchange the left-side and right-side expressions of 3 > 5X — 2Y

[F3)(EQUA) (8] (exchng) (B) [F3) (EQUA) (1) (INEQUA) (1) (>)
(B @i (B (X) =) (@ @@ 3 (Y) B9

5X-2Y<3

e eliminate (elim)
Function: Assigns an expression to a variable.
Syntax: eliminate( {Eqg/Ineqg/List} -1, variable, Eq-2 [)]

Example To transform Y = 2X + 3 to X= and then substitute into 2X + 3Y =5

(E3)(EQUA,) (€] (elim) (2] () () (X) () (3] (e} (=) () Guer) (- (=)
(8] (3] () () (X) ] () (=) () ) C (=)
QENEHXBEE

4Y-3=5

¢ getRight (getRgt)
Function: Gets the right-side element.
Syntax: getRight( {Eq/Ineq/List} [ ) ]
o0 000
Example To extract the right side element of Y = 2X2 +3X + 5
(F3)(EQUA) [@ (getRgt) (@) (=) (Y) @) (I (=)
(2] () () (X) (@23 (B (3) () () (X) (B (B B9

2X24+3X +5

e invert
Function: Inverts two variables.
Syntax: invert( {Exp/Eq/Ineq/List} [,variable name 1, variable name 2] [) ]
If you omit the variable names, variables X and Y are inverted.

o0 o000
Example To invert X and Y in the expression 2X =Y

(E3)(EQUA) (8 (invert) (2) (=) em (B (Y) e

20011101
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e absExpand (absExp)

Function: Divides an expression that contains an absolute value into two expressions.
Syntax: absExpand( {Eg/Ineq} [) ]

o0 000

Example To strip the absolute value from12X-31=9
(F3) (EQUA) (8] (absExp) @1 (F5) (Abs) 2X-3=9 1]
(2 &e) (= 3 O @M (D (=) @) & or 2X-3=-9H

e andConnect (andCon)
Function: Connects two inequalities into a single expression.
Syntax: andConnect( Ineg-1, Ineg-2[) ]
o0 000

Example To combine X > — 1 and X < 3 into a single inequality

(F3) (EQUA) [ (andCon) a0 3 (EQUA) (@) (INEQUA) @ (>)
© @ () ) B (EQUA) (D (INEQUA) (@) (<) @) B8 -1<X<3

® egn
Function: Recalls egn memory contents.
Syntax: eqn( memory number [ ) ]
eoocoe

Example To add 15 to both sides of the equation 6X — 15 = X — 7, which is stored

in equation memory 3

Feqn@E O HDE 6X=X+8
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e clear (clrVar)
Function: Clears the contents of specific equation (Ato Z, r, 6).*"
Syntax: clear( variable [ ) ]
clear( {variable list} [) ]

o0 o000
Example To clear the contents of variable A

(F8) (>) ED(CLR) [ (cirVar) (i) 61 (A) B9 {1}
o0 000

Example To clear the contents of variables X, Y, and Z

E8)(>) ED(CLR) (] (clrVar) () (X ( { ) (w8 () (X) ]
(ew) (=) (Y) ] (ow) (0] (2) e () (1) B9

e clearVarAll (VarAll)
Function: Clears the contents of all 28 variables (Ato Z, r, 6).
Syntax: clearVarAll {1}

*'When you start out with memories A, B, C,
and D, for example, and delete memories A
and B, the display shows only C,D because
they are the only memories remaining.
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M List Calculation Commands [OPTN]-[LIST]

e Dim

Function: Returns the dimension of a list.

Syntax: Dim List

o0 o000
Example To determine the dimension of list {1, 2, 3}
(em [ (LIST) (D (CALC) (@ (Dim) ) (X ({ ) 3 (1 (21 (2 (B)
=(})Ed 3
e Min

Function: Returns the minimum value of an expression or the elements in a list.
Syntax: Min( {List/Exp} [ ) ]
Min( {List/Exp}, {List/Exp}[) ]

o0 000
Example

o0 000
Example

o0 o000
Example

To determine the minimum value of the elements in list {1, 2, 3}

) ED(LIST) G (CALC) (2 (Min) ) (X) ({ ) D B @ B &)
G () B9 1

To compare each element of list {1, 2, 3} with the value 2, and produce
a list whose elements are the minimum value resulting from each
comparison

E(LIST)@M(CALC) @D (Min)ER X ({) D XD @ E B

@& () @ EE {1,2,2}

To compare the elements of list {1, 2, 3} and list {3, 1, 2}, and produce
a list whose elements are the minimum value resulting from each
comparison

e ED(LIST) G (CALC) (2 (Min) ) (X) ({ ) D B @ B &)
& (F(HEeEX(OBEOOREIE(}ED {1,1,2}
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® Max
Function: Returns the maximum value of an expression or the elements of a list.
Syntax: Max( {List/Exp}[) ]
Max( {List/Exp}, {List/Exp} [) ]

o0 000
Example To determine the maximum value of the elements in list {1, 2, 3}

e ED(LIST) G (CALC) (3] (Max) () (X) ({ ) 3 (1) &1 &) (3]
Ger) (B (}) &9 3

o0 o000
Example To compare each element of list {1, 2, 3} with the value 2, and produce
a list whose elements are the maximum value resulting from each

comparison
e ED) (LIST) G (CALC) (B) (Max) @m) (X) ({) B D @ B3 &
@ (@2 e {2,2,3}

o0 000

Example To compare the elements of list {1, 2, 3} and list {3, 1, 2}, and produce
a list whose elements are the maximum value resulting from each
comparison

ey ED)(LIST) (G (CALC) (3) (Max) m) (X) ({) B (D @ (1 (8
& E(HEEX(OBEEODORE)H(})ED {3,2,3}

® Mean
Function: Returns the mean of the elements in a list.
Syntax: Mean( List [ ) ]
Mean( List, List[) ]
The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To determine the mean of the elements in list {1, 2, 3}

) ED(LIST) G (CALC) (@) (Mean) r (X ({) (D (@ D &)
Gur) () (}) &9 2
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o0 000

Example To determine the mean of the elements in list {1, 2, 3} when their
frequencies are {3, 2, 1}
(e FD(LIST) (@ (CALC) (@) (Mean) ) X) ({ ) D D @ &1 @)
EE(HPDEAX({)BEOEEOE)E())EE e

¢ Median
Function: Returns the median of the elements in a list.
Syntax: Median( List [ ) ]
Median( List, List[) ]

The list must contain values or mathematical expressions only. Equations and inequalities

are not allowed.
Example To determine the median of the elements in list {1, 2, 3}

@ ED(LIST) G (CALC) (8] (Median) fm (X ({) (D (D @ D @)
Ger) () (}) &9 2

o0 000

Example To determine the median of the elements in list {1, 2, 3} when their
frequencies are {3, 2, 1}
ED)(LIST) (D (CALC) (8] (Median) @ X ({ ) D I (2 I B
EE(HEOENX(OHBOEOAEIE(})E -

e Sum
Function: Returns the sum of the elements in a list.
Syntax: Sum List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

eoocoe
Example To determine the sum of the elements in list {1, 2, 3}

ey ED)(LIST) G (CALC) (&) (Sum) r) (X) ({ ) ) (I (2 (2 (3
G () B9 6
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® Prod
Function: Returns the product of the elements in a list.
Syntax: Prod List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To determine the product of the elements in list {2, 3, 4}

ey ED)(LIST) (G (CALC) (@) (Prod) () (X ({ ) 2 B (2 (@
G () B9 24

e Cuml
Function: Returns the cumulative frequency of the elements in a list.

Syntax: Cuml List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 o000
Example To determine the cumulative frequency of the elements in list {1, 2, 3}

ey ED)(LIST) G (CALC) (8) (Cumi) ) (X ({ ) D I 2 = B
G () B9 {1,3,6}

® Percent (%)

Function: Returns the percentage of each element in a list, the sum of which is assumed
to be 100.

Syntax: Percent List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To determine the percentage of each element in the list {1, 2, 3}

EEUSHDCAOBHEE (N DDDOE
& ())ED {T,T’so}
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e /A List

Function: Returns a list whose elements are the differences between the elements of
another list.

Syntax: 4 List List
The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To generate a list whose elements are the differences between the
elements of list {1, 2, 4}

ey ED)(LIST) (G (CALC) ke (4List) ) (X ({ ) (D (I (21 (1) (@
G () B9 {1,2}

e StdDev
Function: Returns the sample standard deviation of the elements in a list.
Syntax: StdDev List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 o000

Example To determine the sample standard deviation of the elements in list
{1 El 2! 4}
(E)(LIST) (D (CALC) [eg) (StdDev) A X ({ ) D B 2 1 @ V21
E(})Ed 3

e Variance (Vari)
Function: Returns the variance of the elements in a list.
Syntax: Variance List

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To determine the variance of the elements in list {1, 2, 4}

@m ED(LIST) G (CALC) () (Var) ) (X) ({ ) D B @ D @ 7
Gr) (B (}) &9 3
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® Seq
Function: Generates a list in accordance with a numeric sequence expression.
Syntax: Seq( Exp, variable, start value, end value, [increment] [ ) ]
If you do not specify an increment, an increment of 1 is used.

Example To generate a list in accordance with the expression: value A, end
value 3A, increment A

(E(LIST) (2] (CREATE) (1) (Seq) (ke1) (=] (ké1) (= (rwy) (kem (A) (=] (3
() (x67) (A) (] () (X67) (A) B {A,2A,3A}

e Augment (Augmnt)

Function: Returns a new list that appends List 2 to List 1.

Syntax: Augment( List, List[) ]

o0 o000
Example To combine list {1, 2} and list {3, 4}

ey ED)(LIST) 2) (CREATE) (2 (Augmnt) (e (%) ({) (0 ] (2
G (1) B3 ) (X ({) (B (I () (o) () (}) B9 {1,2,3,4}

e Fill

Function: Replaces the elements of a list with a specified value or expression.
This command can also be used to create a new list whose elements all
contain the same value or expression.

Syntax: Fill( {Exp/Eq/Ineq}, List [ ) ]
Fill( Exp, numeric value [ ) ]

eoocoe
Example To replace the elements of list {3, 4} with X

ey ED)(LIST) ) (CREATE) (3) (Fill) (1) (=] feuer) (X ( { )
B @E @) E(})Ed {X, X}

o0 o000
Example To create a list with eight elements, all of which are X

FE)(LIST) (2D (CREATE) B (FillEen (I (81 B8 {X, X, X, X, X, X, X, X}
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e SortA
Function: Sorts the elements of a list into ascending order.
Syntax: SortA( List [ ) ]

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 000
Example To sort the elements of list {1, 5, 3} into ascending order

ey ED)(LIST) (@) (CREATE) (a) (SortA) (e (X) ({ ) 1 (11 B (4 (3)
G () B9 {1,3,5}

e SortD
Function: Sorts the elements of a list into descending order.
Syntax: SortD( List[) ]

The list must contain values or mathematical expressions only. Equations and inequalities
are not allowed.

o0 o000
Example To sort the elements of list {1, 5, 3} into descending order

ey E)(LIST) ) (CREATE) (8] (SortD) ) (%) ({ ) () (41 (8 (2 (3]
G () B9 {5,3,1}

® SubList (SubLst)
Function: Extracts a specific section of a list into a new list.
Syntax: SubList( List, start number [, end number] [) ]

eo0ocoe
Example To extract element 2 through element 3 from list {1, 2, 3, 4}

ey ED)(LIST) (2) (CREATE) (€] (SubLst) fwm) (X) ({ ) (D I 21 1 B
O@EE(HEDREEE {2,3}

* |f you do not specify an end number, all the elements from the start number to the end of
the list are extracted.
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e List—>Mat (L—Mat)
Function: Converts lists into a matrix.
Syntax: List—Mat( List [, ... ,List][) ]

o0 000
Example To convert list {3, 5} and list {2, 4} into a matrix

E® E(LIST) @ (LIST-) @) (L->Mat) 68 3 ({) @ @ & [s 2]
BH)D@BER)DEDE@ES(})E 5 4

e List—Vect (L—Vect)
Function: Converts a list into a vector.
Syntax: List—Vect List

o0 000
Example To convert list {3, 2} into a vector

EY(LIST) BI(LIST—) (2 (L—Vect) fr X) ({) B (I (2
G () B [3,2]
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Hl Matrix Calculation Commands [OPTN]-[MAT]

® Dim
Function: Returns the dimensions of a matrix.
Syntax: Dim Mat

o0 o000
Example To determine the dimensions of the matrix below

123
|:4 5 G:I
ey (2 (MAT) (1) (CALC) (33 (Dim) fsarm) () ([ ) (e () ( [ )

DHEHAEEIEE)E(NE@EEEE
Ger) (S (1) ) (S (1) B9 {2,3}

® Det
Function: Returns the determinant of a matrix.
Syntax: Det Mat

o0 000
Example To determine the determinant of the matrix below

(23]

) E2 (MAT) (1) (CALC) (2] (Det) (sar) (3 ( [ ) Eam) () ([)
OH@EnEME)EH(NHBDEE
Ger) (S (1) ) (S (1) B9 -3

e Norm
Function: Returns the norm of a matrix.
Syntax: Norm Mat

o0 000
Example To determine the norm of the matrix below

L+ 5]

ey E2) (MAT) (1) (CALC) (3] (Norm) (sarr) () ([ ) () () ([ )
O REIE(N)EEE(NEBEHE
G (B (1) 6 (1) B V46
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e EigVc
Function: Returns the eigenvector of a matrix.
Syntax: EigVc Mat

o0 000
Example To determine the eigenvector of the matrix below

3 4
13
(E2(MAT) (1) (CALC) (] (EigVc)
Gur) (B ([) ) ([N B 2 @

B(MEm@®() [0.894427191 —0.894427191]
O EEME(])EME(])EY [0.4472135955 0.4472135955]

Eigenvectors are stacked vertically on the display.

In this example, (0.894427191 0.4472135955) are the eigenvectors that correspond to 5,
while (—0.894427191 0.4472135955) are the eigenvectors that correspond to 1.

An eigenvector has an infinite number of solutions. The eigenvector displayed by this
command is the one with a size of 1.

e EigVl
Function: Returns the eigenvalue of a matrix.
Syntax: EigVI Mat

o0 000
Example To determine the eigenvalue of the matrix below

3 4
1 3]
(™ F2) (MAT) (3] (CALC) (B) (EigVI) [m) () ( [ ) Ear) (B ([)

G EEIE(N)EEE(NHOEE
G (S (1) @ =(1) B {5, 1}
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® Rref

Function: Returns the reduced row echelon form of a matrix.
Syntax: Rref Mat

o0 000
Example To determine the reduced row echelon form of the matrix below

-2 -2 0 -6
[ 1 -1 9 —9}
-5 2 4 -4
(™ (F2) (MAT) (3] (CALC) (€] (Rref) [ () ( [ ) E#r) (B ([ )
OEOOEODNOEOEEEYE(])EDE()

OH0EOHNEODEE EDE(]) 100 88
EIEH(HEEHNREEDEE 1?7
G (S (1) & (1) B 010 —2
62

0 01—F

® Ref

Function: Returns the row echelon form of a matrix.
Syntax: Ref Mat

eoocoe
Example To determine the row echelon form of the matrix below

-2 -2 0 -6
[ 1 -1 9 —9}
-5 2 4 -4
) (E2) (MAT) (1) (CALC) (7 (Ref) o) (8 ( [ ) ) () ([)

OREZEOOOEE6E)E(]) 6 @E()
OOEODEOEEEIE(])

110 3

EHE(HNOEHORODEOEM@ 9

ME()@EE(1)E 01-56
o001 -5
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o LU
Function: Returns the LU resolution of a matrix.
Syntax: LU( Mat, lower memory, upper memory)

o0 000
Example To determine the LU resolution of the matrix below

6 12 18
|:5 14 31:|
3 8 18

The lower matrix is assigned to variable A, while the upper matrix is assigned to variable B.
(2 (MAT) 3] (CALC) (8)(LU) fsarm) () ( [ ) (e (B ( [ )
EOO2OOEEIS(])ED ()

G000 EMOEDE(])ED®(]) 6 12 18
BAOEHOEEISE(])ENE(])E] 0 4 16
(o) (x67) (A) (] (o) (og) (B) (B 0 o0 1

The upper matrix is displayed as the calculation result.

To display the lower matrix, recall the lower matrix variable (A in this example) specified
by the command.

(s (67 (A) B 1 00
5
=10
6
1 1
2 2 |

To display the upper matrix, recall the upper matrix variable (B in this example) specified
by the command.

® Trn
Function: Transposes a matrix.
Syntax: Trn Mat

o0 000
Example To transpose the matrix below

1 2
4
) F2) (MAT) (2 (CREATE) (33 (Trn) ) (8 ( [ ) (ar) (B ([)

OO0REE(NEI@®E(NHE®ME@ [1 3]
G =)(]) @ F(]) B9 2 4
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e Augment (Augmnt)
Function: Combines two matrices.
Syntax: Augment( Mat, Mat [ ) ]

o0 000
Example To combine the two matrices below

12 5 6

3 4:||:7 8

(2 (MAT) (2) (CREATE) (2] (Augmnt) (sar) () ( [ ) (ar) () ([ )
DH@EDEME)EH(NHERE®

Gur) (=) (1) ) (S (1) G e (B () e (B ()
GBEHEE)EEDIE(NHDEE [1 256

Ger) (S (1) ) (S (1) B9 3478

e |dentify (Ident)
Function: Creates an identity matrix
Syntax: I[dent numeric value

o0 000
Example To create a 2 x 2 identity matrix
(F2) (MAT) (2] (CREATE) (3] (Ident) (2] [ |: 1 0]
01
e Fill

Function: Replaces the elements of a matrix with a specified value or expression.

This command can also be used to create a new matrix whose elements all
contain the same value or expression.

Syntax: Fill( Exp, Mat[) ]
Fill( Exp, number of lines, number of rows [ ) ]

o0 000
Example To replace the elements of the matrix below with X

3 4
[32]
(™ (F2) (MAT) (2] (CREATE) (@] (Fill) (k&7 (=] @(0)

ENE(NEE@ENS(])Em @) [x x]
O R EDE(])EME(])EY X X
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o0 o000
Example To create a 2 x 3 matrix, all of whose entries are X

ey 2 (MAT) (2) (CREATE) (] (Fill) (61 (-] (21 1) (B) 9 [X X X
X X X

e SubMat
Function: Extracts a specific section of a matrix into a new matrix.
Syntax: SubMat( Mat [, start row] [, start column] [, end row] [, end column] [ ) ]

o0 o000
Example To extract the section from row 2, column 2 to row 3, column 3 from
the following matrix

123
2]
7 8 9
(2 (MAT) (2 (CREATE) (8] (SubMat) sarr) (3 ( [ ) (ar) () ( [ )
OHEREHEEIE(])EDE(NEEECEE

G (B (1) R (B () @ 3 6 B @ 6 &E(1) [5 6]
EHENDEEHEEEEHEE 8 9

¢ |f you do not specify an end row and column, all the entries from the start row/column to the
end of the matrix are extracted.
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¢ Diag
Function: Extracts the diagonal elements of a matrix.
Syntax: Diag Mat

o0 000
Example To extract the diagonal elements of the matrix below

1 2
s 4
@ F2) (MAT) (2] (CREATE) (6] (Diag) (s () ( [ ) G (@) ( [ )

ORI E(N)EEE(NE M@
G (B (1) 6 (1) B [1, 4]

® Mat—List (M—List)
Function: Converts a specific column of a matrix into a list.
Syntax: Mat—List( Mat, column number [) ]

o0 000
Example To convert column 2 of the matrix below to a list

5 4]

ey E2) (MAT) (3] (MAT—) (1 (M- List) (s () ([ ) G () ([)
OH@ENEME)EH(NHERE®

& E(1) e E(1) 5 @2 e {2, 4}
e Mat—Vect (M—Vect)

Function: Converts a specific column of a matrix into a vector.
Syntax: Mat—Vect( Mat, column number [ ) ]

o0 000
Example To convert column 2 of the matrix below to a vector

1 2
s 4
) E2 (MAT) (3) (MAT ) (2] (M—Vect) [ar) (3 ([ ) ar) () ([)

O REIE(N)EEE(NE M@
G (B (1) ) S(1) I (2 B9 [2, 4]
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e Swap
Function: Swaps two rows of a matrix.
Syntax: Swap Mat, row number 1, row number 2

o0 000
Example To swap row 1 with row 2 of the following matrix

1 2
s 4
e (F2) (MAT) (2] (ROW) (1) (Swap) () () ([ ) G (B ([ )

ORI E(N)EEE(NE M@ [3 4
G E(1) e E(HE O 2 6 12

]

® X Row
Function: Returns the scalar product of a row of a matrix.
Syntax: * Row( Exp, Mat, row number [ ) ]

o0 000
Example To multiply row 1 of the matrix below by X

1 2
s i)
ey E2) (MAT) (2] (ROW) (2 (% Row) kéT) (= fsurg) () ([ )

G (B ([) @ B @ e S(]) e @B(]) [xzx
G EEE((])EDE(])E M EY 34

]

® X Row+

Function: Calculates the scalar product of one row of a matrix and adds the result to
another row.

Syntax: * Row+( Exp, Mat, line number 1, line number 2 ) ]

Example To multiply row 1 of the matrix below by X, and add the result to row 2

1 2
s 7]
ey 2 (MAT) (3] (ROW) (3] ( Row+) kem) (2] (e () ( [ )

Ger) (B ([) @ G (2 ) (S)(]) o) (B( 1) [1 2
BO®EE)E()EE()EOERE X+3 2X+4
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® Row+
Function: Adds one row of a matrix and to another row.
Syntax: Row+( Mat, row number 1, row number 2 [) ]

o0 000
Example To add row 1 of the matrix below to row 2

1 2
s 4
(3 (MAT) (@) (ROW) (@] (Row-+) (sar) (B ([)

Ger) (B ([) @ G (2 ) (S (1) o) (B( 1) [1 2]
GHMAEEIE((])E=E()EEE R E 46
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M Vector Calculation Commands [OPTN]-[VECT]

® Dim
Function: Returns the dimension of a vector.
Syntax: Dim Vect

o0 o000
Example To determine the dimension of the vector (1 2 3)

e E3) (VECT) (1 (CALC) (33 (Dim) fewe) (B ([) I D @ (I (B
G (=)(1) B

¢ CrossP
Function: Returns the cross product of two vectors.
Syntax: CrossP( Vect, Vect[) ]

o0 000
Example To determine the cross product of vector (1 2 3) and vector (4 5 6)

(E3)(VECT) (@) (CALC) (2)(CrossP) ) (H([) I I @ (1 (B

EAE(HPDEE(NHEBEE O EEIE(])EI [-3,6,-3]
® DotP
Function: Returns the dot product of two vectors.
Syntax: DotP( Vect, Vect[) ]
o0 o000
Example To determine the dot product of vector (1 2 3) and vector (4 5 6)
[E3)(VECT) @ (CALC) B (DotP) s ([ ) D D @ X &)
& =)D EDE((NE@EE G 6E D) E(])EY 32
e Norm
Function: Returns the norm of a vector.
Syntax: Norm Vect
o0 000
Example To determine the norm of the vector (1 2 3)
(@™ (F3)(VECT) (@) (CALC) (@) (Norm) ) ([ ) D B @ & &)
!

Ger) (S (1) B
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e UnitV
Function: Normalizes a vector.
Syntax: UnitV Vect

o0 000
Example To normalize a vector (1 2 3)

() (VECT) () (CALC) (8) (UnitV)
EEOD0DOE
20)E [

&
&

-t
=Y
~
W
q
=Y
| I—

e Angle
Function: Returns the angle formed by two vectors.
Syntax: Angle( Vect, Vect [ ) ]

o0 000
Example To determine the angle formed by vector (1 2) and vector (3 4)
(Unit Angle: Rad)

(E3)(VECT) @) (CALC) (6] (Angle) ] () ([ ) (D 2 (2

BO(D@EH(HBDAEE()E cos-1[ 15
e Augment (Augmnt)

Function: Combines two vectors.
Syntax: Angle( Vect, Vect [ ) ]

o0 000
Example To combine vector (1 2) and vector (3 4)

(F3)(VECT) (2 (CREATE) (1] (Augmnt) (e (#) ([ ) (D (] (2

&R (1) e @B (HE @ E)E(])E [1,2,3,4]
o Fill
Function: Replaces the elements of a vector with a specified value or expression.
Syntax: Fill( Exp, Vect[) ]
o0 o000
Example To replace the components of the vector below with X
(F3)(VECT) (2] (CREATE) (2) (Fill) (em) (o] (e) () ([ )
@6 @ &M =2(1)EE [X, X]
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e Vect—List (V—List)
Function: Converts a vector into a list.

Syntax: Vect—List Vect

o0 000
Example To convert vector (3 2) into a list

(F3)(VECT) B)(VECT-) (D (V-List) m) (B ([ ) B () &
G (=)(1) B {3, 2}

e Vect—Mat (V—Mat)
Function: Converts vectors into a matrix.
Syntax: Vect—Mat( Vect [, ... ,Vect] (])

o0 000
Example To convert vector (3 5) and (2 4) into a matrix

ey E3)(VECT) (B (VECT—) (2) (V—Mat) (e (H) ([ ) (B) (] (8 [3 2]
G E(1) B e @E(HE G @ (1) 6 5 4
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7-2 Algebra Mode

The CAS Mode automatically provides you with the final result only. The Algebra Mode, on
the other hand, lets you obtain intermediate results at a number of steps along the way.

On the Main Menu, select the ALGEBRA icon to enter the Algebra Mode. The screens in this
mode are the same as those in the CAS Mode.

Operations in the Algebra Mode are identical to those in the CAS Mode, except for a number
of limitations. Also, the following commands are available in the Algebra Mode only.

® arrange (arrang)
Function: Collects like terms and arranges them in order, starting with the term that
contains the smallest coefficient.
Syntax: arrange( {Exp/Eq/Ineq} [ ) ]
o0 000
Example To arrange 2X + 3 — 5X + 8Y in sequence of its variables

ED(TRNS) (8] (arrang) (2 (i) () (X) B B) (5
(5] @ () (X) (B (8] @ () (Y) 68 -5X+2X+8Y+3

e replace (replac)

Function: Replaces a variable with the expression assigned to the corresponding
expression variable.

Syntax: replace( {Exp/Eq/Ineq} [ ) ]

o0 000
Example To replace S in the expression 3X + 2S, when the expression 2X + 1 is
assigned to S

(EJ(TRNS) 61 (replac) (3] (LoD () (2] () (X)(S) e 3X+2(2X+1)
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7-3 Tutorial Mode

On the Main Menu, select the TUTOR icon to enter the Tutorial Mode.

B Tutorial Mode Flow
1. Specify the expression type.
2. Define the expression.

3. Specify the solve mode.

B Specifying the Expression Type

Entering the Tutorial Mode displays a menu of the following expression types.

e Linear Equation
e Linear Inequality
¢ Quadratic Equation
¢ Simul (Simultaneous) Equation
Use the cursor keys to highlight the expression type you want to specify, and then press [Exg.

This displays a list of formulas for the expression type you select. Move the cursor to the
formula you want to use.

In the case of Linear Inequality, press (F4 (TYPE) to select the inequality type.
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The following shows the formulas available for each type of expression.

Linear Equation — 6 Types
*AX=B
*AX+B=C
*A(BX + C) =D(EX + F)

Linear Inequality — 6 x 4 Types
*AX{><2=5}B
*AX+B{><z=s}C
*ABX+C){><z=}D(EX +F)

Quadratic Equation — 5 Types
*AX2=B
*AX2+BX+C=0
e AX?2+BX+C=DX2+EX+F

Simul Equation — 10 Types

* AX+BY=C

DX+EY=F
*AX+BY+C=0
DX+EY+F=0
s AX+BY=C

Y=DX+E
* AX+BY=C

DX+EY +F=GX+HY +1
*AX+BY+C=DX+EY+F
Y=GX+H

Pressing (F6) (EXCH) reverses the left side and right side elements of the expression.

eX+A=B
*AX+B=CX+D
*|AX +Bl|=C

X+A{><z=}B
*AX+B{><z=s}CX+D
*|AX +Bl{><z=}C

*(AX+B)2=C
*AX2+BX+C=D

Y =AX+B

Y=CX+D
*AX+BY+C=DX+EY+F
GX+HY +1=JX+KY+L
*AX+BY=C
DX+EY+F=0
*AX+BY+C=0
Y=DX+E
*AX+BY+C=0

DX+EY +F=GX+HY +1
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H Defining the Expression
In this step, you specify coefficients and define the expression. You can select any of the
three following methods for specifying coefficients.
*{RAND} ... {random generation of coefficients}
*{INPUT} ... {key input of coefficients}
*{SMPL} ... {selection of coefficients from samples}

*{SEED} ... {selection of a number from 1 to 99 (specification of the same number
displays the same expression)}

(F1)(RAND) or generates random coefficients and defines the expression.

[F2) (INPUT) displays the coefficient input screen. Input coefficients, pressing [Ex§ after each.
After you finish inputting all the coefficients, press (Fg)(EXE) to define the coefficient.

(F3)(SMPL) displays a number of preset sample expressions. Highlight the one you want to
use and then press (g to define it.

Pressing (F4) (SEED) displays a number selection screen. When you want to create the same
problem on another calculator, specify an appropriate matching number and press [Exg.

No matter what method you use, the expression you define is displayed in the output area.

You can copy an expression to the Graph Mode as a graph function*'.
*{L-COP}/{R-COP} ... copy {left side element}/{right side element} as a graph function

(Simultaneous Equation Mode*?)

*{1.COP}/{2:COP} ... copy {first}/{second} expression as a graph function

*In the case of an inequality, the inequality *2Simultaneous equations are transformed to the
symbols are also copied. format Y = AX + B when copied.
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B Specifying the Solve Mode
You can select one of the following three solve modes for the displayed expression.
*{VRFY} ... {Verify Mode}
In this mode, you input a solution for verification of whether or not it is correct. It provides

a good way to check solutions you arrive at manually.

+{MANU} ... {Manual Mode}

In this mode, you manually input algebra commands, transform the expression, and
calculate a result.

*{AUTO} ... {Auto Mode}
In this mode, the solution is produced automatically, one step at a time.

B Verify Mode

Press ([F4 (VRFY) to enter the Verify Mode.

The expression is shown in the top line of the display. Input the solution underneath it, and
then press(Fe) (JUDG) to determine whether the solution is correct.

The verification result screen shows the left side and right side verification result (except for
a linear equation).

* However, in the case where a linear equation or quadratic equation has two solutions, the
left side and right side are obtained for the value where the pointer is located.

* In the case of simultaneous equations where the left side and right side of the second
equation are dissimilar even though the left side and right side of the first equation match,
the left side and right side of the second equation only are obtained. In other cases, the left
side and right side of the first equation are obtained.

The type of solution input screen that appears is selected according to the expression type.
To input a different type, press [F1)(TYPE) and then select the solution type you want to want
to use. Available solution types depend on the mode.

¢{X = a} ... X has one solution (X = a) (linear equation default)
*{X =a, b} ... X has two solutions (X = a, X = b) (quadratic equation default)

*{X=a, Y=}... Xand Y have one solution each (X = a, Y = b) (simultaneous equation
default)

o{X>a} .. X{><z=}a (linearinequality default)
X<a,b<}..X<a,b<Xor Xsa,bs X
efa<X<b} ...a<X<b,as Xsbor X=a

¢ {Identi} (Identity) ... identity of left side and right side
*{Many} (Many Solutions) ... many solutions

*{No sol} (No Solution) ... no solution
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You can press (F4) (MANU) to change to the Manual Mode or (F5 (AUTO) to change to the
Auto Mode.

o0 000
Example To solve 4X = 8 in the Verify Mode

(Linear Equation)(AX = B)

F3(INPUT) @ (Fe) (EXE) =1 |
=2 |

(F4(VRFY) (2] g

(F8) (JUDG) qr=g

TELE
Fress:i [ESC]
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H Manual Mode

Press (F5)(MANU) to enter the Manual Mode.

As with the Algebra Mode, the screen is divided between an input area and a display area.
This means you can select Algebra Mode commands from the function menu, transform the
expression, and solve it.

Operation is the same as that in the Algebra Mode.
After you obtain a result, you can press (F5) (JUDG) to determine whether or not it is correct.
*{DISP} ... Determines whether the expression in the display area is a correct solution.
¢ {ldenti} ... identity of left side and right side
*{Many} ... many solutions
*{No sol} ... no solution

You can press (Fg(AUTO) to change to the Auto Mode.

o0 000
Example Solve 4X = 8 in the Manual Mode

(Linear Equation)(AX=B)

F2(INPUT) (4] (4 (8) [exg) (F8) (EXE) rolEantly
(F5) (MANU) =3 1]
(eqn)@@@ eqnil i g

4w _5
E5) R 2]
ED(TRNS) (@ (smplfy) SimFlifrieanis
3 (eqn) @ =z B
GZ
[F3)(JUDG) (@) (DISP) ZimFlifrleant s

"3 TRUE E

Pre=s=:[ESC]
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ecocoe
Example 4X2 =16
True (X=2,X=-2)

Besides “TRUE” the messages shown below can also appear as the result of verification.
“CAN NOT JUDGE” appears in the Manual Mode, while the other messages appear in both

the Verify Mode and Manual Mode.

20010102
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F
Presst [ESC]

H TRUE
THEEE 1= AMOTHER
EHF‘REEE%DH r
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H Auto Mode

Press (F6)(AUTO) to enter the Auto Mode.

In the Simultaneous Equation Mode, you must also select SBSTIT (Substitution Method) or
ADD-SU (Addition/Subtraction Method).

The Substitution Method first transforms the equation to the format Y = aX + b, and
substitutes aX + b for Y*'in the other equation.

The Addition/Subtraction Method multiplies both sides of the expression by the same value
to isolate the coefficient X (or Y).

As with the Algebra Mode, the screen is divided between an input area and a display area.

Each press of (Fg)(NEXT) advances to the next step. ([Fg] (NEXT) is not shown on the display
when the solution is obtained.

You can scroll back through the steps by pressing (F1) (BACK).

o0 000
Example To solve 4X = 8 in the Auto Mode

(Linear Equation)(AX = B) rclEancls
EJ(NPUT @ F8) (EXE) 4#=8 o
(F&)(AUTO)

EAcEl [FEZT]
(F&) (NEXT) eant Lo 4

46 _2 B

44

[F8(NEXT) SimFlifrieantedy

=y B

*You can press (F5)(ADD SU) at any time to # See 7-1-8 for information about graph functions.
switch from Substitution Method to Addition /
Subtraction Method.
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7-4 Algebra System Precautions

¢ |f an algebraic operation cannot be performed for some reason, the original expression
remains on the display.

¢ [t may take considerable time to perform an algebraic operation. Failure of a result to
appear immediately does not indicate malfunction of the computer.

* Any expression can be displayed in various different formats. Because of this, you
should not assume that an expression is wrong just because it does not appear as you
expected.

e This calculator performs integration calculations under the assumption that integrals are
always positive, even when the integrals switch between positive and negative.

Jx)

F(x): primitive function of f(x)

Lb fx)dx = F(b) - F(a)
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Programming

8-1
8-2
8-3
8-4
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Basic Programming Steps

Program Mode Function Keys

Editing Program Contents

File Management

Command Reference

Using Calculator Functions in Programs
Program Mode Command List

Program Library

This unit comes with approximately 144 kbytes of memory.

* You can check how much memory has been used and how much remains
by entering the SYSTEM Mode from the Main Menu, and then pressing
(FJ(Mem). See “9-2 Memory Operations” for details.
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Description

8-1 Basic Programming Steps

Commands and calculations are executed sequentially, just like manual calculation

multistatements.

Set Up
1. From the Main Menu, enter the PRGM Mode. When you do, a program list appears on
the display.
Selected program area Erosran izl
(use @ and @ to move) AERSLRE ZE
OCTH : 4
. . . . ) QCTOMARY : a9
Files are listed in the alphabetic sequence of their TR IAHGLE : =
names. E+E [EDITIHELW [ DEL IDELAT © |
Execution

2. Register a file name.
3. Input the program.
4. Run the program.

# If there are no programs stored in memory
when you enter the PRGM Mode, the
message “No Programs” appears on the
display and only the NEW item ((F3)) is shown
in the function menu.

# The values to the right of the program list
indicate the number of bytes used by each
program.

# A file name can be up to eight characters
long.

# The following are the characters you can use in
a file name:

Athrough Z, r, 6, spaces, [, 1, {,},",”, ~,
0through 9, ., +, -, %, +

# Registering a file name uses 24 bytes of
memory.

# The file name input screen remains on the
display if you press [Ex§ without inputting a file
name.

# To exit the file name input screen and return to
the program list without registering a file name,
press (0.
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Example 1 To calculate the surface area (cm?) and volume (cm?q) of three regular

octahedrons when the length of one side is 7, 10, and 15 cm,
respectively.

Store the calculation formula under the file name OCTA.

The following are the formulas used for calculating surface area S
and volume V of a regular octahedron for which the length of one side

/ A is known.

v V2

\ A S=2V3A2 V= A3
4 3

Procedure
@ [y PRGM
@ B(NEW) (@) € @ @A™
@ () (wrs) (PRGM) (F3)(?) (=) (el (%6T) (A) (Fe) () (E8) () (F3) (:) ™2
(2) (X)) (3 (V) (E) (%) ([ (61 (A) (23 [F8) (>) FA) ( 4)
&M@ )R E E X @B FD(A) A @)

69 69
@ [FED(EXE) or 8 H
z
(@) @9 (Value of A) SwhenA=7 —}— 1£3,. 7489791
= VwhenA=7 ————181. 6917568
&g 7
i@
B [@ (@ &9 SwhenA=10——— 346, 4181615
59 V when A =10 471. 4845268
B =
is
OB Swhen A =15— 77O, 4220614
—_ V when A = 15 — 1530, 598252

*1Press (F3)(NEW) and the cursor changes form
to indicate alpha character input.

