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Getting Acquainted — Read This First! E]

Bl About this User’s Guide

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.

e 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 1-32).

* For information about input and display using the Math input/output mode, see “Using the
Math Input/Output Mode” (page 1-13).

« EE()

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 (iEN) Equation
This indicates you should first press [lENJ], 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.

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

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



e 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].

* (F8)(>>) 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 8-51) 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« % 3/5%k»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 (MEN) .

Bl Examination Mode

The Examination Mode puts some limits on calculator functions, which allows it to be used
when taking an exam or test. Use the Examination Mode only when actually taking an exam or
test.

Entering the Examination Mode affects calculator operation as described below.

* The following modes and functions are disabled: eActivity mode, Memory mode, E-CON3
mode, Program mode, vector commands, program commands (.4 (output command),
: (multi-statement command), « (carriage return)), data transfer, add-in applications, add-in
languages, storage memory access, user name editing, OS Update.

* User data (main memory) is backed up. The backed up data will be restored when you
exit the Examination Mode. Any data created during an Examination Mode session will be
deleted when the Examination Mode is exited.
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¢ Entering the Examination Mode
1. Press (&™) (OFF) to turn off the calculator.
2. While holding down the and keys, press the key.
* This displays the dialog box shown below.

Enter
Examination Mode?

Yes:[F1]
No :[F6]

3. Press (F1)(Yes).

* Read the message on the dialog box that appears.
4. Press (F2).

* This displays the dialog box shown below.

Entering
Examination Mode

Press: [EXITI

5. Press .

* Only the settings below are saved before entering the Examination Mode.
Input/Output, Frac Result, Angle, Complex Mode, Display, Q1Q3 Type, Language, Function
menu language, Battery Type

e Calculator Operation in the Examination Mode

* Entering the Examination Mode causes the entire display screen to be surrounded by a
green boundary. A flashing display icon (If1) will also appear on the display. The flash rate of
the icon slows down about 15 minutes after entering the Examination Mode.

IEI F—Icon
[]

— Green boundary

JUMP JDELETEPMATVCT) MATH

* In the Examination Mode, the Auto Power Off trigger setting is fixed at approximately 60
minutes.
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* Pressing causes the dialog box shown below to appear. The dialog box shows the
elapsed time in the Examination Mode.

Elapsed Time
2:59:27

Press: [EXITI

You can restart the elapsed time count by performing one of the operations below.
- Press the RESTART button.
- Remove the calculator’s batteries.
- Delete Main Memory data.
- Re-enter the Examination Mode while already in the Examination Mode.
* The table below shows how certain operations affect the Examination Mode.

If vou do this: The calculator stays in Data input in Examination
y ' Examination Mode. Mode is retained.

Turp power off and then back on Yes Yes

again

Press the RESTART button Yes No

Remove the calculator’s batteries Yes No

Delete Main Memory data Yes No

¢ Exiting the Examination Mode
There are three ways to exit the Examination Mode.
(1) Exiting the Examination Mode by Connecting to a Computer

1. Use the USB cable to connect the calculator that is in the Examination Mode to a
computer.

2. When the “Select Connection Mode” dialog box appears on the calculator, press the
calculator’s (F1) key.

3. On the computer, open the calculator drive.
4. On the computer, copy or delete any file that is on the calculator drive.
5. Terminate the connection between the calculator and computer.
* The dialog box shown below will appear when you exit the Examination Mode.

Exit
Examination Mode

Restart and
restore memories
Press: [EXITI
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(2) Exiting the Examination Mode by Allowing 12 Hours to Elapse
Approximately 12 hours after entering the Examination Mode, turning on the calculator will
cause it to exit the Examination Mode automatically.
Important!

If you press the RESTART button or if you replace batteries before turning on the
calculator, it will re-enter the Examination Mode when turned on, even if 12 hours have
elapsed.

(3) Exiting the Examination Mode by Connecting to another Calculator

1. On the calculator that is in the Examination Mode (Calculator A), enter the Link mode
and then press (F4)(CABLE) (F2) (3PIN).

2. Use the SB-62 cable to connect Calculator A to another calculator that is not in the
Examination Mode (Calculator B).

3. On Calculator A, press (F2J(RECV).

4. On Calculator B*, enter the Link mode and then press (F3](EXAM) [F1) (UNLOCK)
(F1)(Yes).
* You could also transfer any data from Calculator B to Calculator A.
Example: To transfer setup data to Calculator A

1. On Calculator B, enter the Link mode and then press (F1)(TRANSMIT) (F1) (MAIN)
(F1) (SELECT).

2.Use @ and @ to select “SETUP”.
3. Press (F1)(SELECT) (Fg) (TRANSMIT) (F1)(Yes).
* Calculator with Examination Mode function

« Exiting the Examination Mode will cause the green boundary and flashing icon (If1) to
disappear from the display.

