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Getting Acquainted — Read This First! E]

Bl About this User’s Guide

e Attention fx-CG10, fx-CG20, fx-CG20 AU Users

This manual explains how to use the fx-CG50. There are some differences in the marking of
some fx-CG50 keys and the keys of the fx-CG10, fx-CG20, and fx-CG20 AU. The table below
shows the differences in key markings.

fx-CG50 fx-CG10/fx-CG20/fx-CG20 AU
a%
) FD)

e Math natural input and display

Under its initial default settings, the calculator is set up to use the “Math input/output mode”,
which enables natural input and display of math expressions. This means you can input
fractions, square roots, derivatives, and other expressions just as they are written. In the
“Math input/output mode”, most calculation results also are displayed using natural display.

You also can select a “Linear input/output mode” if you like, for input and display of

calculation expressions in a single line.

The examples shown in this User's Guide are mainly presented using the Math input/output

mode. “<Linear input/output mode>" will be indicated for examples that use the Linear input/

output mode.

* For information about switching between the Math input/output mode and Linear input/
output mode, see the explanation of the “Input/Output” mode setting under “Using the Setup
Screen” (page 1-35).

* For information about input and display using the Math input/output mode, see “Using the
Math Input/Output Mode” (page 1-15).

o () (@ (V )

The above indicates you should press and then (x3, which will inputa 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.

e (iENy) Equation

This indicates you should first press (EN], use the cursor keys (@, @, @, ®) to select
the Equation mode, and then press [exg. Operations you need to perform to enter a mode
from the Main Menu are indicated like this.

® Function Keys and Menus

e 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.

Vi



* 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.

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

® Menu 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
{LIST} would be shown as: [OPTN]-[LIST].

* [Fg) (™) key operations to change to another menu page are not shown in menu title key
operations.

e Command List

The Program Mode Command List (page 8-52) 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]-[FACTOR]-[Xfct]

Bl Display Brightness Adjustment

Adjust the brightness whenever objects on the display appear dim or difficult to see.

1. Use the cursor keys (@, @, @, ®) to select the System icon and press [Exg, then
press (F1)(DISPLAY) to display the brightness adjustment screen.

B

Display Settings

Backlignt Level
Dark«4 % 3/5¢:»Light
INITIAL

2. Adjust the brightness.
* The ® cursor key makes display brightness lighter.
* The @ cursor key makes display brightness darker.
e [F1)(INITIAL) returns display brightness to its initial default.

3. To exit display brightness adjustment, press [EN .
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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.

@—1w* B—®
@
Function Key Operation

) log
@ 10"
©) B

The following describes the color coding used for key markings.

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

[Al-LOCK

. Alpha Lock

Normally, once you press and then a key to input an alphabetic character, the keyboard
reverts to its primary functions immediately.

If you press and then [irH), the keyboard locks in alpha input until you press again.
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2. Display

M Selecting Icons

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

® To select an icon
1. Press (W) to display the Main Menu.

2. Use the cursor keys (@, &, @, ) to move the
highlighting to the icon you want. 8

Currently selected icon

MAIN MENU

ol @e

& eActivity Spreadsheet

X¥1¥2 7 an= 8
[”sli] An+B

Graph Dyna Graph Table Recursion

18
ConicGraphs Equation

Financial w

' Program

3. Press to display the initial screen of the mode whose icon you selected.

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

The following explains the meaning of each icon.

Icon Mode Name Description
= 1 Run-Matrix Use this mode for arithmetic calculations, function calculations,
las] binary, octal, decimal, and hexadecimal calculations, matrix
Run-Matrix calculations, and vector calculations.
2 Statistics Use this mode to perform single-variable (standard deviation
5N g
. and paired-variable (regression) statistical calculations, to
Statistics perform tests, to analyze data and to draw statistical graphs.
@ eActivity eActivity lets you input text, math expressions, and other data
=" in a notebook-like interface. Use this mode when you want to
eActivity store text or formulas, or built-in application data in a file.
Spreadsheet Use this mode to perform spreadsheet calculations. Each file
contains a 26-column x 999-line spreadsheet. In addition to
Spreadsheet the calculator’s built-in commands and Spreadsheet mode
commands, you can also perform statistical calculations and
graph statistical data using the same procedures that you use
in the Statistics mode.
Graph Use this mode to store graph functions and to draw graphs
using the functions.
3 Dyna Graph Use this mode to store graph functions and to draw multiple
Doraeraph (Dynamic Graph) versions of a graph by changing the values assigned to the

variables in a function.
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An+B
Recursion

Mode Name Description
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.
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.

Conic Graphs

Conic Graphs

Use this mode to draw graphs of conic sections.

Equation Use this mode to solve linear equations with two through six
unknowns, and high-order equations from 2nd to 6th degree.
Program Use this mode to store programs in the program area and to
: run programs.
Program
SFc Financial Use this mode to perform financial calculations and to draw
= cash flow and other types of graphs.
Financial
_ E-CON4 Use this mode to control the optionally available Data Logger.
[moo]
E-CON4
Link Use this mode to transfer memory contents or back-up data to
another unit or PC.
Memory Use this mode to manage data stored in memory.
System Use this mode to initialize memory, adjust display brightness,
and to make other system settings.
Python Use this mode to create Python programming mode scripts and
(fx-CG50, execute them.
fx-CG50 AU only)
Geometry Use this mode to draw and analyze geometric objects.

Picture Plot*

Use this mode to plot points (that represent coordinates) on the
screen and to perform various types of analysis based on the
plotted data (coordinate values).

3D Graph

Use this mode to draw a 3-dimensional graph.

o
Conversion

Conversion

This icon appears when the “Metric Conversion” add-in
application is installed. It is not a function mode icon. When
“Metric Conversion” is installed, this icon is displayed on the
CONVERT menu, which is part of the option (OPTN) menu.
For more information about the option (OPTN) menu, see page
1-30. For information about using the CONVERT menu, see
“Metric Conversion Calculations” (page 2-64).

* fx-CG50 AU/fx-CG20 AU Users:

Install the Picture Plot add-in application.
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Bl About the Function Menu

Use the function keys ((F1) to (Fg)) 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.

B Status Bar

The status bar is an area that displays messages and the current status of the calculator. It is
always displayed at the top of the screen.

E[S] Hath Rad Forn )
[

¢ |Icons are used to indicate the information described below.

This icon: Indicates this:

E] E| [;| D The current battery level. The icons indicated (from left to right): Level 3,
Level 2, Level 1, Dead. See “Low Battery Message” (page 1-41) for more
information.

Important!

If the Level 1 icon (|:|) appears, immediately replace the batteries. For
details about battery replacement, see the separate “Hardware User’'s
Guide”.

e Calculation in progress.

key was pressed and the calculator is standing by for the next key
operation.

(Ala key was pressed and the calculator is standing by for the next key
operation. The El icon indicates the lower-case input mode (eActivity
and Program modes only).

AN a:) Alpha Lock (page 1-2) is in effect.
= (CLIP) was pressed and the calculator is standing by for range

specification (page 1-11).

Setup “Input/Output” setting.

Setup “Angle” setting.

Setup “Display” setting.
Norm1/E

Setup “Frac Result” setting.
Setup “Complex Mode” setting.

* For details about the Setup screen, see “Using the Setup Screen” (page 1-35).

* For information about other icons and messages that are specific to each application, see
the chapters that cover each application.
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l About Display Screens

This calculator uses two types of display screens: a text screen and a graph 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 384 (W) x 216 (H) dots.

Text Screen Graph Screen
] E]
Graph Func :Y= y
Yi@sin x [—] 2
Y2 [—] N )
4
Y4: [—1] 6 5 -4 W -2 -1 1 2 8N4 5
Y5 . [—1] -1 \/
Y6: [—1 =
alall| DELETE] TYPE J TOOL JY WIS

l 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.

e How to interpret exponential format

B
1.2xw012

D0 @62 E . 2wl 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.

B
1.2x10-3

DOREEOE 1. 25w03]

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.

Norm 1 ..o, 102 (0.01) > Ixl, IxI = 10"
Norm 2 ...oooeeeveennn... 107° (0.000000001) > Ixl, IxI = 10%°

All of the examples in this manual show calculation results using Norm 1.
See page 2-13 for details on switching between Norm 1 and Norm 2.

Note

Exponential notation is expressed as “x10'?”. However, exponential notation can also be
expressed as “E12” when space is limited, as in a spreadsheet.
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M Special Display Formats

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

® Fractions
E
12
45653 e, Indicates: 456 %
12
4586 53
® Hexadecimal Values
B [Fex] . .
ABCDEF 1 ‘ .................... Indicates: OABCDEF1 16, which equals
OABCDEF 1 18015000110

® Degrees/Minutes/Seconds

iRl o m .................... 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.

3. Inputting and Editing Calculations

B 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 [Exg to obtain the
result.

Example 2+3-4+10=

g
MAHEEA®HIO0CE 2+3-4+10 11“

Bl 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 [Exg). Or you can use ® to move to the end of the calculation and input more.

* You can select either insert or overwrite for input*!. With overwrite, text you input replaces
the text at the current cursor location. You can toggle between insert and overwrite by

performing the operation: 0ED (INS). The cursor appears as “ | for insert and as “ W for
overwrite.

* Insert and overwrite switching is possible only when the Linear input/output mode (page
1-35) is selected.
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® To change a step

Example To change cos60 to sin60
BO cos 6o m|
&
IO lcos 60 ﬂ|
|E| |
& 60 [
E |
(sin] sin |60 I
® To delete a step
Example To change 369 x x 2 to 369 x 2
HEEE XKD O o I
&
@ 369x[2 ﬂ|
In the insert mode, the key operates as a backspace key.
® To insert a step
Example To change 2.362 to sin2.362
E
kd(2) (JE) (6] (=] 2362 ﬂ|
B
SNNNN T “|
E
fsin sin I2.362 [

H Parentheses Colors during Calculation Formula Input

Parentheses are color coded during input and editing of calculation formulas in order to make
it easier to confirm the proper relationship between opening and closing parentheses.

The following rules are applied when assigning parentheses colors.

* When there are nested parentheses, colors are assigned in sequence from the outermost
parentheses inward. Colors are assigned in the following sequence: blue, red, green,
magenta, black. When there are more than five nesting levels, the color sequence is
repeated starting from blue again.

]
(1+(2+(3+(4+(5+(6+( |
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* Inputting a closing parenthesis assigns it the same color as the corresponding opening

parenthesis.

]

(1+(2+3(4+5)x2)| ﬂ

* The parentheses of parenthetical expressions that are of the same level are the same color.

]

MathlRad|Norm1] [d/c]Real

(1+2) (2+38)]

]

Executing a calculation causes the color of all parentheses to become black.

(2(2+3) (3+4)) (3+2)] ﬂ

B HetiRadHorm] (dic]Red]

(1+2) (2+3)

.

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.

* Replay memory is enabled in the Linear input/output mode only. In the Math input/output
mode, the history function is used in place of replay memory. For details, see “History

Function” (page 1-24).

Example 1 To perform the following two calculations

4.12 x 6.4 = 26.368
412 x 7.1 = 29.252

HEA0DEXRE D@

SUSOUCIC)

(suFr) QED (INS)

@A

EE

1-9

E CinelRedfornd (dFc)Red
4.12x6.4

26.368
E
4.12xB.4
E
4.12x0.4
E
4.12x7.11
@ LineNurml
4.12x7.1

29.252




After you press [Ac], 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.

Example 2
DRAEHM@E(E
RIEMAE=6EE])E e
AC]

@ (One calculation back)

@ (Two calculations back)

B (ine)Radform]) (dFc)Red]

123+456
234-587

579
-333

]
234-58B7

]
123+4586

* A calculation remains stored in replay memory until you perform another calculation.

* The contents of replay memory are not cleared when you press the key, so you can
recall a calculation and execute it even after pressing the key.

B Making Corrections in the Original Calculation

Example 14 + 0 x 2.3 entered by mistake for 14 - 10 x 2.3
mlajalslulslalala 2 alkdhon] GOk

Ed

Press .

Make necessary changes.

@]

Execute again.

EXE

14+0x2. 3| |

B
. =1 [3Y

Ma ERROR
Press:[EXIT]

1
B
14+0Kk2.3 [

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

El
14+10x2.3 1

B
14+10%x2.3

3. 22ﬂ|



B Using the Clipboard for Copy and Paste

You can copy (or cut) a function, command, or other input to the clipboard, and then paste the
clipboard contents at another location.

Note

In the Math input/output mode, the copy (or cut) range you can specify is limited by the range
of movement of the cursor. In the case of parentheses, you can select any range within a
parenthetical expression or you can select the entire parenthetical expression.

e To specify the copy range

1. Move the cursor (| ) to the beginning or end of the range of text you want to copy and then
press (8] (CLIP).

* This will cause [ to appear in the status bar. I%IES “|
+10x2.

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

14:10%2.3 ﬂ

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

]
14+10x2.3 [

The selected characters are not
changed when you copy them.

To cancel text highlighting without performing a copy operation, press [EX].

e To cut the text

1. Move the cursor (| ) to the beginning or end of the range of text you want to cut and then
press (8] (CLIP).

* This will cause £ to appear in the status bar. I%l3 ﬂ|
+H10x2.

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

EE EetiFedony
140052 . 3 ﬂ

3. Press [F2)(CUT) to cut the highlighted text to the clipboard.

[E]
14+2.3 |

Cutting causes the original
characters to be deleted.



® Pasting Text

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

.A( ! |@ Norm1
“|

H Catalog Function

The Catalog is a list of all the commands available on this calculator (except for Python mode).
You can input a command by displaying the catalog screen and then selecting the desired
command.

» Commands are divided into categories.
* Selecting the “1:ALL” category option displays all commands in alphabetical order.

e Selecting a Command in a Category

Commands are divided into categories. Except for the “1:ALL” category and certain
commands, most commands are displayed as text that indicates their functions. This method
is convenient when you do not know the name of the command you want to input.
1. Press (4)(CATALOQG) to display the catalog screen.
* The command list that was displayed the last time you used the catalog screen will appear
first.

2. Press (Fg) (CAT) to display the category list.

E
Select Category

2:Calculation

3:8tatistices

4:Graph

5:Program Command
6:Change Setup N
EXE LEXIT]

3.Use @ and @ to select a category. (Do not select “1:ALL” here.)
* This displays a list of the commands contained in the selected category.

* If you select “2:Calculation” or “3:Statistics”, a sub-category selection screen will appear.
Use @ and @ to select a sub-category.

4.Use @ and @@ to move the highlighting to the command you want to input and then press
(F1)(INPUT) or [Exg.

Note
* You can scroll between screens by pressing @ or @.



Example: To input the “FMax(” command, which determines a maximum value

(@) (CATALOG) Fg) (CAT)
@ [F1)(EXE)

® @ [EJ(EXE)
CICIOIOIOIO)

(1) (INPUT)

To close the catalog screen, press or ExT) (QUIT).

B

Calculation
1:Matrix/Vector
2:Complex Number
3:Function Analysis
4:Hyperbolie Calce
g:Probability/Dist

Numeric Cale N
EXE EXIT

E

Function Analysis

1st Derivative

2nd Derivative
Integration (Jf)
Solve f(x) Fune
Function Minimum

INFUT HISTORY] CAT J

E HethRadForn] [d7c)(Real
FMax (| ’I

e Searching for a Command

This method is helpful when you know the name of the command you want to input.

1. Press (4] (CATALOQG) to display the catalog screen.
2. Press [F6) (CAT) to display the category list.

3. Move the highlighting to “1:ALL” and then press (F1)(EXE) or [xg.

* This displays a list all the commands.

4. Input some of the letters in the command name.
* You can input up to eight letters.

£
Catalog [l ]
*a+bi
aoc
ai
az
ABdf
[NPUT HISTORY] CAT J

* With each letter you input, the highlighting will move to the first command name that

matches.

5. After the command you want is highlighted, press (F1)(INPUT) or [Exg.



Example: To input the command “FMax(”

(@) (CATALOG) Fg) (CAT) B

Catalog [FM| 1
(E1)(EXE) ftan) (F) (] (M) EMe
in

fn
FPD(
Frac
FV
INPUT HISTORY] CAT J

(F1)(INPUT) E
FMax (] ﬂ

¢ Using the Command History
The calculator maintains a history of the last six commands you input.
1. Display one of the command lists.
2. Press (F5) (HISTORY).
* This displays the command history.

i
1:
2:Determinant
3:Summation (ZX)
4:FMin¢(

5:5ample Stand Dev
6:Function Minimum

INPUT

3. Use @ and @ to move the highlighting to the command you want to input and then press
(F1J(INPUT) or [exg.

¢ QR Code Function

* You can use the QR Code function to access the online manual that covers commands.
Note that the online manual does not include all commands. Note that the QR Code function
cannot be used on the history screen.

* A QR Code™* is displayed on the calculator screen. Use a smart device to read the QR Code
and display the online manual.

* QR Code is a registered trademark of DENSO WAVE INCORPORATED in Japan and in
other countries.
Important!

* The operations in this section assume that the smart device being used has a QR Code
reader installed, and it can connect to the Internet.




1. Select a command that is included in the online manual.

* This causes [F2)(QR) to appear in the function menu. E[Ad

Catalog [l 1
a(Reg)

»a+bi

do

ai

az
ABdf
INPUT HISTORY] CAT

2. Press (F2(QR).
* This displays a QR Code.

3. Use your smart device to read the displayed QR Code.
* This will display the online manual on your smart device.

* For information about how to read a QR Code, refer to the user documentation of your
smart device and the QR Code reader you are using.

* If you are having trouble reading the QR Code, use @ and ® to adjust display
brightness.

4. Press to close the QR Code screen.
* To exit the Catalog function, press or (ExT).

Using the Math Input/Output Mode

Selecting “Math” for the “Input/Output” mode setting on the Setup screen (page 1-35) turns on
the Math input/output mode, which allows natural input and display of certain functions, just as
they appear in your textbook.

* The operations in this section all are performed in the Math input/output mode. The initial
default setting for this calculator is the Math input/output mode. If you have changed to the
Linear input/output mode, switch back to the Math input/output mode before performing the
operations in this section. See “Using the Setup Screen” (page 1-35) for information about
how to switch modes.

* In the Math input/output mode, all input is insert mode (not overwrite mode) input. Note that
the (0ED (IN'S) operation (page 1-7) you use in the Linear input/output mode to switch to
insert mode input performs a completely different function in the Math input/output mode. For
more information, see “Using Values and Expressions as Arguments” (page 1-20).

* Unless specifically stated otherwise, all operations in this section are performed in the
Run-Matrix mode.



M Input Operations in the Math Input/Output Mode

e Math Input/Output Mode Functions and Symbols

The functions and symbols listed below can be used for natural input in the Math input/output
mode. The “Bytes” column shows the number of bytes of memory that are used up by input in
the Math input/output mode.

Function/Symbol Key Operation Bytes
Fraction (Improper) 9
Mixed Fraction* BICI=)) 14
Power 4
Square 4
Negative Power (Reciprocal) (x™) 5
Vo () @ (V) 6
Cube Root AeEv ) 9
Power Root A ) 9
e (in) (e") 6
10" (log) (10%) 6
log(a,b) (Input from MATH menu*?) 7
Abs (Absolute Value) (Input from MATH menu*?) 6
First Derivative (Input from MATH menu*?) 7
Second Derivative (Input from MATH menu*?) 7
Integral™® (Input from MATH menu*?) 8
¥ Calculation* (Input from MATH menu*?) 11
Matrix, Vector (Input from MATH menu*?) 14*°
Parentheses and 1
Braces (Used during list input.) XJ({)and =(}) 1
:ir;lil.()ets (Used during matrix/vector @([) and =) 1

*! Mixed fraction is supported in the Math input/output mode only.

*2 For information about function input from the MATH function menu, see “Using the MATH
Menu” described below.

*3 Tolerance cannot be specified in the Math input/output mode. If you want to specify
tolerance, use the Linear input/output mode.

*4 For X calculation in the Math input/output mode, the pitch is always 1. If you want to specify
a different pitch, use the Linear input/output mode.

*® This is the number of bytes for a 2 x 2 matrix.



e Using the MATH Menu

In the Run-Matrix mode, pressing (F4) (MATH) displays the MATH menu.
You can use this menu for natural input of matrices, derivatives, integrals, etc.

* {MAT/VCT} ... displays the MAT/VCT submenu, for natural input of matrices/vectors
e {2x2} ...
* {3x3} ...

inputs a 2 x 2 matrix
inputs a 3 x 3 matrix

e {mxn} ... inputs a matrix/vector with m lines and n columns (up to 6 x 6)

e {2x1} ...
e {3x1} ...
e {1x2} ...
* {1x3} ...

inputs a 2 x 1 vector
inputs a 3 x 1 vector
inputs a 1 x 2 vector
inputs a 1 x 3 vector

* {log.b} ... starts natural input of logarithm log,b

* {Abs} ... starts natural input of absolute value IX|

* {d/dx} ... starts natural input of first derivative

* {d?/dx?} ... starts natural input of second derivative

d
af(x))ma

dx?

b
e {Jdx} ... starts natural input of integral L fix)dx

5
e {3(} ... starts natural input of X calculation ;f(x)

d J®)x-a

e Math Input/Output Mode Input Examples

This section provides a number of different examples showing how the MATH function menu
and other keys can be used during Math input/output mode natural input. Be sure to pay

attention to the input cursor position as you input values and data.

Example 1

To input 23 + 1
kd (2] (A

B

®

CINEN

EXE

E

2|:|

E

23

]

23|

E

2% +1]

]

2%+1

[




Example 2

Example 3

22
Tohpm(hng)
k@B

2®

1
To input 1+ Lx + 1dx

@ & FA(MATH) F8) (>) [0 (Jox)

ken () (1)

® (0]

@[]

B HetiRedfornd (d/c)Resl

(14

B  HathRadMorm]) (dFc)Red]

[

1+E-

B HatRadform]) (d7c)Red]

2
+_
N

E FtHRadformd [dic)Resd
1+2-
5

E MetiRadMomd (d7c)Red
1+2
5

B HetRadHorm] (dic]Red]

(-4

B HetiRedfom] [(d7c)Red

(+4)

49|
25
[]
E HathRadHorml [(dic]Rea]
0
1+IDDdx ﬂ
E HathRadHormi [dic]Rea]
0
1+IDx+1Hx ﬂ
E HathRadHormi [dic]Rea]
0
1+fmx+1dx ﬂ
B E@ﬂﬂﬁﬂﬂ [d7c)Real
1
1+f x+1dx ﬂ
0
E HathRadRormd [dic]Res
1
1+f x+1dx| ﬂ
0
E [HathRadMormi [dic)Rea]
1
1+f x+1dx
0
S
2

[



1
Example 4 To input 2 x [ 2 ‘l?}
2

2

(2) (X] (F4) (MATH) (F1) (MAT/VCT) (F1) (2x2)

B0®E
®®
G @3 (V) & &

CltLilrzIUBICICI SOl

]

2x|5 g m
L q
ox| 2
| OO
B
= D] R
X7 o
B dic)Rea]
1 2
ax| 2
| O O
B HetiRedfor] [diclRed
L=
2x .
2 3]
E] N:;'IE
2% 2 1 I
2 5
T L
242 1
]

e When the calculation does not fit within the display window

Arrows appear at the left, right, top, or bottom edge of the
display to let you know when there is more of the
calculation off the screen in the corresponding direction.

When you see an arrow, you can use the cursor keys to
scroll the screen contents and view the part you want.

]

‘[’1+’1+1
+123456x+ 3 42
R ET )
2l
3
v 1.7 |

3




e Math Input/Output Mode Input Restrictions

Certain types of expressions can cause the vertical width of a calculation formula to be greater
than one display line. The maximum allowable vertical width of a calculation formula is about
two display screens. You cannot input any expression that exceeds this limitation.

¢ Using Values and Expressions as Arguments

A value or an expression that you have already input can be used as the argument of a
function. After you have input “(2+3)”, for example, you can make it the argument of v,

resulting in /(2+3).
Example

1. Move the cursor so it is located directly to the left of the part of the expression that you want
to become the argument of the function you will insert.

B |
1+(2+3)+4 |
2. Press [DED (INS).
* This changes the cursor to an insert cursor (H).
[
1+#2+3) +4 |

3. Press (x3(V )toinsertthe v function.
* This inserts the v function and makes the parenthetical expression its argument.

B

1+J(2+3) +4 ﬂ|

As shown above, the value or expression to the right of the cursor after [ED (INS) are
pressed becomes the argument of the function that is specified next. The range encompassed
as the argument is everything up to the first open parenthesis to the right, if there is one, or
everything up to the first function to the right (sin(30), log2(4), etc.).

1-20



This capability can be used with the following functions.

Function Key Operation Orlgln?I Expressm.n After
Expression Insertion
Improper Fraction 1+(2+3) +4 1+(2:;3)+4
Power 1+2[(2+3) +4| 1+2/(2*3) 44
v ) 2 (V) 1+J(2+3) +4
Cube Root B [EV ) 1+ 4(2+3) +4
Power Root ) (A (V) 1+J(2+3) +4
o 6 ([@) () L1+H(2+43) +4 | 14 0(243) 14
10 (suF) (og) (10%) 1+ 14
log(a,b) F2) (MATH) [F2) (log,b) 1+logp((2+3))+4
Absolute Value (MATH) (F3) (Abs) 1+1(2+3)[+4
First Derivative (MATH) (F4) (d/dx) 1+% (I(x+3))|,,+4
Second Derivative (Fa) (MATH) (F5) (d%/d.x?) 7=n T4
1+(x+3) +4
(F4 (MATH) [Ee) (>) M Yo +
Integral E0 (d) 1 IDI(x 3)dx+4
U
£ Calculation EQ(MATH)E8) (=) 1+ (I(x+3) ) +4
(F2)(X() 0=0

* In the Linear input/output mode, pressing [ED (INS) will change to the insert mode. See
page 1-7 for more information.

¢ Editing Calculations in the Math Input/Output Mode

The procedures for editing calculations in the Math input/output mode are basically the same
as those for the Linear input/output mode. For more information, see “Editing Calculations”
(page 1-7).

Note however, that the following points are different between the Math input/output mode and
the Linear input/output mode.

» Overwrite mode input that is available in the Linear input/output mode is not supported by
the Math input/output mode. In the Math input/output mode, input is always inserted at the
current cursor location.

* In the Math input/output mode, pressing the key always performs a backspace operation.
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* Note the following cursor operations you can use while inputting a calculation with Math
input/output mode.

To do this: Press this key:
Move the cursor from the end of the calculation to the beginning C)
Move the cursor from the beginning of the calculation to the end @

B Using Undoing and Redoing Operations

You can use the following procedures during calculation expression input in the Math input/
output mode (up until you press the [Exg key) to undo the last key operation and to redo the
key operation you have just undone.

- To undo the last key operation, press: (EDJ (UNDO).
- To redo a key operation you have just undone, press: (EJ (UNDO) again.

* You also can use UNDO to cancel an key operation. After pressing to clear an
expression you have input, pressing (0ED (UNDO) will restore what was on the display
before you pressed [ac].

* You also can use UNDO to cancel a cursor key operation. If you press ® during input and
then press (EJ (UNDO), the cursor will return to where it was before you pressed (.

* The UNDO operation is disabled while the keyboard is alpha-locked. Pressing
[EJ (UNDO) while the keyboard is alpha-locked will perform the same delete operation
as the key alone.

Example

B

DEEO® s |

DEL E] |
1+1] [
B

() & (UNDO) 1+ ﬂ
E

@ 1 ﬂ
1+ gl
E

; ﬂ|

B HathRedFomd

(i) OEL) (UNDO)

1
1+2I

1-22



B Math Input/Output Mode Calculation Result Display

Fractions, matrices, vectors, and lists produced by Math input/output mode calculations are
displayed in natural format, just as they appear in your textbook.

g g g
2 3 1 2 2
2,3 ! 4]><2 (1,2,3,4)x%
23 2 4] (2,4, 8]
21 6 8 323
u u O

Sample Calculation Result Displays

* Fractions are displayed either as improper fractions or mixed fractions, depending on the
“Frac Result” setting on the Setup screen. For details, see “Using the Setup Screen” (page
1-35).

* Matrices are displayed in natural format, up to 6 x 6. A matrix that has more than six rows or
columns will be displayed on a MatAns screen, which is the same screen used in the Linear
input/output mode.

* Vectors are displayed in natural format up to 1 x 6, or 6 x 1. A vector that has more than six
rows or columns will be displayed on a VctAns screen, which is the same screen used in the
Linear input/output mode.

* Lists are displayed in natural format for up to 20 elements. A list that has more than 20
elements will be displayed on a ListAns screen, which is the same screen used in the Linear
input/output mode.

* Arrows appear at the left, right, top, or bottom edge of the display to let you know when there
is more data off the screen in the corresponding direction.

B B
{J2,43]) A
< 414213562,1.732050% 2 2
Ll 5 7
3 3
5 7
v 4 4 |
[2%2 [3%8 [mxn ] 2x1 | 3x1 (I

You can use the cursor keys to scroll the screen and view the data you want.

* Pressing (F2)(DELETE) (F1) (DEL-LINE) while a calculation result is selected will delete both
the result and the calculation that produced it.

* The multiplication sign cannot be omitted immediately before an improper fraction or mixed
fraction. Be sure to always input a multiplication sign in this case.

Example: Zx% BxEEE

* A (A, 3, or O] (x") key operation cannot be followed immediately by another (A],
(3, or (x") key operation. In this case, use parentheses to keep the key operations
separate.

Example: (32)- E) ()
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Bl History Function

The history function maintains a history of calculation expressions and results in the Math
input/output mode. Up to 30 sets of calculation expressions and results are maintained.

1 #H @) kg %
+
%) (2] xg
Ansx2
B8
[

You can also edit the calculation expressions that are maintained by the history function and
recalculate. This will recalculate all of the expressions starting from the edited expression.

Example To change “1+2” to “1+3” and recalculate
Perform the following operation following the sample shown above.

@@®® @0 (E]EY %
+
4
Ansx?2
8
0

* You can get a rough idea of how many entries (calculation expressions and results) are
contained in history by checking the length of the scroll bar. A shorter bar indicates a greater
number of entries.

g B —
[ 5271
43
(s2)”
0.1111111111

* The value stored in the answer memory is always dependent on the result produced by
the last calculation performed. If history contents include operations that use the answer
memory, editing a calculation may affect the answer memory value used in subsequent
calculations.

- If you have a series of calculations that use the answer memory to include the result of the
previous calculation in the next calculation, editing a calculation will affect the results of all
the other calculations that come after it.

- When the first calculation of the history includes the answer memory contents, the answer
memory value is “0” because there is no calculation before the first one in history.
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Hl Calculation Operations in the Math Input/Output Mode

This section introduces Math input/output mode calculation examples.
* For details about calculation operations, see “Chapter 2 Manual Calculations”.

¢ Performing Function Calculations Using Math Input/Output Mode

Example Operation
%510 E6E4 56
cos (%) = % (Angle: Rad) (m) @3 O] g
log=8 = 3 (F4)(MATH) [E2) (log.b) 2> 8¢

V123 = 1.988647795
2+3x64-4=10

llog 3| = 0.1249387366

2 _ ,1_73
5737720

. 3 23
1 2.31 = =8
5+2.31 2+10

%(x‘% 4x2+x-6) _ =52

x=3

5
12x2+3x+4dx=%

—

(k2—3k+5)=55

Mo

k

1
N

AV ) 712364
BI2B3X) @A A(V ) 364 49
(&d [F4) (MATH) [E3) (Abs) (g 3 (2] 4 1€

Bd2(E)5® (H 3 (B) (=5)1 4
(ad1.5 (#) 2.3 (se) (0] (i) €] (o)

(F2) (MATH) [F4) (0/dx) (6T (AJ3 > (B4
BECKIEE

(&) F3) (MATH) E8) () (1) (Jdlx) 2 (4D (27 () 3D (B4 > 1

®569

(&) F4) (MATH) [Fe) () (F2) (=) () ] (K) (23 &3 @) (5] (K)

B5® @ ) (K ®2® 663
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H Performing Matrix/Vector Calculations Using Math Input/Output Mode

® To specify the dimensions (size) of a matrix/vector

1. In the Run-Matrix mode, press (ENY) (SET UP) (F1) (Math) (ExT) .
2. Press (F4)(MATH) to display the MATH menu.

3. Press (F1)(MAT/VCT) to display the following menu.

. [2x2} .
. [3x3} .

.. inputs a 2 x 2 matrix
.. inputs a 3 x 3 matrix

e {mxn} ... inputs an m-row x n-column matrix or vector (up to 6 x 6)

e {2x1} ...
* {3x1} ...
e {1x2} ...
* {1x3} ...

Example

inputs a 2 x 1 vector
inputs a 3 x 1 vector
inputs a 1 x 2 vector
inputs a 1 x 3 vector

To create a 2-row x 3-column matrix

(F3) (mxn) &
Dimension mXxn
n :1

Specify the number of rows.

(2) g

Specify the number of columns.

@@ B HelRedformd [dc)Real
[D [ D]

EXE OO0

[2X2[3X3 [ mXn ] 2X1 [ 3X] [N

1-26



e To input cell values

Example To perform the calculation shown below
1 1 33
2
13 x 8
ry 5 6

The following operation is a continuation of the example calculation on the previous page.

BICINEIRICICIEEIC
DEEEOEEE®E®
X (8] &9

B
1 ? 33
13 %8
a 5 6
[8 4 264
- 26 40 48
[2x2 3%8 [ mxn | 2X1 | 3x1 (=M

e To assign a matrix created using Math input/output mode to a specified

matrix memory

Example To assign the calculation result

(2) (Mat) (1) (&) (Ans) (=]
(2] (Mat) (ew) 5] (J) B

to Mat J

E HatiRadforn] (dFc)Red)
L 4

8

1

[8 i |
26 40 48
Mat Ans->Mat J

264

4 264

0 26 40 48
[2X2[3X3 [ mXn ] 2X1 [ 3X] [N

* Pressing the key while the cursor is located at the top (upper left) of the matrix will delete

the entire matrix.

B
ox[l12 [ [
34 0 O DEL

[2X2[3%3 | mXn ] 2X1 [ 31 [N

]

2x] |

[2X2[3%3 | mXn ] 2X1 [ 31 [MIEN
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H Using Graph Modes and the Equation Mode in the Math Input/Output
Mode

Using the Math input/output mode with any of the modes below lets you input numeric
expressions just as they are written in your textbook and view calculation results in natural
display format.

Modes that support input of expressions as they are written in textbooks:
Run-Matrix, eActivity, Graph, Dyna Graph, Table, Recursion, Equation (SOLVER)

Modes that support natural display format:
Run-Matrix, eActivity, Equation

The following explanations show Math input/output mode operations in the Graph,
Dyna Graph, Table, Recursion and Equation modes, and natural calculation result display in
the Equation mode.

* See the sections that cover each calculation for details about its operation.

* See “Input Operations in the Math Input/Output Mode” (page 1-16) and “Calculation
Operations in the Math Input/Output Mode” (page 1-25) for details about Math input/output
mode input operations and calculation result displays in the Run-Matrix mode.

 eActivity mode input operations and result displays are the same as those in the
Run-Matrix mode. For information about eActivity mode operations, see “Chapter 10
eActivity”.

e Math Input/Output Mode Input in the Graph Mode

You can use the Math input/output mode for graph expression input in the Graph,
Dyna Graph, Table, and Recursion modes.

2
Example 1 In the Graph mode, input the function Y= \/% = \/—%—1 and then graph it.

Make sure that initial default settings are configured on the View Window.

(EN) Graph 67 (=3 () &) (3 (V' ) (2) (IEI; Y
rap unc Y=
CICISI|SIEEEAPBICIC) Ylax2_x_1 -
2 J2
S
(Fe) (DRAW) B

¥

na

iR

X

£ -F -4 -2 -2 -1 JZ 2 4 & B

I
i)
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Example 2 In the Graph mode, input the function y=Jx 1 y2_1 y_1dxand then
. o 4 2
graph it.
Make sure that initial default settings are configured on the View Window.

(TEN) Graph T (F2) (CALC) (F3) (Jdx) c@; Y
rap unc Y=
DEACMPBEOER® yig[ tx2-Ly-1dx t—
EBE0®0® @S
(F5)(DRAW) B
¥y

=
1
X
£ 5 A1 B2 10 1 2 3 4 [
-1
-2

e Math Input/Output Mode Input and Result Display in the Equation Mode

You can use the Math input/output mode in the Equation mode for input and display as shown
below.

* In the case of simultaneous equations ((F1) (SIMUL)) and high-order equations ((F2) (POLY)),
solutions are output in natural display format (fractions, v , & are displayed in natural format)
whenever possible.

* In the case of Solver ((F3](SOLVER)), you can use Math input/output mode natural input.

Example To solve the quadratic equation x2 + 3x + 5 = 0 in the Equation mode
(WENU) Equation (stiFr) (VEND) (SET UP) B
aX2 +bX+c=0
® ® @ @ (Complex Mode) x1[
@(a+bl) X2 -1.5-1.6b83i
(F2(POLY)(F1)(2) (1 49 (3] &9 (8] () ) -3+J11 i
2
REPEAT
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5. 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.

* The option menu does not appear if you press while binary, octal, decimal, or
hexadecimal is set as the default number system.

e For details about the commands included on the option (OPTN) menu, see the “[Pm) key”
item in the “Program Mode Command List” (page 8-52).

* The meanings of the option menu items are described in the sections that cover each mode.

The following list shows the option menu that is displayed when the Run-Matrix or Program
mode is selected.

e {LIST} ... {list function menu}

* {MAT/VCT} ... {matrix/vector operation menu}

e {COMPLEX]} ... {complex number calculation menu}

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

* {STAT} ... {menu for paired-variable statistical estimated value, distribution, standard
deviation, variance, and test functions}

* {CONVERT} ... {metric conversion menu}*

* {HYPERBL} ... {hyperbolic calculation menu}

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

* {ANGLE} ... {menu for angle/coordinate conversion, sexagesimal input/conversion}
* {ENG-SYM} ... {engineering symbol menu}

* {PICTURE} ... {graph save/recall menu}

* {FUNCMEM} ... {function memory menu}

* {LOGIC} ... {logic operator menu}

* {CAPTURE} ... {screen capture menu}

* {FINANCE} ... {financial calculation menu}

* The PICTURE, FUNCMEM and CAPTURE items are not displayed when “Math” is selected
for the “Input/Output” mode setting on the Setup screen.

* Metric conversion commands are supported only when the Metric Conversion add-in
application is installed.
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6. Variable Data (VARS) Menu

To recall variable data, press to display the variable data menu.

{V-WIN}/{FACTOR}/{STAT}/{GRAPH}/{DYNA}/{TABLE}/{RECURSION}{EQUATIONY/
{FINANCE)/{Str}

* Note that the EQUATION and FINANCE items appear for function keys ((F3) and (F4)) only
when you access the variable data menu from the Run-Matrix or Program mode.

* The variable data menu does not appear if you press while binary, octal, decimal, or
hexadecimal is set as the default number system.

* For details about the commands included on the variable data (VARS) menu, see the “[rg]
key” item in the “Program Mode Command List” (page 8-52).

e V-WIN — Recalling V-Window values
o {X}{Y}T,0} ... {x-axis menu}/{y-axis menu}/{T,0 menu}

* {R-X}/{R-Y}/{R-T,0} ... {x-axis menu}/{y-axis menu}/{T,0 menu} for right side of Dual
Graph

* {min}/{max}/{scale}/{dot}/{pitch} ... {minimum value}/{maximum value}/{scale}/{dot
value*'}/{pitch}

*! The dot value indicates the display range (Xmax value — Xmin value) divided by the
screen dot pitch. The dot value is normally calculated automatically from the
minimum and maximum values. Changing the dot value causes the maximum to be
calculated automatically.

e FACTOR — Recalling zoom factors
o {Xfet}/{Yfct} ... {x-axis factor}/{y-axis factor}

e STAT — Recalling statistical data
 {X} ... {single-variable, paired-variable x-data}

o (MY{XW{ZxM{Zx2{oxM{sx}{minX}/{maxX]} ... {number of data}/{mean}/{sum}/{sum
of squares}/{population standard deviation}/{sample standard deviation}/{minimum
value}/{maximum value}

* {Y} ... {paired-variable y-data}

o (FWZyY{Zy2{ZxyY{oyY{sy}{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}

e {GRAPH} ... {graph data menu}
o {a}[{b}{c}{d}/{e} ... regression coefficient and polynomial coefficients

o {r}/{r?} ... {correlation coefficient}/{coefficient of determination}
e {MSe} ... {mean square error}

e {Q1}/{Qs} ... {first quartile}/{third quartile}

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

* {Start}/{Pitch} ... histogram {start division}/{pitch}

1-31



* {PTS} ... {summary point data menu}
o {xi{{y{x2}{y=23/{x3}/{ys} ... coordinates of summary points
* {INPUT} ... {statistical calculation input values}

o {n}{x}{sx}{n}{n}{x:}{x}H{sx1}/{sx}/{sp} ... {size of sample}/{mean of sample}/
{sample standard deviation}/{size of sample 1}/{size of sample 2}/{mean of sample 1}/
{mean of sample 2}/{standard deviation of sample 1}/{standard deviation of sample 2}/
{standard deviation of sample p}

* {RESULT} ... {statistical calculation output values}

* {TEST} ... {test calculation results}
o (pY{EHChiY{F Y pY p{ p23{dfy{se}l{r}f{r2}/{pa}/{Fa}/{Adf}/{SSa}/{MSa}/{pb}/{Fb}/
{Bdf}/{SSb}/{MSb}/{pab}/{Fab}/{ABdf}/{SSab}/{MSab}/{Edf}/{SSe}/{MSe}

... {p-value}/{z score}/{t score}/{y? value}/{F value}/{estimated sample proportion}/
{estimated proportion of sample 1}/{estimated proportion of sample 2}/{degrees of
freedom}/{standard error}/{correlation coefficient}/{coefficient of determination}/
{factor A p-value}/{factor A F value}/{factor A degrees of freedom}/{factor A sum of
squares}/{factor A mean squares}/{factor B p-value}/{factor B F value}/{factor B
degrees of freedom}/{factor B sum of squares}/{factor B mean squares}/{factor AB
p-value}/{factor AB F' value}/{factor AB degrees of freedom}/{factor AB sum of
squares}/{factor AB mean squares}/{error degrees of freedom}/{error sum of
squares}/{error mean squares}

* {INTR} ... {confidence interval calculation results}
* {Lower}/{Upper}/{p}/{p:}{ p2}/{df} ... {confidence interval lower limit}/{confidence
interval upper limit}/{estimated sample proportion}/{estimated proportion of
sample 1}/{estimated proportion of sample 2}/{degrees of freedom}

* {DIST} ... {distribution calculation results}
o {pH{xinv}{/{x1InvN}/{x2InvN}/{zLow}/{zUp}/{tLow}/{tUp} ... {probability distribution

or cumulative distribution calculation result (p-value)}/{inverse Student-t, ¥, F,
binomial, Poisson, geometric or hypergeometric cumulative distribution calculation
result}/{inverse normal cumulative distribution upper limit (right edge) or lower limit
(left edge)}/{inverse normal cumulative distribution upper limit (right edge)}/{normal
cumulative distribution lower limit (left edge)}/{normal cumulative distribution upper
limit (right edge)}/{Student- cumulative distribution lower limit (left edge)}/{Student-¢
cumulative distribution upper limit (right edge)}

e GRAPH — Recalling graph functions
* {Y}{r} ... {rectangular coordinate function (Y=f(x) type)}/{polar coordinate function}
o {Xt}/{Yt} ... parametric graph function {Xt}/{Y1}
e {X} ... {rectangular coordinate function (X=f{y) type)}
* Press these keys before inputting a value to specify a memory area.

® DYNA — Recalling dynamic graph setup data

* {Start}/{End}/{Pitch} ... {coefficient range start value}/{coefficient range end value}/
{coefficient value increment}
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e TABLE — Recalling table setup and content data

* {Start}/{End}/{Pitch} ... {table range start value}/{table range end value}/{table value
increment}

* {Result*'} ... {matrix of table contents}

*! The Result item appears only when the TABLE menu is displayed in the Run-Matrix and
Program modes.

e RECURSION — Recalling recursion formula*', table range, and table content
data

* {FORMULA} ... {recursion formula data menu}
o {an}{ans}{@ns2)l{D YD nsr D2 {Cr}{Crs1}{Cns2} ... {@n}{an1}{Qn2}{Du}/{Dni1}{bns2}l{Cn}/
{cn1}{cn+2} expressions

* {RANGE!} ... {table range data menu}
* {Start}/{End} ... table range {start value}/{end value}

o {ao)l{ar}{aM{bo)l{b}{bMcolic s} ... {aoMias}{asy{bol b} {baYico}{ci}{cz} value

* {a,Start}/{b,Start}/{c.Start} ... origin of {a.}/{b.}/{c} recursion formula convergence/
divergence graph (WEB graph)

e {Result*?} ... {matrix of table contents*3}

*' An error occurs when there is no function or recursion formula numeric table in memory.
*2 “Result” is available only in the Run-Matrix and Program modes.

*3 Table contents are stored automatically in Matrix Answer Memory (MatAns).

e EQUATION — Recalling equation coefficients and solutions*' *2

* {SimRes}/{SimCoef} ... matrix of {solutions*®}/{coefficients} for linear equations with two
through six unknowns**

* {PlyRes}/{PlyCoef} ... matrix of {solution}/{coefficients} for high-order equations from 2nd
to 6th degree

*1 Coefficients and solutions are stored automatically in Matrix Answer Memory (MatAns).
*2 The following conditions cause an error.

- When there are no coefficients input for the equation

- When there are no solutions obtained for the equation

*3 When the “Infinitely Many Solutions” or “No Solution” message is displayed, the
calculation result is Rref (reduced row echelon form).