*2The following shows how the calculation of the
surface area and volume of a regular
octahedron would be calculated using a
manual calculation.

Surface Area S ... @ X @R @ (N )E)
<value of A>

VolumeV ............ @Y I DEEX
<value of A> [E3)CE]

*3Pressing [ while the final result of a program
is on the display changes to the program list.

# You can also run a program while in the RUN«
MAT Mode by inputting: Prog "<file name>" [xg.

# Pressing (&g while the final result of a program
executed using this method is on the display
re-executes the program.

# An error occurs if the program specified by Prog
"<file name>" cannot be found.
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8-2 Program Mode Function Keys

* {NEW} ... {new program}

e When you are registering a file name

* {RUN}/{BASE} ... {general calculation}/{number base} program input
e {m0} ... {password registration}
* {SYBL} ... {symbol menu}

e When you are inputting a program —— (F1)(RUN) ... default

* {JUMP} ... {top}/{bottom} of program

* {SRC} ... {search}

o {MAT}/ {STAT}Y/{LIST}/{GRPH}/{DYNA}/{RECR}

... {matrix}/{statistic}/{list}/{graph}/ {Dynamic Graph}/{recursion} menu

* Pressing (rg) (PRGM) displays the following PRGM (PROGRAM) menu.

* {Prog} ... {program recall}

¢ {JUMP} ... {jump command menu}

o {?}/{ 4} ... {input}/{output} command

¢ {I/0} ... {I/O control/transfer command menu}

* {IFY{FOR}/{WHLE}/{CTRL}/{LOGIC}

... {conditional jump}/{loop control}/{conditional loop control}/{program control}/
{logical operation} command menu

* {CLR}/{DISP} ... {clear}/{display} command menu
LI S {separator for expressions and commands}

See “8-5 Command Reference” for full details on each of these commands.

e Pressing (F3)(SET UP) displays the mode command menu shown below.
* {ANGL}/{DISP}/{CPLX}/{GRPH}/{STAT}/{DERIV}/{T-VAR}/{> DSP}

See “SET UP Screen Function Key Menus” on page 1-7-1 for details about each of these
commands.
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e When you are inputting a program — (F2)(BASE)*"

* {JUMP}/{SRC}

¢ {d~o} ... {decimal}/{hexadecimal}/{binary}/{octal} value input

* {LOG} ... {logical operators}

¢ {DISP} ... conversion of displayed value to {decimal}/{hexadecimal}/{binary}/{octal}
* {SYBL} ... {symbol menu}

¢ Pressing [wrs) (PRGM) displays the following PRGM (PROGRAM) menu.
« {Prog}/{JUMP}/{?}/{ 4}

* {= #<} ... {logical operator menu}
o I} {separator for expressions and commands}

¢ Pressing (F3)(SET UP) displays the mode command menu shown below.

« {Dec}/{Hex}/{Bin}/{Oct}

* {EXE}/{EDIT}
... program {execute}/{edit}
* {NEW} ... {new program}
* {DEL}/{DEL-A}
... {specific program}/{all program} delete
* {SRC}/{REN}
... file name {search}/{change}

*'Programs input after pressing (F2)(BASE) are
indicated by E] to the right of the file name.
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8-3 Editing Program Contents

H Debugging a Program

A problem in a program that keeps the program from running correctly is called a “bug,” and
the process of eliminating such problems is called “debugging.” Either of the following
symptoms indicates that your program contains bugs that require debugging.

* Error messages appearing when the program is run
* Results that are not within your expectations

® To eliminate bugs that cause error messages

An error message, like the one shown below, appears whenever something illegal occurs
during program execution.

Ma EREOR
Pres=: [ESC]

When such a message appears, press to display the place in the program where the error
was caused. The cursor will be flashing at the location of the problem. Check the “Error
Message Table” (page a-1-1) for steps you should take to correct the situation.

* Note that pressing does not display the location of the error if the program is
password protected. Instead, it returns to the program list screen.

® To eliminate bugs that cause bad results

If your program produces results that are not what you normally expect, check the
contents of the program and make necessary changes.
The (F1)(JUMP) key is also useful when editing program contents.

(F)(JUMP) (@] (Top) ....... Moves the cursortothe |=F====0CTH = ======

top of the program TH TuRnT
======ICTAH ======
(F1(JUMP) (2] (Bottom)... Moves the cursor to the BIR:oelEvnE,

bottom of the program | 5 . z=g"3"
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B Using an Existing Program to Create a New Program

Sometimes you can input a new program by using a program already in memory as a base.
Simply recall the existing program, make the changes you need, and then execute it.

eo0ocooe

Example 2 To use the OCTA program (page 8-1-2) to create a program that
calculates the surface area (cm?) and volume (cm?®) of regular
tetrahedrons when the length of one side is 7, 10, and 15 cm
Use TETRA as the file name.

SO~
A The following are the formulas used for calculating surface area S
\ and volume V of a regular tetrahedron for which the length of one
side A is known.

S=V3 A v:%m

Use the following key operations when inputting the program.

Length of One Side A .. [rs) (PRGM) [F3)(?) =) Xen (A) Fe) () (Fe) (&) (F3) (2)

Surface Area S ............ ) A (V) (@) (X) (e (xem (A) (23 F6) (™) Fa) ()
Volume V ..o, ENEG )@ E IR X M &) (A A @)

Compare this with the program for calculating the surface area and volume of a regular
octahedron.

Length of One Side A .. [rs) (PRGM) [F3)(?) (=) Xen (A) Fe) () (Fe) (&) (F3) (2)

Surface Area S ............ @)X &M )E) X W EeD(A) @3 Fe (>) Fa(4)
VolumeV .....coucvevenene, &1 )R E R X @8 ED ((A) A @B

As you can see, you can produce the TETRA program by making the following changes in
the OCTA program.

e Deleting (2] (X) (underlined using a wavy line above)
e Changing (3] to (i) (2] (underlined using a solid line above)
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Now edit OCTA to produce the TETRA program.
1. Edit the program name.

EI(>)EIREN)ad M E @ RI(AIEY

2. Edit the program contents.

(F2) (EDIT)

®® ® ® e b
QIO ER Y

(&)

3. Try running the program.

(F1)(EXE) or [Exg
[Exg (Value of A)
()

EXE|

&g (1 (0] B9

EXE|
EXE

g (0 B g

EXE

19990401
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H Searching for Data Inside a Program

o0 o000
Example To search for the letter “A” inside the program named OCTA

1. Recall the program.

2. Press [F2)(SRC) or [§ and input the data you want to find.

I_=?====|:||:T|:| ======
PR P ARAR,
T2-3=A3

F2(SRC) Search For TexLl
() (x:67) (A)

A

MAT IZTATILI=T lGRFHIDYHATRECE.

3. Press to begin the search. The contents of the program appear on the screen with
the cursor located at the first instance of the data you specified.*!

====== CTA ======
T 2l 3xAR,
J2-3%A3
ZRL
4. Each press of or [F1)(SRC) causes the cursor to ======0LTH —=====
jump to the next instance of the data you specified.*? $-2}§SEE£§}{H:E‘

*The message “Not Found” appears when the # Once the contents of the program are on the
search data you specify cannot be found in screen, you can use the cursor keys to move
the program. the cursor to another location before searching

*2|f there are no more instances of the data you for the next instar?ce of the data. Only the part of
specified, the search operation ends and the the program starting from the current cursor
cursor returns to the point from which you location is searched when you press .
started your search. # Once the search finds an instance of your data,

. . inputting characters or moving the cursor

# You cannot specify the newline symbol («!) or causes the search operation to be cancelled.
display command (.4) for the search data. # If you make a mistake while inputting characters

to search for, press to clear your input and
re-input from the beginning.

20011101




8-4-1
File Management

8-4 File Management

H Searching for a File

¢ To find a file using initial character search
o0 o000
Example To use initial character search to recall the program named OCTA

1. While the program list is on the display, press (Fg)(>) [F1)(SRC) and input the initial
characters of the file you want to find.

E8 (>)ED(SRC)
©

Search For Proaram
|[I:II:T!L |

2. Press (exg to search. FProgaram List

TRIRHGLE : £3

* The name that starts with the characters you input highlights.

# If there is no program whose file name starts “Not Found” appears on the display. If this
with the characters you input, the message happens, press g to clear the error message.
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H Editing a file name

o0 o000
Example To change the name of a file from TRIANGLE to ANGLE

1. While the program list is on the display, use @ and & to move the highlighting to the
file whose name you want to edit and then press (Fg)(>) (F2) (REN).

Fenamns
LARIAMGLE]
2. Make any changes you want.
Fenamne
[LAHGLE ]

3. Press [Bg to register the new name and return to the program list.

The program list is resorted according to the changes you made in the file name.

H Deleting a Program

® To delete a specific program
1. While the program list is on the display, use @ and ® to move the highlighting to the
name of the program you want to delete.

2. Press [F4)(DEL).

3. Press [Exg(Yes) to delete the selected program or [Es¢)(No) to abort the operation
without deleting anything.

# If the modifications you make result in a file ¢ Press [S0 to clear the error and return to the file
name that is identical to the name of a name editing screen.
program already stored in memory, the * Press to clear the input file name and input
message “Already Exists” appears. When this anew one.

happens, you can perform either of the
following two operations to correct the
situation.
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¢ To delete all programs
1. While the program list is on the display, press (F5 (DEL-A).

2. Press (&g (Yes) to delete all the programs in the list or Eg (No) to abort the operation
without deleting anything.

* You also can delete all programs by entering the SYSTEM Mode from the Main Menu, and
then pressing (F1) (Mem) to display the memory management screen.
See “9-2 Memory Operations” for details.

M Registering a password

When inputting a program, you can protect it with a password that limits access to the
program contents to those who know the password.

* You do not need to input the password to run a program.

o0 000
Example To create a program file under the name AREA and protect it with the
password CASIO

1. While the program list is on the display, press (F3)(NEW) and input the file name of the
new program file.

EgNEW (RIS |
AR EM®
2. Press (F5)(m0) and then input the password.
F5)(m0) Froaram Hame
[ARER ]
@E 0 e Fazsword?
[CASIOA 1]

# The password input procedure is identical to
that used for file name input.

19990401




8-4-4
File Management

3. Press to register the file name and password. Now you can input the contents of
the program file.

4. After inputting the program, press [EsJ (QUIT) to exit the program file and return to
the program list. Files that are password protected are indicated by an asterisk to the
right of the file name.

Frogaram List

H Recalling a Password Protected Program

o0 000
Example To recall the file named AREA which is protected by the password
CASIO

1. In the program list, use @ and ® to move the highlighting to the name of the
program you want to recall.

2. Press (F2)(EDIT). Proaram Hame
[AREA ]
Fassword?
LA ]

3. Input the password and press (e to recall the program.

# Pressing [ without inputting a password # Inputting the wrong password when recalling a
while saving a new program causes the file to password protected program causes the
be saved without a password. Pressing [ message "Mismatch" to appear. Press g to
without inputting a password registers the file return to the password input screen.

name only, without a password.
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8-5 Command Reference

Hl Command Index

DispF-Tbl, DISPR-TDI ...ttt 8-5-12
DO~LPWNRIIE ... s 8-5-5
DrAWDYNE ... 8-5-12
DrawFTG-Con, DrawFTG-Plt ........oooiieieee e 8-5-13
(D= 1 - o] o OSSR PSSR

DrawR-Con, DrawR-Plt ........c..oiiiiiiieiiieeeecee e e
DrawRZ-Con, DrawRZX-Plt ...
DraWSHaL ...t
DIAWWED ...t

? (INPUt COMMANG) <.eeeieeiiie et e e e e e e e e s e e ere e e e saneeeaneeeens
A (Output CoOMMANG) ...t
: (Multi-statement Command) .........oocveeeiiiieiiiee e 8-5-3
« (Carriage REIUIM) .....oiiiieieiii e 8-5-3
” (Comment Text DElIMILEr) ........ccviiiiiiiiieee e 8-5-3
= ¥, >, <, 2, < (Relational Operators) ........cooeveecieeevieee s esee e 8-5-18
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The following are conventions that are used in this section when describing the various
commands.

Boldface Text ............... Actual commands and other items that always must be
input are shown in boldface.

{Curly Brackets} ........... Curly brackets are used to enclose a number of items,
one of which must be selected when using a command.
Do not input the curly brackets when inputting a com-
mand.

[Square Brackets] ........ Square brackets are used to enclose items that are
optional. Do not input the square brackets when inputting
a command.

Numeric Expressions... Numeric expressions (such as 10, 10 + 20, A) indicate
constants, calculations, numeric constants, etc.

Alpha Characters.......... Alpha characters indicate literal strings (such as AB).

H Basic Operation Commands

| ? (Input Command)

Function: Prompts for input of values for assignment to variables during program execution.

Syntax: ? — <variable name>, "<prompt>" ? — <variable name>

Example: ? - A

Description:

* This command momentarily interrupts program execution and prompts for input of a value
or expression for assignment to a variable. If you do not specify a prompt, execution of this
command causes “?” to appear indicating the calculator is standing by for input. If a prompt

is specified, “<prompt>?” appears to prompt input. Up to 255 bytes of text can be used for a
prompt.

¢ Input in response to the input command must be a value or an expression, and the
expression cannot be a multi-statement.

¢ You can specify a list name, matrix name, function memory (fn), graph (Yn), etc. as a
variable name.

19991201




8-5-3
Command Reference

| A (Output Command)

Function: Displays an intermediate result during program execution.
Description:

* This command momentarily interrupts program execution and displays alpha character text
or the result of the calculation immediately before the command.

* The output command should be used at locations where you would normally press the
key during a manual calculation.

| : (Multi-statement Command) |

Function: Connects two statements for sequential execution without stopping.
Description:

¢ Unlike the output command ( 4), statements connected with the multi-statement command
are executed non-stop.

¢ The multi-statement command can be used to link two calculation expressions or two
commands.

* You can also use a carriage return indicated by « in place of the multi-statement
command.

| « (Carriage Return)

Function: Connects two statements for sequential execution without stopping.
Description:
» Operation of the carriage return is identical to that of the multi-statement command.

* You can create a blank line in a program by inputting a carriage return only. Using a carriage
return in place of the multi-statement command makes the displayed program easier to read.

| ’(Comment Text Delimiter)

Function: Indicates comment text inserted inside a program.
Description: Anything following the apostrophe is treated as non-executable comment text.
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B Program Commands (COM)

| If~Then~(Else-~)ifEnd

Function: The Then-statement is executed only when the If-condition is true
(non-zero). The Else-statement is executed when the If-condition is false (0). The IfEnd-
statement is always executed following either the Then-statement or Else-statement.

Syntax:
« «
If <condition> : Then <statement> : <statement>
numeric expression A V'
«l « «
Else <statement> : <statement> : IfEnd
A V' A

Parameters: condition, numeric expression
Description:

(1) If ~ Then ~ IfEnd
* When the condition is true, execution proceeds with the Then-statement and then
continues with the statement following IfEnd.
* When the condition is false, execution jumps to the statement following IfEnd.

(2) If ~ Then ~ Else ~ IfEnd
¢ When the condition is true, execution proceeds with the Then-statement and then jumps
to the statement following IfEnd.
* When the condition is false, execution jumps to the Else-statement and then continues
with the statement following IfEnd.

For~To~(Step~)Next

Function: This command repeats everything between the For-statement and the Next-
statement. The starting value is assigned to the control variable with the first execution, and
the value of the control variable is changed according to the step value with each execution.
Execution continues until the value of the control variable exceeds the ending value.

Syntax: Pu
For <starting value> — <control variable name> To <ending value> (Step <step value>)
4
Next
Parameters:

e control variable name: Ato Z

e starting value: value or expression that produces a value (i.e. sin x, A, etc.)
» ending value: value or expression that produces a value (i.e. sin x, A, etc.)
¢ step value: numeric value (default: 1)
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Description:
¢ The default step value is 1.

* Making the starting value less than the ending value and specifying a positive step value
causes the control variable to be incremented with each execution. Making the starting
value greater than the ending value and specifying a negative step value causes the control
variable to be decremented with each execution.

| Do~LpWhile |

Function: This command repeats specific commands as long as its condition is true (non-
zero).
Syntax:
« «
Do : <statement> : LpWhile <condition>

4 V) numeric expression
Parameters: expression
Description:

* This command repeats the commands contained in the loop as long as its condition is true
(non-zero). When the condition becomes false (0), execution proceeds from the statement
following the LpWhile-statement.

¢ Since the condition comes after the LpWhile-statement, the condition is tested (checked)
after all of the commands inside the loop are executed.
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| While~WhileEnd

Function: This command repeats specific commands as long as its condition is true (non-

zero).
« «
While <condition> : <statement> : » WhileEnd

numeric expression 4 4

Syntax:

Parameters: expression
Description:

* This command repeats the commands contained in the loop as long as its condition is true
(non-zero). When the condition becomes false (0), execution proceeds from the statement
following the WhileEnd-statement.

* Since the condition comes after the While-statement, the condition is tested (checked)
before the commands inside the loop are executed.

B Program Control Commands (CTL)

| Break

Function: This command breaks execution of a loop and continues from the next command
following the loop.

Syntax: Break
Description:

* This command breaks execution of a loop and continues from the next command following
the loop.

¢ This command can be used to break execution of a For-statement, Do-statement, and
While-statement.

19990401




8-5-7
Command Reference

Prog

Function: This command specifies execution of another program as a subroutine. In the
RUN-MAT Mode, this command executes a new program.

Syntax: Prog "file name”
Example: Prog "ABC”
Description:

* Even when this command is located inside of a loop, its execution immediately breaks the
loop and launches the subroutine.

* This command can be used as many times as necessary inside of a main routine to call up
independent subroutines to perform specific tasks.

¢ A subroutine can be used in multiple locations in the same main routine, or it can be called
up by any number of main routines.

Main Routine Subroutines

¢ O
—Prog: “E” Pro:g "I";’.__/-Pro:g """-‘I'N E

\ ]\ |\ |\ /
Level1 Level2 Level3 Level4

» Calling up a subroutine causes it to be executed from the beginning. After execution of the
subroutine is complete, execution returns to the main routine, continuing from the state-
ment following the Prog command.

* A Goto~Lbl command inside of a subroutine is valid inside of that subroutine only. It cannot
be used to jump to a label outside of the subroutine.

* |f a subroutine with the file name specified by the Prog command does not exist, an error
occurs.

* In the RUN-MAT Mode, inputting the Prog command and pressing launches the
program specified by the command.
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Return

Function: This command returns from a subroutine.
Syntax: Return
Description:

Execution of the Return command inside a main routine causes execution of the program to
stop. Execution of the Return command within a subroutine terminates the subroutine and
returns to the program from which the subroutine was jumped to.

Stop

Function: This command terminates execution of a program.
Syntax: Stop

Description:

* This command terminates program execution.

» Execution of this command inside of a loop terminates program execution without an error
being generated.

19990401




8-5-9
Command Reference

Bl Jump Commands (JUMP)

| Dsz

Function: This command is a count jump that decrements the value of a control variable by
1, and then jumps if the current value of the variable is zero.

Syntax: Variable Value % 0
[ ¥ qa
Dsz <variable name> : <statement> : <statement>
L 4 4
Variable Value =0

Parameters: variable name: Ato Z, r, 6
[Example] Dsz B : Decrements the value assigned to variable B by 1.

Description:

This command decrements the value of a control variable by 1, and then tests (checks) it. If
the current value is non-zero, execution continues with the next statement. If the current
value is zero, execution jumps to the statement following the multi-statement command (:),
display command (.4), or carriage return ().
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Goto~Lbl

Function: This command performs an unconditional jump to a specified location.
Syntax: Goto <label name> ~ Lbl <label name>

Parameters: label name: value (0 to 9), variable (Ato Z, r, 6)

Description:

e This command consists of two parts: Goto n (where n is a parameter as described above)
and Lbl n (where n is the parameter referenced by Goto ). This command causes program
execution to jump to the Lbl-statement whose n parameter matches that specified by the
Goto-statement.

* This command can be used to loop back to the beginning of a program or to jump to any
location within the program.

* This command can be used in combination with conditional jumps and count jumps.

* If there is no Lbl-statement whose value matches that specified by the Goto-statement, an
error occurs.
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Isz

Function: This command is a count jump that increments the value of a control variable by
1, and then jumps if the current value of the variable is zero.
Syntax: )

I— Variable Value % 0 1

o
Isz <variable name> : <statement> { : <statement>

J

I— Variable Value =0

Parameters: variable name: Ato Z, r, 6
[Example] Isz A : Increments the value assigned to variable A by 1.
Description:

This command increments the value of a control variable by 1, and then tests (checks) it. If
the current value is non-zero, execution continues with the next statement. If the current
value is zero, execution jumps to the statement following the multi-statement command (:),
display command (.d), or carriage return ().

H Clear Commands (CLR)

| CirGraph

Function: This command clears the graph screen and returns View Window settings to their
INIT values.

Syntax: ClrGraph
Description: This command clears the graph screen during program execution.

ClrList

Function: This command deletes list data.
Syntax: ClrList <list name>

ClrList
Parameters: list name: 1 to 20, Ans

Description: This command deletes the data in the list specified by “list name”. All list data is
deleted if nothing is specified for “list name”.
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ClrText

Function: This command clears the text screen.

Syntax: ClrText
Description: This command clears text from the screen during program execution.

CirMat

Function: This command deletes matrix data.
Syntax: ClrMat <matrix name>

ClrMat
Parameters: matrix name: Ato Z, Ans

Description: This command deletes the data in the matrix specified by “matrix name”. All
matrix data is deleted if nothing is specified for “matrix name”.

H Display Commands (DISP)

| DispF-Tbl, DispR-Tbl No parameters |

Function: These commands display numeric tables.
Description:

* These commands generate numeric tables during program execution in accordance with
conditions defined within the program.

 DispF-Tbl generates a function table, while DispR-Tbl generates a recursion table.

DrawDyna No parameters

Function: This command executes a Dynamic Graph draw operation.

Description: This command draws a Dynamic Graph during program execution in
accordance with current Dynamic Graph parameters.
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DrawFTG-Con, DrawFTG-PIt No parameters

Function: This command uses values in a generated table to graph a function.
Description:

* This command draws a function graph in accordance with current conditions.
* DrawFTG-Con produces a connect type graph, while DrawFTG-PIt produces a plot type
graph.

DrawGraph No parameters

Function: This command draws a graph.

Description:
* This command draws a graph in accordance with current conditions.

DrawR-Con, DrawR-PIt No parameters |

Function: These commands use values in a generated table to graph a recursion
expression with a.(b« or ¢») as the vertical axis and n as the horizontal axis.

Description:

* These commands graph recursion expressions in accordance with current conditions, with
an(bn OF c1) as the vertical axis and n as the horizontal axis.

* DrawR-Con produces a connect type graph, while DrawR-Plt produces a plot type graph.
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DrawRX>-Con, DrawRX-PIt No parameters

Function: These commands use values in a generated table to graph a recursion
expression with Za.(Eb» or Zc») as the vertical axis and n as the horizontal axis.

Description:

* These commands graph recursion expressions in accordance with current conditions, with
San(Ebn or Zcn) as the vertical axis and n as the horizontal axis.

* DrawRZ-Con produces a connect type graph, while DrawRZ-PlIt produces a plot type graph.

| DrawsStat

Function: This draws a statistical graph.
Syntax: See “8-6-9 Using Statistical Calculations and Graphs in a Program”.
Description:

This command draws a statistical graph in accordance with current statistical graph
conditions.

| DrawWeb |

Function: This command graphs convergence/divergence of a recursion expression (WEB
graph).

Syntax: DrawWeb <recursion type>, <number of lines>

Example: DrawWeb a1 (bns1 OF cas1), 5

Description:

* This command graphs convergence/divergence of a recursion expression (WEB graph).

* Omitting the number of lines specification automatically specifies the default value 30.

19990401




8-5-15
Command Reference

H Input/Output Commands (1/0)

Getkey

Function: This command returns the code that corresponds to the last key pressed.
Syntax: Getkey

Description:

* This command returns the code that corresponds to the last key pressed.

DEEE ©
DEEEEE
PEEEEE
HEHEEO
HEEEE
HEEEE
OEEEE

* A value of zero is returned if no key was pressed previous to executing this command.

* This command can be used inside of a loop.
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Locate

Function: This command displays alpha-numeric characters at a specific location on the text
screen.

Syntax: Locate <column number>, <line number>, <value>
Locate <column number>, <line number>, <numeric expression>
Locate <column number>, <line number>, "<string>"

[Example] Locate 1, 1, ’AB”
Parameters:

e line number: number from 1 to 7

e column number: number from 1 to 21
¢ value and numeric expression

e string: character string

Description:

¢ This command displays values (including variable contents) or text at a specific location on
the text screen. If there is a calculation input, that calculation result is displayed.

* The line is designated by a value from 1 to 7, while the column is designated by a value
from 1 to 21.

(1.1) - |0 O] « @11

1,7) = (O O] « (21,7)

Example: Cls
Locate 7, 1, "CASIO FX”
This program displays the text “CASIO FX” in the center of the screen.

* In some cases, the ClrText command should be executed before running the above program.
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Receive ( / Send (

Function: This command receives data from and sends data to a connected device.
Syntax: Receive (<data>) / Send (<data>)
Description:

¢ This command receives data from and sends data to a connected device.

* The following types of data can be received (sent) by this command.
* Individual values assigned to variables
¢ Matrix data (all values - individual values cannot be specified)
e List data (all values - individual values cannot be specified)
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H Conditional Jump Relational Operators (REL)

| =%><2<

Function: These relational operators are used in combination with the conditional jump
command.

Syntax:
<left side> <relational operator> <right side>

Parameters:

left side/right side: variable (A to Z, r, 6), numeric constant, variable expression (such as: A x
2)

relational operator: =, &, >, <, >, <

=
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8-6 Using Calculator Functions in Programs

H Text Display

You can include text in a program by simply enclosing it between double quotation marks.
Such text appears on the display during program execution, which means you can add labels

to input prompts and results.

Program Display
"CASIO” CASIO
75X ?
X="7 - X X=?

o If the text is followed by a calculation formula, be sure to insert a display command ( 4)
between the text and calculation.

* Inputting more than 21 characters causes the text to move down to the next line. The
screen scrolls automatically if the text exceeds 21 characters.

* You can specify up to 255 bytes of text for a comment.

B Using Matrix Row Operations in a Program

These commands let you manipulate the rows of a matrix in a program.

* For this program, enter the RUN « MAT Mode and then use the MAT Editor to input the
matrix, and then enter the PRGM Mode to input the program.

¢ To swap the contents of two rows (Swap)

o0 000
Example 1 To swap the values of Row 2 and Row 3 in the following matrix:

1 2
Matrix A = |: 3 4 :|
5 6

The following is the syntax to use for this program.

SwapA, 2,3
Rows to be swapped
Matrix name

Mat A
Executing this program produces the following result.
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¢ To calculate a scalar multiplication (5%k Row)

o0 000
Example 2 To calculate the product of Row 2 of the matrix in Example 1 and the
scalar 4

The following is the syntax to use for this program.

* Row 4, A, ‘ZQJHO
w
L Matrix name
Multiplier

Mat A
Executing this program produces the following result.

¢ To calculate a scalar multiplication and add the results to another row
(k Row+)

o0 000
Example 3 To calculate the product of Row 2 of the matrix in Example 1 and the
scalar 4, then add the result to row 3

The following is the syntax to use for this program.
kRow+4,A, 2,34
E Rows to be added
Row for which scalar multiplication is to be calculated.
Matrix name
Multiplier
Mat A

Executing this program produces the following result.
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® To add two rows (Row+)

o0 000
Example 4 To add Row 2 to Row 3 of the matrix in Example 1

The following is the syntax to use for this program.
Row+ A, 2,3d

|- the row number to be added to

the row number to be added
Matrix name

Mat A
Executing this program produces the following result.

H Using Graph Functions in a Program

You can incorporate graph functions into a program to draw complex graphs and to overlay
graphs on top of each other. The following shows various types of syntax you need to use when
programming with graph functions.

* View Window
View Window —5,5,1,-5,5,1
* Graph function input
Y=Typee .ccoooiiririncns Specifies graph type.
X2-3" 5 Y1d
* Graph draw operation
DrawGraph «

Example Program

DClrGraph « © (i) (es) (Fe) (Fe) (D) (2) B0
2View Window —10, 10, 2, —120, 150, 50 2 (i) o) (F1) 650
OV =Type CFEIF) B D
XN —XN3-24X% + 4X + 80" » YT1 pu | ® @
6G SelOn 1.« ) g ED (D
®DrawGraph © (sarr) wrg) (Fe) (Fe) (F2 (2)

Executing this program produces the result

shown here. \ /{\ }
EARY
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e Syntax of other graphing functions
e V-Window

* Zoom

* Pict

* Sketch

View Window <Xmin>, <Xmax>, <Xscale>, <Ymin>, <Ymax>, <Yscale>,
<TOémin>, <TOmax>, <TOpitch>

StoV-Win <area of V-Win> .............. area: 1to0 6

RclV-Win <area of V-Win> .............. area: 1t0 6

Factor <X factor>, <Y factor>

ZoomAuto ........... Non-parameter
StoPict <area of picture> ................ area: 110 20
RclPict <area of picture> ................ area: 11020

PlotOn <X-coordinate>, <Y-coordinate>
PlotOff <X-coordinate>, <Y-coordinate>
PlotChg <X-coordinate>, <Y-coordinate>

PxIOn<line number>, <column number>

PxIOff<line number>, <column number>

PxIChg<line number>, <column number>

PxITest( <line number>, <column number>[)]

F-Line <X-coordinate 1>, <Y-coordinate 1>, <X-coordinate 2>, <Y-coordinate 2>

Text <line number>, <column number>, "<text>"
Text <line number>, <column number>, <expression>

Tangent <function>, <X-coordinate>
Normal <function>, <X-coordinate>
Inverse <function>

Circle <center point X-coordinate>, <center point Y-coordinate>,
<radius R value>

Vertical <X-coordinate>

Horizontal <Y-coordinate>
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l Using Dynamic Graph Functions in a Program

Using Dynamic Graph functions in a program makes it possible to perform repeated Dynamic
Graph operations. The following shows how to specify the Dynamic Graph range inside a
program.

* Dynamic Graph range
1 > D Startd
5—-D Endd
1 - D pitch

Example Program

ClrGraph <
View Window -5,5,1,-5,5, 1«
Y =Type«l
TAX+17 > Y1 * [es) (F) (0 &9
2D Selon 11 2 [ E @D
@D VarAd ° @3
1> @D Started @ (wrg) (F5) (1)
559D End 9 FE
1 —®D pitch«d ® F3 (3]
?DrawDyna @ (i) (aes) (Fe) (Fe) (F2) (3)
Executing this program produces the result Y1=AX+1
shown here.

JES—
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H Using Table & Graph Functions in a Program

Table & Graph functions in a program can generate numeric tables and perform graphing
operations. The following shows various types of syntax you need to use when programming
with Table & Graph functions.

* Table range setting
1 —> F Started
5—->F Endd
1> F pitchd
* Numeric table generation
DispF-Tbl
¢ Graph draw operation
Connect type: DrawFTG-Con <
Plot type: DrawFTG-Plt

Example Program

ClrGraph <

ClrText «

View Window 0, 6, 1, —20, 106, 10

Y =Type«

"BX2-2" > Y1
G SelOn 14 YEIED @

0 - ?F Start«d @ (wrg) (F8) (F) (1D

6 —>©®F Endd A @

1 — @F pitch«d @F)E]
©DispF-Tbl 4 © (sr) (uaes) (Fe) (Fe) (F2) (@) (0
©®©DrawFTG-Con © @@

Executing this program produces the results shown here.
Numeric Table Graph
# i

.

!
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l Using Recursion Table & Graph Functions in a Program

Incorporating Recursion Table & Graph functions in a program lets you generate numeric
tables and perform graphing operations. The following shows various types of syntax you
need to use when programming with Recursion Table & Graph functions.

* Recursion formula input
an1 Typed ..... Specifies recursion type.
"Ban + 2" = anv1 A
"Abn + 6" — b
* Table range setting
1 > R Startd
5—>R Endd
1> acd
2> bod
1 — an Started
3 — bu Started
* Numeric table generation
DispR-Tbl «
* Graph draw operation
Connect type: DrawR-Con «, DrawRZ-Con «
Plot type: DrawR-Plt 1, DrawRX-Plt
* Statistical convergence/divergence graph (WEB graph)
DrawWeb an+1, 104
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Example Program
View Window 0, 1, 1,-0.2, 1, 1

@ An+1 Typed i @ @ @ @
”—32;,2 +3an” — a%\'n « @ @@
. “BOE
0 — R Start -
R “ERFEEE O
6— R End« 2@ =
0.01 = dod "BRE)
@ @ @ @
0.01 — a» Startd @@@m
®DispR-Tbl 4 °FREE
© ®
®DrawWeb An+, 30 @ m @

Executing this program produces the results shown here.
Numeric Table Recursion graph

_n#1 _dnbr
I 0.0
| D.0281
2 0.08E4
3 0.2369

B Using List Sort Functions in a Program
These functions let you sort data in lists into ascending or descending order.
* Ascending order

SortA (List 1, List 2, List 3)

Lists to be sorted (up to six can be specified)

TBEO @@

* Descending order

@A

SortD (List 1, List 2, List 3)

Lists to be sorted (up to six can be specified)

BE
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H Using Solve Calculation Function in a Program

The following is the syntax for using the Solve function in a program.

Solve( f(x), n, a bf
Upper limit

Lower limit
Initial estimated value

-

Example Program

DSolve( 2X2 +7X-9,1,0, 1) @ (o)

¢ In the function f(x), only X can be used as a variable in the expression. Other variables (A
through Z, r, 6) are treated as constants, and the value currently assigned to that variable is
applied during the calculation.

e Input of the closing parenthesis, lower limit @ and upper limit b can be omitted.

H Using Statistical Calculations and Graphs in a Program

Including statistical calculations and graphing operations in a program lets you calculate and
graph statistical data.

® To set conditions and draw a statistical graph

Following “StatGraph”, you must specify the following graph conditions:
¢ Graph draw/non-draw status (DrawOn/DrawOff)

* Graph Type

 x-axis data location (list name)

* y-axis data location (list name)

* Frequency data location (list name)

* Mark Type

# Solutions obtained using Solve may include # You cannot use a differential, quadratic
errors. differential, integration, = , maximum/
minimum value or Solve calculation
expressions inside of a Solve calculation
term.
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The graph conditions that are required depends on the graph type. See “Changing Graph
Parameters” (page 6-1-2).

* The following is a typical graph condition specification for a scatter diagram or xyLine
graph.

S-Gph1 DrawOn, Scatter, List 1, List 2, 1, Square «
In the case of an xy line graph, replace “Scatter” in the above specification with “xyLine”.

* The following is a typical graph condition specification for a normal probability plot.
S-Gph1 DrawOn, NPPlot, List 1, Square «

* The following is a typical graph condition specification for a single-variable graph.
S-Gph1 DrawOn, Hist, List 1, List 2 «

The same format can be used for the following types of graphs, by simply replacing “Hist” in
the above specification with the applicable graph type.

Histogram: ........cccooeieniennieiieee Hist
Median BoX: .......ceevvieeiiiiieeiiieeees MedBox
Modified Box: ........... .. Modified
Normal Distribution: ...........cccecvee N-Dist
Broken Line: ......ccccoeeiiiiieiniiieeen, Broken

* The following is a typical graph condition specification for a regression graph.
S-Gph1 DrawOn, Linear, List 1, List 2, List 3 «

The same format can be used for the following types of graphs, by simply replacing “Linear” in
the above specification with the applicable graph type.

Linear Regression: .........ccccceeeeen. Linear
Med-Med: .......cooviiiiiiceeee Med-Med
Quadratic Regression: . ..Quad
Cubic Regression: .......c.cccoceevvene Cubic
Quartic Regression: ..........cccceeeuane. Quart
Logarithmic Regression: ................. Log
Exponential Regression:................ Exp

Power Regression: .........ccccceeveee. Power
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* The following is a typical graph condition specification for a sinusoidal regression graph.
S-Gph1 DrawOn, Sinusoidal, List 1, List 2 «

* The following is a typical graph condition specification for a logistic regression graph.
S-Gph1 DrawOn, Logistic, List 1, List 2 «

Example Program BOO
ClrGraph AE] @
® CREO
S-Wind Auto *{@ @) @
{1,2,3} - List 1. SFIEO
{1,2, 3} - List 2. © (sar7) (es) (F8) (Fe) (2 (1D
S-Gph1 DrawOn, Scatter, List 1, List 2, 1, Square «
DrawStat
Executing this program produces the scatter
diagram shown here. : o
B Performing Statistical Calculations
* Single-variable statistical calculation
®1-Variable List 1, List 2
Frequency data (Frequency)
x-axis data (XList)
@
EEO 1-Uariable
X =2. 33333333
Ex =14
Exd =36
xin  =d. 74333599
xin-1 =H. 81643658 .
r"| =
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¢ Paired-variable statistical calculation
@2-Variable List 1, List 2, List 3

L

Frequency data (Frequency)
y-axis data (YList)
x-axis data (XList)

“Fq (6] (2 E:Uari%ble
x -
X =6
Ex2z =14
xgn =?.81649658
X -1=
1] " =3

* Regression statistical calculation
@Line?rReq List 1, List 2, List 3

Calculation Frequency data (Frequency)

type y-axis data (YList)
x-axis data (XList)

OF @ Linearkes
b
r_=1
rE=]

w»=ax+h

* Any one of the following can be specified as the calculation type.