¢ Displaying Examination Mode Help
You can display Examination Mode help in the Link mode.
(F3) (EXAM) (F2) (ENTER) ... Displays help about entering the Examination Mode.

(F3) (EXAM) (F3] (APP) ... Displays help about what modes and functions are disabled in the
Examination Mode.

(F3) (EXAM) (F4) (EXIT) ... Displays help about exiting the Examination Mode.
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B Key Markings

Many of the calculator’s keys are used to perform more than one function. The functions
marked on the keyboard are color coded to help you find the one you need quickly and easily.

@— 10* B —®@
@
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 Currently selected icon
highlighting to the icon you want.

MAIN MENU

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
A Run-Matrix Use this mode for arithmetic calculations, function calculations,
" ﬁfﬁ}' binary, octal, decimal, and hexadecimal calculations, matrix
L rix

calculations, and vector calculations.

Statistics Use this mode to perform single-variable (standard deviation)
and paired-variable (regression) statistical calculations, to
perform tests, to analyze data and to draw statistical graphs.

=3 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.

% C Spreadsheet Use this mode to perform spreadsheet calculations. Each file
re

contains a 26-column x 999-line spreadsheet. In addition to
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.

Sp aas at

%-3 Graph Use this mode to store graph functions and to draw graphs
R using the functions.

Dyna Graph Use this mode to store graph functions and to draw multiple
(Dynamic Graph) versions of a graph by changing the values assigned to the
variables in a function.
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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

-
Geom‘g ;g

~Becursion variables in a function change, and to draw graphs.
? Conic Graphs Use this mode to draw graphs of conic sections.
Conic Graphs|
: g:_vahxmi Equation Use this mode to solve linear equations with two through six
R unknowns, and high-order equations from 2nd to 6th degree.
Equation
oy B Program Use this mode to store programs in the program area and to
9 run programs.
Program
e C Financial Use this mode to perform financial calculations and to draw
S cash flow and other types of graphs.
Financial
E-CON3 Use this mode to control the optionally available Data Logger.
E Link Use this mode to transfer memory contents or back-up data to
4 another unit or PC.
@7? Memory Use this mode to manage data stored in memory.
G //
Memory
' G System Use this mode to initialize memory, adjust display brightness,
52 and to make other system settings.
Geometry Use this mode to draw and analyze geometric objects.

I !@ I-
1 " . iy
Plctuii ' Iot

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).

i
Conveq Sion

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
1-27. For information about using the CONVERT menu, see
“Metric Conversion Calculations” (page 2-64).

* fx-CG20 AU Users: Install the Picture Plot add-in application.
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B 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.

EIE] ath Rad Form]
L]

¢ |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 1-38) for more
information.

Important!

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

Guide”.

@ Calculation in progress.

[5] 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).

R ER 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.
Normi/E

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

* For details about the Setup screen, see “Using the Setup Screen” (page 1-32).

* 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

]
1.2e12

1.2E+12“‘

1.2e+12 indicates that the result is equivalent to 1.2 x 10", 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.

‘@ [HathlRadHornl] [d7c]Real
1.2e-3

1. 2E—03’I‘

1.2e—08 indicates that the result is equivalent to 1.2 x 10-3. This means that you should move
the decimal point in 1.2 three places to the left, because the exponent is negative. This results
in the value 0.0012.

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

Norm 1 ..o, 102 (0.01) > Ixl, IxI =2 10"
Norm 2 .....ccoveveeennne 107 (0.000000001) > IxI, 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.
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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
MAEHEEA®HIOOE 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
1-32) is selected.
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® To change a step

Example To change cos60 to sin60
Glu cos 6o m|
E
IO lcos 60 ﬂ|
|EI |
DeL 60 [
E |
(sin] sin 60 I
® To delete a step
Example To change 369 x x 2 to 369 x 2
HEEE XKD L I
E
@ 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+( |

1-8



* 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 1-21).

Example 1 To perform the following two calculations

4.12 x 6.4 = 26.368
412 x 7.1 = 29.252

HEA0DEXRE D@

SUSUCIC)

(suF) ED (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
DRAEEHM@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
HOOEOXEEE 2 alkdhon] GOk

EE)

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.

¢ 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.



e 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.

(8] (PASTE)

|@ MathlRad|orm1] [d/c]Resl
L]

B HatiRadfomd (d7c)Red
10x [

l Catalog Function

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

® To use the Catalog to input a command

1. Press (4] (CATALOQG) to display an alphabetic Catalog of commands.
* The screen that appears first is the last one you used for command input.

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

* You can skip this step and go straight to step 5,
if you want.

E
Select Category

2:Calculation

3:8tatistices

4:Graph

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

3. Use the cursor keys (@, @) to highlight the command category you want, and then press

(F1)(EXE) or [Exg.