*4 Coefficient and solution memory data for a linear equation cannot be recalled at the same
time.

e FINANCE — Recalling financial calculation data

o (M{I%GY{PVKPMTY{FV} ... {payment periods (installments)}/{annual interest rate}/
{present value}/{payment}/{future value}

* {P/IYY{CIY} ... {installment periods per year}/{compounding periods per year}

® Str — Str command
* {Str} ... {string memory}
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7. Program (PRGM) Menu

To display the program (PRGM) menu, first enter the Run-Matrix or Program mode from the
Main Menu and then press (wrsg) (PRGM). The following are the selections available in the
program (PRGM) menu.

* The program (PRGM) menu items are not displayed when “Math” is selected for the “Input/
Output” mode setting on the Setup screen.

* {COMMAND} ..... {program command menu}

* {CONTROL} ...... {program control command menu}

e (JUMP}.............. {jump command menu}

e {2} s {input command}

o {d} .., {output command}

* {CLEAR;} ............ {clear command menu}

* {DISPLAY} ........ {display command menu}

* {RELATNL} ....... {conditional jump relational operator menu}
e {l/I0} ...coeee {I/O control/transfer command menu}

o i} {multi-statement command}

* {STR} .....ccennnne {string command}

The following function key menu appears if you press (rs] (PRGM) in the Run-Matrix
mode or the Program mode while binary, octal, decimal, or hexadecimal is set as the default
number system.

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

* (JUMP}{?}/{ 4}/{RELATNL}/{:}

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 “Chapter 8 Programming”.
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8. Using the Setup Screen

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

® To change a mode setup

1. Select the icon you want and press to enter a mode and display its initial screen. Here

we will enter the Run-Matrix mode.

2. Press (WENY) (SET UP) to display the mode’s Setup
screen.

* This Setup screen is just one possible example. Actual
Setup screen contents will differ according to the mode
you are in and that mode’s current settings.

B
Input/Output:Mat

Mode :Comp
Frac Result :d/ec

Fune Type 'Y=

Draw Type :Connect
Derivative :0ff
Angle :Rad N
B

Complex Mode:a+bi T
Coord :0n

Grid :Line
Axes :Scale
Label :0n
Display :Norml
Simplify :Auto

[Auto |[Manuall

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 exit the Setup screen.

M Setup Screen Function Key Menus

This section details the settings you can make using the function keys in the Setup screen.

an indicates default setting.

* The setting of each item with a frame around it is indicated by an icon in the status bar.

® [Input/Output | (input/output mode)

* {Math}/{Line}/{{M/M}* ... {Math}/{Linear}/{Mth/Mix}* input/output mode

* The “M/M” (Mth/Mix) setting is available only while the calculator is in the Examination

Mode for NL (page [3-1).

e Mode (calculation/binary, octal, decimal, hexadecimal mode)

. {ComR} ... {arithmetic calculation mode}

* {Dec}/{Hex}/{Bin}/{Oct} ... {decimal}/{hexadecimal}/{binary}/{octal}

® Frac Result
e {d/c}/{ablc} ... {improper}/{mixed} fraction
v

1-35

(fraction result display format)




® Func Type (graph function type)
Pressing one of the following function keys also switches the function of the key.
o {Y=}{r=}/{Parm}/{X=} ... {rectangular coordinate (Y=f(x) type)}/{polar coordinate}/
'V\{Jparametric}/{rectangular coordinate (X=f(y) type)} graph
o {YSI{Y<I{Y=2I{Y<) ... {y>fx) 1 {y<fix){y=>f(x)}{y<f(x)} inequality graph
o {XSIX<I{X=M{X<) ... (o> )Y {x< ) Y{xf(y)Y{x<f(y)} inequality graph
e Draw Type (graph drawing method)

* {Connect}/{Plot} ... {connected points}/{unconnected points}
ANV

e Derivative (derivative value display)
J {On}/i\%} ... {display on}/{display off} while Graph-to-Table, Table & Graph, and Trace are
being used

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

® \Complex Mode
* {Real} ... {calculation in real number range only}
AN

o {a+bi}/{r£0} ... {rectangular format}/{polar format} display of a complex calculation

e Coord (graph pointer coordinate display)
. Q\r}}/{Off} ... {display on}/{display off}

e Grid (graph gridline display)
. {On}/{Off}/{'I:i’{l’g} ... {show grid as dots}/{hide grid}/{show grid as lines}

e Axes (graph axis display)
* {ONn}/{Off}/{Scale} ... {show axis}/{hide axis}/{show axis and scale}

e Label (graph axis label display)
. {%/{Off} ... {display on}/{display off}

® |Display| (display format)
* {Fix}/{Sci}/{Norm}/{Eng} ... {fixed number of decimal places specification}/{number of
significant digits specification}/{normal display setting}/{engineering mode}

* When the Engineering mode is on, “/E” is appended after the status bar icon, such as
Norm1/E].

e Stat Wind (statistical graph V-Window setting method)
e {Auto}/{Manual} ... {automatic}/{manual}
AN

® Resid List (residual calculation)
* {None}/{LIST} ... {no calculation}/{list specification for the calculated residual data}
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e List File (list file display settings)
* {FILE} ... {settings of list file on the display}

e Sub Name (list naming)
* {On}/{Off} ... {display on}/{display off}
WV

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

e Dual Screen (dual screen mode status)
. {G+G}/{GtoT}/£\C’)\flf\} ... {graphing on both sides of dual screen}/{graph on one side and
numeric table on the other side of dual screen}/{dual screen off}

e Simul Graph (simultaneous graphing mode)

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

e Background (background image display)
* {None}/{PICT n}/{OPEN}... {no background}/{specify picture memory image as the

background}/{specify an image as the background}

® Plot/LineCol (plot and line color)

* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow}... Specifies a color for plots and
graph lines. A

e Sketch Line (overlaid line type)
. m/{—}/{-----}/{ ------- W{—1 ... {normal}/{thick}/{broken}/{dotted}/{thin}

e Dynamic Type (dynamic graph type)
 {Cont}/{Stop} ... {non-stop (continuous)}/{automatic stop after 10 draws}
AN

e Locus (dynamic graph locus mode)
» {On}/{Off} ... {locus drawn}/{locus not drawn}
AN

e Y=Draw Speed (dynamic graph draw speed)
* {Norm}/{High} ... {normal}/{high-speed}
ANNN

e Variable (table generation and graph draw settings)
* {RANG}/{LIST} ... {use table range}/{use list data}
VIV

e >Display (X value display in recursion table)
. {On}/{'ea} ... {display on}/{display off}
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e Slope (display of derivative at current pointer location in conic section
graph)
 {On}/{Off} ... {display on}/{display off}
a\

® |Payment| (payment period setting)
. {BEGIN}/{E\I}\[,)\}‘ ... {beginning}/{end} setting of payment period

¢ |Date Mode | (number of days per year setting) Ei3 Edd
* {365}/{360} ... interest calculations using {365}/{360} days per year
ans

® |Periods/YR.| (payment interval specification) [Tif] B}
e {Annual}/{Semi} ... {annual}/{semiannual}
AVaVaV Vv

e Graph Color
* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single line color

for graphing in the Financial mode.

¢ Ineq Type (inequality fill specification)
* {Intsect}/{Union} ... When graphing multiple inequalities, {fill areas where all inequality

conditions are satisfied}/{fill areas where each inequality condition is satisfied}

e Simplify (calculation result auto/manual reduction specification)
e {Auto}/{Manual} ... {auto reduce and display}/{display without reduction}

e Q1Q3 Type (Q+/Qs calculation formulas)

* {Std}/{OnData} ... {divide total population on its center point between upper and lower
groups, with the median of the lower group Q1 and the median of the upper group Q3}/
{make the value of element whose cumulative frequency ratio is greater than 1/4 and
nearest to 1/4 Q1 and the value of element whose cumulative frequency ratio is greater
than 3/4 and nearest to 3/4 Q3}

e Auto Calc (spreadsheet auto caic)
» {On}/{Off} ... {execute}/{not execute} the formulas automatically
ANN

e Show Cell (spreadsheet cell display mode)
e {Form}/{Val} ... {formula}*'/{value}
NN/

® Move (spreadsheet cell cursor direction)*2
* {Low}/{Right} ... {move down}/{move right}
ANNN

*1 Selecting “Form” (formula) causes a formula in the cell to be displayed as a formula. The
“Form” does not affect any non-formula data in the cell.

*2 Specifies the direction the cell cursor moves when you press the [Exg key to register cell
input, when the Sequence command generates a number table, and when you recall data
from List memory.
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9. Using Screen Capture

Any time while operating the calculator, you can capture an image of the current screen and
save it in capture memory.

e To capture a screen image
1. Operate the calculator and display the screen you want to capture.

2. Press (7] (CAPTURE). B Fedfor] @il
* This displays a memory area selection dialog box. sullStore In

Capture Memory

Capture[1~20]:|

il [ [ [

[GRAPH] CALC J TEST] INTR ] DIST JINES]

3. Input a value from 1 to 20 and then press [exg.

e This will capture the screen image and save it in capture memory area named “Capt n”
(n = the value you input).

* You cannot capture the screen image of a message indicating that an operation or data
communication is in progress.

* A Memory ERROR will occur if there is not enough room in main memory to store the screen
capture.

® To recall a screen image from capture memory
This operation is possible only while the Linear input/output mode is selected.

1. In the Run-Matrix mode, press (Fe) (>) E]
[F8) () (F5) (CAPTURE) [F1) (Recall). RelCapt |
Recall

2. Enter a capture memory number in the range of 1 to 20, and then press [Exg.
* This displays the image stored in the capture memory you specified.
3. To exit the image display and return to the screen you started from in step 1, press [EXT].

* You can also use the RclCapt command in a program to recall a screen image from capture
memory.
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10. 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)(SETUP), and then press (F1)(Yes).
4. Press (ENY) to return to the Main Menu.

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

B Restart and Reset

® Restart

Should the calculator start to act abnormally, you can restart it by pressing the RESTART
button. Note, however, that you should only use the RESTART button only as a last resort.
Normally, pressing the RESTART button reboots the calculator’'s operating system, so
programs, graph functions and other data in calculator memory is retained.

RESTART button

Important!

The calculator backs up user data (main memory) when you turn power off and loads the
backed up data when you turn power back on.

When you press the RESTART button, the calculator restarts and loads backed up data.
This means that if you press the RESTART button after you edit a program, graph function, or
other data, any data that has not been backed up will be lost.

Note

Pressing the RESTART button to restart the calculator will cause the Battery Settings screen
to appear on the display. For details about the settings on this screen, see “Battery Settings”
(page 12-6).
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® Reset
Use reset when you want to delete all data currently in calculator memory and return all mode
settings to their initial defaults.

Before performing the reset operation, first make a written copy of all important data.
For details, see “Reset” (page 12-4).

H Low Battery Message

If the following message appears on the display, immediately turn off the calculator and
replace batteries as instructed.

Low
Batteries!

Please Replace

If you continue using the calculator without replacing 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 communication operations after the low battery message
appears.
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Chapter 2 Manual Calculations

1. Basic Calculations

B Arithmetic Calculations

* Enter arithmetic calculations as they are written, from left to right.
* 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
56 x (-12) + (-2.5)=268.8 | 56[X) @12 [©)2.5F9
(2 +3) x 102 = 500 [D2H30] X1 ki) 2[E
2+3x(4+5)=29 2(#H)3X] (A4 (F) 59
6 .3 E6@4XE569

(0.3)
4x5 10 <Linear input/output mode>

6= (04Xx)50] &g

*! Final closed parentheses (immediately before operation of the key) may be omitted, no
matter how many are required.

B Number of Decimal Places, Number of Significant Digits, Normal
Display Range [SET UP]- [IIBEN -[Fix]/[Scil/[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 (NUMERIC) (page
2-14) 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.
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Example 1

100 - 6 = 16.66666666...

Condition Operation Display
100 (<) 6 [Exg 16.66666667
4 decimal places (EN) (SET UP) @ @ »
(F1) (Fix) (4] [exg) (Exg) 16.6667
5 significant digits (MENY) (SET UP) @ @ »
(F2)(Sci) (5] [Exg 1.6667x10°
Cancels specification (EN) (SET UP) @ @
(F3) (Norm) (Exg) 16.66666667
*1 Displayed values are rounded off to the place you specify.
Example 2 200 -7 x14 =400
Condition Operation Display
200(3)7(X)14 () 400
3 decimal places (EN) (SET UP) @ @
(F1) (Fix) (3] [Exg) (Exg) 400.000
Calculation continues using 200(5)7 (9 28.571
display capacity of 10 digits X] | Ansx1
14 [Exg 400.000
* If the same calculation is performed using the specified number of digits:
200(5) 7 g 28.571
The value stored internally is opTN) (F6) (™) (F4) (NUMERIC) (F4) (Rnd) [Exg 28.571
rounded off to the number of X) | Ansx 1
decimal places specified on 14 (exg) 399.994
the Setup screen.
HP 200 ()7 28.571
You can also specify the (Fe) (>) (F1) (RndFix) sir) (®) (Ans) (3]J2(0] | RndFix(Ans,2)
number of decimal places for (Exg) 28.570
rounding of internal values X | Ansx 1
for a specific calculation. 14 g 399.980

(Example: To specify
rounding to two decimal
places)

* You cannot use a first derivative, second derivative, integration, £, maximum/minimum value,
Solve, RndFix or log,b calculation expression inside of a RndFix calculation term.
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M Calculation Priority Sequence

This calculator employs true algebraic logic to calculate the parts of a formula in the following
order:
@ Type A functions
* Coordinate transformation Pol (x, y), Rec (r, 6)
* Functions that include parentheses (such as derivatives, integrations, X, etc.)
d/dx, d¥dx?, [dx, =, Solve, SolveN, FMin, FMax, List—Mat, Fill, Seq, SortA, SortD, Min,
Max, Median, Mean, Augment, Mat—List, DotP, CrossP, Angle, UnitV, Norm, P(, Q(, R(,
t(, RndFix, log,b
e Composite functions™!, List, Mat, Vct, fn, Yn, rn, Xtn, Ytn, Xn
@ Type B functions
With these functions, the value is entered and then the function key is pressed.
x2, x7', x!,°’”, ENG symbols, angle unit °, ', ¢
@ Power/root A(x'), *V
@ Fractions a®/.
® Implied multiplication format in front of &, memory name, or variable name.
2n, 5A, Xmin, F Start, etc.
® Type C functions
With these functions, the function key is pressed and then the value is entered.
v, % log, In, e, 10%, sin, cos, tan, sin-!, cos™, tan™, sinh, cosh, tanh, sinh-', cosh™,
tanh™, (-), d, h, b, o, Neg, Not, Det, Trn, Dim, Identity, Ref, Rref, Sum, Prod, Cuml,
Percent, AList, Abs, Int, Frac, Intg, Arg, Conjg, ReP, ImP

@ Implied multiplication format in front of Type A functions, Type C functions, and parenthesis.
2V3, Alog2, etc.

Permutation, combination, complex number operator in polar form nPr, nCr, £
@ Metric conversion commands*?

X, +, Int=, Rmdr

@ + -

@ Relational operators =, #, >, <, 2, <

@3 And (logical operator), and (bitwise operator)

Or, Xor (logical operator), or, xor, xnor (bitwise operator)

*'You can combine the contents of multiple function memory (fn) locations or graph memory
(Yn, rn, Xtn, Ytn, Xn) locations into composite functions. Specifying fn1(fn2), for example,
results in the composite function fn1°fn2 (see page 5-14). A composite function can consist
of up to five functions.

*2 Metric conversion commands are supported only when the Metric Conversion add-in application
is installed.
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Example 2 + 3 x (log sin2n2 + 6.8) = 22.07101691 (angle unit = Rad)
@

]

| @ |
L ©® |
L@ |

L ® |
L ® |

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

eIM120 — e4In(\120)}
Otherwise, execution is from left to right.
e Compound functions are executed from right to left.
* Anything contained within parentheses receives highest priority.

l Calculation Result Irrational Number Display

You can configure the calculator to display calculation results in irrational number format
(including v or m) by selecting “Math” for the “Input/Output” mode setting on the Setup

screen.
Example V2 +/8=3V2 (Input/Output: Math)
EEHEYV ) BeOBEAEV )BE [F
42 +J8
a 342

JUMP JDELETE PMATYCT) MATH

e Calculation Result Display Range with v

Display of a calculation resultin v format is supported for result with v in up to two terms.
Calculation results in vV format take one of the following forms.

ia\/ﬁidia\/ﬁiﬂidf
C

* The following are the ranges for each of the coefficients (a, b, c, d, e, f) can be displayed in
the v calculation result format.

1=2a<100,1<b<1000,1=c<100
0=d<100,0=¢e<1000,1=f<100

* In the cases shown below, a calculation result may be able to be displayed in v format
even if their coefficients (a, ¢, d) are outside the above ranges.

A vV format calculation result uses a common denominator.

avb + d\j/cz - a'\/F+,d'\/? *¢’ is the least common multiple of ¢ and f.
c c
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Since the calculation result uses a common denominator, calculation result still may
be displayed using the v format even when coefficients (a’, ¢, d’) are outside the
corresponding range of coefficients (a, c, d).

V3 V2 _10V3+11V2

Example: 1—1+ 0° 110

Calculation Examples

This calculation: Produces this type of display:
2x(3-2V5)=6-4V5 v format

35V2 x 3 = 148.492424 (= 105V2)*! Decimal format

150V2

W"‘é"—s = 8.485281374™"

99v999 = 3129.089165 (= 297V111)~!

23 x (5 — 2V/3) = 35.32566285 (= 115 — 46V3)*" Decimal format
V2 +V3+V8=V3+3V2 v format
Y2+ Y3+ V6 =5.595754113*2 Decimal format

*! Decimal format because values are outside of range.
*2 Decimal format because calculation result has three terms.

* The calculation result is displayed using decimal format even if an intermediate result goes
greater than two terms.

Example: (1 +V2+V3) (1-vV2-V3) (=-4-2V6)
= —8.898979486

* If the calculation formula has a v term and a term that cannot be displayed as a fraction,
the calculation result will be displayed in decimal format.

Example: log3 + V2 = 1.891334817

e Calculation Result Display Range with &t
A calculation results is displayed using © format in the following cases.
* When the calculation result can be displayed in the form nn
n is an integer up to [10°l.
* When the calculation result can be displayed in the form a% T or % yis
However, {number of a digits + number of b digits + number of ¢ digits} must be 8 or less

when the above a% or % is reduced.*"*2 Also, the maximum number of allowable c digits is
three.*?

* When ¢ < b, the number of a, b, and ¢ digits are counted when the fraction is converted

from an improper fraction (ﬁ) to a mixed fraction (a%).
c

*2 When “Manual” is specified for the Setup screen “Simplify” setting, the calculation result
may be displayed in decimal format, even if these conditions are met.
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Calculation Examples

This calculation: Produces this type of display:
78nt x 2 = 1567 7t format

1234567 x 9 = 3490636.164 (= 11111104 m)* Decimal format

568 71
105824n_105103n 7t format
258 129 .
= 6.533503684 *4
232387: 5.933503684 (2 1619n) Decimal format

*3 Decimal format because calculation result integer part is 1108l or greater.
*4 Decimal format because number of denominator digits is four or greater for the a% 7 form.

H Multiplication Operations without a Multiplication Sign

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

* Before Type A functions (1) on page 2-3) and Type C functions (® on page 2-3), except for
negative signs

Example 1 2sin30, 10log1.2, 2V3, 2Pol(5, 12), etc.

* Before constants, variable names, memory names

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

* Before an open parenthesis

Example 3 3(5+6),(A+1)(B-1),etc.

If you execute a calculation that includes both division and multiplication operations in which
a multiplication sign has been omitted, parentheses will be inserted automatically as shown in
the examples below.

* When a multiplication sign is omitted immediately before an open parenthesis or after a
closed parenthesis.

Example 1 6+21+2) —> 6+(2(1+2)
6:A(1+2) — 6+ (A(1+2)
1:(2+3)sin30 — 1+ ((2+ 3)sin30)
* When a multiplication sign is omitted immediately before a variable, a constant, etc.

Example 2 6+2r — 6+(2n)
2:2V2 - 2:(2V2)
4t + 21 — 4n + (2n)
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If you execute a calculation in which a multiplication sign has been omitted immediately before
a fraction (including mixed fractions), parentheses will be inserted automatically as shown in
the examples below.

1, ,1 1

Example (2 x 3 ): 2 3 - 2( 3)
: 4, . .4 (4
Example (sin 2 x 5 ): sin2 5 — sin 2( 5 )

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. For details, see the “Error Message Table” on page o-1.

* Most of the calculator’s keys are inoperative while an error message is displayed. Press
to clear the error and return to normal operation.

l 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: (1J, (2), (3], sin, cos, tan, log, In, v, and .

Some of the functions that take up two bytes are d/dx(, Mat, Vct, Xmin, If, For, Return,
DrawGraph, SortA(, PxIOn, Sum, and a..

* The required number of bytes to input functions and commands is different in the Linear
input/output mode and the Math input/output mode. For details about the number of bytes
required for each function in the Math input/output mode, see page 1-16.

2. Special Functions

Hl Calculations Using Variables

Example Operation Display
193.2(—) xe1 (A) [Exg 193.2
193.2 -+ 23=8.4 X617 (A) (£) 23 xg) 8.4
193.2 + 28 =6.9 (a1 (A) (=) 28 [exg) 6.9
Hl Memory

e Variables (Alpha Memory)

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.

* Variable contents are retained even when you turn power off.
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e To assign a value to a variable
[value] [variable name]

Example 1 To assign 123 to variable A

(d (1) (2] (3] (=) () (x6T) (A) B

]

|123—>A ﬂ|
123
Example 2 To add 456 to variable A and store the result in variable B
(ad) () (xem (A) () (4] (8] (6] (=) B
() (iog) (B) B A+456-B 579“

* You can input an X variable by pressing (#) (X) or [x61). Pressing (#) (X) will input X,
while pressing will input x. Values assigned to X and x are stored in the same memory

area.
Example 3 Assign 10 to x and then assign 5 to X. Next, check what is assigned to
X.
) B
_)
® X) R 10
X 5
X
. 5
e To assign the same value to more than one variable
[value](=) [first variable name] ~ [last variable name] [Exg
* You cannot use “r” or “0” as a variable name.
Example To assign a value of 10 to variables A through F
(ad (1] (0] =) () (x.6M) (A) 0 Edfn]
SA
[@)(CATALOG) B (CAT® ® ® ® 1ol
(F1) (EXE)
@ >
(E(INPUT) (urt) (tan) (F) B9

e String Memory

You can store up to 20 strings (named Str 1 to Str 20) in string memory. Stored strings can be
output to the display or used inside functions and commands that support the use of strings as

arguments.
For details about string operations, see “Strings” (page 8-25).
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Example

To assign string “ABC” to Str 1 and then output Str 1 to the display

[N (SET UP) 2 (Line)
() (A -LOCK) [xi89 (") (8T (A)
(iog) (B) (in] (C) (x109) (") (oPie) (Releases Alpha Lock.)

(=) (wrs) (F6) (>) (E5) (Str) (D (x@ B
"ABC">Str 1
Done
F5)(Str) (] x B
"ABC"->Str 1
Done
Str 1
ABC

String is displayed justified left.

* Perform the above operation in the Linear input/output mode. It cannot be performed in the
Math input/output mode.

¢ Function Memory [OPTN]-[FUNCMEM]

Function memory is convenient for temporary storage of often-used expressions. For longer

term storage, we recommend that you use the Graph mode for expressions and the Program
mode for programs.

* {STORE}/{RECALL}/{fn}/{SEE} ... {function store}/{function recall}/{function area
specification as a variable name inside an expression}/{function list}

® To store a function

Example

To store the function (A+B) (A—-B) as function memory number 1

(W) (SET UP) F2)(Line) B

&S (O [ €20 (A) (B @8 (9 (B) 0 (A+B) (A-B)I

[ @8 £ (A) O @8 [ (8) 0

9 () 8 (>) E3) (FUNCMEM) 5 ,

[F1)(STORE) @ 8 |‘El fYnction Bemory ==

* If the function memory number to which you store a function already contains a function, the
previous function is replaced with the new one.

* You can also use to store a function in function E
memory in a program. In this case, you must enclose the " (A+B) (A-B) ">fn 1

function inside of double quotation marks.
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® To recall a function

Example To recall the contents of function memory number 1
(Fe) (™) [Fe) (>) (F3) (FUNCMEM) B
(2 (RECALL) (1) (A+B) (A-B)I

* The recalled function appears at the current location of the cursor on the display.

e To recall a function as a variable

Example To recall the contents of function memory number 1 as a variable
(ad (3] (=] (i) (x6T) (A) g g
_)
1 (B) 3
9 (>) E8) (>) B (FUNCMEM) B () | 7P
&) @ 9 fnl+t2

¢ To display a list of available functions

(or) (F6) (™) (F6) (™) [F3) (FUNCMEM) B —
== unction emory ==
(F4) (SEE) El : (A+B) (A-B)
£5 -
fa:
s :
fe:

® To delete a function

Example To delete the contents of function memory number 1
B
I
(Fe) (>) [Eg) (>) [E3) (FUNCMEM) B .
(1) (STORE) (1) _E1 l:"unct ion Memory ==

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

The Answer Function automatically stores the last result you calculated by pressing
(unless the key operation results in an error). The result is stored in the answer memory.

* The largest value that the answer memory can hold is 15 digits for the mantissa and 2 digits
for the exponent.

* Answer memory contents are not cleared when you press the key or when you switch
power off.

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

Example 123 + 456 = 579
789 — 579 = 210
MO BHE®EEE R 1%12
@@ @ E @ O (Ans) 68 * 579
T89—-Ans 210

* Performing an operation that assigns a value to an Alpha memory (such as

5 (log) (B) [Exg] ), answer memory contents are updated in the Math input/output mode
but not in the Linear input/output mode.

B Performing Continuous Calculations

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

Example 1+3=
1+:3%x3=
BN ENEE %.
(Continuing) X] (3] (&g ' 0.3333333333

Ansx3
1

Continuous calculations can also be used with Type B functions (x2, x', x/, on page 2-3), +, —,
A), SV, 27, etc.



3. Specifying the Angle Unit and Display Format

Before performing a calculation, you should use the Setup screen to specify the angle unit and
display format.

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

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

Bl Setting the Display Format [SET UP]-

1. On the Setup screen, highlight “Display”.
2. Press the function key for the item you want to set, then press [EXT].

* {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)

Example To specify two decimal places
(F1) (Fix) (2] [exg) [Display ‘Fix2 |
—T
Press the number key that corresponds to the number of decimal places you want to specify
(n=0to9).

* 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)

Example To specify three significant digits

(F2)(Sci) (3] [ [Display :Sci3 |
==

Press the number key that corresponds to the number of significant digits you want to specify
(n = 0 to 9). Specifying 0 makes the number of significant digits 10.

* Displayed values are rounded off to the number of significant digits you specify.

® 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) > Ixl, Ix| 210
Norm 2: 10° (0.000000001) > IxI, Ix| =210

¢ 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
(=2x10% — 2k.

E (Exa) x 108 m (milli) x 1073
P (Peta) x 10" i (micro) x 107
T (Tera) x 1012 n (nano) x107°
G (Giga) x 10° p (pico) x 10712
M (Mega) x 108 f (femto) x 1071
k (kilo) x 108

* The engineering symbol that makes the mantissa a value from 1 to 1000 is automatically
selected by the calculator when engineering notation is in effect.
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4. Function Calculations

Bl 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-Matrix or Program mode.

e Hyperbolic Calculations (HYPERBL) [OPTN]-[HYPERBL]
* {sinh}/{cosh}/{tanh} ... hyperbolic {sine}/{cosine}/{tangent}
* {sinh~'}/{cosh~"}/{tanh™"} ... inverse hyperbolic {sine}/{cosine}/{tangent}

® Probability/Distribution Calculations (PROB) [OPTN]-[PROB]
 {x!} ... press after inputting a value to obtain the factorial of the value
e {nPr}/{nCr} ... {permutation}/{combination}
* {RAND} ... {random number generation}

* {Ran#}/{Int}/{Norm}/{Bin}/{List}/{Samp} ... {random number generation (0 to 1)}/{random
integer generation}/{random number generation in accordance with normal distribution
based on mean u and standard deviation o}/{random number generation in accordance
with binomial distribution based on number of trials n and probability p}/{random number
generation (0 to 1) and storage of result in ListAns}/{random extraction of list data
elements and storage of result in ListAns}

* {PM{Q/{R(} ... normal probability {P(7)}/{Q(7)}/{R(?)}
e {t(} ... {value of normalized variate #(x)}

e Numeric Calculations (NUMERIC) [OPTN]-[NUMERIC]
* {Abs} ... select this item and input a value to obtain the absolute value of the value
* {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

* {RndFix} ... rounds off the value used for internal calculations to specified digits (0 to 9) (see
page 2-2)

* {GCD} ... {greatest common divisor for two values}
* {LCM3} ... {least common multiple for two values}
* {MOD} ... {remainder of division (remainder output when n is divided by m)}

* {(MOD_Exp} ... {remainder when division is performed on a power value (remainder output
when n is raised to p power and then divided by m)}
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¢ Angle Units, Coordinate Conversion, Sexagesimal Operations (ANGLE)
[OPTN]-[ANGLE]

e {°¥{r}/{g} ... {degrees}/{radians}/{grads} for a specific input value
» {°’”} ... specifies degrees (hours), minutes, seconds when inputting a degrees/minutes/
seconds value

. {:j} ... converts decimal value to degrees/minutes/seconds value

* The {'o,_,,} menu operation is available only when there is a calculation result on the display.
* {Pol(}/{Rec(} ... {rectangular-to-polar}/{polar-to-rectangular} coordinate conversion
* {»DMS} ... converts decimal value to sexagesimal value

® Engineering Symbol (ENG-SYM) [OPTN]-[ENG-SYM]
o ImY/{p{n}{p}/f} ... {milli (10-3)}/{micro (10-%)}/{nano (107°)}/{pico (10'2)}/{femto (107'%)}
o {KY{MY{GY{TY{PY{E} ... {kilo (10%)}/{mega (10°)}/{giga (10°)}/{tera (10'?)}/{peta (10'°)}/
{exa (10'8)}
. {ENG}/{EﬁG} ... 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.
e The {ENG} and {E/NG} menu operations are available only when there is a calculation
result on the display.

B Angle Units

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

Example Operation

To convert 4.25 rad to degrees: N (SET UP) @ @ @ @ @ @ (F1)(Deg)
2435070629 | 4.25 (™) [F5) (ANGLE) F2) (r)

47.3° + 82.5rad = 4774.20181° | 47.3 () 82.50m () (=) (F5) (ANGLE) (F2) (r) €

2°20°30" + 39°30" = 3°00°00" 2 (o) (F8) (™) (F5) (ANGLE) [F4) (° * ") 20(F4)(°* ") 30
F3(C" ") FOFE(°" ")39F4 (" ") 30[F3) (° " ") (B
ES) (o)

2.255° = 2°15'18" 2.255 e (Fe) (™) (F5) (ANGLE) (Fe) (™) (F3) (»>DMS) g
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B Trigonometric and Inverse Trigonometric Functions
* Be sure to set the angle unit before performing trigonometric function and inverse
trigonometric function calculations.

o_ T
(90° = 3

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

radians = 100 grads)

Example Operation
3 2 (m) @3 e

<Linear input/output mode>

feeg (O (D) (i) () ()3 0] (g

2+sin 45° x cos 65° = 0.5976724775 W) (SET UP) @ @ @ @ @ @ (F1)(Deg)
2(X] (sin) 45 (X] [c09 65 [exg] *!
sin'0.5 = 30° i) (sin™") 0.5*2 g

(x when sinx = 0.5)

“1 [X] can be omitted.
*2 Input of leading zero is not necessary.

H Logarithmic and Exponential Functions

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

Example Operation
log 1.23 (log101.23) = 0.08990511144| (iog) 1.23 [Exg)
log-8 = 3 (F3) (MATH) (F2) (logab) 2 3 8 [exg)

<Linear input/output mode>
(F4) (CALC) (8} (>) [E4) (logab)2(5]8 1]

10'2% = 16.98243652 (1091.23 [xg
(To obtain the antilogarithm of
common logarithm 1.23)

¢*5=90.0171313 (n) (¢") 4.5
(To obtain the antilogarithm of
natural logarithm 4.5)

(=3)* = (=3) x (-3) x (-3) x (-3) = 81 @30 (Al4E9

~N123 (= 123%) = 1.988647795 AV )7>123g
<Linear input/output mode>
767 (A) (V' )123 B9

* The Linear input/output mode and Math input/output mode produce different results when
two or more powers are input in series, like: 2 3 2.

Linear input/output mode: 2/3"2 =64  Math input/output mode: 2% = 512
This is because the Math input/output mode internally treats the above input as: 2A(3/(2)).
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B Hyperbolic and Inverse Hyperbolic Functions

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

Example Operation
sinh 3.6 = 18.28545536 (Fe) (™) (F2) (HYPERBL) (F1) (sinh) 3.6 [Exg)
20
cosh™ <¥> = 0.7953654612 (>)(F2(HYPERBL) F5) (cosh™") (2)20 ® 15 [xg)

<Linear input/output mode>
(>)(F2) (HYPERBL) [F5) (cosh-") ((J20
(=150] g

B Other Functions

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

Example Operation
V2 +v5 = 3.65028154 ) @3 (V)20 () e (3 (V) 5ExE 5+0)

<Linear input/output mode>

G &3 (V) 2(#) oF) @ (V)56
(-3)?=(-3)x(3)=9 (A =30 (7 B
1 s (D36 0 (") B4 0 ()

T O & O ()
4

—

3
8! (= 1x2x3x.... x 8) = 40320 8 @ (F8) (=) [F3) (PROB) [F1) (x!) BE
3,[36 x 42 x 49 = 42 ER [Q (V)36 (X)42 (X496

<Linear input/output mode>

AV )[A36X142(X)490]
What is the absolute value of the (F3) (MATH) (F3) (Abs) (log) (&) 3 @ 4 [EXg)

common |ogarithm of é ? <Linear inpuVoutput mode>
3 4 (Fe) (™) [F4) (NUMERIC) [F1) (Abs) g (D 3 (=)
| log T | =0.1249387366 40)
What is the integer part of — 3.5? (™) (F4 (NUMERIC) (F2) (Int) (=) 3.5 [Exg)
-3

What is the decimal part of — 3.5? (Fe) (™) (F4) (NUMERIC) [F3) (Frac) (@) 3.5 [exg)
-0.5

What is the nearest integer not (Fe) (>>) (F4) (NUMERIC) (F5) (Intg) (=) 3.5 [Exg)

exceeding — 3.57 -4
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l Random Number Generation (RAND)

¢ Random Number Generation (0 to 1) (Ran#, RanList#)

Ran# and RanList# generate 10 digit random numbers randomly or sequentially from 0 to 1.
Ran# returns a single random number, while RanList# returns multiple random numbers in list
form. The following shows the syntaxes of Ran# and RanList#.

Ran# [a] 1=a=s9
RanList# (n [,a]) 1=n=999

* n is the number of trials. RanList# generates the number of random numbers that
corresponds to n and displays them on the ListAns screen. A value must be input for n.

* “a” is the randomization sequence. Random numbers are returned if nothing is input for “a”.
Entering an integer of 1 through 9 for a will return the corresponding sequential random
number.

* Executing the function Ran# 0 initializes the sequences of both Ran# and RanList#. The
sequence also is initialized when a sequential random number is generated with a different
sequence of the previous execution using Ran# or RanList#, or when generating a random
number.

Ran# Examples

Example Operation
Ran# (Fe) (>) (F3) (PROB) (F4) (RAND)
(Generates a random number.) (F1) (Ran#) (exg
(Each press of [Exg generates a new random | [exg
number.) (Exg)
Ran# 1 (Fe) (>) (F3) (PROB) [F4) (RAND)
(Generates the first random number in (F1) (Ran#)1 [exg

sequence 1.)

(Generates the second random number in (Exg)
sequence 1.)
Ran# 0 (F1) (Ran#)0 &g

(Initializes the sequence.)

Ran# 1 (E1) (Ran#)1 [exg
(Generates the first random number in
sequence 1.)
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RanList# Examples

Example Operation
RanList# (4) OPTN >) (F3) (PROB) (F4) (RAND) (F5) (List)
(Generates four random numbers and 40)) @]
displays the result on the ListAns screen.)
RanList# (3, 1) (Fe) (>) (F3) (PROB) (Fa) (RAND) (F5) (List)
(Generates from the first to the third random | 3(]1 EXE
numbers of sequence 1 and displays the
result on the ListAns screen.)
(Next, generates from the fourth to the sixth | (Exg
random number of sequence 1 and displays
the result on the ListAns screen.)
Ran# 0 (F1) (Ran#) 0 [xg)
(Initializes the sequence.)
RanList# (3, 1) (F5) (List) 3] 10 g
(Re-generates from the first to the third
random numbers of sequence 1 and displays
the result on the ListAns screen.)

¢ Random Integer Generation (Ranint#)
RanlInt# generates random integers that fall between two specified integers.
Ranint# (A,B[,n]) A<B IALIBI<1x10° B-A<1x10" 1=n=999

* A is the start value and B is the end value. Omitting a value for n returns a generated random
number as-is. Specifying a value for n returns the specified number of random values in list

form.
Example Operation
Ranlint# (1, 5) [Fe) (™) F3) (PROB) (F3) (RAND) (F2) (Int)
(Generates one random integer from 1 and 10J50] ke
5.)
Ranlint# (1, 10, 5) [Fg) () (F3) (PROB) (F3) (RAND) [F2) (Int)
(Generates five random integers from 1 to 10J10()50] [
10 and displays the result on the ListAns
screen.)
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¢ Random Number Generation in Accordance with Normal Distribution
(RanNorm##)

This function generates a 10-digit random number in accordance with normal distribution
based on a specified mean ¢ and standard deviation o values.

RanNorm# (o, u[,n]) o0>0 1=n=999

* Omitting a value for n returns a generated random number as-is. Specifying a value for n
returns the specified number of random values in list form.

Example Operation

RanNorm# (8, 68) (>)(F3) (PROB) (F4) (RAND) (F3] (Norm)
(Randomly produces a body length value 8(2J68(0] [

obtained in accordance with the normal
distribution of a group of infants less than
one year old with a mean body length of
68cm and standard deviation of 8.)

RanNorm# (8, 68, 5) (Fe) (>) (F3) (PROB) [F4) (RAND) (F3) (Norm)
(Randomly produces the body lengths of five | 8(3]68(]50] X

infants in the above example, and displays
them in a list.)

¢ Random Number Generation in Accordance with Binomial Distribution
(RanBin#)

This function generates random integers in accordance with binomial distribution based on
values specified for the number of trials n and probability p.

RanBin# (n, p[m]) 1=ns100000 1=m=<999 O0sp<1

* Omitting a value for m returns a generated random number as-is. Specifying a value for m
returns the specified number of random values in list form.

Example Operation

RanBin# (5, 0.5) (Fe) (>) (F3) (PROB) (F4) (RAND) (F4) (Bin)
(Randomly produces the number of heads 5(J]0.50] [exg

that can be expected in accordance with
binomial distribution for five coin tosses
where the probability of heads is 0.5.)

RanBin# (5, 0.5, 3) [Fe) () (F3) (PROB) (F4) (RAND) (F3) (Bin)
(Performs the same coin toss sequence 5(J]0.5(2J30]J

described above three times and displays
the results in a list.)
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e Random Extraction of List Data Elements (RanSamp#)
This function randomly extracts elements from list data and returns the results in list format.

RanSamp# (List X, n [,m])

List X ... Any list data (List 1 to List 26, Ans, {list format data}, sub-name)
n ... Number of tries (When m = 1, the number of elements is 1 = n = List X. When m = 0,

1=n=999.)

m...m=1or0 (Whenm =1, each element is extracted only once. When m = 0, each
element can be extracted multiple times.)

* m = 0 is used when the m setting is omitted.

Example

Operation

List1={1,2,3,4,5,6,7,8,9, 10}
RanSamp# (List 1, 3, 1)

(Randomly extracts three elements from
List 1 and displays the result on the ListAns
screen.)

List2={1, 3, 6, 7}

RanSamp# (List 2, 10)

(Randomly extracts 10 elements from List

2 and displays the result on the ListAns
screen. Elements are extracted repeatedly.)

e X ()1 J2()3(J4()50)6 (=) 7(2)8
CJ9C) 106 () () &) e (] (List) () e
(™) [E3) (PROB) [F4) (RAND) [E6) (Samp)

@ (List) (1 CJ3 (1

X ({)1(J3()6 ] 70 (= () (=)

(e (1] (List) (2] [Exg)

(or) (F6) (™) (F3) (PROB) (F4) (RAND) (g} (Samp)
siFt) (1] (List) 2] (5] 10 (0] (exg)

Bl Coordinate Conversion

® Rectangular Coordinates

Y
P(x,y)
------------- ?
! Pol
\ E Rec
0 — X

e Polar Coordinates
Y

P(r,0)

0 X

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

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

Example

Operation

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

1 [24.989 —  24.98979792 (r)
2 L 559280 - 5592839019 (9)

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

1 [13.979 —  13.97982259 (x)
2 L20725-1 - 20.72593931 (y)

sF7) (EN) (SET P @O @O @O @O @O @
(F1(Deg) [ExT)

(™) (F5) (ANGLE) Fg) (>) [E1) (Pol()
14(3)20.700

3 (Rec()25(3)56 )
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B Permutation and Combination

® Permutation
n!

I’lPI"=(n_—r)!

e Combination
n!

nCr = =)

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

Example 1 To calculate the possible number of different arrangements using 4
items selected from among 10 items
Formula Operation
10P4 = 5040 10 [or1y) (F6) (>) (F3) (PROB) (F2) (xP-) 4 [Exg)
Example 2 To calculate the possible number of different combinations of 4 items
that can be selected from among 10 items
Formula Operation
10C4 = 210 10 (or1) (Fe) (™) (F3) (PROB) (F3] (»C-) 4 Exg)

B Greatest Common Divisor (GCD), Least Common Multiple (LCM)

Example Operation

To determine the greatest common
divisor of 28 and 35
(GCD (28, 35) =7)

[F8) (>) (F4 (NUMERIC) (Fg) (>>) [F3) (GCD) 28
J350]

To determine the least common multiple
of 9 and 15
(LCM (9, 15) = 45)

(Fe) (>>) F4) (NUMERIC) [Fe) (>) (F3) (LCM) 9
()150]

M Division Remainder (MOD), Remainder of Exponential Division
(MOD_Exp)

Example Operation

To determine the remainder when 137 is
divided by 7
(MOD (137,7) =4)

(Fe) () F4) (NUMERIC) [Fe) (>) (F4) (MOD) 137
®70]

To determine the remainder when 5% is
divided by 3
(MOD_Exp (5, 3,3) =2)

(F8) (™) (F3) (NUMERIC) [Eg) (>)
(F5)(MOD_Exp)5(2J3(2])30)
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M Fractions

* In the Math input/output mode, the fraction input method is different from that described
below. For fraction input operations in the Math input/output mode, see page 1-16.

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

Example Operation
2,31 _73 BE2@5® [# ) (B)(==)3®1 @4k
S 4 20 <Linear input/output mode>
2(8)5H3E1=3)4
= 3.65 (Conversion to decimal)*' [ D
L 6066202547 x 10+ | B12578® H E)1 @ 457269
2578 4372 <Linear input/output mode>
132578 ([ 1 [E)4572 9
1 x05=025% BE1@2® X569
2 <Linear input/output mode>
13)2(X].5x

*1 Fractions can be converted to decimal values and vice versa.

*2 When the total number of characters, including integer, numerator, denominator and delimiter
marks in an intermediate or final calculation result exceeds 10, the fraction is automatically
displayed in decimal format. (10-digit example: 1111123456)

*3 Calculations containing both fractions and decimals are calculated in decimal format.

* Pressing the (a%o-o%) key toggles the display fraction between mixed fraction and

improper fraction format.

B Engineering Notation Calculations

Input engineering symbols using the engineering notation menu.
* Be sure to specify Comp for Mode in the Setup screen.

Example Operation
999k (kilo) + 25k (kilo) (W) (SET UP)@ @ (F4) (Eng) [EXT) 999 P (F8) (&) [Fe) (=)
= 1.024M (mega) [F1) (ENG-SYM) [Fg) () (F1) (k) () 25 (F1) (k) B9
9+ 10 =0.9 = 900m (mill) | 9= 103 a
=0.9 (Fe) (™) E8) () (F1) (ENG-SYM) (Fe) (™) (Fe) (>) [E3) (ENG)™!
— 0.0009K (kilo) [F3) (ENG)*!
=0.9 F2) (ENG)*2
=900m F2) (ENG)*2

*! Converts the displayed value to the next higher engineering unit, by shifting the decimal
point three places to the right.

*2 Converts the displayed value to the next lower engineering unit, by shifting the decimal point
three places to the left.
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H Logical Operators (AND, OR, NOT, XOR)

The logical operator menu provides a selection of logical operators.

[OPTN]-[LOGIC]

* {And}/{Or}/{Not}/{Xor} ... {logical AND}/{logical OR}/{logical NOT}/{logical XOR}
* Be sure to specify Comp for Mode in the Setup screen.

Example What is the logical AND of A and B when A =3 and B = 2?
AANDB =1
Operation Display
3 (A)

(uew) (£67) (A) (e (E8) (>) [E8) ()

2 (=] (ur) (iog) (B) (B8

(LOGIC)[F1)(And) (B) Ex)

e About Logical Operations
* A logical operation always produces either 0 or 1 as its result.
* The following table shows all of possible results that can be produced by AND, OR and XOR

operations.

Value or Expression A | Value or Expression B A AND B AORB A XOR B
A=0 B0 1 1 0
A=0 B=0 0 1 1
A=0 B=0 0 1 1
A=0 B=0 0 0 0

* The following table shows the results produced by the NOT operation.