LinearReg.......... linear regression
Med-MedLine .... Med-Med calculation
QuadReg ........... quadratic regression
CubicReg........... cubic regression
QuartReg........... quartic regression
LogReg ....cccveee. logarithmic regression
ExpReg ............. exponential regression
PowerReg .......... power regression

 Sinusoidal regression statistical calculation
SinReg List 1, List 2

y-axis data (YList)

x-axis data (XList)

e Logistic regression statistical calculation
LogisticReg List 1, List 2

y-axis data (YList)

x-axis data (XList)
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8-7 Program Mode Command List
RUN Program

[OPTN] key

19990401

GRPH [SelOn G_SelOn_ PROB [x! !
Level 1 |Level 2|Level 3] Command Seloff G_SelOff_ Level 1 |Level 2|Level 3] Command nPr P
MAT  [Swap Swap_ TYPE [Y= Y=TYPE LIST [List List_ nCr C
*Row *Row_ I= r=TYPE Dim Dim_ Ran# Ran#_
*Row+ *Row+_ Param | ParamTYPE Seq Seq( P( P(
Row+ Row+_ X=c [X=cTYPE Min Min( Q( Q(
STAT  |S-GPH|S-Gph1| S-Gph1_ Y>  |Y>Type Max Max( R( R(
S-Gph2) S-Gph2_ Y<__|Y<Type Mean Mean( t( #(
S-Gph3| S-Gph3_ Yz  |Y=Type Median Median( HYP |sinh sinh_
DRAW(On DrawOn Y= |Y<Type Sum Sum_ cosh cosh_
0ff DrawOff GMEM| Store | StoGMEM Prod Prod_ tanh tanh_
GRAPH|Scat | Scatter Recall | ReIGMEM Cuml Cuml_ sinh~! sinh™
XyLine [xyLine DYNA |SelOn D_SelOn_ % Percent_ cosh™! cosh™
NPPlot | NPPlot SelOff D_SelOff_ AList AList_ tanh~! tanh-!
Hist |Hist Var D_Var_ Augmnt ANGL | °
Box |MedBox TYPE [Y= |Y=Type Fill Fill( r r
ModBox ModifiedBox r= r=Type L—Mat List—Mat( g g
N-Dist | N-Dist Param | ParamType MAT  [Mat Mat_ °’ o'
Broken | Broken RECR |nan.. |n n Dim Dim_ »DMS »DMS
Linear | Linear an  |an Det Det_ Pol( Pol(
MedMed| Med-Med an+1 |an+1 Tm Trn_ Rec( Rec(
Quad | Quad bn_{bn Augmnt STAT |& £
Cubic |Cubic bn+1 {bn+1 Ident Identity_ 9 9
Quart | Quart cn__[en Fill Fill( FMEM |fn fn
Log |Log cn+l [en+1 M—sList Mat—List( Z00M |Factor Factor_
Exp  |Exp SelOn R_SelOn_ CPLX |Abs Abs_ Auto Z
Power |Power SelOff R_SelOff_ Arg Arg_ SKTCH [Cls Cls
Sin |Si i Sel a0 Sel_ao Conjg Conjg_ PLOT (On |PlotOn_
Lgstic | Logistic Sel at Sel_a1 ReP ReP_ Off | PlotOff_
List List_ TYPE [an anType ImP ImP_ Change| PlotChg_
MARK| O  [Square an+1_|an+1Type >1e’oi] >refgi Plot [Plot_
X |Cross an+2 |an+2Type >a+bi >a+bi LINE [F-Line|[F-Line_
. Dot CALC |d/dx d/dx( Line [Line
CALC |1VAR |1-Variable_ d%/dx? d%/dx?( GRAPH|Y=__|Graph_Y=
VAR |2-Variable_ /dx /( Jdx_|Graph_/
Linear |LinearReg_ > = ( Text Text_
MedMed| Med-MedLine_ FMin FMin( PIXEL [On__[PxIOn_
Quad |QuadReg_ FMax FMax( off | PxIOff_
Cubic |CubicReg_ Solve Solve( Change| PxIChg_
Quart |QuartReg_ NUM  [Abs Abs_ Test |PxITest(
Log |LogReg_ Int Int_ Tangnt Tangent_
Exp  |ExpReg_ Frac Frac_ Normal Normal_
Power | PowerReg_ Rnd Rnd Invrse Inverse_
Sin__|SinReg_ Intg Intg_ Circle Circle_
Lgstic |LogisticReg_| E-SYM|m m Vert Vertical_
LIST  [SortA SortA( u u Horz Horizontal
SortD SortD( n n PICT  |Store StoPict_
p p Recall RelPict_
f f SYBL > ’
k k ” »
M M ~ ~
G G *
T T # #
P P o o
E E
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[VARS] key PTS [x1_ |x1 [SHIFT][VARS](PRGM) key | | [CTRL][F3](SET UP) key
Level 1 |Level 2|Level 3| Command yi vl Level 1 |Level 2|Level 3] Command Level 1Level2|Level 3] Command
V-WIN |{Xmin Xmin X2 |x2 Prog Prog_ ANGL |Deg Deg

Xmax Xmax y2_ |y2 JUMP |Lbl Lbl_ Rad Rad

Xscale Xscl x3_ [x3 Goto Goto_ Gra Gra

Xdot Xdot y3  [y3 Isz Isz_ DISP  [Fix Fix_

Ymin Ymin GRPH [Yn Y Dsz Dsz_ Sci Sci_

Ymax Ymax m r ? ? Norm Norm

Yscale Yscl Xtn Xt 4 4 EngOn EngOn

Tomin Témin Yin Yt 1/0 Locate Locate_ EngOff EngOff

Tomax Tomax Xn X Getkey Getkey CPLX [Real Real

Téptch Téptch DYNA |Start D_Start Send Send( a+bi a+hi

R-Xmin RightXmin End D_End Receiv ive( rehgi retgi

R-Xmax RightXmax Pitch D_pitch IF If If_ GRPH [G-FUNC[On  [FuncOn

R-Xscl RightXscl TABL |Start F_Start Then Then_ Off | FuncOff

R-Xdot RightXdot End F_End Else Else_ D-TYPE |G-Con | G-Connect

R-Ymin RightYmin Pitch F_pitch IfEnd IfEnd G-Plot | G-Plot

R-Ymax RightYmax Result F_Result FOR  [For For_ BG  |None [BG-None

R-Yscl RightYscl RECR |FORM[an |an To _To_ Pict [BG-Pict_

R-Tmin RightT émin an+1 |an+1 Step _Step_ SIMUL(On__ [SimulOn

R-Tmax RightT émax an+2 |an+2 Next Next Off | SimulOff

R-Tpch RightT &ptch bn |bn WHLE |While While_ COORD (On__ |CoordOn
FACT  [Xfact Xfct bn+1 | bn+1 WhIEnd WhileEnd Off _[CoordOff

Yfact Yict bn+2 [bn+2 Do Do GRID [On__|GridOn
STAT [n n cn |en LpWhle LpWhile_ Off | GridOff

X X X cn+1 |en+t CTRL |Prog Prog_ AXES |On__ |AxesOn

X [EXx cn+2 |cn+2 Return| Return Off _|AxesOff
> |Ex? RANGE|R-Strt | R_Start Break Break LABEL |On  [LabelOn
xon _|xon R-End |R_End Stop Stop Off _|LabelOff
Xon-1|xon-1 a0 |a0 LOGIC [=*<|= = STAT [S-WIN |Auto |S-WindAuto
minX_[minX al a1 * ¥ Manual [S-WindMan
maxX | maxX a2 |a2 > > File File_

Y v v b0 [b0 < < RESID |None [Resid-None

Iy Xy b1 b1 2 2 List | Resid-List_
32 [Zy? b2 [b2 < s DERIV |On DerivOn
Xy [Zxy c0_ |c0 And _And_ off DerivOff
yon _[yon cl ¢l Or _Or_ T-VAR |Range VarRange
yon-1|yon—1 c2  |c2 Not Not_ List VarList_
minY {minY anStrt | anStart CLR [Text ClrText eDSP |On =dispOn
maxY | maxY bnstrt | bnStart Graph ClrGraph Off TdispOff
GRAPH [a a cnStrt | cnStart List ClrList_
b b Result R_Result Matrix ClrMat_
c [ EQUA |[S-Rslt Sim_Result DISP [Stat DrawStat
d d S-Coef Sim_Coef Graph DrawGraph
e e P-Rslt Ply_Result Dyna DrawDyna
r r P-Coef Ply_Coet F-TBL [Table | DispF-Thl
2 r G-Con | DrawFTG-Con
Q1 jo1 G-Plot | DrawFTG-PIt
Med |Med R-TBL [Table | DispR-Thl
Q3 |03 Web |DrawWeh_
Mod | Mod R-Con [ DrawR-Con
H-Strt |H_Start Rz-Con| DrawRZ-Con
H-ptch [H_pitch R-Plot | DrawR-PIt
: : RZ-PIt | DrawRZ-PIt
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BASE Program

[SHIFT][OPTN](V-Window)key [CTRL][F3](SETUP) key
Level 1|Level2|Level 3| Command | |Level1|Level2|Level3] Command | |Leveld|Level2|Level3] Command
V-Win ViewWindow_| [d~0 |d d Dec Dec
Sto StoV-Win_ h h Hex Hex
Rel RelV-Win_ b b Bin Bin
0 0 Oct Oct
LOG |Neg Neg_
Not Not_
and and
or or
xor xor
xnor xnor
DISP | »Dec >Dec
>Hex >Hex
>Bin >Bin
>Oct >0ct

[SHIFT][VARS](PRGM) key
Level 1 |Level 2|Level 3] Command

Prog Prog_
JUMP {Lbl Lbl_
Goto Goto_
Isz Isz_
Dsz Dsz_
? ?
A A
=%< = =
* *
> >
< <
= =
T
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8-8 Program Library

* Be sure to check how many bytes of unused memory are remaining before attempting to
perform any programming.

Program Name Prime Factorization

Description

This program continually divides a natural number by factors until all its prime factors are
produced.

Purpose

This program accepts input of natural number A, and divides it by B (2, 3, 5, 7....) to find the
prime factors of A.

* |f a division operation does not produce a remainder, the result of the operation is
assigned to A.

* The above procedure is repeated until B > A.

o0 o000
Example
440730 =2 x 3 x 3 x5x%x59 x 83

ClrTextd

"INPUT NUMBER"7?-Ad
2~Bd

Dod

While Frac (A/B)=0d
B4

A/B-Ad

WhileEndd

If B=2d

Then 3-Bd

Else B+2-Bd

IfEndd

LpWhile B<Ad

"END™
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IHPUT HUMEER™
e
IHPUT HUMEER?
452
. =
- Di=sr -
=
IHPUT HUMEER?
452
2
) 3
- Di=p -
EXE l
IHPUT HUMEER™
452
2
3
T
1
- Di=p -
@ |
IHPUT HUMEER?
452
2
3
T
11
EHL:
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Program Name Arithmetic-Geometric Sequence Differentiation

Description

After inputting sequence terms 1, 2, and 3, this program determines whether it is an arithmetic
sequence or geometric sequence based on the differences and ratios of the terms.

Purpose

This program determines whether a specific sequence is an arithmetic sequence or
geometric sequence.

o0 o000

Example 1 5, 10, 15, ... Arithmetic sequence

eoeo0ooe
Example 2 5, 10, 20, ... Geometric sequence

ClrTextd

"AT"?-Ad

"A2"?-Bd

"A3"?-Cd

B-A-Dd

C-B~Ed

If D=Ed

Then ClrTextd

"AN = A1 + (N-1)D"«
"ot
"Al
"D
Locate 6,3,Ad
Locate 6,4,D4
IfEndd

B/A~Fd

C/B~Gd

If F=Gd

Then ClrTextd

"AN = Alxr~M(N-1)"d
"ord

"Al ="d

"roo="d

Locate 6,3,Ad
Locate 6,4,Fd
IfEndd

"END"

="(_|
=II(J
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Example 1 Example 2
AT ALY
B]ES l B l
AT AT
] 5
AZT RZ?
ERJ)CE) l ERJ]CE) ,L
AT AT
] 5
AZT RZ?
1@ 18
AT AZ?
HE l @0 l
AT Al?
1] )
AZT RZ?
1@ 18
H3T A3
15 28
= =
AH = Al + CH-13D AH = Alx=r~cH-13
Al = 5 Al = 5
u] =5 . r =
- DisF - EHD
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Program Name Ellipse

Description

This program displays a number table of the following values based on input of the foci of an
ellipse, the sum of the distance between the loci and foci, and the pitch (step size) of X.

Y1: Coordinate values of upper half of ellipse
Y2: Coordinate values of lower half of ellipse
Y3: Distances between right focus and loci
Y4: Distances between left focus and loci
Y5: Sum of Y3 and Y4

Next, the program plots the foci and values in Y1 and Y2.

Purpose
This program shows that the sums of the
. . . Dod
d|§tances between the loci and two foci of an ClrTextd
ellipse are equal. "FOCUS (C,0),(-C,0)"«
"C="7?-Cd

"SUM DISTANCE"?-Dd
LpWhile 2Abs C>D Or D<0d
D/2-Ad

Y (A2-C2)-Bd

Y=Typed

"B (1-X2/A2)">Y1d
"=Y1"-Y2d
"((X=C)2+Y12)"-Y3d
"(X+C)2+Y12)"->Y44
"Y3+Y4"->Y5d

For 1-E To 20d

If E<54

Then G SelOn Ed
Else G SelOff EdJ
IfEndd

Nextd

-Int A-F Startd

Int A-F Endd

"F pitch"?>F pitchd
DispF-Tbl 4
ClrGraphd
1.2A>Xmaxd
=1.2A>Xmind
1.2B~>Ymaxd
-1.2B~>Ymind

G Seloff 34

G SelOff 44

G SelOff 54
DispF-Tbld
DrawFTG-PItd

PlotOn C,0d

PlotOn -C,04

"END"
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E]
FUCLS CL B, C-LLH)
C="7
3
B @D 0@ l

FOLLES CLa s C-La 1
c="7

3
?EN DISTAMCE?

B @D l

FOCTIS CC. 50, (-C.H3
C=7

5
SUM DISTAMCE?

T Fitch?
=
4 ¥l va va
5 [ [ [
-0 2 -24 Y
-3 3.2 -3.2 E.B
-2 3.EG6 -3.EE6  EaZ

Exg Ry (0] l
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Program Name Rotation

Description

This program draws an angle at the coordinate defined by an input vertex, and then rotates it
to a specified angle around the vertex.

Purpose

This program demonstrates coordinate transformation using a matrix.

Important!
Deg must be set as the angle unit for this program.

Dod F-Line H,I,F,Gd
ClrTextd IfEndd

"VERTEX NUMBER"?-AJ IfEndd

LpWhile A<0 Or Frac A=0d Text 1,1,"-—-END--"
{2,A}>Dim Mat Ad

ClrGraphd

For 1-B To Ad

Text 1,1,"VERTEX"<d
Text 1,30,Bd

If B=1d

Then Plot 4

PlotOn X,Yd

X-Mat A[1,B]ld

Y-Mat A[2,B]<

Else Plot C,D«
F-Line C,D,X,Yd
X-Mat A[1,B]<d

Y-Mat A[2,B]d
IfEndd

Mat A[1,B]-Cd

Mat A[2,B]-Dd

Nextd

Mat A[1,1]-Ed

Mat A[2,1]-Fd

F-Line C,D,E,Fd

Text 1,1,"=~AXIS--"d
Plot 4

PlotOn X,Yd

X=Cd

Y-Dd

A-Dim List 14

A-Dim List 24
Fill(C,List 1)d
Fill(D,List 2)d
List-Mat(List 1,List 2)d
Trn Mat Ans-Mat Cd
Mat A-Mat C-Mat Ad
ClrTextd

“ANGLE"?-Ed

[[cos E,-sin E][sin E,cos E]]~Mat BdJ
Mat BxMat A-Mat Dd
Mat D+Mat C-Mat D
If A=14d

Then PlotOn Mat D[1,1],Mat D[2,1]4
Else For 1-B To A-1d
Mat D[1,B]-Fd

Mat D[2,B]-Gd

Mat D[1,B+1]-HdJ

Mat D[2,B+1]-Id
F-Line F,G,H,Id
Nextd

If A>24

Then Mat D[1,1]-Fd
Mat D[2,1]-Gd
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8-8-8

Program Library
VERTEX HUMBER? --AHIE--
L+ {:1
4=0 v=0
UERTE: | ——RHIE--
L - (::l
=0 v=0 %=-0.E ¥=-0.9
(SIGIOIC) l EEJCS l
UERTE% | AHGLE?
LE]
%=1.3 ¥=-1.4
EEEEIIGIOIC) l [EN)EE l
UERTEH 2 —EMD—
4=3.4 yz-2a | FIcTl
EEISIGIOIC l
UERTEX 3
L+
iy
n=3 W=-0.5
GECE]
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Program Library

Program Name

Interior Angles and Surface Area of a Triangle

Description

This program calculates the interior angles and surface area of a triangle defined by input

coordinates for angles A, B, and C.

Purpose

This program calculates the interior angles and surface area of a triangle defined by

coordinates for angles A, B, and C.

Important!

Inputting the same coordinates for any two angles (A, B, C) causes an error.

ClrTextd

"WHICH ANGLE?"d

" 1.Deg"d

" 2.Rad"d

" 3.Gra"d

Dod

Getkeyd

LpWhile ((Ans=72) Or (Ans=62) Or (Ans=52))=0d
If Ans=72d

Then 1-64d

Degd
tord
"-Deg-Deg-Deg-Deg-Deg-"4
IfEndd

If Ans=62J
Then 2-64
Radd

"l
"-Rad-Rad-Rad-Rad-Rad-"d
IfEndd

If Ans=52d
Then 3-64
Grad

"ord
"-Gra-Gra-Gra-Gra-Gra-"d
IfEndd
"AX"?-Ad
“AY"“?2-Bd
“BX"?-Cd
"BY"?-Dd
"CX"?-Ed
“CY"?-Fd
A-C~Gd

B-D-Hd

C-E-Id

D-F-Jd

E-A-Kd

F-B-Ld
—GI-HJ-Md
—IK-JL~Nd
—KG-LH~0d

Y (G2+H2)-Pd

Y (I2+J2)-Qd

£ (K2+L2)-Rd
M/PQ-Sd
N/QR-Td
0/PR-Ud

cos™ §-Vd
cos™ T-Wd
cos’ U-=Xd
PQY(1-52)~Yd
ClrTextd

" <ABC ="d
Locate 9,1,Vd

19990401

" <ACB ="
Locate 9
" <BAC ="
Locate 9
If 6=14
Then "
IfEndd
If 6=24
Then
IfEndd

If 6=34
Then "
IfEndd

" AREA ="d
Locate 9,5,

Y/2d

"d
"END"

(Deg) "

(Rad)"d

(Gra)"d




8-8-10
Program Library

MTICH HHELE™

Z2.Rad
3.Gra

-Dea-Des-Des-Des-Dea-
AX?

O EOEE l

B
5]
A4
5]
B

neos |

5]
B
1
B\
5]
Ch?

mIDI
ioam
cmo
nun
Lo R o [u ]
EEE

I
A
m
I
n
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Chapter

System Settings Menu

Use the system settings menu to view system information and g
make system settings. The system settings menu lets you do the

following.

* View memory usage information

* Make contrast settings

* Make Auto Power Off settings

* Specify the system language

* Reset the calculator

e Tutorial Lock (ALGEBRA FX 2.0 PLUS only)

9-1 Using the System Settings Menu

9-2 Memory Operations

9-3 System Settings

9-4 Reset

9-5 Tutorial Lock (ALGEBRA FX 2.0 PLUS only)
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9-1-1
Using the System Settings Menu

9-1 Using the System Settings Menu

From the Main Menu, enter the SYSTEM Mode and display the following menu items.

Sy=tem Manaser
Fl:Memor» Usage
F2:Contrast
F3:AuLo Power Off
F4:Larauages
Fa:Fesel
F&: TuLDPlal Lock

HEm] <3 | AFO Lan3lkesedTLock]

* [F1)(Mem) ... {display current memory status and delete data stored in memory}
* [F2 (<) ... {display contrast adjustment}

* [F3J(APO) ... {Auto Power Off time setting}

¢ [F3)(Lang) ... {system language}

* [F5) (Reset) ... {system reset operations}

* [Fg)(T-Lock) ... {Tutorial Lock}

* The T-Lock menu does not appear on the FX 1.0 PLUS.
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9-2-1
Memory Operations

9-2 Memory Operations

Use the Mem (Memory Usage) item to view current memory status and to delete certain data
stored in memory.

While the initial System Settings Mode screen is displayed, press (F1)(Mem) to display the
Memory Usage screen.

Memory Usase
Fl:Main Memories
F2:5torase Memories

Main 5t r3l

* [Fi)(Main) ... {display the Main Memories screen}
* [F2)(Strg) ... {display the Storage Memories screen.}

Pressing (F1)(Main) displays data currently assigned to Main Memories.

[Main Memories
Flx :
SLatlstlcs H =515
List File H 192
‘Y= DalLa : 1824
143762 Bytes Fres
DEL | [DFLA

* To delete data

1. Use the @ and ® cursor keys to move the highlighting to the memory item whose
data you want to delete.

2. Depending on the screen that is on your display, press the function key assigned to the
DEL function.

* From the Main Memories screen, press (F1)(DEL).*
* From the Storage Memories screen, press (Fg)(DEL).

3. If you selected List File, Graph Memory, V-Win Memory, Picture or H-Copy Memory in
step 1, a menu appears so you can select which data you want to delete.
Input a number to specify the data and then press [xg.

4. In response to the confirmation message that appears, press [xg(Yes) to delete the
data you specified, or Esg(No) to cancel.

Pressing or [SSJ (QUIT) returns to the initial System Settings Mode screen.

*Pressing (F§)(DEL - A) deletes all the data in # Performing the procedure to delete add-in
the currently selected memory item. applications clears all currently installed add-ins.
You cannot delete add-ins individually.
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9-2-2
Memory Operations

* To view memory usage information

Use @ and ® to move the highlighting and view the amount of memory (in bytes) used for
storage of each type of data.

The following table shows all of the data types that appear on the memory status screen.
Main Memories

Data Type Meaning
Program Program data
Matrix Matrix memory data
Statistics Statistical calculations and graphs
List File List data
Y=Data Graph functions

Graph drawing conditions (View Window,

Draw Memory enlargement/reduction factor)

Graph Memory Graph memory data

V-Win Memory View Window memory data

Picture Picture memory data

Table Function Table & Graph data

Dynamic Graph Dynamic Graph data

Recursion Recursion Table & Graph data

Equation Equation calculation data

Algebra Algebra variable data (ALGEBRA FX 2.0 PLUS only)
Financial Financial data

Diff Eq Differential equation and graphing conditions
E-Con E-CON setup memory, custom probe list
Alpha Memory Alpha memory data

Function Mem Function memory data

H-Copy Memory Screen shot transfer memory

System System Variable data

Others Other data

Storage Memories*!

Data Type Meaning
ADD-IN APP. Add-in applications
[B]~ Backup data

Pressing (F1)(Ver) displays the application names and versions of all currently installed add-
ins.

*1 Any item that does not contain any data does
not appear on the screen.

20010102




9-3-1
System Settings

9-3 System Settings

H Contrast Adjustment

Use the C» (Contrast) item to adjust display contrast.

While the initial System Settings Mode screen is displayed, press (F2) (Cm) to display the
Contrast Adjustment screen.

ConLrast
[4]Kex LB 1Key
[ o
Liaht Lark
IHITI

e The ® cursor key makes display contrast darker.
* The @ cursor key makes display contrast lighter.

* [FJ(INIT) returns display contrast to its initial default.

Pressing or [ESJ (QUIT) returns to the initial System Settings Mode screen.

You can adjust contrast while any screen besides the Main Menu is on the display by
pressing and then ® or @. To exit contrast adjustment, press again.

B APO Settings

You can specify either six minutes or 60 minutes as the Auto Power Off trigger time. The
initial default setting is six minutes.

While the initial System Settings Mode screen is displayed, press (F3)(APO) to display the
APO Setting screen.

Auto Power Off

Setlina 16 Min.

g | ed

* [F1)(6) ... 6 minutes
* F2(60) ... 60 minutes
Pressing or [ESJ(QUIT) returns to the initial System Settings Mode screen.
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9-3-2
System Settings

H System Language Setting
Use Lang to specify the display language for built-in applications. You can also use add-ins

to install various other languages.

1. From the initial System Setting Mode screen, press (F4) (Lang) to display the system
language setting screen.

Lanauaae
[Enalishl

eut.zclk
Franzais
Italiano

Sel

2. Use the @ and @ cursor keys to select the language you want, and then press

(F)(Sel).

3. The pop up window appears using the language you selected. Check the contents and
then press (0.

Press or [ESg (QUIT) to return to the initial System Setting Mode screen.

# Installing a language with an add-in causes # English display only is supported for the
the installed language to be selected as the following functions.
system language automatically. « Differential equations
* E-CON

This means that all displays are in English, even
if another display language is selected.
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9-4-1
Reset

9-4 Reset

1. While the initial System Settings Mode screen is displayed, press (5 (Reset) to display
the Reset Menu screen.

Aok o bbb Rk ok ko ok
¥ RESET ¥

o b o o R
FliSetur Data,
F2iMain Memories
F3iStorase Memories
Fatlnitialize

=AU MainlEtF 3 Irit |

* [F1)(S/U) ... {set up initialization}
¢ (Fg(Main) ... {main memory data clear}
¢ [F4)(Init) ... {all memory clear}

Pressing (F3)(Strg) on the above screen displays the Storage Memories screen shown
below.

Main Memories
A 2: E [RDDINTEACEIE 2: M

* [F1)(A&B) ... {Add-in application and backup data clear}

* [F2)(ADDIN) ... {Add-in application clear}

¢ [F3)(BACK) ... {Backup data clear}

* (F4(B&M) ... {Backup data and Main Memories data clear}

2. Press the function key that corresponds to the reset operation you want to perform.

3. In response to the confirmation message that appears, press [Exg(Yes) to perform the
reset operation you specified, or [Eg(No) to cancel.

4. A message appears to let you know when the reset operation is complete.
Press (W) to return to the Main Menu.
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9-5-1
Tutorial Lock

9-5 Tutorial Lock (ALGEBRA FX 2.0 PLUS only)

You can temporarily disable the Tutorial Mode (for 180 minutes).

1. From the initial System Setting Mode screen, press (Fg)(T-Lock) to display the Tutorial

Lock screen.

2. Pressing (F1) (Lock) displays the pop-up menu.

TuLorial Lock
Tutorial Is Enabled

Lockl

T £ a 1 1 1
|Disable Tutorial?
Yes:[EXE]

Mo :[ESC]

Lockl

3. Pressing [Exg (Yes) locks the Tutorial Mode so it cannot be used for 180 minutes.

TuLorial Lock
Tutorial Is Disabled

Remaindesr t12@Min.

Lockl

Pressing or [SS (QUIT) returns to the initial System Settings Mode screen.

Attempting to enter the Tutorial Mode while Tutorial Lock
is enabled displays a screen that shows the remaining
Tutorial Lock time.

Press to return to the Main Menu.
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Chapter

Data Communications

This chapter tells you everything you need to know to transfer
programs between two CASIO Power Graphic calculators
connected using the cable that is equipped as a standard
accessory.

You can also use the cable to connect the calculator to a CASIO
Label Printer to print screen data.

To transfer data between a calculator and a personal computer,
you need to purchase the separately available CASIO FA-123
Connection Kit.

10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8

Connecting Two Units

Connecting the Unit with a CASIO Label Printer
Connecting the Unit to a Personal Computer
Performing a Data Communication Operation
Data Communications Precautions

Sending a Screen Shot

Add-ins

MEMORY Mode
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10-1-1
Connecting Two Units

10-1 Connecting Two Units

The following procedure describes how to connect two units with the connecting cable that
comes equipped as a standard accessory.

® To connect two units
1. Check to make sure that the power of both units is off.

2. Remove the covers from the connectors of the two units.

3. Connect the two units using the cable.

# Models that are supported for this configura- # Be sure you keep the connector covers in a safe
tion are shown below. place so you can replace them after you finish
ALGEBRA FX 2.0/FX 2.0 PLUS your data communications.

FX1.0/FX 1.0 PLUS # Keep the connectors covered when you are not

using them.
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10-2-1
Connecting the Unit with a CASIO Label Printer

10-2 Connecting the Unit with a CASIO Label
Printer

After you connect the unit to a CASIO Label Printer with cable, you can use the Label Printer
to print screen shot data from the unit (see 10-6 Sending a Screen Shot). See the user’s
guide that comes with your Label Printer for details on how to perform this operation.

* The operation described above can be performed using the following Label Printer
models: KL-2000, KL-2700, KL-8200, KL-8700 (as of February 1999).

eTo connect the unit to a Label Printer
1. Check to make sure that the power of the unit and the Label Printer is off.

2. Connect the cable to the Label Printer.

3. Remove the cover from the connector of the unit.

4. Connect the other end of the cable to the unit.

5. Turn on the power of the unit, followed by the Label Printer.

 After you finish data communications, turn off power in the sequence: the unit first, and
then the Label Printer. Finally, disconnect the equipment.

# Be sure you keep the connector cover in a finish your data communications.
safe place so you can replace it after you
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10-3-1
Connecting the Unit to a Personal Computer

10-3 Connecting the Unit to a Personal
Computer

To transfer data and screen shots between the unit and a personal computer, you must
connect them through a separately available CASIO FA-123 Connection Kit.

For details on operation, the types of computer that can be connected, and hardware
limitations, see the user’s manual that comes with the FA-123.

Some types of data may not be able to be exchanged with a personal computer.

e To connect the unit to a personal computer
1. Check to make sure that the power of the unit and the personal computer is off.

2. Connect the personal computer to the FA-123 Connection Kit.
3. Remove the cover from the connector of the unit.
4. Connect the unit to the FA-123 Connection Kit.

5. Turn on the power of the unit, followed by the personal computer.

 After you finish data communications, turn off power in the sequence: the unit first, and
then the personal computer. Finally, disconnect the equipment.

# The ALGEBRA calculator also supports to PC # Be sure you keep the connector cover in a safe
transfer of programs created with a CASIO place so you can replace it after you finish your
CFX-9850 Series calculator. data communications.
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10-4-1
Performing a Data Communication Operation

10-4 Performing a Data Communication
Operation

From the Main Menu, enter the LINK Mode. The following data communication main menu
appears on the display.

Data Communication

Fl:Transmit
FZiReceive

TRHE [RECU]

* {TRNS}/{Recv} ... menu of {send settings}/{receive settings}

Communication parameters are fixed at the following settings.
* Speed (BPS):  38.4 kbps (sending a data)
9,600bps (sending a screen shot)
* Parity (PARITY): NONE

B Performing a Data Transfer Operation

Connect the two units and then perform the following procedures.

Receiving unit

To set up the calculator to receive data, press ([F2)(Recv) while the data communication main
menu is displayed.

Receiving...

Canceli[AC]

The calculator enters a data receive standby mode and waits for data to arrive. Actual data
receive starts as soon as data is sent from the sending unit.
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10-4-2
Performing a Data Communication Operation

Sending unit

To set up the calculator to send data, press (F1) (TRNS) while the data communication main
menu is displayed.

Data Communication

Press the number key that corresponds to the type of data you want to send.
* {Select} ... {selects data items and sends them}

e {Currnt} ... {selects data items from among previously selected data items and sends
them}

* {Backup} ... {sends all memory contents, including mode settings}
* {H-Copys} ... {selects H-Copy screen shot data and sends it}

e To send selected data items
Press (1] (Select) or (2] (Currnt) to display a data item selection screen.

[ata Select
Lrhia Memor:

Li=

List 2

ZEL [ ALL [Trrsl

¢ {Sel} ... {selects data item where cursor is located}
o {All} ... {selects all data}
* {Trns} ... {sends selected data items}
Use the @ and @ cursor keys to move the cursor to the data item you want to select and

press (F1)(Sel) to select it. Currently selected data items are marked with “»”. Pressing
(Trns) sends all the selected data items.

* To deselect a data item, move the cursor to it and press (F1)(Sel) again.
Only items that contain data appear on the data item selection screen. If there are too many

data items to fit on a single screen, the list scrolls when you move the cursor to the bottom
line of the items on the screen.

19990401




10-4-3
Performing a Data Communication Operation

oTo execute a send operation

After selecting the data items to send, press (Fg)(Trns). A message appears to confirm that
you want to execute the send operation.

T Ciml T

Transmit. OK?

Yesi [EXE]
Mo f[ESC]

F'TTT;EC‘

el TALL Trrzl
e Bxg(Yes) ... sends data
* [Esg(No) ... returns to data selection screen
Press [exg(Yes) to send the data. Transmitting...
Cancel:[AC]

* You can interrupt a data operation at any time by pressing (ad).

The following shows what the displays of the sending and receiving units look like after the
data communication operation is complete.

Sending Unit Receiving Unit
ot ot o R a o
ComrFlete! ConrFlete!
Pres=: [ESC] Pres=: [ESC]

Press to return to the data communication main menu.
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10-4-4
Performing a Data Communication Operation

® To send backup data
This operation allows you to send all memory contents, including mode settings.

While the transmit data type selection menu is on the screen, press (3] (Backup), to display
the screen shown below.

gt = C—

Backur QK7

Yesi [EXE]
F Mo :[ESC]

TRHE [RECU]

Press [exg(Yes) to start the send operation.

The following shows what the displays of the sending and receiving units look like after the
data communication operation is complete.

Sending Unit Receiving Unit
ot ot o R a .
Comrlete! ConFlete!
FPres=:[ESC] Fres=:i[ESC]

Press to return to the data communication main menu.

# Data can become corrupted, necessitating a Make sure that the cable is securely connected to
RESET of the receiving unit, should the both units before performing any data communi-
connecting cable become disconnected during  cation operation.
data transfer.
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10-5-1
Data Communications Precautions

10-5 Data Communications Precautions

The following are the types of data items that can be sent.

O it P d
Data Item Contents Cvl.?ég:Le gﬁ:\ggz
Program names Program contents Ye Ye
(All programs are listed.) es es
Mat n Matrix memory (A to Z) contents Yes
List n List memory (1 to 20) contents Yes
File n List file memory (1 to 6) contents Yes
Graph expressions, graph write/
Y=Data non-write status, V-Window contents, No
zoom factors
G-Mem n Graph memory (1 to 20) contents Yes
V-Win n V-Window memory contents No
Picture n Picture (graph) memory (1 to 20) data No
DynaMem Dynamic Graph functions Yes
Equation Equation calculation coefficient values No
Alpha Memory Variable memory contents No
F-Mem n Function memory contents No
CAS CAS formula data contents N
(ALGEBRA FX 2.0 PLUS only) °
Algebra Algebra data contents N
(ALGEBRA FX 2.0 PLUS only) °
DIFF Equation Differencial Equation data No
E-CON Data E-CON data No
Add-in application | Add-in application data N
names (All add-in applications are listed.) 0

*' No overwrite check: If the receiving unit already contains the same type of data, the
existing data is overwritten with the new data.

With overwrite check: If the receiving unit already contains the same type of data, a
message appears to ask if the existing data should be overwritten with the new data.

) Overuwrite Check
Data item name — [Matl. A

Already Exisl=s
Oyerurite OK?

Fli: “es

F&_:Ho

ESC:Cancel

TES HO |
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10-5-2
Data Communications Precautions

e (FI(YES) ... {replaces the receiving unit’s existing data with the new data}
¢ [F6)(NO) ... {skips to next data item}

*2 With password check: If a file is password protected, a message appears asking for input
of the password.

Password Check
Name of password protected file__|F g3 =M Hame

7
Password input field 'EﬁSS“'D'“d E

[EWEL

After inputting the password, press [Exg.

Note the following precautions whenever you perform data communications.

* An error occurs whenever you try to send data to a receiving unit that is not yet standing
by to receive data. When this happens, press to clear the error and try again, after
setting up the receiving unit to receive data.

* An error occurs whenever the receiving unit does not receive any data approximately six
minutes after it is set up to receive data. When this happens, press to clear the error.

* An error occurs during data communications if the cable becomes disconnected, if the
parameters of the two units do not match, or if any other communications problem
occurs. When this happens, press to clear the error, then correct the problem before
trying data communications again. If data communications are interrupted by the key
operation or an error, any data successfully received up to the interruption will be in the
memory of the receiving unit.

* An error occurs if the receiving unit memory becomes full during data communications.
When this happens, press to clear the error and delete unneeded data from the
receiving unit to make room for the new data, and then try again.

* The E-CON item contains the following data.
1. Current Setup Data
2. Setup Memory Data
3. Custom Probe Memory Data
The corresponding data is overwritten on the receiver. Setup Memory data and Custom
Probe Memory data overwrites the data for the same memory number on the receiver. If
you want to keep data from being overwritten on the receiver, change its memory number.
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10-6-1
Sending a Screen Shot

10-6 Sending a Screen Shot

Use the following procedures to send a hardcopy of the screen directly to a connected
personal computer (or CASIO Label Printer) or to save a screen shot in memory to send
later. Screen shots can also be sent to a CASIO Label Printer.