* This displays a list of commands in the category you selected.

4. Input the first letter of the command you want to input. This will display the first command

that starts with that letter.

5. Use the cursor keys (@, @) to highlight the command you want to input, and then press

(F1)(INPUT) or [xg.

Example To use the Catalog to input the Cash_IRR( command

[@) (CATALOG) [ (C)®~®

Pressing or ExT) (QUIT) closes the Catalog.

B FeRadMomd [dic)Red
Cash_IRR(]

JUMP JDELETE PMATYCT) MATH




4. Using the Math Input/Output Mode

Selecting “Math” for the “Input/Output” mode setting on the Setup screen (page 1-32) 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 1-32) 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 (ED (INS) 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 1-17).

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

H 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™! (@) (m=) 14
Power 4
Square 4
Negative Power (Reciprocal) (x) 5
v ) (& (V) 6
Cube Root V) 9
Power Root AV ) 9
e (in) () 6
10" (109 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*°




Function/Symbol Key Operation Bytes

Parentheses and 1
Braces (Used during list input.) X ({)and =(}) 1

Brackets (Used during matrix/vector

input_) ([)andE](]) 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.

** 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} ... inputs a 2 x 2 matrix
* {3x3} ... 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} ... inputs a 2 x 1 vector
e {3x1} ... inputs a 3 x 1 vector
* {1x2} ... inputs a 1 x 2 vector
* {1x3} ... inputs a 1 x 3 vector
* {log.b} ... starts natural input of logarithm log,b
» {Abs} ... starts natural input of absolute value IX|

e {d/dx]} ... starts natural input of first derivative C;i J®)x=a

e {d?/dx?} ... starts natural input of second derivative fz JX)x=a
X

e {Jdx} ... starts natural input of integral Lbf(x)dx

5
o {3(} ... starts natural input of = calculation 2. f(x)

xX=o



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

Example 2

To input 23 + 1
kd(2) (A

El

®

CNER

2 2
To input |1+ 5

RGN ER]C

BIO)

m
>
m

]

2|:|

]

23

]

23|

]

2% +1]

]

2% +1

[]

El

(1+

]

[

1+=

O

]

1+2

[

]

2
1+5I

E

&

]

[1+%]2

E

=)

[]



1
Example 3 To input 1+ jo x + 1dx

(&9 (D (B Fa(MATH) E8) (>) (F1) (Jax) B
1+IDDdx ﬂ
xe7 () (1) B
O
1+qu+1|dx ﬂ
o (0] B
O
1+fmx+1dx ﬂ
@[] B
1+f0x+1dx ﬂ
® B
1
1+fox+1dx| ﬂ
(g B
1
1+fox+1dx
5
2
I
3 2
Example 4 To input2><[2 1}
2z
(ad (2] (X] (F4 (MATH) [F1)(MAT/VCT) [E1)(2x2) [E ‘
2x|5 g ﬂ
@I ®E B
SER |
| O
®® B
5 D] R
2[00
G o3 (v ) (2 ® B
1 2
ax| 2
| O O
SEAEY ) DeE®WH®E B
5 iz
2 .
2 5]
BT i)
ax| 2 )
2 3
S L
202 1
[J




e When the calculation does not fit within the display window

Arrows appear at the left, right, top, or bottom edge of the B
display to let you know when there is more of the A [F+F+1 |
calculation off the screen in the corresponding direction. S+ 1237456 A3 42
1
When you see an arrow, you can use the cursor keys to [ 1+j;|]
scroll the screen contents and view the part you want. 1 35 |
[JUMP JDELETED WAV MATH I

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.

e 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 [0ED (INS).
* This changes the cursor to an insert cursor (H).
E
1+#2+3)+4 [

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

]

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.).



This capability can be used with the following functions.

Function Key Operation Orlgln:?ll 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 G 2 (V) 1+J(2+3) +4
Cube Root B [EV ) 1+ 4(2+3) +4
Power Root G (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 F4 (MATH) (Fa) (d/dx) 1+%(|(9€+3) ) o t4
Second Derivative (MATH) (F5) (d%/dx?) 7=n T4
1+(x+3) +4
(F4 (MATH) [Ee) (>) o
Integral & () 1+ID|(x+3)dx+4
U
£ Calculation EQ(MATH)F8) (=) 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.



* 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 @

Hl 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: (EJ (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

E

DB@BD® 1L |

DEL E] |
1+1] [
El

(e) (OED) (UNDO) IJ% ﬂ
E]

2) 1 ﬂ
1+ gl
B

|I] ﬂ|

B HathRedFomd

(i) L) (UNDO)

1
1+2I



H 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
1-32).