Value or Expression A NOT A
Az0 0
A=0 1
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5. Numerical Calculations

The following explains the numerical calculation operations included in the function menu
displayed when (F3) (CALC) is pressed. The following calculations can be performed.

e {Int+}/{Rmdr}/{Simp} ... {quotient}/{remainder}/{simplification}
« {Solve)/{d/dx}/{d?/dx2)/{/dx}/{SolveN} ... {equality solution}/{first derivative}/{second

derivative}/{integration}/{f(x) function solution}

e {FMin}/{FMax}/{Z(}/{log b} ... {minimum value}/{maximum value}/{summation}/{logarithm

log,b}

H Quotient of Integer + Integer

The “Int+” function can be used to determine the quotient when one integer is divided by

another integer.

Example To calculate the quotient of 107 + 7

(1) (@ @ [ (F3 (CALC) (F8) (>)
€8 (>) ED(Int+) (@
EE)

[OPTN]-[CALC]-[Int=]

[ Int+ [Rmdr| Simp |

LB

H Remainder of Integer + Integer

[OPTN]-[CALC]-[Rmdr]

The “Bmdr” function can be used to determine the remainder when one integer is divided by

another integer.

Example To calculate the remainder of 107 + 7

O (F3)(CALC) 8 (™)
(E8) (>) (2 (Rmdr) (@)
&
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H Simplification [OPTN]-[CALC]-[Simp]

The “»Simp” function can be used to simplify fractions manually. The following operations can
be used to perform simplification when an unsimplified calculation result is on the display.

* {Simp} ... This function automatically simplifies the displayed calculation result using the
smallest prime number available. The prime number used and the simplified result are
shown on the display.

* {Simp} n [ ... This function performs simplification according to the specified divisor n.

Under initial default settings, this calculator automatically simplifies fraction calculation results
before displaying them. Before performing the following examples, use the Setup screen to
change the “Simplify” setting from “Auto” to “Manual” (page 1-38).

* When “a+bi” or “r£6” is specified for the Setup screen “Complex Mode” setting, fraction
calculation results always are simplified before being displayed, even if the “Simplify” setting
is “Manual”.

* If you want to simplify fractions manually (Simplify: Manual), make sure that the “Real” is
selected for the “Complex Mode” setting.

... 15 15 _ 5 1
Example 1 To simplify 60 e T A=

60 20 4
MEOGE®E0OEI =]
(F4) (CALC) [Fe)(>) [Fe) (>) [E3) (Simp) [xg %
Ans*Simp
F=3, ==
m =
(E3)(Simp) g B EOEdi]
F=3, ==
AnsrSimp
F=5,7
E]'ﬂ!'el > ]

The “F=" value is the divisor.
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Example 2 To simplify % specifying a divisor of 9 <% = %)
MEAD®EREEF B
E(CALC) B (>) B (>)E(Smp) @ | 27
EXE Ans»Simp 9

F=9,3
Eﬂ'ﬂ'ﬂ LB

* An error occurs if simplification cannot be performed using the specified divisor.

* Executing »Simp while a value that cannot be simplified is displayed will return the original
value, without displaying “F=".

M Solve Calculations [OPTN]-[CALC]-[Solve]

The following is the syntax for using the Solve function in a program.
Solve( fix), 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, you assign values directly to variables. This type of input
is identical to that used with the Solve command used in the Program mode.

Variable table input is used with the Solve function in the Equation mode. This input method
is recommended for most normal Solve function input.

An error (Time Out) occurs when there is no convergence of the solution.
For information about Solve calculations, see page 4-4.

e You cannot use a second derivative, X, maximum/minimum value or Solve calculation
expression inside of any of the above functions.

* Pressing during calculation of Solve (while the cursor is not shown on the display)
interrupts the calculation.

M Solving an f{x) Function [OPTN]-[CALC]-[SolveN]

You can use SolveN to solve an f(x) function using numerical analysis. The following is the
input syntax.

SolveN (left side [=right side] [,variable] [, lower limit, upper limit])

* The right side, variable, lower limit and upper limit all can be omitted.

* “left side[=right side]” is the expression to be solved. Supported variables are A through Z, r,
and 6. When the right side is omitted, solution is perform using right side = 0.

* The variable specifies the variable within the expression to be solved for (A through Z, r, 6).
Omitting a variable specification cause X to be used as the variable.
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* The lower limit and upper limit specify the range of the solution. You can input a value or an
expression as the range.

* The following functions cannot be used within any of the arguments.
Solve(, d?/dx?(, FMin(, FMax(, X(

Up to 10 calculation results can be displayed simultaneously in ListAns format.
* The message “No Solution” is displayed if no solution exists.

* The message “More solutions may exist.” is displayed when there may be solutions other
than those displayed by SolveN.

Example To solve x2-5x-6=0
(CALC)(F5) (SolveN) &

(o7 (23 (=) (5] (ke (=) (6] O3] )

More solutions

may exist.

Press:[EXIT]

[Solve|d/dx|d%/dx? J dx [SolveN/IIEN

EXIT E HRadfom] [d&)Red
SolveN(x?-5x-6)

{-1,6}
[]

Solve|d/dx|d%/dx? S dx [SolveN/II=N

B First Derivative Calculations [OPTN]-[CALC]-[d/dx]

To perform first derivative calculations, first display the function analysis menu, and then input
the values using the syntax below.

<Math input/output mode>

(CALC)(F2) (d/dx) fix) ®a

or

(MATH) (F4) (d/dx) fix) ®a

<Linear input/output mode>

(CALC)[F2)(d/dx) fix) (Ja

a is the point for which you want to determine the first derivative.

d
djdx (f @), @) = - [ (@)
The derivative is defined as:

S(a+ 4x)—f(a)
Ax

J(@ =,
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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)
Ax

fll@=

Example To determine the derivative at x = 3 for the function y=x3+4x2+ x -6

Input the function f{x).
(ad) [oemy) (F4) (CALC) (E2) (dl/alx) (k6] (A) (3) & (H) (4] HE®

Input point x = a for which you want to determine the derivative.

(3] (g B
(x°+4x?+x-86)| _,

d
dx
52

Using First Derivative Calculation in a Graph Function

* You can omit input of the value a in the syntax on page 2-28 by using the following format
for the first derivative graph: Y2 = d/dx (Y1). In this case, the value of the X variable is used
instead of the value a.

First Derivative Calculation Precautions

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

* Pressing during calculation of a first derivative (while the cursor is not shown on the
display) interrupts the calculation.

* Inaccurate results and errors can be caused by the following:
- discontinuous points in x values

extreme changes in x values

inclusion of the local maximum point and local minimum point in x values

inclusion of the inflection point in x values

inclusion of undifferentiable points in x values

first derivative calculation results approaching zero

* Always use radians (Rad mode) as the angle unit when performing trigonometric first
derivatives.

* You cannot use a first derivative, second derivative, integration, £, maximum/minimum value,
Solve or RndFix calculation expression inside a first derivative calculation term.
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l Second Derivative Calculations [OPTN]-[CALC]-[d%dx?]

After displaying the function analysis menu, you can input second derivatives using the
following syntax.

<Math input/output mode>

(CALC) [E3)(d?/dx?) flx) ®a

or

(MATH) (F5) (d%/dx?) fix) ®a

<Linear input/output mode>

(CALC) [B3)(a%/dx?) fix) CJa D)
a is the point for which you want to determine the second derivative.

2 2
j7<f(x), a) = %f(a)

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

2 fla + 3h) = 27 fa + 2h) + 270 fa + h) — 490 fla) + 270 fia — h) — 27 fla —2h) + 2 fa — 3h)
18042

In this expression, values for “sufficiently small increments of 4” are used to obtain a value that
approximates f"(a).

@)=

Example To determine the second derivative at x = 3 for the function
y=x3+4x2+x-6

Input the function f{x).
(4) (CALC) (B3] (0%/dx?) (L6T) (A) (3) & (#) (4] = E®

Input 3 as point a, which is the derivative point.

E)CE E
2
dd?(x3+4x2+x—6)|

x=3

26

Using Second Derivative Calculation in a Graph Function

You can omit input of the value a in the syntax above by using the following format for the
second derivative graph: Y2 = d?/dx? (Y1). In this case, the value of the X variable is used
instead of the value a.

Second Derivative Calculation Precautions

The precautions that apply for first derivative also apply when using a second derivative
calculation (see page 2-29).
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M Integration Calculations [OPTN]-[CALC]-[/dx]

To perform integration calculations, first display the function analysis menu and then input the
values using the syntax below.

<Math input/output mode>

(F3) (CALC) E) (fdx) fix) ® a @ b

or

(F&) (MATH) [8) (>) ED (fdx) fix) ® a @ b

<Linear input/output mode>
@ F3) (CALC) F3) (Jdx) fix) (D @ B3 b [ 1ol

(a: lower limit, b: upper limit, fol: tolerance)

J( f(x),a, b, )= Jj F(x)dx

y
f(b) =
f(a) oL y = f(x)
Area of j: f(x)dx is calculated
0| a b *

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.

Example 1 To perform the integration calculation for the function shown below,
with a tolerance of “f0l” =1 x 10
Ls (2x? + 3x + 4) dx

e Math input/output mode

(F3) (CALC)F4) (Jdx) (2) B
[
AEEDED®EE |, 2x?+3x+adx
404
3
* Linear input/output mode
Input the function f(x).
(F4) (CALC) [ (ldx) @ El @
Input the lower limit, upper limit, and the tolerance value.
DOE 0O I @) 0] EY B Cofdles] @k
J(2x2+3x+4,1,5,1x0-4)
404.3

2-31



Example 2 When the angle unit setting is degrees, trigonometric function
integration calculation is performed using radians (Angle unit = Deg)

E

.

cos xTdx
n+2

-1
Examples Calculation Result Display

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 (S)

0 a . Negative part (S)

Lb f)dx = J: f)dx + Lb f)dx

I I
Positive part (S)  Negative part (S)
(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 > x
0 a X1 X2 X3 Xa b

* Pressing during calculation of an integral (while the cursor is not shown on the display)
interrupts the calculation.

* Always use radians (Rad mode) as the angle unit when performing trigonometric
integrations.

* An error (Time Out) occurs whenever no solution that satisfies the tolerance value can be
obtained.
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Integration Calculation Precautions

* Because numerical integration is used, large error may result in calculated integration
values due to the content of f(x), positive and negative values within the integration interval,
or the interval being integrated. (Examples: When there are parts with discontinuous
points or abrupt change. When the integration interval is too wide.) In such cases, dividing
the integration interval into multiple parts and then performing calculations may improve
calculation accuracy.

¢ In the function f{x), only X can be used as a variable in expressions. Other variables (A
through Z excluding X, r, 0) are treated as constants, and the value currently assigned to
that variable is applied during the calculation.

e Input of “tol” and closing parenthesis can be omitted. If you omit “¢ol,” the calculator
automatically uses a default value of 1 x 107°.

* Integration calculations can take a long time to complete.

* You cannot use a first derivative, second derivative, integration, £, maximum/minimum value,
Solve or RndFix calculation expression inside of an integration calculation term.

* In the Math input/output mode, the tolerance value is fixed at 1 x 10-° and cannot be changed.

H > Calculations [OPTN]-[CALC]-[X(]

To perform X calculations, first display the function analysis menu, and then input the values
using the syntax below.

<Math input/output mode>

ey (F4) (CALC) [E8) () B3 (2( ) ax B k & o B 5

or

(F4) (MATH) (E8) (>) 2 (2( ) ax & k & o & B

<Linear input/output mode>

el (F4) (CALC) E8) () B3 (Z() ax (] k ] e &) B D

B
Y (ak k, o, B, n) =Y, Gk=ao + dos1 +........ +ap
k=o

(n: distance between partitions)

Example To calculate the following:

6
> (k*-3k+5)

k=2

Use n = 1 as the distance between partitions.

(ad) (o™ (F4) (CALC) (Fe) (™) (F3) (=( ) () (5D (K)  [@

BER@WMENEE® 2 (k?—k+5)
@ DK @ ® 66

55

Y Calculation Precautions

* The value of the specified variable changes during a X calculation. Be sure to keep separate
written records of the specified variable values you might need later before you perform the
calculation.

* You can use only one variable in the function for input sequence a-.
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* Input integers only for the initial term (o) of sequence ax and last term (J3) of sequence ax.

* Input of n and the closing parentheses can be omitted. If you omit n, the calculator
automatically uses n = 1.

* Make sure that the value used as the final term S is greater than the value used as the initial
term o. Otherwise, an error will occur.

 To interrupt an ongoing X calculation (indicated when the cursor is not on the display), press
the key.

* You cannot use a first derivative, second derivative, integration, £, maximum/minimum value,
Solve or RndFix calculation expression inside of a X calculation term.

* In the Math input/output mode, the distance between partitions (n) is fixed at 1 and cannot be
changed.

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
asxsbh.

® Minimum Value
ey (F4) (CALC) (Fe) (™) ([E (FMin) f(x) CJ a I b ] n

(a: start point of interval, b: end point of interval, n: precision (n = 1 to 9))

e Maximum Value
[y (F4) (CALC) (Fe) (™) (FA (FMax) f(x) B a B b ] n

(a: start point of interval, b: end point of interval, n: precision (n = 1 to 9))

Example 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 function
y=x2-4x+9

Input f(x).

(ad) o) (F4) (CALC) (Eg) (&) ED) (FMin) (k6 (23 (=) (4] (kem) () (8] (&)

Input the interval a = 0, b = 3.

BlEEe
Input the precision n = 6.
(6) O] B
FMin(x2-4x+9,0,3,6) ﬂ
{2.0000003,5}

* In the function f(x), only X can be used as a variable in expressions. Other variables (A
through Z excluding X, r, 0) are treated as constants, and the value currently assigned to
that variable is applied during the calculation.
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* 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.

* 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.

e 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.

* You cannot use a first derivative, second derivative, integration, X, maximum/minimum value,
Solve or RndFix calculation expression inside of a maximum/minimum calculation term.

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 to 2-17.

* The input/output range of complex numbers is normally 10 digits for the mantissa and two
digits for the exponent.

* The following functions can be used with complex numbers.
Vo, x2 x7, AR, W, In, log, log,b, 107, €, Int, Frac, Rnd, Intg, RndFix(, Fix, Sci, ENG,
ENG, °’”, o7, a’le, dlc

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

* {Real} ... Calculation in the real number range only*’
* {a+bi} ... Performs complex number calculation and displays results in rectangular form
 {r«0} ... Performs complex number calculation and displays results in polar form*2

* When there is an imaginary number in the argument, however, complex number calculation
is performed and the result is displayed using rectangular form.

Examples:
In 21 =0.6931471806 + 1.570796327i
In 2i + In (- 2) = (Non-Real ERROR)

*2 The display range of 6 depends on the angle unit set for the Angle item on the Setup
screen.

* Deg...—180 < 0 =180
eRad..—-nt<bO=n
e Gra... -200 < 6 =200

2-35



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

e {i} ... {imaginary unit i input}

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

* {Conjg} ... {obtains conjugate}

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

o {»r/0}/{»a+bi} ... converts the result to {polar}/{rectangular} form

* You can also use (0] (¢) in place of (F3) (COMPLEX) (F1) (d).

» Solutions obtained by the Real, a+bi and r£6 modes are different for power root (*v' )
calculations when x < 0 and y = m/n when n is an odd number.
Example: 3*V (- 8)=—2 (Real)
=1+ 1.732050808i (a+bi)
=2,60 (r£6, Deg mode)

* To input the “ £ ” operator into the polar coordinate expression (r£6), press X1 (L).

H Arithmetic Operations [OPTN]-[COMPLEX]-[i]

Arithmetic operations are the same as those you use for manual calculations. You can even
use parentheses and memory.

Example (1 + 2i) + (2 + 3i)
(ad) [ormy) (F3) (COMPLEX) B
i 1+21) + (2+31i
OOBE@DEOD (tr2zn)+ 2430
HOE®EBEFEODEY

H Reciprocals, Square Roots, and Squares

Example V(3 + 1)

(A0 @™ (F3) (COMPLEX)
&M @3 (Y ) E B EFEG D B

B MathRadMorm]) (dFc)Red]

J(3+1) N

1.7565317302
+0.28484878461i
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B Complex Number Format Using Polar Form

Example 2/30x 3245 =675

&) (W (SETUP)I @ @ @@ @ ® B
(F1)(Deg) ® (F3) (r£0) BD 2730x3/45

(2 @) (K67 (©) (3] (@ X) (B)

) (6D (2) (@) (B) B9

-

H Absolute Value and Argument [OPTN]-[COMPLEX]-[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).

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

Imaginary axis

> Real axis

whkp———————————

0

(F3) (COMPLEX) (F2) (Abs)
(38 # (@) F () e

(Calculation of absolute value)

E]
[3+4i] 5“

(F3) (COMPLEX) F3) (Arg)
B FH@FGHOE]

(Calculation of argument)

E
Arg (3+4i) ﬂ
53.13010235

* 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]-[COMPLEX]-[Conjg]

A complex number of the form a + bi becomes a conjugate complex number of the form

a— bi.
Example To calculate the conjugate complex humber for the complex nhumber
2+ 4
(F3) (COMPLEX) (F4) (Conjg) B
QEEOEODEE Conle (2+4l) ) 44
l Extraction of Real and Imaginary Parts [OPTN]-[COMPLEX]-[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.

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

(&9) @ (F3) (COMPLEX) [F8) () (F) (ReP)
2 EE B CE)FEH)DE

(Real part extraction)

ReP (2+51) ]

&9 @ (3 (COMPLEX) [8) () 3 (ImP)
2 EE B CE)FE()DE

(Imaginary part extraction)

ImP (2+5i) 5“

M Polar and Rectangular Form Transformation
[OPTN]-[COMPLEX]-[»rZ0)[»>a+bi]

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 + V3 i to its
polar form
(stFr7) MEND (SET P @O @ @ @ @ @
(F1) (Deg) @ (F2) (a+bi) (X
MAOFQOEAEV ) B®O] B
@ (E3) (COMPLEX) E0) () B8 (>) 1+(y3)1>rs8 2z60|
(F3)(»r-0)[Exg
(&g (2] (sur) (k67 () (6] (0 B eniletum] @elen)
ED(COMPLEX) B (%) B (ba+bi) B8 24807 2*P1 |
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7. Binary, Octal, Decimal, and Hexadecimal
Calculations with Integers

You can use the Run-Matrix 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 calculations.

* 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 calculator automatically cuts off the decimal part.

* If 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 Binary Octal Decimal Hexadecimal

Display Capacity 16 digits 11 digits 10 digits 8 digits

* The alphabetic characters used in the hexadecimal number appear differently on the display
to distinguish them from text characters.

Normal Text A B C D E F
Hexadecimal Values A B C D E F
Keys X6T (n) | (sin)

* The following are the calculation ranges for each of the number systems.
Binary Values
Positive: 0= x=111111111111111

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 s x s FFFFFFFF
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Hl Selecting a Number System

You can specify decimal, hexadecimal, binary, or octal as the default number system using the
Setup screen.

¢ To perform a binary, octal, decimal, or hexadecimal calculation
[SET UPI{[JLEL]- [Decl/[Hex)/[Bin]/[Oct]

1. In the Main Menu, select Run-Matrix.

2. Press [END) (SET UP). Move the highlighting to “Mode”, and then specify the default
number system by pressing (F2)(Dec), (F3)(Hex), [F4)(Bin), or (F5)(Oct) for the Mode setting.
3. Press to change to the screen for calculation input. This causes a function menu with
the following items to appear.
e {d~0}/{LOGIC}/{DISPLAY} ... {number system specification}/{bitwise operation}/
{decimal/hexadecimal/binary/octal conversion} menu

e To specify a number system for an input value

You can specify a number system for each individual value you input. Press (Fi)(d~o) 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.

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

¢ To input values of mixed number systems

Example To input 12310, when the default number system is hexadecimal
(END) (SET UP) B [ Hex]
Move the highlighting to “Mode”, and then d123 0000007B

press (F3)(Hex) [EXT).
&) ) (d~0) ED(d) D @) &)

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}*®
*T two’s complement

*2 one’s complement (bitwise complement)
*3 bitwise AND, bitwise OR, bitwise XOR, bitwise XNOR
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® Negative Values

Example

To determine the negative of 1100102

(W) (SET UP) § B

Move the highlighting to “Mode”, and then Neg 1 %(1)(1) %(1)
press (F4)(Bin) [EXT).

(&d F(LOGIC) ED (Neg)
U000 EY

11111001110

* Negative binary, octal, and hexadecimal values are produced by taking the binary two’s
complement and then returning the result to the original number base. With the decimal
number base, negative values are displayed with a minus sign.

¢ Bitwise Operations

Example

To input and execute “1201s and AD16”

(END (SET UP)

Move the highlighting to “Mode”, and then
press (F3)(Hex) [EXT).

(1) (2) (@] EJ(LOGIC)
(F3) (and)(a) (0

[ Hex ]
00000020

E
120andAD

Bl Number System Transformation

Press (F3)(DISPLAY) to display a menu of number system transformation functions.

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

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

Example

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

[EW) (SET UP)

Move the highlighting to “Mode”, and then
press (F2)(Dec) [EXT).

(Ei)(d~o0) [Fi)(d) (2] (2] (g

] [Dec]
dz2 |

22

() (F3) (DISPLAY) [F3) (» Bin) B9 Ans»Bin
0000000000010110

(F4) (™ Oct) [exg) |Ans>Oct |
Q0000000026
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8. Matrix Calculations

From the Main Menu, enter the Run-Matrix mode, and press (F3)(»MAT/VCT) 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

e Matrix transposition

* Matrix inversion

* Matrix squaring

* Raising a matrix to a specific power

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

* Inputting complex numbers in matrix elements and using complex number related functions
* Matrix modification using matrix commands

The maximum number of rows that can be specified for a matrix is 999, and the maximum

number of columns is 999.

Important!

* You can input either an upper-case X ([r#) (4] (X)) or lower-case x ([x61)) for matrix memory
“Mat X”. Both “Mat X” and “Mat x” refer to the same memory area.

About Matrix Answer Memory (MatAns)

The calculator automatically stores matrix calculation results in Matrix Answer Memory. Note
the following points about Matrix Answer Memory.

* Whenever you perform a matrix calculation, the current Matrix Answer Memory contents are
replaced by the new result. The previous contents are deleted and cannot be recovered.

* Inputting values into a matrix does not affect Matrix Answer Memory contents.

* When a matrix calculation result is m (rows) x 1 (column) or 1 (row) x n (columns), the
calculation result is also stored in Vector Answer Memory (VctAns).

B Inputting and Editing Matrices

Pressing (F3) (™ MAT/VCT) displays the Matrix Editor screen. Use the Matrix Editor to input and
edit matrices.

El Eedforn] (dFc)Redl

Matrix

Mat A : 2x 2

Mat B :None

Mat C :None

Mat D :None
mxn ...m(row) x n (column) matrix |Mat E :None

i Mat F :None

None... no matrix preset DELETEJDEL-ALL] DIM | CSV ]
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* {(DELETE}/{DEL-ALL} ... deletes {a specific matrix}/{all matrices}
* {DIM} ... specifies the matrix dimensions (number of cells)

* {CSV} ... stores a matrix as a CSV file and imports the contents of CSV file into one of the
matrix memories (Mat A through Mat Z, and MatAns) (page 2-48)

* M=V} ... displays the Vector Editor screen (page 2-60)

e Creating a Matrix

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

¢ To specify the dimensions (size) of a matrix

Example To create a 2-row x 3-column matrix in the area named Mat B
Highlight Mat B. B
Matrix
) Mat A : iy 3

(F3) (DIM) (This step can be omitted.) Matl b -None

Specify the number of rows.

2 &9

Specify the number of columns.

EEE

EE)

* All of the cells of a new matrix contain the value 0.
* Changing the dimensions of a matrix deletes its current contents.

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

® To input cell values

Example To input the following data into Matrix B:
|:1 2 3:|
4 5 6

The following operation is a continuation of the example calculation on the previous page.

(] &g (2] B (3] g % R
(4] (xg (5] (Exg) (6] (Exg) 1 1 2 3
2[ 4 5lllﬂ}

(Data is input into the highlighted cell. Each
time you press [exg, the highlighting moves
to the next cell to the right.) 6
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* 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.

® Deleting Matrices

You can delete either a specific matrix or all matrices in memory.

® To delete a specific matrix

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

2. Press (F1)(DELETE).

3. Press (F1)(Yes) to delete the matrix or (Fg)(No) to abort the operation without deleting
anything.

® To delete all matrices
1. While the Matrix Editor is on the display, press (F2)(DEL-ALL).

2. Press (F1)(Yes) to delete all matrices in memory or (F6)(No) to abort the operation without
deleting anything.

H Matrix Cell Operations

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

1. While the Matrix Editor 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 (N), for example, jumps to Mat N.
Pressing (@) (Ans) jumps to the matrix current memory.

2. Press and the function menu with the following items appears.
* {ROW-OP} ... {row operation menu}
* {(ROW}
* {(DELETE}/{INSERT}/{ADD} ... row {delete}/{insert}/{add}
e {COLUMN}

* {DELETE}/{INSERT}/{ADD} ... column {delete}/{insert}/{add}
» {EDIT} ... {cell editing screen}

All of the following examples use Matrix A.
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¢ Row Calculations

The following menu appears whenever you press (F1)(ROW-OP) while a recalled matrix is on
the display.

* {SWAP} ... {row swap}

e {*XRow} ... {product of specified row and scalar}

e *XRow+} ... {addition of one row and the product of a specified row with a scalar}
* {Row+} ... {addition of specified row to another row}

e To swap two rows

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

All of the operation examples are performed using the following matrix.

1 2
MatrixA=|: 3 4 :|
5 6

(F1) (ROW-OP) (F1) (SWAP) E
1 2
Input the number of the rows you want to swap. 1 1 2
2 5 3]
(2] &9 (3] Exg) [Bxg) 3[ 3 n}

¢ To calculate the scalar multiplication of a row

Example To calculate the product of row 2 and the scalar 4
(F1)(ROW-OP) (F2) (kRow)

Input multiplier value.*
(@) g ]

Specify row number. A 1 1 1 i 2
@ S 69 [ }

* A complex number also can be input as multiplier value (k).
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e To calculate the scalar multiplication of a row and add the result to another

row

Example
row 3
(F1) (ROW-OP) (F3) ((kRow+)
Input multiplier value.*

(&) &g

Specify number of row whose product should be calculated.

(2] &g

Specify number of row where result should be added.

EEEICT

* A complex number also can be input as multiplier value (k).

To calculate the product of row 2 and the scalar 4, then add the result to

E
A 1 2

1 1 2
2 3 4
3 17 R

® To add two rows together

Example To add row 2 to row 3
(F1) (ROW-OP) (F4) (Row+)

Specify number of row to be added.
(2) &9

Specify number of row to be added to.
EIEC]ET

E

A 1 2

1 1 2
2 3 4
3 8

® Row Operations

* {DELETE]} ... {delete row}
* {INSERT} ... {insert row}
* {ADD} ... {add row}

® To delete a row

To delete row 2

F2(ROW)®

Example

(F1)(DELETE)
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e To insert a row

Example To insert a new row between rows one and two
F2J(ROW)® B
[F3(INSERT) A L2
z{-: o]
3 3 4
4 <} B

e To add a row

Example To add a new row below row 3
FJ(ROW) @ @ B
(ADD) A _ 1 2

1 1 2
2 3 4
3 5 6
o 0

e Column Operations
* {DELETE} ... {delete column}
* {INSERT} ... {insert column}
* {ADD} ... {add column}

® To delete a column

Example To delete column 2
(F3)(COLUMN) & B
[FD(DELETE) A 1{-1]}
2 3
3 5
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B Transferring Data between Matrices and CSV Files

You can import the contents of a CSV file stored with this calculator or transferred from a
computer into one of the matrix memories (Mat A through Mat Z, and MatAns). You also can
save the contents of one of the matrix memories (Mat A through Mat Z, and MatAns) as a CSV
file.

e To import the contents of a CSV file to a matrix memory
1. Prepare the CSV file you want to import.
* See “Import CSV File Requirements” (page 3-18).

2. While the Matrix Editor is on the display, use @ and @ to highlight the name of the matrix
to which you want to import the CSV file contents.

* If the matrix you select already contains data, performing the following steps will overwrite
its current contents with the newly imported CSV file data.

3. Press [F4)(CSV)(Fi)(LOAD).

4. On the select file dialog box that appears, use @ and @ to move the highlighting to the
file you want to import and then press [exg.

* This imports the contents of the CSV file you specified to the matrix memory.

Important!
Attempting to import the following types of CSV files will result in an error.

» A CSV file that includes data that cannot be converted. In this case, an error message will
appear showing the location in the CSV file (Example: row 2, column 3) where the data that
cannot be converted is located.

e A CSV file with more than 999 columns or 999 rows. In this case, an “Invalid Data Size” error
will occur.

e To save matrix contents as a CSV file

1. While the Matrix Editor is on the display, use @ and @ to highlight the name of the matrix
whose contents you want to save as a CSV file.

2. Press (F4)(CSV)(F2J(SAVE - AS).
* This displays a folder selection screen.
3. Select the folder where you want to save the CSV file.
* To store the CSV file in the root directory, highlight “ROOT”.

* To store the CSV file in a folder, use @ and ® to move the highlighting to the desired
folder and then press (F1)(OPEN).

4. Press (F1)(SAVE-AS).
5. Input up to eight characters for the file name and then press [xg.
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Important!

* When saving matrix data to a CSV file, some data is converted as described below.
- Complex number data: Only the real number part is extracted.
- Fraction data: Converted to calculation line format (Example: 24344 — =2+3/4)
- v and & data: Converted to a decimal value (Example: V3 — 1.732050808)

® To specify the CSV file delimiter symbol and decimal point

While the Matrix Editor is on the display, press (F4(CSV)(F3)(SET) to display the CSV format
setting screen. Next, perform the procedure from step 3 under “Specifying the CSV File
Delimiter Symbol and Decimal Point” (page 3-20).

B Modifying Matrices Using Matrix Commands [OPTN]-[MAT/VCT]

¢ To display the matrix commands

1. From the Main Menu, enter the Run-Matrix mode.

2. Press to display the option menu.

3. Press [F2)(MAT/VCT) 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.

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

e {Mat—Lst} ... {Mat—List command (assign contents of selected column to a list)}
* {Augment} ... {Augment command (link two matrices)}

* {Identity} ... {Identity command (identity matrix input)}

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

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

* You can also use (2] (Mat) in place of (F2) (MAT/VCT) (F1) (Mat).
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e Matrix Data Input Format [OPTN]-[MAT/VCT]-[Mat]

The following shows the format you should use when inputting data to create a matrix using
the Mat command.

aii ai2 ... din

aa21 az2 ... adan
. . . = [ [3.11, a2, ..., am] [3.21, azz, ..., ag,,] [am1, Am2,y .uny amn] ]

am1 am2 ... Amn

— Mat [letter A through Z]

Example To input the following data as MatrixA:|: ; :|
G (B (e E(HECEEE B Gkl @k |
MEEH(HIDEEanE 11851124001t A
e (=) (1) G (5 (1) &) o) (F2) (MAT/VCT)
(F1) (Mat) (aet) (x.6m) (A)
B3

* The maximum value of both m and n is 999.
* An error occurs if memory becomes full as you are inputting data.
* You can also use the above format inside a program that inputs matrix data.

e To input an identity matrix [OPTN]-[MAT/VCT]-[Identity]
Use the Identity command to create an identity matrix.
Example To create a 3 x 3 identity matrix as Matrix A
(F2(MAT/VCT) (Ee) (>) [E1) (Identity) B
Identity 3->Mat A
3] =) E8 (>) [E1) (Mat) () (£6T) (A) B9 100
Number of rows/columns 8 (1) (l)l
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® To check the dimensions of a matrix [OPTN]-[MAT/VCT]-[Dim]
Use the Dim command to check the dimensions of an existing matrix.

Example 1 To check the dimensions of Matrix A
(F2J (MAT/VCT) (Fe) (™) (F2) (Dim) B |
Dim Mat A
) (>) D) (M) D () (A) B8 2.9
The display shows that Matrix A consists of two rows and three columns.
Since the result of the Dim command is list type data, it is stored in ListAns Memory.
You can also use {Dim} to specify the dimensions of the matrix.
Example 2 To specify dimensions of 2 rows and 3 columns for Matrix B
6 X ({) @2 BB 6 EH(}H)E] g
@M (E3 (MAT/VCT) @8 (=) E3 (Dim) (2:33°bin Mat 8 o om
0O 00

(E8) (>) [E1) (Mat) (g (o) (B) (Bxe)

* The “Dim” command can be used to check and configure vector dimension settings.

¢ Modifying Matrices Using Matrix Commands

You can also use matrix commands to assign values to and recall values from an existing
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.

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

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

Mat X [m, n]
X = matrix name (A through Z, or Ans)
m = row number
n = column number
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Example 1 To assign 10 to the cell at row 1, column 2 of the following matrix:

1 2
MatrixA=|: 3 4 :|
5 6

[ @ & @W E3 (MAT/VCT) D (Mat) B
) &) (A) 68 () ([ ) (0 3 @ |““""at All. 2] 1oﬂ|
& 5 (1) 69

* The “Vct” command can be used to assign values to existing vectors.

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

@M 3 (MAT/VCT) D) (Mat)
(et (x67) (A) o) (B ([ ) (2) CJ (2)
G (F(]) X (5] (B

* The “Vct” command can be used to recall values from existing vectors.

E
Mat A[2,2]x5

ol

e To fill a matrix with identical values and to combine two matrices into a
single matrix [OPTN]-[MAT/VCT]-[Fill()/[Augment]

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.

Example 1 To fill all of the cells of Matrix A with the value 3
E2 (MAT/VCT) [Fe) (>) E3) (Fill( ) B
Fill(3,Mat A)

B) ] €8 (>) ED (Mat) (e (k61 (A) OJ

e The “Fill’ command can be used to write the same value into all vector elements.

Example 2 To combine the following two matrices:

MatrixA=|:;:| MatrixB=|:Z:|

(1Y) (F2) (MAT/VCT) (F5) (Augment) g
) (Mat) @@ (60 (A) 3 Augment (Mat A,Ma[tl B")”]N
(1) (Mat) (e (log) (B) O] (Exe] 2 4

* 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 number of rows.

* You can use Matrix Answer Memory to assign the results of the above matrix input and edit
operations to a matrix variable. To do so, use the following syntax.

Augment (Mat o, Mat ) — Mat y

In the above, o, B, and y are any variable names A through Z.
The above does not affect the contents of Matrix Answer Memory.

* The “Augment” command can be used to merge two vectors into a single matrix.
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® To assign the contents of a matrix column to a list
[OPTN]-[MAT/VCT]-[Mat—Lst]

Use the following format with the Mat—List command to specify a column and a list.
Mat—lList (Mat X, m) — List n
X = matrix name (A through 2)
m = column number
n = list number

Example To assign the contents of column 2 of the following matrix to list 1:
1 2
MatrixA=|: 3 4 :|
5 6
(F2J(MAT/VCT) (F2) (Mat—Lst) B
Mat>List(Mat A,62)->Lir
ED (Mat) 1 @20 (A) ) (@ O ListaRt A ae
[E(LIST) [F1) (List) (1]
ED(List) (1]
H Matrix Calculations [OPTN]-[MAT/VCT]

Use the matrix command menu to perform matrix calculation operations.

¢ To display the matrix commands

1. From the Main Menu, enter the Run-Matrix mode.

2. Press to display the option menu.

3. Press [F2)(MAT/VCT) 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)}

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

e {Trn} ... {Trn command (transpose matrix command)}

e {Identity} ... {Identity command (identity matrix input)}

* {Ref} ... {Ref command (row echelon form command)}

* {Rref} ... {Rref command (reduced row echelon form command)}

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

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

1 1 2 3
Matrix A = |: :| Matrix B = |: :|
2 1 2 1

(E2(MAT/VCT) [E1) (Mat) (i) (£61) (A) (B [E
ED (Mat) (8 () (B) 62 Mat Atlat B 2 4 N
4 2
Example 2 To multiply the two matrices in Example 1 (Matrix A x Matrix B)
(E2(MAT/VCT) [E1) (Mat) (i) (£6T1) (A) (X) [
D (Mat) () () (B) B8 . et " [4 4 N
6 7

* The two matrices must have the same dimensions in order to be added or subtracted. An
error occurs if you try to add or subtract matrices of different dimensions.

* 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.

® Determinant [OPTN]-[MAT/VCT]-[Det]
Example Obtain the determinant for the following matrix:
1 2 3
Matrix A = |: 4 5 6 J
-1-2 0
(F2) (MAT/VCT) (E3) (Det) [F1) (Mat) E
(R 620 (A) 2 pet Mat A ol

* Determinants can be obtained only for square matrices (same number of rows and columns).
Trying to obtain a determinant for a matrix that is not square produces an error.

e The determinant of a 2 x 2 matrix is calculated as shown below.

ai ar
[Al = = di1d22 — a12d21
d21 a2z

e The determinant of a 3 x 3 matrix is calculated as shown below.

ai a2 as
|A] = |: d21 d22 az23 :| = di1d22as33 + A12ad23a31 + Ai13d21a32 — d11d23A32 — d12d21A33 — A13d22A31
as1 as2 ass
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e Matrix Transposition [OPTN]-[MAT/VCT]-[Trn]
A matrix is transposed when its rows become columns and its columns become rows.

Example

To transpose the following matrix:

1 2
MatrixA=|: 3 4 :|
5 6

(o) (F2) (MAT/VCT) (F4) (Trn) (F1) (Mat) E
) (2 (A) B9 TrodgghPes 1o sw
2 4 6

e The “Trn” command can be used with a vector as well. It converts a 1-row x n-column vector
to an n-row x 1-column vector, or an m-row x 1-column vector to a 1-row x m-column vector.

¢ Row Echelon Form [OPTN]-[MAT/VCT]-[Ref]
This command uses the Gaussian elimination algorithm to find the row echelon form of a

matrix.

Example

To find the row echelon form of the following matrix:

1 2 3
Matrix A = |: :|
4

5 6
@M E3 (MAT/VCT) B (>) B (Re =
(8 () B (M) () (6a) () B8 Rer M A 5 s
4 2
01 2
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¢ Reduced Row Echelon Form

This command finds the reduced row echelon form of a matrix.

Example

To find the reduced row echelon form of the following matrix:

2 -1 3 19
Matrix A=| 1 1 -5 -21
0 4 3 0

[OPTN]-[MAT/VCT]-[Rref]

@ E2) (MATVCT) {8 () 65 (Rref) g
E8)(>) ED (Mat) () (2D (A) 69 Roglgiat A[l 0 0 2]
01 0 -3
0O 01 4

* The row echelon form and reduced row echelon form operation may not produce accurate
results due to dropped digits.

e Matrix Inversion

Example

To invert the following matrix:

1 2
Matrix A = |: :|
3 4

(o) (F2) (MAT/VCT) (F1) (Mat) E

() (81) (A) ) O (x') B9 Mat A™

* 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 with a determinant of zero cannot be inverted. Trying to invert a matrix with

determinant of zero produces an error.

e Calculation precision is affected for matrices whose determinant is near zero.

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

AA"=A"A=E=| 10 ]
0 1

The following shows the formula used to invert Matrix A into inverse matrix A-'.

ab:|
c d

S

-1_

"~ ad-bc

1

[ ]

Note that ad — bc # 0.
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e Squaring a Matrix [x2]

Example To square the following matrix:
1 2
Matrix A = |: :|
3 4
(FJ(MAT/VCT) [E1) (Mat) (arss) (x.6T) (A) B
3 Mat A®
&g [ 7 10]
15 22
® Raising a Matrix to a Power [*]
Example To raise the following matrix to the third power:
1 2
Matrix A = |: :|
3 4
(F2 (MAT/VCT) [E1) (Mat) (i) (x61) (A) B
Mat A°
BE [ 37 54
81 118

* For matrix power calculations, calculation is possible up to a power of 32766.

¢ Determining the Absolute Value, Integer Part, Fraction Part, and Maximum

Integer of a Matrix [OPTN]-[NUMERIC]-[Abs]/[Frac]/[Int]/[Intg]
Example To determine the absolute value of the following matrix:
1 -2
Matrix A = |: :|
-3 4

(F8) () (F4) (NUMERIC) [F1) (Abs)
E2(MAT/VCT) D) (Mat) () (k23 (A)

]
IMat Al

2 7

e The “Abs” command can be used to obtain the absolute value of a vector element.
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e Complex Number Calculations with a Matrix

Example To determine the absolute value of a matrix with the following complex
number elements:

-1+ 1+
MatrixD=|: :|

1+i -2+2i
(o) (F6) (™) (F4) (NUMERIC) (F1) (Abs) ]
Em E@(MATAVCT) B (Ma) @ G (0)Eg M3t Dl [E 7z ]
J2 22

* The following complex number functions are supported in matrices and vectors.
i, Abs, Arg, Conjg, ReP, ImP

Matrix Calculation Precautions

* 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.

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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9. Vector Calculations

To perform vector calculations, use the Main Menu to enter the Run-Matrix mode, and then
press (F3)(»MAT/VCT)(Fg) (M<V).

A vector is defined as a matrix that is either of the two following forms: m (rows) x 1 (column)
or 1 (row) x n (columns).

The maximum allowable value that can be specified for both m and n is 999.

You can use the 26 vector memories (Vct A through Vct Z) plus a Vector Answer Memory
(VctAns) to perform the vector calculations listed below.

* Addition, subtraction, multiplication

* Scalar multiple calculations

e Dot product calculations

* Cross product calculations

e Determination of the vector norm (size)

* Determination of the angle formed by two vectors
* Determination of the unit vector

Important!

* You can input either an upper-case X ((&rw (4] (X)) or lower-case x ((x61)) for vector memory
“Vct X”. Both “Vct X” and “Vct x” refer to the same memory area.

About Vector Answer Memory (VctAns)

The calculator automatically stores vector calculation results in Vector Answer Memory. Note
the following precautions about Vector Answer Memory.

* Whenever you perform a vector calculation, the current Vector Answer Memory contents are
replaced by the new result. The previous contents are deleted and cannot be recovered.

* Inputting values into a vector does not affect Vector Answer Memory contents.
* Vector calculation results are also stored in Matrix Answer Memory (MatAns).
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H Inputting and Editing a Vector

Pressing (F3) (™ MAT/VCT) (Fg) (M= V) displays the Vector Editor screen. Use the Vector Editor
to input and edit vectors.

Ei [Radfornd] [d/c]Real

Vector

Vet A : 1x 2

Vet B :None

Vet C :None

Vet D :None
mXxn ...m (row) x n (column) vector |Vet E :None

Vet F :None
None ... no vector preset DELETE/DEL-ALL] DIM J MeV

* {(DELETE}/{DEL-ALL} ... deletes {a specific vector}/{all vectors}
 {DIM} ... specifies the vector dimensions (m rows x 1 column or 1 row x n columns)
* MV} ... displays the Matrix Editor screen (page 2-42)

Vector input and editing, and vector cell (element) operations are the same as matrix
calculation operations. For more information, see “Inputting and Editing Matrices” (page 2-42)
and “Matrix Cell Operations” (page 2-44). Note, however, that vector calculations differ from
matrix calculations as described below.

* On the vector memory element input screen, there is no [F1)(ROW-OP) in the function menu.
* For vector editing, the dimension always limited to m rows x 1 column or 1 row x n columns.

B Vector Calculations [OPTN]-[MAT/VCT]

Use the vector command menu to perform vector calculations.

¢ To display vector commands

1. From the Main Menu, enter the Run-Matrix mode.

2. Press to display the option menu.

3. Press [F2)(MAT/VCT) (Fg) (>>) Fg) (™) to display the vector command menu.
e {Vet} ... {Vct command (vector specification)}
e {DotP(} ... {DotP command (dot product command)}
e {CrossP(} ... {CrossP command (cross product command)}
* {Angle(} ... {Angle command (calculate the angle formed by two vectors)}
e {UnitV(} ... {UnitV command (calculate the unit vector)}
* {Norm(} ... {Norm command (calculate the vector norm (size))}

Vector Calculation Precautions

* When calculating a dot product, cross product, and angle formed by two vectors, the
dimensions of the two vectors must be the same. Also, a cross product’s dimensions must
bel1x2,1x3,2x1,0or3x1.

* Vector calculations are performed independently for each element, so it may take some time
before calculations results are displayed.
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* The calculation precision of displayed results for vector calculations is +1 at the least
significant digit.

* If a vector calculation result is too large to fit into Vector Answer Memory, an error occurs.

* You can use the following operation to transfer Vector Answer Memory contents to another
vector.

VctAns — Vet a

In the above, a is any variable name A through Z. The above does not affect the contents of
Vector Answer Memory.

* Vector memory and matrix memory are compatible with each other, so vector memory
contents can be assigned to matrix memory, if you want.

Vct a — Mat 8
In the above, a and 3 are any variable names A through Z.

e Vector Data Input Format [OPTN]-[MAT/VCT]-[Vct]

The following shows the format you should use when inputting data to create a vector using
the Vct command.

ati
at | 5 Vct[AtoZ] [a11 @iz ... am] » Vct[Ato Z]
a;m

Example To input the following datato Vet A: [1 2 3]

) (B ([ (B (A @2 G E) B Weifedfon] (Gelfed
@BEHEE(1)E (1,2, 31 ]>vet
(F2) (MAT/VCT) (Fe) (™) [Fe) (>) [F) (Vet)

(e (x.6T) (A) Exg

R

* The maximum value of both m and n is 999.
* An error occurs if memory becomes full as you are inputting data.
* You can also use the above format inside a program that inputs vector data.