Use the LINK Mode set up ((cRJ (F3) (SET UP)) to specify whether you want to send the
screen shot now or save it in memory.

e H-Copy
e {Dirct}/{Mem} ............. {direct send}/{save}

® To send a screen shot directly to a connected computer (or CASIO Label
Printer) (Direct)

1. Connect the unit to the computer (or CASIO Label Printer).

On the computer (or CASIO Label Printer), perform the procedures required to set it up
to receive data.

2. Display the screen you want to send.

3. Press () 8 (H-COPY).

® To save a screen shot in memory (Memory)
1. Display the screen you want to save.

2. Press (Fg) (H-COPY).
* You can store up to 20 screen shots in memory. Saved screen shots are automatically
assigned file names from Hcopy1 to Hcopy20.

# You cannot send the following types of # The flashing cursor is not included in the screen

screens to a computer or a Label Printer. image that is sent from the unit.

* The screen that appears while a data # You cannot use 6mm wide tape to print a screen
communication operation is in progress. shot of a graph.

* A screen that appears while a calculation is
in progress.

* The screen that appears following the reset
operation.

* The low battery message.
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10-6-2
Sending a Screen Shot

® To send a saved screen shot to a computer or CASIO Label Printer

1. Connect the unit to the computer (or CASIO Label Printer). On the computer (or CASIO
Label Printer), perform the procedures required to set it up to receive data.

2. In the LINK Mode, press (F1)(TRNS) (4] (H-Copy) to display the list of screen shots in

memory.

Dgta Select

COF
Hoor=3
HooF 4
HooF =2
Hoor =G

[Trnz

3. Use the @ and @ cursor keys to highlight the name of the screen shot you want to

send, and then press (F§)(Trns).
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10-7-1
Add-ins

10-7 Add-ins

Add-in capabilities let you install separately available applications and other software to tailor
the calculator to suit your particular needs.

Add-ins are installed from a computer using the data communication described on page
10-4-1.

The following are the types of software that can be installed as add-ins.

e Add-in Application

After you install an application, its icon appears in the Main Menu, and you can run it just as
you would a built-in application.

® Built-in Application Upgrades
These are upgrades for the applications that are pre-programmed in the calculator's ROM.

® On-screen Message Language Data

This data is required to display on-screen messages in other languages. Installing this data
causes all on-screen messages to appear in the corresponding language.
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10-8-1
MEMORY Mode

10-8 MEMORY Mode

This calculator has two separate memory areas: a “current area” and a “storage area.” The
current area is a work area where you can perform input data, perform calculations and run
programs. Data in the current area is relatively safe, but it can be deleted when batteries go
dead or when you perform a full reset.

The storage area uses “flash memory,” so data is safe even when power is interrupted.
Normally, you would use the storage area for data you need to store securely for long periods
and load it into the current area only when you need it.

Use the MEMORY Mode to transfer data between the current area and storage area, and to
perform other memory management operations.

From the Main Menu, select the MEMORY icon to enter the MEMORY Mode and display its

initial screen.

Memor> Manaser
Fl:Proaram Files
FZ:Backur
FI:OrLimization
FROGIEACEIDFT1

* {PROG}...... {program file save, load, delete, search}

* {BACK]} ...... {current area data backup and restore}

* {OPT} ......... {optimization of the storage area}

H Storing and Loading Program Files

Use the following procedures to store a current area program file into the storage area, and
to load a file from the storage area into the current area.
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MEMORY Mode

¢ To store a program file into the storage area
1. On the initial MEMORY Mode screen press (F1)(PROG).
* This displays a list of program files that are in the current area.*'

Curient. Ares
TEST : 54

145755 BrlesFres
SEL [ DEL [DELAI SR [SAVEISTRG]

2. Select the program file you want to store.

* Use the cursor @ and ® keys to highlight the name of the program file you want to
store, and then press (F1)(SEL).

3. Press (F5)(SAVE).

The message “Complete!” appears when the store operation is finished.

Press to return to the screen displayed in step 1.

A “Memory ERROR” occurs and the store operation is terminated if the storage area
becomes full.

The following message appears if there is already a program file in the storage area with the
same name as the program file you are trying to save.

+

C
CSAMFLE 1.
Already: Exists
Owerurite OK?
“Ye=si[EXE]
Mo f[ESC]

Press [xg(Yes) to save the new program file, or Esg(No) to cancel the save operation.

*1This screen appears as shown to the right if Current. Area
there are no program files in the current area
when you start the save operation. Mo Prosrans
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MEMORY Mode

® To load a program file from the storage area
1. On the initial MEMORY Mode screen press (F1)(PROG).

2. Press (Fg)(STRG).
* This displays a list of program files that are in the storage area. *'

Storagse Area

725170 BrlesFres
SEL | DEL [DELRI SRC [LOADICRATI

3. Select the program file you want to load.

* Use the cursor @ and @ keys to highlight the name of the program file you want to
load, and then press (F1)(SEL).

4. Press (F5)(LOAD).

The message “Complete!” appears when the load operation is finished.
Press to return to the screen displayed in step 1.

A “Memory ERROR” occurs and the load operation is terminated if the current area becomes
full.

The following message appears if there is already a program file in the current area with the
same name as the program file you are trying to load.

51‘ '
[SAMPLE 1
Alread: Exi
Oyerurite O

YWesi [EXKE
Mo :[ESC

=L=
k2

]
]

Press (e (Yes) to load the new program file, or Es¢) (No) to cancel the load operation.

*1The screen appears as shown below if there Storase Area
are no program files in the storage area when
you start the load operation. Mo Prosrams
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MEMORY Mode

H Deleting Program Files

Use the following procedures to delete individual files or all files in the current area or
storage areas.

® To delete a current area program file
1. On the initial MEMORY Mode screen press (F1)(PROG).
* This displays a list of program files that are in the current area.

2. Use the cursor @ and @ keys to highlight the name of the program file you want to
delete, and then press (F2)(DEL).

[

Pt
Lelete Proaram? h

Yesi [EXE]
Mo f[ESC]

¢ Press (&g (Yes) to delete the program file.
* Press [s¢) (No) to cancel the delete operation.

® To delete a storage area program file
1. On the initial MEMORY Mode screen press (F1)(PROG).

2. Press (Fg)(STRG).
* This displays a list of program files that are in the storage area.

3. Use the cursor @ and @ keys to highlight the name of the program file you want to
delete, and then press (F2) (DEL).

* Press [exg(Yes) to delete the program file.
* Press [Esg(No) to cancel the delete operation.

¢ To delete all the program files in the current area
1. On the initial MEMORY Mode screen press (F1)(PROG).
e This displays a list of program files that are in the current area.

2. Press (F3)(DEL-A). F'r -y =i
elete
All Programs?
“Yesi [EXE]
Mo = [ESC]

¢ Press [exg(Yes) to delete all the program files in the current area.
* Press [s¢)(No) to cancel the delete operation.
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MEMORY Mode

¢ To delete all the program files in the storage area
1. On the initial MEMORY Mode screen press (F1)(PROG).

2. Press (F)(STRG).

* This displays a list of program files that are in the storage area.

3. Press (F3)(DEL-A).

* Press [xg(Yes) to delete all the program files in the storage area.
* Press [ (No) to cancel the delete operation.

H Searching for a Program File

Use the following procedures to search for a specific program file in the current area or in the
storage area.

¢ To search for a program file in the current area *'

Example To search for all program files in the current area whose names begin

with the letter “C”

1. On the initial MEMORY Mode screen press (F1)(PROG).
* This displays a list of program files that are in the current area.

2. Press (F4(SRC).
* Input the letter “C” for the keyword.

Cur-ent. Hrea

Eeword?
[CA

* The first program file name that begins with the letter “C” appears highlighted on display.

Current. Area

TEST : E4

* You can input up to eight characters for the

The message “Not Found” appears if there are no
keyword.

program file names that match your keyword.
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MEMORY Mode

¢ To search for a program file in the storage area
o0 o000
Example To search for all program files in the storage area whose names begin
with the letter “S”
1. On the initial MEMORY Mode screen press (F1)(PROG).

2. Press (F6)(STRG).
* This displays a list of program files that are in the storage area.

3. Press [F4)(SRC).
* Input the letter “S” for the keyword.

* The first program file name that begins with the letter “S” appears highlighted on display.

Storagse Area
TEST : 54

Press @ or [F1)(SRC) to highlight the next file name that matches your keyword.
Press @ to highlight the previous file name that matches your keyword.

The message “Not Found” appears if there are no program file names that match your
keyword.

Press to exit the search.

19990401




10-8-7
MEMORY Mode

H Backing Up Current Area Data

You can back up all the data in the current area and store it in the storage area. Later you
can restore the backed up data to the current area when necessary.

® To back up current area data
1. On the initial MEMORY Mode screen press (F2) (BACK).

¢ Screen A appears if there is already backup data in the storage area. Screen B
appears if there is no backup data in the storage area.

Screen A Screen B
EBac kur Bac kur
Backur Dalta Exislts Mo Backur Dala
Ih Storase Area In Storase Area
SAUEILOAD] OEL | ZAUE

2. Press [F1)(SAVE) to backup the data.

The message “Complete!” appears when the backup operation is finished.
Press to return to the screen displayed in step 1.
The following message appears if there is already backup data in the storage area.

B 1
Overw-ite OK?

Yesi [EXE]
Mo f[ESC]

Press (B (Yes) to back up the data, or Esg(No) to cancel the backup operation.

A “Memory ERROR” occurs when there is not enough space available in the storage area to
complete the backup operation.
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MEMORY Mode

e To restore backup data to the current area
1. On the initial MEMORY Mode screen press (F2) (BACK).

* On the screen that appears, you can confirm whether or not there is backup data in
the storage area.

2. Press (F2)(LOAD).

* A message appears to confirm whether or not you really want to restore the backed
up data.

B 1
Oyerur-ite OK?

“Yes:i[EXE]
Mo s [ESC]

Press (e (Yes) to restore the data and delete any data currently in the area.
Press [ (No) to cancel the data backup operation.

The message “Complete!” appears when the restore operation is finished.
Press to return to the screen displayed in step 1.

¢ To delete backup data from the storage area
1. On the initial MEMORY Mode screen press (F2) (BACK).

* On the screen that appears, you can confirm whether or not there is backup data in
the storage area.

2. Press (F3)(DEL).

* A message appears to confirm whether or not you really want to delete the backed
up data.

E

Lelete
B Backur Dala?
Yesi [EXE]

Mo = [ESC]

Press [Exg(Yes) to delete the backed up data from the storage area.
Press [s¢)(No) to cancel the backup data delete operation.
The message “Complete!” appears when the delete operation is complete.

Press to return to the screen displayed in step 1, which now contains the message “No
Backup Data.”
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MEMORY Mode

B Optimizing the Storage Area

Storage area memory can become fragmented after many store and load operations.
Fragmentation can cause blocks of memory to become unavailable for data storage.
Because of this, you should periodically perform the storage area optimization procedure,
which rearranges the data in the storage area and makes memory usage more economical.

¢ To optimize the storage area
On the initial MEMORY Mode screen press (F3)(OPT) to start storage area optimization.

One Moment Flease

I

The message “Complete!” appears when the optimize operation is complete.
Press to return to the initial MEMORY Mode screen.
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Error Message Table

1 Error Message Table

Message

Meaning

Countermeasure

Syntax ERROR

e lllegal syntax
e Attempt to input an illegal
command

e Press [0 to display the error
and make necessary correc-
tions.

Ma ERROR

¢ Calculation result exceeds the
display range.

e Calculation is outside the input
range of a function.

* Mathematical error (division by
zero, etc.)

» Sufficient precision could not be
obtained for X calculation,
differential calculation, etc.

¢ Solution could not be obtained
for equation calculation, etc.

e Check input values and make
corrections to ensure that
values are within allowable
limits.

Go ERROR

(D No corresponding Lbl n for
Goto n.

@ No program stored in program
area Prog “file name”.

@ Correctly input a Lbl n to corres-
pond to the Goto n , or delete
the Goto n if not required.

(@ Store a program in program
area Prog "file name”, or delete
the Prog “file name” if not
required.

Nesting ERROR

* Nesting of subroutines by Prog
“file name” exceeds 10 levels.

¢ Ensure that Prog "file name” is
not used to return from
subroutines to main routine. If
used, delete any unnecessary
Prog "file name”.

¢ Trace the subroutine jump
destinations and ensure that no
jumps are made back to the
original program area. Ensure
that returns are made correctly.

Stack ERROR

e Execution of calculations that
exceed the capacity of the
stack for numeric values or
stack for commands.

* Simplify the formulas to keep
stacks within 10 levels for the
numeric values and 26 levels
for the commands.

¢ Divide the formula into two or
more parts.

19990401




o=1-2,

Error Message Table

Message Meaning Countermeasure
Memory e Operation or memory storage e Keep the number of variables
ERROR operation exceeds remaining you use for the operation within

memory capacity. the number of variables
currently available.

e Simplify the data you are trying
to store to keep it within the
available memory capacity.

e Delete no longer needed data
to make room for the new data.

Argument * Incorrect argument specification * Correct the argument.
ERROR for a command that requires an

argument.
Dimension * lllegal dimension or list used * Check the matrix or list
ERROR during matrix calculations. dimension.

Range ERROR

@ Input of an improper V-Window
value.

@ V-Window range settings
exceeded when a graph is
redrawn.

@ Input of an improper value on the
range screen and use of that
value for execution.

(@ Change the V-Window value so
it is within range.

@ Redraw using the proper
settings.

@ Input a proper range value.

Condition e Execution of a calculation or * Check the conditions and make

ERROR function before all conditions any necessary corrections.
required for execution are met.

Non-Real (@ Calculation that produces a (@ Change the Complex Mode

ERROR complex number when Real is setting to something other than

specified for the Complex Mode
setting on the SET UP screen,
even though the argument is a
real number.

@ Calculation that produces a
complex number when Real is
specified for the Answer Type
setting on the SET UP screen,
even though the argument is a
real number. (ALGEBRA FX 2.0
PLUS only)

Real.

@ Change the Answer Type
setting to something other than
Real. (ALGEBRA FX 2.0 PLUS
only)
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Error Message Table

Message

Meaning

Countermeasure

Complex
Number In List

e List containing complex number
used in a calculation or
operation for which complex
number data is invalid.

¢ Change all data in the list to
real numbers.

Complex e Matrix containing complex e Change all data in the matrix to
Number In number used in a calculation or real numbers.
Matrix operation for which complex
number data is invalid.
Can’t Solve! * Solve could not obtain a ¢ Change the specified range.
Adjust Initial solution within the specified e Correct the input expression.
Value Or range.
Bounds. Then
Try Again
No Variable * No variable specified within a e Specify a variable for the graph
graph function being used for function.
Dynamic Graph.
* No variable within a Solve
equation.
Iteration @ No convergence of Solve @ Change the initial estimated
ERROR solutions. value to one that is nearer to
the solution.
@ No integration or differential @ Increase the rol value to reduce
calculation solution that precision.
satisfies operation ending
condition (rol value).
Com ERROR * Problem with cable connection ¢ Check the cable connection.
or parameter setting during
program data communications.
Transmit * Problem with cable connection ¢ Check the cable connection.
ERROR or parameter setting during data
communications.
Receive e Problem with cable connection ¢ Check the cable connection.
ERROR or parameter setting during data
communications.
Memory Full * Memory of receiving unit e Delete some data stored in the

became full during program
data communications.

receiving unit and try again.
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Error Message Table

Message Meaning Countermeasure
Download Data communication cable Press [ and try again.
ERROR disconnect during add-in Press and try again.

installation, or incorrect

data transfer conditions.
Model Attempt to perform back up Use two identical models.
Mismatch between two different models.
Overflow Overflow of the calculation Correct the input expression.
ERROR * range in the Algebre Mode.
Domain Overflow of the input element Correct the input expression.
ERROR * range in the Algebre Mode.

*ALGEBRA FX 2.0 PLUS only
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Input Ranges
2 Input Ranges
Function Input range f°.r real Intt_ar_nal Precision Notes
number solutions digits
However, for tanx:
sinx (DEG) Ixl < 9 x (10°)° As arule, Ixl % 90(2n+1):DEG
cosx | (RAD) Ixl <5 x 107rrad 15 digits | Precisionis | lxl % n/2(2n+1):RAD
tanx (GRA) Ixl < 1 x 10"°grad +1 at the IxI #100(2n+1):GRA
10th digit.* * Complex numbers can be
used as arguments.
sin~'x
cos-Tx lxl =1
tan-'x lxl <1 x 10100 ) ' * Complex numbers can be
used as arguments.
sin | 111 < 230.2585002
coshx
* Complex numbers can be
100
tanhx I <1 x10 used as arguments.
sinh~'x Ixl <5 x10%
cosh™'x 1sx<5x10%® . .
_ * Complex numbers can be
tanhx bel <1 used as arguments.
logx 1%x109< x <1 x 10100 . . * Complex numbers can be
Inx B used as arguments.
10 -1x10" <x <100
o -1 x 10" " ! * Complex numbers can be
< x =230.2585092 used as arguments.
vx 0sx<1x10™
12 Ll <1 x 1050 " " * Complex numbers can be
used as arguments.
1/x Il <1x10', x %0
ax bl < 1 x 10709 " " * Complex numbers can be
used as arguments.
/ O0=sx=69
x! - - " "
(x is an integer)
Result < 1 x 107
nPr n, r (n and r are integers) \ .
nCr Osrs=sn,

n<1x10"
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Input Ranges

Function

Input range for real
number solutions

Internal
digits

Precision

Notes

Pol (x, y)

Va2 +y2<1x 10"

15 digits

As arule,
precision is
+1 at the
10th digit.*

Rec
(r.0)

[rl <1 x10'%°

(DEG) 161 <9 x (10%°
(RAD) 161 <5 x 107rt rad
(GRA) 161 < 1 x 10'°grad

However, for tano:
61%90(2n+1):DEG
161 % n/2(2n+1):RAD
161+ 100(2n+1):GRA

09

0

lal, b, ¢ <1 x 1010
0=h,c

Ixl <1 x10%
Sexagesimal display:
Ixl <1 %107

Ax?)

x>0:

-1 x 10" < ylogx < 100

x=0:y>0

x<0:
 2n+1

However;
-1 x 10" < ylog Ixl < 100

(n is an integer
or a fraction)

* Complex numbers can be
used as arguments.

Ny

y>0:x%0

~1x 10" <1 logy < 100
y=0:x>0 1
y<0:x=2n+1,7
(n*0, nis an integer or a
fraction)

However;

-1x 10" <L jog Iyl < 100

* Complex numbers can be
used as arguments.

(o

Total of integer, numerator
and denominator must be
within 10 digits (includes
division marks).

*For a single calculation, calculation error is 1 at the 10th digit. (In the case of exponential display,
calculation error is £1 at the last significant digit.) Errors are cumulative in the case of consecutive
calculations, which can also cause them to become large. (This is also true of internal consecutive
calculations that are performed in the case of A(xX"), Wy, x/, 3x, nPr, nCr, etc.)

In the vicinity of a function’s singular point and point of inflection, errors are cumulative and may
become large.
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Input Ranges
Function Input range
Binary, Values fall within following ranges after conversion:
octal, DEC: —2147483648 = x = 2147483647
decimal, BIN: 1000000000000000 = x
hexadecimal = 1111111111111111 (negative)
calculation 0 = x = 0111111111111111 (O, positive)

OCT: 20000000000 = x = 37777777777 (negative)
0=x= 17777777777 (0, positive)

HEX: 80000000 = x = FFFFFFFF (negative)
0 = x = 7FFFFFFF (O, positive)
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Specifications

3 Specifications

Variables: 28

Calculation range:
+1 x 107% t0 £9.999999999 x 10% and 0. Internal operations use 15-digit mantissa.

Exponential display range: Norm 1: 102> Ixl, Ix| 210
Norm 2: 10> Ixl, Ixl = 10

Program capacity: 144 kbytes (max.)

Power supply:
Main: Four AAA-size batteries (LRO3 (AM4) or R03 (UM-4))
Back-up: One CR2032 lithium battery

Power consumption: 0.2 W

Approximate battery life
Main (ALGEBRA FX 2.0 PLUS):
LRO3 (AM4): 230 hours (continuous display of main menu)
150 hours continuous operation (5 minutes calculation, 55 minutes display)
R0O3 (UM-4): 140 hours (continuous display of main menu)
90 hours continuous operation (5 minutes calculation, 55 minutes display)
Main (FX 1.0 PLUS):
LRO3 (AM4): 200 hours (continuous display of main menu)
140 hours continuous operation (5 minutes calculation, 55 minutes display)
RO3 (UM-4): 120 hours (continuous display of main menu)
80 hours continuous operation (5 minutes calculation, 55 minutes display)
Back-up: 2 years
Auto power off:
Power is automatically turned off approximately six minutes or 60 minutes after last

operation.

Ambient temperature range: 0 °C to 40 °C

Dimensions: 19.5 mm (H) x 82 mm (W) x 178 mm (D)
34" (H) x 3 /4" (W) x 6 /8" (D)

Weight: Approx. 213 g (including batteries)
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Specifications

Data Communications |

Method: Start-stop (asynchronous), half-duplex

Transmission speed (BPS): 38400 bits/second (normal)
9600 bits/second (H-Copy & Send/Receive)

Parity: None
Bit length: 8 bits
Stop bit:

Send: 3 bits

Receive: 2 bits

Includes parity (None) 1-bit
X ON/X OFF Control: None
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Index
4 Index
Symbols Calculatfon priority sequer?ce ...... 2-1-3
Calculation results of a paired-variable
LISt oo 3-2-7 graph..eeee, 6-3-11, 6-4-2
¥ calculation ............ooooveeeeeeeeeeenn. 2-5-10  Calculation results of a single-variable
(o] £=1o] o H 6-2-4, 6-4-2
A CAS MOdE ....ooeeviiiiiiieic e 7-1-1
Catalog ..ooovveveeeee e 1-3-5
Absolute value ...........ccocviiiiiinns 2-6-2 Cell, editing ...cccvvvvvrieiiieieeieeeeene 3-1-3
Ad-INS oo 10-7-1 CeNter ..o 5-11-19
Algebra Mode ........cccoooiiiiiiiiics 7-2-1 CiIrCle oo 5-1-5
Algebra Mode operation ................... 7-1-3 Clipboard ........ccooeiiiiie 1-3-4
Angle unit.......ccoeviiiiiiie 2-3-1, 2-4-2 Column operations .........ccccevvreenene 2-8-9
ANS e 2-2-5 Combination .......ccccceveeeeeeeeeeeeeeeennns 2-4-9
Answer function ..........ccoccceeiiiiinns 2-2-5 CommENtS ....ceeeiiieieeeeee e 5-10-3
Answer memory ..........cccceeeee. 2-2-5,7-1-7 Complex number calculations .......... 2-6-1
APO Settings .....ccocvevviriiiiinicieee 9-3-1 Composite function ................. 2-1-8, 5-3-3
Argument ..o 2-6-2 Conic section .....cccceevvvveeeeeciieeene
Arithmetic calculations ...................... 2-1-1 CONICS Mode ......oovveiiiiieiieeieee
ASYymptotes .....cceevveeveiiieiiieesieee 5-11-21 Conjugate complex number ..............
Auto Mode ........cocoviiiiiiie 7-3-8 Connecting the unit to a personal
Auto power off ..........ccceeveveunen. 9-3-1, 0-7-5 COMPULET .o
AXis of SyMmMetry ........ccooeevvevueeenn. 5-11-20  Connecting the unit with a CASIO Label
Printer ..o 10-2-1
B Connecting two units 10-1-1
Continuous calculations........... 2-2-5,7-1-7
Backingup data ...........ccoceeieiienne 10-8-7 Contrast adjustment ...........ccccceenenne 9-3-1
Backup data, sending .........ccccc.... 10-4-4 Coordinate conversion ............ 2-4-2,2-4-8
Bar graph ..o 6-2-1 Coordinate rounding
Binary calculation ..............ccccoee. 2-7-1 Coordinates for given points .......... 5-11-13
Bitwise operation ..........ccccceviieineen. 2-7-4 Coordinates on a grah line .............. 5-11-1
BOX ZOOM ..o 5-2-7 Copy range .......ccccevevieeiininieie, 1-3-4
Broken line graph ........cccocevviiiienens 6-2-3 Copying a regression graph formula
................................................... 6-3-11
C Copying a table column to a list......... 5-7-8
Corrections ........ccceeveeeiieenieieee 1-3-4
Calc Window ........ccccvieiiiiiicicee, 5-2-12 Cubic regression graph..................... 6-3-7
Calculation execution indicator ......... 1-2-5
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Formula memory .......ccccocoeveeviieenenne

Formula number area
Fraction

Freehand drawing
Function analysis
Function memory
Function menu

Function, edit/change/delete

G

Generating a table

Graph background ..........
Graph function, recall
Graph functions in a program
Graph functions, store
Graph memory
Graph parameters, changing
Graph screen
Graph to table
Graph type, specifying ....
Graph, store/recall
Graph-Table linking
GRPH-TBL Mode

H

Index

Current area .......ccccceeeeveeeniieeeieene 10-8-1
D
Data communication operation ........ 10-4-1
DATA ERROR message ........c.......... 0-6-1
Debugging ...ccccveeeiiiiieee e 8-3-1
Decimal calculations ......................... 2-7-1
Decimal places ..........ccccoueeee. 2-1-2, 2-3-1
Degrees/minutes/seconds ...... 1-2-5, 2-4-2
Derivative item ...................... 5-7-3, 5-11-3
Determinant ........ccccccevieiiiiiiniienne 2-8-18
Differential calculations..................... 2-5-2
DIr€CtriX ...ooooveeeieeeiiee e 5-11-20
Display format............cccooiioiiiinnnne 2-3-1
Display screens ...........cccceoereenenne 1-2-3
Draw/non draw status of a graph....... 5-3-6
Drawing a line ........ccccoeeeieiiiiiennne 5-10-1
Dual graph ......cccceieiiiiiiciceeee 5-5-1
DYNAMOAE ....oooieiiieiiiieeeee e 5-8-1
Dynamic graph ........ccccocoeiiiiiiiinnn. 5-8-1
Dynamic graph functions in a program

.................................................... 8-6-5
Dynamic graph memory
E
Eccentricity ........ccocooiiiiiiiii 5-11-21
Editing calculations ... 1-3-1
EllPSe oo 5-1-5
ENG oo 2-3-2, 2-4-11
Eqn memory ... 7-1-6
EQUA Mode
Error message ........cccceeeennne
Estimated value .............c..ccccoeen
Exponential function ..........cccccceeen.

Exponential regression graph
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Index

Histogram ..o 6-2-1
Hyperbola .......cccooviiiiiiee, 5-1-5
Hyperbolic function (HYP) ...... 2-4-2, 2-4-5
|

ICON L 1-2-1
Imaginary part .......ccccoceeviieeenniieen 2-6-3
Inequality .......cccoeveiiieeeiiiie e 5-3-2
Input area .......ccccevevcvieeeiie e 7-1-1
Input ranges .......ccoevceeeeviiiee e o-2-1
Inputting calculations ........................ 1-3-1
Integral value for a given range ..... 5-11-15
Integration calculation...................... 2-5-7
Integration graph ...........ccccccoee 5-6-3
Intercepts ......cooeeeieeeiiiieeeee 5-11-19
Inverse hyperbolic function ..... 2-4-2, 2-4-5
Inverse trigonometric function .......... 2-4-3
K

Key markings .......ccccceveeviieeeenniiieeenn. 1-1-3
Key table ......ooooeeeeiiiiiiiieeeee 1-1-2
L

Latus rectum .......ccccoeevviiiiiiciieee 5-11-18
Linear equation ........cccccvvveeerniiennnn. 7-3-2
Linear inequality ........cccoccveeeiiiieennne 7-3-2
Linear regression graph ...........ccc..... 6-3-6
LINKMOAE .....ooviiiieiiieiecieeieeiee 10-4-1
List data, manipulating .............c....... 3-2-1
List data in the CAS Mode................. 7-1-2
List files, switching ..........cccccevviieeen. 3-4-1
List sort functions in a program ........ 8-6-8
List, arithmetic calculations................ 3-3-1
List, inputting and editing .................. 3-1-1
Logarithmic function ..........ccccccveeenn. 2-4-4
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Logarithmic regression graph ........... 6-3-8
Logistic regression graph ................ 6-3-10
Low battery message ............. 1-8-2, 0-7-1
M

Main Memories ............cceeveiiiieennn. 9-2-1
Main screen .......cccccoeeviiiiiiincnn 5-5-1
Manual graphing ......ccccceevevveeriinnenn. 5-6-1
Manual Mode ...........ccccooiiiiiinnne 7-3-6
MatAns ......cccoviiii 2-8-1
Matrices using matrix commands

2-8-10, 2-8-13

Matrix arithmetic operation ............. 2-8-17
Matrix Data in the CAS Mode ........... 7-1-2
Matrix inversion ..........cccceeeevieennne 2-8-19
Matrix row operations in a program .. 8-6-1
Matrix transposition ..........ccccceeeenee. 2-8-18
Matrix, dimension ................. 2-8-2, 2-8-12
Matrix, inputting and editing..............
Maximum/minimum value calculation
................................................... 2-5-12
Med-box graph .......cccccevviieiiiiinenenne
Med-Med graph ......ccccccevviieevninenenn.
MEMOIY ...
Memory capacity ........cccccceveeriieennnne
Memory Mode .........cccvvveviiieenennen. 10-8-1
Memory operations ..........ccccevvveeennn. 9-2-1
Memory Usage .......ccccevvveeveeeiiiieenenne 9-2-1
Menu bar command............cccceeeuneen. 1-2-3
Mode set Up ...oooveeiieiiiiiiee 1-7-1
Modified box graph ............ccccceeeen 6-2-2
Multi-Replay .......cccocovroeiiiiiiicce 1-3-3
Multiple graphs ........cccccevieeinnnennn. 6-3-12
Multiplication sign ..........cccccoeiieieenen. 2-1-5
Multistatements .......cccccooviieniinnneen. 2-2-7
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N POLY ittt 4-2-1

Power regression graph .................... 6-3-9
Natural result display area.................. 7-1-1 Power supply .....cooceeeeiieiiiiieiiiecene o-7-1
Negative value PRGM Mode .......cooieiiiiiiiieeieeen, 8-1-1
Norm 1/2 mode .........ccccuvunnnene 1-2-4, 2-3-2 Probability distribution graph ............ 6-4-7
Normal display .............. 1-2-4, 2-1-2, 2-3-2 Probability/distribution calculations
Normal distribution curve .................. 6-2-3 (PROB) oo

Normal probability distribution Program (PRGM) menu

calculation .........ccoceeviiiiiiiinnnens 6-4-5 Program file, load...........ccccoeeriinnnnnn.
Normal probability plot ...................... 6-2-1 Program file, searching
Number system .......cccccovvieerninnnnnn. 2-7-3 Program file, store
Number system transformation......... 2-7-5 Program files, deleting

Numeric calculations (NUM) ............. 2-4-1 Program library .......cccccooveviinienennnn.
Program mode command ................. 8-7-1
(0] Program, BASE Mode
) Program, deleting ..........ccccceevriieennn.

Octal calculations ........ccccceeveeeeeenannnne. 2-7-1 .

o Program, editing ........ccceecviverrinnenn.
Optimizing the storage area........... 10-8-9 . )

. Program, inputting ......ccccccoovevvinnenn.
Option (OPTN) menu ........cccceeevueennee 1-4-1

Program, running

Output area .....ccoeveeeviieeiieecee e 7-1-1
utpu Program, searching for data
OVErflOW .....veeeeecie e 2-1-5
) Pull-up menu ...
Overwrite the graphs .........ccceeeveennee 5-6-5
Q
P
P butt 61 Quadratic differential calculation....... 2-5-5
(V1o o SRR -6-
Paired-variable statistical h 231 Quadratic equation ...........cccceevirnene 7-3-2
aired-variable statistical graph ........ -3-
grap Quadratic regression graph .............. 6-3-7
Parabola .......ccccceevieeiiiiiiiiieeee 5-1-5 . .
) ) Quartic regression graph .................. 6-3-7
Parametric function .............ccccceee. 5-3-2
Parentheses.......cccccccvveeeicieeecciee, 2-1-1 R
Password ........ccccceeeeiieeiiiiee e
Pasting text Radius .......ccoeiiiiiiieicee 5-11-19
Permutation Raising a matrix to a power ............ 2-8-20
Picture memory Random number .........ccccccoveiinnnnnn. 2-4-7
Plot .o, Real part ..o 2-6-3
Point of intersection of two graphs Rectangular coordinate function ....... 5-3-1
................................................ 5-11-11 Rectangular transformation ............ 2-6-4
Polar coordinate function .................. 5-3-1 RECUR MOG® oo 5.9-1
Polar form transformation ................. 2-6-4
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Recursion formula number table ...... 5-9-1 Statistical data list ... 6-1-1
Recursion Table & Graph functions in a Storage area .........cccceeveeceeiieiennn. 10-8-1
program 8-6-7  Storage MEMONES ..........ccoovervveern, 9-2-1
Sub-screen ... 5-5-1
Submenu ... 1-2-3
System language setting .................. 9-3-2
SYSTEM Mode .....ccovvereiiiiiiieens 9-1-1
System settingmenu ........................ 9-1-1

T

S

Scalar multiplication ............cccoceenee. 2-8-6
Scatter diagram

Screen shot, saving

Screen shot, sending .........ccccoceeene 10-6-1
Setup sCreen .......cocceeeceeiiiiiniee 1-7-1
Sexagesimal operations ......... 1-2-5, 2-4-2
Significant digits ...................... 2-1-2,2-3-2
SIML i 4-1-1
Simultaneous linear equations
.......................................... 4-1-1,7-3-1
Single-variable statistical graph ........ 6-2-1
Sinusoidal regression graph ............. 6-3-9
SKetCh ..o 5-10-1
Solution Memory ........ccccceeveeecieeennen. 7-1-8
Solve calculation ..................... 2-5-1, 4-3-1
Solve calculation function in a program
.................................................... 8-6-9
Solve Mode ......coceviiiiiiieeeeieeee 7-3-4
Sorting list values .. 3-1-5
Squaring a matrixX ........ccccceceeeiieienne 2-8-19
STACKS .o 2-2-6
STAT MOdE ..o 6-1-1
Statistical calculation data lists ......... 6-4-1

Statistical calculations and graphs in a
Program .......c.ccoceeeeceeeeieeieeneennens 8-6-9

Table & Graph functions in a program

Table range .......cccceoiiiiiiiiiice
Table, deleting
Tables ...............
Tables, editing
Text display ......cccooeveeiiiiiciieicee
TeXt SCIrEeN ..ooveiiiiiiiie e

\'}

V-WiNdOW ....ccooeeiiiiiiiiiiiiieeeeeeee

V-Window memory

Variable .......oooeeeieieeiiiiiiiieeeeeeee,
Variable data (VARS) menu............... 1-5-1
Vector Data in the CAS Mode............ 7-1-2
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X

X = constant expression ................... 5-3-2

xy line graph
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Index
CAS, ALGEBRA, TUTOR
Command Index
S 7-1-16  SUDSHIULE ...vvooeeceenae 7-1-14
D U P PP PP PPPOPRRPRR 7-1-17 tanLing ..o 7-1-18
1 SRR 7-1-17 taYIOr e 7-1-17
absExpand ..o 7-1-21 tCOlIECE ... 7-1-12
andConnect .........ccevveeriieeeiieenieee 7-1-21 tEXPand ....c.oooiiiiiiiec 7-1-12
F=To] o] (o) QPO PRRPP PRSPPI 7-1-15 tHGTOEXD «evveeieceic e 7-1-13
ArCLEN ..o 7-1-17
AITANGE eeeveeeeeeeeeeeneee et e e eeeeens 7-2-1 (List Commands)
CEXpand ......coooieiiiiieceee e

expToTrig ..
L£=1e] (o] GOSN

NUMETALOT ...uveieiieieeie e
rclAlIEgn ...

rEPIACE ....eeiiiiieeee e
FEWIIE ...
rFactor ...
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PRGM Command Index

CIrGraph .....cccoeeeiiiiieiieeee e
CIFLISt .
CIrMat ..o
CIFTEXt oo
DispF-Tbl, DispR-Tbl .........ccccveueenen.

Do~LpWhile ......ccoveviiieeiiiieeeeen
DrawDyna ......cccveeeiiiiieeiiiiee s

DrawFTG-Con, DrawFTG-PIt
DrawGraph .......ccocoeeviiieiiiiee ? (Input Command) .......cccevvereernenns 8-5-2
DrawR-Con, DrawR-Plt.................... 4 (Output Command) .........c.cceeeene. 8-5-3
DrawRZ-Con, DrawRZ-Plt ............... : (Multi-statement Command) ........... 8-5-3
DrawStat .......cccoovvieeieiiicieccee « (Carriage Return) ..........ccccceeeee. 8-5-3
DrawWeb .......ccccoeiiiiiiieciieee " (Comment Text Delimiter) ............... 8-5-3

DSZ i = ¥, >,<,2 <
For~To~(Step~)Next ........ccoveeererennn. (Relational Operators) ............cc...... 8-5-18
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Key Index
5 Key Index
Key Primary Function Combined with Combd with
COPY ) . .
F) Selects 1st function menu item. Performs copy operation.
PASTE ) ) .
@R Selects 2nd function menu item. | Performs paste operation.
SET UP ) ) )
B Selects 3rd function menu item. Shows the set up display.
CAT/CAL . . Shows the Catalog or opens
Selects 4th function menu item. the Calc Window.
GoT i i
= | Selects 5th function menu item. Switches display between
graph and text screens.