* 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% 2) X) (2] [« (5]

* 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] Ex
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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H 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
435 = % BJ6r4 X569
cos (%) = % (Angle: Rad) & () (@ 3> O] B
log=8 = 3 (F4) (MATH) [E2) (log.b) 2> 8¢

V123 = 1.988647795
2+3x64-4=10

llog 3| = 0.1249387366

2 _ ,1_73
537720

. 3 23
1 2.31 = =3
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(YV ) 364 H4E9
(&d) [F4) (MATH) [E3) (Abs) [og) 3 (a2 4 1€

(ad2[)5 ® ()3 ) () (=5 )1 B4
(ad1.5([#) 2.3 ) (0] (i) 9 E0

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

(&) F3) (MATH) 8 () (1) (Jdlx) 2 (4D (27 () 3D (B4 > 1

®569

(&) 4) (MATH) [F6) () (F2) (=) (i) (] (K) (23 &3 @) (5] (K)

B5® @ 0] (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.

o {242} .
e {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) A
Dimension mXxn
n :1

Specify the number of rows.

(2) &€

Specify the number of columns.

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

EXE OO0

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

BICINZ2IBICICIENEIC, 0 Epidin] G 1
DRHEAE®E®E® A 2 x8
X) (8] B 2 5 6
8 4 264
. 26 40 48
[2X2 [3X3 [ mxn ] 2X1 | 3X] [HEEE

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

Example To assign the calculation result to Mat J
(2] (Mat) (] (@) (Ans) (=) El i Red ] m-
(2) (Mat) (i) 5] (J) (Exe) 26 40 24684
Mat Ans-Mat J
8 4 264
0 26 40 48
[2X2 [3X3 [ mxn ] 2X1 | 3X] [HEEE

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

[Hath)Radforn) (d7c]Real B FafRadforn] (dic)Real
2 PIZ U D 2X|
34 DEL
=
[2X2 [3X3 [ mxn ) 2X1 | 3X] [HE=E [2X2 [3X3 [ mxn ] 2X1 | 3X] [HE=E
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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 1-13) and “Calculation
Operations in the Math Input/Output Mode” (page 1-22) 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”.

¢ 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= \/x? - \/%—1 and then graph it.

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

(EN) Graph (67 (&3 (2 ) (23 (V' ) (2) (IEI; Y
rap unc Y=
® ® (=) K61 X ) (V)2 > ® Ylai—i—l _
J2 42 o
=@ Y E —
(Fe) (DRAW) B
¥

6]

iR

X

£ & -4 -3 -2 -1 J2 3 4 B B

I
o)
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Example 2 In the Graph mode, input the function y=Jx 1 y2_1 y_1dxand then
. 0o 4 2
graph it.
Make sure that initial default settings are configured on the View Window.

(ENY) Graph oeT) (F2) (CALC) [F3) (Jdx) (@; Y
rap unc Y=
() (@ (4) ® k61 (3 (5 (1] [ (2) & yig[ tx2-Ly-1dx t—
BEel®MmE
(F§) (DRAW) g
¥y

2
1
e
£ 5 4 82 1 1z 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 , n 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 x? + 3x + 5 = 0 in the Equation mode
(EnU) Equation (stiFr) (HEND) (SET UP) B
aX2 +bX+c=0
® @® @ @ (Complex Mode) -1.5+1 .6583i
@(a+bl) X2 -1.5-1.65831i
(F2(POLY)([F)(2) (1] g (3] € (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 8-51).

* 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 8-51).

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 (FW{ZyY{Zy2{ZxyY{oy}{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 {Q:1}/{Qs} ... {first quartile}/{third quartile}

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

* {Start}/{Pitch} ... histogram {start division}/{pitch}
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* {PTS} ... {summary point data menu}
o {xr{{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{rif{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}{/{x1Inv}/{x2Inv}/{zLow}/{zUp}/{tLow}/{tUp} ... {probability distribution

or cumulative distribution calculation result (p-value)}/{inverse Student-z, ¥, 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}{an}l{@ns2l{B}{Bnsr (B2 {C o }{C st Y{Crs2} ... {@n}{ans1}{@ns2}{Dn}/{Dni1Y{bns2}l{Cr}/
{cns1}{cn+2} expressions

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

o {ao){a{aM{bo)l{b}{bY{Col{CHC5) ... {aoMiar}/{asy{bolibs}{baY{co){c:}/{c2} value

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

* {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}

« {PIY}{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 (wrg) (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}

¢ {?} {input command}

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

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

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

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

o i} i {multi-statement command}

*{STR} ....cccennnne {string command}

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

* {Prog}................ {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.

e 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.

. 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.

want to change.