All of the following examples assume that vector data is already stored in memory.
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e Vector Addition, Subtraction, and Multiplication [OPTN]-[MAT/VCT]-[Vct]

Example 1

Example 2

Example 3

To determine the sum of the two vectors shown below (Vct A + Vct B):

VctA=[1 2] VctB=[3 4]

(F2) (MAT/VCT) (Fe) (™) (Fe) (™) (F1) (Vet)
xe1 (A) (3 (F1) (Vct) (rm) (og) (B) B

B
Vet A+Vet B

ol

To determine the product of the two vectors shown below (Vct A x Vet B):

VetA=[1 2] vas:[j}

(F2) (MAT/VCT) (Fe) (™) (Fe) () (F1) (Vet)
(xe7 (A) (X (F1) (Vct) (em) (iog) (B) B

B HethRadMorm]) (dFc)Red]
Vet AxVet B

ol

To determine the product of the matrix and vector shown below (Mat A x
Vct B):

1 2 1
MatA=|: :| VctB=|: :|
2 1 2

(2 (MAT/VCT) (FD) (Mat)
(xem (A) (X (Fe) (™) (Fe) (>)
D (Vot) (@ (59 (B) 6B

B HetiRadform] (dFc]Red]
Mat AxVect B

Hl

* When performing addition or subtraction of two vectors, they both must have the same

dimensions.

* When multiplying Vct A (1 x n) and Vct B (m x 1), n and m must be the same.

e Dot Product

Example

[OPTN]-[MAT/VCT]-[DotP]

To determine the dot product of the two vectors below

VctA=[1 2] VctB=[3 4]

(rmy) (F2) (MAT/VCT) (Fe) (™) (Fe) (&) B
E2) (DotP( ) FD) (Vet) (8 €20 (A) ) DotP(Vet A,Vet B) 11“‘

FD(Vet) @ (9 (B) O B
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e Cross Product [OPTN]-[MAT/VCT]-[CrossP]

Example To determine the cross product of the two vectors below
VctA=[1 2] VctB=[3 4]
(F2)(MAT/VCT) Fe) (™) Fe) (™) B R
[E8 (CrossP( ) ED (Vo) {8 2D A) ) CrossPivet &5 0 o
FD (Vet) @8 (g (B) )
e Angle Formed by Two Vectors [OPTN]-[MAT/VCT]-[Angle]
Example To determine the angle formed by two vectors

VctA=[1 2] VctB=[3 4]

@M E3 (MATAVCT) @) (>) 8 (>) e — |
Q) (Angle( ) ED (Vet) @ {20 (A) ) ns RS 005

ED (Vet) @ () (B) ) 69

e Unit Vector

[OPTN]-[MAT/VCT]-[UnitV]

Example Determine the unit vector of the vector below
VctA=[5 5]
(2 (MAT/VCT) [Eg) (™) [E8) (>) B
BUVOBVy@mEe e [TV A 5
[T T]
e Vector Norm (Size) [OPTN]-[MAT/VCT]-[Norm]
Example To determine the vector norm (size)

VetA=[1 3]

(e (F2) (MAT/VCT) (Fe) (>) (Fe) () [Fe) (™) B
ED(Norm( ) B8 (>) 8 (>) B () Norm(Vet A) /70|
(D (Vet) {0 (2D (A) ) 68

¢ You can use the “Norm” command to calculate the norm of a matrix.
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10. Metric Conversion Calculations

You can convert values from one unit of measurement to another. Measurement units are
classified according to the following 11 categories. The indicators in the “Display Name”
column show the text that appears in the calculator’s function menu.

Important!

Metric conversion commands are supported only when the Metric Conversion add-in
application is installed.

Display Name | Category [Display Name| Category Display Name | Category
LENGTH Length TMPR Temperature | PRESSURE | Pressure
AREA Area VELOCITY Velocity ENERGY Energy/Work
VOLUME Volume MASS Mass POWER Power
TIME Time FORCE Force/Weight

You can convert from any unit in a category to any other unit in the same category.

* Attempting to convert from a unit in one category (such as “AREA”) to a unit in another
category (such as “TIME”) results in a Conversion ERROR.

* See the “Unit Conversion Command List” (page 2-66) for information about the units
included in each category.
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H Performing a Unit Conversion Calculation [OPTN]-[CONVERT]

Input the value you are converting from and the conversion commands using the syntax shown
below to perform a unit conversion calculation.

{value converting from}{conversion command 1} » {conversion command 2}

* Use {conversion command 1} to specify the unit being converted from and {conversion
command 2} to specify the unit being converted to.

* P is a command that links the two conversion commands. This command is always available
at [F1) (™) of the Conversion menu.

* Real numbers or a list that contains real number elements only can be used as the value
being converted from. When values being converted from are input into a list (or when list
memory is specified), conversion calculation is performed for each element in the list and
calculation results are returned in list format (ListAns screen).

* A complex number cannot be used as a value to be converted from. An error occurs if even
a single element of a list being used as the value being converted from contains a complex

number.

Example 1 To convert 50cm to inches

(5] (0] ey (F8) (™) (E1) (CONVERT) B
50 »[i

ED(LENGTH) (&) (cm) ED (») teml ““{9.58503937|
(F2)(LENGTH) ® (2] (in) [Exg)

Example 2 To convert {175, 162} square meters to hectares
A XD @ GECEAE @ Ell i
& (2 () ¢ ’ {0?61{17%,6.8%62}
(Fe) (™) [F1) (CONVERT) (F3) (AREA) u

(2)(m?) ([E1) (>) E3) (AREA) (8] (ha)

[ LENGTH] AREA JVOLUME] TIME JIDES]
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B Unit Conversion Command List

2-66

Cat. | Display Name Unit Cat. | Display Name Unit
fm fermi cm? cubic centimeter
A angstrom mL milliliter
um micrometer L liter
mm millimeter m3 cubic meter
cm centimeter in3 cubic inch
m meter ft cubic foot
km kilometer o fl_oz(UK) ounce
AU astronomical unit § fl_oz(US) fluid ounce (U.S.)
% lLy. light year = gal(US) gallon
3 pc parsec gal(UK) UK gallon
Mil 1/1000 inch pt pint
in inch qt quart
ft foot tsp teaspoon
yd yard tbsp tablespoon
fath fathom cup cup
rd rod ns nanosecond
mile mile us microsecond
n mile nautical mile ms millisecond
cm? square centimeter S second
m? square meter min minute
ha hectare iqu h hour
km? square kilometer day day
g in? square inch week week
ft2 square foot yr year
yd? square yard S-yr sidereal year
acre acre t-yr tropical year
mile? square mile




Cat. | Display Name Unit Cat. | Display Name Unit
o °C degrees Celsius Pa Pascal
% K Kelvin kPa Kilo Pascal
qé‘ °F degrees Fahrenheit mmH20 millimeter of water
= °R degrees Rankine mmHg millimeter of Mercury
m/s meter per second © atm atmosphere
km/h kilometer per hour § inH20 inch of water
% knot knot E%-J inHg inch of Mercury
> ft/s foot per second Ibf/in? pound persquare
inch
mile/h mile per hour bar bar
u atomic mass unit kgf/cm? Egﬁga:aergéﬁ?rﬁeﬁ
mg milligram eV electron Volt
g gram J Joule
kg kilogram calin calorietn
ﬁ mton metric ton calis calorie (15°C)
= oz avoirdupois ounce calir calorie|T
lb pound mass x kcaln kilocalorietn
slug slug é kcalis kilocalorie (15°C)
ton(short) ton, short (2000lbm) % kcalit kilocalorie|t
ton(long) ton, long (2240lbm) (i l-atm liter atmosphere
N newton kW-h kilowatt hour
% Ibf pound of force ftelbf foot-pound
% tonf ton of force Btu British thermal unit
ug_ dyne dyne erg erg
kgf kilogram of force kgfem kilogram force meter
W watt
calin/s calorie per second
g hp horsepower
g bt/ foot-pound per
second
Btu/min British thermal unit
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Chapter 3 List Function

A list is a storage place for multiple data items.
This calculator lets you store up to 26 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
| I
List 1 List 2 List 3 List 4 List 5 | (  List 26 —+ Listname

SuB ) — Sub name
- 1 56 1 107 {35 4 0

2 37 2 75 6 0 0

3 21 4 122 2.1 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 0o |

8 30 128 49 8.7 0 8 0 Fow

1. Inputting and Editing a List

When you enter the Statistics mode, the “List Editor” will appear first. You can use the List
Editor to input data into a list and to perform a variety of other list data operations.

e To input values one-by-one

Use the cursor keys to move the highlighting to the list B
name, sub name or cell you want to select. Note that ®» SUB List1 | List2 | List3 | List4
does not move the highlighting to a cell that does not 1 107 o 3.5
contain a value. 2 37 75 0 6
3 21 122 o] 2.1
4 69 87 4] 4.4
6

5
[GRAPH/ CALC [ TEST ] INTR ] DIST JINENN
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 to store it in the list. B
List 1 | List 2 | List 3 | List 4
@ @ SUB
* The highlighting automatically moves down to the next ;-3
cell for input. 3
4
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2. Input the value 4 in the second cell, and then input the B

result of 2 + 3 in the next cell. SuB List 1 | List 2 | List 3 | List 4
@R HRE o
3 B
I

* You can also input the result of an expression or a complex number into a cell.
* You can input values up to 999 cells in a single list.

¢ To batch input a series of values

1. Use the cursor keys to move the highlighting to another El
list. w List 3 | List 4
SUB
1 3| |
2. Press XJ({), and then input the values you want, B 3ic)Real
pressing (0] between each one. Press (Z)(}) after » pist 1 List 3 | LESE
inputting the final value. 1 3
2 4
B 3 ()E DD EHEE () 3§ s
{6,7,8}l
3. Press to store all of the values in your list. B
List 1 [ List 2 | List 3 | List 4
SUB
@ 1 3
2 4 7
3 B ]
A
6
[GRAPH] CALC [ TEST ] INTR [ DIST JENENN|

* Remember that a comma separates values, so you should not input a comma after the final
value of the set you are inputting.

Right: {34, 53, 78}
Wrong: {34, 53, 78,}

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 [g

of the list where you want the calculation results to be List 1 | List 2 Fmﬂ

) SUB
input. 1 3 8 |
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2. Press and input the expression. B

List 1 | List 2 | List 3 | List 4
[FD(LIST) ED (List) @) sus
(F1)(LIST) (F1) (List) (2] Ex

w

<]

2 7 11
3 <] 8 13
4

b

0
List [Lst-Hat| Dim | Fill(| Seq [H=E]

* You can also use (1] (List) in place of (F1)(LIST) (F1) (List).

M Editing List Values

® To change a cell value

Use the cursor keys to move the highlighting to the cell whose value you want to change. Input
the new value and press 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 [F6)(>>) (F2) (EDIT).
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.

2. Press (Fg) (™) (F3)(DELETE) to delete the selected cell and cause everything below it to be
shifted up.

* The cell delete operation does not affect cells in other lists. If the data in the list whose cell
you delete is somehow related to the data in neighboring lists, deleting a cell can cause
related values to become misaligned.

® 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 (F6) (™) [F4)(DEL-ALL) causes a confirmation message to appear.

3. Press [F1)(Yes) to delete all the cells in the selected list or (F6)(No) to abort the delete
operation without deleting anything.
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® 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.

2. Press [F6) (™) (F5) (INSERT) to insert a new cell, which contains a value of 0, causing

everything below it to be shifted down.

* The cell insert operation does not affect cells in other lists. If the data in the list where you
insert a cell is somehow related to the data in neighboring lists, inserting a cell can cause

related values to become misaligned.

B Naming a List

You can assign List 1 through List 26 “sub names” of up to eight bytes each.

e To name a list

1. On the Setup screen, highlight “Sub Name” and then press (F1)(On) [ExT).
2. Use the cursor keys to move the highlighting to the SUB cell of the list you want to name.

3. Type in the name and then press [Exg.

]
List 1 | List 2 | List 3 | List 4

SUB
1

2
3
4
[GRAPH] CALC J TESTJ INTR ] DIST JENE|

* To type in a name using alpha characters, press to enter the ALPHA-LOCK

mode.

Example: YEAR
= (Y) ed (E) keD (A) (6] (R) B9
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* The following operation displays a sub name in the Run-Matrix mode.

) M) (SET UP) [F2) (Line) [EX)
(stem) (3] (List) n(sr) (B ([ ) (0] (o) () (1) Exg)

(7 = list number from 1 to 26)

]

List 1[0]
YEAR

* Though you can input up to 8 bytes for the sub name, only the characters that can fit within

the List Editor cell will be displayed.

* The List Editor SUB cell is not displayed when “Off” is selected for “Sub Name” on the Setup

screen.

B Changing the Data Color

You can change the color of data input into an individual cell or for all of the data input in a

particular list.

e To change the data color in a specific cell

1. Use the cursor keys to move the highlighting to the cell
whose character color you want to change.

* Be sure to select a cell that already contains input
data. You will not be able to perform the next step if you
select a cell that does not contain any input data.

2. Press (5] (FORMAT) to display the color selection
dialog box.

3. Use the cursor keys to move the highlighting to the
desired color and then press [Exg.

* You also can select an option by pressing the number
key that corresponds to the number to the left of the
desired option.
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B
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¢ To change the color of all the data in a particular list

1. Use the cursor keys to move the highlighting to the
list name of the list whose character color you want to
change.

* Be sure to select a list that already contains input data.
You will not be able to perform the next step if you
select a list that does not contain any input data.

El
List 1 List 3 | List 4

SUB| SEQ POINT

1 1 17

2 2 34

3 3 51

T
[GRAPH] CALC ] TEST ] INTR | DIST JIES

2. Press (5] (FORMAT) to display the color selection dialog box.

3. Use the cursor keys to move the highlighting to the
desired color and then press [Exg.

e Changing the character color affects only cells that
already contain input data. After performing this
operation, any data input into any cell that did not
previously contain data will be the default color (black).
Note that this operation does not change the color of
the sub name.

El
List 1 List 3 | List 4

SUB| SEQ POINT

1 1 17

2 2 34

3 3 b1

4
[GRAPH) CALC [ TEST ] INTR [ DIST JINEEN|

Bl 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 (Fé)(>)(F1) (TOOL) (F1) (SORTASC).
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.

M Ee

3. In response to the “Select List List No:” prompt, input the number of the list you want to sort.

BT

Descending order

Use the same procedure as that for the ascending order sort. The only difference is that you

should press (F2)(SORTDES) in place of [F1)(SORTASC).
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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) (F1) (SORTASC).

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

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 e

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.

@&

Descending order

Use the same procedure as that for the ascending order sort. The only difference is that you
should press (F2)(SORTDES) in place of (F1)(SORTASC).

* You can specify a value from 1 to 6 as the number of lists for sorting.
* If you specify a list more than once for a single sort operation, an error occurs.

An error also occurs if lists specified for sorting do not have the same number of values
(rows).

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-Matrix, Statistics, Table, Equation
and Program modes.
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B Accessing the List Data Manipulation Function Menu

All of the following examples are performed after entering the Run-Matrix mode.

Press and then (F1)(LIST) to display the list data manipulation menu, which contains the
following items.

o {List}/{Lst—>Mat}/{Dim}/{Fill(}/{Seq}/{Min}/{Max}/{Mean}/{Med}/{Augment}/{Sum}/{Prod}/
{Cuml}/{%}/{AList}

Note that all closing parentheses at the end of the following operations can be omitted.

e To transfer list contents to Matrix Answer Memory [OPTN]-[LIST]-[Lst—Mat]

(F1)(LIST) (F2) (Lst—Mat) (F1) (List) <list number 1 - 26> (2] (F1)(List) <list number 1 - 26> ...
(o] (F1) (List) <list number 1 - 26> [Exg)

* You can skip input (F1)(List) in the part of the above operation.
* All the lists must contain the same number of data items. If they don’t, an error occurs.
Example: List — Mat (1, 2) [exg

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)[F2) (Lst—Mat) E akc
F(List (D () ED (List) @ ' ’

(o & RorRdvy STY
-

ottt [
03[\3'—‘:

e To count the number of data items in a list [OPTN]-[LIST]-[Dim]
(F1)(LIST) (F3) (Dim) (F1) (List) <list number 1 - 26> [exg)

e The number of cells a list contains is its “dimension.”

Example To count the number of values in List 1 (36, 16, 58, 46, 56)
(F)(LIST) F3)(Dim) e
(F1) (List) () (&g Dim List 1 5“
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® To create a list by specifying the number of data items [OPTN]-[LIST]-[Dim]

Use the following procedure to specify the number of data in the assignment statement and
create a list.

<number of data n> (F1)(LIST) (F3)(Dim) (F1) (List) <list number 1 - 26> (n=1-999)

Example To create five data items (each of which contains 0) in List 1
3 (F1)(LIST)(F3)(Dim) B
E](L|st) E] suB List 1 | List 2 | List 3 | List 4
1
You can view the newly created list by entering the § g
Statistics mode. 2 0
e To replace all data items with the same value [OPTN]-[LIST]-[Fill(]

(F1) (LIST) (F4) (Fill( ) <value> (3] (F1)(List) <list number 1 - 26> (3] [Exg

Example To replace all data items in List 1 with the number 3
(EN)(LIST) [E4) (Fill() B
. Fill(3,List 1
@ &) ED(LisH (D ) 6 TG LSt 1) 5,8, 0]
The following shows the new contents of List 1. B

List 1 | List 2 | List 3 | List 4

SUB

B WK
w

e To generate a sequence of numbers [OPTN]-[LIST]-[Seq]

(F1)(LIST) (F5) (Seq) <expression> (3] <variable name> (2] <start value> (3] <end value>
(3] <increment> (Exg

* The result of this operation is stored in ListAns Memory.

Example To input the number sequence 12, 62, 112, into a list, using the function
f(x) = X2. Use a starting value of 1, an ending value of 11, and an
increment of 5.

&9 @ 1 (LIST) ) (Seq) 20 @ g
EHODDOOEEDE Sea(sx®,x,1,11,8) .

Specifying an ending value of 12, 13, 14, or 15 produces the same result as shown above
since they are less than the value produced by the next increment (16).
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® To find the minimum value in a list [OPTN]-[LIST]-[Min]

(F1)(LIST) (Fe) (>) (F1) (Min) (Fe) () (F6) (>>) [F1) (List) <list number 1 - 26>

Example To find the minimum value in List 1 (36, 16, 58, 46, 56)

(F1) (LIST) (Fe) (>>) (F1) (Min) B

) (>) B9 (>) ED (List) (D () B Min(list D) 1sﬂ|
¢ To find which of two lists contains the greatest value [OPTN]-[LIST]-[Max]

(F1) (LIST) Fe) () (F2) (Max) (Fé) (>) (Fé) (>>) (F1) (List) <list number 1 - 26> (3] (F1)(List)
<list number 1 - 26> O] (e

* 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.

Example To find whether List 1 (75, 16, 98, 46, 56) or List 2 (35, 59, 58, 72, 67)
contains the greatest value
(F1(LIST)(Fe) (>) (F2) (Max) B
. Max(List 1,List 2
8 (>) 68 (>) E (Lish (0 ax(List LLigte3) onl
[E1)(List) (2) O]
e To calculate the mean of data items [OPTN]-[LIST]-[Mean]

(F1)(LIST) (Fe) (™) (F3) (Mean) (Fe) (>) (F6) (>>) [F1) (List) <list number 1 - 26>

Example To calculate the mean of data items in List 1 (36, 16, 58, 46, 56)
(F1)(LIST) (Fe) (™) (F3) (Mean) B

Mean{(List 1)

9 (>) B () E (Lish) (D 42, 4ﬂ‘

® 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.

(F1)(LIST) [F8) (>>) Fa) (Med) (F8) (™) (F8) (™) (FT) (List) <list number 1 - 26 (data)> (] (Fi) (List)
<list number 1 - 26 (frequency)>
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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)

(&d) e (E1)(LIST) () (™) (E4) (Med) R ] _
[F8)(>) [F8) () [F1) (List) (0 3 Median(List 1,List £21IE
(F1)(List) (2]

® To combine lists [OPTN]-[LIST]-[Augment]

* You can combine two different lists into a single list. The result of a list combination operation
is stored in ListAns memory.

(F1) (LIST) (Fe) (™) (F5) (Augment) (Fe) (™) (F6) (>) (F1) (List) <list number 1 - 26> (3] (F1)(List)
<list number 1 - 26> (Exg)

Example To combine the List 1 (-3, —2) and List 2 (1, 9, 10)
(F1)(LIST) 8 (>) [F5) (Augment) ]
8 (>) Eg (>) ED (Listh) (0 I AR Li5 T, Ly >
F(List) 2] O] B9 R

¢ To calculate the sum of data items in a list [OPTN]-[LIST]-[Sum]

(F1) (LIST) Fe) (™) (F6) () (F1) (Sum) (Fe) (=) (F1) (List) <list number 1 - 26>

Example To calculate the sum of data items in List 1 (36, 16, 58, 46, 56)

(1) (LIST) [E8) (™) () (&) (E) (Sum) B

F9)(>) D (List) (D) 8 Sum List 1 212ﬂ|
e To calculate the product of values in a list [OPTN]-[LIST]-[Prod]

[F1)(LIST) F8) (>) [F8) (=) F2) (Prod) (F8) (&> ) (F) (List) <list number 1 - 26> B9

Example To calculate the product of values in List 1 (2, 3, 6, 5, 4)

(ad) [ormy) (E1) (LIST) (E6) (™) [Fe) () (E2) (Prod) &
[F8) (>) (F1) (List) (1D () Prod List 1 720ﬂ|




¢ To calculate the cumulative frequency of each data item [OPTN]-[LIST]-[Cuml]

(F1) (LIST) (Fe) (™) (F6) (™) (F3) (Cuml) (F6) () (F1) (List) <list number 1 - 26>

* The result of this operation is stored in ListAns Memory.

Example To calculate the cumulative frequency of each data item in List 1
(2,3,6,5,4)

(1) (LIST) E8) (>) [E8) (>) (E3) (Cuml)

FI>)EN(Lis (D g @ 2+3= B
@ 2+3+6= Cuml List 1 m
© 2434645 {2,5,11,16, 20}
@ 2+3+6+5+4= $ $ * *
® @ 0@ @

¢ To calculate the percentage represented by each data item [OPTN]-[LIST]-[%]

(F1) (LIST) (Fe) (™) (Fe) (™) (F4) (%) (Fe) (>>) (F1) (List) <list number 1 - 26>

* 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.

Example To calculate the percentage represented by each data item in List 1
(2! 3! 6’ 5! 4)

(E1)(LIST) [E8) () (E8) (™) (Fa) (%)
8 (>) E) (List) (3] B9

@ 2/(2+3+6+5+4) x 100 =
®© 3/(2+3+6+5+4) x 100 = Percent List 1 “
@) 6/(2+3+6+5+4) x 100 = {10,15,30,25,20}

@ 5/(2+3+6+5+4) x 100 = f ? ? ? f
® @ @ @ 6

B HothRadforn] [(dic)Rea)

® 4/(2+3+6+5+4) x 100 =
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¢ To calculate the differences between neighboring data inside a list
[OPTN]-[LIST]-[AList]

(F1) (LIST) (Fe) (™) (Fe) (™) (F5) (AList) <list number 1 - 26> [exg

* The result of this operation is stored in ListAns Memory.

Example To calculate the difference between the data items in List 1 (1, 3, 8, 5, 4)

(1) (LIST) E8) (>) [E8) (>) E8) (AList)

(1) g
®3-1= [B
®8-3= AList 1 m
@5—8: {2’5’_3’_1}
B N
P2 QO @

* You can specify the storage location in list memory for a calculation result produced by a list
calculation whose result is stored in ListAns memory. For example, specifying “AList 1 — List
2” will store the result of AList 1 in List 2.

* The number of cells in the new AList is one less than the number of cells in the original list.
* An error occurs if you execute AList for a list that has no data or only one data item.

Arithmetic Calculations Using Lists

You can perform arithmetic calculations using two lists or one list and a numeric value.
ListAns Memory

List

List .
. List i i
Numeric Value E' Calculation results are stored in

Numeric Value :
ListAns Memory.

M Error Messages

* 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.
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M Inputting a List into a Calculation

There are three methods you can use to input a list into a calculation.
* Specification of the list number of a list created with List Editor.

* Specification of the sub name of a list created with List Editor.

* Direct input of a list of values.

¢ To specify the list number of a list created with List Editor
1. In the Run-Matrix mode, perform the following key operation.
(E1)(LIST) ED (List)
* Enter the “List” command.
2. Enter the list number (integer from 1 to 26) you want to specify.

B
List 1| 1

e To specify the sub name of a list created with List Editor
1. In the Run-Matrix mode, perform the following key operation.
(1) (LIST) ED(List)
* Enter the “List” command.
2. Enter the sub name of the list you want to specify, enclosed in double quotes (7).

Example: "QTY” B Hath) Rad Morm1)
List "QTY”I |

e To directly input a list of values
You can also directly input a list of values using {, }, and (3].

Example To input the list: 56, 82, 64
ENX({()EEEHERAE] @54
B@EES(}) £56.82, 643l “
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® To assign the contents of one list to another list
Use to assign the contents of one list to another list.

Example To assign the contents of List 3 (41, 65, 22) to List 1

EN)(LIST) ED (List) (3) &) EN (List) (0]

In place of (F1)(LIST)(F1)(List) (3] operation in the above procedure, you could input
s (X)({) (@ @D 6 B @ e E().

¢ 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.

Example To calculate the sine of the value stored in Cell 3 of List 2

(sin) (opry) (E1) (LIST) ED) (List) (2) (sur) () ([ ) (3 Ger) (=) (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.

Example To input the value 25 into Cell 2 of List 3

(2) (8] (=) o) E)(LIST) ED (List) (3] (e (B ([ ) (2] (o) (S (1) B

H Recalling List Contents
Example To recall the contents of List 1

ED(LIST) ED (List) @

* 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

Example To multiply the list contents in ListAns Memory by 36
(E1)(LIST) [E1) (List) (m1) (©) (Ans) (X) (3] (6] )

* The operation (F1) (LIST) (F1) (List) (suF1) (&) (Ans) recalls ListAns Memory contents.

* This operation replaces current ListAns Memory contents with the result of the above
calculation.
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H Graphing a Function Using a List

When using the graphing functions of this calculator, you can input a function such as Y1 =
List 1X. If List 1 contains the values 1, 2, 3, this function will produce three graphs: Y = X,

Y =2X,Y =3X.

There are certain limitations on using lists with graphing functions.

B Inputting Scientific Calculations into a List

You can use the numeric table generation functions in the Table mode 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.

Example To use the Table mode to create a number table for the formula (Y1 =
x2-1), and then copy the table to List 1 in the Statistics mode

1. In the Table mode, input the formula Y1 = x? —1.
2. Create the number table.

3. Use ® to move the highlighting to the Y1 column.
4. Press (F1)(LISTMEM).

5. Press (1] [xg.

B HethRadform]) [dic)Red]

X ¥1

1 0
2 3

8

15

3
a4

1
FORMULA) (NN ISP [ EDIT J(GPH-CON)[GPH-PLT

B HethRadMorm]) (dFc)Red]
L] |

Store In
List Memory

List[1~28]: |

4 101

B 35 [ ENG [ EnG |

6. Enter the Statistics mode to confirm that Table mode column Y1 has been copied to List 1.
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B 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.

Example To use List 3 (41, 65, 22) to perform sin (List 3)

Use radians as the angle unit.

) @ ED (LIST) ED (List) (3)

Switching between List Files

You can store up to 26 lists (List 1 to List 26) 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 Statistics mode.
Press [MENU) (SET UP) to display the Statistics mode Setup screen.

2. Use @ to highlight “List File”.

E
Stat Wind tAuto
Resid List :None

Sub Name :0On

Frac Result :d/c

Fune Type 'Y=

Graph Fune :0On NP
[ FILE )

3. Press [F1)(FILE) and then input the number of the list file you want to use.

Example To select File 3
E(FILEE) éiSelect File No.
Fy File[1~6]: 3l
F1 ¥ v, = - —
(Exg) [List File ‘File3 |

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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5. Using CSV Files

You can import the contents of a CSV file stored with this calculator or transferred from a
computer into the List Editor. You also can save the contents of all the list data in the List Editor
as a CSV file. These operations are performed using the CSV function menu, which appears
when you press (Fg) (™) (Fg) (>) (F1) (CSV) while the List Editor is on the display.

(08D Sveres] SET ) |

H Import CSV File Requirements

A CSV file that has been output from the List Editor, Matrix Editor (page 2-42), or Spreadsheet

(page 9-4), or a CSV file transferred from a computer to storage memory can be used for

import. The following types of CSV files are supported for import.

e A CSV file that uses the comma (, ) or semi-colon ( ;) as its delimiter, and the period ( . ) or
comma (, ) as its decimal point. A CSV file that uses the tab as its delimiter is not supported.

* CR, LF and CRLF are supported for the line break code.

* When importing a CSV file to the calculator, if the data in Line 1 of each column of the file
(or Line 1 of Column 1 of the file) contains double quotation marks (") or a single quotation
mark ('), Line 1 of all of the columns of the CSV file will be ignored, and data will be input
starting from Line 2.

For information about transferring files from a computer to the calculator, see “Chapter 13 Data
Communication”.

B Transferring Data between Lists and CSV Files

¢ To import the contents of a CSV file to the List Editor
1. Prepare the CSV file you want to import.
* See “Import CSV File Requirements” described above.

2. While the List Editor is on the display, press (Fé) (™) (Fé) (™) [F1) (CSV) to display the CSV
function menu.

3. What you should do next depends on the type of CSV file import operation you want to
perform.

To overwrite the entire contents

To start import from a specific row: of the List Editor:

Use the cursor keys to move the highlighting to the | Press (F1)(LOAD) [F2) (FILE).
row from which you want to start importing data and
then press (F1)(LOAD) (F1)(LIST).
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4. On the select file dialog box that appears, use @ and & to move the highlighting to the
file you want to import and then press [exg.

* This imports the contents of the CSV file you specified to the List Editor.

e |f you pressed (F1J(LOAD)(F1)(LIST) in step 3, import starts from the row where the
highlighted cell is located, overwriting List Editor rows only with the same number of rows
contained in the CSV file.

Examples
List Editor Original Content
List 1 List 2 List 3 List 4 List 5
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Import CSV File Data
20 20 20
30 30 30
40 40 40
List Editor Content following Import
List 1 List2 | List3 | List4 | List5
2 30 30 30 2
3 40 40 40 3
4 4
Important!

Highlighting

Attempting to import the following types of CSV files will result in an error.

* A CSV file that includes data that cannot be converted. In this case, an error message will
appear showing the location in the CSV file (Example: row 2, column 3) where the data that

cannot be converted is located.

e A CSV file with more than 26 columns or 999 rows. In this case, an “Invalid Data Size” error

will occur.
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¢ To save the contents of all the list data in the List Editor as a single CSV file

1. While the List Editor is on the display, press (Fg) (™) (Fé) (>>) (F1) (CSV) to display the CSV
function menu.

2. Press (F2J(SAVE - AS).
* This displays a folder selection screen.
3. Select the folder where you want to save the CSV file.
* To store the CSV file in the root directory, highlight “ROOT”.

* To store the CSV file in a folder, use @ and ® to move the highlighting to the desired
folder and then press (F1)(OPEN).

4. Press (F1)(SAVE-AS).
5. Input up to eight characters for the file name and then press [exg.

Important!

* The sub name line of the List Editor is not saved in the CSV file.

* When saving list data to a CSV file, some data is converted as described below.
- Complex number data: Only the real number part is extracted.
- Fraction data: Converted to calculation line format (Example: 243144 — =2+3/4)
- vV and n data: Converted to a decimal value (Example: v3 — 1.732050808)

B Specifying the CSV File Delimiter Symbol and Decimal Point

When importing a CSV file that has been transferred from a computer to the calculator, specify
the delimiter symbol and decimal point in accordance with the settings you specified on the
application when outputting the CSV file. The comma (, ) or semi-colon ( ; ) can be specified
for the delimiter, while the period ( . ) or comma (, ) can be specified as the decimal point.

® To specify the CSV file delimiter symbol and decimal point

1. While the List Editor is on the display, press (Fg) (™) (Fé) (>>) (F1) (CSV) to display the CSV
function menu.

2. Press (F3)(SET).
* This displays the CSV format setting screen.

3. Use the @ and @ keys to move the highlighting to “CSV Separator’ and then press
EN(,)or [EA(;).

4. Use the @ and @ keys to move the highlighting to “CSV Decimal Symbol” and then press
EN(.)or EJ(,).
* If you specified (F1)( , ) in step 3, you will not be able to specify (F2)(, ) here.

5. After the setting is the way you want, press [EXT).
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Chapter 4 Equation Calculations

From the Main Menu, enter the Equation mode. B
Equation

e {SIMUL} ... {linear equation with 2 to 6 unknowns}

; Select T
* {POLY} ... {degree 2 to 6 equation} F‘f : g?mul¥ggeous
« {SOLVER]} ... {Solve calculation} F% , gg Hre]?m al

SIMUL] POLY JSOLVER

1. Simultaneous Linear Equations

You can solve simultaneous linear equations with two to six unknowns.
e Simultaneous Linear Equation with Two Unknowns:
ax + by = c1
azx + b2y = c2

* Simultaneous Linear Equation with Three Unknowns:
ax + by + ciz = di
azx + b2y + c2z = d2
asx + bsy + caz =ds

1. From the Main Menu, enter the Equation mode.

2. Select the SIMUL (Simultaneous) mode, and specify the number of unknowns (variables).
You can specify from 2 to 6 unknowns.

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:

at—bi—ci—...an— bn— cn (n=21to 6)
* You can also input fractions 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.

* Pressing (F3)(CLEAR) clears all coefficients to zero.
4. Solve the equations.
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Example To solve the following simultaneous linear equations for x, y, and 2
4  + y - 27 =-1
X+ 6y + 3z = 1
-5x + 4y + 7 =-7

@ MEN) Equation B

® [E](SlMUL) an X+2n Y+Cg Z=dnc g
@(3) 1 4 1 -2 -1

0E@EIEORDEEDEE { s i J
(1) g (6] g (3] () (1) (Ex9) _7
©) (58] ¢ (&) [x (1] (g (©) (7 [exe)

@ ([F1)(SOLVE) B

an X+bn Y+Cn Z=dn

g

REPEAT!

* 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 (x, y, z) of a simultaneous
linear equation with three unknowns.

X ar bi 117 [T d
|:y:|=|:a2 bzcz:| |:dz:|
z as bs cs3 ds

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.

* The message “No Solution” appears if there is no solution. The message “Ma ERROR”
appears if a solution could not be found.

* The message “Infinitely Many Solutions” appears along with the formula if there are an
infinite number of solutions.

B

8n X+bn Y+Cn Z=dn
INrinitely

Many Solutions
X=-%i
¥=1.4-1.8i—-(2+i)Z
Z=7

REPEAT

* After calculation is complete, you can press (F1)(REPEAT), change coefficient values, and
then re-calculate.
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2. High-order Equations from 2nd to 6th Degree

Your calculator can be used to solve high-order equations from 2nd to 6th degree.
* Quadratic Equation: ax? + bx + ¢ =0 (a # 0)
e Cubic Equation: ax®*+bx>+cx+d=0(a # 0)
e Quartic Equation: ax*+bx®*+cx®+dx+e=0(a # 0)

1. From the Main Menu, enter the Equation mode.

2. Select the POLY (Polynomial) mode, and specify the degree of the equation.
You can specify a degree 2 to 6.

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 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.

* Pressing (F3) (CLEAR) clears all coefficients to zero.
4. Solve the equations.

Example To solve the cubic equation (Angle unit = Rad)
x3-2x2-x+2=0

@ @ Equation =
aX3 +bX2 +cX+d=0
@ (F2)(POLY) X
E2) o
%3 -1
0 DEODEOINERDE
@ [F1)(SOLVE) .
REPEAT
Multiple Solutions (Example: x® + 3x* + 3x + 1 = 0) &
aX3 +bX2 +cX+d=0
X1 (I <3
-1
REPEAT
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Complex Number Solution (Example: x® + 2x* + 3x + 2 = 0)

Complex Mode: Real (page 1-36) E

aX3 +bX2 +cX+d=0
x1C

Complex Mode: a+bi B

aX3 +bX2 +eX+d=0

X1
X2 -0.5+1.3228i
X3 -0.5-1.,3228i

Complex Mode: r£6 B

aX3 +bX2 +eX+d=0

X1
X2| 1.4142,1.9321
X3L 1.4142/-1.932

1/m

* Internal calculations are performed using a 15-digit mantissa, but results are displayed
using a 10-digit mantissa and a 2-digit exponent.

* |t may take considerable time for the calculation result of a high-order equation of 3rd degree
or higher to appear on the display.

e An error occurs if the calculator is unable to find a solution.

* High-order equation calculations may not produce accurate results when the equation has
multiple solutions.

* After calculation is complete, you can press (F1)(REPEAT), change coefficient values, and
then re-calculate.

3. Solve Calculations

The Solve calculation mode lets you determine the value of any variable in a formula without
having to solve the equation.

Important!

* You can input either an upper-case X ([ () (X)) or lower-case x ((X81)) for variable X.
Both “X” and “x” refer to the same variable.

1. From the Main Menu, enter the Equation mode.
2. Select the SOLVER mode, and input the equation as it is written.

e 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.

* An error occurs if you input more than one equals sign.
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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.

* An error occurs if the solution falls outside the range you specify.

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.*

*1 Solutions are approximated using Newton’s method. Lft and Rgt values are displayed for
confirmation, because Newton’s method may produce results that are the real solution.
The closer the difference between the Lft and Rgt values is to zero, the lower degree of
error in the result.

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?

@ [EN) Equation
@ ([F3)(SOLVER)
8 69 (H) &) () (=) @@ (2 (V) @8 B (N S R o NEE
ODERZDLEEEG)EmH (M E B 2
@ W@ EgH=14) V=0
@E3(V=0) e .
De-2)
(@) J (8) g (G =9.8) RECALLJDELETE SOLVE
@ Press @ @ @ to highlight V = 0, and then press B
(SOLVE). Eq: H=VT—%GT2
V=16.8
Lft=14
Rgt=14
REPEAT

* The message “Retry” appears on the display when the calculator judges that convergence is
not sufficient for the displayed results.

* A Solve operation will produce a single solution. Use POLY when you want to obtain multiple
solutions for a high-order equation (such as ax® + bx + ¢ = 0).
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Chapter 5 Graphing

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.

e Graph ... General function graphing

* Run-Matrix ... Manual graphing (pages 5-25 to 5-31)

* Table ... Number table generation (pages 5-32 to 5-37)

e Dyna Graph ... Dynamic graphing (pages 5-42 to 5-45)

* Recursion ... Recursion graphing or number table generation (pages 5-45 to 5-50)

* Conic Graphs ... Conic section graphing (pages 5-50 and 5-51)

1. Sample Graphs

B Graph Relation List Screen and Graph Color

A graph relation list screen (table relation list screen) like the one shown below appears first
whenever you enter the Graph, Dyna Graph, or Table mode. You can use this screen to
register functions to be used for drawing graphs and creating number tables.

B
Graph Fune :Y=

Y2: [—]
Y

Y4: [—]
Y5: [—1

Y6: [—]1
alE8 DELETE] TYPE ] TOOL JMonlai[IN3:NH]
(Example: Graph mode)

Each line of the graph relation list screen is preset with a color, which represents the line color
used when each function is graphed. When you draw a graph, it is drawn using the same color
as the line where its function is registered.

B B
Graph Fune :Y= ¥
Y183x2 [—1 2
Y28x+1 [—1
- W X

Ya: I':_] - £ 5 -4 -8 -2 101 i 2 3 4 5 &
Y5: [—1 .
VA : [—1 5
S0l DELETE] TYPE J TOOL JIXWlla(Iv:2:A|
Graph relation list screen Graph screen
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In the case of the Table mode, a number table is created in the same color as the line where

its function is registered.

]

Y2B-x+1

Y4:
Y5:

Table Fune :Y=
Y18 (x+1) (x—2) [—1

[—1

[—1
[—1

Y6 [—]1
il DELETE) TYPE JSTYLE ] SET J[IFX:INS

Table relation list screen

]

v1 ¥o
-2 0
2 0 -1
3 12 -2
4 40 -3

1
FORMULA) [WANEI3 WP [ EDIT (GPH-CON)[GEH-PLT

Table screen

« You can change the color used to draw the graph and the number table character color. For

details, see “Changing Graph Properties” (page 5-15).

H How to draw a simple graph (1)

To draw a graph, simply input the applicable function.
1. From the Main Menu, enter the Graph mode.

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 page 5-5.
3. Draw the graph.

Example
™ MEN) Graph
@ &) E3
@ (FeJ(DRAW) (or )

To graph y = 3x2

B

y

1 2 3% 4 & B

* Press to return to the screen in step 2 (graph relation list). After drawing a graph, you
can toggle between the graph relation list and graph screen by pressing (F8) (GeT).

5-2




B How to draw a simple graph (2)

You can store up to 20 functions in memory and then select the one you want for graphing.
1. From the Main Menu, enter the Graph mode.
2. Specify the function type and input the function whose graph you want to draw.

You can use the Graph mode to draw a graph for the following types of expressions:

rectangular coordinate expression (Y=f{(x)), polar coordinate expression, parametric
function, rectangular coordinate expression (X=£(y)), inequality.

(F3)(TYPE)(F1)(Y=) ... rectangular coordinates (Y=f(x) type)
(F2)(r=) ... polar coordinates
(F3) (Param) ... parametric function
(F4) (X=) ... rectangular coordinates (X=f(y) type)
(F5) (CONVERT) [F1)(»Y=) to [F§) (»Y<)
(Fe) (>>) (F1) (»X=) to (F5) (»X<) ... changes the function type
(Fe) (>>) (F1) (Y>) to (F4)(Y<) .... Y inequality on left side
(Fe) (>>) (Fe) (>>) (F1) (X>) to (F4)(X<) .... X inequality on left side

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 page 5-13).

3. Draw the graph.

* You can use the function menu that appears when you press (F4(TOOL)(F1)(STYLE) in
step 2 of the above procedure to select one of the following line styles for each graph.
(F1)(—) ... Normal (initial default)

(F2) (=) ... Thick (twice the thickness of Normal)
(F3)(=====) ... Broken (thick broken)

(F4 () ... Dot (dotted)

(F5) (—) ... Thin (one third the thickness of Normal)

* When simultaneously graphing multiple inequalities, you can use the “Ineq Type” setting
on the Setup screen to specify either of two fill ranges.

(F1) (Intsect) ... Fills areas only where the conditions of El
¥

all of the graphed inequalities are satisfied.
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(F2)(Union) ....Fills all areas where the conditions of the
graphed inequalities are satisfied.
This is the initial default.

]

* Pressing (5] (FORMAT) while the graph relation list screen or graph screen displays
a dialog box that you can use to change the graph line style and graph line color. For

details, see “Changing Graph Properties” (page 5-15).

Example 1 Input the functions shown below and draw their graphs.

Y1 =2x2-3, r2 = 3sin20
1) [MEN) Graph
@ BJ(TYPE)[F)(Y=)(2) =) (3] &
E)(TYPE) 2 (r=) (3] (sin) (2] (xeT) g

]
y

@ (DRAW) £ B -4 -8 -2 2 3 4 ] -]
Example 2 To graph a trigonometric function using radians when the angle unit
setting is degrees (Angle unit = Deg)
Y1=sin xf
@ [N Graph

@ () (F8) (™) (8} (ANGLE) [ (1) B
@ [F8)(DRAW)
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2. Controlling What Appears on a Graph Screen

M 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 configure V-Window settings
1. From the Main Menu, enter the Graph mode.

2. Press (F3) (V-WIN) to display the V-Window setting screen.

Rectangular coordinate parameter
Xmin/Xmax ... Minimum/maximum x-axis value
Xscale ... Spacing of x-axis increments
Xdot ... Value that corresponds to one x-axis dot
Ymin/Ymax ... Minimum/maximum y-axis value
Yscale ... Spacing of y-axis increments

Polar coordinate parameter
TOmMin/TOmMax ... Minimum/maximum T, 6 values
Toptch ... T, 6 pitch

H
View Window
Xmin :-6.3

max :6.3
scale:l

dot :0.03333333
Ymin :-3.1

max :3.1
INITIALI[ TRIG JISTANDRDIN =P SQUARE | BGY-WIN

View Window

Ymin :-3.1
max :3.1
scale:l

TOmin :0

max :6.28318563
ptch:0.06283185

3. Press (® to move the highlighting and input an appropriate value for each parameter,

pressing after each.

* {INITIAL}/{TRIG}/{STANDRD} ... V-Window {initial settings}/{initial settings using specified

angle unit}/{standard settings}
 {V-MEM}

* {STORE}/{RECALL} ... V-Window setting {store}/{recall}

« {SQUARE}

* {Y-BASE}/{X-BASE]} ... {fix y-axis setting and change x-axis setting}/{fix x-axis setting
and change y-axis setting} so y-axis and x-axis scales are displayed as a 1-to-1

relationship

e {BGV-WIN} ... Overwrites current V-Window settings with the V-Window settings saved
in the background image file. This menu item appears only while a graph background

image is open.

4. After settings are the way you want them, press or [ExT) (QUIT) to exit the V-

Window setting screen.

* Pressing ([Exg without inputting anything while £ is on the display exits the V-Window setting

screen.
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¢ V-Window Setting Precautions
* Inputting zero for TOptch causes an error.
* Any illegal input (out of range value, negative sign without a value, etc.) causes an error.
* When TOmax is less than Tomin, TOptch becomes negative.
* You can input expressions (such as 2rn) 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 TOptch value to be too large, relative to the differential between
the TOmin and TOmax settings. If the settings you make cause the Téoptch value to be
too small relative to the differential between the TOmin and Témax 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 x 10% to 9.999999999 x 10"

H 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 Graph mode.