H-COPY

Selects 6th function menu item. Sends a shot of the currer)t
screen to a connected device.

Toggles function menu

@ Enters number 0. display on and off.
Key Primary Function Combined with [s#F]) Combd with
S Activates shift functions of other

keys and function menus.
o Activates functions marked above

function keys.

V-Window | . . Displays View Window
Displays option menu. parameter input screen.

(MENU) | Returns to the Main Menu.

[Al-LocK | Allows entry of alphanumeric Locks/Unlocks entry of
characters shown in red. alphanumeric characters.

PRGM r | .. . Displays program command |Enters
Displays the variable data menu. menu. character r.
o Press between two values to Press between entering Enters
| make second value exponent of  |values for X & Y to show xth
i character 6.

first. root of y.
QUIT | Back steps to the previous screen |Returns directly to initial
ESC] | without making any changes. screen of the mode.
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Key Index

A
@
<

Primary Function

Combined with (siF)

Combined with
(ALPHA

Moves cursor upward. Scrolls screen.
Switches to previous function in
trace mode.

Moves cursor downward. Scrolls
screen. Switches to next function in
trace mode.

Moves cursor to left. Scrolls
screen. Press after [EXg to display
calculation from end.

® ® @ |0®

Moves cursor to right. Scrolls
screen. Press after (EX§ to display
calculation from beginning.

<
=
>

Allows input of variable X, 6, and
T.

Enters letter A.

-
@

Press before entering value to
calculate common logalithm.

Press before entering
exponent value of 10.

Enters letter B.

NEN
(@]

E

Press before entering value to
calculate natural logarithm.

Press before entering
exponent value of e.

Enters letter C.

@,
3
o

E

Press before entering value to
calculate sine.

Press before entering value
to calculate inverse sine.

Enters letter D.

cos'E |Press before entering value to Press before entering value Enters letter E
calculate cosine. to calculate inverse cosine. '
tan+ F | Press before entering value to Press before entering value Enters letter F
calculate tangent. to calculate inverse tangent. .
e G Press between entering fraction
values. Displays improper fractions. |Enters letter G.
<) |Converts fraction to decimal.
V__H |Press after entering value to Press before entering value
calculate square. to calculate square root. Enters letter H.
¥ | |Enters open parenthesis in Press before entering value Enters letter |
formula. to calculate cube root. :
x J | Enters close parenthesis in Press after entering value to

formula.

calculate reciprocal.

Enters letter J.

Enters comma.

Enters letter K.

Assigns value to a value memory
name.

Enters letter L.

Enters number 7.

Enters letter M.

®.8.0 8 8

Enters number 8.

Enters letter N.
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Key Index
Key Primary Function Combined with (siF) Combmﬁd with
o Enters number 9. Enters letter O.
(e
Allows insertion of
INs | Deletes character at current characters at cursor
DEL) |cursor location. location
OFF |Turns power on.
Clears the display. Turns power off.
P | Enters number 4. Enters letter P.
(4
Q| Enters number 5. Enters letter Q.
(5
R | Enters number 6. Enters letter R.
(6]
{@]S Multiplication function. Enters open curly bracket. Enters letter S.
)E]T Division function. Enters close curly bracket. |Enters letter T.
Lis&]u Enters number 1. Inputs List command. Enters letter U.
M&]V Enters number 2. Inputs Mat command. Enters letter V.
W' | Enters number 3. Enters letter W.
El)
[ x |Addition function.
Specifies positive value. Enters open bracket. Enters letter X.
1y Subtr.a.ctlon fungtlon. Enters close bracket. Enters letter Y.
(=) |Specifies negative value.
i % |Enters number O. Lnnﬁtms imaginary number Enters letter Z.
= SPACE . . _ Enters a blank
o Enters decimal point. Enters character =. space.
™ | Enables entrv of exponent Inputs value of pi. Enters double
na y P ' Enters pi symbol. quotation mark.
Ans | Enter before value to specify as Recalls most recent

negative.

calculation result.

B @

Displays result of calculation.

Inputs a new line.
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P Button (In case of hang up)

P Button (In case of hang up)

Pressing the P button resets the calculator to its initial defaults.

ro P button

Warning!

Never perform this operation unless you want to totally clear the memory of the calculator. If
you need the data currently stored in memory, be sure to write it down somewhere before
performing the P button operation.

¢ Pressing the P button while a calculation operation is being performed (while the
calculator is performing a calculation internally) deletes all data in memory.

* You can also reset the calculator using front panel key operations (see 9-4 Reset). Use
the P button to reset only while the front panel keys are disabled for some reason.

® DATA ERROR Message

A data error indicates that data in calculator memory is seriously corrupted. This can be
due to exposure of the calculator to strong electrostatic charge, temperature extremes,
high humidity, etc. A data error is indicated by appearance of the screen shown below.

n"i"l DATA ERROR! TC
Fead User s Guide

Confirmed : [EXE]
OFF : [ESCI

Press the (B key to reset the calculator.

* The data error screen appears when you press the P button to reset the calculator or
when you turn on calculator power.

Warning!

Pressing (e deletes all data in calculator memory.

If a data error occurs when you press B4, it could mean that your calculator is malfunctioning.
If the data error screen keeps appearing, press to turn off power. Next, take the calculator
to the retailer where you purchased it or to your local CASIO service provider.
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7 Power Supply

This calculator is powered by four AAA-size (LRO3 (AM4) or RO3 (UM-4)) batteries. In
addition, it uses a single CR2032 lithium battery as a back up power supply for the memory.

If either of the following messages appears on the display, immediately turn off the calculator
and replace main batteries or the back up battery as instructed.

Lo Lo
Main Batteries! Backur Ballers!
Flease Rerlace Fleaze Rerlace

If you try to continue using the calculator, it will automatically turn off in order to protect
memory contents. You will not be able to turn power back on until you replace batteries.

Be sure to replace the main batteries at least once every two years, no matter how much
you use the calculator during that time.

The batteries that come with this calculator discharge slightly during shipment and storage.
Because of this, they may require replacement sooner than the normal expected battery life.

Warning!

All memory contents will be deleted if you remove both the main power supply and the
memory back up batteries at the same time. If you ever remove both batteries, correctly
reload them and then perform the reset operation.
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Power Supply

H Replacing Batteries

Precautions:

Incorrectly using batteries can cause them to burst or leak, possibly damaging the interior of
the calculator. Note the following precautions:

* Be sure that the positive (+) and negative (—) poles of each battery are facing in the proper
directions.

* Never mix batteries of different types.
¢ Never mix old batteries and new ones.

* Never leave dead batteries in the battery
compartment.

* Remove the batteries if you do not plan
to use the calculator for long periods.

* Never try to recharge the batteries Q i? "’
supplied with the calculator. \':@
* Do not expose batteries to direct heat,
let them become shorted, or try to take
them apart.
(Should a battery leak, clean out the battery compartment of the calculator immediately,
taking care to avoid letting the battery fluid come into direct contact with your skin.)

Keep batteries out of the reach of small children. If swallowed, consult with a physician
immediately.

® To replace the main power supply batteries

* Before replacing the main power supply batteries, turn on the calculator and check to see if
the “Low Backup Battery!” message appears on the display. If it does, replace the memory
back up battery before replacing the main power supply batteries.

* Never remove the main power supply and the memory back up batteries from the calcula-
tor at the same time.

* Never turn on the calculator while the main power supply batteries are removed or not
loaded correctly. Doing so can cause memory data to be deleted and malfunction of the
calculator. If mishandling of batteries causes such problems, correctly load batteries and
then perform the RESET operation to resume normal operation.

* Be sure to replace all four batteries with new ones.
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Power Supply

1. Press (¢ (OFF) to turn off the calculator.
Warning!
*Be sure to turn the calculator off before replacing batteries. Replacing batteries with

power on will cause data in memory to be deleted.

2. Making sure that you do not accidently press the key, slide the case onto the
calculator and then turn it over.

3. Remove the back cover from the calculator by @
pulling with your finger at the point marked (D). / \0\

4. Remove the four old batteries.

5. Load a new set of four batteries, making sure that L J
their positive (+) and negative (—) ends are facing in
the proper directions.

6. Replace the back cover.

7. Turn the calculator front side up and slide off its case.
Next, press to turn on power.

# Power supplied by memory back up battery # Do not leave the calculator without main power
while the main power supply batteries are supply batteries loaded for long periods.
removed for replacement retains memory Doing so can cause deletion of data stored in
contents. memory.

# If the figures on the display appear too light and
hard to see after you turn on power, adjust the
tint.
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® To replace the memory back up battery

* Before replacing the memory back up battery, check to make sure the main batteries
are not dead.

* Never remove the main power supply and the memory back up batteries from the
calculator at the same time.

* Be sure to replace the back up power supply battery at least once 2 years, regardless
of how much you use the calculator during that time. Failure to do so can cause data in
memory to be deleted.

1. Press (&™) (OFF) to turn off the calculator.

Warning!

* Be sure to turn the calculator off before replacing battery. Replacing battery with power
on will cause data in memory to be deleted.

2. Making sure that you do not accidently press the key, slide the case onto the
calculator and then turn it over.

3. Remove the back cover from the calculator by
pulling with your finger at the point marked .

4. Remove screw ® on the back of the calculator, and
remove the back up battery compartment cover.

5. Insert a thin, pointed non-metal object (such as a
toothpick) into the hole maked and remove the old
battery.
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Power Supply

6. Wipe off the surfaces of a new battery with a soft,
dry cloth. Load it into the calculator so that its positive
(+) side is facing up.

7. Install the memory protection battery cover onto the
calculator and secure it in place with the screw.
Next, replace the back cover.

8. Turn the calculator front side up and slide off its case.
Next, press to turn on power.

Hl About the Auto Power Off Function

Calculator power turns off automatically if you do not perform any operation within the Auto
Power Off trigger time you specify. You can specify either six minutes or 60 minutes as the
trigger time (see “APO Settings” on page 9-3-1). To restore power, press (.
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Advanced Statistics Application

1-1 Advanced Statistics (STAT)
1-2 Tests (TEST)

1-3 Confidence Interval (INTR)
1-4 Distribution (DIST)
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Advanced Statistics (STAT)

1-1 Advanced Statistics (STAT)

oFunction Menu

The following shows the function menus for the STAT Mode list input screen.

Lizt |JLizt @|Lift 3|List U Lizt IJLizt @|List |List U

necwmu—
neWwn—

GRFAICALCITE: NINTRIDIZT] & TOOLIEDIT DEL [DELATIHE | L |

Pressing a function key that corresponds to the added item displays a menu that lets you
select one of the functions listed below.

e (F3Y(TEST) ... Test (page1-2-1)
¢ [F3(INTR) ... Confidence interval (page1-3-1)
e (F5)(DIST) ... Distribution (page1-4-1)

SORT and JUMP functions are located in the TOOL menu ((Fg) (>) (F1) (TOOL)).

eCalculation of the Coefficient of Determination (r?) and MSE

You can use the STAT Mode to calculate the coefficient of determination (r?) for quadratic
regression, cubic regression, and quartic regression. The following types of MSE
calculations are also available for each type of regression.

»=axdt+hr+c

[EoFvl
« Linear Regression ... MSE = i 5 [; (vi — (axi+ b))®
* Quadratic Regression ... MSE = i 3 [; (vi — (ax®+ bxi+ ¢))?
« Cubic Regression ... MSE = i 7} ,:1 (vi — (ax®+ bxP+ cxi+d))?
* Quartic Regression ... MSE = ' 5 (i — (ax*+ bx® + ox® + dxi+ e))?
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Advanced Statistics (STAT)
* Logarithmic Regression ... MSE = P ! 3 (vi— (a + bInx))?
e i
» Exponential Repression ... MSE = P ! 3 ) (Iny:— (Ina + bx:))*
e i
* Power Regression ... MSE = P ! 3 (Iny:— (Ina + bInx))?
e i
* Sin Regression ... MSE = i 5 2 (vi— (asin (bxi + ) + d))?
i=1
e Logistic Regression MSE = ! ) ( -—Lf
9 9 =2 2V T T aer

eEstimated Value Calculation for Regression Graphs

The STAT Mode also includes a Y-CAL function that uses regression to calculate the
estimated y-value for a particular x-value after graphing a paired-variable statistical
regression.

The following is the general procedure for using the Y-CAL function.

1. After drawing a regression graph, press (Fg) (™) [F2) (Y-CAL) to enter the graph selection mode,
and then press [Exg.

If there are multiple graphs on the display, use @ and ® to select the graph you want, and
then press [Exg.

¢ This causes an x-value input dialog box to appear.

EEEPESSiDn
:|Enter ¥-Ualue
Wil

2. Input the value you want for x and then press [Bxg.

Reares=ion

=1 ¥=100.5

e This causes the coordinates for x and y to appear at the bottom of the display, and moves the
pointer to the corresponding point on the graph.

3. Pressing or a number key at this time causes the x-value input dialog box to reappear
so you can perform another estimated value calculation if you want.
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Advanced Statistics (STAT)

4. After you are finished, press to clear the coordinate values and the pointer from the
display.
The pointer does not appear if the calculated coordinates are not within the display range.
The coordinates do not appear if [Off] is specified for the [Coord] item of the [SETUP] screen.

The Y-CAL function can also be used with a graph drawn by using DefG feature.

e®Regression Formula Copy Function from a Regression Calculation Result
Screen

In addition to the normal regression formula copy function that lets you copy the regression
calculation result screen after drawing a statistical graph (such as Scatter Plot), the STAT Mode
also has a function that lets you copy the regression formula obtained as the result of a regression
calculation. To copy a resulting regression formula, press (Fg) (COPY).

LinearkEeg
3 =@.5
b =999
PE=1

=

w»=ax+h

[COFY

B Tests, Confidence Interval, and Distribution Calculations

The STAT Mode includes functions for performing tests, and confidence interval and distribution
calculations. You can find explanations of each of these functions in the following sections: 1-2
Tests, 1-3 Confidence Interval, and 1-4 Distribution.

eParameter Settings
The following describes the two methods you can use to make parameter settings for test,
confidence interval, and distribution calculations.

* Selection
With this method, you press the function key that corresponds to the setting you want to
select from the function menu.

 Value Input
With this method, you directly input the parameter value you want to input. In this case,
nothing appears in the function menu.

- Pressing returns to the list input screen, with the cursor in the same position it was at
before you started the parameter setting procedure.

- Pressing [EsJ (QUIT) returns to the top of list input screen.

- Pressing without pressing (F1) (CALC) under “Execute” item advances to calculation
execution. To return to the parameter setting screen, press [Esg, (Ad, or [Exg.
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eCommon Functions

* The symbol “W” appears in the upper right corner of the screen while execution of a
calculation is being performed and while a graph is being drawn. Pressing during this
time terminates the ongoing calculation or draw operation (AC Break).

* Pressing or (Exg while a calculation result or graph is on the display returns to the
parameter setting screen. Pressing [ESJ (QUIT) returns to the top of list input screen.

- Pressing while a calculation result is on the display returns to the parameter setting screen.

* Pressing (F5)(G«>T) after drawing a graph switches to the parameter setting screen
(G>T function). Pressing [F5) (G«>T) again returns to the graph screen.

- The G« T function is disabled whenever you change a setting on the parameter setting screen, or
when you perform a (F3)(SET UP) or [0PTY) (V-Window) operation.

¢ You can perform the PICT menu's screen save or recall functions after drawing a graph.
- The ZOOM function and SKETCH function are disabled.

The TRACE function is disabled, except for the graph display of two-way ANOVA.

The graph screen cannot be scrolled.

e After drawing a graph, you can use a Save Result feature to save calculation results to a
specific list. Basically, all items are saved as they are displayed, except for the first line title.

- Each time you execute Save Result, any existing data in the list is replaced by the new results.
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1-2 Tests (TEST)

The Z Test provides a variety of different standardization-based tests. They make it possible
to test whether or not a sample accurately represents the population when the standard
deviation of a population (such as the entire population of a country) is known from previous
tests. Z testing is used for market research and public opinion research, that need to be
performed repeatedly.

1-Sample Z Test tests for the unknown population mean when the population standard
deviation is known.

2-Sample Z Test tests the equality of the means of two populations based on independent
samples when both population standard deviations are known.

1-Prop Z Test tests for an unknown proportion of successes.
2-Prop Z Test tests to compare the proportion of successes from two populations.

The t Test tests the hypothesis when the population standard deviation is unknown. The
hypothesis that is the opposite of the hypothesis being proven is called the null hypothesis,
while the hypothesis being proved is called the alternative hypothesis. The t-test is normally
applied to test the null hypothesis. Then a determination is made whether the null hypothesis
or alternative hypothesis will be adopted.

1-Sample ¢ Test tests the hypothesis for a single unknown population mean when the
population standard deviation is unknown.

2-Sample ¢t Test compares the population means when the population standard deviations
are unknown.

LinearReg ¢ Test calculates the strength of the linear association of paired data.

2 Test tests hypothesis concerning the proportion of samples included in each of a number
of independent groups. Mainly, it generates cross-tabulation of two categorical variables
(such as yes, no) and evaluates the independence of these variables. It could be used, for
example, to evaluate the relationship between whether or not a driver has ever been involved
in a traffic accident and that person’s knowledge of traffic regulations.

2-Sample F Test tests the hypothesis for the ratio of sample variances. It could be used, for
example, to test the carcinogenic effects of multiple suspected factors such as tobacco use,
alcohol, vitamin deficiency, high coffee intake, inactivity, poor living habits, etc.

ANOVA tests the hypothesis that the population means of the samples are equal when there
are multiple samples. It could be used, for example, to test whether or not different
combinations of materials have an effect on the quality and life of a final product.

One-Way ANOVA is used when there is one independent variable and one dependent
variable.

Two-Way ANOVA is used when there are two independent variables and one dependent
variable.

20011101




1-2-2
Tests (TEST)

The following pages explain various statistical calculation methods based on the principles
described above. Details concerning statistical principles and terminology can be found in
any standard statistics textbook.

On the initial STAT Mode screen, press (F3)(TEST) to display the test menu, which contains
the following items.

e B)(TEST)(AJ(Z) ... ZTests (p. 1-2-2)
(2)(T) ... t Tests (p. 1-2-10)
B (®?) ... x? Test (p. 1-2-18)
(@) (F) ... 2-Sample F Test (p. 1-2-20)
(5)(ANOVA) ... ANOVA (p. 1-2-22)

B Z Tests

e/ Test Common Functions

You can use the following graph analysis functions after drawing a graph.
¢ [F1)(2) ... Displays z score.

Pressing (F1) (Z) displays the z score at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.
Press to clear the z score.

¢ (F2)(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the

pointer.
Press to clear the p-value.

eo1-Sample Z Test

This test is used when the population standard deviation is known to test the hypothesis. The
1-Sample Z Test is applied to the normal distribution.

7= X —MUo X :mean of sample
- o o : assumed population mean
ND o : population standard deviation

n :size of sample

lg # The following V-Window settings are used for # Executing an analysis function automatically

drawing the graph. stores the z and p values in alpha variables Z
Xmin = —=3.2, Xmax = 3.2, Xscale =1, and P, respectively.
Ymin =—=0.1, Ymax = 0.45, Yscale = 0.1
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Perform the following key operations from the statistical data list.

[F)(TEST) 1-Sanrle ZTest

@@
(@) (1-Smpl)

B P EpR
rA HS)

a i1
List iListl
Frea H |
LIzTIAR]

Save ResiHohe
ExeculLe

The following shows the meaning of each item in the case of list data specification.

Data ....ccoeeeieiiiiees data type

L e population mean value test conditions (“= uo” specifies
two-tail test, “< uo” specifies lower one-tail test, “> uo”
specifies upper one-tail test.)

LO et assumed population mean

O i population standard deviation (o > 0)

() list whose contents you want to use as data (List 1 to 20)
Freq ..o, frequency (1 or List 1 to 20)

Save Res... . list for storage of calculation results (None or List 1 to 20)
Execute ......ccccoeveieenns executes a calculation or draws a graph

The following shows the meaning of parameter data specification items that are different
from list data specification.

E

e

|

D R mean of sample
Tl it size of sample (positive integer)

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
¢ (Fg)(DRAW) ... Draws the graph.
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Calculation Result Output Example
1-Samrle ZTest

P =11.4

z =H. 72242196

E =H, 4 THEZSHE

x =11.8%

xdw-1=H. 21973685

ri =5

= T F IFICT
US4 direction of test
Z eeeerereeeenee e z score
D oo p-value
X et mean of sample
XOIA weeerieeeeieeeeeineee e sample standard deviation
(Displayed only for Data: List setting.)

T e size of sample

# [Save Res] does not save the p condition in
line 2.
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e2-Sample Z Test

This test is used when the standard deviations for two populations are known to test the
hypothesis. The 2-Sample Z Test is applied to the normal distribution.

7 Xy — Xy X1: mean of sample 1
- 3 3 X2 : mean of sample 2
oy, O, . -
iy 2 o1: population standard deviation of sample 1

T T o2: population standard deviation of sample 2

ni1: size of sample 1
nz: size of sample 2

Perform the following key operations from the statistical data list.

(F3)(TEST) 2—-Samrle STest

@@ m TEp
agl i1

(2] (2-Smpl) dZ 11
Listily fListl
Listczy :List2 4
LI=TIVAR]

Freaily &1
Freqizy f1
Save ResiHohe
Execule

The following shows the meaning of each item in the case of list data specification.

Data ....ccoeeeiieiiiiees data type

L e population mean value test conditions (“= 2" specifies two-
tail test, “< 2" specifies one-tail test where sample 1 is
smaller than sample 2, “> 12" specifies one-tail test where
sample 1 is greater than sample 2.)

population standard deviation of sample 1 (o1 > 0)
population standard deviation of sample 2 (o2 > 0)

list whose contents you want to use as sample 1 data
(List 1 to 20)

(IS (2 list whose contents you want to use as sample 2 data
(List 1 to 20)

Freq(1) «oooeeeeeeeiiieeens frequency of sample 1 (1 or List 1 to 20)

Freq(2) .cocoeeeenieeieeen. frequency of sample 2 (1 or List 1 to 20)

Save Res... . list for storage of calculation results (None or List 1 to 20)

Execute ......ccccoeveieenns executes a calculation or draws a graph

The following shows the meaning of parameter data specification items that are different
from list data specification.

SRS HI
PR
ENENENEY

20011101




1-2-6
Tests (TEST)

mean of sample 1
. size (positive integer) of sample 1

mean of sample 2
712 et size (positive integer) of sample 2

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
* (Fg)(DRAW) ... Draws the graph.

Calculation Result Output Example

2-Samrle ZTest
k1 P
z =-1,4967248
E =H, 14513235
xl =11.5
s =13
nl =1a -+
= 1 F IFICT]
HIZEU2 e direction of test
Zoeereernreeneeeeeeneeneeseesaeens z score
2 p-value
X1 et mean of sample 1
X2 ot mean of sample 2
BT o 7 R standard deviation of sample 1
(Displayed only for Data: List setting.)
D Yo TR standard deviation of sample 2
(Displayed only for Data: List setting.)
T e size of sample 1
712 et size of sample 2

# [Save Res] does not save the u1 condition in
line 2.
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®1-Prop Z Test

This test is used to test for an unknown proportion of successes. The 1-Prop Z Test is
applied to the normal distribution.

X po: expected sample proportion
n —Po n : size of sample

Po(1=po)
n

7=

Perform the following key operations from the statistical data list.

(TEST) 1-Pror ZTest
F H
D@ y g
- 4] H
(3)(1-Prop) Save ResiMNone
Execule
¥ [ = [ =
Prop ..o, sample proportion test conditions (“=F po” specifies two-tail

test, “< po” specifies lower one-tail test, “> po” specifies upper
one-tail test.)

expected sample proportion (0 < po < 1)

sample value (x 2 0 integer)

size of sample (positive integer)

list for storage of calculation results (None or List 1 to 20)

executes a calculation or draws a graph
After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ (FJ)(CALC) ... Performs the calculation.

¢ (Fg)(DRAW) ... Draws the graph.
Calculation Result Output Example
1-Pror_ZTest

FroF=E.5

z =H. 28184348

F =H. ITE23428

& =H. SHEFIHES

n =446

= 1 F IFICT]

Prop=0.5 ...cccceceeerenne direction of test
Zeeererereee e z score
D oo p-value
P o estimated sample proportion

Tl ceeeeeeeeeeeee e size of sample

# [Save Res] does not save the Prop condition
in line 2.
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02-Prop Z Test

This test is used to compare the proportion of successes. The 2-Prop Z Test is applied to the
normal distribution.

X X x1: data value of sample 1
7= mon x2 : data value of sample 2
R /1 1 n1: size of sample 1
\ p(1-p )< i, + n2> n2: size of sample 2
P : estimated sample proportion

Perform the following key operation from the statistical data list.

[F)(TEST) Z—Fror zlesl
@@ x]
(@) (2-Prop) e

EIENE

nZ :
Save ResiHohe 4
= 1 = [ =

|IExecute |

Pl sample proportion test conditions (““F p2” specifies two-tail
test, “< p2” specifies one-tail test where sample 1 is smaller
than sample 2, “> p2” specifies one-tail test where sample 1
is greater than sample 2.)

X ettt data value (x1 = 0 integer) of sample 1

T e size (positive integer) of sample 1

X2 ettt data value (x2 = 0 integer) of sample 2

712 et size (positive integer) of sample 2

Save Res......cccceveveenne list for storage of calculation results (None or List 1 to 20)
Execute .......cccoeveiernns executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
¢ (F6) (DRAW) ... Draws the graph.

Calculation Result Output Example
2-Pror ZTest

Fl>p2
z =-@.4768216
=0. £E37554
=0, TEEEEEEE
=B, 75E35238 4

LEEL L]
[
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.. direction of test

.. Z score

p-value

estimated proportion of sample 1
D2 e estimated proportion of sample 2
P oo estimated sample proportion
T tteeeeeeee e e enaee e size of sample 1
712 e size of sample 2

# [Save Res] does not save the p1 condition in
line 2.
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B :Tests

® ¢ Test Common Functions

You can use the following graph analysis functions after drawing a graph.

e [F1)(T) ... Displays ¢ score.

Pressing (F1) (T) displays the ¢ score at the bottom of the display, and displays the pointer at the
corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.

Press to clear the ¢ score.

¢ [F2)(P) ... Displays p-value.

Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# The following V-Window settings are used for # Executing an analysis function automatically
drawing the graph. stores the 7 and p values in alpha variables T
Xmin =-3.2, Xmax = 3.2, Xscale =1, and P, respectively.

Ymin =-0.1, Ymax = 0.45, Yscale = 0.1
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eo1-Sample ¢ Test

This test uses the hypothesis test for a single unknown population mean when the population
standard deviation is unknown. The 1-Sample ¢ Test is applied to #-distribution.

(= X—MUo X  :mean of sample
T X0t o :assumed population mean
n xon1: sample standard deviation

n :size of sample

Perform the following key operations from the statistical data list.

F3(TEST) 1—Sanrle Liesk
@M - £

- H :
3 (1-Smpl) List tListl
Fres :

Sawve ResiHone L
LIzTIAR]

|IExecule |

The following shows the meaning of each item in the case of list data specification.

Data ....ccoeeeieiiiiees data type

population mean value test conditions (“= wo” specifies two-
tail test, “< uo” specifies lower one-tail test, “> uo” specifies
upper one-tail test.)

LO et assumed population mean

LiSt e list whose contents you want to use as data (List 1 to 20)
Freq.onieeeiieeens frequency (1 or List 1 to 20)

Save Res.....ccccoevvennene list for storage of calculation results (None or List 1 to 20)
Execute .......cccovreiennn. executes a calculation or draws a graph

The following shows the meaning of parameter data specification items that are different
from list data specification.

X e
zdh-I E
r A

X et mean of sample

XOIA weeirineeeieeeeeieee s sample standard deviation (xon-1 > Q)

Tl it size of sample (positive integer)

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
* F§)(DRAW) ... Draws the graph.
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Calculation Result Output Example
1-Samrle LTest

p *11.3%

L =@, TIS9I205

E =H, 4 THEZEE]

T =11.5%

wdn-=H. 61885148

ri =5

T 1T F IFICTl

UF 113 s direction of test
b oot t score
D oo p-value
X ettt mean of sample
B o1 R sample standard deviation
T e size of sample

# [Save Res] does not save the u condition in
line 2.
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e2-Sample ¢ Test

2-Sample ¢ Test compares the population means when the population standard deviations
are unknown. The 2-Sample ¢ Test is applied to 7-distribution.

The following applies when pooling is in effect.

Xy — %o X1: mean of sample 1
I= X2 : mean of sample 2
X,0,4 (ni"'nl) x10n1 : standard deviation of
v sample 1
x20n1 : standard deviation of
(n1=1)x%10 12 +(1—1) X0, 42 sample 2
X/,O-,,_1 = .o
ny+ npy— 2 n1 : size of sample 1
nz : size of sample 2
df=ni+n2—2 Xxpon-1 : pooled sample standard
deviation

df: degrees of freedom

The following applies when pooling is not in effect.

X1 :mean of sample 1

X1 — X2
t=—— X2 : mean of sample 2
x10'n-12+ X20,-1° xi10m1 : standard deviation of
m ny sample 1
1 x20n1 : standard deviation of
df=—5—— sample 2
c +(1_C) ni : size of sample 1
n=1 " n—1 n2: size of sample 2
df: degrees of freedom
X410,
c=— "1
X10,4% X0,
( ny + ny )

Perform the following key operations from the statistical data list.

F3J(TEST) Z=Samele LTest

@am w1 e
L1

(2)(2-Smpl) Listco ilists
1

LIZTIVAR]

Pooled 20ff
Save ResiMHone
Execule
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The following shows the meaning of each item in the case of list data specification.

Data .... . data type

L e sample mean value test conditions (“*F u2” specifies two-tail
test, “< u2” specifies one-tail test where sample 1 is smaller
than sample 2, “> 12" specifies one-tail test where sample 1 is
greater than sample 2.)

(IS (1) I list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) wooveeeeieiieeieee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) «ooveeeeiieieee. frequency of sample 1 (1 or List 1 to 20)

Freq(2) «oooeveveeeviiieeanns frequency of sample 2 (1 or List 1 to 20)

Pooled .......cccccveiiinnn. pooling On (in effect) or Off (not in effect)

Save Res......cccceveuvenne list for storage of calculation results (None or List 1 to 20)

Execute .......cccoeveieennns executes a calculation or draws a graph

The following shows the meaning of parameter data specification items that are different
from list data specification.

%1 A
=1dh-1 A
ni a
2 A
|x2-:-’r'|-| His) |
nz HiE]

mean of sample 1

standard deviation (x10:-1 > 0) of sample 1
. size (positive integer) of sample 1

mean of sample 2

standard deviation (x20u-1 > 0) of sample 2
712 cuveeeaieeeeeeneeeenaee e size (positive integer) of sample 2

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [FJ(CALC) ... Performs the calculation.
* (Fg)(DRAW) ... Draws the graph.
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Calculation Result Output Example
2=Samrle tTest
el P2
T =1.945T4T1S
F =0, \ASEEZTIZ
df =14
=1 =1687.5
) =397.5 +
T T F IFictl

degrees of freedom
mean of sample 1

mean of sample 2
standard deviation of sample 1
standard deviation of sample 2

pooled sample standard deviation (Displayed only when Pooled:
On setting.)

size of sample 1

size of sample 2

# [Save Res] does not save the u1 condition in
line 2.
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el inearReg ¢ Test

LinearReg ¢ Test treats paired-variable data sets as (x, y) pairs, and uses the method of
least squares to determine the most appropriate a, b coefficients of the data for the
regression formula y = a + bx. It also determines the correlation coefficient and ¢ value, and
calculates the extent of the relationship between x and y.

i=1

1 ~ ~ a :intercept
E(x —)(y=73) n—5 b :slope of the line
b=~ a=y—bx t=r =2 " : size of sample (n 2 3)
3(x— %) - r :correlation coefficient
,.2

: coefficient of
determination

Perform the following key operations from the statistical data list.

FE3(TEST) Linearfes tTest
e VL1SL EL1SL2
@ (LinReg) Fres i1
Save Res:Hone
Execule
= 1 = [ =

The following shows the meaning of each item in the case of list data specification.

B&EP i p-value test conditions (“* 0” specifies two-tail test, “< 0”
specifies lower one-tail test, “> 0” specifies upper one-tail
test.)

XLiSt oo list for x-axis data (List 1 to 20)

4 list for y-axis data (List 1 to 20)

Freq ..o, frequency (1 or List 1 to 20)

list for storage of calculation results (None or List 1 to 20)

. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function key
shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

# You cannot draw a graph for LinearReg ¢
Test
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Calculation Result Output Example

LirnearEea LTest
ExE & pxl

=r. 39?93632
—B (5 =T)

=

d

a =-1,485A185

b =1.89211223 L
| (AT |

.. constant term

coefficient
S et standard error
T e correlation coefficient
T2 s coefficient of determination

Pressing (COPY) while a calculation result is on the display copies the regression formula
to the graph formula editor.

Gr-arh Func

When there is a list specified for the [Resid List] item on the SET UP screen, regression formula
residual data is automatically saved to the specified list after the calculation is finished.

lg # [Save Res] does not save the S & p # When the list specified by [Save Res] is the

conditions in line 2. same list specified by the [Resid List] item on
the SET UP screen, only [Resid List] data is
saved in the list.
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M 2 Test

%2 Test sets up a number of independent groups and tests hypothesis related to the
proportion of the sample included in each group. The 2 Test is applied to dichotomous
variables (variable with two possible values, such as yes/no).

Expected counts k 4

Perform the following key operations from the statistical data list.

F3(TEST) %8 Test
EVS) xrecLed: Ma
Save Resi!Hone
Execule
HMAT [FHATI
Next, specify the matrix that contains the data. The following shows the meaning of the
above item.
Observed .......cccccuueeen. name of matrix (A to Z) that contains observed counts (all cells
positive integers)
Expected .........ccoveeennen name of matrix (A to Z) that is for saving expected frequency
Save Res.....ccccovviennene list for storage of calculation results (None or List 1 to 20)
Execute executes a calculation or draws a graph
# The matrix must be at least two lines by two # Pressing (F2) (»>MAT) while setting
columns. An error occurs if the matrix has parameters enters the MATRIX editor, which
only one line or one column. you can use to edit and view the contents of

matrices.
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After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [FJ(CALC) ... Performs the calculation.
* (Fg)(DRAW) ... Draws the graph.

Calculation Result Output Example

x2 Test
=1, 31745831
F =H.3T313791
df=1
FEIAT CHI] F IFIcT
2 e x2 value
D e p-value

.... degrees of freedom

You can use the following graph analysis functions after drawing a graph.

3 CHI) ... Displays x? value.
(ED)(CHI) plays x

Pressing (F1) (CHI) displays the »? value at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Press to clear the y? value.

¢ (F2)(P) ... Displays p-value.

Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# Pressing (F§) (»MAT) while a calculation # Executing an analysis function automatically
result is displayed enters the MATRIX editor, stores the y? and p values in alpha variables
which you can use to edit and view the C and P, respectively.

contents of matrices.
# The following V-Window settings are used for
drawing the graph.
Xmin = 0, Xmax = 11.5, Xscale = 2,
Ymin =—-0.1, Ymax = 0.5, Yscale = 0.1
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Bl 2-Sample F Test

2-Sample F Test tests the hypothesis for the ratio of sample variances. The F Test is applied
to the F distribution.

F= X10,42

X502

Perform the following key operations from the statistical data list.

F3(TEST) Z—Samrle Flest
(@(F) I =

LIZTIVAR]

Save Res:Mone |
Execule

The following is the meaning of each item in the case of list data specification.

Data ....ccoovvvieiieieee, data type

population standard deviation test conditions (“= o2
specifies two-tail test, “< 02" specifies one-tail test where
sample 1 is smaller than sample 2, “> o2” specifies one-tail
test where sample 1 is greater than sample 2.)

(IS (1) I list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) wooveeeeieiieeieee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) oo, frequency of sample 1 (1 or List 1 to 20)

Freq(2) «oooeveveeeviiieeanns frequency of sample 2 (1 or List 1 to 20)

Save Res.....ccccovviennene list for storage of calculation results (None or List 1 to 20)

Execute .......cccovriiennn. executes a calculation or draws a graph

The following shows the meaning of parameter data specification items that are different
from list data specification.

z1ldn-i 5]
rnl A
2= a
e )
X101 vt standard deviation (x10m1 > 0) of sample 1
T cteeeeeeee e enaee e size (positive integer) of sample 1
X201 vt standard deviation (x20n1 > 0) of sample 2
712 cuveeeaieeeeeeneeeenaee e size (positive integer) of sample 2
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After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

e [F)(CALC) ... Performs the calculation.
* [Fg)(DRAW) ... Draws the graph.

Calculation Result Output Example

Z2—5Samrle FTest

al 2

F =H, S5E95931

E =d, 57r855935

x1 =265

s =1.42

zldm-1=1.943787S 4

F I F_IFICT]

o1Fo2 . direction of test
Foeee, F value
D e p-value

mean of sample 1 (Displayed only for Data: List setting.)
mean of sample 2 (Displayed only for Data: List setting.)
standard deviation of sample 1

standard deviation of sample 2
T e size of sample 1
712 cuveeeaieeeeeeneeeenaee e size of sample 2

You can use the following graph analysis functions after drawing a graph.
¢ (F1)(F) ... Displays F value.