E

Input/Output:Mat

Mode :Comp
Frac Result :d/c

Fune Type Y=

Draw Type :Connect
Derivative :0ff
Angle :Rad N
[Math ][ Line

B

Complex Mode:a+bi T
Coord :0n

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

[Auto |Manual

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

. Press the function key ((F1) to (Fg)) that is marked with the setting you want to make.
. 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)
e {Math}/{Line} ... {Math}/{Linear} input/output mode

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
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® 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=ZI{Y<) ... {y>fx)}{y<fix){y=>f(x)}{y<f(x)} inequality graph
o {XSIX<I{IX=M{X<) ... (o> ) Y {x< ) Y{x>f(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)
. {On}/i\%} ... {display on}/{display off} while Graph-to-Table, Table & Graph, and Trace are
being used

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

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

e {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}
NV

e Graph Func (function display during graph drawing and trace)
 {On}/{Off} ... {display on}/{display off}
12"

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. R

e Sketch Line (overlaid line type)
. '{\A—N}/{—}/{-----}l{ ------- W{—1} ... {normal}/{thick}/{broken}/{dotted}/{thin}

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

® Locus (dynamic graph locus mode)
» {On}/{Off} ... {locus drawn}/{locus not drawn}
[aVaVs

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}/m} ... {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
AN

® |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.

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

2. Press (7] (CAPTURE). B Fedforn] @)l
* 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.

H Image File Compatibility
An image file (g3p/g3b) saved (or updated) on the fx-CG20/fx-CG20 AU will not be compatible
with the fx-CG10.
* “To capture a screen image” (page 1-36)
* “To update the background image V-Window settings with current V-Window settings” (page
5-11)
* “Adjusting the Lightness (Fade I/O) of the Background Image” (page 5-12)
* “Saving Graph Screen Contents as an Image (g3p File)” (page 5-21)

* “Saving Current Screen Contents as an Image (g3p File) in the Geometry Mode” (page
14-9)

* “Saving a File” (page 15-5)
e “(orty) (F1) (PICTURE)” under “Graph Screen Key Operations” (page €-39)

* Other image files saved from the graph screen of any mode (Statistics, Spreadsheet,
Financial, etc.)
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Note

* The fx-CG10 will not be able to import image files saved using the above procedures on the
fx-CG20/fx-CG20 AU.

* The fx-CG20/fx-CG20 AU will be able to read image files saved using the above procedures
on the fx-CG10.

* eActivity files that contain inserted images that were stored (or updated) on the fx-CG20/fx-
CG20 AU cannot be opened with the fx-CG10.

* |If the message “Provided by CASIO” appears at the bottom of the detail screen of an
image file or eActivity file that was displayed using the operation under “Viewing Detailed
Information about a File in Storage Memory” (page 11-6), that file can be opened on both the
fx-CG10 and the fx-CG20/fx-CG20 AU.
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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(F [©)2.5F9

(2 + 3) x 102 = 500 [J2#H30] X192

2+3x(4+5)=29 2#H3X) ([D4FH 59"

6 _3 26 ®4X)5E9

== (0.3) ..

4x5 10 <Linear input/output mode>

6(=) (J4X)50] B9

*! 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]- [IXESEN -[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 (MEN)) (SET UP) @ @ »
(F2)(Sci) (58] [Exg 1.6667:+01
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 (e 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) (2]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)
EHEYV ) 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™"

23 x (5 — 2V3) = 35.32566285 (= 115 — 46V3)*! Decimal format

V2 +V3+V8=vV3+3V2 v format

Y2+ Y3+ V6 =5.595754113* 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 -V2-V3) (=-4-2V6)
= —8.898979486

* If the calculation formula has a vV 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 1108l
* When the calculation result can be displayed in the form a% T or % T
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 = 1561 1t format

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

568 71
105824n_105103n 7t format
258 129 .
= 6.533503684 *4
232387: 5.533503684 (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.

B 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+21 — 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 1-13.

2. Special Functions

H Calculations Using Variables

Example Operation Display
193.2(—) xe1 (A) [Exg 193.2
193.2 -+ 23=8.4 xe7) (A) (5] 23 xg) 8.4
193.2 +28=6.9 (&1 (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] (=) () (xeT) (A) B

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
(aee) (log) (B) (Bxg) A+456-B 579“

* You can input an X variable by pressing (#) (X) or [xé1). 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
10>
® (X) N 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) B
SA
(4] (CATALOG) (+) 10A~E 10“
@®P®® ... ®(22 times)
(EN(INPUT) (rt) (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) 9 (") (M (A)
(iog) (B) (in] (C) Ex?) (”) (areet) (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

[0 @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) (>) (F3) (FUNCMEM)
(F2(RECALL) (@)

]

(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

(ad (3] =) (wa) (en) (A) B

]

3-A
1 (B) 3
W 9 (>) 9 (>) B3 (FUNCMEM) B (n) |12
1 @ B9 fnl+t2 o
e To display a list of available functions
(Fe) (™) (Fe) (>) (E3) (FUNCMEM) B -
== unction emory ==
(F4) (SEE) f1 1 (A+B) (A-B)
2 1
f3:
fa:
fs :
fe :
® To delete a function
Example To delete the contents of function memory number 1

(E8)(>) [E8) (&) (F3) (FUNCMEM)
(F1)(STORE) (1]

]
I

]

? Function Memory
1 -

* 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
@@ @ 6 @ 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 [EX).