2. Press (F3) (V-WIN) to display the V-Window setting screen, and input the values you
want.

3. Press (F4)(V-MEM) F1) (STORE) 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 [Exg. Pressing (1] [Exg stores the settings in V-Window Memory 1 (V-Win1).
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® To recall V-Window memory settings

1. From the Main Menu, enter the Graph mode.

2. Press (F3) (V-WIN) to display the V-Window setting screen.
3. Press (F4) (V-MEM) (F2) (RECALL) 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 [exg. Pressing (1] recalls the settings in V-Window Memory 1
(V-Win1).

M Specifying the Graph Range
You can define a range (start point, end point) for a function before graphing it.
1. From the Main Menu, enter the Graph mode.

2. Configure V-Window settings.

3. Specify the function type and input the function. The following is the syntax for function
input.
Function (3] (#)([) Start Point (2] End Point =J(1)

4. Draw the graph.

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

@ M) Graph
® @ EV-WING @ EEE EDE® g
OD0EDLE G @D oA
©® EJ(TYPE)[ED(Y=)(keD (23 (H B (koD (=) (2) () 1
FEH()ODDE0AEE(])E L :
@ (Fg)(DRAW) i

* You can specify a range when graphing rectangular expressions, polar expressions,
parametric functions, and inequalities.
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B Zoom

This function lets you enlarge and reduce the graph on the screen.
1. Draw the graph.
2. Specify the zoom type.

(F2) (ZOOM) F1) (BOX) ... Box zoom
Draw a box around a display area, and that area is enlarged to
fill the entire screen.

(F2) (FACTOR) ... Factor zoom
Specifies the x-axis and y-axis zoom factors for factor zoom.
(F3) (IN)/(F4 (OUT) ... Factor zoom

The graph is enlarged or reduced in accordance with the factor
you specify, centered on the current pointer location.

(F5) (AUTO) ... Auto zoom

V-Window y-axis settings are automatically adjusted so the
graph fills the screen along the y-axis.

(Fe) (™) (F) (ORIGINAL) ... Original size
Returns the graph to its original size following a zoom operation.
(Fe) (>>) (F2) (SQUARE) ... Graph correction

V-Window x-axis values are corrected so they are identical to
the y-axis values.

(Fe) (™) (F3) (ROUND) ... Coordinate rounding
Rounds the coordinate values at the current pointer location.
(Fe) (™) (FA(INTEGER) ... Integer

Each dot is given a width of 1, which makes coordinate values
integers.

(Fe) (>>) (F5) (PREVIOUS) ... Previous

V-Window parameters are returned to what they were prior to
the last zoom operation.

Box zoom range specification

3. Use the cursor keys to move the pointer (gh) in the center of the screen to the location
where you want one corner 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 [xg to
enlarge it.
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Example Graph y = (x + 5)(x + 4)(x + 3), and then perform a box zoom.
Use the following V-Window settings.

Xmin = -8, Xmax = 8, Xscale =2
Ymin =4, Ymax = 2, Yscale =1
@ (EN) Graph B Select range end point
ER 6 (V-WIN©) (B) 68 (8) 68 (2) B8 ® H [
©EEDEDEED 7.0 - R
E3(TYPE) ED(Y=) (O 620 () (8) O) () 620 () (@) O / .
@ ¥=-bJ9682653968 _3Y=1 .C)322580E35BmX
(F6) (DRAW)
@ (F2)(ZOOM) [E1) (BOX) B
® @-@
@ @-@,@®-D N
/ N4

* 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.

B Zoom In/Zoom Out Using Key Operations

You can use the and (=) keys while the graph screen is on the display to zoom in and out
on the center of the graph screen. The zoom operations are performed in accordance with the
factor value specified with (shF) (F2) (ZOOM) (F2) (FACTOR).

B Using Pan to Shift the Graph Screen

You can use pan to grab a location on the graph screen and drag the screen image up, down,
left, and right. The pan operation can be used in the Graph, Conic Graphs, Table, and
Recursion modes. Note, however, that it cannot be used while the “Dual Screen” setting on
the Setup screen is “G+G” or “GtoT”.
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¢ To pan the screen
1. While the graph screen is on the display, press (F2) (PAN).
* This enters the Pan mode and displays a pointer (k) in the center of the screen.
2. Move the pointer to the location on the screen you want to grab and then press [exg.
* This causes the pointer to change from R to .

3. Use the cursor keys to shift the screen in the direction you want. When you are finished
shifting the screen, press [exg.

* Pressing executes the graph drawing operation and changes the shape of the pointer

from ,{rn] to k.

* In the Pan mode, each press of [xg toggles the shape of the pointer between R and .
While the ® pointer is on the display, you can use the cursor keys to move it to another
location on the screen. Pressing the cursor keys while the g pointer is on the display will
shift (pan) the screen contents.

4. To exit the Pan mode, press (EXT).

M Displaying a Graph Background Image

You can configure the calculator so a particular image is always displayed as the graph
background image. Use the “Background” setting on the Setup screen to specify the
background image. The following describes the types of files that can be used as the
background image.

* A file saved using the procedure under “Saving Graph Screen Contents as an Image (g3p
File)” (page 5-21)
* A file described under “Managing Picture Plot Files” (page 15-5)

e To select the graph background image

1. From the Main Menu, enter the Graph mode.

2. Press (WENY) (SET UP) to display the Setup screen.

3.Use @ and & to move the highlighting to “Background” and then press (F2)(PICT n),
(F3) (OPEN), or (F1J(None).

* |f you do not want to display a background image on the graph screen, press (FiJ(None)
and then advance to step 6.

* To display a list of g3p files stored in the PICT folder in storage memory, press
(F2 (PICT n).

* To display a list of g3p files stored in the PICT folder in the storage memory root directory,
press (F3](OPEN). In this case, use @ and @ if required to move the highlighting to the
folder that contains the image you want to use and then press (F1)(OPEN).

4.Use @ and @ to move the highlighting to the file you want to use and then press
1) (OPEN).
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5. When the “V-Window values for specified background will be loaded. OK?” confirmation
dialog box appears, press (F1)(Yes) to apply the V-Window settings saved with the g3p file
or (F6) (No) to retain the current V-Window settings.

* Pressing (F1)(Yes) overwrites all V-Window setting values except T@min, TOmax, and
TOptch with the values stored with the g3p file.

6. To exit the Setup screen, press [EXT].

® To overwrite current V-Window settings with the settings saved with the
background image

1. In the Graph mode, press (F3) (V-WIN) to display the V-Window screen.
2. Press (Fg) (BGV-WIN).

e This will overwrite all V-Window setting values except T@min, TO@max, and T6Optch with the
values stored with the background file.

3. To exit the V-Window screen, press (EXT].

¢ To update the background image V-Window settings with current V-Window
settings

1. While the graph screen is on the display, press (F4) (BGV-WIN).
2. Press (F1)(SAVE).

* This will cause the “OK to refresh background V-Window?” confirmation message to
appear.

3. Press [F1)(Yes) to update the V-Window settings of the background file, or (Fg)(No) to cancel
updating.

® To save the background image to a file with current V-Window settings
1. While the graph screen is on the display, press (F3) (BGV-WIN).
2. Press(F2) (SAVE - AS).

* This will cause the message “OK to refresh background V-Window?” to appear. To clear
this message and cancel this operation, press (F6)(No).

3. Press [F1)(Yes).
4. Specify the folder you want.
* Highlight ROOT to save the file to the root directory.

* To save the file in a specific folder, use @ and @ to move the highlighting to the desired
folder and then press (F1)(OPEN).

5. Press (F1)(SAVE - AS).



6. On the File Name dialog box that appears, enter a name up to eight characters long and
then press [exg.

* This saves the background image under the name you specify. It also changes the image
specified for the “Background” item on the Setup screen to the newly saved background
image.

B Adjusting the Lightness (Fade 1/0) of the Background Image

You can adjust the lightness of the graph screen background image specified by the
“Background” setting on the Setup screen within a range of 0% (as-is) to 100% (all white).
A higher setting value makes the image lighter, and a setting of 100% displays an all white
background.

B FetiRedornd B HetiRadFornd

2

i

N hid
EEREEIE -5l —Zai E{ e e 5
{

]
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You can use this setting to adjust the background image to a level that makes the graph easier
to see.

* Note that the lightness setting can be adjusted only when the background image is a 16-bit
image data.

* After you adjust the lightness level, the setting is stored with the background image.

¢ To adjust the lightness (Fade 1/0) of the background image

1. While the graph screen is on the display, press (F3) (Fadel/O). If you are in the Dyna
Graph mode, press (F1) (Fadel/O).

* This causes a slider for adjusting image lightness to appear on the display.
2. Use @ and ® to adjust the lightness value.
* Each press of @ or ® changes the setting value in steps of 5%.
* You can also input values directly, if you want. To specify a lightness value of 20%, for

example, press (2] (0] [exg.
3. After the setting is the way you want, press [EXT).
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3. Drawing a Graph

You can store up to 20 functions in memory. Functions in memory can be edited, recalled, and
graphed.

B Specifying the Graph Type

Before you can store a graph function in memory, you must first specify its graph type.

1. While the graph relation list is on the display, press (F3](TYPE) to display the graph type
menu, which contains the following items.

 {Y=}/{r=}/{Param}/{X=} ... {rectangular coordinate (Y=f{x) type)}/{polar coordinate}/
{parametric}/{rectangular coordinate (X=£(y) type)} graph

o {YSY<I{YZI{YS) ... {Y>FOO)MY<f(0)Y{Y>f (x)Y{Y<f(x)} inequality graph
o {XSX<H{IX=ZMXS] ... XS X< ) Y{X=2Ay) Y{X<](y)} inequality graph
* {CONVERT}
o (Y=Y Y Y<H{» Y2 {» Y {» X=}{» X>}{»X<}/{»X=}/{» X<}
... {changes the function type of the selected expression}
2. Press the function key that corresponds to the graph type you want to specify.

H Storing Graph Functions

® To store a rectangular coordinate function (Y=)

Example To store the following expression in memory area Y1: y =2x2-5

(F3)(TYPE)F1)(Y=) (Specifies rectangular coordinate expression.)
2 (=) (8] (Inputs expression.)
(Stores expression.)

B

Graph Func :Y=

Y1E2x%-5 [—1

e 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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® To store a parametric function

Example To store the following expressions in memory areas Xt3 and Yt3:
x =3 sinT
y=3cosT

(F3)(TYPE) (F3) (Param) (Specifies parametric expression.)
(3] (sin) [Exg (Inputs and stores x expression.)
3 [Exg (Inputs and stores y expression.)

® To create a composite function
Example To use relations in Y1 and Y2 to create composite functions for Y3
and Y4

Yi=+(x+1),Y2=x2+3
Assign Y1°Y2 to Y3, and Y2°Y1 to Y4.

(Y1o¥2 = \((Z + 3) +1) = (32 + 4) Y2oY1=(\(x + 1))?+3=x+4 (x 2-1))

Input relations into Y3 and Y4.

(E3)(TYPE) [E1) (Y=) [rg) (F4) (GRAPH)

]

FAVDOEYEDE SepL e YT L
@S F3) (GRAPH) E (Y) @) ¥28x°+3 [—1
A FE(Y)E 0] B9 [—]

Y4ABY2 (V1)
YhH: [—]

Ve . r____1
SELECT ] (ANE13 NRTS) MRW(MODIF Y| DRAW |

* A composite function can consist of up to five functions.

5-14



® To assign values to the coefficients and variables of a graph function

Example To assign the values -1, 0, and 1 to variable A in Y = AX2-1, and draw a
graph for each value

E3)(TYPE)ED(Y=)
ke (A) (eT (3 (=) (1] )
(F4)(GRAPH) E1 (Y) (1 (em (A)

]

Graph Fune :Y=
YigAx2-1 [—1
Y2BY1 (A=-1) [—1
BY1 (A [
Y4BY1 (A=1) [—1

VR : r—=n1
REIEAAIDELETE] TYPE | TOOL JEoa | sl

BDEEM

(Fa)(GRAPH) E1 (Y) (1 (61 (A)
=00 e

(F4)(GRAPH) E1 (Y) (1 (em (A)

DEOOEY
@ ® @ @ [FI(SELECT)
(Fe) (DRAW)

Bl [EXE]:Show coordinates Bl [EXE]:Show cocrdinates
7 3y

¥2=Y1(A==1) £l ¥
E 2

1 1
e =

£ -5 -4 & -2 - 0 2 3 4 5 3 £ -5 -4 -3 B - Q ! 2 3 4 ] -]
I:E:'(l.—l)
. . 2
X=1 v=-9 X=1 v=-{

The above screens are produced using the Trace function.
See “Function Analysis” (page 5-54) for more information.

B Changing Graph Properties

e To change graph properties from the graph relation list screen

1. On the graph relation list screen, use @ and @ to highlight the relation whose graph
properties you want to change.

2. Press (5] (FORMAT) to display the format dialog box. g
G v I = .

Y 1:Line Style AL —1
y#l 2:Line Color :

vl OK :[EXIT] Cancel![AC]
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3. Use @ and @ to move the highlighting to “Line Style”
and then press [Exg.

2:Thick

3:Broken
Al 4:Dot
fl 5:Thin

4. On the list of line styles that appears, use @ and ® to move the highlighting to the
desired style and then press [Exg.

* You also can select an option by pressing the number key that corresponds to the number
to the left of the desired option.

5. Use @ and (® to move the highlighting to “Line Color” 5
and then press [exg. - ~—

[ 5:Green
Y : I 5:Cyan
Vil XN 7:Vellow
Y4 A:Magenta [ #:White

6. On the list of colors that appears, use @ and @ to move the highlighting to the desired
color and then press [Exg.

* You also can select an option by pressing the number key that corresponds to the number
to the left of the desired option.

7. After the setting is the way you want, press ([EXT).

¢ To change graph properties from the graph screen
1. While the graph screen is on the display, press (58] (FORMAT).

* If there are multiple graphs on the graph screen, one of them will start flashing. The
flashing graph is the one that is currently selected.

* If there are multiple graphs on the graph screen, perform step 2, below. If there is only one
graph on the screen, skip step 2 and go directly to step 3.

2.Use @ and @ to move the flashing to the graph whose properties you want to change
and then press [exg.

3. Use the format dialog box that appears to configure the Line Style and Line Color as you like.

* For the remainder of this procedure, perform the steps from step 3 under “To change
graph properties from the graph relation list screen”.

* Pressing will redraw a graph in accordance with your changes.
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¢ To change the line style of a graph function

1. On the graph relation list screen, use @ and @ to highlight the relation whose line style
you want to change.

2. Press (F4)(TOOL) [F1)(STYLE).
3. Select the line style.

Example To change the line style of y = 2x2 - 3, which is stored in area Y1, to
“Broken”
(F3) (TOOL) (F1)(STYLE) (F3) (=-==) (Selects “Broken”.)

B Editing and Deleting Functions

® To edit a function in memory

Example To change the expression in memory area Y1 from y = 2x?> -5 to
y=2x?-3
® (Displays cursor.)
® & & & ® el (8] (Changes contents.)
(Exg (Stores new graph function.)

e To change the type of a function *'

1. While the graph relation 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)(F5) (CONVERT).
3. Select the function type you want to change to.
Example To change the function in memory area Y1 from y = 2x? - 3 to
y<2x?-3
(F3)(TYPE)(F5) (CONVERT) F3) (» Y<) (Changes the function type to “Y<”.)
*! The function type can be changed for rectangular coordinate functions and inequalities only.
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® To delete a function

1. While the graph relation 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)(DELETE) or [pEJ.

3. Press [F1)(Yes) to delete the function or (F6)(No) to abort the procedure without deleting
anything.

* Using the above procedure to delete one line of a parametric function (such as Xt2) also
will delete the applicable paired line (Yt2, in the case of Xt2).

M Selecting Functions for Graphing

® To specify the draw/non-draw status of a graph
1. On the graph relation list, use @ and @ to highlight the relation you do not want to graph.
2. Press (F1)(SELECT).
* Each press of (F1)(SELECT) toggles graphing on and off.
3. Press (Fg) (DRAW).

Example To select the following functions for drawing:
Y1 =2x2-5,r2=5sin36

Use the following V-Window settings.

Xmin = -5, Xmax =5, Xscale =1
Ymin = -5, Ymax =5, Yscale =1
Témin = 0, TOmax =, Toptch =21/ 60

Q@ @ (Select a memory area that contains a E

function for which you want to specify non-draw.)
(F1) (SELECT) (Specifies non-draw.)
(F6) (DRAW) or (Draws the graphs.)

Ml Displaying and Hiding Graph Axes and Label on the Graph Screen

You can use the Setup screen settings to alter the appearance of the graph screen as shown
below.

* Grid: On (Axes: On, Label: Off) B

This setting causes dots to appear at the grid intersects on
the display.

Changing the V-Window Xscale or Yscale settings to 0
while “On” is specified for the Grid setting will cause the
dots to disappear from the display.
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e Grid: Line (Axes: On, Label: Off) B

This setting causes scale lines to be displayed for the x-
axis and y-axis.

Changing the V-Window Xscale setting to 0 while “Line”
is specified for the Grid setting will cause the vertical lines
to disappear from the display. Changing the V-Window

Yscale setting to 0 will cause the horizontal lines to
disappear.

* Axes: Off (Label: Off, Grid: Off) B

This setting clears the axis lines from the display.

* Axes: Scale (Label: Off, Grid: Off) B

This setting causes scale lines to be displayed for the x-
axis and y-axis.

e Label: On (Axes: On, Grid: Off) B
¥
This setting display x-axis, y-axis, and origin (O) labels.

* Even if the Grid setting is “On” or “Line”, grid lines will not be displayed if the V-Window
settings are configured in a way that the grids are too close to each other.

B 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 relation list (up to 20)
* Graph types

* Function graph line style and color information

* Draw/non-draw status

* V-Window settings (1 set)
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¢ To store graph functions in graph memory
1. Press (F4)(TOOL) (F2) (GPH-MEM) (F1) (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 [exg. Pressing (1] [Exg stores the graph function to Graph Memory 1
(G-Mem?1).

* There are 20 graph memories numbered G-Mem1 to G-Mem20.

» Storing a function in a memory area that already contains a function replaces the existing
function with the new one.

* If the data exceeds the calculator’'s remaining memory capacity, an error occurs.

® To recall a graph function
1. Press (F4)(TOOL)(F2) (GPH-MEM) (F2) (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 [exg. Pressing (1] [Exg recalls the graph function in Graph Memory 1 (G-Mem1).

* Recalling data from graph memory causes any data currently on the graph relation list to
be deleted.

Saving and Recalling Graph Screen Contents

You can save the contents of the graph screen to a file. The format of the file is g3p, which
is a proprietary format unique to this calculator. Performing the save operation in this section
saves the following information.

* A bitmap image of the graph
* A bitmap image of the graph background (including axes, grid, axes labels, background
image)
- The background image includes the lightness setting, so it is saved as it appears on the
graph screen.
- The function menu and status bar are not included in the background image.
* V-Window settings (excluding T@min, TOmax, TOptch values)

Saved images can be recalled to a graph screen and overlaid onto another graph, or recalled
from and used in another application.
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l Saving Graph Screen Contents as an Image (g3p File)

There are two methods that can be used to save a g3p file.

» Saving to Picture Memory
This method lets you assign a number from 1 to 20 to an image when you save it. It stores
the image in the storage memory’s PICT folder as a file with a name from Pict01.g3p through
Pict20.93p.

» Saving under an Assigned Name
This method saves the image in the folder you want in storage memory. You can assign a
file name up to eight characters long.

Important!

* A dual graph screen or any other type of graph that uses a split screen cannot be saved in
picture memory.

® To save a graph screen image to Picture Memory
1. While the graph screen is on the display, press (F1)(PICTURE) (F1)(STORE) (F1)(1-20).

2. On the Store In Picture Memory screen that appears, enter a value from 1 to 20 and then
press [exg.

* There are 20 picture memories numbered Pict 1 to Pict 20.

* Storing an image in a memory area that already contains an image replaces the existing
image with the new one.

¢ To store a graph screen image under a file name

1. While the graph screen is on the display, press (F1)(PICTURE)(F1)(STORE)
[F2(SAVE - AS).

e This displays a folder selection screen.
2. Select the folder where you want to save the image.

* To store the image in the root directory, highlight EER 15412 KBytes Free
“ROOT". Save

oCapt
oPict

SAVE-AS
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* To store the image in a folder, use @ and @ to move the highlighting to the desired
folder and then press (F1)(OPEN).

E® 15412 KBytes Free EI[® 15412 KBytes Free
Save Save \pict
ROOT
oCapt
%
| OPEN J SAYE-AS

3. Press [F1)(SAVE - AS).

4. On the File Name dialog box that appears, enter a name up to eight characters long and
then press (ex.

H Recalling an Image (g3p File) to a Graph Screen

There are two methods that can be used to recall an image (g3p file) to a graph screen.
* Recalling an image from picture memory (Pict01.g3p to Pict20.g3p)
* Recalling an image from a folder in storage memory

Note

* Recalling an image causes it to be placed immediately behind the graph (above the current
background image) on the graph screen.

* To clear a recalled image, display the graph screen and then press (F4) (SKETCH)
(F1)(Cls).

® To recall an image stored in Picture Memory
1. While the graph screen is on the display, press (F1)(PICTURE) (F2) (RECALL) F1) (1-20).

2. On the Recall From Picture Memory screen that appears, enter a value from 1 to 20 and
then press [exg.

® To recall a g3p file stored in Storage Memory

1. While the graph screen is on the display, press (F1)(PICTURE)(F2) (RECALL)
[F2) (OPEN).

* Use @ and @ if required to move the highlighting to the folder that contains the image
file you want to recall and then press (F1) (OPEN).

2.Use @ and @ to move the highlighting to the file you want to recall and then press
(F1) (OPEN).
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5. Drawing Two Graphs on the Same Screen

H Copying the Graph to the Sub-screen

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.

e 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.

e To copy the graph to the sub-screen

1. From the Main Menu, enter the Graph mode.

2. On the Setup screen, select “G+G” for “Dual Screen”.
3. Configure V-Window settings for the main screen.

Press (Fg)(RIGHT) to display the sub-graph settings screen. Pressing (F6)(LEFT) returns to
the main screen setting screen.

4. Store the function, and draw the graph in the main screen.
5. Perform the Dual Graph operation you want.
(F1) (COPY) ... Duplicates the main screen graph in the sub-screen
(F2) (SWAP) ... Swaps the main screen contents and sub-screen contents

* Indicators appear to the right of the formulas in the graph relation list to tell where graphs are
drawn with Dual Graph.

B
Graph+Graph :Y= ) . . .
Yi=x(x+2) (x-2) =R /ndicates sub-screen graph (on right side of display)

2
Y282x"-3 [—1 EH—— Indicates graph drawn on both sides of display

Performing a draw operation with the function marked “ [&” in the above example screen
causes the graph to be drawn on the right side on the display. The function marked “ Bis
drawn on both sides of the graph.
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Pressing (F1)(SELECT) while one of the functions marked “ RB>or<Bis highlighted would

causes its “I&” or “ B ” indicator to be cleared. A function without an indicator is drawn as
the main screen graph (on the left side of the display).

* The graph properties operation can be performed only for the graph that is on the left side
of the Dual Graph graph screen.

* If you change the graph properties of an expression marked with “ B on the graph
relation list screen and then draw the graph, the changes will be applied to both graphs.

* You cannot change the graph properties of an expression marked with “ [ on the graph
relation list screen.

* For details about how to change graph properties, see “Changing Graph Properties” (page
5-15).

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
1) [MEN) Graph

@ (s (MW (SET UP) ® @ @ @ [F1)(G +G) ExT)
@ G EY(V-WIN) @D R0 HE MO
© 2 e (2 B9 @ e
8 (RIGHT) @) (4] &€ (4) g () g ®

© @ &9 (&) [ 8 D B :
@ [F)(TYPE)FD(Y=)fFen Q&) B 0 O [ 1 / /
a1 = @ 6] B ENIFRENNY IOF
(Fg) (DRAW) / ° /
® [m [F1)(COPY)

* Pressing while a graph is on the display will return to the screen in step 4.
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6. Manual Graphing

B Graphing in the Run-Matrix Mode
While the Linear input/output mode is selected, commands can be input directly in the Run-
Matrix mode to draw a graph.

You can select a function type for graphing by pressing (F4) (SKETCH) (F5) (GRAPH) and
then selecting one of the function types shown below.

o {Y=}{r=}/{Param}/{X=}/{G- [dx} ... {rectangular coordinate}/{polar coordinate}/{parametric
function}/{X=£y) rectangular coordinate}/{integration} graphing

o [YSYLY<M{Y>M{Y<} ... Inequality {Y>Ax) VY <fCo) YY) {Y<fx)} graphing
o IXSYIX<MIXSMIXS} ... Inequality {X>A) YIX<fO) XS X<AY)}) graphing

e Graphing with Rectangular Coordinates
1. From the Main Menu, enter the Run-Matrix mode.
2. On the Setup screen, change “Input/Output” setting to “Linear”.
3. Configure V-Window settings.
4. Input the commands for drawing the rectangular coordinate graph.
5. Input the function.

Example Graph y = 2x? + 3x — 4.
Use the following V-Window settings.
Xmin = -5, Xmax =5, Xscale = 2
Ymin=-10, Ymax=10, Yscale =5

@ (END) Run-Matrix
@ (N0 (SET UP) (F2) (Line) EXIT
@ [ (3 (V-WIN) (@) (5] (g (5] g (2] [ @

ONOEODEE®EED |B
@ (snrT) (F4) (SKETCH)(F1)(Cls) [xg) \ 5 /
9 (GRAPH) ED (V=) N I
6 D@ME®DEE @ EE AN
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* Certain functions can be graphed easily using built-in function graphs.
* You can draw graphs of the following built-in scientific functions.
Rectangular Coordinate Graph Polar Coordinate Graph

® sin x ® COS x e tan x esin”' x esin O °eCcos 0 etan 0 esin™' O
ecos'x etan'x esinhx e cosh x ecos'O etan' O esinh 6 e cosh 6
etanhx esinhx ecosh™x etanh'x|[|etanh® esinh 'O ecosh' etanh' 0

*Vx o x2 * log x * Inx ] Nk *log 6 *Inb
10" ot o x! o 3\/x *10° °e? ° g *3/0
d &

- Input for x and 6 variables is not required for a built-in function.
- When inputting a built-in function, other operators or values cannot be input.

e Graphing a Parametric Function
Your calculator can graph a parametric function represented by (X, Y) = (AT), g(T)).

Example To graph using the function parameters below
X =7cosT - 2c0s3.5T y =7sinT - 2sin3.5T
Use the following V-Window settings.
Xmin =-20, Xmax = 20, Xscale =5
Ymin=-12, Ymax=12, Yscale=5
TOmin =0, TOmax =4n, TOptch=r+ 36
On the Setup screen, select “Param” for “Func Type”, and “Rad” for “Angle”.

@ [EN) Run-Matrix
@ (W) (SET UP) [F2) (Line) ® @ @ [E3)(Param) ® @ @ ([F2) (Rad) [EX)

@ ) [F3)(V-WIN) (=) (2) (0] () (2) (@) (e (B) (e
@0 R EIE 29 (5] 9
@) (g (8] (sur1) (x107) () (Ex) (shiFT) (x109) () (52) (3] (6] (Exg) (EXIT)

=<
m

@ (snrr) (F4) (SKETCH) F1)(Cls) [xe) B

(F5) (GRAPH) (F3) (Param)
® [@ ey k67 (=) (2] oy (3] (4] (5] (6T (o] 2

-15 -10 -5 8] 10 15

(@ sin) 67 (= (2] in) (3] (] (B (k1) () N
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e Graphing an Integration
Your calculator can graph a function that performs integration calculation.

Calculation results are displayed in the lower left corner of the screen, with the integration area
filled in.

Example To graph the integration formula f_;(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

On the Setup screen, select “Y=" for “Func Type”.

@ [EN) Run-Matrix
@ MEN) (SET UP) ® ® @ [E1)(Y=) [EXT)

6 E@EV-WNG @R DB DBE®
OEEDDE G EEED

@ [sar) F4) (SKETCH) [E (Cls) g B
(F5) (GRAPH) [£5) (G- Jdlx)

® AraER@QOMOrE00]
M HBE3 00 EEOEY

B Drawing Multiple Graphs on the Same Screen (Overwrite Graph)
Use the following procedure to assign various values to a variable contained in an expression
and overwrite the resulting graphs on the screen.
1. From the Main Menu, enter the Graph mode.
2. On the Setup screen, change the “Dual Screen” setting to “Off”.
3. Configure V-Window settings.

4. Specify the function type and input the function. The following is the syntax for function
input.

Expression containing one variable (3] (#)([) variable () (=) value (2] value (o]
... (0] value (s#F1) (=] (1)

5. Draw the graph.
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Example To graph y = Ax? — 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

@ [WEN) Graph
@ [surT) (HENY (SET UP) @ @ @ @ (F3)(Off) [Exm)
@ (e [E3)(V-WIN) () (8] e (5] 9 (1) 9 @
© (1 (0] &g (1] (0] (4 (2] (exg) (EXT)
@ [E)(TYPE)(F)(Y=) () (kem) (A) keT) (23 (=) (3) (&)
(sFm) () ([ ) () (oM (A) (e (D =) B G D G @[
G (S)(1) B
® (Fe)(DRAW)

W= mom

AN\

-4

-3

)
)
b d s

S
<

2 E] 4

* When multiple graphs are drawn simultaneously with the above operation, they are drawn
using five different colors in the following sequence: blue, red, green, magenta, black. The
first graph is drawn using the color specified for an expression that is registered on the graph
relation list screen, followed by the next color in the above sequence.
Due to display readability considerations, if cyan or yellow is specified for the expression, the
default color for the graph relation list screen line where the expression is registered will be

used instead.

* You cannot change the line color or line style for graphs drawn using the above operation.

* 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.

e Overwrite can be used when graphing rectangular expressions, polar expressions,

parametric functions, and inequalities.
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H Using a List to Simultaneously Draw Multiple Graphs (List Graph)

You can use a list to simultaneously draw multiple graphs by substituting list data for a
coefficient within an expression registered on the graph relation list screen.

Example: List 1 = {1,2,3}, List 2 = {4,5,6}

* Registering and graphing the expression Y1 = (List 1)X2 will simultaneously draw graphs for
the following three expressions:
Y=X2Y=2X%Y=3X?

* Registering and graphing the expression Y1 = (List 1)X2 — (List 2) will simultaneously draw
graphs for the following three expressions:

Y=X2-4,Y=2X?-5,Y=3X?-6

Important!

If you want to use multiple lists within a registered expression, all of the lists must have the
same number of elements. A Dimension ERROR will occur if a list that does not have the
same number of elements as the other lists is included.

® To use a list to simultaneously draw multiple graphs

1. Use the List Editor (Chapter 3) to register the list(s) you want to use.
2. From the Main Menu, enter the Graph mode.

3. On the Setup screen, change the “Dual Screen” setting to “Off”.

4. Configure V-Window settings.

5. Register an expression with a coefficient that uses the list(s) data.
6. Draw the graph.

Example Register {3, 1, -1} in List 1, and then graph y = (List 1)x2 - 3.
Use the following V-Window settings.
Xmin = -5, Xmax = 5, Xscale =1
Ymin=-10, Ymax =10, Yscale = 2

1 [MEW) Statistics

AEOEOCDE

@ [MEN) Graph

@ (sHFT) (END) (SET UP) ™ @ & @ (F3) (Off) [ExiT) B

@ EBVWNOEDEEEDBE®O 0N \\ o //
B (D 0 68 (2 &3 B : ;

® E(TYPE)FD (Y=) &R (@ (List) D) (0 @ B @) 69 [ ——

® (F8(DRAW) ><
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* When multiple graphs are drawn simultaneously with the above operation, they are drawn
using five different colors in the following sequence: blue, red, green, magenta, black. The
first graph is drawn using the color specified for an expression that is registered on the
graph relation list screen, followed by the next color in the above sequence.

Due to display readability considerations, if cyan or yellow is specified for the expression,
the default color for the graph relation list screen line where the expression is registered
will be used instead.

* You cannot change the line color or line style for graphs drawn using the above operation.
* When Simul Graph is turned on, all of the graphs are drawn simultaneously.

H Using Copy and Paste to Graph a Function

You can graph a function by copying it to the clipboard, and then pasting it into the graph
screen.
There are two types of functions you can paste into the graph screen.

Type 1 (Y= expression)

A function with the Y variable to the left of the equal sign is graphed as Y=
expression.

Example: To paste Y=X and graph it
* Any spaces to the left of Y are ignored.
Type 2 (expression)
Pasting this type of expression graphs Y= expression.
Example: To paste X and graph Y=X
* Any spaces to the left of the expression are ignored.

e To graph a function using copy and paste

1. Copy the function you want to graph to the clipboard.

2. From the Main Menu, enter the Graph mode.

3. On the Setup screen, change the “Dual Screen” setting to “Off”.
4. Configure V-Window settings.

5. Draw the graph.

6. Paste the expression.
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Example While the graph of y = 2x? + 3x — 4 is currently displayed, to paste the
previously copied function Y=X from the clipboard

Use the following V-Window settings.

Xmin = -5, Xmax =5, Xscale =2
Ymin=-10, Ymax =10, Yscale=5

1 [MEN) Run-Matrix
(k) (=) (Y) e (2 (=) (k)
(CLIP) ® @ @ [F1)(COPY)
@ [N Graph
@ [sr7) (ENY (SET UP) @ @ @ @ (F3)(Off) [ExT)
@ (e [E3)(V-WIN) () (8] e (58] ) (2) 9 ©
© @] (@ &g (] (0] Ex (5] (g (EXT)
® E)(TYPE)([F)(Y=) (2] keT) (23 (#) (3] (teD) (=) (4] (g
(Fe) (DRAW)
® (s (@] (PASTE)

]

\ 5

14

-4 2

7

* A graph drawn as the result of a paste operation is drawn with blue line color and normal line
style. You can change the line color and line style on the graph screen only. For details, see

“Changing Graph Properties” (page 5-15).

* Paste is supported only when “Off” is selected for the “Dual Screen” setting on the Setup

screen.

* Though there is no limit on the number of graphs you can draw by pasting a function, the
total number of graphs supported by trace and other functions is 30 (number of graphs
drawn using expression number 1 to 20, plus graphs drawn using pasted functions).

* For the graph of a pasted function, the graph expression that appears when using trace or

other functions is displayed in the format: Y= expression.

* Re-executing a draw without clearing graph screen memory will redraw all the graphs,

including those produced by pasting functions.

5-31




7. Using Tables

From the Main Menu, enter the Table mode.

Bl Storing a Function and Generating a Number Table

e To store a function

Example To store the function y = 3x> — 2 in memory area Y1

Use @ and @ to move the highlighting in the table relation list to the memory area where
you want to store the function. Next, input the function and press [exg to store it.

e 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.
e 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

Example To generate a table as the value of variable x changes from -3 to 3, in
increments of 1

(iENY Table E
Table Setting

[F5)(SET) X

©EedE) g H) e Start:-3

End :3

The numeric table range defines the conditions under which the value of variable x changes
during function calculation.

Start............ Variable x start value
End............. Variable x end value
Step ..eveeennn. Variable x value change (interval)

After specifying the table range, press to return to the table relation list.
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¢ To generate a table using a list

1. While the table relation list is on the screen, display the Setup 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 Setup screen to change to List 6.

4. After specifying the list you want to use, press to return to the previous screen.

e To change the number table character color from the table relation list
screen

The procedure for changing the number table character color from the table relation list screen

is identical to the procedure for changing the graph line color from the graph relation list

screen.

For details, see “To change graph properties from the graph relation list screen” (page 5-15).

¢ Generating a Table

Example To generate a table of values for the functions stored in memory areas
Y1 and Y3 of the table relation list

Use @ and & to move the highlighting to the E
function you want to select for table generation and
press [F1)(SELECT) to select it. _2
The “=” sign of selected functions is highlighted on

. Y4: [—1
the screen. To deselect a function, move the cursor Y5 : [—]
to it and press (F1)(SELECT) again.
Press (F6)(TABLE) to generate a number table using B
the functions you selected. The value of variable x % V1
changes according to the range or the contents = 05
of the list you specified. { -f lfli W
The example screen shown here shows the results based 0 -2
on the contents of List 6 (-3, -2, -1, 0, 1, 2, 3) -3

Each cell can contain up to six digits, including negative sign.
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¢ To generate a differential number table

Changing the setting of Setup 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
coefficient displays “dY/dX” in the top line;
which indicates differential.

* An error occurs if a graph for which a range is specified
or an overwrite graph is included among the graph
expressions.

dY /dX
b3

]

v1 v
-3 26 T
-2 10 -12
-1 1 -6
0 -2 0

-18
FORMULA) (NSN3 ISP [ EDIT J(&PH-CON [GPH-PLT

¢ Specifying the Function Type
You can specify a function as being one of three types.
* Rectangular coordinate (Y=)
* Polar coordinate (r=)
e Parametric (Param)

1. Press (F3](TYPE) while the relation list is on the screen.

2. Press the number key that corresponds to the function type you want to specify.

* The number table is generated only for the function type specified on the relation list (Table
Func). You cannot generate a number table for a mixture of different function types.

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
* Draw a connect type graph
* Draw a plot type graph

e {FORMULA} ... {return to table relation list}
e {DELETE} ... {delete table}
* {ROW}

* {DELETE}/{INSERT}/{ADD} ... {delete}/{insert}/{add} row

* {EDIT} ... {change the values of variable x}

* {GPH-CON}/{GPH-PLT} ... {connected type}/{draw plot type} graph draw

* If you try to replace a value with an illegal operation (such as division by zero), an error

occurs and the original value remains unchanged.

* You cannot directly change any values in the other (non-x) columns of the table.
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B Copying a Table Column to a List

A simple operation lets you copy the contents of a numeric table column into a list.

Use @ and ® to move the cursor to the column you want to copy. The cursor can be in any
row.

e To copy a table to a list

Example To copy the contents of Column x into List 1
(F1) (LISTMEM)
Input the number of the list you want to copy and then press [exg.
ER)GE)
B B
Store In X Y1
List Memory [ -3 25
List[1~26]: | { N w
U -z ! 4] -2 4]
S THE B e e B S THE B A e °

* The color of the text in the list where you perform the paste operation will be black.

B Drawing a Graph from a Number Table
Use the following procedure to generate a number table and then draw a graph based on the
values in the table.

1. From the Main Menu, enter the Table mode.
2. Configure V-Window settings.
3. Store the functions.
4. Specify the table range.
5. Generate the table.
6. Select the graph type and draw it.
(F5) (GPH-CON) ... line graph
(F§) (GPH-PLT) ... plot type graph

* After drawing the graph, pressing (F§) (GeT) or returns to the number table screen.
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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=x?

Use the following V-Window settings.
Xmin =0, Xmax = 6, Xscale =1
Ymin =-2, Ymax =10, Yscale =2

@ [N Table
@ () (F3)(V-WIN) (@] (xg (6] (g (D) B9 @
© 2] g @] (@ & (2 B Ex)

@ [E)(TYPE)FEN(Y=)(3) k6T (23 (=) (2] [Exg) B
&eD @ @9 ’

@ F(SEN ) E) Y (B) e (1) E) Ex
® (Fe)(TABLE)
® (F5(GPH-CON) Vi R

* You can use Trace, Zoom, or Sketch after drawing a graph.

* You can use the graph screen to change the properties of a graph after you draw using a
number table. For details, see “To change graph properties from the graph screen” (page
5-16).

H Simultaneously Displaying a Number Table and Graph
Specifying “T+G” for “Dual Screen” on the Setup screen makes it possible to display a number
table and graph at the same time.

1. From the Main Menu, enter the Table mode.
2. Configure V-Window settings.
3. On the Setup screen, select “T+G” for “Dual Screen”.
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.
(F5) (GPH-CON) ... line graph
(F6) (GPH-PLT) ... plot type graph
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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

(1) [MEND Table
@ (e (F3)(V-WIN) (@] ) (6] (g (1) (9 @

© (2 ¢ [ @] B9 (2] 9 ExT
@ (s (W) (SET UP) @ @ @ [F)(T+G) [ExT)

@ [F3)(TYPE)[F)(Y=) (@] (LD (=3 (=) (2] (g 0 Gt G

® [FF(SET) v
(3 &9 (3) &9 (D 9 ZZ e

® (F6)(TABLE) -(1) _;

@ (F5(GPH-CON) VARBER

* The Setup screen’s “Dual Screen” setting is applied in the Table mode and the Recursion
mode.

* You can make the number table active by pressing (F1)(CHANGE) or [ad).
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8. Modifying a Graph

A Modify function lets you modify the value of a variable in a graph expression (for example,
the value of A in Y = AX?) from the graph screen and view how the change affects the graph.

B Modify Function Overview

The Modify function can be used in the Graph mode and Conic Graphs mode. To execute
the Modify function in the Graph mode, display the graph relation list screen and press

(F5) (MODIFY). In the Conic Graphs mode, display the coefficients input screen and press
(F1) (MODIFY).

The following shows an example of the graph screen while the Modify function is running.

Graph expression Graph
/
B Use [€]/[2]keys, or input. /
Y1=Ax?-2Bx- y
2
1
b1
- -5 -4 -& -2 -10 1 2 3 4 1 E
szt -
g=2 -2 MODIFY
Step=1
Graph expression variables and Step value

their current values

* The graph expression variables and their current values, and a step value are displayed in
the lower left corner of the screen while the Modify function is running. The variable (or step
value) that you can modify is displayed in magenta.

* Use @ and ® to modify the value of the magenta colored variable. Each press of @ or
® changes the magenta value by the amount specified by the step value.

Important!

* You can use the Modify function to modify only one graph expression, and the graph
expression being modified can contain at least one and no more than five variables. If these
conditions are not satisfied, attempting to execute the Modify function will cause an error.
When there are multiple expressions graphed and only one of them includes variables, you
can execute the Modify function to simultaneously graph the expression that contains the
variables and the expressions that do not contain any variables.

* Note that the Modify function cannot be executed in the case when there is more than one
expression containing variables.
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B Modify Function Operations

¢ To modify a graph in the Graph mode

1.

9.

From the Main Menu, enter the Graph mode.

2. On the Setup screen, change the “Dual Screen” setting to “Off”.
3.
4. Specify the function type and enter a function that contains variables.

Configure V-Window settings.

* In addition to manual input, you also can input expression containing variables using the
built-in function type list that appears when you press (F4)(TOOL)(F3)(BUILT-IN). The
content of the built-in function type list is the same as that in the Dyna Graph mode (page
5-42).

. Press (F5) (MODIFY) to execute the Modify function.

* This will draw the graph function you entered in step 4.

.Use @ and @ to select Step (which will change its color to magenta) and then use the

number keys to enter a step value.

.Use @ and @ to select the variable you want to modify.
.Use @ and ® to change the selected variable value by the unit specified by the step

setting.
* You also can enter the variable value directly.
To exit the Modify operation, press [EXT.

Example To register the graph expression y = x2 — Ax (A initial value = 0) and

specify a step of 0.5, and then observe changes in the graph as the
value of A changes from 0.5 to 2. Next, enter a value of -2 for the value
of A and observe how the graph changes. Use initialized (INITIAL) V-
Window settings.

@ [WEN) Graph

@ (W) (SET UP) @ @ @ @ (F3)(Off) EX)

® (E3) (V-WIN) [E1) (INITIAL) ExT)

@ (E3)(TYPE)ED(Y=)(eD (23 (=] (e (67 (A) ko) B

® [ (MODIFY)
® @O EEY
@ @
@ @ @ @ Bl Use [¢]/[*]keys, or input. B Use [¢]/[?]keys, or input.
¥il=x2—hAx ¥ ¥Yl=x2-Ax ¥
3 2 /
1 1
X x
+ 5 4 9 ¢ LIg] T ¥ 3 4 5 © + 5 4 5 & g\ ! ER R
a3 -1
SiSh = MODIFY Shos 2 MODIFY
Step=0.5 Step=0.5
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@ @ @ B Use [¢]/[?]keys, or input.
Yl=x2-Ax ¥
Sh=l -2 MODIFY
Step=0.56
e To modify a graph in the Conic Graphs mode
Example In the Conic Graphs mode, register the parametric equation X=H + T ;

Y = K + AT? and the initial values A=2, H=0, K=0. Next, use the Modify
function to change H to -1 and then change K to -1, and observe the

changes in the graph.
1. From the Main Menu, enter the Conic Graphs mode.
2. Press (F3](PARAM) to display the parametric equation list.

3. Use ® to move the highlightingto X =H + T; Y = K + AT? and then press [exg.

* This will display a coefficients input screen.

4. Perform the following key operation to input A=2, H=0, K=0.

(2] B9 (0] B9 (0]
5. Press (F1)(MODIFY) to execute the Modify function.

6. Press (. Check to make sure that the H=0 line is
magenta colored and then press (1] [Exg.
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X=H+T Y/
Y=K+AT? ~N
A=2 {(A+0)
H=0
K=0
MODIFY]

B Use [¢]/[?]keys, or input.

¥=H+T v
Y=K+ATZ 2

X
-4 -3 -2 —10 1 2 3 4 & &

¥ I
wRmr M

o+
k)

L= = TR
[5e]

MODIFY

ep=0.5

B Use [¢]/[3]keys, or input.

X=H+T
Y=K+AT2

X
1z 3 4 5 &

€ 5 4 8 2 Ap

-1
A=2

eH==1 -2
K=0

Step=0.5

MODIFY




7. Press . Check to make sure that the K=0 line is B Use [€)/[>]keys, or input.
magenta colored and then press [@) (1] [Exg. L \ ;y
| H
-5 -5 -4 -8 2% -1 1 2 3 4 5 [
\A
]
N s -2 MODIFY
Step=0.5

8. To exit the Modify operation, press (EXT).

B Copying a Graph Expression to the Graph Relation List while the
Modify Function is Running

You can use the following procedure to copy the expression (including its currently assigned
coefficient values) used to draw a graph with the Modify function.