Pressing (F1) (F) displays the F value at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.

Press to clear the F value.

e (F2)(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# [Save Res] does not save the o1 condition in # Executing an analysis function automatically
line 2. stores the F" and p values in alpha variables

# V-Window settings are automatically F and P, respectively.

optimized for drawing the graph.
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H ANOVA

ANOVA tests the hypothesis that the population means of the samples are equal when there
are multiple samples.

One-Way ANOVA is used when there is one independent variable and one dependent
variable.

Two-Way ANOVA is used when there are two independent variables and one dependent
variable.

Perform the following key operations from the statistical data list.

[E3)(TEST) FHOLIA

(5)(ANOVA) acLor Hills
DerendntiList2
Sawve ResiMHone
Execule

11z

The following is the meaning of each item in the case of list data specification.

How Many .......cc.ccc..... selects One-Way ANOVA or Two-Way ANOVA (number of
levels)

FactorA.....ccoooeeviee. category list (List 1 to 20)

Dependnt .......ccccevennees list to be used for sample data (List 1 to 20)

first list for storage of calculation results (None or List 1 to
16)*
Execute ......cccceviiennns executes a calculation or draws a graph (Two-Way ANOVA only)

Save Res

The following item appears in the case of Two-Way ANOVA only.

FactorB.....cccooovvrevennn. category list (List 1 to 20)

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F)(CALC) ... Performs the calculation.
* [Fg)(DRAW) ... Draws the graph (Two-Way ANOVA only).

Calculation results are displayed in table form, just as they appear in science books.

*1[Save Res] saves each vertical column of the the next sequentially numbered list. Up to five
table into its own list. The leftmost column is lists can be used for storing columns. You
saved in the specified list, and each can specify an first list number in the range of

subsequent column to the right is saved in 1to 16.
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Calculation Result Output Example

AHALA
d4f 5 | ms F +
A 2B.215| IU. 10| 5. 6338
EFF 15[ 31.561| 2. 5041
2
One-Way ANOVA
Line 1 (A) cooveviiiieeen. Factor A df value, SS value, MS value, F value, p-value
Line 2 (ERR) ............... Error df value, SS value, MS value
Two-Way ANOVA

Line 1 (A) wovveviriiiene Factor A df value, SS value, MS value, F value, p-value
Line 2 (B) .ccovevverieennn. Factor B df value, SS value, MS value, F value, p-value
Line 3 (AB) ...cccceevennnee. Factor A x Factor B df value, SS value, MS value, F value,

p-value

*Line 3 does not appear when there is only one observation

in each cell.

Line 4 (ERR) ............... Error df value, SS value, MS value
F o, F value
2R p-value
Af oo degrees of freedom
S sum of squares
MS oo mean squares

With Two-Way ANOVA, you can draw Interaction Plot graphs. The number of graphs depends
on Factor B, while the number of X-axis data depends on the Factor A. The Y-axis is the average
value of each category.

You can use the following graph analysis function after drawing a graph.
e [F1)(TRACE) ... Trace function

Pressing @ or ® moves the pointer on the graph in the corresponding direction. When there
are multiple graphs, you can move between graphs by pressing @ and ®.

Press to clear the pointer from the display.

# Graphing is available with Two-Way ANOVA # Using the TRACE function automatically
only. V-Window settings are performed stores the number of conditions to alpha
automatically, regardless of SET UP screen variable A and the mean value to variable M,

settings. respectively.

20010101




1-2-24
Tests (TEST)

Hl ANOVA (Two-Way)

eDescription

The nearby table shows measurement results for a metal product produced by a heat
treatment process based on two treatment levels: time (A) and temperature (B). The
experiments were repeated twice each under identical conditions.

B (Heat Treatment Temperature) B1 B2

A (Time)

Al 113 , 116|139 , 132
A2 133 , 131|126 , 122

Perform analysis of variance on the following null hypothesis, using a significance level of
5%.

Ho : No change in strength due to time

Ho : No change in strength due to heat treatment temperature

Ho : No change in strength due to interaction of time and heat treatment temperature

eSolution

Use two-way ANOVA to test the above hypothesis.
Input the above data as shown below.

List1=(1,1,1,1,2,2,2,2}
List={1,1,2,2,1,1,2,2}
List3={113,116,139,132,133,131,126,122}

Define List 3 (the data for each group) as Dependent. Define List 1 and List 2 (the factor
numbers for each data item in List 3) as Factor A and Factor B respectively.
Executing the test produces the following results.

Time differential (A) level of significance P = 0.2458019517
The level of significance (p = 0.2458019517) is greater than the significance level (0.05),
so the hypothesis is not rejected.

Temperature differential (B) level of significance P = 0.04222398836
The level of significance (p = 0.04222398836) is less than the significance level (0.05), so
the hypothesis is rejected.

Interaction (A x B) level of significance P = 2.78169946e-3
The level of significance (p = 2.78169946e-3) is less than the significance level (0.05), so
the hypothesis is rejected.

The above test indicates that the time differential is not significant, the temperature
differential is significant, and interaction is highly significant.
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e|nput Example

AHOLIA

How Manyi2
FaclLor HilListl
Factor BiLisLZ
Lerendntilist3
Save RestHone

Execute
CHAL [DRALS

®Results

TRACE FICTI

20010101




1-3-1
Confidence Interval (INTR)

1-3 Confidence Interval (INTR)

A confidence interval is a range (interval) that includes a statistical value, usually the
population mean.

A confidence interval that is too broad makes it difficult to get an idea of where the population
value (true value) is located. A narrow confidence interval, on the other hand, limits the
population value and makes it difficult to obtain reliable results. The most commonly used
confidence levels are 95% and 99%. Raising the confidence level broadens the confidence
interval, while lowering the confidence level narrows the confidence level, but it also
increases the chance of accidently overlooking the population value. With a 95% confidence
interval, for example, the population value is not included within the resulting intervals 5% of
the time.

When you plan to conduct a survey and then ¢ test and Z test the data, you must also
consider the sample size, confidence interval width, and confidence level. The confidence
level changes in accordance with the application.

1-Sample Z Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is known.

2-Sample Z Interval calculates the confidence interval for the difference between two
population means when the population standard deviations of two samples are known.

1-Prop Z Interval calculates the confidence interval for an unknown proportion of
successes.

2-Prop Z Interval calculates the confidence interval for the difference between the propotion
of successes in two populations.

1-Sample ¢ Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is unknown.

2-Sample ¢ Interval calculates the confidence interval for the difference between two
population means when both population standard deviations are unknown.

On the initial STAT Mode screen, press (INTR) to display the confidence interval menu,
which contains the following items.

e FA(NTR)(AJ(2) ... Zintervals (p. 1-3-3)
2)(T) ... tintervals (p. 1-3-8)

# There is no graphing for confidence interval
functions.
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eGeneral Confidence Interval Precautions

Inputting a value in the range of 0 = C-Level < 1 for the C-Level setting sets you value you
input. Inputting a value in the range of 1 = C-Level < 100 sets a value equivalent to your input
divided by 100.

# Inputting a value of 100 or greater, or a
negative value causes an error (Ma ERROR).
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B Z Interval

e1-Sample Z Interval
1-Sample Z Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is known.

The following is the confidence interval.

- a\ o
Left=x—7[%)S
eft =X (2>V%
ioht = ¥ fUANC
Rzght—x+Z(2)\m

However, a is the level of significance. The value 100 (1 — &) % is the confidence level.
When the confidence level is 95%, for example, inputting 0.95 produces 1 —0.95 = 0.05 = o.

Perform the following key operations from the statistical data list.

[F3(INTR) 1-Sanrle ZlnLerwal
@@ —Lewval =
Ij' -

(@ (1-Smpl) List tListl

Fres :1

Save ResiMHone 4
LI=TIVAR]

|IExecute

The following shows the meaning of each item in the case of list data specification.

Data ...cooovvvieiieiee data type
C-Level ..cooeeveieecene confidence level (0 = C-Level < 1)
O ettt population standard deviation (o > 0)
LiSt e list whose contents you want to use as sample data
(List 1 to 20)
Freq.ieeeiieeens sample frequency (1 or List 1 to 20)
Save Res... . list for storage of calculation results (None or List 1 to 20)
Execute .......cccoovrienne executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.

X et mean of sample
T eeteee e e e size of sample (positive integer)

20011101




1-3-4
Confidence Interval (INTR)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Example

—Samrle Zlnterwval
Left =57T. [ cEeH2E9
Rlaht ?B 8?39191

. interval lower limit (left edge)

interval upper limit (right edge)
X et mean of sample

XOMA evereieeaasinenennneeennnnes sample standard deviation
(Displayed only for Data: List setting.)

T eeteee e e e size of sample

® 2-Sample Z Interval

2-Sample Z Interval calculates the confidence interval for the difference between two
population means when the population standard deviations of two samples are known.
The following is the confidence interval. The value 100 (1 — o) % is the confidence level.

o o 02 o2 X1: mean of sample 1
Left = (%, — %) — Z(?) 7: + 722 %2: mean of sample 2
o1: population standard deviation

. . o?  of of sample 1
Right = (%, — X +Z<ﬁ> Tl 2 P
& (% 2) 2 ny  n oz: population standard deviation
of sample 2

ni: size of sample 1
nz: size of sample 2

Perform the following key operations from the statistical data list.

[F3(INTR) Z-Samrle Zlnterwal
@@ Cileve 51.
2)(2-Smpl) . (1
Listily il
Listc2y il
LIZTIVAR]

Freaily
Frea(2
Save Res the
Execule

.
[aryry
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The following shows the meaning of each item in the case of list data specification.
data type

confidence level (0 = C-Level < 1)

population standard deviation of sample 1 (o1 > 0)
population standard deviation of sample 2 (o2 > 0)

list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) wooveeeieiieeieee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) «ooveeveeeeriieeens frequency of sample 1 (1 or List 1 to 20)

Freq(2) .cocoeeeenieeieene. frequency of sample 2 (1 or List 1 to 20)

Save Res.....cccccerveunene list for storage of calculation results (None or List 1 to 20)

Execute .......ccoeriinn. executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.

I MIT M

Fa i —
I EEE

mean of sample 1
. size (positive integer) of sample 1
mean of sample 2
712 cuveeeaieeeeeeneeeenaee e size (positive integer) of sample 2

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

2=SamrFle_Zlnterwval
8341983
Q6581

=l
=i
I

. interval lower limit (left edge)
interval upper limit (right edge)
mean of sample 1

mean of sample 2

standard deviation of sample 1
(Displayed only for Data: List setting.)

X200 woviiines e standard deviation of sample 2
(Displayed only for Data: List setting.)
T cteeeeeeee e enaee e size of sample 1

712 et size of sample 2
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®1-Prop Z Interval

1-Prop Z Interval uses the number of data to calculate the confidence interval for an
unknown proportion of successes.

The following is the confidence interval. The value 100 (1 — ) % is the confidence level.

1 n: size of sample
Left =% —Z(%) ﬁ%@‘%}) x: data

Right =2 +7 (%) AE-2)

Perform the following key operations from the statistical data list.

1-Pror ZInterwval

(INTR)

o Cave pasih
ave ResiHone

(3)(1-Prop) Execute

Data is specified using parameter specification. The following shows the meaning of each
item.

confidence level (0 = C-Level < 1)

data (0 or positive integer)

size of sample (positive integer)

list for storage of calculation results (None or List 1 to 20)

executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Example

1-Pror_ZInterwal

Lefl. =H.T1HS6582

Righl=8.73943417

& =H.T3

r =2EA

Left oo interval lower limit (left edge)
Right ..o interval upper limit (right edge)
D e estimated sample proportion

T eeteee e e e size of sample
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® 2-Prop Z Interval

2-Prop Z Interval uses the number of data items to calculate the confidence interval for the
defference between the proportion of successes in two populations.

The following is the confidence interval. The value 100 (1 — ) % is the confidence level.

ni, n2: size of sample
MK X X d
7 7 7 7 X1, X2 : data

Xy X ((x) 1 1+ 2 2

Lq}=ﬁ7_7aq_zii m n;
ﬁ@_ﬁ> &(1_%
L Xy Xp [PASRL ny) np\" Ny
nght—ﬁ—niz‘l'z(E) 7 + i
Perform the following key operations from the statistical data list.
F3(INTR) 2—Pror Zlnterwval
@@ x1 I
ri :
(a1 (2-Prop) =3 13
] :
Save ResiHone +
|IExecute

Data is specified using parameter specification. The following shows the meaning of each
item.

C-Level....cocvvviveinn. confidence level (0 = C-Level < 1)

X1 et data value (x1 2 0) of sample 1

T tteeeeeeee e e enaee e size (positive integer) of sample 1

X2 it data value (x2 =z 0) of sample 2

712 cuveeeaieeeeeeneeeenaee e size (positive integer) of sample 2

Save Res.....ccccoevvennene list for storage of calculation results (None or List 1 to 20)
Execute .......cccovreiennn. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

2—Pror ZlnLerwal

Left =-d,8743882
Right=8.19435852
el =H. 66

Y =H.g

nl =2[H

nZ =158
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interval lower limit (left edge)
. interval upper limit (right edge)
estimated sample propotion for sample 1

D2 e estimated sample propotion for sample 2
T tteeeeeeee e e enaee e size of sample 1
712 et size of sample 2

B : Interval

® 1-Sample ¢ Interval

1-Sample ¢ Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is unknown.

The following is the confidence interval. The value 100 (1 — ) % is the confidence level.

_ o XO,_
Lefi =51, g | =
. - o\ XG,1
Right = x+1t,_4|—~
ight =05 ) o

Perform the following key operations from the statistical data list.

1-Sanrle LlinLerwal

(F3(INTR)
-Lewel 8.

@m %151, :ITiELI
e H

(@) (1-Smpl) Save ResiMone
Execule
LIzTIwAR]

The following shows the meaning of each item in the case of list data specification.

Data ....cooovvevieiieeene data type
C-Level..cooeeieieecene confidence level (0 = C-Level < 1)
List voveeiiiiieeeeee list whose contents you want to use as sample data
(List 1 to 20)
Freq . sample frequency (1 or List 1 to 20)
Save Res.....ccccoervennene list for storage of calculation results (None or List 1 to 20)
Execute .......ccccovriinne executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.
T H
k-l :
1 H

EEE
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mean of sample
. sample standard deviation (xo»-1 2 0)
size of sample (positive integer)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Example

1-SanFle LInterwal
Left =&H.9528945
Risht=T1.63T71054
x

=55, 3
wdn-1 =5.4
n =1z
Left oo interval lower limit (left edge)
Right ..o interval upper limit (right edge)
X et mean of sample
XOMA everreeaasineeeanneneeanes sample standard deviation
T e size of sample

e 2-Sample ¢ Interval

2-Sample ¢ Interval calculates the confidence interval for the difference between two
population means when both population standard deviations are unknown. The ¢ interval is

applied to 7 distribution.

The following confidence interval applies when pooling is in effect. The value 100 (1 — ) % is
the confidence level.

. o
Left = (%, — Xp)— by n, -2 (? X,0,.42 (n%"’n%)

nght = (.X'1 _X2)+ tn‘+n2—2 ?) xpan,12(n%+niz>

n—1)x10,12 +(n—1) x20,_12
Xpo-n—1 =\/( ! ) ;11+1’12_(22 ) 2 !
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The following confidence interval applies when pooling is not in effect. The value
100 (1 — o) % is the confidence level.

- = o |(%10,42 | X5 0,12
Left = (X — %)=t <?> ( 1n1 L+ nz’

2 2
Right = (%, — %,)+ 1,5 (&) <x16,,_1 +x2crn_1>

X10,.42

n="

4

X10,42 12 0,4°
n n,

Perform the following key operations from the statistical data list.

[F3)(INTR) Z-Samrle LInterwal
& e
@ (2-Smpl) Cisfi?

Frearil

FreqiZ
LI=TIVAR]

2
2
2
2

Pooled =0ff
Save ResiMHone
Execule

The following shows the meaning of each item in the case of list data specification.

Data ....ccoovvvieiieieee, data type

C-Level ..cooeeveieecene confidence level (0 = C-Level < 1)

(IS (1) I list whose contents you want to use as data of sample 1
(List 1 to 20)

(IS (2 list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) oo, frequency of sample 1 (1 or List 1 to 20)

Freq(2) «oooeveveeeviiieeanns frequency of sample 2 (1 or List 1 to 20)

Pooled .......ccccoeeiiinen. pooling On (in effect) or Off (not in effect)

Save Res......ccceveveenne list for storage of calculation results (None or List 1 to 20)

Execute .......ccceveieenns executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.

%1 A
=1dh-1 A
nl A
X A
= 20h-1 A
nz HS)
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mean of sample 1
. standard deviation (x10-1 2 0) of sample 1

size (positive integer) of sample 1

X2 it mean of sample 2
X201-1 1eeeereaernneeenneneanes standard deviation (x20x-1 = 0) of sample 2
T2 ot size (positive integer) of sample 2

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [FJ(CALC) ... Performs the calculation.

Calculation Result Output Example

2=SanFle LInLerwal
Left f-?'gg?8264

+

interval lower limit (left edge)
interval upper limit (right edge)
degrees of freedom

mean of sample 1

. mean of sample 2

standard deviation of sample 1
standard deviation of sample 2

pooled sample standard deviation
(Displayed only when Pooled: On setting.)

T e size of sample 1
712 cuveeeaieeeeeeneeeenaee e size of sample 2

20010101




1-4-1
Distribution (DIST)

1-4 Distribution (DIST)

There is a variety of different types of distribution, but the most well-known is “normal
distribution,” which is essential for performing statistical calculations. Normal distribution is a
symmetrical distribution centered on the greatest occurrences of mean data (highest
frequency), with the frequency decreasing as you move away from the center. Poisson
distribution, geometric distribution, and various other distribution shapes are also used,
depending on the data type.

Certain trends can be determined once the distribution shape is determined. You can
calculate the probability of data taken from a distribution being less than a specific value.

For example, distribution can be used to calculate the yield rate when manufacturing some
product. Once a value is established as the criteria, you can calculate normal probability
when estimating what percent of the products meet the criteria. Conversely, a success rate
target (80% for example) is set up as the hypothesis, and normal distribution is used to
estimate the proportion of the products will reach this value.

Normal probability density calculates the probability density of normal distribution from a
specified x value.

Normal distribution probability calculates the probability of normal distribution data falling
between two specific values.

Inverse cumulative normal distribution calculates a value that represents the location
within a normal distribution for a specific cumulative probability.

Student- ¢ probability density calculates ¢ probability density from a specified x value.

Student- ¢ distribution probability calculates the probability of 7 distribution data falling
between two specific values.

Like ¢ distribution, distribution probability can also be calculated for x?, F, Binomial, Poisson,
and Geometric distributions.

On the initial STAT Mode screen, press (5 (DIST) to display the distribution menu, which
contains the following items.

« [ (DIST) (@ (Norm) ... Normal distribution (p. 1-4-3)
(T) ... Student-z distribution (p. 1-4-7)
(?) ... x2 distribution (p. 1-4-9)

(F) ... F distribution (p. 1-4-12)

(Binmal) ... Binomial distribution (p. 1-4-16)
(Poissn) ... Poisson distribution (p. 1-4-19)
(Geo) ... Geometric distribution (p. 1-4-21)

NEPOEEN
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eCommon Distribution Functions

After drawing a graph, you can use the P-CAL function to calculate an estimated p-value for
a particular x value.

The following is the general procedure for using the P-CAL function.

1. After drawing a graph, press (P-CAL) to display the x value input dialog box.
2. Input the value you want for x and then press [Exg.

¢ This causes the x and p values to appear at the bottom of the display, and moves the
pointer to the corresponding point on the graph.

3. Pressing or a number key at this time causes the x value input dialog box to reappear
so you can perform another estimated value calculation if you want.

4. After you are finished, press to clear the coordinate values and the pointer from the
display.

# Executing an analysis function automatically
stores the x and p values in alpha variables X
and P, respectively.
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B Normal Distribution

eNormal Probability Density

Normal probability density calculates the probability density of nomal distribution from a
specified x value. Normal probability density is applied to standard normal distribution.

f)= ¢ 2 (6>0)

Perform the following key operations from the statistical data list.

[F3(DIST) Hormal F.[D
(1) (Norm) .
P HYE)
{@(P.D) Sawve ResiMHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

list for storage of calculation results (None or List 1 to 20)

executes a calculation or draws a graph

» Specifying o = 1 and u = 0 specifies standard normal distribution.
After setting all the parameters, align the cursor with [Execute] and then press one of the

function keys shown below to perform the calculation or draw the graph.

¢ [FJ(CALC) ... Performs the calculation.
* (Fg)(DRAW) ... Draws the graph.
Calculation Result Output Example

Hormal P.D
F=H. 1 TERZ2EE

F-CAL FICT
P e normal probability density
V-Window settings for graph drawing are set Window settings are used for graph drawing
automatically when the SET UP screen's when the [Stat Wind] setting is [Manual].

[Stat Wind] setting is [Auto]. Current V-
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eNormal Distribution Probability

Normal distribution probability calculates the probability of normal distribution data falling
between two specific values.

1 b G—p? a :lower boundary
= B Je 20* dx b : upper boundary
Nemo Ja

Perform the following key operations from the statistical data list.

F3)(DIST) Hormal C.[0
(A (Norm) FREF i
@(CD) g i1

[ A
Save ResiMHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary
upper boundary
standard deviation (o > 0)

list for storage of calculation results (None or List 1 to 20)

executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

e (FJ(CALC) ... Performs the calculation.

# There is no graphing for normal distribution
probability.
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Calculation Result Output Example

Hormal C.D

F =Hd. 831284885

ziLow=1

zilde =1.5

P e normal distribution probability

44 o) z:Low value (converted to standardize z score for lower
value)

ZUP e z:Up value (converted to standardize z score for upper value)

e|nverse Cumulative Normal Distribution

Inverse cumulative normal distribution calculates a value that represents the location within a
normal distribution for a specific cumulative probability.

a oo B
[ roae=p [regac=p | ree=p

—oo a
Tail: Left Tail: Right * Tail: Central
upper lower upper and
boundary of boundary of lower
integration integration boundaries
interval interval of integration
o="? o="7 interval

oa=? B=7?

Specify the probability and use this formula to obtain the integration interval.

Perform the following key operations from the statistical data list.

F3)(DIST) Trerse Hormal

(A (Norm) rea :

@) (Invrse) ﬂ : é,
Save Res:Hone
Execule

LEFT IKIGHT LEHTH

Data is specified using parameter specification. The following shows the meaning of each
item.

I, probability value tail specification (Left, Right, Central)
............................ probability value (0 = Area = 1)
.... standard deviation (¢ > 0)

..................... list for storage of calculation results (None or List 1 to 20)

....................... executes a calculation

20011101




1-4-6
Distribution (DIST)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Examples

Inverse Hormal
x=1.64420363

Inverse Hormal
xilow=-A.852THET
xillF =8, BE2TALTT

inverse cumulative normal distribution

(Tail:Left upper boundary of integration interval)
(Tail:Right lower boundary of integration interval)
(Tail:Central upper and lower boundaries of integration
interval)

# There is no graphing for inverse cumulative

normal distribution.
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B Student-s Distribution

eStudent-s Probability Density

Student- probability density calculates ¢ probability density from a specified x value.
_d+l

ey
&

fx) =

Perform the following key operations from the statistical data list.

[F3(DIST) Studenl—1 F.0»

@) d " =M
e 2s: Mane

{@(P.D) Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

Af o degrees of freedom (df > 0)

Save Res... . list for storage of calculation results (None or List 1 to 20)

Execute .......cccoeveiernns executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [FJ(CALC) ... Performs the calculation.

* (Fg)(DRAW) ... Draws the graph.
Calculation Result Output Example

Student-t. P.D
F=H. 192458603

T
F-CHL FICTI
P e Student-r probability density
lg # Current V-Window settings are used for when the [Stat Wind] setting is [Auto].
graph drawing when the SET UP screen's Xmin=—3.2, Xmax = 3.2, Xscale = 1,

[Stat Wind] setting is [Manual]. The V-

Window settings below are set automatically OSSN A e S T
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eStudent-s Distribution Probability

Student-z distribution probability calculates the probability of ¢ distribution data falling
between two specific values.

r(df;' 1) » dr+ a : lower boundary
- - /7 B 2 b : upper boundary
<1+ df) dx

)

Perform the following key operations from the statistical data list.

F8)(DIST) Sfudent—1 C.0

@am l:ﬁF*E-r* : g

(2)(C.D) Save ResiHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary

. upper boundary

degrees of freedom (df > 0)

list for storage of calculation results (None or List 1 to 20)

executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

e (FJ(CALC) ... Performs the calculation.

# There is no graphing for Student-# distribution
probability.
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Calculation Result Output Example

Student-t C.D
F =, 85423831
tilow=1.T

tilp =1e+99

Student-¢ distribution probability
ELOW i t:Low value (input lower value)

EUP e t:Up value (input upper value)

B 2 Distribution

oy 2 Probability Density

%2 probability density calculates the probability density function for the x2distribution at a
specified x value.

171 %%1 o
fx) = W( 2)
2
Perform the following key operations from the statistical data list.
FB(DIST) % F.L
B :
@) 2uz femene

Data is specified using parameter specification. The following shows the meaning of each

item.
X et data
Af o degrees of freedom (positive integer)
Save Res list for storage of calculation results (None or List 1 to 20)
Execute .......cccovreiennn. executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
¢ (Fg)(DRAW) ... Draws the graph.
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Distribution (DIST)

Calculation Result Output Example

x2 P.D
F=0.2419T78TZ

[T

[F-CaLl FICT
x2 probability density

.g# Current V-Window settings are used for when the [Stat Wind] setting is [Auto].

graph drawing when the SET UP screen's Xmin = 0, Xmax=11.5, Xscale = 2,
[Stat Wind] setting is [Manual]. The V-

Window settings below are set automatically Yimin =-0.1, Ymax = 0.5, ¥scale = 0.1
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oy 2 Distribution Probability

%2 distribution probability calculates the probability of x? distribution data falling between two
specific values.

g by . a : lower boundary
- L(l) P N b : upper boundary
4%
2
Perform the following key operations from the statistical data list.
E3(DIST) 2 C.D
ES) EF‘F‘EI"‘ : E
df HI|
(2)(C.D) Save Res!Hone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary

upper boundary

degrees of freedom (positive integer)

list for storage of calculation results (None or List 1 to 20)

. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [FJ(CALC) ... Performs the calculation.

# There is no graphing for Xz distribution
probability.
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Distribution (DIST)

Calculation Result Output Example

x2 C.D
F=0. 22884323

P e x?2 distribution probability

B F Distribution

® F Probability Density

F probability density calculates the probability density function for the F distribution at a
specified x value.

d
F(&) nog _n+d
) =— s () ¥ o) ?
()"
2 2
Perform the following key operations from the statistical data list.

(F5(DIST) F F.I

@® g df : 5]
W(P.D) Save RestHome

Execule

Data is specified using parameter specification. The following shows the meaning of each

item.
X et data
TS i numerator degrees of freedom (positive integer)
Aidf oo denominator degrees of freedom (positive integer)
Save Res......cccceveveenne list for storage of calculation results (None or List 1 to 20)
Execute ......cccceviiennns executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

¢ [F1)(CALC) ... Performs the calculation.
¢ (F6)(DRAW) ... Draws the graph.
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Distribution (DIST)

Calculation Result Output Example

F F.L
F=0. 98 TEZEE3

F-CALl FICT]
P e F probability density

# V-Window settings for graph drawing are set Window settings are used for graph drawing
automatically when the SET UP screen's when the [Stat Wind] setting is [Manual].
[Stat Wind] setting is [Auto]. Current V-
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Distribution (DIST)

e F Distribution Probability

F distribution probability calculates the probability of F distribution data falling between two
specific values.

n+d , e a : lower boundary
r i e -5 b : upper boundary
e (0] e
g
2 2

Perform the following key operations from the statistical data list.

FEB)(DIST) F C.0

(@ (F) E?E$P EE

(2)(C.D) Hidf iQ
Save ResiHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary
upper boundary

numerator degrees of freedom (positive integer)

Aedf oo denominator degrees of freedom (positive integer)
Save Res.....ccccoereennene list for storage of calculation results (None or List 1 to 20)
Execute .......cccocvriinne executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

# There is no graphing for F* distribution
probability.
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Distribution (DIST)

Calculation Result Output Example

F C.D

F=0. 91488333

F distribution probability

20010101




1-4-16
Distribution (DIST)

B Binomial Distribution

® Binomial Probability

Binomial probability calculates a probability at a specified value for the discrete binomial
distribution with the specified number of trials and probability of success on each trial.

f(x) = nCxp*(1=p)"~* (x=0,1, e ,n) p: success probability
(0Osps=s1)
n : number of trials

Perform the following key operations from the statistical data list.

F3)(DIST) Eincmial P.O0
(8] (Binmal)
@(P.D)

i= iLi=
Humtrialf@

F H
Sawve ResiHone
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data ...cooovvvieiieiee data type

LiSt e list whose contents you want to use as specified data
(List 1 to 20)

Numtrial ... number of trials

2R success probability (0sp =1)

Save Res.....ccccoevvennene list for storage of calculation results (None or List 1 to 20)

Execute .......ccccoviiinne executes a calculation

The following shows the meaning of a parameter data specification item that is different from
list data specification.

I= ] I

X et integer from 0 to n

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

# There is no graphing for binomial distribution.
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Distribution (DIST)

Calculation Result Output Example

Biriomial F.D Biriomizal F.D
I3 F=H.
£ EATRET]
3ln. 1598
A, 36
| I binomial probability

eBinomial Cumulative Density

Binomial cumulative density calculates a cumulative probability at a specified value for the
discrete binomial distribution with the specified number of trials and probability of success on
each trial.

Perform the following key operations from the statistical data list.

[ (DIST) Binomial L.O
(8] (Binmal)
(@ (C.D)

1= Li=
Humtrialf@

E H
Sawve ResiHone
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data ...cooovvvieiieiee data type

LiSt e list whose contents you want to use as specified data
(List 1 to 20)

Numtrial ... number of trials

2R success probability (0sp =1)

Save Res... . list for storage of calculation results (None or List 1 to 20)

Execute .......ccceevveennen executes a calculation

The following shows the meaning of a parameter data specification item that is different from
list data specification.

= HRE

X et integer from 0 to n
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After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Example

Biriomial C.D EBinomial C.L
1 F=H.93437S

o PR PRRRRPRN probability of success
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B Poisson Distribution

ePoisson Probability

Poisson probability calculates a probability at a specified value for the discrete Poisson
distribution with the specified mean.

f=CH

" (x=0,1,2, ) u:mean (u > 0)

Perform the following key operations from the statistical data list.

FE8(DIST) Foizson P00

(6] (Poissn) i= tLi=

@ (P.D) Eave Res:ﬁnhe
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data ....ccoeeeieiiiiees data type

List woveeieieeeeeee list whose contents you want to use as specified data
(List 1 to 20)

L et mean (u > 0)

Save Res......cccceveuveenne list for storage of calculation results (None or List 1 to 20)

Execute ......cccceviennns executes a calculation

The following shows the meaning of a parameter data specification item that is different from
list data specification.

I= id I

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [FJ(CALC) ... Performs the calculation.
Calculation Result Output Example

Foisson FP.D Foisson P.D
ITs F=H, 23182143
2| 0. 33uE
il p.asi

B. 22313816681

| I Poisson probability

# There is no graphing for Poisson distribution.
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® Poisson Cumulative Density

Poisson cumulative density calculates a cumulative probability at specified value for the
discrete Poisson distribution with the specified mean.

Perform the following key operations from the statistical data list.

F3)(DIST) Foisson C.0

(6] (Poissn) iz tLis

(2)(c.D) Eave Res:ﬁnhe
Execule
CIzTIoAR]

The following shows the meaning of each item when data is specified using list specification.

Data ....ccoeeeieieiiees data type
List woveeieieeeeeee list whose contents you want to use as specified data
(List 1 to 20)

mean (u > 0)
list for storage of calculation results (None or List 1 to 20)

Execute .......ccceevveennen executes a caluculation

The following shows the meaning of a parameter data specification item that is different from
list data specification.

= A

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [FJ(CALC) ... Performs the calculation.

Calculation Result Output Example

Fois=son C.D Foiz=on C.D
T F=H. 1358277

- 144212353 - 86

| I Poisson cumulative probability
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B Geometric Distribution

eGeometric Probability

Geometric probability calculates the probability at a specified value, and the number of the
trial on which the first success occurs, for the geometric distribution with a specified
probability of success.

f)=p(=p)~! (x=1,23,)

Perform the following key operations from the statistical data list.

(F5)(DIST) Geometlric P.D

(7] (Geo) 15 i=

(D) Sa'u'e Res: ﬁu:-he
Execule
LI=TIVAR]

The following shows the meaning of each item when data is specified using list specification.

data type

list whose contents you want to use as specified data
(List 1 to 20)

2R success probability (0sp =1)

Save Res list for storage of calculation results (None or List 1 to 20)

Execute .......cccocvriinne executes a calculation
The following shows the meaning of a parameter data specification item that is different from
list data specification.
Iz 8 I
X et positive integer (x = 1)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢(F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

Geometric P.D Geomelric P.D
F=E. 81171275
5]
[ TR geometric probability
# There is no graphing for geometric distribu- # Positive integer number is calculated whether
tion. list data (Data:List) or x value (Data:variable)

is specified.
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eGeometric Cumulative Density

Geometric cumulative density calculates a cumulative probability at specified value, the
number of the trial on which the first success occurs, for the discrete geometric distribution
with the specified probability of success.

Perform the following key operations from the statistical data list.

F5)(DIST) Geomelric C.D

(@) (Geo) i= :Li=

(2(C.D) Save Resgﬁnhe
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data .... . data type

List woveeieieeeeeee list whose contents you want to use as specified data
(List 1 to 20)

success probability (0sp =1)
list for storage of calculation results (None or List 1 to 20)

executes a calculation
The following shows the meaning of a parameter data specification item that is different from
list data specification.
Iz a
X et positive integer (x = 1)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

¢ [F1)(CALC) ... Performs the calculation.

Calculation Result Output Example

Geomelric C.D GeomeLric C.D
1 F=H.275
2| 0. B7uS
aln. 8315
H.TS
P e geometric cumulative probability

# Positive integer number is calculated whether
list data (Data:List) or x value (Data:variable)
is specified.
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Before Performing Financial Calculations

2-1 Before Performing Financial Calculations

B TVM Mode

On the Main Menu, select the TVM icon.

R FIFIIH F‘IEHU W
RECUR [COHIC 1

EHE
HdH

I [
DIFF ER E CIIIH LIHK MEMIJIR'-I
di-~dii = | | n

* The above shows the ALGEBRA
FX 2.0 PLUS screen.

Entering the TVM Mode displays the Financial screen like the one shown below.

a@é@@@

(
(
(
(
(
(

Financial 1 screen

Financial 2 screen

Financialdl-2x
Fl:Simrle Interest
FZ:ComFound Interest

iCash Flow
F4:AmorLization
F3:Conversion
F&:Hext Page

Financial (2.2
Fl:Cost-Sel-Marain
FZ:Dav=s Calculation
F3iDerrecialion
F4:Bond Calculation
F3:TUM Grarh
F&:Hext Pasze

SMFLICMFDTCASH TAMTICHUTT - 1

COET [DAYS |DEFREOHDITUMG] [

SMPL) ...
CMPD) ..
CASH)....
AMT)
CNVT)..
I>)([FD(COST

.Ca

3 (DAYS) ...
) (DEPR) ...
(3 (BOND) ...
#8)(TVMG) ...

. Simple interest

.Compound interest

sh flow (investment appraisal)

...... Amortization

.. Interest rate conversion

) ... Cost, selling price, margin
Day/date calculations
Depreciation

Bonds

20010101
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Before Performing Financial Calculations

SET UP ltems
® Payment

* {BGN}/{END} ........ Specifies {beginning of the period} / {end of the period} payment
® Date Mode

* {365}/{360} ......... Specifies calculation according to a {365-day} / {360-day} year

® Periods/YR. (Bond)
e {Annual}/{SEMI} ... Indicates an {annual} / {semi-annual} period

Note the following points regarding SET UP screen settings whenever using the Financial
Mode.

* Drawing a financial graph while the Label item is turned on, displays the label CASH for the
vertical axis (deposits, withdrawals), and TIME for the horizontal axis (frequency). Axis
labels do not appear on the TVM graph.

* The number of display digits applied in the Financial Mode is different from the number of
digits used in other modes. The calculators automatically reverts to Norm 1 whenever you
enter the Financial Mode, which cancels a Sci (number of significant digits) or Eng
(engineering notation) setting made in another mode.

Graphing in the TVM Mode

After performing a financial calculation, you can use (GRPH) to graph the results as shown
below.

TRACEIFICTI [REFT

e Pressing (F1) (TRACE) while a graph is on the display activates Trace, which can be used to
look up other financial values. In the case of simple interest, for example, pressing &
displays PV, SI, and SFV. Pressing @ displays the same values in reverse sequence.

e Zoom, Scroll, and Sketch cannot be used in the Financial Mode.

* Whether you should use a positive or a negative value for the present value (PV) or the
purchase price (PRC) depends on the type of calculation you are trying to perform.

* Note that graphs should be used only for reference purposes when viewing TVM Mode
calculation results.

* Note that calculation results produced in this mode should be regarded as reference values
only.

* Whenever performing an actual financial transaction, be sure to check any calculation results
obtained using this calculator with against the figures calculated by your financial institution.