* {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]
e {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 (103)}/{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 (F8) (=) (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[F4) (° " ") (B
ES) (o)

2.255° = 2°15'18" 2.255 orm) (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
cos (% rad) = - (0.5) @ (SET UP)® ® ® ® ® @ [F3)(Rad) B
32 B9 (1) © 3 B9

<Linear input/output mode>

feeg (O () ) () ()3 0 (g

2+sin 45° x cos 65° = 0.5976724775 [N (SET UP) @ @ @ @ @ @ (F1)(Deg) [Exm)
2(X] (sin) 45 (X] [c09 65 [exg] *!

sin~'0.5 = 30° (sin) (sin™") 0.5*2Exg)
(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 [Ex)
log-8 = 3 (F3) (MATH) (F2) (logab) 2 3 8 [exg)

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

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

~N123 (= 123%) = 1.988647795 AV )7>123F
<Linear input/output mode>
767 (A) (Y )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] B¢

B Other Functions

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

Example Operation
V2 +V5 = 3.65028154 ) @3 (V)20 () G 2 (V) 56 F-D)

<Linear input/output mode>

o) @ (V) 2@ @R @3 (Y )5E9
(-8)?=(3)x(3)=9 ©30] 3 &g
8 (=1x2x3x.... x 8) = 40320 8 @) (F8) (>) (F3) (PROB) [F1) (x!) B9

What is the integer part of — 3.5? (Fe) (>) (F4) (NUMERIC) (F2) (Int) (=) 3.5 [exg)
-3

B Random Number Generation (RAND)

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

Ran# and RanList# generate 10 digit random numbers randomly or sequentially from O 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.
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Ran# Examples

Example

Operation

Ran#
(Generates a random number.)

(Each press of [Exg generates a new random
number.)

Ran# 1
(Generates the first random number in
sequence 1.)

(F8) (™) (F3) (PROB) (F4) (RAND)
[E1) (Ran#) B

&g
Ed

(Fe) (>) [E3) (PROB) (F4) (RAND)
(F1)(Ran#)1 [Exg

(Generates the second random number in (Exg)
sequence 1.)
Ran# 0 (F1) (Ran#)0 [exg)
(Initializes the sequence.)
Ran# 1 (F1) (Ran#)1 [exg)
(Generates the first random number in
sequence 1.)
RanList# Examples
Example Operation
RanList# (4) (>)(F3) (PROB) (F4 (RAND) (F5) (List)
(Generates four random numbers and 4]
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 exg)
(Initializes the sequence.)
RanList# (3, 1) (F5) (List) 3(3]1

(Re-generates from the first to the third

random numbers of sequence 1 and displays

the result on the ListAns screen.)
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¢ Random Integer Generation (Ranint#)
RanlInt# generates random integers that fall between two specified integers.
Ranint# (A,B[,n]) A<B IALIBI<1e10 B-A<1e10 1=n=999

* Ais 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
Ranint# (1, 5) (o) (Fe) (>) (F3) (PROB) (F4) (RAND) (F2) (Int)
(Generates one random integer from 1 and 10J50] e
5.)
Ranint# (1, 10, 5) (o) (Fe) (>) (F3) (PROB) (F4) (RAND) (F2) (Int)
(Generates five random integers from 1 to 1(J10(J50] [
10 and displays the result on the ListAns
screen.)

¢ 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 x 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) (Fe) (>>) (F3) (PROB) (F4) (RAND) (F3) (Norm)
(Randomly produces a body length value 8(2])68(0] g

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(]5(] Exg

infants in the above example, and displays
them in a list.)
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¢ 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) (Fa) (RAND) (F4) (Bin)
(Randomly produces the number of heads 50(J0.50] [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) (Fa) (RAND) () (Bin)
(Performs the same coin toss sequence 5(J0.5(]30]

described above three times and displays
the results in a list.)

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 (When m =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} XN)16J2(313(J4()5()6(xJ7(>)8
RanSamp# (List 1, 3, 1) (J9()10 () (5 (3) (=) Grrr) (3] (List) (1D (xg)
(Randomly extracts three elements from (>)(F3) (PROB) (F4) (RAND) (Fe) (Samp)
List 1 and displays the result on the ListAns () (List)y(1J J3([J1
screen.)