1. While the graph to be copied is displayed and Modify function is running, press
[E1)(COPY).

* This displays the graph relation list screen.

2.Use @ and @ to move the highlighting to the area to which you want to copy the graph
expression.

3. Press [exg.
* This copies the expression and returns to the graph screen.

* You can view the copied expression by pressing twice and displaying the graph
relation list screen.

Important!

* If you select an area that already contains an expression in step 2 of the above procedure,
pressing in step 3 will overwrite the existing expression with the new one.

* Selecting the area where an expression that is being used for graphing (one whose “="
symbol is highlighted) in step 2 of the above procedure and pressing [exg in step 3 will cause
the message “Expression in use” to appear. No copy operation is performed in this case.
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9. Dynamic Graphing

B Using Dynamic Graph

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.

1.
2.
3.

From the Main Menu, enter the Dyna Graph mode.
Configure V-Window settings.

On the Setup screen, specify the Dynamic Type.
(F1)(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.*

*

4

*2

*3

. If required, press (5] (FORMAT) and use the dialog box that appears to specify the

graph color.

. Input values for coefficients, and specify which coefficient will be the dynamic variable.*?
. Specify the start value, end value, and increment.
. Specify the drawing speed.

(F3) (SPEED) (F1(Il=).... Pause after each draw (Stop&Go)*®
F2(>)...... Half normal speed (Slow)
F3) (k) ...... Normal speed (Normal)
F4 (#+)..... Twice normal speed (Fast)

. Draw the Dynamic Graph.
The following are the seven built-in function types.
* Y=Ax+B * Y=A(x-B)?+C * Y=Ax?+Bx+C * Y=Ax"3+Bx*+Cx+D
* Y=Asin(Bx+C) * Y=Acos(Bx+C) * Y=Atan(Bx+C)

After you press (F3)(TYPE) and select the function type you want, you can then input the
actual function.

You could also press [exg here and display the parameter setting menu.

When “Stop&Go” is selected as the drawing speed, starting a Dynamic Graph draw operation
will cause drawing of the graph with the initial variable values to stop. Each press of
sequentially displays the graph of the next variable value. Also, you can scroll to the graph of
the next variable value by pressing ® (or (#]) or to the graph of the previous variable value
by pressing @ (or (=]). To exit the Dynamic Graph draw operation, press (EXT).

* The message “Too Many Functions” appears when more than one function is selected for

Dynamic Graphing.
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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.

@ (En) Dyna Graph

) (F3) (V-WIN) (F1) (INITIAL) (Exm)

® (W) (SET UP) @ (F2) (Stop) [EXT)

@ (F5)(BUILT-IN)® [F1)(SELECT)

® (58] (FORMAT) (1] (Black)

® [F4(VAR)2) g (1) g (@) (1] g

@ [F(SET) (2] g (5] g (1) g (Exm)

(F3) (SPEED) (3] (k) [EXIT)

© (Fe)(DYNA)
Repeats from (1) through @.
ONF @ g
YI=A(x-B)Z+C v Y1=A(x~B)2+C v
L - 1 /
p:4 e p:4
- & -4 -3 -2 -1 O 1 2 E] 4 5 B - & -4 -3 -2 -1 O 1 2 E] 4 5 B
°\/ o \/
) -2
aA=2 A=3
@ ©) 17
E] B
Y1=A(x-B)2+C Y1=A(x-B)2+C ¥
2 2
1 - 1
p:4 e p:4
- & -4 -3 -2 -1 0 1 2 E] 4 5 B - & -4 -3 -2 -1 0 1 2 E] 4 5 B
-1 V -1 V
-2 -2
A=B A=4

B Drawing a Dynamic Graph Locus
Turning on the Dynamic Graph locus setting on the Setup screen lets you overlay a graph
drawn by changing the coefficient values.

. From the Main Menu, enter the Dyna Graph mode.

. Configure V-Window settings.

—

2
3. On the Setup screen, select “On” for “Locus”.

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 variable.
6. Specify the start value, end value, and increment.

7. Specify “Normal” for the draw speed.

8. Draw the Dynamic Graph.
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Example Use Dynamic Graph to graph y = Ax, in which the value of coefficient
A changes from 1 through 4 in increments of 1. The Graph is drawn 10
times.

@ (En) Dyna Graph

@ () [F3) (V-WIN) 1) (INITIAL) [Exm)

© (W) (SET UP) @ @ [E1)(On) (EXm)
@ [F5)(BUILT-IN)[F1)(SELECT)

® (F)(VAR) (] g (0] B

(

® (FJ(SET)([d] (e (4] Exg (1]

@ (F3)(SPEED)[F3) (k) [EXT)

® (F8)(DYNA)
E] B
¥Y1=Ax+B v Yi=hx+B

NE

5 B 4 8 -E I T 2z @ 4 8§ & —eeer 5B & 8 -Z L T 2z @ 4 85 &
-1
-2 2

A=] A=A

B Graph Calculation DOT Switching Function

Use this function to specify drawing of all the dots on the Dynamic Graph x-axis, or every other
dot. This setting is value for “Dynamic Func Y=" graphic only.

1. Press (WENY) (SET UP) to display the Setup screen.
2. Press @ @ @ to select “Y=Draw Speed”.
3. Select the graphing method.
(F1)(Norm) ... Draws all x-axis dots. (initial default)
(F2) (High) ... Draws every other x-axis dot. (faster drawing than Normal)
4. Press [EXT).

B Using Dynamic Graph Memory

You can store Dynamic Graph conditions 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.
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¢ 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 (F5) (STORE). In response to the confirmation dialog that appears, press (Fi(Yes) to
save the data.

¢ To recall data from Dynamic Graph memory
1. Display the Dynamic Graph relation list.
2. Pressing (F)(RECALL) recalls Dynamic Graph memory contents and draws the graph.

10. Graphing a Recursion Formula

B Generating a Number Table from a Recursion Formula

You can input up to three of the following types of recursion formulas and generate a number
table.

* General term of sequence {a.}, composed of a,, n

e Linear two-term recursion composed of au+1, as, n

* Linear three-term recursion composed of au+2, an+1, Gn, N

1. From the Main Menu, enter the Recursion mode.

2. Specify the recursion type. B
S

lect T
(F3)(TYPE) (F1)(a.) ... {general term of sequence a.} erect Type
(F2) (an+1) ... {linear two-term recursion}
. . Fl:an=An+B
(8] (an+2) ... {linear three-term recursion} F2:an+1=Aan +Bn +C
F3:an+2=Aan+1+Ban+---

an an+ | an+2|

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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Example Generate a number table from recursion between three terms as
expressed by a.:2 = a.+1 + a., with initial terms of a1 = 1, a2 = 1 (Fibonacci
sequence), as n changes in value from 1 to 6.

(1 [MEN) Recursion IEI

® [F3)(TYPE)E) (am2) Cnen ez

@ E(n.ar ) F (am) BB (D) (a) B {-3 w

@ [F)(SET) (3 (a) (D) 68 (6) 8 (1) B8 (D B9 (B : s

® ([F8)(TABLE) {URLUR| DELETE GPACON GPH-P%T

* The first two values correspond
toar=1and az=1.

* Pressing (F1)(FORMULA) will return to the screen for storing recursion formulas.

* Specifying “On” for the “ZDisplay” of the Setup screen causes the sum of each term to be
included in the table.

H Graphing a Recursion Formula

After generating a number table from a recursion formula, you can graph the values on a line
graph or plot type graph.

1. From the Main Menu, enter the Recursion mode.
2. Configure V-Window settings.
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. Select the line style for the graph.
6. Display the recursion formula number table.
7. Specify the graph type and draw the graph.
(F5) (GPH-CON) ... line graph
(F§) (GPH-PLT) ... plot type graph

Example Generate a number table from recursion between two terms as
expressed by a..1 = 2a.+ 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
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) [EN) Recursion
@ (s (F3)(V-WIN) (0] [Exg (6] (Bx (] ()
© @] (&) 9 (6] (5] B (5] [ (ExT)

@ [F3(TYPE)[F2(a:) 2 F3(a,) B @ B3

@ [F3)(SET) [ («) @) 68 (&) 68 (1) 68 Em 2
® [F)(SEL+S)@ ([F2)(—) [

® (F8)(TABLE)

@ [F3)(GPH-CON)

* You can change the graph line color and line style from the recursion formula screen and
from the graph screen. To change from the recursion formula screen, see “To change graph
properties from the graph relation list screen” (page 5-15). To change from the graph screen,
see “To change graph properties from the graph screen” (page 5-16).

* After drawing a graph, you can use Trace, Zoom, and Sketch.

* Press to return to the number table screen. After drawing a graph, you can toggle
between the number table screen and graph screen by pressing (F8) (GeT).

B Graphing a Phase Plot from Two Numeric Sequences

You can draw the phase plot for numeric sequences generated by two expressions input in
the Recursion mode with one value on the horizontal axis and the other value on the vertical
axis. For a, (an1, @ns2), bn (bns1, bus2), cn (Cust, Cns2), the numeric sequence of the alphabetically
first expression is on the horizontal axis while the following numeric sequence is on the vertical
axis.

1. From the Main Menu, enter the Recursion mode.

2. Configure V-Window settings.

3. Enter two recursion formulas and select both of them for table generation.
4. Configure table generation settings.

Specify the start and end values for variable n and the initial term for each recursion
formula.

5. Display the recursion formula number table.
6. Draw the phase plot.

Example To input the two sequence formulas for regression between two terms
an+1 = 0.9a, and b1 = b, + 0.1n - 0.2, and specify initial terms a1 = 1 and
b1 = 1 for each. Generate a number table as the value of the n variable
goes from 1 to 10 and use it to draw a phase plot.

Use the following V-Window settings.
Xmin =0, Xmax = 2, Xscale =1
Ymin=0, Ymax = 4, Yscale =1
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@ (N Recursion

@ [ (F3)(V-WIN) (0] 9 (2] B (D 8 @
(0] &€ (4] () (1] () (EXT)

@ [F)(TYPE)([F2(a.) (@) (] (2] E2 (an) Ex

(
F3)(n.a. )3 (b,) B @ O @D F)(n)E @ O 2] &
@ [F8)(SET)([F2)(ar) @D B8 @D [@ B8 (1 B9 (] B ExT
® (Fe)(TABLE) B
; an+11 bn+11
2 0.9 0.9
{ s 0.790 4

1
FORMULA| [ ARR|PHASE GPH-CONJ(GPH-PLT

® (F3)(PHASE) B

* The color used for phase plotting is the color assigned to the initial expression. When
phase plotting from expression a, and expression b,, for example, the color will be that of
expression a.

* If you enter three expressions on the Recursion mode screen and select all of them for table
creation, you will need to specify which two of the three expressions you want to use to draw

the phase plot. To do so, use the function menu that appears when you press (F3)(PHASE)
on the table screen.

(F)(asb).......... Graph using ax (@n+1, ans2) and by (bus1, bus2).  [B
(F2(b+c).......... Graph using b, (bu+1, bus2) @and ¢, (Cast, Cs2). ner amer bres
F3)(a«c).......... Graph using a, (@n+1, ans2) @and ¢, (Cos1, Cns2). _; o ; N ;
3 0.81 0.9
4 0.728 1
Lab | bc |[ac] '

* Specifying “On” for the “=Display” of the Setup screen causes the sum of each term to be
included in the table. At this time you can select use of the two numeric sequences as-is to
draw the plot graph, or use of the sums of each of the two numeric sequences. To do so, use
the function menu that appears when you press (F3)J(PHASE) on the table screen.

F1)(an) ............ Use numeric sequence for graphing. B Select Type
F8) (Zan).......... Use numeric sequence sums for graphing. et anst  Zamer  bnet
[ ] 1 1 1
2 0.8 1.9 0.8
3 0.81 2.71 0.9
4 0,728 3.439 25-
Tan
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* When “On” is selected “=Display” on the Setup screen and all three of the expressions
you input in the Recursion mode are selected for table creation, use the function menu
that appears when you press (F3](PHASE) on the table screen to specify which two of the

expressions you want to use, and to specify whether you want to use numeric sequence
data or numeric sequence sum data.

(Fi)(a+b).......... Graph using number sequences a. B Select Type
(a"+1’ a"+2) and b" (bn+1’ b"+2) n+l an+i Tan+1 bn+t
F(b+c).......... Graph using number sequences b, [ 1 1
2 0.9 1.9 0.
(bn+1, bn+2) and Cn (Cn+1, Cn+2) 3 0.81 9.71 0.
a

(F3)(asc).......... Graph using number sequences a, 0.729 3.439

(@n+1, @ns2) @nd ¢y (Cns1, Cnv2)
Fa(Za-b)....... Graph using the sums of number
sequences a, (an+1, ans2) and by, (bu+1, bus2)
F5)(Zb+c)....... Graph using the sums of number
sequences by, (bn+1, bp2) @and ¢, (Cust, Cne2)
F(Za«c)....... Graph using the sums of number
sequences a, (an+1, ns2) @and Cu (Cnst, Cns2)

s OO

[Ca-b [b-c [a-c [Ta-bl[tb-cl[Ta-c

B WEB Graph (Convergence, Divergence)

y = f{x) is graphed by presuming a.+1 =y, a, = x for linear two-term recursion a.+1 = f(ax)
composed of a.+1, a.. Next, it can be determined whether the function is convergent or
divergent.

1. From the Main Menu, enter the Recursion mode.

2. Configure V-Window settings.

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 [exg, and the pointer appears at the start point you specified.
Press [exg 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 V-Window values
and try again.

You can use @ @ to select the graph.
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Example To draw the WEB graph for the recursion formula a1 = =3(a.)? + 3an, bu+1
= 3b. + 0.2, and check for divergence or convergence. Use the following
table range: Start = 0, End = 6, ao = 0.01, a,Str = 0.01, bo = 0.11, b,Str

=0.11

(1) [MEN) Recursion
@ EREV-WNG B DB DBE®
@D E DS ED

@ [F3)(TYPE)[F2) (ax+1) (@) (8] [F2 (an) (23 () (3] [F2) (@) ()
(83) ) () (B (0] (] (2) 9

@ ([F8)(SET)(F1)(ao)
OeEO0O00dMO0HOAOIM®
(0 )@ @) g 0] ) G A] Eg (Exm

® (Fe)(TABLE) B Press [EXE]

bn+1=3bn+,

® (F4)(WEB-GPH)

.2

@ (g~ [Exg(a. is convergence)
@ B9~ E9 (b, is divergence) //

.79

¥=1.78

* To change the graph line style, press [F1)(SEL+S) after step 4.

» With WEB Graph, you can specify the line type for a y = f{x) graph. The line type setting is

valid only when “Connect” is selected for “Draw Type” on the Setup screen.

11. Graphing a Conic Section

l Graphing a Conic Section

You can use the Conic Graphs mode to graph parabolas, circles, ellipses, and hyperbolas.
You can input a rectangular coordinate function, polar coordinate function, or parametric

function for graphing.
1. From the Main Menu, enter the Conic Graphs mode.
2. Select the function type.

(F1)(RECT).... {rectangular coordinate}

(F2)(POL).... {polar coordinate}

(F3)(PARAM).... {parametric}
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3. Select the pattern of the function in accordance with the type of graph you want to draw.

E] E]
Select Egquation AX24+AVZ+BX+CY+D=0 &b
I
(¥-H)2 (¥Y-K)2_ B=0

Az T Bz - [Exg) C=0
(X-H)2 (Y-K)Z_ D=0

Az Bz ((B2+C2-4AD) >0)

RECT FPARAM MODIFY|

4. Enter the coefficients of the function and draw the graph.

Example To input the rectangular coordinate function x = 2y? + y — 1 and graph a
parabola open on the right, and then input the polar coordinate function
r = 4cos6 and draw a circle graph.

@) (Y Conic Graphs B
@ [F1)(RECT)® (X=AY2+BY+C) i
9 @ 68 [0 6@ © @ 6 F(DRAW) e

@ [E] [RadlNormd
® [FJ(POL)™® ® @ @ (R=2Aco0s6) .

© (2 B [ (DRAW) N

* In the Conic Graphs mode, you can press (F1)(MODIFY) in place of (F6)(DRAW) while
the coefficients input screen is displayed and modify the value of the coefficients on the
graph screen, and observe changes in the graph due to the modifications. For details, see
“Modifying a Graph” (page 5-38).

* In the Conic Graphs mode, you can press (5] (FORMAT) while any screen is displayed
to display a dialog box for changing the graph color.
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12. Drawing Dots, Lines, and Text on the Graph
Screen (Sketch)

The sketch function lets you draw points and lines inside of graphs. You can select one of five
different line styles and seven colors for drawing with the sketch function.

e To draw dots, lines, and text on the graph screen
1. From the Main Menu, enter the Graph mode.
2. Configure V-Window settings.
3. On the Setup screen, configure the following settings as required.
» Sketch Line ... Initial default line style when drawing a line
* Plot/LineCol ... Initial default color when drawing a plot, line, or text
4. Input the function of the graph.
5. Draw the graph.
6. Select the sketch function you want to use.™
(F4) (SKETCH)[F1)(Cls) ... Screen clear
(F2) (Tangent) ... Tangent line
(F3) (Norm) ... Line normal to a curve
(F4) (Inverse) ... Inverse function*?
(Ee) (>) ED (PLOT)
{Plot}/{PlotOn}/{PlotOff}/{PlotChg} ... Point {Plot}/{On}/{Off}/{{Change}
(Ee) (>) (E2) (LINE)
{Line}/{F-Line} ... {connects 2 points plotted by (Fé) (™) (F1)(PLOT) with
a line}/{for drawing a line between any 2 points}
(Fe) (™) (F3)(Circle) ... Circle
(Fe) (>>) (F4) (Vertical) ... Vertical line
(F6) (™) [F5) (Horz) ... Horizontal line
(Fe) (™) [Fe) (>>) (F1) (PEN) ... Freehand
(Fe) (™) (F6) (>>) [F2) (Text) ... Text input

7. Press (5] (FORMAT) to display the format dialog box, and then configure color and line
style settings.

* You can specify the line color while Tangent, Norm, Line, F-Line, Circle, Vertical, Horz, or
PEN is selected.

* You can specify the line color while Plot, PlotOn, PlotChg, or Text is selected.
* To close the format dialog box, press (EXT).
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8. Use the cursor keys to move the pointer (gf) to the location where you want to draw, and

press e

*! The above shows the function menu that appears in the Graph mode. Menu items may

differ somewhat in other modes.

*2 |In the case of an inverse function graph, drawing starts immediately after you select this
option. The line style and color setting selected for the Setup screen “Sketch Line” and
“Plot/LineCol” settings are always applied for an inverse function graph.

*3 Some sketch functions require specification of two points. After you press [Exg to specify the
first point, use the cursor keys to move the pointer to the location of the second point and

press [Exg.
Example Draw a line that is tangent to point (2, 0) on the graph for y = x (x + 2)
(x—-2).
@ [N Graph

©@ ) [F3) (V-WIN) FD (INITIAL) Exm)

@ () (W) (SET UP)® @ @® @ ® @ @ @ [E1)(COLOR) (1] (Black)

@ E)(—)ED

@ E)(TYPE)(E(Y=) (ke 2]
BEa0®E

® (F8(DRAW)

® () (F3) (SKETCH) [F2)(Tangent)

@ (r (B) (FORMAT) (] (Line Style) (&) (Thin)
(2] (Line Color) (3] (Red)Exm)

CHCJEEN

Bl Select run position

Yl=x(x+2){x—2) ¥
N
2,01 2
£ 5 -4 8 Tok 1 3 4 5 &
-t Tangent
2
X=2 =

*1 You can draw a tangent line in succession by moving the gk pointer and pressing [Exg.
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13.

Function Analysis

B Reading Coordinates on a Graph Line

Trace lets you move a pointer along a graph and read out coordinates on the display.

1.

2
3.
4

From the Main Menu, enter the Graph mode.

. Draw the graph.
Press (F1)(TRACE), and a pointer appears in the center of the graph.*
.Use @ and ® to move the pointer along the graph to B [EXE]:Show coordinates
the point at which you want to display the coordinates. Y1=x33 o
When there are multiple graphs on the display, press \kqﬂ.il-ﬂﬁ) /
and to move between them along the x-axis of EE A A
t%g currei?pointer location. ° ~
=-2.777777778 9¥=4.716048383

* At this time, pointer coordinate values appear at the bottom of the screen and to the right
(or left) of the pointer. Also, supplementary lines appear from the pointer to the x-axis and
y-axis.

* You can hide the supplementary lines by pressing Q. To redisplay hidden lines,
press @.

. You can also move the pointer by pressing to display the pop-up window, and then

inputting an x value.
The pop-up window appears even when you input an x value directly.

To exit a trace operation, press (F1)(TRACE).
*! The pointer is not visible on the graph when it is located at a point outside the graph display

Polar Coordinate Graph

area or when an error of no value occurs.

You can turn off display of the coordinates at the pointer location by specifying “Off” for the
“Coord” item on the Setup screen.

The following shows how coordinates are displayed for each function type.

r=1.840622763 L=0.3769911184

Parametric Graph T=0.9424777961

¥=4.8b54101968 L=3.526711514

Inequality Graph (Y2, Y, X2, X<) [x=2 ly=4

(Y>, Y<, X5, X<)

X:2 krsa
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* Pressing [Ex§ while the & pointer is on a graph (during
Trace, G-Solve, etc.) will place a dot at the pointer location
along with a label which shows the coordinates at the dot
location. Pressing removes the last dot and
coordinate label that was created.

Bl [EXE]:Show coordinates

Yi=x2:3 v

(3.6}
3]

“¥(0.8465,-2.283)

¥=-3.201058201 9¥=7.246773607

X

* Dots created with the above operation will appear as @ for coordinate values that are
included in the graph expression, and O for values that are not. For example, a dot at
coordinates (2,1) on the graph Y=2X will be ®, while a dot at coordinates (2,1) on the graph

Y>2X will be O.

Ml Displaying the Derivative

In addition to using Trace to display coordinates, you can also display the derivative at the
current pointer location.

1.
2.
3.
4.

From the Main Menu, enter the Graph mode.
On the Setup screen, specify “On” for “Derivative”.
Draw the graph.

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.

B

[EXE]:Show coordinates

Y1i=x2:-3 v
777,47 16)
b1

X=-2.777777778

-4 -3

—2%/1/2 34

-5
d¥/d¥=-5.5565
¥=4.716049383

B Graph to Table

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.

1

. From the Main Menu, enter the Graph mode.
2. On the Setup screen, specify “GtoT” for “Dual Screen”.
3.

4. Save the function and draw the graph on the

Configure V-Window settings.

main (left) screen.

. Activate Trace. When there are multiple graphs on

the display, press @ and @ to select the graph you
want.

table. Repeat this step to store as many values as you want.

B
Y

=)
: X 1

4] -3

4 -2.741 4.5182
4
1

8]
-4

0.1477
1.774193548

R-DEL A1

.Use @ and ® to move the pointer and press to store coordinates into the number

e Each press of places a dot on the graph at the current pointer location.

. Press (F1)(CHANGE) to make the number table active.
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H Coordinate Rounding

This function rounds off coordinate values displayed by Trace.
1. From the Main Menu, enter the Graph mode.
2. Draw the graph.

3. Press @ (ZOOM) (™) @ (ROUND). This causes E [EXE]:Show coordinates

the V-Window settings to be changed automatically o Nid
in accordance with the Rnd value. &@E

4. Press (F1)(TRACE), and then use the cursor keys R e =
to move the pointer along the graph. The coordinates \S/K
that now appear are rounded. Y5 735 4 196644

B Analyzing Graphs (G-SOLVE Menu)
Pressing (F5) (G-SOLVE) displays a function menu that contains functions you can use to
analyze the currently displayed graph and obtain the following information.
(F5) (G-SOLVE) (F1) (ROQOT) ... Root of the graph
MAX) ... Maximum value of the graph
MIN) ... Minimum value of the graph
Y-ICEPT) ... y-intercept of the graph
INTSECT) ... Intersection of two graphs
>)([F1)(Y-CAL) ... y-coordinate for a given x-coordinate
>>)(F2) (X-CAL) ... x-coordinate for a given y-coordinate
>) [F3) (Jdx) F1) (Jdx) ... Integration value for a specified range
) [E3)()d

F8) (>) (F3) (J/dx) (F2) (ROOT) ... Integration value between the two or more of
the graph’s roots

[F8) (>) [F3) (Jdx) F3) (INTSECT) ... Integration value between the two or more
intersections of two graphs

(Fe) (> (Jdx) [Fa) (MIXED) ... Integration value between a graph root, a
point of intersection of two graphs, or any
x-coordinate

(
(
(
(
(
(
(
[FeJ(

IEEE@E@@

* Either of the following can cause poor accuracy or even make it impossible to obtain
solutions.

- When the graph of the solution obtained is a point of tangency with the x-axis
- When a solution is an inflection point
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¢ To calculate the root of a graph
1. Draw a graph.
2. Press (F5) (G-SOLVE) [F1) (ROOT).

3. If there are multiple graphs on the graph screen, one of them will start flashing. Use @ and
@ to move the flashing to the graph you want to analyze.

4. To select the flashing graph, press [Exg. This displays the value produced by the analysis.

Example Graph the function shown below, and then calculate the roots.
Y1 =x%-4x
Bl [EXE]:Show coordinates Bl [EXE]:Show coordinates
¥Ii=x~(3)—&x y Yi=x~(3)-Ax v
2 / 2 /
X b1

£ 5 -4 -3 ok 1 3 4 5 & £ -5 -4 3 -
-1
-2 ROOT

X=-2 [¥= X=0

* When an analysis produces multiple values, press ® to calculate the next value. Pressing
@ returns to the previous value.

* When “On” is selected for the Derivative setting on the Setup screen, the derivative will
be displayed along with the root when you calculate the root of a graph using the above
procedure.

¢ To calculate the point of intersection of two graphs
1. Draw the graphs.

2. Press (F5) (G-SOLVE) (F5) (INTSECT). If there are three or more graphs on the graph
screen, one of them will start flashing.

3. Use @ and @ to move the flashing to one of the graphs whose point of intersection you
want to determine and then press [Exg.

4.Use @ and @ to move the flashing to the other graph whose point of intersection you
want to determine and then press [Exg.

5. Press to determine 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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Example Graph the two functions shown below, and determine the point of
intersection between Y1 and Y2.

Yi=x+1,Y2=x?

Bl [EXE]:Show coordinates Bl [EXE]:Show coordinates

¥1i=x+1 ¥ Yi=x+1
k =
%

¥2=x2
) INTSECT B INTSECT
¥=-0.6180339887 [¥Y=0.3819660113 X=1.618033889 [Y=2.6180339889

I
'
A - oom

'
6
¥
L]

|
|
i
[~
|
B
o)
s
|
|
!
o
=i
b bt O
i
)
o)
s

Lo
o om e

* You can calculate the point of intersection for rectangular coordinate graphs (Y=f{x) type)
and inequality graphs (Y >f(x), Y <f(x), Y>f(x) or Y <f{(x)) only.

* Either of the following can cause poor accuracy or even make it impossible to obtain
solutions.

- When a solution is a point of tangency between two graphs
- When a solution is an inflection point

® To determine the coordinates for given points
1. Draw the graph.
2. Select the function you want to perform.

(F5) (G-SOLVE) (Fg) (™) (F1) (Y-CAL) ... y-coordinate for given x
(Fe) (™) (F2) (X-CAL) ... x-coordinate for given y

3. If there are multiple graphs on the graph screen, one of them will start flashing. Use @& and
@ to move the flashing to the graph you want to select and then press [Exg.

4. Input the given x-coordinate value or y-coordinate value.
Press to calculate the corresponding y-coordinate value or x-coordinate value.

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.

Y1=x+1,Y2=x(x+2)(x - 2)

El [EXE]:Show coordinates El [EXE]:Show coordinates

Y2=x(x+2){x—2) 4 Y2=x{x+2){x—2) ¥
- -b -4 -3 1 0 1 3 4 a B - -5 -4 -3 1 D 1 3 4 5 B
-1 -1
-2f Y-CAL -2 X-CAL
X=0.56 VE .8756 X=-1.8 280347 N=9/2

e When there are multiple results for the above procedure, press ® to calculate the next
value. Pressing @ returns to the previous value.

.

* The X-CAL value cannot be obtained for a parametric function graph.
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¢ To calculate the integral value for a given range
Use the following procedure to obtain integration values for a given range.
1. Draw the graph.

2. Press [F5) (G-SOLVE) (Fg) (™) (F3) (Jdx) F1) (Jdx). If there are multiple graphs on the graph
screen, one of them will start flashing.

3. Use @ and @@ to move the flashing to the graph you want to select and then press [xg.

4. Use @ and ® to move the lower limit pointer to the location you want, and then press
EXE]| .

5. Use ® to move the upper limit pointer to the location you want.

* This displays the calculated integral value at the current pointer location. The integration
value changes in accordance with the movement of the pointer.

6. Press to fill the integral range.

Example Graph the function shown below, and then determine the integral value

at (-2, 0).

E
Y1 =x(x +2)(x - 2) v

£ b -4 -B

LOWER=-2
Jdx=4

* You can also specify the lower limit and upper limit by inputting them on the 10-key pad.
* When setting the range, make sure that the lower limit is less than the upper limit.
* Integral values can be calculated for rectangular coordinate graphs only.

¢ To obtain the integration value and area value between two or more roots of
a graph

1. Draw a graph.

2. Press (s (F5) (G-SOLVE) [Fg) () E3) (/dx) (F3) (ROOT).
* The pointer will appear at the leftmost root currently on the graph screen.

* If there is no root on the display, the message “Not Found” will appear. In this case, press
EXIT].

3. Use @ and ® to move the pointer to the root you want to use as the lowermost side of
the integration region, and then press [Exg.

4. Use ® to move the pointer to the root you want to use as the uppermost side of the
integration region, and the press [exg.

* If there is only one root on the display, the message “Not Found” will appear. In this case,
press (EXT).

5. Press to calculate the integral value and area value.
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Example To graph Y = sin X, and then determine the graph integration value and
area value for the region between the root of the minus value nearest
the origin and the root of the plus value nearest the origin

]
]

] LOWER=-3, 141 -2UPPER=3. 1415
Integration value —;4.=0 =4

Area value

* If there are 21 or more roots between the two roots you specify, an error will occur.
* Integral values and area values can be calculated for rectangular coordinate graphs only.

e To obtain the integration value and area value between two or more
intersection points of two graphs

1. Draw two graphs.

2. Press (A (F5) (G-SOLVE) (Fg) () (F3) (Jox) E3) (INTSECT).
* The pointer will appear at the leftmost intersection currently on the graph screen.

* If there is no intersection point on the display, the message “Not Found” will appear. In this
case, press [EXT).

3. Use @ and ® to move the pointer to the intersection point you want to use as the
lowermost side of the integration region, and then press [exg.

4. Use ® to move the pointer to the intersection point you want to use as the uppermost side
of the integration region.

* If there is only one intersection point on the display, the message “Not Found” will appear.
In this case, press (EXT).

5. Press to calculate the integral value and area value.

Example Tograph Y =sin Xand Y =sin (X - %), and then determine the
integration value and area value between two points of intersection you
specify

E
¥

) LOWER=-0.785 | UPPER=5.4977
Integration value —;4x=0 71=5.666865424

Area value

* If there are 21 or more intersections between the two points of intersection you specify, an
error will occur.

* Integral values and area values can be calculated for rectangular coordinate graphs only.
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¢ To determine the integration value and area between the roots of a graph
and the point of intersection of two graphs

1. Draw the graphs.

2. Press (s F5) (G-SOLVE) (Fg) (>>) @) (/dx) (@) (MIXED).

* |f there are three or more graphs on the graph screen, one of them will be flashing.
Use @ and & to move the flashing to the graph whose integrated value you want to
determine and then press [Exg. Move the flashing again to one of the other graphs and
then press [exg.

3. Use @ and ® to move the pointer to the lowermost side of the integration region, and
then press [exg.

4. Use @ and ® to move the pointer to the uppermost side of the integration region, and
then press [exg.

5. Press to calculate the integrated value and the area value.

Example To graph Y1 = X® + 7X%2 + 2X - 15 and Y2 = 5X + 20, specify the intersect
of the graph, and the root of graph Y2, and determine the integration
value and area value

B

45EY

R UPPEH
Integration value —se7=6fi .5313281 /1=61.53132581

Area value

* The number keys can also be used to specify any x-coordinates as the lowermost site and
uppermost side of the integration region.

B Conic Section Graph Analysis
You can determine approximations of the following analytical results using conic section
graphs.
1. From the Main Menu, enter the Conic Graphs mode.
2. Select the function type.
(F1)(RECT).... {rectangular coordinate}
(F2)(POL).... {polar coordinate}
(F3) (PARAM).... {parametric}
3. Use @ and @ to select the conic section you want to analyze.
4. Input the conic section constants.
5. Draw the graph.
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After graphing a conic section, press (F5) (G-SOLVE) to display the following graph
analysis menus.

e Parabolic Graph Analysis
* {[FOCUS}/{VERTEX}/{LENGTH}/{e} ... {focus}/{vertex}/{length of latus rectum}/{eccentricity}
* {DIRECTX}/{SYMMETRY} ... {directrix}/{axis of symmetry}
* {X-ICEPT}/{Y-ICEPT} ... {x-intercept}/{y-intercept}

e Circular Graph Analysis
e {CENTER}/{RADIUS} ... {center}/{radius}
* {X-ICEPT}/{Y-ICEPT} ... {x-intercept}/{y-intercept}

e Elliptical Graph Analysis
* {[FOCUS}/{VERTEX}/{CENTER}/{e} ... {focus}/{vertex}/{center}/{eccentricity}
* {X-ICEPT}/Y-ICEPT} ... {x-intercept}/{y-intercept}

e Hyperbolic Graph Analysis
* {[FOCUS}/{VERTEX}/{CENTER}/{e} ... {focus}/{vertex}/{center}/{eccentricity}
* {ASYMPT} ... {asymptote}
* {X-ICEPT}/{Y-ICEPT} ... {x-intercept}/{y-intercept}

® To calculate the focus and length of latus rectum

Example To determine the focus and length of 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 =25, Yscale =1

[EN) Conic Graphs

EXE

(1 (g (2) Ex) (3] [Ex) (F6) (DRAW)
@ (G'SOLVE) El [EXE]:Show coordinates
[F1) (FOCUS) i
(Calculates the focus.) il C
0 1 2 E] 4 5 [ - -
2 FOCUS
X=3l. 25 y=2
[ (G-SOLVE) g
[F5)(LENGTH) i
(Calculates the length of latus rectum.) : |
0 1 2 3 4 5 E T T——
:2 LENGTH
L=1
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* 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 a hyperbolic graph, press ® to calculate the second
vertex. Pressing @ returns to the first vertex.

* Pressing ® when calculating the vertices of an ellipse will calculate the next value.
Pressing @ will scroll back through previous values. An ellipse has four vertices.

® To calculate the center
Example To determine the center for the circle
X+22+(Y+1)2=22

[N Conic Graphs
OIOIOIO)EE
© @) g @ @] B9 (2) B (Fe) (DRAW)

@ (G'SOLVE) B [EXE]:Show coordinates

(F1)(CENTER) (R-H)Z+(Y-K)2=Rz ¥
(Calculates the center.)

4

¥=-1

1z 2 4 5 6

CENTER
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Chapter 6 Statistical Graphs and
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.

1. Before Performing Statistical Calculations

Entering the Statistics mode from the Main Menu displays the List Editor screen.
You can use the List Editor screen to input statistical data and perform statistical calculations.

Use @, @, @ and ® to move the
highlighting around the lists.
I

Once you input data, you can use it to produce a graph and |E
. . . List|l | List 2 | List 3 | List 4

check for tendencies. You can also use a variety of different  |qygr oot

regression calculations to analyze the data. 1

* For information about using the List Editor, see “Chapter 3
List Function”.

B wmnN

GRAPH] CALC J TEST] INTR J DIST JIIEME|

M Statistical Graph Parameters

You can specify the graph draw/non-draw status, the graph type, and other general settings
for each of the graphs in the graph menu (GRAPH1, GRAPH2, GRAPH3).

While the List Editor is on the display, press (F1)(GRAPH) to display the graph menu, which
contains the following items.

« {GRAPH1}/{GRAPH2}/{GRAPHS3} ... graph {1}/{2}/{3} drawing*"

e {SELECT} ... {simultaneous graph (GRAPH1, GRAPH2, GRAPH3) selection}
You can specify the multiple graphs.

* {SET} ... {graph settings (graph type, list assignments)}

*! The initial default graph type setting for all the graphs (Graph 1 through Graph 3) is scatter
diagram, but you can change to one of a number of other graph types.
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B General Graph Settings [GRAPH]-[SET]

This section describes how to use the general graph settings screen to make the following
settings for each graph (GRAPH1, GRAPH2, GRAPHS3).

e 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.

* XList, YList

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

This setting specifies a list that contains frequency data.

In statistics, “frequency” means the number of times a data item (or set of data items) occurs.
Frequencies are used in “frequency distribution tables,” which list each unique data item in
one column, with the frequency (number of occurrences) in the column to the right. With this
calculator, the data column and frequency column are separate lists. This setting specifies the
list (List 1, List 2, etc.) to be used for the frequency column when drawing a statistical graph.
The initial default setting for this item is 1, which indicates that the frequency of all data items
is 1 (one occurrence).

Important!

* The values contained in a frequency list should be 0 or positive values only. Even a single
negative value will cause an error (Out of Domain).

» Statistical data with a frequency of 0 is not used for calculation of minimum and maximum
values.

* Mark Type

This setting lets you specify the shape of the plot points on the graph.

e Color Link

This setting specifies whether the color specified on the List Editor for the statistical data list(s)
to be used for graphing should be applied as the graph color(s). The initial default value is “Off”’
(color specified with the List Editor not applied to the graph).

e Graph Color

Specifies the graph color when “Off” is selected for the Color Link setting. Depending on the
graph type, setting items for specifying the color of each part of a graph may appear in place
of this item. In the case of a pie chart, for example, Pie Area and Pie Border color settings will
appear.
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¢ To display the general graph settings screen

Pressing (F1) (GRAPH) (Fe) (SET) displays the general graph B
settings screen. Graph Type Scatter
XList ‘Listl
YList List2
» StatGraph (statistical graph specification) ﬁg?ﬁuﬁ?ggg : é,
o Color Link :0Off +
{GRAPH1}/{GRAPH2}/{GRAPH3} ... graph {1}/{2}/{3}

e Graph Type (graph type specification)
e {Scatter}/{xyLine}/{NPPIlot}/{Pie} ... {scatter diagram}/{xy line graph}/{normal probability

plot}/{pie chart}

¢ {Hist}/{MedBox}/{Bar}/{N-Dist}/{Broken} ... {histogram}/{med-box graph}/{bar graph}/
{normal distribution curve}/{broken line graph}

o {XY{Med}/{XZ/{X3}/{X} ... {linear regression graph}/{Med-Med graph}/{quadratic regression
graph}/{cubic regression graph}/{quartic regression graph}

* {Log}/{ae"}/{ab*}/{Power}/{Sin}/{Logistic} ... {logarithmic regression graph}/{exponential
regression graph (ae”)}/{exponential regression graph (ab*)}/{power regression
graph}/{sinusoidal regression graph}/{logistic regression graph}

* XList (x-axis data list)/YList (y-axis data list)

 {LIST} ... {List 1 to 26}

* Frequency (humber of times a value occurs)

e {1} ... {1-to-1 plot}
e {LIST} ... {List 1 to 26}

e Mark Type (plot mark type)

o {(1}/{2%)/{M} ... scatter diagram plot points

¢ Color Link

The options that appear for this setting depend on the graph type.

For this graph | Selecting
type: this:

Causes this to happen:

Scatter, xyLine | X&Y

Colors specified for both the XList and YList data are
reflected in the graph.

¢ When the same lines of the XList and YList are the same
color, plot marks and line will be drawn in the graph using
that color.

* When the same lines of the XList and YList are different
colors, the graph plot marks are shown as © and lines are
drawn in black.

OnlyX

The color specified only for the XList data is reflected in the
graph.

OnlyY

The color specified only for the YList data is reflected in the
graph.

Off

List data color specifications are ignored.
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For this graph Se_lectlng Causes this to happen:
type: this:
NPPIot, Pie, On The color specified for the list data is reflected in the graph.
B
ar Off List data color specifications are ignored.
Hist, Broken X&Freq Colors specified for both the XList and Frequency data list
are reflected in the graph.
* When the same lines of the XList and Frequency data list
are the same color, the graph is drawn using that color.
* When the same lines of the XList and Frequency data
list are the different colors, plot marks and lines are
represented as described below.
Hist: Graph is shaded with the applicable color.
Broken: Graph plot marks are shown as © and lines are
drawn in black.
OnlyX The color specified for only the XList data is reflected in the
graph.
Off List data color specifications are ignored.

Example: Scatter graph when “OnlyX” is selected for the Color Link setting

E E] = ]
FEI! List 2 | List 3 | List 4 ¥
SUB : o
1 1 2
2 2 3 — o
3 3 2 o
4 4 .1 0
List Editor display Color Link: OnlyX
(XList:List 1, YList:List 2) (scatter graph)

e Graph Color

¢ {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single color as the
graph color

Example: Scatter graph when {Red} is specified for B

Graph Color J

CALC
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* {Auto} ... Cycles the color used for graph drawing in the following sequence for each data
item (or data pair): blue, red, green, magenta, black. Cycle is repeated after all five
colors are used. For some graphs, different parts of the graph (points, lines, etc.) are
automatically drawn using different colors. {Auto} can be selected only when the graph
type is Scatter, xyLine, NPPlot, or Broken.

Example: Scatter graph when {Auto} is specified for B
Graph Color ¥

CALC

* The Graph Color setting is always “Link” whenever anything other than “Off” is selected for
the Color Link setting.

When “Pie” (pie chart) is selected as the Graph Type:
* Data (Specifies the list to be used as graph data.)
 {LIST} ... {List 1 to List 26}

* Display (pie chart value display setting)
* {%}/{Data} ... For each data element {display as percentage}/{display as value}

* % Sto Mem (Specifies storage of percentage values to a list.)
* {None}/{List} ... For percentage values: {Do not store to list}/{Specify List 1 to 26 and store}

* Pie Area (Specifies the fill color of a pie chart.)
e Area Color

* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single fill color
for each data item.

» {Auto} ... Automatically cycles the fill color in the following sequence for each data item:
blue, red, green, magenta, cyan, yellow. Cycle is repeated after all six colors are used.

]

BA 10%
EB 20%
@c 30%
@D 40%

* Paint Style
* {Normal}/{Lighter} ... {normal fill density}/{lighter fill density}
» The Area Color setting is always “Link” and the Paint Style setting is always “Lighter”
whenever anything other than “Off” is selected for the Color Link setting.
* Pie Border (Specifies the border line color of a pie chart.)

* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single color for the
border line.

e {Clear} ... No border line drawn.
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When “Hist” (Histogram) is selected as the Graph Type:
* Hist Area (Specifies the fill color of a histogram.)
Settings are the same as those for Pie Area.

¢ Hist Border (Specifies the border line color of a histogram.)
Settings are the same as those for Pie Border.
* The Hist Border setting is always “Link” whenever anything other than “Off” is selected for
the Color Link setting.
When “MedBox” (med-box graph) is selected as the Graph Type:
¢ Outliers (outliers specification)
* {On}/{Off} ... {display}/{do not display} Med-Box outliers

| o
e I .
........... R

minX Q1 Med Q3 maxX Outlier(s)

* Box (Specifies the border line color of the box enclosed by Q1 through Q3, and the
Med line color.)

* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single color for the
border line.
* Whisker (Specifies the whisker color from the box ends to minX and maxX.)
Settings are the same as those for Box.

e Outlier Color (Specifies the outliers color.)
Settings are the same as those for Box.

* Box Inside (Specifies the fill color of the box enclosed by Q1 through Q3.)
Settings are basically the same as those for Pie Area, except for the following differences.
* When “Auto” is selected for the Area Color setting, blue is the fill color of the box from Q1 to
Med, and yellow is the fill color of the box from Med to Q8.
When “Bar” (bar graph) is selected as the Graph Type:
e Data1 (first stick data list)
e {LIST} ... {List 1 to 26}

* Data2 (second stick data list)/Data3 (third stick data list)
e {None}/{LIST} ... {none}/{List 1 to 26}

e Stick Style (stick style specification)
* {Length}/{Horz} ... {length}/{horizontal}
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* D1 Area, D2 Area, D3 Area (Specifies the fill colors of bar graphs Data 1, Data 2, and
Data 3.)

Settings are the same as those for Hist Area.

* D1 Border, D2 Border, D3 Border (Specifies the border colors of bar graphs Data 1,
Data 2, and Data 3.)

Settings are the same as those for Hist Border.

l Graph Draw/Non-draw Status [GRAPH]-[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)(GRAPH)(F4) (SELECT) displays the graph B
StatGraphl :DrawOn
On/Off screen. StatGraph2 :DrawOff
StatGraph3 :DrawOff

* Note that the StatGraph1 setting is for Graph 1 (GRAPH1 of the graph menu), StatGraph2
is for Graph 2, and StatGraph3 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 [EXT).

M Statistical Graph V-Window Settings
V-Window parameters are normally set automatically for statistical graphing. If you want to set
V-Window parameters manually, you must change the Stat Wind item to “Manual’.
While the List Editor is on the display, perform the following procedure.

(W) (SET UP) (F2) (Manual)
(Exm) (Returns to previous menu.)

Note that V-Window parameters are set automatically for the following types of graphs
regardless of whether or not the Stat Wind item is set to “Manual”.