20010101




2-2-1
Simple Interest

2-2 Simple Interest

This calculator uses the following formulas to calculate simple interest.

eFormula

365-day Mode SI’ =32ﬁ5X PV Xi (i _ I%) SI - interest

o n  : number of interest
) SI'=-1_xPVxi (i 17 ) periods
360-day Mode 360 100 PV : principal
1% : annual interest
SFV : principal plus interest
SI =-=SI'

SFV = —(PV + SI')

Press (F1)(SMPL) from the Financial 1 screen to display the following input screen for simple

interest.
(F)(SMPL) Simple Interest 365
o=
PU =@
E1l=Ful
Tl it number of interest periods (days)
I% oo annual interest rate
PV o principal

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

e [F)(S)....... Simple interest
e (F2(SFV) ... Simple future value

REFTI RFH
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Simple Interest

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
e (F1)(REPT) ... Parameter input screen
¢ (Fg(GRPH)... Draws graph

TRACEIFICTI [REFT

After drawing a graph, you can press (F1J(TRACE) to turn on trace and read calculation
results along the graph.

Each press of ® while trace is turned on cycles the displayed value in the sequence:
present value (PV) — simple interest (SI) — simple future value (SFV). Pressing @ cycles
in the reverse direction.

n, FU=-12000

Press to turn off trace.
Press again to return to the parameter input screen.
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2-3 Compound Interest

This calculator uses the following standard formulas to calculate compound interest.

eFormula I
1+ ix9[(1+i)—1] 1 1%
PY+PMT X S+ +FV =0 (i: °)
i(1+0)" (1+9)" 100
Here:
PV=—(PMT x O + FVxﬂ) PV : presentvalue
FV  : future value
PMT : payment
FV=—- _PMT >0 + PV n : number of compound periods
B 1% : annual interest rate
i is calculated using Newton’s Method.
Py PVHFVXB
o S =0 assumed for end of term
S =1 assumed for beginning of term
(1+iS) PMT-FVi
g (1+iS) PMT+PVi
n=
log(1+ i)
1+ ix9)[(1+)*1]
i(1+9)"
1
p= (A+iy

F(i) = Formula I

F(i) =

PMT [_ (A+i-(+9)7 + (14 i)+ )]

1 1

+S1-(1+ i)™ | —nFV(1+ i)™

eFormula II (1% = 0)

PV+PMTxn+FV=0
Here:

PV=—(PMTxn+FV)
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Compound Interest

FV=—(PMTxn+PV)

PV+FV
PMT=————
n
PV+ FV
n=——
PMT

* A deposit is indicated by a plus sign (+), while a withdrawal is indicated by a minus sign (-).

eConverting between the nominal interest rate and effective interest rate

The nominal interest rate (/% value input by user) is converted to an effective interest rate
(/%") when the number of installments per year (P/Y) is different from the number of
compound interest calculation periods (C/Y). This conversion is required for installment
savings accounts, loan repayments, etc.

[c/v] P/Y: installment
1% ={(1+ L)”””q %100 periods per year
100x[C/ Y] C/Y: compounding

periods per year

When calculating n, PV, PMT, FV

The following calculation is performed after conversion from the nominal interest rate to the
effective interest rate, and the result is used for all subsequent calculations.

i=1%"+100

When calculating 1%
After [% is obtained, the following calculation is performed to convert to /%'

P/Y: installment
x[C /Y ]x100 periods per year
C/Y: compounding
periods per year

[P/Y]

1% [C/Yl__l

1% = )
100

1+

The value of I%' is returned as the result of the /% calculation.
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Compound Interest

Press (F2(CMPD) from the Financial 1 screen to display the following input screen for
compound interest.

(F2 (CMPD) ComFound Interest:End
A =
PLI =B
FMT=&
FlI =8
PeY=12 +

n TTX% TPV IFMTIFY TAMTI

omFound IHLEFE5L=EH$

MO0
R -, e Ly
3
I
SN

|

Th TT=TFY TFMTIF Y TAMTI

Tl eeeeeeeeeeee e eee e number of compound periods

1% oo annual interest rate

PV o, present value (loan amount in case of loan; principal in case
of savings)

PMT ... payment for each installment (payment in case of loan;
deposit in case of savings)

FV o, future value (unpaid balance in case of loan; principal plus
interest in case of savings)

PIY o installment periods per year

ClY oo, compounding periods per year

Important!

Inputting Values

A period (n) is expressed as a positive value. Either the present value (PV) or future value
(F'V) is positive, while the other (PV or FV) is negative.

Precision

This calculator performs interest calculations using Newton’s Method, which produces
approximate values whose precision can be affected by various calculation conditions.
Because of this, interest calculation results produced by this calculator should be used
keeping the above limitation in mind or the results should be verified.
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After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

e FJ(N) .o Number of compound periods

e FJ(1%) .ccvenene Annual interest rate

e F3J(PV) ......... Present value (Loan: loan amount; Savings: balance)
()

e F5(FV).......... Future value (Loan: unpaid balance; Savings: principal plus interest)

(
(
o [F4)(PMT)....... Payment (Loan: installment; Savings: deposit)
(
e [F8)(AMT) ....... Amortization screen

ComFound_Interest
I¥% =8.328TE985354

REFT AMT RFH

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
¢ [F1)(REPT)..... Parameter input screen
e [F4(AMT) ....... Amortization screen
¢ (Fg)(GRPH) .... Draws graph

TRACEIFICT] [REFT

After drawing a graph, you can press (F1)(TRACE) to turn on trace and read calculation
results along the graph.

Press to turn off trace.
Press again to return to the parameter input screen.
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2-4 Cash Flow (Investment Appraisal)

This calculator uses the discounted cash flow (DCF) method to perform investment appraisal
by totalling cash flow for a fixed period. This calculator can perform the following four types
of investment appraisal.

* Net present value (NPV)

* Net future value (NFV)

¢ Internal rate of return (/RR)
¢ Pay back period (PBP)

A cash flow diagram like the one shown below helps to visualize the movement of funds.
CFs CF7

TrFlT]
v

I

CFo

With this graph, the initial investment amount is represented by CFo. The cash flow one year
later is shown by CF1, two years later by CFz, and so on.

Investment appraisal can be used to clearly determine whether an investment is realizing
profits that were originally targeted.

osNPV

n Io/
NPV = CFo+ CF CF2 CFs CF (._ 0)

A+ A+ A+iy T aray "= 100

n: natural number up to 254

oNFV

NFV=NPVX(1+i)"

®]/RR

CF+1 + CF2 + CF3 + + CF.
(1+4) A+ 1+ 7 (A+i0)

0=CFo+

In this formula, NPV = 0, and the value of IRR is equivalent to i x 100. It should be noted,
however, that minute fractional values tend to accumulate during the subsequent
calculations performed automatically by the calculator, so NPV never actually reaches
exactly zero. IRR becomes more accurate the closer that NPV approaches to zero.
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Cash Flow (Investment Appraisal)

ePBP

PBP is the value of n when NPV = 0 (when investment can be recovered).

¢ Press (F3)(CASH) from the Financial 1 screen to display the following input screen for Cash
Flow.

(F3)(CASH) Cash Flow

=h=L1=

HFY TIRR TFEP THFW TRLISTILIST]

I% oo interest rate (%)

(7] 3 I list for cash flow

If you have not yet input data into a list, press (F5) (»LIST) and input data into a list.

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

¢ FJ(NPV)......... Net present value
*FJ(IRR) .......... Internal rate of return

* [F3)(PBP) ......... Pay back period

¢ F(NFV) ......... Net future value

¢ [F5 (»LIST) ..... Inputs data from a list

¢ [Fg)(LIST)......... Specifies a list for data input

Cash Flow
HPU=9518. 1535173

REFTI RFH

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
¢ [F1)(REPT)...... Parameter input screen
¢ (&) (GRPH) ..... Draws graph

TRACEIFICT] [REFT
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After drawing a graph, you can press (Fi)(TRACE) to turn on trace and read calculation
results along the graph.

n, CF=-BE000

Press to turn off trace.
Press again to return to the parameter input screen.
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2-5 Amortization

This calculator can be used to calculate the principal and interest portion of a monthly

installment, the remaining principal, and amount of principal and interest repaid up to any
point.

eFormula

Amount of single payment

R,

e—=

(Number of payments)

a: interest portion of installment PM1 (INT)

b: principal portion of installment PM1 (PRN)

c: balance of principal after installment PM2 (BAL)

d. total principal from installment PM1 to payment of installment PM2 (SPRN)
e: total interest from installment PM1 to payment of installment PM2 (ZINT)

*a + b = one repayment (PMT)
a : INTewi = | BALpwi-1 X i | X (PMT sign)

b : PRNem1 = PMT + BALpmi-1X i
¢ : BALem2 = BALpv2-1 + PRNPv2

d: % PRN = PRNpw1 + PRNpw1+1 + ... + PRNpm2

Ul

¢: S INT = INTows + INTownat + ... + INTowe

PM1

BALo = PV (INT1 = 0 and PRN1 = PMT at beginning of installment term)
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2-5-2
Amortization

eConverting between the nominal interest rate and effective interest rate

The nominal interest rate (/% value input by user) is converted to an effective interest rate
(I%") for installment loans where the number of installments per year is different from the
number of compound interest calculation periods.

[c/Y]

"1 1100

1%

1% ={(14—2
100 x [C/ Y]

The following calculation is performed after conversion from the nominal interest rate to the
effective interest rate, and the result is used for all subsequent calculations.

i=1%+100

Press (F4) (AMT) from the Financial 1 screen to display the following input screen for interest
rate conversion.

F3(AMT) Amorlizatlion tEnd
n ;El
I= =@
PU _=@A
PMT=R +
EAL | IHT | FRH [ZINT EFRAICHFD]
Amortization tEnd
% =8 T
FL =@
pay=1z
C~Y=12

EAL | INT [FRH IETHT EFRHICHFD]

. first installment of installments 1 through n

second installment of installments 1 through n
installments

interest rate

principal

payment for each installment

balance following final installment

installments per year
ClY i compoundings per year
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2-5-3
Amortization

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

¢ FJ(BAL) ......... Balance of principal after installment PM2
* [E2J(INT)
¢ [F3)(PRN) Principal portion of installment PM1

¢ [F4(ZINT) ....... Total interest paid from installment PM1 to installment PM2
¢ [F5)(Z PRN)...... Total principal paid from installment PM1 to installment PM2
¢ (g (CMPD)....... Compound interest screen

Interest portion of installment PM1

Amortization tEnd
PEH=-525. 2603348

REFTI CHFD RFH

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
¢ F)(REPT)....... Parameter input screen
¢ [F4(CMPD)...... Compound interest screen
¢ [F§) (GRPH) ...... Draws graph

TRACEIFICT] [REFT

After drawing a graph, you can press (F1)(TRACE) to turn on trace and read calculation
results along the graph.

The first press of (F1)(TRACE) displays INT and PRN when n = 1. Each press of ® shows
INT and PRN whenn =2, n =3, and so on.

=l
IMNT=-14YH. 2 FRH=-UBU. B

Press to turn off trace.
Press again to return to the parameter input screen.
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2-6-1
Interest Rate Conversion

2-6 Interest Rate Conversion

The procedures in this section describe how to convert between the annual percentage rate
and effective interest rate.

eFormula

EFF : effective interest rate (%)

" APR : annual percentage rate (%)
EFF = [(1 + LRfOO)—ﬂ x 100
n : number of compoundings

1
EFF

APR:[O-FW) —1} x nx100

Press (F5 (CNVT) in the Financial 1 screen to display the following input screen for interest
rate conversion.

(F8)(CNVT) Conversion
s =
FEFFIFAFR]
Tt number of compoundings
I% i, interest rate

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

« [F)(»EFF) ... Converts annual percent rate to effective interest rate
 [F2) (™ APR) ... Converts effective interest rate to annual percent rate

Conwer=iohn
EFF=12.3558251

REFT

* An error (Ma ERROR) occurs if parameters are not configured correctly.
Use the following function key to maneuver between calculation result screens.
¢ (F1)(REPT) ... Parameter input screen
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2-7-1
Cost, Selling Price, Margin

2-7 Cost, Selling Price, Margin

Cost, selling price, or margin can be calculated by inputting the other two values.

eFormula
MRG
ST = SE;@T -MRG) SEL  soting price
SEL = 1-MRG e
100
MRG(%) = (1 - %) x100

Press (F1)(COST) from the Financial 2 screen to display the following input screen.

8 (>) ED(COST) CosL-Sel-Marain

E:
Mra=8

COET [ ZEL [MRG

(O] T cost
Sel i selling price
MIQ e margin

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

¢ [F)(COST) ....Cost En%Eigeéfﬂarain
« FJ(SEL) ....... Selling price ==
¢ [F3)(MRQG) ...... Margin

REFT

* An error (Ma ERROR) occurs if parameters are not configured correctly.
Use the following function key to maneuver between calculation result screens.
¢ (F1)(REPT) ... Parameter input screen
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2-8-1
Day/Date Calculations

2-8 Day/Date Calculations

You can calculate the number of days between two dates, or you can determine what date
comes a specific number of days before or after another date.

Press (F2) (DAYS) from the Financial 2 screen to display the following input screen for day/

date calculation.

(>)[E2(DAYS)

AT e date 1

d2 date 2
Do, number of days

FRED [dI+01dI—0

To input a date, first highlight d1 or d2. Pressing a number key to input the month causes an
input screen like the one shown below to appear on the display.

# The set up screen can be used to specify
either a 365-day or 360-day year for financial
calculations. Day/date calculations are also
performed in accordance with the current
setting for number of days in the year, but the
following calculations cannot be performed

20010101

| 1 ot 2 -]

InFut. a Date
« o Month

MC1~127:% &0

FRD (4140 dI—0

when the 360-day year is set. Attempting to do
SO causes an error.

(Date) + (Number of Days)
(Date) — (Number of Days)

# The allowable calculation range is January 1,
1901 to December 31, 2099.




2-8-2
Day/Date Calculations

Input the month, day, and year, pressing after each.

FRD [dI+01dI—0

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

¢ FJ(PRD)........ Number of days from d1 to d2 (d2 — d1)
¢ F2)(d1+D)....... d1 plus a number of days (d1 + D)
¢ [F3)(d1-D)..... d1 minus a number of days (d1 — D)

Lars Calculation 365
Prd=2681

REFT

* An error (Ma ERROR) occurs if parameters are not configured correctly.
Use the following function key to maneuver between calculation result screens.
 F)(REPT)...... Parameter input screen

360-day Date Mode Calculations

The following describes how calculations are processed when 360 is specified for the Date
Mode item in the SET UP screen.

e If d1 is day 31 of a month, d1 is treated as day 30 of that month is used.

e If d2 is day 31 of a month, d2 is treated as day 1 of the following month, unless d1 is day
30.
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2-9-1
Depreciation

2-9 Depreciation

Any of the following four methods can be used to calculated depreciation.

eStraight-Line Method

The straight-line method calculates depreciation for a given period.

S = (PV=FV) . {Y-1} SL; : depreciation charge for the jth
=T 12 year
(PV=FV) n . useful life in years
SLj = Y PV : original cost (basis)
FV : scrap value (salvage value)
PV-FV 12—{Y-1 .
SLn1 = ( ) . { ) J : year
12 Y—1 : number of depreciable months
({Y=1}%12) in first year

Depreciation for an item acquired part way through a year can be calculated by month.

oFixed Percentage Method

Fixed percentage method can be used to calculate depreciation for a given period, or to
calculate the depreciation rate.

_ 1% {Y-1)
FP1_PV><100>< 1
FP, = (RDVir+ FV) x 22

s = (RDV+ FV) X 455

FP; : depreciation charge for the jth year

RDV; : remaining depreciable value at the
end of jth year

1% : depreciation rate

FPui=RDV, ({Y=1}312)
RDVi = PV — FV — FP
RDV, = RDV;+ — FP;

RDVii =0 ({Y=1}312)

Depreciation for an item acquired part way through a year can be calculated by month.
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2-9-2
Depreciation

eSum-of-the-Year's Digits Method

The sum-of-the-year's-digits method calculates depreciation for a given period.

_n(n+1)
Z="3

(Y1}
TETT D
7= (n'integer part +1)(n' integer part + 2*n' fraction part)

B 2

_n {Y-1}
SYD1 = — X 25— (PV=FV)
—_ 2

syD; = (=~ Z’,+ \PV—FV—SYD)  (j*1)
YD = (L= 1)+2 12-{r-1}

— )(PV=FV=SYDi) x =15 ({¥-1)¥12) :_‘Ii

RDV1=PV—FV—SYD1 - .
SYD; : depreciation charge for the jth year

RDV; = RDV_1 — SYD; RDV; : remaini.ng depreciable value at the
end of jth year

Depreciation for an item acquired part way through a year can be calculated by month.

eDeclining Balance Method

The declining balance method calculates depreciation for a given period.

DB1 = PV X T X Y;1
100n ~ 12 DB, : depreciation charge for the
_ _ _ Jjthyear
RDVi = PV—FV- DB RDV; : remaining depreciable
1% value at the end of jth year
P R X [
DB; = (RDVi- + FV') 100n 1% : factor (%)

RDV; = RDVi-1— DB;
DB.vi = RDV,  ({Y-1}7F12)

RDVi1 =0 ({r-1}%12)

Depreciation for an item acquired part way through a year can be calculated by month.
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2-9-3
Depreciation

Press (F3)(DEPR) from the Financial 2 screen to display the following input screen for
depreciation.

(F8)(>) 3 (DEPR) Derreciation
A =
LI =A
Fil =5
i =1
-1=12
ELIFFISTOIDE]

useful life in years
depreciation rate/factor
original cost (basis)

scrap value (salvage value)

* Parameters can be displayed as integer or decimal values only. Inputting a fraction causes
it to be converted to a decimal value.

After configuring the parameters, press one of the function keys noted below to perform the
corresponding calculation.

¢ FJ(SL) ........... Straight-Line Method

s F2J(FP)........... 1.Fixed Percentage Method
........... 2.Depreciation ratio

¢ [F3(SYD) ........ Sum-of-the-Year's Digits Method

¢ F4(DB) .......... Declining Balance Method

Lerreciation
1=19aa
SLi=198a

SLEk=@
Ck=n+12

REFTI [THEL
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2-9-4
Depreciation

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
¢ (F)(REPT)...... Parameter input screen
¢ [Fg)(TABL)........ Calculation result table

Lerreciation
B 5L RDU

I 900 EODO
2 1300 51700
3 1300 3800
y 1300 1500

The following function keys are on the calculation result table screen.
¢ F)(REPT)...... Parameter input screen
* [Fg (GRPH) ..... Draws graph
Ly,
lmﬁm [REFT]

After drawing a graph, you can press (F1)(TRACE) to turn on trace and read calculation results
along the graph.

bty

KD=1&00
=l FL=1800

Press to turn off trace.
Press [0 again to return to the parameter input screen.
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2-10-1
Bonds

2-10 Bonds

The bond calculation function calculates the price and yield of a bond.

eFormula

gl Redemption date

Issue date

Purchase date Coupon Payment dates

PRC : price per $100 of face value
CPN : annual coupon rate (%)
YLD : yield to maturity (%)

A . accrued days

M : number of coupon payments per year (1=annual, 2=semi annual)

N : number of coupon payments between settlement date and maturity date
RDV : redemption price or call price per $100 of face value

D : number of days in coupon period where settlement occurs

B : number of days from settlement date until next coupon payment date =D — A

INT : accrued interest
CST : price including interest

e Less than six months to redemption

CPN
RDV + ——
M A CPN
PRC = —(—x——)
B YLD/100 D M
1+ (—Xx —
D M
¢ Six months or more to redemption
CPN
RDV —_—
N M A CPN
PRC = + ——X
YLD/A0O -1spmy = YLD/AOO (-1smy D M
1+ ——) 1+ —)
M M
A CPN
INT = —x——
D M

CST = PRC + INT
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2-10-2
Bonds

Press (F4(BOND) from the Financial 2 screen to display the following input screen for band

calculation.

(Fe)(™) 4 (BOND)

purchase date

redemption date

redemption price or call price per $100 of face value
annual coupon rate (%)

price per $100 of face value

yield to maturity (%)

To input a date, first highlight d1 or d2. Pressing a number key to input the month causes an
input screen like the one shown below to appear on the display.

Input the month, day, and year, pressing [exg after each.

InFut. a Date
g « « Motk
E ML1~127:% 11
YLDb=8
FRCIvLD|
Bond Calculation
dl =81M1201992Y CHOH
d2 =E4MB401993YCSUH
FRC=G
YLD=H
FRC VLD

After configuring the parameters, press one of the function keys noted below to perform the

corresponding calculation.
* [F1J(PRC)
¢ [F2(YLD)

Price per $100 of face value
Yield to maturity

Bond Calculation
PEC=-96, 59329164
INT=-3.27&r712329
C5T=-168. 4 TEBE4
REFTI FREMMGRFH
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2-10-3
Bonds

* An error (Ma ERROR) occurs if parameters are not configured correctly.

Use the following function keys to maneuver between calculation result screens.
¢ (F)(REPT)....... Parameter input screen
¢ [F5)(MEMO) ..... Screen of various bond calculation values*
¢ [F6) (GRPH) ...... Draws Graph

Pressing (F5 (MEMO) displays various bond calculation values, like those shown here.

Bond Calculation
ERD=44? FED
= H
H =283 n T
I e |
O =365 LFL o
ak E

*The interest payment date is calculated from d2 when 365 is specified for the Date Mode
item in the SET UP screen.

~ Bond Calculation
E9-Eg CPD=a4Ma40 1999 (SUH
(Fe) (GRPH)
T
TRACEIFICT] [REFT

After drawing a graph, you can press (Fi)(TRACE) to turn on trace and read calculation results

along the graph.
Pnc:-J?.ss

Press to turn off trace.
Press again to return to the parameter input screen.
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2-11-1
TVM Graph

2-11 TVM Graph

The TVM Graph lets you assign two of the five parameters (n, [%, PV, PMT, FV) to the
x-axis and y-axis of a graph, and plot changes in y as the value of x changes.

Press (F5(TVMG) from the Financial 2 screen to display the following input screen for TVM
Graph.

(Fg) (™) [F8(TVMG) TLUM Grarh
s =
FL_=A
PMT=0
FU =0
PY=12 +
= 1 v 1 IGRFH

After configuring the parameters, press the function keys noted below to assign parameters
to the x-axis and y-axis.

¢ [F(X) ... Assigns highlighted parameter to the x-axis
¢ [F2)(Y) ... Assigns highlighted parameter to the y-axis

After making the required settings, draw the graph.
¢ [Fg) (GRPH) ... Draws graph

o

TRACE [¥-TAL

After drawing a graph, you can press (TRACE) to turn on trace and read calculation
results along the graph.

I

n=5 ¥=-11136.TYBIE

Press (0 to turn off trace.
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2-11-2
TVM Graph

Pressing (F8) (Y-CAL) after drawing a graph displays the screen shown below.

Enter ®-Ualue
will

TREACE [F-EAL

Inputting an x-axis value on this screen and pressing [Exg displays the corresponding
y-axis value.

/"’_A//

n=Ua 5 ¥=-11193.27128

Press again to return to the parameter input screen.

* Calculation may take some time to perform when you specify /% as the y-axis
parameter.
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Differential Equations

This chapter explains how to solve the four types of differential
equations listed below.

e Differential equations of the first order

e Linear differential equations of the second order
e Differential equations of the Nth order

» System of first order differential equations

3-1 Using the DIFF EQ Mode

3-2 Differential Equations of the First Order

3-3 Linear Differential Equations of the Second Order
3-4 Differential Equations of the Nth Order

3-5 System of First Order Differential Equations
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3-1-1
Using the DIFF EQ Mode

3-1 Using the DIFF EQ Mode

You can solve differential equations numerically and graph the solutions. The general
procedure for solving a differential equation is described below.

Set Up
1. From the Main Menu, enter the DIFF EQ Mode.

ifferential Equalion

T

1=t Order Equation
t2nd Order Lin EA
tHth Order Equation
tlst Qrder S@stem

15t [@nd [H-thl=v= [RCL]

Execution
2. Select the differential equation type.
e F(1st)........ Four types of first order differential equations

¢ [F2)(2nd) ...... Second order linear differential equations

¢ [F3J(N-th)...... Differential equations of the first order through ninth order

* [F4(SYS) ..... System of the first order differential equations

* FJ(RCL) ..... Displays a screen for recalling a previous differential equation.

* With (F1)(1st), you need to make further selections of differential equation type. See
“Differential equations of the first order” for more information.

* With (F3](N-th), you also need to specify the order of the differential equation, from 1
to 9.

* With (F4)(SYS), you also need to specify the number of unknowns, from 1 to 9.
3. Enter the differential equation.
4. Specify the initial values.

5. Press (F5)(SET) and select (1] (Param) to display the Parameter screen. Specify the
calculation range. Make the parameter settings you want.

O N Step size for the classical Runge-Kutta method (fourth order)
*eStep evveeennn. Number of steps for graphing*' and storing data in LIST.
*SF .. The number of slope field columns displayed on the screen (0 — 100).
The slope fields can be displayed only for differential equations of the
first order.
*'When graphed for the first time, a function is graphed according to a value of Step. For
always graphed with every step. When the example, when Step is set to 2, the function is

function is graphed again, however, it is graphed with every two steps.
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3-1-2
Using the DIFF EQ Mode
6. Specify variables to graph or to store in LIST.
Press (F5)(SET) and select (2] (Output) to display the list setting screen.
x,y, yM, y@, ..., y® stand for the independent variable, the dependent variable, the
first order derivative, the second order derivative, ..... , and the eighth order derivative,
respectively.
1st, 2nd, 3rd, ...., 9th stand for the initial values in order.
To specify a variable to graph, select it using the cursor keys (@, ®) and press
(FD(SEL).
To specify a variable to store in LIST, select it using the cursor keys (@, @) and
press (F(LIST).
7. Press [P (V-Window) to display the V-Window setting screen. Before you solve a
differential equation, you need to make V-Window settings.
Xmin ... x-axis minimum value LIy Wlipcdaw
max ... x-axis maximum value max tB.
scale ... x-axis value spacing gg%l‘?; é, 1
; ; Ymin :-3.1
dot ... value corresponding to one x-axis dot max  fIo1
Ymin ... y-axis minimum value IHITITRIGIETO = To TReL ]
max ... y-axis maximum value
scale ... y-axis value spacing
8. Press (F6)(CALC) to solve the differential equation.
* The calculated result is graphed or stored in the list.

# Only the slope fields are displayed if you do # An error occurs if you input variable y in the
not input initial values or if you input the wrong function f(x). Variable x is treated as a
type of initial values. variable. Other variables (A through Z, r, 6,

# An error occurs if you set SF to zero and you excluding X and Y) are treated as constants
do not input the initial values, or if you input and the value currently assigned to that
the initial values inappropriately. variable is applied during the calculation.

# You are advised to input parentheses and a # An error occurs if you input variable x in the
multiplication sign between a value and an function g(y). Variable y is treated as a
expression in order to prevent calculation variable. Other variables (A through Z, r, 6,
errors. excluding X and Y) are treated as constants

# Do not confuse the (=) key and the [©) key. and the value currently assigned to that
A syntax error occurs if you use the key variable is applied during the calculation.
as the subtraction symbol.
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3-2-1
Differential Equations of the First Order

3-2 Differential Equations of the First Order

H Separable Equation

Description
To solve a separable equation, simply input the equation and specify the initial values.
dyldx = f(x)g(y)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.

Execution
2. Press (F1)(1st) to display the menu of first order differential equations, and then select
(AJ(Separ).
. Specify f{x) and g(y).
. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).
. Specify the calculation range.
. Specify the step size for A.

. Press [F§)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

o N o o~ W

©

. Make V-Window settings.
10. Press (F6)(CALC) to solve the differential equation.
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3-2-2
Differential Equations of the First Order

o0 000
Example To graph the solutions of the separable equation dy/dx = y? -1,
X0=0,y0={0,1},-5sxs5,h=0.1.

Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure
@ @@ DIFF EQ ® @BEE
@ [ED(1st)[@(Separ) (E)ES
® @& @ @OEHOEY
EVAREOE [F8)(SET) (2] (Output) & (INIT) {9
@ (@9 © (s e (V-Window) ED (INIT) E0)

&R X ({)@ 3 0 6E)E())E3 © [Fg(CALC)
® [FB(SET)([@ (Param)

Result Screen (xo, yo) = (0,1)
[ N | O B
A A A A A
e, e [— (xo, yo) = (0,0)
e e e e

R T
TRACEIZ0OMERTCHG-FLY

# To graph a family of solutions, enter a list of
initial conditions.
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3-2-3
Differential Equations of the First Order

M Linear Equation

To solve a linear equation, simply input the equation and specify initial values.
dyldx + flx)y = g(x)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution

2. Press (F1)(1st) to display the menu of differential equations of the first order, and then
select (2] (Linear).

. Specify f(x) and g(x).

. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for h.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

. Make V-Window settings.
10. Press (Fg)(CALC) to solve the differential equation.

0 N O o b~ W

[¢e]
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3-2-4
Differential Equations of the First Order

Example  To graph the solution of the linear equation dy/dx + xy = x,
X0=0,y0=-2,-5sx=5,h=0.1.

Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure
@ [ DIFF EQ ® ©@EE
@ [F)(1st) @ (Linear) (5) &9
® g @ OEEEd
61 E9 (F8)(SET) (2] (Output) F& (INIT) {9
@ (@9 © (s e (V-Window) (FD) (INIT) 59
© @ e (Fg) (CALC)

® (F3)(SET) (@ (Param)

Result Screen

s
o—_
~—
-

i
FF

L
|1,

TF;FIIZE Z0OMERTCHG-FLY . -|F‘IE-T|

o

—_— e —
—
_—
_— ]

¥
I

—_——
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3-2-5
Differential Equations of the First Order

H Bernoulli equation

To solve a Bernoulli equation, simply input the equation and specify the power of y and the
initial values.

dyldx + fix)y = g(x)y"

Set Up

| RN

From the Main Menu, enter the DIFF EQ Mode.

Execution

2.

0 N o o~ W

©

Press (F1)(1st) to display the menu of differential equations of the first order, and then
select (8] (Bern).

. Specify f(x), g(x), and n.

. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press [F§(SET) (2] (Output).

Select the variable you want to graph, and then select a list for storage of the
calculation results.

. Make V-Window settings.
. Press (Fg)(CALC) to solve the differential equation.
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Differential Equations of the First Order

o0 o000
Example  To graph the solution of the Bernoulli equation dy/dx — 2y = —y?,
X0o=0,y0=1,-5sxs5,h =0.1.

Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure

@ [@W DIFF EQ ® [F8(SET)[{@(Param)

@ [F(1st) (@) (Bern) ® @BEEY

® @EE (G &9
@ @ OO @ EFIE
@ Eg (F8)(SET) (2] (Output) (F4 (INIT) 9

@ [ © (s @™ (V-Window) (D) (INIT) 60
EB]CT] [Fg)(CALC)

Result Screen

LT L T
.-‘.-".-".-‘W.—-"
R
AR R
uun|uuu
TREACEIZ00MEET CHG-EL1 FICT
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3-2-7
Differential Equations of the First Order

M Others

To solve a general differential equation of the first order, simply input the equation and
specify the initial values. Use the same procedures as those described above for typical
differential equations of the first order.

dyldx = flx, y)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution

2. Press (F1)(1st) to display the menu of differential equations of the first order, and then
select (4] (Others).

. Specify f(x, y).

. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press [F§)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

o N o oA~ W

©

. Make V-Window settings.
10. Press (Fg)(CALC) to solve the differential equation.
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Differential Equations of the First Order

o0 000
Example To graph the solution of the first order differential equation
dyldx =-cos x,x0=0,y0=1,-5sx=5,h =0.1.

Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)

Procedure
@ [@W DIFF EQ ® @B
® (F1)(1st) (@] (Others) BICEE]
® @ OEEEd
@ (@9 (5 (SET) (2] (Output) (F4 (INIT) 9
ER)ES) ©) @™ (V-Window) D (INIT) €0
® ([F)(SET){(Param) (Fg)(CALC)

Result Screen

M = — S —
M — “x oA
e — L=

W — ‘& =
s N = =
TRACETZ00MEKT CHG-5LY [FICTI

.-""
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Linear Differential Equations of the Second Order

3-3 Linear Differential Equations of the Second
Order

Description

To solve a linear differential equation of the second order, simply input the equation and
specify the initial values. Slope fields are not displayed for a linear differential equation of the
second order.

Y+ flx) ¥+ g(x)y = h(x)

Set Up

B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution

. Press (F2)(2nd).

. Specify f(x), g(x), and h(x).

. Specify the initial value for xo, yo, y’o.

. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for h.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

. Make V-Window settings.
10. Press (Fg)(CALC) to solve the differential equation.

0 N O O~ WD

[¢e]
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Linear Differential Equations of the Second Order

o0 000
Example To graph the solution of the linear differential equation of the second
ordery” + 9y =sin 3x,x0=0,y0=1,y’0=1,0sx =10, h = 0.1.

Use the following V-Window settings.
Xmin =-1, Xmax =11, Xscale=1
Ymin =-3.1, Ymax=3.1, Yscale=1

Procedure
@ [EW) DIFF EQ (F5) (SET) (2] (Output) F4) (INIT) &9
@ [F2)(2nd) © (st (0p) (V-Window)
® [ E © @ Ed
(@) g [ERJER)EE
&in) (3] (xeT) () ER)EEIC)
@ (@ ©E OOk
EB)CE BOOEY
EB] GG (1 920
® [F5)(SET)[@](Param) (F§) (CALC)
® @&
B CE
@ OEHODEF"E
“TParameter 2N ew Window
Aranse =caled
min 8 dot.  1@,A9523269
max 1M Ymin f -3,
b 1A, 1 max 3.
=calell
THIT] ) IRITTRIGIZTO IS TO [RGL

Result Screen

PACTAAA—

TRACEIZ00MERT CHG-ZLU ] IFICT]
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Differential Equations of the Nth Order

3-4 Differential Equations of the Nth Order

You can solve differential equations of the first through ninth order. The number of initial
values required to solve the differential equation depends on its order.

 Enter dependent variables y, ', y", y@, ....., y® as follows.
V e =)
Ve ) (ym) @ (Y1)
V" e B ow) 2(Y2)
YO(=Y™) oo ) BI(Y3)
VO (ym) (8] (Y8)
VO (i) @ (Y9)

H Differential Equation of the Fourth Order
The following example shows how to solve a differential equation of the fourth order.
YO =Xy, e, 39)

Set Up

| I

. From the Main Menu, enter the DIFF EQ Mode.

Execution

© 0 N O 0o~ W N

10

11.

. Press (F3)(N-th).

. Press (F3)(n) (4] to select a differential equation of the fourth order.
. Specify y@.

. Specify the initial value for xo, yo, y', ¥"o, and y©b.

. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for h.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

. Make V-Window settings.
Press (Fg)(CALC) to solve the differential equation.

20010101




3-4-2
Differential Equations of the Nth Order

o0 000
Example To graph the solution of the differential equation of the fourth order
below
y@=0,x0=0,y0=0,y0=-2,y0=0,y® =3,-5sx=5,h =0.1.
Use the following V-Window settings.
Xmin =-6.3, Xmax =6.3, Xscale=1
Ymin =-3.1, Ymax =3.1, Yscale =1 (initial defaults)
Procedure
@ (&Y DIFF EQ ® (F5(SET)({](Param)
@ ([F)(N-th) @ @6
@ FE(n)@ kg (G5 &9
@ (e @E O~
® Ok @ (FE)(SET) (2] (Output) (F4) (INIT) Esc)
@ e (@™ (V-Window) D (INIT) Est)
@ @ (Fe)(CALC)
(@ g
(BT
“TFaramet.er
Ararge
min -5
max 5
b tH, 1
THIT]

Result Screen

TRACEIZ00MERTCHG-ELY IFICT]
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Differential Equations of the Nth Order

H Converting a High-order Differential Equation to a System of First Order
Differential Equations

You can convert a single N-th order differential equation to a system of = first order
differential equations.

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution (N = 3)
2. Press (F3)(N-th).
3. Press (F3)(n) (3] to select a differential equation of the third order.
4. Perform substitutions as follows.
Y = Y1 (Ew @)
Y = Y2 (Bow)@)
5. Specify the initial value for xo, yo, y'0, and y"o.
6. Press [F2)(—SYS).
7. Press [Exg(Yes).

¢ The entered differential equation is converted to a system of three first order
differential equations. Initial values are also converted accordingly.
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3-4-4
Differential Equations of the Nth Order

o0 000

Example Express the differential equation below as a set of first order
differential equations.
y®¥=sinx -y -y, x0=0,y0=0,y0=1,y"0=0.

Procedure
@ [ DIFF EQ
@ [BJ(N-th)
@ EB)(n)B)Ed
@ [sin) (ko) (B [F3) (yw) (D B F3) (yw) (2) B
® @ g
@ g
ERCE
@ g
® [FI(—>SYS)
@ E9(Yes)
The differential equation is converted to a set of first order differential equations as shown
below.
()" = dyldx = (y2)
(v2)' = dPyldx® = (ys)
(va)' = sinx = (y2) = (v2).
Initial values are also converted to (xo = 0), ((y1)o = 0), ((y2)o = 1), and ((ys)o = 0)).