List2={1,3, 6, 7} sr) (XD ()1 I3 )6 I 760 (H (N
RanSamp# (List 2, 10) (1] (List) (2] [exg)

(Randomly extracts 10 elements from List (Fe) (>>) (F3) (PROB) [F4) (RAND) (Fg) (Samp)
2 and displays the result on the ListAns siF) (1] (List) (2) (2J1002)

screen. Elements are extracted repeatedly.)
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Hl Coordinate Conversion

® Rectangular Coordinates ® Polar Coordinates
Y Y
P(x,y) P(r,0)
............. [
' Pol
i r
it E Rec
; %
0 — X 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 0° when x = 14 and y = 20.7 [EN[EIRNVYIGIGICIOIOIO)

1 [] — 24.98979792 (r) | EN(Deg)EXT
2 L5928 5 55.92839019 (p) | @N F8(>)([F5)(ANGLE)(E8) () Ed) (Pol()
14(3)20.70) @9

Calculate x and y when r = 25 and 6 = 56° (F2) (Rec()25(3]56 O]

1 [13.979 —  13.97982259 (x)
2 L20725-) - 2072593931 (y)

B Permutation and Combination

e Permutation e Combination
n! n!
nPr:(n—r)! nCr—r! (n=r)

* 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 0r1) (Fe) (>) (F3) (PROB) (F2) (»P~) 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 [or7y) (Fe) (>) (F3) (PROB) (F3) (xCr) 4 [Exg)
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B Greatest Common Divisor (GCD), Least Common Multiple (LCM)

Example Operation
To determine the greatest common orTN) (F6) (™) (F4) (NUMERIC) (Fe) (>>) [F2) (GCD) 28
divisor of 28 and 35 (J350)

(GCD (28, 35) = 7)

To determine the least common multiple orTN) (F6) (™) (F4) (NUMERIC) (Fe) (™) (F3) (LCM) 9
of 9 and 15 (J150] [
(LCM (9, 15) = 45)

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

Example Operation
To determine the remainder when 137 is (Fe) (™) (F4 (NUMERIC) (Fg) (>) (F4) (MOD) 137
divided by 7 CJ70)

(MOD (137, 7) = 4)

To determine the remainder when 5% is (Fe) (>) (F4) (NUMERIC) (Fe) (>)
divided by 3 (F5) (MOD_Exp)5(2]J3(J30]
(MOD_Exp (5, 3, 3) =2)
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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 1-13.

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

Example Operation

2 g1 _73 E2@5® @ b @@ (=5)3® 1469

R

4720 <Linear input/output mode>
235 (@) 331 (@469
= 3.65 (Conversion to decimal)*' | ED

L - 6066202547 x 10+ | E1@2578® [ @1D4572(E9
2578 = 4572 <Linear input/output mode>

122578 (H) 1z 4572
1

—x0.5=0.25* 21®@2® X].56¢
2 <Linear input/output mode>

1@8)2(X).569

*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 exceeds 10, the fraction is automatically displayed in decimal format.

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

* Pressing the (a%H%) 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) @Y (SET UP)@ @ (F4) (Eng) EXT) 999 oPm) (F8) (™) (F8) (>)
= 1.024M (mega) [F1) (ENG-SYM) [Fg) () [F1) (k) @) 25 [F1) (k) B9
9 + 10 = 0.9 = 900m (mill)) | 9= 10Eg B
=0.9 [Fe) (™) [Fe) (>) (F1) (ENG-SYM) (Fe) (™) (Fe) () (F3) (ENG) ™!
= 0.0009k (kilo) [F3) (ENG)*
=0.9 [F2) (ENG)*2
=900m [F2) (ENG)*?

*! 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) (Bxg

(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.

* {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) (@ @ m (F3 (CALC) (Fe) (™)
€8 (>) ED(Int+) (@D
Ed

[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} [Exg ... 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 1-35).

* 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
AR E ®E 0 EY =]
[ (CALC) B9 (>) B8 () BB (Simp) BB 15
Ans»Simp
F=3, ==
m L]
(F3)(Simp) g B EOEdi]
F=3, ==
Ans»Simp
F=5,7
[S]'ﬂ!'el LB

The “F=" value is the divisor.
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Example 2 To simplify % specifying a divisor of 9 <% = %)
rE 2D ®EEEFY B
F(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.

2-27




* 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

fl@=

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 “t0l” = 1e — 4
Ls (2x? + 3x + 4) dx

* Math input/output mode

(F3) (CALC)F4) (Jdx) (2) B
[
BEHD®N®EE [} 2x+3x+4dx
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.
OEOEHDNRE GO E B
J(2x2+3x+4,1,5, 1262)3
|
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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

* 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.

* Input of “tol” and closing parenthesis can be omitted. If you omit “fol,” the calculator
automatically uses a default value of 1e-5.

* 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 1e—5 and cannot be changed.