Pie, 1-Sample Z Test, 2-Sample Z Test, 1-Prop Z Test, 2-Prop Z Test, 1-Sample ¢ Test, 2-
Sample ¢ Test, x2 GOF Test, x2 2-way Test, 2-Sample F Test (x-axis only disregarded).
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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 “Statistical Graph Parameters” on page 6-1 to make

the settings you want before drawing each graph.

l Normal Probability Plot

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 {{1/$%/ M } you want to plot.

Press (ac), or (ExT) (QUIT) to return to the List Editor.

B

B Pie Chart

You can draw a pie chart based on the data in a specific list. The maximum number of graph
data items (list lines) is 20. The graph is labeled A, B, C, and so on, corresponding to lines 1,

2, 3, and so on of the list used for the graph data.

7.6923%
15.384%
7.6923%
30.769%
38.461%

When “%” is selected for the “Display” setting on the general graph settings screen (page 6-3),
a value showing the percentage is displayed for each of the alphabetic label letters.
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M Histogram

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.

] [Rad|orm1) [d/c]Real E] [Rad|form1) [d/c]Real

suHistogram Setting '

Width:0.889 Draw
Draw: [EXE] @( )

9 ol 1
GRAPHT 1-VAR

3 4 [ [ 7 a 9 10 11

The display screen appears as shown above before the graph is drawn. At this point, you can
change the Start and Width values.

B Med-box Graph

This type of graph lets you see how a large number of E]
data items are grouped within specific ranges. A box _ :
encloses all the data in an area from the first quartile ~ MINX—
(Q1) to the third quartile (Q3), with a line drawn at the
median (Med). Lines (called whiskers) extend from -
either end of the box up to the minimum (minX) and iz i € 7’J 10
maximum (maxX) of the data. |

Q1 Med Q3 maxX

To plot the data that falls outside the box, first specify E
“MedBox” as the Graph Type. Then, on the same screen t
you use to specify the graph type, turn the Outliers item I §

0.6

“On”, and draw the graph.

04

0.2

-1 nl 1 H 3 E

1-VAR

e Changing the “Q1Q3 Type” setting on the Setup screen can cause the Q1 and Q8 positions
to change, even when a Med-box graph is drawn based on a single list.
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H Bar Graph

You can specify up to three lists for drawing a bar graph. The graph is labeled [1], [2], [3], and
S0 on, corresponding to lines 1, 2, 3, and so on of the list used for the graph data.

]

* Any of the following causes an error and cancels bar graph drawing.

- A Condition ERROR occurs when drawing of multiple graphs is specified using the graph

On/Off screen (page 6-7), and bar graph is specified for one of the graphs and a different
graph type is specified for another graph.

- A Dimension ERROR occurs when you draw a graph with two or three lists specified and
the specified lists have a different number of list elements.

- A Condition ERROR occurs when lists are assigned for Data1 and Data3, while “None” is
specified for Data2.

B Normal Distribution Curve

The normal distribution curve is graphed using the normal B
distribution function.

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. &

l Broken Line Graph

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.
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] [Rad|orm?) [d/c]Real ] [Rad|orm?) [d/c]Real

sulHistogram Setting '
=
Width:0.889 Draw
Draw: [EXE] J Cj( ) %
1 ] o 11
nI—:IVAR

The display screen appears as shown above before the graph is drawn. At this point, you can
change the Start and Width values.

Ml Displaying the Calculation Results of a Drawn Single-Variable Graph

Single-variable statistics can be expressed as both graphs B
and parameter values. When these graphs are displayed, 1-Variable
: . . X =5.54285714
the single-variable calculation results appear as shown to b =194
i - zZx2 =1358
the right when you press (F1)(1-VAR). S S
SX =2.87323201
n =35 4

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.

B mean minX............. minimum
ZX eeeeeeeeeeeeens sum (@) [ first quartile
D20 sum of squares Med.............. median
OX wereeeeeaneaaeens population standard Q3.......c00.ee third quartile
deviation maxX............ maximum
SX terrereeaaaaaaens sample standard Mod... mode
deviation
. Mod:n .......... number of data mode items
.................. number of data items
= Mod:F .......... data mode frequency
/Z(x—x)z /sz—(Zx)Q/n /Z(x—x)z /sz—(Zx)Q/n
Ox = = Sx = =
n n n—1 n—1

* Press (F6)(DRAW) to return to the original single-variable statistical graph.
* When Mod has multiple solutions, they are all displayed.

* You can use the Setup screen’s “Q1Q3 Type” setting to select either “Std” (standard
calculation) or “OnData” (French calculation) for the Q1 and QS8 calculation mode.

For details about calculation methods while “Std” or “OnData” is selected, see “Calculation
Methods for the Std and OnData Settings” below.



H Calculation Methods for the Std and OnData Settings

Q1, Q3 and Med can be calculated in accordance with the Setup screen’s “Q1Q3 Type”
setting as described below.

e Std
(1) When all Frequency values are integers

With this calculation method, processing depends on whether the number of elements n in the
population is an even number or odd number.

When the number of elements n is an even number:

Using the center point of the total population as the reference, the population elements are
divided into two groups: a lower half group and an upper half group. Q1, Q3 and Med then
become the values described below.

n
2
Q3 = {median of the group of % items from the top of the population}

Q1 = {median of the group of — items from the bottom of the population}

Med = {%-th and % +1-th element average value}

Center Point Center Point Center Point
é @ Z ® = Median V
@ ; ® _ a1 ® er D _qs3

When the number of elements » is an odd number:

Using the median of the total population as the reference, the population elements are divided
into two groups: a lower half group (values less than the median) and an upper half group
(values greater than the median). The median value is excluded. Q1, Q3 and Med then

become the values described below.

Q1 = {median of the group of 2— L

items from the bottom of the population}

Q3 = {median of the group of n; 1 items from the top of the population}
Med = {n; 1 -th element}

e When n =1, Q1 = Q3 = Med = population center point.
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Center Point Center Point

POOOOOOOQ

v v

2+® _ @+®
2 = 2

(2) When Frequency includes decimal fraction values
The Q1, Q3 and Med values for this calculation method are described below.

Q1 = {value of element whose cumulative frequency ratio is greater than 0.25 and nearest to
0.25}

When the cumulative frequency ratio for some data value is exactly 0.25, Q1 is the average of
that data value and the next data value.

Q3 = {value of element whose cumulative frequency ratio is greater than 0.75 and nearest to
0.75}

When the cumulative frequency ratio for some data value is exactly 0.75, Q3 is the average of
that data value and the next data value.

Med = {value of element whose cumulative frequency ratio is greater than 0.5 and nearest to
0.5}

When the cumulative frequency ratio for some data value is exactly 0.5, Med is the average of
that data value and the next data value.

The following shows an actual example of the above.

Data Value Freduency Cumulative Cumulative .
Frequency Frequency Ratio

1 0.1 0.1 0.1/1.0=0.1
2 0.1 0.2 0.2/1.0=0.2
3 0.2 0.4 0.41.0=04
4 0.3 0.7 0.71.0=0.7
5 0.1 0.8 0.8/1.0=0.8
6 0.1 0.9 0.9/1.0=0.9
7 0.1 1.0 1.0/1.0=1.0

* 3 is the value whose cumulative frequency ratio is greater than 0.25 and nearest to 0.25, so
Q1=3.

* 5 is the value whose cumulative frequency ratio is greater than 0.75 and nearest to 0.75, so
Q3 =5.

* 4 is the value whose cumulative frequency ratio is greater than 0.5 and nearest to 0.5, so
Med = 4.
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e OnData
The Q1, Q3 and Med values for this calculation method are described below.

Q1 = {value of element whose cumulative frequency ratio is greater than 0.25 and nearest to
0.25}

Q3 = {value of element whose cumulative frequency ratio is greater than 0.75 and nearest to
0.75}

The following shows an actual example of the above.

(Number of Elements: 10)

Data Value Frequency Cumulative Cumulative .
Frequency Frequency Ratio

! 1 1 110 =0.1

2 1 2 2/10 = 0.2

3 2 4 4/10 = 0.4

4 3 7 7/10 = 0.7

5 1 8 8/10 = 0.8

6 1 9 9/10 = 0.9

/ 1 10 10/10 = 1.0

* 3 is the value of whose cumulative frequency ratio is greater than or equal to 0.25 and
nearest to 0.25, so Q1 = 3.

* 5 is the value of whose cumulative frequency ratio is greater than or equal to 0.75 and
nearest to 0.75, so Q3 = 5.

Reference Point (0.25) Reference Point (0.75)
01 ! 02 0.7

erpEooclpee

* Med is calculated using the same method as that used when the “Std” is selected for the
“Q1Q838 Type” setting.

* It makes no different whether frequency values are all integers or include decimal fraction
values when “OnData” is selected for the “Q1Q3 Type” setting.
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3. Calculating and Graphing Paired-Variable
Statistical Data (Curve Fitting)

B Drawing a Scatter Diagram and xy Line Graph

The following procedure plots a scatter diagram and connects the dots to produce an xy line
graph.

1. From the Main Menu, enter the Statistics mode.

2. Input the data into a list.

3. Specify Scatter (scatter diagram) or xyLine (xy line graph) as the graph type, and then
execute the graph operation.

Press (Ad, or [Exm) (QUIT) to return to the List Editor.

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)

@ [N Statistics

@OUHUEMIURAMRGAMOAMERME R EI®
OAHOHMOOGERMMNGE R R E 2] A EY

@) (Scatter diagram) (F1)(GRAPH) (Fe) (SET) ® (F1) (Scatter) (F1) (GRAPH1)

@ (xy line graph) [F1)(GRAPH) [Fs)(SET)® [F2) (xyLine) EXT) F1) (GRAPH1)

(Scatter diagram)

6-15

] ]
3 y 3 y
2 o a 2 I/_’_/_/_,.Er—/'EI
o

1 1

o : X
o T E] i ! 5 0 z E] 7 ]
CALC CALC

(xy line graph)




B Drawing a Regression Graph

Use the following procedure to input paired-variable statistical data, perform a regression
calculation using the data, and then graph the results.

1. From the Main Menu, enter the Statistics mode.

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.

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)

@) (WEN) Statistics

@OuMUEMIOMNEFMRABNAEMMAME LR E®
OALAONMOOUEMINMNEERRE (2 (DM@ e
(F1) (GRAPH) F8) (SET) ® (F1) (Scatter) (&) (F1) (GRAPH1)

@ [EJ(CALC)[Fg(>)(F(Log)

@ (Fe)(DRAW)
B B
LogReg J¥
a =-0.4546843
b =1.874758586 5
r =0.98216271 2 «
rz2=0.9646436 0 2 E 7 5
MSe=0.15495531
yv=a+b- lnx & /o
[ X4 1[Log |HEGBPover) Sin I & ]

* You can perform trace on a regression graph. You cannot perform trace scroll.

M Selecting the Regression Type

After you graph paired-variable statistical data, you can use the function menu at the bottom of
the display to select from a variety of different types of regression.

o {ax+b}/{a+bx}/{Med}/{X?}/{X3}/{X*}/{Log}/{ae}/{ab*}/{Power}/{Sin}/{Logistic} ...
{linear regression (ax+b form)}/{linear regression (a+bx form)}/{Med-Med}/{quadratic
regression}/{cubic regression}/{quartic regression}/{logarithmic regression}/{exponential
regression (ae’ form)}/{exponential regression (ab* form)}/{power regression}/
{sinusoidal regression}/{logistic regression} calculation and graphing

* {2-VARY}... {paired-variable statistical results}
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Bl Displaying Regression 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. The
regression formula parameter calculation results also appear as soon as you press (F1)(CALC)
and then a function key to select a regression type, while a graph is on the display.

The following parameters will also appear on the regression calculation result screen.

| S correlation coefficient (linear regression, logarithmic regression, exponential
regression, and power regression only)

P2 e coefficient of determination (except for Med-Med, sinusoidal regression, and
logistic regression)

MsSe......... mean square error (except for Med-Med)

B Graphing Statistical Calculation Results

While the parameter calculation result is on the display, you can graph the displayed
regression formula by pressing (F6) (DRAW).

Bl 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.

(E1)(CALC) [E2)(X) B
(F1) (ax+b) or (F2)(a+bx) d
[F9) (DRAW)

@»—nmm
-

|

ol

=

o

The following is the linear regression model formula.

= o

y=ax+b (ax*b[a+bx]
P regression coefficient (slope)

b, regression constant term (y-intercept)

y=a+bx

A s regression constant term (y-intercept)

b regression coefficient (slope)
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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.

(F1) (CALC) (F3)(Med)
(Fe) (DRAW)
The following is the Med-Med graph model formula.
y=ax+b
Ao, Med-Med graph slope
bo........ Med-Med graph y-intercept

]
3
=
1

D/J/ z 3 1 5

2

i a
VAR Med I X2 1L X5 1 &

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 B
FD(CALC)E@) (X?) il
[F5) (DRAW) I /hﬂ\
) / =& 4 ¢
I;_ﬁll Med )l X2 J[ X8 | > ]
Quadratic regression Cubic regression
Model formula....... y=ax*+bx+c Model formula....... y=ax*+bx*+cx+d
A regression second coefficient Aa.......... regression third coefficient
b......... regression first coefficient b......... regression second coefficient
Coverennns regression constant term Coveverens regression first coefficient
(y-intercept) d........ regression constant term

Quartic regression

Model formula....... y=ax*+bx®*+cx*+dx+e

Ao regression fourth coefficient

O regression third coefficient

Courrneenn regression second coefficient
d......... regression first coefficient

€ regression constant term (y-intercept)
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M 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.

(DRAW)

(F1)(CALC)(Fe) (>) [F2) (Log) B
The following is the logarithmic regression model formula. !

[s] 2 3 4 5

y=a+bInx

=

7 regression constant term (X [ Too M Powed S L 5

bvean, regression coefficient

H 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 getIn y =In a + bx. Next, if we say Y =In y, and A = In a, the formula corresponds to
linear regression formula Y = A + bx.

(F1(CALC) [Fe) (™) [E3) (EXP) B
(E1)(ae™) or (F2)(ab¥) ' 4
[F5) (DRAW) 2
The following is the exponential regression model formula. 1 i}
y = a-e™ = A
Auvereeeanne regression coefficient
bven regression constant term
y=ab*
L ST, regression constant term
b regression coefficient
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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
Iny=Ina+bxInx. Next, if wesay X=Inx, Y =Iny, and A = In a, the formula corresponds to

linear regression formula Y = A + bX.

(F1)(CALC) (Fe) (™) (F4) (Power)
(Fe) (DRAW)

The following is the power regression model formula.

y = a.xb
7 S regression coefficient
bovean regression power

]

CX oo M Power). S0 1L 5 )

M Sinusoidal Regression Graph

Sinusoidal regression is best applied for cyclical data.
The following is the sinusoidal regression model formula.
y=a-sin(bx+c)+d

(E1)(CALC) [EFe) (™) [E8) (Sin)
(F6) (DRAW)

E
=ty

1 2 2 4 5
-1
2

(¥4 )[Tog |MET(Power]) Sin I & ]

Drawing a sine 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 sine 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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M 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.

y= —& E

1+ ae? y
(F1)(CALC) (Fe) (™) (Fe) (™) (F1) (Logistic)
(F6) (DRAW) o =

* 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 List Editor is on the display, recall the Setup screen to specify a LIST (“List 1”
through “List 26”) 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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Bl 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 (F1)(CALC)(F1)(2-VAR).

E

2-Variable
X =2.66
Xx =13.3
Xx2 =50.49
ocx =1.7385051
sx =1.94370779
n =5 J
* Use @ to scroll the list so you can view the items that run off the bottom of the screen.
X e mean of data stored in xList D) TR sum of squares of data stored in yList
)2 sum of data stored in xList Oy eveeeennn population standard deviation of data
)20 NN sum of squares of data stored in stored in yList
xList Sy terenrens sample standard deviation of data
O weveeene population standard deviation of stored in yList
data stored in xList ZXY e sum of the product of data stored in
Sx rererennn. sample standard deviation of xList and yList
data stored in xList minX...... minimum of data stored in xList
oo number of data maxX..... maximum of data stored in xList
V ovreeeeeens mean of data stored in yList minY...... minimum of data stored in yList
D) A sum of data stored in yList maxy ..... maximum of data stored in yList

B Copying a Regression Graph Formula to the Graph Mode

You can copy regression formula calculation results to the Graph mode graph relation list, and
store and compare.

1. While a regression calculation result is on the display (see “Displaying Regression
Calculation Results” on page 6-17), press (F5) (COPY).
* This will display the Graph mode graph relation list.*!

2.Use @ and @ to highlight the area to which you want to copy the regression formula of
the displayed result.

3. Press to save the copied graph formula and return to the previous regression calculation
result display.

*! You cannot edit regression formulas for graph formulas in the Graph mode.
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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

(F2) (CALC)(F8) (SET).

B Redformd] [dF)Redl

1Var XList :Listl
1Var Freq 01
2Var XList :Listl
2Var YList :List2

2Var Freq o |
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)
2Var YlList....... location of paired-variable statistic y values (YList)
2Var Freq........ location of paired-variable frequency values (Frequency)

* Calculations in this section are performed based on the above specifications.

Bl Single-Variable Statistical Calculations

In the previous example under “Displaying the Calculation Results of a Drawn Single-Variable
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 [g
List Editor and pressing (F2) (CALC)(F1)(1-VAR). %—Vari%bég
¥x =13.3
2x2 =50.49
oX =1.7385051
SX =1.94370779
n =5 )

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 6-11).
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B Paired-Variable Statistical Calculations

In the previous example under “Displaying the Calculation Results of a Drawn Paired-Variable
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 [g

List Editor and pressing (F2) (CALC) [F2) (2-VAR). 2;_{\/&1'1%8 le
rXx =100
xx2 =2200
ox =6.32455532
sx =7.07106781
n =5 )

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 6-22).

B 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 or regression curve is expressed as a number.

You can directly determine the same expression from the data input screen.

Pressing (F2) (CALC)(F3)(REG) displays a function menu, which contains the following items.

e {ax+b}/{a+bx}/[{Med}/{X?}/{X3}/{X*}/{Log}/{ae*}/{ab*}/{Power}/{Sin}/{Logistic} ...
{linear regression (ax+b form)}/{linear regression (a+bx form)}/{Med-Med}/{quadratic
regression}/{cubic regression}/{quartic regression}/{logarithmic regression}/{exponential

regression (ae”™ form)}/{exponential regression (ab* form)}/{power regression}/
{sinusoidal regression}/{logistic regression} parameters

Example To display single-variable regression parameters

(F2)(CALC)[F3)(REG) [E1) (X) (F1) (ax+D) B
LinearReg (ax+b)
a =-0.056
b =4.4
r =-0.140859
r2=0.01984126
MSe=8.23333333
y=ax+b

COPY

The meanings of the parameters that appear on this screen are the same as those for
“Displaying Regression Calculation Results” and “Linear Regression Graph” to “Logistic
Regression Graph”.
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e Calculation of the Correlation Coefficient (r), Coefficient of Determination

(r?) and Mean Square Error (MSe)

After the regression formula parameters on the regression calculation result screen, the
following parameters also appear on the display. The parameters that appear depend on the

regression formula.

Correlation coefficient (r)

Displayed following: linear regression, logarithmic regression, exponential regression, or power

regression calculation.

Coefficient of determination (r?)

Displayed following: linear regression, quadratic regression, cubic regression, quartic
regression, logarithmic regression, exponential regression, power regression calculation.

Mean square error (MSe)

Displayed following any regression calculation except Med-Med.

]

QuadReg
a =-0.0316666
b =1.21666668
c

r2=0.49735449
MSe=6.33333333
v=ax2 +bx+c

COPY

Depending on the regression calculation type, mean square error (MSe) is obtained using the

following formulas.

e Linear Regression (ax + b)............. MSe

* Quadratic Regression.........c...c....... MSe

e Cubic Regression.........cccceveeeeeeeenn.. MSe

e Quartic Regression............ccc.eee...... MSe

* Logarithmic Regression.................. MSe

» Exponential Regression (a-¢*)....... MSe

1 n

P ;(yi—(aXi+b))2
1 i 2

) (i — (a + bxy))
1 n

(vi — (ax®+ bxi + 0))°

S
I
w

I
pry

—
=

= (vi — (ax*+ bx+ cxi+ d))?

S

i=

—E 1 5 3 (yi — (ax*+ bx® + o + dxi + e))?
=1

. 3 (= (a+binx)y

1 & 5
5 ;(lnyi—(llld+b)€i))

1 & 5
2 (ny;— (Ina + (In b) - x:))

6-25



* Power Regression.........ccccec.....

* Sin Regression........cccccoeeeienee.

* Logistic Regression..................

1

S

2

i1

(Inyi —

i=1

> (i
(

(na + bInx))?

(a sin (bxi + ¢) + d))®

)2
1+ ae‘b"'

¢ Estimated Value Calculation for Regression Graphs

The Statistics 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 (F5) (G-SOLVE) [F1)(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.

2. Input the value you want for x and then press [exg.

* 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.

* 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.

3. Pressing or a number key at this time causes the x-value input dialog box to reappear

]

Pegression

Enter X-Value
X:|

] [Rad|form1) [d/c]Real

Ehgression

¥=3650.2564777

X

so you can perform another estimated value calculation if you want.

4. To exit the calculation, press (EXT). This will cause the coordinate values and pointer to

disappear from the screen.
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® 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 Statistics
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).

B

LinearReg (ax+
a =323.6

COPY

B Estimated Value Calculation (3, 5)

After drawing a regression graph with the Statistics mode, you can use the Run-Matrix mode
to calculate estimated values for the regression graph’s x and y.

Example To perform a linear regression using the nearby data and estimate the
values of y and X when xi = 20 and yi = 1000
Xi 10 15 20 25 30
vi 1003 1005 1010 1011 1014
1. From the Main Menu, enter the Statistics mode.
2. Input data into the list and draw the linear regression graph.
3. From the Main Menu, enter the Run-Matrix mode.
4. Press the keys as follows.
(2] (0] (value of xi) g |
A 209
o) (E8) (STAT) 2 () B9 1008.6“
The estimated value ¥ is displayed for xi = 20.
(1] (o] (0] (0] (value of yi) B
3 209
ED () B9 1008.6
_ 1000%
The estimated value X is displayed for yi = 1000. 4.6842857143

* You cannot obtain estimated values for a Med-Med, quadratic regression, cubic regression,
quartic regression, sinusoidal regression, or logistic regression graph.
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B Normal Probability Distribution Calculation

You can calculate normal probability distributions for single-variable statistics with the

Run-Matrix mode.

Press (Fe) (>>) (F3) (PROB) (Fg) (>>) to display a function menu, which contains the following

items.

* {P(M{Q(}{R(} ... obtains normal probability {P(z)}/{Q(#)}/{R(¢)} value
e {f(} ... {obtains normalized variate #(x) value}

* Normal probability P(7), Q(#), and R(#), and normalized variate #(x) are calculated using the

following formulas.

Standard Normal Distribution

P(2) Q) R(#)
01 0 ¢ 0 1
ro_u? 1 pr w2 1 proo_u?
o )€ 2du \/Z_n,[)e 2du Vz_nﬁ € 2du
=45

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 Class no. [Height (cm)|Frequency
1 158.5 1 6 173.3 4
2 160.5 1 7 175.5 2
3 163.3 2 8 178.6 2
4 167.5 2 9 180.4 2
5 170.2 3 10 186.7 1
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1. From the Main Menu, enter the Statistics mode.
2. Input the height data into List 1 and the frequency data into List 2.
3. Perform the single-variable statistical calculations.

You can obtain the normalized variate immediately after B

performing single-variable statistical calculations only. %—Vari?gé%%
[E3(CALC) [8)(SET) Sx2  2592708.09
E(ULST) @ 9% 722455423
@ E(LIST) @) 68 @R D (QUIT) n =20 v

(F3 (CALC)[F1) (1-VAR)

4. Press [iEN), select the Run-Matrix mode, press (Fe) (™) (F3) (PROB) (Fg) (>) to recall the
probability calculation (PROB) menu.

(F3)(PROB) Eg) (™) Fa) (+() (11 (6] (0 (4] (8] (O] g

(Normalized variate ¢ for 160.5 cm) Result: —1.633855948
(=-1.634)

FE(ODEOLELNE

(Normalized variate ¢ for 175.5 cm) Result: 0.4963343361
(5 0.496)
APIHAEEBDE
API(@OOEE @O
(Percentage of total) Result: 0.6389233692
(63.9% of total)
BRI0OMDME@EEOEF
(Percentile) Result: 0.3099472055

(31.0 percentile)
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H Drawing a Normal Probability Distribution Graph
You can draw a normal probability distribution graph using manual graphing with the
Run-Matrix mode.
1. From the Main Menu, enter the Run-Matrix mode.
2. Input the commands to draw a rectangular coordinate graph.
3. Input the probability value.

Example To draw a normal probability P (0.5) graph.

1 [MEN) Run-Matrix B

(W) (SET UP) (F2) (Line) (EXm)
@ (F4) (SKETCH) [F1) (Cls) [exg
(F5) (GRAPH) [F1) (Y=)
&) (Fe) (™) [E3) (PROB) (Fe) (>) (EI (P() (0] (=] (8] OJ [

B
P(t)=0.6914624613

H Calculations Using the Distribution Function

You can use special functions in the Run-Matrix mode or Program mode to perform
calculations that are the same as the Statistics mode distribution function calculation (page
6-50).

Example To calculate normal probability distribution in the Run-Matrix mode for
the data {1, 2, 3}, when the population standard deviation is o = 1.5 and
the population mean is u = 2.

1. From the Main Menu, enter the Run-Matrix mode.
2. Press the keys as follows.

(iEND) (SET UP) (F2) (Line) [EXIT B
8 (STAT) F3) (DIST) F) (NORM) o T
FNpd)EA X () D D20 E §[3:§?23}

ENEOEONOEBHREOE
0.212965337

* For details about what you can do with the distribution function and its syntax, see
“Performing Distribution Calculations in a Program” (page 8-42).
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H Determining Sample Standard Deviation, Unbiased Variance,
Population Standard Deviation, and Population Variance from List Data

You can use functions to determine sample standard deviation, unbiased variance, population
standard deviation, and population variance for specified list data. This calculation is
performed in the Run-Matrix mode. You can perform calculations using data you saved to a
list (List 1 to List 26) with the Statistics mode List Editor or list data you input directly on the
Run-Matrix mode screen.

Syntax

Example

StdDev(List n [,List m]) StdDev_o(List n [,List m])
Variance(List n [,List m]) Variance_o?(List n [,List m])
List n........ Sample data

List m....... Frequency data

To store the x-data below in List 1, the frequency values in List 2, and
determine sample standard deviation, unbiased variance, population
standard deviation, and population variance

X 60 70 80 90

Frequency 3 5 4 1

1. From the Main Menu, enter the Statistics mode.

2. Use the List Editor to store the above data.

3. From the Main Menu, enter the Run-Matrix mode.

4. Press the keys as follows.

e [E8) (STAT) (F3) (StdDev) (E(S) BXT) EXT)  [E

. . StdDev(List 1,List 2>
F)(LIST) (F(List) ] (] (FD(List) (2 OJ 9 9.26808696
Variance(Lig; é %istb

B E(STAT B(VanENSIERED | 8974359

(ED(LIST) (E1) (List) (D (2] (ED (List) (2)
[List Lst-¥ai] Dim | Fill([ Seq [BI=S

) (E5) (STAT) (F3) (StdDev) (F2) (o) XD &1 [

FILIST)E(Lisy D D ELisy@ O | oF 1ancelist 1
StdDev_oc(List i

o) [E8) (STAT) ) (Var) {2) (o°) B X Variance_cr?s'(?.(i)s% ??EE
EDNLIST)ED(Lish) (D CIEN(LisHRI DI BY | 79.28994083
List [st->Wat| Dim | Fill(| Seq [IE]
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H Calculations Using the TEST Command

You can use special functions in the Run-Matrix mode or Program mode to perform
calculations that are the same as the Statistics mode Z Test, 7 Test, and other test
calculations (page 6-33).

Example To determine the z score and p-value when a one-sample Z test is
performed under the conditions below:
test condition (# condition) # uo*, assumed population mean uo = 0,
population standard deviation ¢ = 1, sample mean X = 1, number of
samples n =2

* “u condition # wo” can be specified by entering 0 as the initial argument of
the one-sample Z test command “OneSampleZTest”.

1. From the Main Menu, enter the Run-Matrix mode.
2. Perform the following key operation.

(stFT) (ENG) (SET UP) [E2) (Line) (EXT)
[F5) (STAT) 8 () D (TEST) F1)(2) Or’leSampleZTest 0,0,1,
F)(1-Sample) D @O @D @M Done
(] 2 &9
B
ED(LIST) D (List) @ [©) (Ans) B9 o

2{0.1572]

3 1

4 2

1.414213562

The following calculation results are displayed as ListAns elements 1 through 4.
1: z score
2: p-value
3: x
4:n
* For details about the function of the supported TEST command and their syntax, see “Using
the TEST Command to Execute a Command in a Program” (page 8-46).
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5. Tests

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 ¢ Test compares the population means when the population standard deviations are
unknown.

LinearReg ¢ Test calculates the strength of the linear association of paired data.

With the %2 test, a number of independent groups are provided and a hypothesis is tested
relative to the probability of samples being included in each group.

The x? GOF test (x2 one-way Test) tests whether the observed count of sample data fits
a certain distribution. For example, it can be used to determine conformance with normal
distribution or binomial distribution.

The y? two-way test creates a cross-tabulation table that structures mainly two qualitative
variables (such as “Yes” and “N0”), and evaluates the independence of the variables.

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.
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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 Statistics mode screen, press (F3](TEST) to display the test menu, which
contains the following items.

* [F3)(TEST)(F1)(2) ... Z Tests (below)
(F2)(t) ...  Tests (page 6-37)
(F3) (CHI) ... x? Test (page 6-40)
(F4) (F) ... 2-Sample F Test (page 6-42)
[F5) (ANOVA) ... ANOVA (page 6-43)

After setting all the parameters, use ® to move the highlighting to “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.

B Test Common Functions
* You can use the procedure below to specify the graph line color before graphing test
calculation results.
1. Display the Z-test, t-test, 2 Test, 2-Sample F’ Test, or Two-Way ANOVA screen.

* To display the 1-Sample Z Test input screen, for example, display the List Editor and then
press (F3)(TEST)(F1)(2)(F1)(1-SAMPLE).

2. Move the highlighting to “GphColor” and then press (F1)(COLOR).

3. On the color selection dialog box that appears, use the cursor keys to move the
highlighting to the desired color and then press [Exg.

* V-Window settings are automatically optimized for drawing the graph.

B Z Tests

® Z Test Common Functions
You can use the following graph analysis functions after drawing a Z Test result output 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.
* [F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.

* Executing an analysis function automatically stores the z and p values in alpha variables Z
and P, respectively.
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e 1-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.

Perform the following key operations from the List Editor.

(F3)(TEST) B
1-Sample ZTest
FE1)(2) Data :Lit
T
F1)(1-SAMPLE) b0 s
(o] . |
List :Listl
Freq . | )

Save Res:None
GphColor:Blue
Execute

The following shows the parameter data specification items that are different from list data
specification.

Calculation Result Output Example

E [RadNorm1] [d/c]Real]
1-Sample ZTest
K #11.4
z =0.26832815
p =(0.78844673
X =11.52
sx =0.61806148
n =5
uz11.4 .......... direction of test
SX terenrrrreeenaans Displayed only for Data:List setting.

* [Save Res] does not save the u condition in line 2.

¢ 2-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.

Perform the following key operations from the List Editor.

(F3)(TEST) B
2-Sample ZTest

E1(2) Dta ‘Li t

tE

(F2(2-SAMPLE) ot 1
o2 01
List(l) :Listl
List(2) :List2 N
Freq(l) :1
Freq(2) :1
Save Res:None
GphColor:Blue
Execute

6-35




The following shows the parameter data specification items that are different from list data
specification.

xl 10
nl :0
x2 :0
n2 :0
Calculation Result Output Example

B [Rad|Form1) [d7c)Real E RadFornl) (d7c)Real

2-Sample ZTest g

rl #U2

z =1.2492945

=0.21155737

x1 =11.52

X2 =0.036

sx1 =0.61806148 N

WAELU2 e direction of test

SX1 tvrrrrrrereenens Displayed only for Data:List setting.

SX2 tenrrrreeeeeans Displayed only for Data:List setting.

* [Save Res] does not save the ut condition in line 2.

® 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.

Perform the following key operations from the List Editor.

(E3)(TEST) B

1-Prop ZTest

E1(2)
(F3)(1-PROP) b 0

n :0

Save Res:None
GphColor:Blue N

I[Execute

Calculation Result Output Example

B Eadforn] (dc)Red] E Radfiorn]] [dFc)Rea]
1-Prop ZTest g
Prop#0.5

Prop#0.5....... direction of test

* [Save Res] does not save the Prop condition in line 2.
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® 2-Prop Z Test

This test is used to compare the proportion of successes. The 2-Prop Z Test is applied to the
normal distribution.

Perform the following key operation from the List Editor.

(F3)(TEST) B
2-Prop ZTest
[F1D(2)
(@) (2-PROP) x1 ;9
x2 : 0
n2 :0
Save Res:None NE
GphColor :Blue
Execute
Calculation Result Output Example
B Radormd] (dFc)Red Radformd] (d7c]Rea)
2-Prop ZTest
pl>p2
z =-0.4768216
p =0.68325542
p1=0.75
p2=0.76666666
p =0.75833333 )

P1>D2 e direction of test

* [Save Res] does not save the p1 condition in line 2.

M 7 Tests

¢ t Test Common Functions
You can use the following graph analysis functions after drawing a ¢ Test result output graph.

* ([F1)(T) ... Displays ¢ score.

Pressing (F1)(T) displays the 7 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.
* [F2)(P) ... Displays p-value.

Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.

» Executing an analysis function automatically stores the r and p values in alpha variables T
and P, respectively.
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e 1-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 7 distribution.

Perform the following key operations from the List Editor.

(F3)(TEST)
E2 (1)

(F1)(1-SAMPLE)

B Radornd] (dic]Real

1-Sample tTest

Data :List

M OO0

no :0

List :Listl

Freq 01

Save Res:None NE

GphColor :Blue

Execute

The following shows the parameter data specification items that are different from list data

specification.

Calculation Result Output Example

] [Rad|Horm?) [d/c]Real

1-Sample tTest
#11.3
.79593208
i47063601
]

.

.92
1806148

SN MO AT
™

NMOoO=OO

u#11.3 .......... direction of test

* [Save Res] does not save the u condition in line 2.

0
»
Qoo

(dZe]Real

e 2-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.

Perform the following key operations from the List Editor.

(F3)(TEST)
(1)

(F2) (2-SAMPLE)
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] [Radlorm1) [d/c]Real

2-Sample tTest
Data :List
pl eI

List(l) :Listl
List(2) :List2
Freq(l) :1

Freq(2) :1 NE

Pooled :0ff
Save Res:None
GphColor:Blue
Execute




The following shows the parameter data specification items that are different from list data
specification.

X1 :0
sxl :0
nl :0
X2 :0
|sx2 :0
n2 :0
Calculation Result Output Example

E] [Radlflormi] [d/c]Reall B [Radforml] [d7c]Real

2-Sample tTest 0.4

rl FU2

t =-0.9704188

p =0.3729884

df =5.43916072

X1 =53.5

X2 =54 .66 b

WAELU2 v direction of test

SP cevrrrrreeeenans Displayed only when Pooled:On setting.

* [Save Res] does not save the ut condition in line 2.

e LinearReqg ¢ 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 ¢ score, and calculates the
extent of the relationship between x and y.

Perform the following key operations from the List Editor.

(F3)(TEST) B

LinearReg tTest
E2 EL& g :fo t1
is :Lis
(F3)(REQG) YList :List2

Freq 01
Save Res:None
Execute

C= <> 1]

Calculation Result Output Example

B [Radforn]) [d/c]Real
LinearReg tTest

B+0 & p+0

t =2.39793632

p =0.0960526

df =3

a =-1.4850185

b =1.09211223 N

LCOPY |

B0 & p=0 ......... direction of test
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Pressing (Fe) (COPY) while a calculation result is on the display copies the regression formula
to the graph relation list.

E

Graph Fune 'Y=

Y2: [—1]
Y4: [—1]
Y5: [—]1]
Y6: [—1]

When there is a list specified for the [Resid List] item on the Setup screen, regression formula
residual data is automatically saved to the specified list after the calculation is finished.

* You cannot draw a graph for LinearReg ¢ Test.
* [Save Res] does not save the 8 & p conditions in line 2.

* When the list specified by [Save Res] is the same list specified by the [Resid List] item on the
Setup screen, only [Resid List] data is saved in the list.

H 2 Test

e v> Test Common Functions
You can use the following graph analysis functions after drawing a graph.

. CHI) ... Displays 2 value.
(E)( plays x

Pressing (F1) (CHI) displays the y? 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).

* [F2)(P) ... Displays p-value.
Pressing (F2)(P) displays the p-value at the bottom of the display without displaying the pointer.

» Executing an analysis function automatically stores the x> and p values in alpha variables C
and P, respectively.

* v* GOF Test (y* one-way Test)

The x? GOF Test (¥ one-way test) tests whether the frequency of sample data fits a certain
distribution. For example, it can be used to determine conformance with normal distribution or

binomial distribution.

Perform the following key operations from the List Editor.

(F3)(TEST) B
¥2GOF Test

(F3J(CHI) Enser¥e-5tis$%
CNTRB :List3

Save Res:None
GphColor:Blue N

I[Execute
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Next, specify the lists that contain the data. The following shows the meaning of the above
items.

Observed...... name of list (1 to 26) that contains observed counts (all cells positive

integers)
Expected....... name of list (1 to 26) that is for saving expected frequency
CNTRB. ......... Specifies a list (List 1 to List 26) as the storage location of the contribution

of each observed count obtained as calculation results.

Calculation Result Output Examples

B [RadHorm1] [d/c]Real] E] [Rad[Mormi] [d7z]Real
x2GOF Test

x¥2=3.791688667
p =0.43493424
df=4
CNTRB:List3

[ CHI2|

CNTRB......... list for output of contribution values

* v two-way Test

x? two-way 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).

Perform the following key operations from the List Editor.

(TEST) B

%2 Test

EJ(CHD guserge-:MaE %
xpected:Ma

(F2 (2WAY) Save Res:None
GphColor:Blue
Execute

Next, specify the matrix that contains the data. The following shows the meaning of the above
items.

Observed...... name of matrix (A to Z) that contains observed counts (all cells positive
integers)
Expected....... name of matrix (A to Z) that is for saving expected frequency

Calculation Result Output Example

B B
x2 Test [
%2=0.31746031
p =0.57313791
df=1

P
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* The matrix must be at least two lines by two columns. An error occurs if the matrix has only
one line or one column.

* Pressing (F1)(Mat) while the “Observed” and “Expected” parameter settings are highlighted
will display the Matrix (A to Z) setting screen.

* Pressing (F2) (»™MAT) while the “Observed” and “Expected” parameter settings are
highlighted enters the Matrix Editor, which you can use to edit and view the contents of
matrices.

* Pressing (Fée) (™ MAT) while a calculation result is displayed enters the Matrix Editor, which
you can use to edit and view the contents of matrices.

e Switching from the Matrix Editor to the Vector Editor is not supported.

l 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.

Perform the following key operations from the List Editor.

(F3(TEST) B
2-Sample FTest
(Fa) (F) Data ‘List
ol #0602
List(l) :Listl
List(2) :List2
Freq(l) :1

Freq(2) :1 NE

B = bO =

Save Res:None
GphColor:Blue
Execute

The following shows the parameter data specification items that are different from list data

specification.
sxl :0
nl :0
sx2 :0
n2 :0
Calculation Result Output Example
E [RadNorm] [d/c]Real =] Radorni] [d7c](Real
2-Sample FTest
cl 02
F =0.55096981
p =0.H7785988
X1 =2.66
x2 =1.42
sx1 =1.9437078 J
O1£02 e direction of test
X1 e Displayed only for Data:List setting.
X2 i, Displayed only for Data:List setting.
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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.
* [F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the

pointer.

» Executing an analysis function automatically stores the F" and p values in variables F and P,
respectively.

* [Save Res] does not save the o1 condition in line 2.

l 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 List Editor.

(F3)(TEST) B
ANOVA
@(ANOVA) How Many:1

Factor A:Listl
Dependnt:List2
Save Res:None
Execute

L1122 ]

The following is the meaning of each item in the case of list data specification.
How Many..... selects One-Way ANOVA or Two-Way ANOVA (number of levels)
Factor A........ list to be used for category data (List 1 to 26)
Dependnt...... list to be used for sample data (List 1 to 26)
Save Res...... first list for storage of calculation results (None or List 1 to 22)*"
Execute......... executes a calculation or draws a graph (Two-Way ANOVA only)

*1 [Save Res] saves each vertical column of the table into its own list. The leftmost column

is saved in the specified list, and each subsequent column to the right is saved in the next

sequentially numbered list. Up to five lists can be used for storing columns. You can specify
an first list number in the range of 1 to 22.

The following item appears in the case of Two-Way ANOVA only.
FactorB........ list to be used for category data (List 1 to 26)
GphColor ...... specifies the graph line color (page 6-34)
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After setting all the parameters, use ® to move the highlighting to “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 (Two-Way ANOVA only).

Calculation results are displayed in table form, just as they appear in science books.

Data and Calculation Result Example

One-Way ANOVA Two-Way ANOVA
Data List1={1,1,2,2} List1={1,1,1,1,2,2,2,2}
List2={124,913,120,1001} List2={1,1,2,2,1,1,2,2}
List3={113,116,139,132,133,131,126,122}
Setup Bl B
Screen ANOVA ANOVA
How Many:1 How Many:2
Factor A:Listl Factor A:Listl
Dependnt:List2 Factor B:List2
Save Res:None Dependnt:List3
Execute Save Res:None
GphColor:Blue N
L1 JC2 ]
Calculation Fadfom] [(dic)Real B
Result ANOVA ANOVA
df F » df ss | ms | F » |
‘ 1764 1764 5E-3 A 18 18 1.8461
ERR 2 899341 349570 B 1| s4.5) 84.5 8.6668
AB 1| 420.8 420.5 43.128
ERR 4 390  9.75
1
B B
ANOVA ANOVA
€« 88 ms ‘ F | P ‘ € ss ms | F | P
A ‘ 1754‘ 1764‘ 0. 9408 A 18 18 1.8461 [T
ERR| 699341| 349670 B 84,5 84.56 §.6666 0,0422
AB | 490.5 420.5 43.128 2.7:-3
ERR 39  9.7B
0.9498399734 0.2458019517

One-Way ANOVA
Line 1 (A).......... 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).......... Factor A df value, SS value, MS value, F value, p-value
Line 2 (B) .......... Factor B df value, SS value, MS value, F value, p-value

Line 3 (AB)........ 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.
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Foie F value

) 22RO p-value

Af e, degrees of freedom
SS sum of squares
MS ... 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.
* [F1)(Trace) or (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 &@.

» Graphing is available with Two-Way ANOVA only. V-Window settings are performed
automatically, regardless of Setup screen settings.

* Using the Trace function automatically stores the number of conditions to variable A and the
mean value to variable M, respectively.

B ANOVA (Two-Way)

® Description

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)

A1l 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

e Solution

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}

List2={1,1,2,2,1,1,2,2}

List3={113,116,139,132,133,131,126,122}
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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 = 2.78169946 x 10-°
The level of significance (p = 2.78169946 x 107%) 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.

¢ Input Example

B Eadforml [d7c)Real
ANOVA

How Many:2
Factor A:Listl
Factor B:List2

Dependnt:List3
Save Res:None
GphColor:Blue L
e Results

B Ezdforml (dc)Real
ANOVA

df ss | ms ‘ F » |
A 18 18 1.8461
B 1 s84.5 84.5 8.6666
AB 1| 420.5 420.5 43.128
ERR 4 39 9.75
B Eedfiornl] [dFc)Real
ANOVA

| “ ss ‘ ms | F ‘ P

A 18 18 1.8461 (PR
B 84.5| 84.5 §.6666 0.0422
AB | 4920.5 420.5 43.128 2.7e-3
ERR 3g 5

9.7
0.2458019517

E] Radfornd (dZ)Real

U
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6. Confidence Interval

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 proportion
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 Statistics mode screen, press (F4)(INTR) to display the confidence interval
menu, which contains the following items.

* FA(INTR)([E1)(Z) ... Z intervals (page 6-48)
F2(t) ... ¢ intervals (page 6-49)

After setting all the parameters, use (® to move the highlighting to “Execute” and then press
the function key shown below to perform the calculation.

* [F1)(CALC) ... Performs the calculation.

* There is no graphing for confidence interval functions.
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e General Confidence Interval Precaution

Inputting a value in the range of 0 = C-Level < 1 for the C-Level setting sets a value you input.
Inputting a value in the range of 1 = C-Level < 100 sets a value equivalent to your input divided
by 100.

B Z Interval

¢ 1-Sample Z Interval

1-Sample Z Interval calculates the confidence interval for an unknown population mean when
the population standard deviation is known.

Perform the following key operations from the List Editor.

F4(INTR) B
Q) 1-Sample ZInterval

C :0.95
(F1)(1-SAMPLE) e 1

List :Listl

Freq 01

Save Res:None NE

I[Execute I

The following shows the parameter data specification items that are different from list data
specification.

Calculation Result Output Example

B Radform]) (dFeRes] |
1-Sample ZInterval
Lower=10.68434775
Upper=12.3965225

X 11.52

SX g.61806148

n

® 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.

Perform the following key operations from the List Editor.

FA(INTR)
F1(2)
(F2) (2-SAMPLE)
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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.

Perform the following key operations from the List Editor.

F4)(INTR) B
1-Prop ZInterval

E1(2) C-Level :.95
X :

(F3)(1-PROP) n 0

Save Res:None

Execute

Data is specified using parameter specification.