Result Screen

1=t Order Swstem 3
wat =0
¥3'=sin HK-(Y2r-cYED
xo =8
»i0=@
»eo=1
I > IDELRISET ICALC
¥3ao=H
I >n IDEL-AISET ICALE
# On the system of first order differential (y1) — (Y1)
equations screen, dependent valuables are (y2) = (Y2)

expressed as follows. (ys) = (Y3)
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System of First Order Differential Equations

3-5 System of First Order Differential Equations

A system of first order differential equations, for example, has dependent variables (1), (y2),
..... , and (y9), and independent variable x. The example below shows a system of first order
differential equations.

01)'= ()
(y2)'=— (y1) + sinx

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution
2. Press [F4(SYS).
3. Enter the number of unknowns.
4. Enter the expression as shown below.
01 — Y1 (E) () @)
(v2) — Y2 ([E3)(yn) (@)

() — YO (EI(n) (B)
. Specify the initial value for xo, (y1)o, (y2)o and so on, if necessary.
. Press (F5)(SET) (] (Param).
. Specify the calculation range.
. Specify the step size for h.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

10. Make V-Window settings.
11. Press () (CALC) to solve the system of first order equations for y1, y2, and so on.

© 0 N o O
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3-5-2
System of First Order Differential Equations

o0 000

Example 1 To graph the solution of first order differential equations with two
unknowns below.
r1)'=(2), (2) == (y1) + sinx, x0=0, (y1)o=1, (y2)o=0.1,-2=x =5, = 0.1.
Use the following V-Window settings.
Xmin = -3, Xmax = 6, Xscale =1
Ymin=-2, Ymax=2, Yscale =1

Procedure
@ [N DIFF EQ © [5(SET) (2 (Output) F3(INIT)
@ [F4(SYS) @ @ [FI(SEL)
@ [F2(2) (Select (y1) and (y2) to graph)*2
@ [E)(yn) (2 B9 ESC
E3)(yn) @D (H) [sin) 6T B (o) (V-Window)
® Ok [EEE)
EB]CT) (6] g
@GO e ER)EEIC)
® [FB(SET)([](Param) @
@ @@ @
(5 g ER)CEE
OE0OD"E @ [g(CALC)

*2

T [Parameter Li£t |@rid|3rd |Uth | Sth |

Ararge x -1 -
min i-2

max 5

h L=

IHIT] EEL ILISTIFarmlIHITIRCL

Result Screen

3

TRACEIZ00MERTCHG-ELY FICT
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System of First Order Differential Equations

Example 2 To graph the solution of the system of first order differential equations

below.
01)' =(2-02) (1)
(02)" =(2 (1) - 3) (v2)

x0=0,(y1)o=1, (y2)o=1/4,0=sx =10, h = 0.1.
Use the following V-Window settings.

Xmin =-1, Xmax =11, Xscale=1
Ymin =-1, Ymax = 8, Yscale =1
Procedure
@ [ DIFF EQ © (F5(SET) (2] (Output) F(INIT)
@ [F4(SYS) @ @ [FI(SEL)
3 @2 (Select (y1) and (y2) to graph.)
® ODEBEDXRE (N @ ® FA(LIST) (1) B9 (Select LISTH
@ &9 to store the values for x in LIST1)
@ [FY(LIST) (2] (g (Select LIST2 to
% )(yC:]) =6 store the values for (y1) in LIST2)
Y @ [FY(LIST) (3] (9 (Select LIST3 to
® @Ed store the values for (y2) in LIST3)*2
@ Eg ESC)
OEB@E @ (V-Window)
® E(SET) G (Param) PIEODEDE®
© e PIREEEDES
() [© @ ([(CALC)
OO0 " E
*'[Parameter *2 |15t |@rid|3rd |Uth | 5th |
A arnge x | - -1 - -
min @ a
max 1@
4] HIS HE*
THITI : SEL ILIZTIFarmIIHITIRCL

Result Screen

TRACEIS00MERTCHEEL]
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3-5-4
System of First Order Differential Equations

M Further Analysis

To further analyze the result, we can graph the relation between (y1) and (y2).

Procedure
@ [Ny STAT

@ List 1, List 2, and List 3 contain values
for x, (y1), and (y2), respectively. Lizt I|List 2|List 3|List u

® [F1(GRPH)(E)(Set)
@ (F1)(GPH1) . .
® @ [FI(xy) " @
® @ [FY(LIST)@ Bg (XLIST = LIST2: (y1)) ERFRICALCITEE TIRTRIDIET] & 1
@ @ FO(LIST)@) @8 (YLIST = LIST3: (y2))

ESC|

(F1(GRPH) (] (S-Gph1)

Result Screen
(v2)

()

TRACEIZ0OMER TCHCAL CDEF Gl |
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System of First Order Differential Equations

Important!

e This calculator may abort calculation part way through when an overflow occurs part way
through the calculation when calculated solutions cause the solution curve to extend into
a discontinuous region, when a calculated value is clearly false, etc.

* The following steps are recommended when the calculator aborts a calculation as
described above.

1.

If you are able to determine beforehand the point where the solution curve overflows,
stop the calculation before the point is reached.

. If you are able to determine beforehand the point where the solution curve extends into

a discontinuous region, stop the calculation before the point is reached.

. In other cases, reduce the size of the calculation range and the value of / (step size)

and try again.

. When you need to perform a calculation using a very wide calculation range, store

intermediate results in a list and perform a new calculation starting from step 3 using
the stored results as initial values. You can repeat this step multiple times, if necessary.

B SET UP ltems
G-Mem {G-Mem 20}/{1 — 20}...... Specifies a memory location {G-Mem No.} for storage of

the latest graph functions.

Note the following regarding SET UP screen settings whenever using the DIFF EQ Mode.

The DIFF EQ Mode temporarily stores data into Graph Memory whenever a differential
equation calculation is performed. Before the calculation, DIFF EQ stores the latest graph
functions into the currently specified Graph Memory (G-Mem) location. After the calculation,
it recalls the graph functions from the specified G-Mem location, without deleting the G-Mem
data. Because of this, you should specify the G-Mem location (number) where the DIFF EQ
Mode stores the graph functions.
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E-CON

4-1 E-CON Overview

4-2 EA-100 Setup

4-3 Setup Memory

4-4 Program Converter

4-5 Starting a Sampling Operation

All of the explanations provided here assume that you are already familiar
with the operating precautions, terminology, and operational procedures of
the calculator and the EA-100.
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E-CON Overview

4-1 E-CON Overview

¢ From the Main Menu, select E-CON to enter the E-CON Mode.

EA-188 Controller

FliSelLur ERA-188
F2:Setur Memor
F3iProaram_Converter
Fd:Starls Samrlina

ZETURFEMIFEGHIZ TAET [RELF

¢ The E-CON provides the functions listed below for simple and more efficient data
sampling using the CASIO EA-100.
¢ [F(SETUP) ... Displays a screen for setting up the EA-100.
¢ (F2 (MEM) ....... Displays a screen for saving EA-100 setup data under a file name.
* [F3)(PRGM) ..... Performs program conversion.
* This function converts EA-100 setup data created by E-CON to a
program.
¢ |t can also be used to convert data to a program that can be run on
a CFX-9850 Series/fx-7400 Series calculator, and to transfer the
data to the calculator.
¢ (F4) (START) .... Starts data collection.
¢ [F6) (HELP) ...... Displays E-CON help.
* Pressing the key (Setup Preview) or a cursor key while the E-CON main menu is on
the screen displays a preview dialog box that shows the contents of the setup in the
current setup memory area.

L dcac o 3 11
E

= CURKEMT ZETUF DATA = o

HAME s ko Title
ZEMEOE S Uoltade
4 IMTERKMAL S O.5258C
HUMEEE = 20

=

M

TTT

ZETUHMEM [FEGHIZTAR [HELFI

To close the preview dialog box, press [Esg).

About online help
Pressing the (F§) (HELP) key displays online help about the E-CON Mode.
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EA-100 Setup

4-2 EA-100 Setup

You can use the E-CON Mode to set up the EA-100 for sampling and then start sampling
immediately or save the setup in calculator memory. You can use either of the following two
methods to set up the EA-100.
Setup Wizard: With this method, you set up the EA-100 simply by replying to
questions as they appear.
Advanced Setup: Advanced setup gives you control over a variety of sampling
parameters, which means you can set up the EA-100 for exactly the
type of sampling you want.

H Using Setup Wizard to Create an EA-100 Setup
With Setup Wizard, you set up the EA-100 simply by replying to questions as they appear.

e Setup Wizard parameters
Setup Wizard lets you make changes to the following three EA-100 basic sampling
parameters using an interactive wizard format.

* Sensor (Select Sensor)
Specify a CASIO or VERNIER*' sensor from a menu of choices.

* Sampling Interval (Sampling Time)
When you have Photogate specified as the sensor type, you can specify the sampling
timing (Gate Status) and sampling time recording method (Record Time) with this

parameter.

¢ Number of Samples (Number of Samples)
You can specify a value from 1 to 255.

Note the following limitations that apply to a setup made using Setup Wizard.
*You can use Setup Wizard only when the EA-100 sampling channel is CH1 or SONIC.

* The trigger for a Setup Wizard setup is always the key.
* Sampling results are always stored in List 1 (for the sampling time) and List 2 (for
sample values).

*'Vernier Software & Technology
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4-2-2
EA-100 Setup

® To create an EA-100 setup using Setup Wizard

Before getting started...

» Before starting the procedure below, make sure you first decide if you want to start
sampling immediately using the setup you create with Setup Wizard, or if you want to
store the setup for later sampling.

See sections 4-3, 4-4, and 4-5 of this manual for information about procedures required to
start sampling and to store a setup. We recommend that you read through the entire
procedure first, referencing the other sections and pages as noted, before actually trying
to perform it.

To terminate Setup Wizard part way through and cancel the setup, press ESY (QUIT).

1. Display the E-CON main menu.
2. Press (F1)(SETUP). This displays the “Setup EA-100” sub-menu.
3. Press (1] (Wizard). This displays the Setup Wizard initial screen.

Setur Wizard
#uF EEGIMMER

Fres=s any kew

4. Press any key to start Setup Wizard and display the sensor specification screen.
*Press (F1) to specify a CASIO sensor, or [F2) to specify a VERNIER sensor. From the
menu of supported sensors that appears, select the one you want.
5. The screen that appears after you select a sensor in step 4 depends on whether or not
you specified “Photogate” as the sensor.

* If you did not specify “Photogate,” a screen for setting the sampling interval appears after
step 4.

1. Use the number keys to input the sampling interval.
e Inputting a value in the range of 0.52 to 300 enables real-time sampling. Inputting
a value outside this range enables non-real-time sampling.
2. Press [Exg.

¢ If you specified “Photogate” as the sensor, a screen for setting the sampling timing
appears after step 4.

1. Press either (F1)(Open) or (F2)(Close) to specify the sampling timing. Pressing either
key advances to a screen for setting the time recording method.

* See online help (GATE TRIGGER STATUS HELP) for details about the Open and
Close settings.

2. Press (F1)(Abs) or [F2)(Rel) to specify the sampling time recording method.
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EA-100 Setup

6. After you complete step 5, a screen for setting the number of samples appears on the
display.
* Use the number keys to input the number of samples, and then press [Exg.

7. After you complete step 6, a screen like the one shown below appears on the display.

Total Lime:Ssec

Start Collection
of Dala?

EZ | HO [ZAVEIFEGHI [RELF

* Press one of the function keys described below to specify what you want to do with the
setup you have created with the above steps.

e F)(YES) ........ Starts sampling using the setup (page 4-5-1).

¢ F2J(NO) .......... Returns to the E-CON main menu (page 4-1-1).
* (F3)(SAVE) ...... Saves the setup (page 4-3-1).

* [F4(PRGM) ..... Converts the setup to a program (page 4-4-1).

*Pressing (F2)(NO) in step 7 returns to the E-CON main menu and stores the setup in the
E-CON Mode’s current setup memory area. You can use the following function key
operations from the E-CON main menu to manipulate the contents of the current setup
memory area.

* [F2(MEM), then (F2) (SAVE)
....................... Saves the current setup memory area setup (page 4-3-1).

* (F3)(PRGM) ..... Converts the setup in the current setup memory area to a program
(page 4-4-1).
« (F4)(START) .... Starts sampling using the setup in the current setup memory area
(page 4-5-1).
¢ Pressing (F1)(SETUP) and then (2] (Advan) displays an Advanced Setup screen for more
detailed control over the parameters that make up the setup in the current setup memory
area. See “Creating an EA-100 Setup Using Advanced Setup” for more information
about changing advanced setup parameters.
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EA-100 Setup

H Creating an EA-100 Setup Using Advanced Setup

Advanced Setup provides you with total control over a number of parameters that you can
adjust to create the EA-100 setup that suits your particular needs.

¢ To create an EA-100 setup using Advanced Setup

The following procedure describes the general steps for using Advanced Setup. Refer to the
pages as noted for more information.

1. Display the E-CON main menu.
2. Press (F1)(SETUP). This displays the “Setup EA-100” sub-menu.
3. Press (2] (Advan). This displays the Advanced Setup menu.

Aclvanced Sel.ur for EXFERT

P Sanrle
[3]1: Trigger
[4]1: OFtion
[5]1: Custom Probe
[6]1: Initialize
STRARTMULTTHEM [FRGEH] HELF

4. If you want to configure a custom probe at this point, press (5] (Custom Probe). Next,
follow the steps under “To configure a custom probe starting from the Advanced Setup
menu” on page 4-2-12.

*You can also configure a custom probe during the procedure under “To change Channel
parameter settings” on page 4-2-6.

» Custom probe configurations you have stored in memory can be selected using Channel
in step 5, below.

5. Use the Advanced Setup function keys described below to set other parameters.

¢ (1) (Channel) .... Displays a screen for setting the following parameters: sampling
channel, sensor, sensor configuration, and storage location for
sample data (page 4-2-5).

¢ (2] (Sample) ..... Displays a screen for setting the following parameters: real-time
settings, sampling interval, number of samples, measurement time
recording method, and storage location for measurement time
records (page 4-2-7).

e (3] (Trigger) ...... Displays a screen for setting sampling start (trigger) conditions
(page 4-2-8).
¢ (4] (Option) ....... Displays a screen for making View Window settings, real-time

settings (channel for real-time sampling), and filter settings (page
4-2-10).
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EA-100 Setup

¢ You can return the settings on the above setup screens ((1J through (4]) using the
procedure described under “To return setup parameters to their initial defaults”.

6. After you create a setup, you can use the function key operations described below to start
sampling or perform other operations.

¢ [F1)(START) .... Starts sampling using the setup (page 4-5-1).

* (2 (MULT) ...... Starts MULTIMETER Mode sampling using the setup (page 4-2-14).
¢ (F3)(MEM) ....... Saves the setup (page 4-3-1).
« [F3 (PRGM) ..... Converts the setup to a program (page 4-4-1).

e To return setup parameters to their initial defaults

Perform the following procedure when you want to return the parameters of the setup in the
current setup memory area to their initial defaults.

1. While the Advanced Setup menu is on the display, press (€] (Initialize).

[ } L ot . .I.
Initialize
Current Setur?

Yesi[ExE]
Mo = [ESC]

STRRTMULTIMEMIFEGH] [HELF

2. In response to the confirmation message that appears, press to initialize the setup.
* To clear the confirmation message without initializing the setup, press [sg.

e Advanced setup parameters

This section provides detailed information about the parameters you can change in step 5 of
the procedure under “To create an EA-100 setup using Advanced Setup” on page 4-2-4.
Channel

Selecting this parameter displays a screen where you can specify the EA-100 channel to be
used for sampling, the type of sensor used for each channel, and the storage location for
saving sample data.
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EA-100 Setup

* To change Channel parameter settings
1. While the Advanced Setup menu is on the display, press (1] (Channel).
* This displays the Channel parameter setting screen.

Selected item

Current setting of selected item—{EH1TCHa[CH IIzaHIC] [RELF1

2. Use the function key operations described below to change Channel parameter settings.

(1) Selected Channel
¢ F1J(CH1) ........ Channel 1

¢ F2)(CH2) ........ Channel 2

* [F3(CH3) ........ Channel 3

¢ (F4)(SONIC) .... Sonic channel

(2) Selected Sensor (Sensor)

¢ ([F1)(CASIO) .... CASIO sensor

¢ [F2)(VERN) ..... VERNIER sensor
¢ [F3)(CSTM) ..... Custom probe

¢ (F4) (None) ....... No sensor

(3) Sample Data Storage Location (Store Data)
¢ EY(LIST) ........ Displays a dialog box for specifying the list for storage of
measurement data. Specify a list number from 1 to 20.

* To change the setting of an item, first use the @ and & cursor keys to move the
highlighting to the item. Next, use the function keys to select the setting you want. Note
that the Channel parameter settings you make affect the Selected Channel only. You
need to make separate settings for each channel you plan to use for sampling.

* Specifying a sensor causes its sampling range (Range) and measurement unit (Unit) to
appear on the display.

3. After all the settings are the way you want, press [x§ to return to the Advanced Setup
menu.

# If the list you specify for the Sample Data Example: Specifying the same list number for
Storage Location (Store Data) in step 2 is CHB3 sample data and SONIC
already being used, data is overwritten sample data causes the CH3 data to
according to the priority sequence shown be overwritten by the SONIC data.
below.

1. (Highest) SONIC 4.CH1
2. CH3 5. (Lowest) Record Time

3. CH2
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EA-100 Setup

Sample
Selecting this parameter displays a screen for making real-time settings, and for specifying
the sampling interval, number of samples, measurement time recording method, and storage
location for measurement time records.
* To change Sample Setup settings
1. While the Advanced Setup menu is on the display, press (2] (Sample).

* This displays the Sample Setup screen.

Sanrkle Selur

nlerwa P, Slsec
Humbet 2A

Fec Time Inl Abs
Store Datailist 1

HO [TEZ | [RELF

2. Use the function key operations described below to change Sample Setup settings.

¢ To change the setting of an item, first use the @ and & cursor keys to move the
highlighting to the item. Next, use the function keys to select the setting you want.

(1) Real-time Settings (Real-Time)
¢ FJ(NO) .......... Disables real-time sampling.
¢ FJ(YES) ........ Enables real-time sampling.

(2) Sampling Interval (Interval)
¢ [F1)(TIMER) .... Displays a dialog box for specifying a timer value, and enables fixed-
interval sampling.

¢ (F2) (KEY) ........ Starts sampling operation that uses the EA-100 [TRIGGER] key. The
[TRIGGER] key must be pressed the number of times specified for
the number of samples.

* [F3)(GATE) ...... Starts sampling in accordance with the Photogate Gate Status trigger
timing. Press (F1), (F2), or (F3) to specify the channel of the Photogate
sensor. Photogate is assigned to the sensor of the specified channel.

(3) Number of Samples (Number)

o F(NUM) ....... Displays a dialog box for specifying the number of samples by
inputting a value from 1 to 255.
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(4) Measurement Time Recording Method (Rec Time)

¢ (F1)(None) ....... No time recorded.
 (F2) (AbS) ......... Absolute time in seconds from start of sampling
* F3(Rel) .......... Relative time (interval between samples) in seconds
e FZ(IntA)........ Absolute time calculated from sampling interval and number of
samples
e [F5(IntR)........ Relative time calculated from sampling interval and number of
samples

(5) Sample Data Storage Location (Store Data)
o [F(LIST) ........ Displays a dialog box for specifying the list (1 to 20) for storing
sample data.

3. After all the settings are the way you want, press to return to the Advanced Setup
menu.

Trigger

Use the Trigger Setup screen to specify the following measurement start (trigger) conditions:
trigger source, trigger threshold, trigger edge.

* To change Trigger Setup settings

1. While the Advanced Setup menu is on the display, press (3] (Trigger).
* This displays the Trigger Setup screen.

Triager Selur

Selected item

Current setting of selected item KEWICHLiICHAlCHAI [HELF
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2. Use the function key operations described below to change Trigger Setup settings.
* To change the setting of an item, first use the @ and @ cursor keys to move the
highlighting to the item. Next, use the function keys to select the setting you want.
(1) Trigger Source (Source)
* F(KEY)
M(EXE)]) ..oeeneee Calculator key press starts sampling.
(2)(TRIGER) ...... EA-100 [TRIGGER] key press starts sampling.

¢ (F2)(CH1) ........ Channel 1

* [F3(CH2) ........ Channel 2

¢ (F4)(CH3) ........ Channel 3

* Specifying CH1, CH2, or CH3 as the trigger source displays the specified channel’s

sensor name, trigger threshold initial value, measurement unit, and trigger edge initial
value.
(2) Trigger Threshold (Threshold)

* F)(EDIT) ....... Displays a dialog box for inputting the trigger threshold. This option is
available only when CH1, CH2, or CH3 is specified as the trigger
source.

(3) Trigger Edge (Edge)
* F1(Rise) ........ Rising edge triggers sampling
e F2(Fall).......... Falling edge triggers sampling

3. After all the settings are the way you want, press to return to the Advanced Setup
menu.
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Option

Use the Option Setup screen to make View Window settings, to specify the channel for real-
time sampling, and to make filter settings.

* To change Option Setup settings

1. While the Advanced Setup menu is on the display, press (4] (Option).

* This displays the Option Setup screen.
OFtion SelurF
Selected item
egl-Timea: e?

== CH CH

Current setting of selected item—FutalHarn [FEtT [HELF

2. Use the function key operations described below to change Option Setup settings.

* To change the setting of an item, first use the @ and @ cursor keys to move the
highlighting to the item. Next, use the function keys to select the setting you want.

(1) View Window Settings (V-Window)

o (F1](Auto) ........ Makes View Window settings automatically.
¢ [F2)(Man) ........ Enables manual View Window settings.

* [F3)(Set-Y) ...... Displays screens for specifying the Y-axis (sample data) minimum
value (Ymin) and maximum value (Ymax).
(2) Real-time Settings (Real-Time)
¢ FJ(NO) .......... Disables real-time sampling.
¢ F3(YES) ........ Enables real-time sampling.

* Note that this item is linked with the Real-Time item of the Sample Setup on page
4-2-7.
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(3) Real-time Sampling Channel (Use CH)
¢ F1)(CH1) ........ Channel 1
¢ F2)(CH2) ........ Channel 2
* [F3(CH3) ........ Channel 3
¢ [F4)(SONIC) .... Sonic channel
* Note that the above options appear only when real-time sampling is turned on (by
pressing [F1)(YES) for the Real-Time item).
(4) Filter Settings (Filter)
¢ (F1)(None) ....... No setting
* FY(S-G) ......... S-G Smoothing
(@) (5-p): 5-point (2)(9-p): 9-point
() (17-p): 17-point (4] (25-p): 25-point
¢ [F3(MED) ....... Median Filter
(1) (3-p): 3-point (2)(5-p): 5-point
* Note that the above options appear only when real-time sampling is turned off (by
pressing [F2) (NO) for the Real-Time item).

3. After all the settings are the way you want, press to return to the Advanced Setup
menu.

® To configure a custom probe

You can use the procedures in this section to configure a custom probe*' for use with the
EA-100.

Creating a New Custom Probe Configuration

To configure a custom probe, you must input values for the constants of the fixed linear
transformation formula (ax + b). The required constants are slope (a) and intercept (b).
x in the above expression (ax + b) is the sampled voltage value (sampling range: 0 to 5
volts).

You can use either of the two following procedures to create a new custom probe
configuration while creating an EA-100 setup using Advanced Setup.

*'The term “custom probe” means any sensor
other than the CASIO or VERNIER sensors
specified as standard for the E-CON Mode.
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* To configure a custom probe starting from the Advanced Setup menu

1.

From the E-CON main menu, press (F1)(SETUP) and then (2] (Advan) to display the
Advanced Setup menu.

* See “Creating an EA-100 Setup Using Advanced Setup” on page 4-2-4 for more
information.

. On the Advanced Setup menu, press (5] (Custom Probe) to display the Custom Probe List.

Cust.om Probe LiSE

ZIEKG

SETIHEWIEDTT DEL | [RELF

* The message “No Custom Probe” appears if the Custom Probe List is empty.

. Press [F2J(NEW).

* This displays the screen for inputting the name of the new custom probe.

. Input up to 18 characters for the custom probe name, and then press [Exg.

* This displays the screen for configuring a new custom probe.

Edit SloFe

[EBAROMETER MM.HG ]

== Srecifications ===
ntercerl:

Uhit Mame:Hone
EDITI [RELF

. Use the function key operations described below to make custom probe configuration

settings.

* To change the setting of an item, first use the @ and & cursor keys to move the
highlighting to the item. Next, use the function keys to select the setting you want.
(1) Slope
Press (F1)(EDIT) to display a dialog box for inputting the slope for the linear
transformation formula.

(2) Intercept
Press (F1J(EDIT) to display a dialog box for inputting the intercept for the linear
transformation formula.

(8) Unit Name

Press (F1)(EDIT) to display a dialog box for inputting up to eight characters for the unit
name.

. Press [Egand then input a memory number (1 to 99).

* This saves the custom probe configuration and returns to the Custom Probe List, which
should now contain the new custom probe you configured.
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* To configure a custom probe starting from the Channel parameter setting screen

1. From the E-CON main menu, press (F1)(SETUP) and then [2] (Advan) to display the
Advanced Setup menu.

* See “Creating an EA-100 Setup Using Advanced Setup” on page 4-2-4 for more
information.

2. On the Advanced Setup menu, press (1] (Channel).

3. On the Channel parameter setting screen, press the function key ((F1, [F2), or (F3)) for the
channel whose parameter settings you want to change.

4. Next press ® (F3)(CSTM) to display the Custom Probe List.

5. Perform steps 3 through 6 under “To configure a custom probe starting from the Advanced
Setup menu” on page 4-2-12.

Editing an Existing Custom Probe Configuration

Use the following procedure when you want to edit the configuration of an existing custom
probe.

1. Display the Custom Probe List.

2. Select the custom probe whose configuration you want to edit.
*Use the @ and @ cursor keys to highlight the name of the custom probe you want.

3. Press (F3)(EDIT).
* This displays the screen for configuring a custom probe.

* To edit the custom probe settings, perform the procedure starting from step 5 under “To
configure a custom probe starting from the Advanced Setup menu” on page 4-2-12.

Deleting a Custom Probe Configuration
Use the following procedure when you want to delete the configuration of a custom probe.

1. Display the Custom Probe List.

2. Select the custom probe whose configuration you want to delete.
*Use the @ and ® cursor keys to highlight the name of the custom probe you want.

3. Press (F4(DEL).

4. In response to the confirmation message that appears, press to delete the custom
probe configuration.

* To clear the confirmation message without deleting anything, press [Esg.
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® To use the MULTIMETER Mode

You can use the Channel parameter settings of Advanced Setup to configure a channel so
that EA-100 MULTIMETER Mode sampling is triggered by a calculator operation.

1. Use the Channel parameter setting Sensor item to configure a sensor.
* See “To create an EA-100 setup using Advanced Setup” on page 4-2-4 for more
information.
2. After making the required settings, press [ to display the Advanced Setup menu and
then press (F2) (MULT).
* This displays the channel selection screen for MULTIMETER Mode sampling.

3. Specify a channel for sampling.

* Pressing a function key to specify a channel causes the EA-100 to enter the
MULTIMETER Mode and start sampling over the specified channel.

MultiMeter

Ualuyeil. 54
UhitiMeter

4. To stop MULTIMETER Mode sampling, first press the key. After the Break screen
appears, press [sg).
*Sample data is updated at intervals of 0.52 second.

* Do not have sensors connected to channels other than the one you specify in step 3.
However, it is not necessary to specify “None” for the Channel parameter Sensor item for
the unused channels.

* Sample data is not stored in memory.
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4-3 Setup Memory

You can use setup memory to save EA-100 setups you create using Setup Wizard or
Advanced Setup in calculator memory for later recall when you need them.

H Saving a Setup

A setup can be saved when any one of the following conditions exist.

* After creating a new setup with Setup Wizard
See step 7 under “To create an EA-100 setup using Setup Wizard” on page 4-2-2.

* After creating a new setup with Advanced Setup

See step 6 under “To create an EA-100 setup using Advanced Setup” on page 4-2-4 for
more information.

*While the E-CON main menu is on the display
Performing the setup save operation while the E-CON main menu is on the display saves
the contents of the current setup memory area (which were created using Setup Wizard or
Advanced Setup).

Details on saving a setup are listed below.

® To save a setup

1. Start the save operation by performing one of the function key operations described
below.

«If the final Setup Wizard screen is on the display, press (F3)(SAVE).
¢ If the Advanced Setup menu screen is on the display, press (F3)(MEM).
«If the E-CON main menu screen is on the display, press [F2)(MEM).

* Performing any one of the above operations causes the setup memory list to appear.

Setur—MEM List

S:tHEARTEEAT

|ETARTIEAVET REH T DEL ILOADIHELF

* The message “No Setup-MEM” appears if setup memory is empty.
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2. Press (F2)(SAVE).
* This displays the screen for inputting the setup name.

%ELUP—HEN Hame

3. Press [ and then input a memory number (1 to 99).

¢ If you start from the final setup screen, this saves the setup and the message
“Complete!” appears. Press to return to the final setup screen.

¢ If you start from the Advanced Setup menu or the E-CON main menu, this saves the
setup and returns to the setup memory list which includes the name you assigned it.

B Using and Managing Setups in Setup Memory

All of the setups you save are shown in the setup memory list. After selecting a setup in the
list, you can use it to sample data or you can edit it.

e To preview saved setup data

You can use the following procedure to check the contents of a setup before you use it for
sampling.

1. On the E-CON main menu, press [F2J(MEM) to display the setup memory list.
2. Use the @ and @ cursor keys to highlight the name of the setup you want.

3. Press [0 (Setup Preview).
* This displays the preview dialog box.

St RACE] | & o
= YETUF-MEM =

MAME + KEALTIME M
ZEMEOR & SOMIC
IMTERUALS O.5228¢
HUMEER = 100

|ETRETIZAVEI REH [ DEL ILOADIHELF

4. To close the preview dialog box, press [Esg).
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¢ To recall a setup and use it for sampling

Be sure to perform the following steps before starting sampling with the EA-100.
1. Connect the calculator to the EA-100.

2. Turn on EA-100 power.

3. In accordance with the setup you plan to use, connect the proper sensor to the
appropriate EA-100 channel.

4. Prepare the item whose data is to be sampled.

* To recall a setup and use it for sampling

1. On the E-CON main menu, press [F2J(MEM) to display the setup memory list.
2. Use the @ and @ cursor keys to highlight the name of the setup you want.
3. Press ([F1)(START).

4. In response to the confirmation message that appears, press (Exg.
 Pressing [ sets up the EA-100 and then starts sampling.
* To clear the confirmation message without sampling, press [Esg.

¢ To change the name of setup data
1. On the E-CON main menu, press (F2)(MEM) to display the setup memory list.

2. Use the @ and @ cursor keys to highlight the name of the setup you want.

3. Press (F3(REN).
* This displays the screen for inputting the setup name.

Setur—MEM Hame
[TEMF BARD 1WEEE ]

4. Input up to 18 characters for the setup name, and then press [Exg.
* This changes the setup name and returns to the setup memory list.

# See “Operations during a sampling operation” operations you can perform while a sampling
on page 4-5-2 for information about operation is in progress.
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e To delete setup data
1. On the E-CON main menu, press (F2)(MEM) to display the setup memory list.

2. Use the @ and ® cursor keys to highlight the name of the setup you want.
3. Press (F4)(DEL).

4. In response to the confirmation message that appears, press to delete the setup.
« To clear the confirmation message without deleting anything, press [sg.

® To recall setup data

Recalling setup data stores it in the current setup memory area. You can then use Advanced
Setup to edit the setup. This capability comes in handy when you need to perform a setup
that is slightly different from one you have stored in memory.

1. On the E-CON main menu, press ([F2)(MEM) to display the setup memory list.

2. Use the @ and ® cursor keys to highlight the name of the setup you want.

3. Press (F5)(LOAD).
4

. In response to the confirmation message that appears, press [Exg to recall the setup.
* To clear the confirmation message without recalling the setup, press [g.

# Recalling setup data replaces any other data
currently in the current setup memory area.
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4-4 Program Converter

Program Converter converts an EA-100 setup you created using Setup Wizard or Advanced
Setup to a program that can run on the calculator. You can also use Program Converter to
convert a setup to a CFX-9850 Series/fx-7400 Series-compatible program and transfer it to a
calculator.***2

H Converting a Setup to a Program

A setup can be converted to a program when any one of the following conditions exists.

* After creating a new setup with Setup Wizard
See step 7 under “To create an EA-100 setup using Setup Wizard” on page 4-2-2.

* After creating a new setup with Advanced Setup
See step 6 under “To create an EA-100 setup using Advanced Setup” on page 4-2-4 for
more information.

* While the E-CON main menu is on the display
Performing the program converter operation while the E-CON main menu is on the display
converts the contents of the current setup memory area (which were created using Setup
Wizard or Advanced Setup).

The program converter procedure is identical in all of the above cases.

® To convert a setup to a program
1. Start the converter operation by performing one of the function key operations described
below.

«If the final Setup Wizard screen is on the display, press (F4) (PRGM).
¢ If the Advanced Setup menu screen is on the display, press (F4 (PRGM).
¢ |f the E-CON main menu screen is on the display, press (3] (PRGM).

 This displays the program name input screen. Thrul. Proaram Hame
]
Fl:Transmit Proa
Lo CF&- 985@&4@@
TRHE i [SVEL [HELF

2. Input the name you want to assign to the program.

*1See the documentation that came with your *2See online help (PROGRAM CONVERTER
scientific calculator or EA-100 for information HELP) for information about supported CFX-
about how to use a converted program. 9850 Series and fx-7400 Series models.
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3. Press [exg.
* This starts conversion of the setup data to a program.
* The message “Complete!” appears when conversion is complete.

¢ To convert setup data to a program and transfer it to a CFX-9850 Series/
fx-7400 Series calculator

1. Connect the scientific calculator (CFX-9850 Series or fx-7400 Series) to the ALGEBRA
calculator.

» Perform the necessary procedure on the scientific calculator to set it up to receive data.

2. Perform steps 1 and 2 of the procedure under “To convert a setup to a program” on page
4-4-1.

3. Press (F1) (TRNS). On the sub-menu that appears, specify the type of scientific calculator
([@J: FX9850 or (2]: fx7400) for which you want to create a program.
* Program conversion and transfer starts as soon as you specify a calculator model.
* The message “Complete!” appears when conversion is complete.

# When you convent setup data to a CFX-9850 # CFX-9850 Series or fx-7400 Series calculators
Series or fx-7400 Series program, any sample support up to six lists only.
value storage list number greater than 5 is # List 6 is used for EA-100 setup.

changed to 5.
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4-5 Starting a Sampling Operation

The section describes how to use a setup created using the E-CON Mode to start an EA-100
sampling operation.

H Before getting started...

Be sure to perform the following steps before starting sampling with the EA-100.
1. Connect the calculator to the EA-100.
2. Turn on EA-100 power.

3. In accordance with the setup you plan to use, connect the proper sensor to the
appropriate EA-100 channel.

4. Prepare the item whose data is to be sampled.

H Starting a Sampling Operation

A sampling operation can be started when any one of the following conditions exist.

* After creating a new setup with Setup Wizard
See step 7 under “To create an EA-100 setup using Setup Wizard” on page 4-2-2.

* After creating a new setup with Advanced Setup
See step 6 under “To create an EA-100 setup using Advanced Setup” on page 4-2-4.

*While the E-CON main menu is on the display
Starting a sampling operation while the E-CON main menu is on the display performs
sampling using the contents of the current setup memory area (which were created using
Setup Wizard or Advanced Setup).

*While the setup memory list is on the display
You can select the setup you want on the setup memory list and then start sampling.

The following procedures explain the first three conditions described above. See “To recall a
setup and use it for sampling” on page 4-3-3 for information about starting sampling from the
setup memory list.
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¢ To start sampling

1. Start the sampling operation by performing one of the function key operations described
below.

«If the final Setup Wizard screen is on the display, press [F1)(YES).
« If the Advanced Setup menu screen is on the display, press (F1) (START).
¢ If the E-CON main menu screen is on the display, press (F4) (START).

* This sets up the EA-100 using the setup data in the current setup memory area.

Settins EA-1686...

Cancel: [AC]

« To interrupt a setup while the above screen is on the display, press (Ad).

2. The sampling start dialog box appears after setup of the EA-100 is complete.

* The content of the sampling start dialog box depends on the settings contained in the
setup. See “Operations during a sampling operation” below for information about this
dialog box and other display screens.

e Operations during a sampling operation

Sending a sample start command from the calculator to the EA-100 causes the following
sequence to be performed.

Setup Data Transfer — Sampling Start — Sampling End —
Transfer of Sample Data from the EA-100 to the Calculator

The table on the next page shows how the trigger conditions and sensor type specified in the
setup data affects the above sequence.
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Starting a Sampling Operation

# Conductivity, heart rate, and pH sensors
Sample values produced by these types of
sensors lose accuracy unless the sensors are
allowed to warm up. Perform the following

procedure to ensure better sampling accuracy.

Using a Heart Rate Sensor

1. Select [TRIGGER] as the Trigger Source
item of Advanced Setup’s Trigger
parameter.

2.When the EA-100 is in the Ready state
prior to sampling, hold down the EA-100’s
[TRIGGER] key for about 20 to 30
seconds, and then release it.

3. Press the EA-100’s [TRIGGER] key when
you want to start sampling.

Using a Conductivity or pH Sensor

1. Select [Yes] for the [Real-Time] setting on the
Sample Setup screen of the Advanced Setup
menu.

# Initial samples using conductivity, heart rate,
and pH sensors are always inaccurate when
starting from Setup Wizard.

# For detailed information about a sensor, see
the documentation that comes with it.
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