H > Calculations [OPTN]-[CALC]-[2(]

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

<Math input/output mode>

) (F3) (CALC) (F8) (™) E3) (2( ) ax B k & o &

or

(F4) (MATH) (8 (>) B2 (2( ) ax & k & a ®

<Linear input/output mode>

e (F4) (CALC) E) () B3 (2() ax Ik ) e I B n

B
Y (an k, o, B,n) =), ak=aa+ aa+i +........ +ap
k=a

(n: distance between partitions)

Example To calculate the following:

6
Y (k*-3k+5)

k=2

Use n = 1 as the distance between partitions.

(ac) (i) (F4) (CALC) (Fg) (>) E3) (X( ) (e I (K)  [@

BEEWEHKNEE® 3 (k2—3K45)
mEHK®D®EE

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 ax.
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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
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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 )[R 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 H@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
QEEOEODE 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)FEHDE

(Real part extraction)

ReP (2+51) ]

&9) @M (3 (COMPLEX) [8) () 3 (ImP)
2 EE B CE)FEH)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
@ (£ (COMPLEX) E0) () B8 (>) 1+(y3)1>rs8 2z60|
(F3)(»r-0)[Exg
(&g (2] (sur) (£67) (£) (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 UP{[JLEIE]- [Dec)/[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.
* {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 F2(LOGIC) ED (Neg)
OO0 A0 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) [£3) (» 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.

] Bedfom] [dFc]Rea]

Matrix

Mat A P2x 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 [DELETE[DEL-ALL] DIM J 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 P O 2
(F3)(DIM) (This step can be omitted.) Mat B SNone
Specify the number of rows. B
N -
(2) g MgDimension mxn
Specify the number of columns. M
B E ¥
E3 B
B 1 2 3
1[‘1 0 0}
2 0 0 Q

* 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 %

1 2 3
(4] (g (5] (exg) (6] Exe) A 1 2 3]
(Data is input into the highlighted cell. Each | 2= ¢ ¢ IR

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] & (3] Exg) ) 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.
EIJEC]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)}

* {Mat—Lst} ... {Mat—List command (assign contents of selected column to a list)}
e {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:|: ; :|
e (B (e E(HECEEE B Gkl @k |
ME)EH(HIDEEanE 181124001t A
Gur) (=) (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) (urm) (£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 (=) B3 (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 () ([ ) (D 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)
(e (x67) (A) o) (B ([ ) (2) CJ (2)
& (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) (i (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) @@ (61 (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) {8 [0 (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 [
D (Mat) @ (£ (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
() 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

(oeTN) (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
@ E3 (MAT/VCT) B (>) B (Re =
(8 () B (M) () (6a) (A) 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) (08 (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

() (83) (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) ) (Mat) () (23 (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) ]
@ 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.

B Redformd [d7)Real

Vector

Vet A : E

Vet B :None

Vet C :None

Vet D :None
mxn ...m (row) x n (column) vector [Vet E ~None

Vet F ‘None
None ... no vector preset DELETEJDEL-ALL] DIM J MoV

* {(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) (Fe) (>>) Fe) (>>) to display the vector command menu.
e {Vet} ... {Vct command (vector specification)}
* {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) (Ee) (™) [Fe) (>) [F) (Vet)

(e (x.6T) (A) g

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) (™) (F) (Vet)
xe1 (A) () (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) (e (™) (Fe) () (1) (Vet)
(xe7 (A) (X (F1) (Vct) () (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( ) D) (Vet) [ &2 (A) ) DotP(Vet A,Vet B) 11“‘

FD(Vet) @ (9 (B) O 8
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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) @8 {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) [E8g) (™) [E8) (>) B
BUVOBVy@mEe e [TV A L 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) {8 (2D (A) 0D 68

e 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 H R E 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 & ()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

3-4

E]
List 1 | List 2 | List 3 | List 4
SUB| YEAR

B WK

0
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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) 2 (sor) (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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List 1 | List 2 | List 3 | List 4

SUB
1 17
2 34
3 51

B W N

1
[GRAPH] CALC J TEST] INTR ] DIST JIES]

B

SUll PSRN 5:Green [
2:Blue Il 6:Cyan (|
3:Red B 7:vellow [
4:Magenta [ #:White 1}

A [ [ [

V-WIN

B

List 1 | List 2 | List 3 | List 4

SUB
1 17
2 34
3 51

B W N

1
[GRAPH] CALC J TEST] INTR ] DIST JIES




¢ 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.

e

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.

@&

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.

M Ee

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) (1) 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).

3-9



® 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 (>) D (Lish (0 (D 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 ] _
8 (>) [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)
(E1)(LIST) 8 (>) [F5) (Augment) ]
8 (>) €9 (>) ED (List) (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) (™) (Fe) () (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) (™) (E8) (&) (E) (Sum) B

F9)(>) D (List) (D) 8 Sum List 1 212ﬂ|
e To calculate the product of 