Calculation Result Output Example

B [Rad|Horm1] [d/c][Redl]

1-Prop ZInterval
Lower=0.65538081
Upper=0.71961918
b 8875

.
.

® 2-Prop Z Interval

2-Prop Z Interval uses the number of data items to calculate the confidence interval for the
difference between the proportion of successes in two populations.

Perform the following key operations from the List Editor.

(F3(INTR)
ED(2)
(F3) (2-PROP)

M 7 Interval

e 1-Sample ¢ Interval

1-Sample 7 Interval calculates the confidence interval for an unknown population mean when
the population standard deviation is unknown.

Perform the following key operations from the List Editor.

(F3) (INTR) B
B0 1-Sample tInterval

C-Leve :0.95
(E1)(1-SAMPLE) List ‘List1
Freq 01
Save Res:None

Execute
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The following shows the parameter data specification items that are different from list data
specification.

SX

Qoo

Calculation Result Output Example

B [Rad|Horm1] [d/c][Real]
1-Sample tInterval
Lower=60.9628946
Upper=71.6371054
X 66.3
8.4
12

SX
n

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.

Perform the following key operations from the List Editor.

F3(INTR)
F2 (1)
(F2) (2-SAMPLE)

7. Distribution

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.
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Normal probability density calculates the probability density of normal distribution from a
specified x value.

Normal cumulative distribution calculates the probability of normal distribution data falling
between two specific values.

Inverse normal cumulative distribution calculates a value that represents the location within
a normal distribution for a specific cumulative probability.

Student-f probability density calculates 7 probability density from a specified x value.

Student-f cumulative distribution calculates the probability of 7 distribution data falling
between two specific values.

Inverse Student-f cumulative distribution calculates the lower bound value of a Student-#
cumulative probability density for a specified percentage.

Like 7 distribution, probability density (or probability), cumulative distribution and inverse
cumulative distribution can also be calculated for 2, F, Binomial, Poisson, Geometric and
Hypergeometric distributions.

On the initial Statistics mode screen, press (F5) (DIST) to display the distribution menu, which
contains the following items.

* [F5)(DIST)(F1)(NORM) ... Normal distribution (page 6-52)

(F2) (1) ... Student- distribution (page 6-54)

(F3)(CHI) ... x2 distribution (page 6-55)

(F3) (F) ... F distribution (page 6-57)

(F5) (BINOMIAL) ... Binomial distribution (page 6-58)

(Fe) (™) (F1) (POISSON) ... Poisson distribution (page 6-60)

(Fe) (™) [F2) (GEO) ... Geometric distribution (page 6-62)

(Fe) (>) (F3) (HYPRGEO) ... Hypergeometric distribution (page 6-64)

After setting all the parameters, use ® to move the highlighting to “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.

Bl Common Distribution Functions
* Before drawing the graph of a distribution calculation result, you can use the procedure
below to specify the graph line color (when Data:Variable only).
1. Display the distribution input screen.

* To display the normal probability density input screen, for example, display the List Editor
and then press (F5) (DIST) (F1) (NORM) (F1) (Npd).

2. Move the highlighting to “GphColor”’ and then press (F1)(COLOR).

3. On the color selection dialog box that appears, use the cursor keys to move the
highlighting to the desired color and then press [Exg.
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* V-Window settings for graph drawing are set automatically when the Setup screen’s “Stat
Wind” setting is “Auto”. Current V-Window settings are used for graph drawing when the “Stat
Wind” setting is “Manual”.

* After drawing a graph, you can use the P-CAL function to calculate an estimated p-value for
a particular x value. The P-CAL function can be used only after a Normal Probability Density,
Student-7 Probability Density, y? Probability Density, or I Probability Density graph is drawn.

The following is the general procedure for using the P-CAL function.

1. After drawing a distribution graph, press (F5) (G-SOLVE) (F1)(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 variables X and P,
respectively.

B Normal Distribution

¢ Normal Probability Density (F5) (DIST) (F1) (NORM) (F1) (Npd)
Normal Probability Density calculates the probability El
density (p) for a specified single x-value or a list. When a Normal P.D
. p. h . Data :List
list is specified, calculation results for each list element are List :Listl
displayed in list form. ﬁ : (1)
Save Res:None
Execute

* Normal probability density is applied to standard normal distribution.
* Specifying o = 1 and u = 0 specifies standard normal distribution.

Calculation Result Output Examples

E [RadMormi) [dic)Real El Rad)Forni] [d7c)(Real
Normal P.D 5
1
2 0.0539 oe
3 0.12956 B2
4 1.3e-4 0
B 4.4e-3 X
0.2419707245 % & < g 1 ¢ 3§ 1
=0 P=0.3988422504
When a list is specified Graph when an x-value is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as
data.
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e Normal Cumulative Distribution (F5) (DIST) (F1) (NORM) [F2) (Ncd)

Normal Cumulative Distribution calculates the normal E
cumulative probability of a normal distribution between a al C i -
lower bound and an upper bound. L.List :Listl
U.List :List2
c 01
) 10
Save Res:None NE
_
Calculation Result Output Examples
E] [Rad|Norml] [d/c]Real B [Radforml] [d7c]Real
Normal C.D
P z:Low z:Up
1 1 3
2 0.0807 1.4 4
3 0.0227 2 4
4L 2.3e-4 3.5 5 iy B = i
0.1573053559 z:Low=1 0.1 Up=2
P=0.1356906122
When a list is specified Graph when an x-value is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as

data.
e Inverse Normal Cumulative Distribution (F5) (DIST) (F1) (NORM) (F3) (InvN)
Inverse Normal Cumulative Distribution calculates the B
boundary value(s) of a normal cumulative distribution Inverse Normal
o . Data :Variable

probability for specified values. Tai ‘Left
Area :0
c 01
) :0
Save Res:None NE

Area: probability value
(OsAreas1)

Inverse cumulative normal distribution calculates a value that represents the location within a
normal distribution for a specific cumulative probability.

Upper too Upper
f(x)dx=p fx)dx=p f(x)dx=p
— Lower Lower
Tail:Left Tail:Right Tail:Central
upper boundary lower boundary upper and lower
of integration of integration boundaries of
interval interval integration interval

Specify the probability and use this formula to obtain the integration interval.

* This calculator performs the above calculation using the following: = = 1 x 10%,
—o0 =—1 x 109

* There is no graphing for Inverse Normal Cumulative Distribution.
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B Student-f Distribution

e Student-f Probability Density [F5) (DIST) (F2) (t) (F1) (tpd)
Student- Probability Density calculates the probability B
density (p) for a specified single x-value or a list. When a Student_t P.D
L o . . Data :List
list is specified, calculation results for each list element are List :Listl
. o df :0
displayed in list form. Save Res:None
Execute

Calculation Result Output Examples

E [Radorn]) [d/c]Real =] Bad(forn]) [d7c)(Real
Student-t P.D o
2. 1e-4
2 1.3e-5 ’
3 2.7e-6 0:2
4. 8.7e-7 o4
2.151387469 %004 % 1 g i z 3
%=0 P=0.3183098862
When a list is specified Graph when variable (x) is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as

data.

e Student-f Cumulative Distribution [F5) (DIST) (F2) (t) (F2) (tcd)
Student-r Cumulative Distribution calculates the Student-¢ B
cumulative probability of a Student-z distribution between a ent‘
lower bound and an upper bound. L.List :Listl

U.List :List2
df 11
Save Res:None
Execute
Calculation Result Output Examples
E RadHormd) [dic)Real E] RadFornd] [d7c)(Real
Student-t C.D 0.4
P tiLow t:Up
o . 2235) 1 12 '
2 0.1277 2 16 oE
3 0.0856 3 19 o1
4l 0.0628 4 21 T + N
0.2235353239 tiLow=1 atiUp=2
P=0.1024163823
When a list is specified Graph when variable (x) is specified

» Graphing is supported only when a variable is specified and a single x-value is entered as
data.
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¢ Inverse Student-f Cumulative Distribution

(F5) (DIST) [F2) (t) (F3) (Invt)

Inverse Student-r Cumulative Distribution calculates the B
lower bound value of a Student-f cumulative distribution for ~ [lnverse Student_t
oo Data :List
a specified df (degrees of freedom) value. List ‘Listl
df :0.3
Save Res:None
Execute
Calculation Result Output Examples
E] Radfornd] [d/c]Real B [Radforn]] [d7c]Real
Inverse Student-t Inverse Student-t
64 . 788 xInv =64.7865456
2 6.414b6
3 1.6126
4L 0.6023
64.7865b4564
When a list is specified When variable (x) is specified

* There is no graphing for Inverse Student-r Cumulative Distribution.

M 2 Distribution

2 Probability Density

%2 Probability Density calculates the y? probability density
(p) for a specified single x-value or a list. When a list is
specified, calculation results for each list element are
displayed in list form.

Calculation Result Output Examples

(F5)(DIST) [E3) (CHI) (E1) (Cpd)

B Redformd [d7)Real
x¥x2 P.D

Data :List
List :Listl
df . |
Save Res:None
Execute

X

El Radornmd] [dFc)Rea) B Radfornd (d7c]Rea)
x2 P.D

o . 9556

2 0.8071

3 0.6260

4.0.5164

0.9556356663 S~
X=0.7

& B 0
P=0.3360144877

When a list is specified Graph when variable (x) is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as

data.
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 ¥? Cumulative Distribution (F5) (DIST) [F3) (CHI) (F2) (Ccd)
x? Cumulative Distribution calculates the cumulative E
probability of a y2 distribution between a lower bound and x2 C.D_
Data :List
an upper bound. L.List :Listl
U.List :List2
df 11
Save Res:None
Execute
Calculation Result Output Examples
B E]
x2 C.D
IO . 7285
2 0.6546
3 0.5838
4.0.5119
0.728502484 LOWER=1 | UPPER=2
P=0.1600113008
When a list is specified Graph when variable (x) is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as

data.

* Inverse y? Cumulative Distribution

(F5) (DIST) (F3) (CHI) F3) (InvC)

Inverse y? Cumulative Distribution calculates the lower B
bound value of a 2 cumulative distribution probability for a rse -
specified df (degrees of freedom) value. List ‘Listl
df 11
Save Res:None
Execute
Calculation Result Output Examples
E RadHormd) [d/c)Real E] RadFormi] [d7c](Real
Inverse x2 Inverse x2
il2.4173 xInv=2.70554345
2 1.6423
3 1.0741
4. 0.6228
2.41732093
When a list is specified When variable (x) is specified

* There is no graphing for Inverse 2 Cumulative Distribution.
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B I Distribution

 F Probability Density (F5)(DIST) [F4) (F) [F1) (Fpd)
F Probability Density calculates the F probability density B
(p) for a specified single x-value or a list. When a list is FP.D
g : . Data :List
specified, calculation results for each list element are List tListl
i in I n:df :0
displayed in list form. q:9f ‘0
Save Res:None
Execute
Calculation Result Output Examples
E RadNorm1) [d/c]Real] E Radorni] (d7c](Real]
F P.D
RO . 8204
2 0.5931
3{ 0.447]
40,3394
0.8204299039 5 t+—+
E=0.7 P=0.2237959308
When a list is specified Graph when variable (x) is specified

* Graphing is supported only when a variable is specified and a
data.

single x-value is entered as

e F Cumulative Distribution (F5) (DIST) [F3) (F) (F2) (Fcd)
F Cumulative Distribution calculates the cumulative B
probability of an F distribution between a lower bound and FCD
Data :List
an upper bound. L. List :Listl
U.List :List2
n:df 1
d:df 12
Save Res:None )
List J[ Var |
Calculation Result Output Examples
E [Radforn]) [(dic]Real =] Bad(forn]) (dc)(Real
F C.D
IO . 6879
2 0.6412
3 0.59
4. 0.5348 m
0.6879046241 {BwER=1 UPPER=2
P40.129756512
When a list is specified Graph when variable (x) is specified

* Graphing is supported only when a variable is specified and a single x-value is entered as

data.
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* Inverse F Cumulative Distribution (F5) (DIST) (F4) (F) (F3) (InvF)
Inverse F Cumulative Distribution calculates the lower E
bound value of an F cumulative distribution probability for Inverse -

. Data :List
specified n:df and d:df (degrees of freedom of numerator List ‘List1l
. n:df N |
and denominator) values. 1 9f '3
Save Res:None
Execute
Calculation Result Output Examples
B E]
Inverse F Inverse F
ills . 8652 xInv=8.526831579
2 3.bb6bb
3 1.9215
4L 0.9625
6.865248227
When a list is specified When variable (x) is specified

* There is no graphing for Inverse F Cumulative Distribution.

B Binomial Distribution

e Binomial Probability (F5)

(DIST) F5) (BINOMIAL) (1) (Bpd)

Binomial Probability calculates a probability at a specific
single x-value or each list element for the discrete binomial
distribution with the specified number of trials and
probability of success on each trial. When a list is specified,
calculation results for each list element are displayed in list

B [Rad|Horm1] [d/c][Redl]
Binomial P.D
Data :List
List :Listl
Numtrial:0

p .
Save Res:None

form. Execute
Calculation Result Output Examples
E] [Radformd [d/c]Real B [Radfornl] [d7c]Real
Binomial P.D Binomial P.D
17 (EEEE p=0.389376
2 0.11056
3 0.3694
4L 0.1105
0.389376

When a list is specified

* There is no graphing for Binomial Probability.
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e Binomial Cumulative Distribution

Binomial Cumulative Distribution determines the sum of
probabilities (cumulative probability) that x, in the Binomial
Probability p(x), will fall within a range specified from a
Lower value to an Upper value.

Calculation Result Output Examples

(F5) (DIST) F5) (BINOMIAL) [F2) (Bed)

B [Rad[Horm1] [d/c]Real]
Binomial C.D

Data :List

L.List :Listl

U.List :List2
Numtrial:5

p :0.5

Save Res:None NE

E Radfornd] (dic)Real ]

Badfiornd (d7c)Real

Binomial C.D

IR0 . 06387
2 0.5
3 0.8125
4 0.5

0.96875

Binomial C.
p=0.15625

When a list is specified

* When specifying a list as data, you can select only an
Upper List (U.List) and specify all zeros for the lower
limit (fx-CG50/fx-CG50 AU only). To do this, move the
highlighting to “L.List” and then press (F2)(0).

* There is no graphing for Binomial Cumulative Distribution.

When variable (x) is specified

B Radfornd] [d/c]Real
Binomial C.D

Data :List

L.List :0

U.List :List2
Numtrial:10

P :0.5

Save Res:None NE
[ LIST IV

¢ Inverse Binomial Cumulative Distribution

Inverse Binomial Cumulative Distribution calculates
the minimum number of trials of a binomial cumulative
distribution for specified values.

Calculation Result Output Examples

(F5) (DIST) [F5) (BINOMIAL) (F3) (InvB)

E] [Rad[Horm1] [d/c]Real]
Inverse Binomial
Data :List
List :Listl
Numtrial:%

p .
Save Res:None
Execute

B [Rad[Horm1] [d/c][Rel] B [Rad[Mormi] [d7z][Real
Inverse Binomial Inverse Binomial
7R xInv=1
2 1
3 1
4| 4]
1

When a list is specified

When variable (x) is specified

* There is no graphing for Inverse Binomial Cumulative Distribution.
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Important!

When executing the Inverse Binomial Cumulative Distribution calculation, the calculator uses
the specified Area value and the value that is one less than the Area value minimum number
of significant digits (> Area value) to calculate minimum number of trials values.

The results are assigned to system variables xInv (calculation result using Area) and sk xInv
(calculation result using %k Area). The calculator always displays the xInv value only. However,
when the xInv and *kxInv values are different, the message shown below will appear with both
values.

] Radfornd) (dZ)Real

Area:l
xInv:3
Area-0.1
¥xInv:0
Press: [EXIT]

The calculation results of Inverse Binomial Cumulative Distribution are integers. Accuracy
may be reduced when the Area value has 10 or more digits. Note that even a slight difference
in calculation accuracy affects calculation results. If a warning message appears, check the
displayed values.

B Poisson Distribution

e Poisson Probability (F5) (DIST) [Fe) (™) (F1) (POISSON) (F1) (Ppd)
Poisson Probability calculates a probability at a specific B
single x-value or each list element for the discrete Poisson Poisson P.
T . r. Data :List

distribution with the specified mean. List :Listl
A :0.5
Save Res:None
Execute

Calculation Result Output Examples

E] B
Poisson P.D Poisson P.D
o . 3032) p=0.30326533
2 0.0768
3{0.3032]
4L 0.0768
0.3032653299

When a list is specified When variable (x) is specified

* There is no graphing for Poisson Probability.
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e Poisson Cumulative Distribution [F5) (DIST) [Fe) () F1) (POISSON) [F2) (Pcd)

Poisson Cumulative Distribution determines the sum of B
probabilities (cumulative probability) that x, in the Poisson Poisson C.D
o . L e Data :List
Probability p(x), will fall within a range specified from a L. List :Listl
Lower value to an Upper value. g List fldigw
Save Res:Néne
Execute

Calculation Result Output Examples

B [Rad[Horm1] [d/c]Real] B [Rad[Mormi] [d7z]Real
Poisson C.D Poisson C.D
o . 3934 p=0.30326533
2 0.0802
3 0.3934
4. 0.0802

0.3934693403

When a list is specified When variable (x) is specified

* There is no graphing for Poisson Cumulative Distribution.

¢ Inverse Poisson Cumulative Distribution
[F5)(DIST) (Fe) (>>) [F1) (POISSON) (F3) (InvP)

Inverse Poisson Cumulative Distribution calculates B
the minimum number of trials of a Poisson cumulative Inverse Poisson
- o e Data :List
probability distribution for specified values. List ‘Listl
A :0
Save Res:None
Execute

Calculation Result Output Examples

B B
Inverse Poisson Inverse Poisson
1R xInv=1
2 2
3 1
A 2
1

When a list is specified When variable (x) is specified

* There is no graphing for Inverse Poisson Cumulative Distribution.
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Important!

When executing the Inverse Poisson Cumulative Distribution calculation, the calculator uses
the specified Area value and the value that is one less than the Area value minimum number
of significant digits (> Area value) to calculate minimum number of trials values.

The results are assigned to system variables xInv (calculation result using Area) and sk xInv
(calculation result using %k Area). The calculator always displays the xInv value only. However,
when the xInv and *kxInv values are different, the message will appear with both values.

The calculation results of Inverse Poisson Cumulative Distribution are integers. Accuracy may
be reduced when the Area value has 10 or more digits. Note that even a slight difference in
calculation accuracy affects calculation results. If a warning message appears, check the
displayed values.

B Geometric Distribution

* Geometric Probability [F5) (DIST) (Fe) (™) (F2) (GEO) (F1) (Gpd)
Geometric Probability calculates the probability at a specific  [&
single x-value or each list element, and the number of the etr i L
trial on which the first success occurs, for the geometric List :Listl

. . . . v oy . p : 0 . 5
distribution with a specified probability of success Bave Res:Nome
Execute
Calculation Result Output Examples
E E]
Geometric P.D Geometric P.D
17 I p=0.5
2 D.25
3{ 0.125]
4L 0.08625
0.5
When a list is specified When variable (x) is specified

* There is no graphing for Geometric Probability.
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e Geometric Cumulative Distribution [F5) (DIST) [Fe) () F2) (GEO) (F) (Ged)

Geometric Cumulative Distribution determines the sum of B
probabilities (cumulative probability) that x, in the Geometric  [Geometric C.D

- . o o Data :List
Probability p(x), will fall within a range specified from a L.List :Listl
Lower value to an Upper value. g.List fBigt2

Save Res:None
Execute
CList )[ Var ]

Calculation Result Output Examples

B [RadHorm1] [d/c]Real] B [Rad[Mormi] [d7z)[Real
Geometric C.D Geometric C.D
0. 0997 p=0.5
2 0.4999
3 0.2499
4.0.1249

0.9997558594

When a list is specified When variable (x) is specified

* There is no graphing for Geometric Cumulative Distribution.

¢ Inverse Geometric Cumulative Distribution (F5)(DIST)(Fe) (™) (F2) (GEO) [F3)(InvG)

Inverse Geometric Cumulative Distribution calculates E
the minimum number of trials of a geometric cumulative Inverse Geometric
- C i PEYE] :List
probability distribution for specified values. List ‘Listl
P :0.7
Save Res:None
Execute

Calculation Result Output Examples

B B
Inverse Geometric Inverse Geometric
W o xInv=2
2 3
3 4
A 1
2

When a list is specified When variable (x) is specified

* There is no graphing for Inverse Geometric Cumulative Distribution.
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Important!

When executing the Inverse Geometric Cumulative Distribution calculation, the calculator uses
the specified Area value and the value that is one less than the Area value minimum number
of significant digits (> Area value) to calculate minimum number of trials values.

The results are assigned to system variables xInv (calculation result using Area) and * xInv
(calculation result using %k Area). The calculator always displays the xInv value only. However,
when the xInv and *xInv values are different, the message will appear with both values.

The calculation results of Inverse Geometric Cumulative Distribution are integers. Accuracy
may be reduced when the Area value has 10 or more digits. Note that even a slight difference

in calculation accuracy affects calculation results. If a warning message appears, check the
displayed values.

B Hypergeometric Distribution

e Hypergeometric Probability (F5)(DIST) [Fe) (P>) (F3) (HYPRGEO) (F1) (Hpd)

Hypergeometric Probability calculates the probability at B
a specific single x-value or each list element, and the Hypergeometric P.D

. . . Data :List
number of the trial on which the first success occurs, forthe [[ist :Listl
hypergeometric distribution with a specified probability of r?a : «';) 0
success. N 1920

Save Res:None J

Calculation Result Output Examples

B [Rad[Horm1] [d/c]Real] B [Rad[Mormi] [d7z]Real
Hypergeometric P.D Hypergeometric P.D
1 p=0.13544891

2 0.3482
3 0.3482
4.0.13564
0.1354489184

When a list is specified When variable (x) is specified

* There is no graphing for Hypergeometric Probability.

e Hypergeometric Cumulative Distribution
(F5) (DIST) [Fe) () (F3) (HYPRGEO) (F2) (Hcd)

Hypergeometric Cumulative Distribution determines the B
sum of probabilities (cumulative probability) that x, in the rgeoc C.D
Hypergeometric Probability p(x), will fall within a range Li Listl
specified from a Lower value to an Upper value. g List : 1515’52
M :10
N :20 J
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Calculation Result Output Examples

B Redformd) (d/c)Rea] B Redfornl) (d7c)(Rea)
Hypergeometric C.D Hypergeometric C.D

1 p=0.13544891

2 0.8482

3{ 0.5]

4.0.1617

0.98374613

When a list is specified When variable (x) is specified

* There is no graphing for Hypergeometric Cumulative Distribution.

* Inverse Hypergeometric Cumulative Distribution
(F5) (DIST) [Fg) (>) (F3) (HYPRGEO) (F3) (InvH)

Inverse Hypergeometric Cumulative Distribution calculates B
the minimum number of trials of a hypergeometric rse geo
cumulative probability distribution for specified values. List ‘Listl
n :5
M :10
N : 20
Save Res:None J
Calculation Result Output Examples
E B
Inverse Hypergeo Inverse Hypergeo
e xInv=2
2 3
3 4
4 1
2
When a list is specified When variable (x) is specified

* There is no graphing for Inverse Hypergeometric Cumulative Distribution.

Important!

When executing the Inverse Hypergeometric Cumulative Distribution calculation, the calculator
uses the specified Area value and the value that is one less than the Area value minimum
number of significant digits (s Area value) to calculate minimum number of trials values.

The results are assigned to system variables xInv (calculation result using Area) and * xInv
(calculation result using %k Area). The calculator always displays the xInv value only. However,
when the xInv and *xInv values are different, the message will appear with both values.

The calculation results of Inverse Hypergeometric Cumulative Distribution are integers.
Accuracy may be reduced when the Area value has 10 or more digits. Note that even a slight
difference in calculation accuracy affects calculation results. If a warning message appears,
check the displayed values.
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8. Input and Output Terms of Tests, Confidence
Interval, and Distribution

The following explains the input and output terms that are used by tests, confidence interval,
and distribution.

M Input Terms

Data.....ccoevviiiiiiciiiee data type

u (1-Sample Z Test)........... population mean value test conditions (“# u,” specifies two-tail test,
“< u,’ specifies lower one-tail test, “> u,” specifies upper one-tail
test.)

Uy (2-Sample Z Test) ......... population mean value test conditions (“# u,” specifies two-tail test,

“< u,” specifies one-tail test where sample 1 is smaller than sample
2, “> u,” specifies one-tail test where sample 1 is greater than

sample 2.)

Prop (1-Prop Z Test).......... sample proportion test conditions (“# p,” specifies two-tail test,
“< po” specifies lower one-tail test, “> p,” specifies upper one-tail
test.)

Py (2-Prop Z Test) .............. sample proportion test conditions (“# p,” specifies two-tail test,

“< p,” specifies one-tail test where sample 1 is smaller than sample
2, “> p,” specifies one-tail test where sample 1 is greater than

sample 2.)

u (1-Sample ¢ Test)............ population mean value test conditions (“# u,” specifies two-tail test,
“< u,’ specifies lower one-tail test, “> u,” specifies upper one-tail
test.)

U, (2-Sample ¢ Test) .......... sample mean value test conditions (“# u,” specifies two-tail test,

“< u,” specifies one-tail test where sample 1 is smaller than sample
2, “> u,” specifies one-tail test where sample 1 is greater than
sample 2.)

B & p (LinearReg 7 Test) ....p-value test conditions (“# 0” specifies two-tail test, “< 0” specifies
lower one-tail test, “> 0” specifies upper one-tail test.)

01 (2-Sample F Test) ......... population standard deviation test conditions (“# 02" specifies
two-tail test, “< 02” specifies one-tail test where sample 1 is smaller
than sample 2, “> 02" specifies one-tail test where sample 1 is
greater than sample 2.)

R . assumed population mean

O ............ . population standard deviation (0 > 0)

O1 eeeeeeeeiiiaaeaaaeeanaaaeeeeeennnns population standard deviation of sample 1 (g1 > 0)

O2 eeeeeeeeiiee e e e population standard deviation of sample 2 (o2 > 0)

List e list whose contents you want to use as data (List 1 to 26)

] S list whose contents you want to use as sample 1 data (List 1 to 26)
] 2SR list whose contents you want to use as sample 2 data (List 1 to 26)
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Freg....ooomiccceeeeeeee frequency (1 or List 1 to 26)

Fregl...occeeeee frequency of sample 1 (1 or List 1 to 26)
Freq2.. s frequency of sample 2 (1 or List 1 to 26)
Execute........cccoeiiiiiiiiiis executes a calculation or draws a graph
X e mean of sample

XA rvrrrrnnenneneereeerareaaaaaaaaaaaaas mean of sample 1

X2 uuuuuurrnneeeeeeereeeraeaaaaaaaaaaaaaas mean of sample 2
Tl size of sample (positive integer)

Tl et e e e e e e e e e e e e size of sample 1 (positive integer)
TS size of sample 2 (positive integer)

Do nnrrenreeeeeannrnneee e expected sample proportion (0 < p, < 1)
Dpeeeenreneeeee e sample proportion test conditions

x (1-Prop Z Test).....cceee.... sample value (x = 0 integer)

x (1-Prop Z Interval)........... data (O or positive integer)

D TSR data value of sample 1 (x1 = 0 integer)
X2 ettt e e e e e e e e e e e e e e eanaans data value of sample 2 (x2 = 0 integer)
Sl eetrnnnnr e e e e e e e e e e e e sample standard deviation (sx > 0)

S PP standard deviation of sample 1 (sx1 > 0)
B2 et eeeeeee e e e e e standard deviation of sample 2 (sx2 > 0)
XList .o, list for x-axis data (List 1 to 26)
YList.oooeoeieeee, list for y-axis data (List 1 to 26)
C-Level....ooeveeiiiieiees confidence level (0 = C-Level < 1)
Pooled..........ccooeiiiiiiiiins pooling On (in effect) or Off (not in effect)
x (Distribution).........ccc....... data

o (Distribution) ................... standard deviation (o > 0)

u (Distribution) ................... mean

\ (Distribution).................... mean

Lower (Distribution)............ lower boundary

Upper (Distribution)............ upper boundary

L.List (Distribution)............. list for lower bound data (List 1 to 26)
U.List (Distribution) ............ list for upper bound data (List 1 to 26)
df (Distribution) .................. degrees of freedom (df > 0)

n:df (Distribution) ............... numerator degrees of freedom (positive integer)
d-df (Distribution) ............... denominator degrees of freedom (positive integer)
Numtrial (Distribution) ........ number of trials

p (Distribution) ................... success probability (0 = p = 1)
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H Output Terms

A z score

) 2 p-value
Lo t score
K2 x? value
Foo, F value

Proee e estimated sample proportion
P estimated proportion of sample 1
Do estimated proportion of sample 2
X et ————————— mean of sample

XA urrnrrrereeneneerreerereaaaaaaaaaaeaes mean of sample 1

X2 uuuurrrrerrrereeerreeraeeaaaaaaaaaaaaas mean of sample 2

S ettt ettt e e e e e sample standard deviation

ST 4 eeeeeeeee e e e e e standard deviation of sample 1
SX2uuurrrrreeeer e e standard deviation of sample 2
S nrrrrre e e e e pooled sample standard deviation
Tl e size of sample

Tl teeee e size of sample 1
T size of sample 2

Af e, degrees of freedom

7 U constant term
Do, coefficient

S tutnnnnna e e e e standard error
 UUUUUUUUUUUUOUORRRRRRNY. 1 correlation coefficient

T2 s coefficient of determination
LOWEN wuvviiiiiinriiiiiiiieeeeaeeeeen confidence interval lower limit
UPPer ... confidence interval upper limit
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9. Statistic Formula

M Test

Test

1-Sample Z Test

2= (X = up)/(on)

2-Sample Z Test

7= (X1 = Z)N(0 In1) + (0,915)

1-Prop Z Test

Z = (xXIn = po)ly po(1 = po)/n

2-Prop Z Test

7 = (xy/ny — x,/n,)ly p(1 = p)(Ain, + 1/ny)

1-Sample ¢ Test

t= (X — po)(sV11)

2-Sample ¢ Test (pooled)

t= (X = X)A'sp°(1/n, + 1/n,)

Sp = \/((n1 - 1)5x12 + (ny — 1)Sx22)/(n1 +n,—2)
df=n,+n,-2

2-Sample ¢ Test (not pooled)

r= (X1 - )—cg)/\/sxf/m + Sx22/n2
df=1/(C?(n, —1) + (1 = C)*/(n, — 1))

C = (8¢ /(85" Iny + 85°1ny)

LinearReg 7 Test

2

b=

M-

1]
-

(- D)= FYE -5 a=y-bt

7

t=ry(n-2)/(1-r?

x? GOF Test

O;: The i-th element of the
observed list

E;: The i-th element of the
expected list

k
Xz = Z(O, - E,‘)z/E,'

x? two-way Test

k& O;i» The element at row i, column
2 _ e .)2 .. y ’
X = ,Zg(o’f Ei) /By j of the observed matrix
k 2 k 2

E;: The element at row i, column
E:= . U » |
v ,=Z1 O; ,__21 Oy ,=21 ,=21 Oy Jj of the expected matrix

2-Sample F Test

F=s, gl sxz2

ANOVA Test

F=MS/MSe MS =SS/Fdf MSe = SSe/lEdf

k

k
SS = ;ni (X; — X)? SSe = (n; — 1)sx2

i=1

Fdf=k -1 Edf=;k1(ni—1)
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B Confidence Interval

. Lower: confidence interval lower limit
Confidence Interval

Upper: confidence interval upper limit

1-Sample Z Interval Lower, Upper =X ¥ Z(0./2) - o/Vn
2-Sample Z Interval Lower, Upper = (%1 — Xo) ¥ Z(t/2) 0:'Iny + 0;/ne
1-Prop Z Interval Lower, Upper = xIn ¥ Z(0./2)\1/n - (x/n - (1 = x/n))

Lower, Upper = (x1/n1 — x2/ny)

2-Prop Z Interval ¥ Z(OC/2)\/ (x1/n1 - (1 = x1/m1))/nq + (xo/n2 - (1 — Xo/n2)) /N2

1-Sample ¢ Interval Lower, Upper = X ¥ t,.1(0./2) - sx/Vn
2-Sample ¢ Interval Lower, Upper = (X1 — X2) F tnyny-2 (01/2)y sp°(1/n4 + 1/ny)
(pooled)

sp=Y((n, = 1)s,° + (n, — 1)8,,0)/ (1, + 1y — 2)

Lower, Upper = (X1 — Xo) F t4r(00/2){ S¢i*/n1 + 8,515
2-Sample ¢ Interval —— ; ; 2 1
(not pooled) If = 1/(C*(n, = 1) + (1 = C)/(n, — 1))

C = (Sx1/my)/(Sx1"/ny + 85°/n)

o level of significance o =1 -[C-Level] C-Level: confidence level (0 = C-Level < 1)
Z(0/2): upper o/2 point of standard normal distribution
tar (0d2): upper o/2 point of ¢ distribution with df degrees of freedom
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M Distribution (Continuous)

x? Distribution

F Distribution

Distribution Probability Density Cumulative Distribution
Normal ;e
Distribution plx) = Bro ¢ 0 (0>0)
_dm
df + 1 2\ 2
Student-1 F(fT) (1 +§—)
. . . p(x) = % f
Distribution daf Txdf
F(?)
Upper
Ly 2 s p= J plx)dx
x? Distribution px) = Tf X (?) Xx\2 Jxe 2 Lower
1"(?) (x=0)
F(M) L _ ndf + ddf
p(x) = 2 (@[)2]62 (1 o ndfx x) 2
F Distribution r(”—gf) x r(d—gf) ddf ddf
(x=0)
Distribution Inverse Cumulative Distribution
Upper oo Upper
Normal p= J plx)dx p= J px)dx p= J px)dx
Distribution - Lower Lower
tail = Left tail = Right tail = Central
Student-¢
Distribution
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M Distribution (Discrete)

Distribution Probability
Binomial Distribution | p(x) = iCxp*(1=p)"™*  (x=0, 1, «-eee ,n) :number of trials
. . . . e_’lx ﬂ,x
Poisson Distribution px) = (x=0,1,2, ) A:mean (A > 0)
x!
Geometric Distribution | p(x)= p(1—p)*~! x=1,2,8, )
( ) _ MCx X N=MCn—-x
. PV = NChn
Hypergeometric
Distribution n: Number of elements extracted from population (0 = x integer)
M: Number of elements contained in attribute A (0 = M integer)
N: Number of population elements (n = N, M = N integer)
Distribution Cumulative Distribution Inverse Cumulative Distribution

Binomial Distribution

Upper X

p=2pl) P=2pl)

Poisson Distribution

Upper X
Geometric Distribution p=2pW) pP= ; p)
Hypergeometric v <3

= X = X

Distribution Pzrw P=2p0)
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Chapter 7 Financial Calculation

Important!

* Calculation results and graphs 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.

* 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.

1. Before Performing Financial Calculations

From the Main Menu, enter the Financial mode and display the Financial screen like the one

shown below.
Financial 1 screen

Financial 2 screen

E (Hornd)

B Norml

Financial (1/2)
Fl:Simple Interest
F2:Compound Interest
F3:Cash Flow
F4:Amortization
F5:Conversion

F6:Next Page
[SIMPLEJCOMPND] CASH JAHORTZN]CONVERT/HI=S]

Financial (2/2)
Fl:Cost/Sel/Margin
F2:Days Calculation
F3:Depreciatiocon
F4:Bond Calculation

F6:Next Page
| COSTJ DAYS JDEPREC] BOND CB]

* {SIMPLE} ... {simple interest}

e {COMPND} ... {compound interest}

e {CASH} ... {cash flow (investment appraisal)}
* {AMORTZN} ... {amortization}

* {CONVERT} ... {interest rate conversion}

* {COST} ... {cost, selling price, margin}

* {DAYS} ... {day/date calculations}

» {DEPREC} ... {depreciation calculations}

e {BOND} ... {bond calculations}
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H Setup ltems
~nnn indicates default setting.

e Payment
* {BEGIN}/{END} ... Specifies {beginning of the period}/{end of the period} payment

e Date Mode
J {%}/{360} ... Specifies calculation according to a {365-day}/{360-day} year

e Periods/YR. (payment interval specification)
e {Annual}/{Semi} ... {annual}/{semiannual}

e Graph Color

* {Black}/{Blue}/{Red}/{Magenta}/{Green}/{Cyan}/{Yellow} ... Specifies a single border line
color.

B Graphing in the Financial Mode

After performing a financial calculation, you can use (F§)(GRAPH) to graph the results as
shown below.

B Horm1] E3

CASH

TIME

* 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.

» While the graph screen is displayed, you can press (58] (FORMAT) and then use the
dialog box that appears to change the graph color. The color specification you make on this
dialog box is also reflected by the “Graph Color” setting of the Setup screen.

e Zoom, Scroll, and Sketch cannot be used in the Financial mode.

* The following graph Setup screen settings are all turned off for graphing in the Financial
mode: Axes, Grid, Dual Screen.

* 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).

* You can use the Setup “Background” setting to display a Financial mode graph screen
background image. This operation is the same as that for the Graph mode. For details,
see “Displaying a Graph Background Image” (page 5-10). Note, however, that you cannot
perform V-Window related operations while in the Financial mode.

* While a background image is being displayed on the Financial mode graph screen, you can
adjust the lightness of the background image. For information about this operation, see “To
adjust the lightness (Fade 1/O) of the background image” (page 5-12).
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2. Simple Interest

This calculator uses the following formulas to calculate simple interest.

e Formula
365-day Mode ~ SI'= ——XPVXZG:I%) SI
365 100
- . I% )
360-day Mode SI' = 360X PV i (z =100 IZV
1%
SI =-=SI' SFV:

SFV = —(PV + SI')

. interest

: number of interest periods
. principal

: annual interest

principal plus interest

Press (F1)(SIMPLE) from the Financial 1 screen to display the following input screen for simple

interest.

(F1)(SIMPLE)
/R number of interest periods (days)
% ... annual interest rate

PV ... principal

E]
Simple Interest

1% =0
PV =0

After configuring the parameters, use one of the function menus noted below to perform the

corresponding calculation.
e {SI} ... {simple interest}

e {SFV} ... {simple future value}

* An error occurs if parameters are not configured correctly.

Use the following function menus to maneuver between calculation result screens.

« [REPEAT) ..
« (GRAPH]} ...

{parameter input screen}
{draws graph}
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51 =26.81506849
REPEAT
B Horm1] E3
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After drawing a graph, you can press (F1)(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 (SF'V). Pressing @ cycles in the
reverse direction.

Press to return to the parameter input screen.

Compound Interest

This calculator uses the following standard formulas to calculate compound interest.

°* PV, PMT, FV, n

220 PV +BXFV
PV=— (X PMT + 8 XFV) PMT =——F——
log (1+ iS) x PMT — FV X i
PV +ax PMT (1+ iS) X PMT + PV X i
FV=—-—"—"F"—7"—7— n= :
B log (1+ i)
1% =0
PV=—(PMT xn+FV) erz_w
_ __PV+FV
FV =—(PMTxn + PV) n=—tors
o=(1+ix8)x __ﬁ,/j=(1 +i)7"
l
0 -----PaYment: End L% e (PIY = CIY = 1)
(Setup Screen) ~ ] 100
5= Payment : Begin i 1% it
i | (1+ ——=——)""—1_._..(Other than
et o 100 x[C/Y] those above)
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*/%
i (effective interest rate)

i (effective interest rate) is calculated using Newton’s Method.
PV+oaxPMT +BxFV=0

To I % from i (effective interest rate)

EXT00 i (PlY=ClY =1)
1% = by
(14 )Y =1} x C/Y x 100... (Other than those above)
Moo number of compound periods FV.... future value
1% ......... annual interest rate P/Y ........ installment periods per year
PV.... present value Cc/Y..... compounding periods per year

PMT...... payment

* A deposit is indicated by a plus sign (+), while a withdrawal is indicated by a minus sign (-).

Press (F2)(COMPND) from the Financial 1 screen to display the following input screen for
compound interest.

@] (COMPND) B Norm|
Compound Interest
1% =0
PV =0
PMT=0
FV =0
P/Y=12 N
[IC/Y=12
oo number of compound periods
% ... annual interest rate
PV ... 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 .. future value (unpaid balance in case of loan; principal plus interest in case of
savings)
P/Y ... installment periods per year
cry ... compounding periods per year
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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.

After configuring the parameters, use one of the function menus noted below to perform the

corresponding calculation.
e {n} ... {number of compound periods}
* {I%} ... {annual interest rate}

* {PV} ... {present value} (Loan: loan amount; Savings: principal)

* {PMT} ... {payment} (Loan: payment; Savings: deposit)
* {FV} ... {future value} (Loan: unpaid balance; Savings: principal plus interest)

* {AMORTZN} ... {amortization screen}

* An error occurs if parameters are not configured correctly.

|E| Horm]]
Compound Interest

1% =6.170664177

REPEAT GRAPH

Use the following function menus to maneuver between calculation result screens.

* {REPEAT] ... {parameter input screen}
* {AMORTZN} ... {amortization screen}
* {GRAPH} ... {draws graph}

]

CASH

TIME

After drawing a graph, you can press (F1)(TRACE) to turn on trace and read calculation

results along the graph.

Press to return to the parameter input screen.
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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 (/IRR)
* Payback period (PBP)

A cash flow diagram like the one shown below helps to visualize the movement of funds.

CF:
R CFo oy 4 CPo
4

CF

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 CF2, and so on.

Investment appraisal can be used to clearly determine whether an investment is realizing
profits that were originally targeted.

® NPV

i 1%
NPV = CFo + CF1. + CFZ_ + CFG_ 4+ ... + CF_ (i: o)
1+ (A+0)? (1+3)° (1+ 2)" 100

n: natural number up to 254

e NFV
NFV=NPVx(1+i)
® IRR
0 =CFo+ CF1_+ CF? + CF? +..+ CF'f
1+ (+9*2 (A+9)° (1+2)"

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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n-— ... (Other than those above)
NPVnit — NPVn

NPVa= Y _CF

k=o (1 + D)k

n: smallest positive integer that satisfies the conditions NPVn =0, NPVn+120, or 0

Press (F3)(CASH) from the Financial 1 screen to display the following input screen for Cash

Flow.
(F3) (CASH)
I% ... interest rate
Csh....... list to be used for cash flow data

El Morm]]
Cash Flow
Csh=List 1

NPV ][ IRR_J[ PBP JL NFV ISP INE

If you have not yet input data into a list, press (F5) (®LIST) and input data into a list.

After configuring the parameters, use one of the function menus noted below to perform the

corresponding calculation.

* {NPV} ... {net present value}

* {IRR} ... {internal rate of return}

* {PBP} ... {payback period}

* {NFV} ... {net future value}

e {P-LIST} ... {inputs data into a list}
* {LIST} ... {specifies a list}

* An error occurs if parameters are not configured correctly.

|E| Horm]]

Cash Flow
NPV=9610.156175

REPEAT

Use the following function menus to maneuver between calculation result screens.

* {REPEAT]} ... {parameter input screen}
* {GRAPH} ... {draws graph}

El Morm]]

CASH |

TIME

After drawing a graph, you can press (F1)(TRACE) to turn on trace and read calculation

results along the graph.
Press to return to the parameter input screen.
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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.
e Formula
A
., ____
1 payment
C
N\
mb‘
v N

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)

A

1 payment

/Y
o
/// /S

7
A A
/S

Number of Payments

d: total principal from installment PM1 to payment of installment PM2 (£PRN)
e: total interest from installment PM1 to payment of installment PM2 (XINT)
*a + b = one repayment (PMT)

a : INTemi = | BALpmi-1 X il X (PMT sign)

b : PRNevi = PMT + BALPmi-1X i
¢ : BALpv2 = BALpPm2-1 + PRNpPm2

d: > PRN = PRNewi + PRNewitst + ... + PRNewe

PM1

e: 3\ INT = INTews + INTowsar + ... + INTeue

PM1
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* “End” selected for the Setup screen Payment setting: BALo = PV
* “Begin” selected for the Setup screen Payment setting: INT1 = 0 and PRN+ = PMT

e Converting 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.

[CIY]
1% [PIY]

1% = (1+ —22 " _11x 100
=1 0+ Joox vy %

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 (AMORTZN) from the Financial 1 screen to display the following input screen for
amortization.

(AMORTZN) Bl Norm]]

émortization

PM1....... first installment of installments 1 through n
PM2....... second installment of installments 1 through n
|/ installments

% ... interest rate

PV ... principal

PMT ..... payment for each installment

FV .. balance following final installment
PlY .. installments per year
ClYy ... compoundings per year
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After configuring the parameters, use one of the function menus noted below to perform the

corresponding calculation.

e {BAL} ... {balance of principal after installment PM2}

* {INT} ... {interest portion of installment PM1}

* {PRN} ... {principal portion of installment PM1}
* {ZINT} ... {total interest paid from installment PM1 to installment PM2}

* {ZPRN} ... {total principal paid from installment PM1 to installment PM2}
e {COMPND} ... {compound interest screen}

* An error occurs if parameters are not configured correctly.

B

Norm1

Amortization

PRN=-525.2603348

REPEAT!

COMPND,

Use the following function menus to maneuver between calculation result screens.

* {REPEAT]} ... {parameter input screen}

e {COMPND} ... {compound interest screen}

* {GRAPH} ... {draws graph}

]

Norm1

HEnd]

CASH

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 when n =2, n = 3, and so on.

Press to return to the parameter input screen.




6. Interest Rate Conversion

The procedures in this section describe how to convert between the annual percent rate and
effective interest rate.

e Formula
EFF = (1+ APR—”“’) —1} x 100 APR : annual percent rate (%)
= n EFF : effective interest rate (%)
_ 1 n  : number of compoundings
_ EFF )” _
APR__(