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FOREWORD

Thank you very much for purchasing the CASIO FX-B50P Personal Computer. This manual
introduces and explains the scientific calculation function and BASIC programming language
used with this computer. It is suggested that everyone from BASIC novices to veterans become
familiar with the name and function of each pan of the computer before attempting operation.
Even when BASIC programming is not employed, a8 Formula Storage Function provides
simplified formula calculations and ratio calculations, a built-in Data Bank Function allows
memo handling and searches.

Besides this, this computer also features a Built-in Scientific Utility which provides a total
of 116 sohware utilities for statistical, mathematical and scientific applications.



PRECAUTIONS

This computer is a product of CASIO’s high level of electronics engineering, testing, and
quality control. The following points should be carefully noted to allow this unit to provide
the years of trouble free operation for which it is designed.

® This unit is constructed of precision electronic components and should never be disas-
sembled, dropped, or otherwise subjected to strong impact. Strong shocks can cause
termination of program execution or alteration of the unit’s memory.

e Do not use or store this unit in areas subjected to high temperatures, humidity or dust.

e Display response may become slow or fail completely at extremely low temperatures. Normal
operation should resume after the unit reaches normal temperature.

e The conneciors of this unit are designed exclusively for connection of the specified FA-6
expansion units only.

» The display may become dim when the buzzer sounds, but this does not indicate malfunc-
tion and is no cause for worry.

» Batteries should be replaced as soon as possible after weakened batteries are indicated
by a dim display during normal operation.

¢ Replace batteries at least once every two years even if the unit is not used during this period.
Dead batteries left in the unit may cause serious damage due 1o fluid leakage and should
be removed as soon as possible.

* Keep the connecior of the unit covered with the connector cap whenever the unit is not
connected to an expansion unit, and avoid touching the connector.

= Strong static electrical charge may cause alteration of memory contents or key operation
failure. If this situation should occur, remove the batteries and load them again.

« Always ensure that the power supply of this unit is switched OFF before connecting
peripheral devices.

e Never use thinner, benzine, or other volatile agents for cleaning the exterior of the unit.
Use a soft cloth dipped into a mild solution of water and a neutral detergent, and wring
the cloth out completely.

« Do not switch the power of the unit OFF during program execution or during calculations.

e When a malfunction occurs, contact the store where the computer was purchased or a
nearby dealer.

e T '~re seeking service, please read this manual again, check the power supply, check
t . program for logic errors, elc.
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1-2 OPERATIONAL FUNCTIONS

® Power Switch ( — B~ )
Slides to the right to switch power ON and to the left to switch power OFF.

@ Shift Key ((5))

Used to enter BASIC commands and symbols noted in red on the key panel. Each press

of this key causes the symbol ** (§) "' to switch ON and OFF on the display.

* Throughout this manual, this key is represented by =3 in order to distinguish it from the
alphabetic (5] key.

® Numeric Keys ( ~- @)

Enter the numeric vaiues noted on each key.

@ Decimal Key ((3J)
Enters a decima! point.

(® Arithmetic Operator Keys ((3), =, @] . )

Enter the arithmetic operators noted on the keys.

: Addition

(=) : Subtraction

@ : Multiplication

: Division

(® Execute Key (fxf)

Finalizes entry of a calculation and produces the result. The function of this key is equivalent
to a ="' key on a standard calculator.

This key is also used to enter lines of a program and for actual execution of programs,

@ Parentheses Keys ([Q (1))
Enter parentheses in such parenthetical calculations as: 5 x (10 + 20).

® Answer Key ( fs )
Recalls the result of the most recently performed manual or program calculation. Pressing

this key during program execution causes the execution to be suspended until the & key
is pressed (STOP displayed).

@ Engineering Key (< / & )

Converts a calculation result to an exponential display.

@ Alphabet Keys
Enter the alphabetic characters noted on each key.

@ Space Key (£3)

Enters a space.

(D CAPS Key (B%)

Switches the alphabet keys between upper case and lower case characters. The upper case
mode is indicated by the “CAPS' symbol on the display.

® CursorKeys (E,2,3,®)

Move the cursor on the screen. Each press moves the cursor in the direction noted on the
keys pressed, while holding down the keys causes continuous, high speed movement. Each
cursor key also takes on a different function when pressed in combination with the i) key.

KEY FUNCTION = +

= Cursor ieft Moves 1o beginning of logical tine

= Cursor right Moves to end of logical line

Cursor up Scrolls screen up without cursor movement
ra) Cursor down Scrolls screen down without cursor movement




(2 Insert/Delete Key ( (=) / &%

Inserts a space at the current cursor position by shifting everything from the cursor position
right one space to the right. In combination with the §=13 key, deletes the character at the cur-
rent cursor position and automatically fills in the space created by shifting everything to the
right of the cursor one space to the left. Holding down this key for either function causes
continuous high speed operation of the respective function.

(3 Break Key ( 29 )

Terminates manual operations, program execution, printer output, and LIST output. Also reac-
tivates the power supply when it has been interrupted by the Auto Power OFF function (see
page 10).

(¢ Backspace/Clear Screen Key ((i5]/ &)

Deletes the character located immediately to the left of the cursor and automatically fills in
the space created by shifting everything from the cursor position right one space to the left.
in combination with the §= key, clears the contents of the screen and locates the cursor at
the upper left corner of the screen.

(7 Menu Key ( =d)

Only operable in the CAL mode, this key is used to display a menu of built-in scientific hbrary

See PART 11 SCIENTIFIC LIBRARY for details.

@ LIB Key ()

Only operable in the CAL mode, this key executes the operation corresponding to an en-
tered library number. See PART 11 SCIENTIFIC LIBRARY for details.

@@ Memo Key ( (=)

Used to dispiay and search for DATA BANK data. See PART 5 DATA BANK FUNCTION
for details.

@ Mode Key ( =)

Used in combination with numeric keys to specify operational modes.

= ) CAL mode (selected when power is switched ON)
[l 8 o BASIC mode (program writing/editing)

== 3 T DEG mode (angie unit = degrees)

=3 ... .. RAD mode (angle unit = radians)

=R GRA mode (angle unit = grads)

=3 2 T Print ON

=X [8) .evevnenenn Print OFF

= 1 MEMO IN mode (DATA BANK function)

© Program Area Keys (&5 ~ &5)
Executes the program in the corresponding program area in the CAL mode Specities a pro-
gram area for writing or editing in the BASIC mode.

@) Function Keys ( (o9 , [n] , (=], etc.)
Allow one-fouch entry of often used functions.
+ Direct input functions
@'@la'@'g'@'@'l'
e §=3 functions
i, &S, 8,8, 0 28 W B S5 .8.5.8.83,.8.83.8,.8.S5
@ Formula Storage Keys (%), 7], &3)
Used when working with the formula storage function. See PART 4 FORMULA STORAGE
FUNCTION for details.

@ ALL RESET Button (“'3°)
Clears all memory contents and enters the CAL mode. All important data shouid be saved
elsewhere before pressing this button. If pressing this button does not clear memory con-
tents, first press the P button and then press the ALL RESET button again. -



@ P Button ( p ) (rear panel)

Hardware reset button to halt misoperation caused by static electricity. Though execution
is interrupted, memory contents are retained. The ALL RESET button should be used when
the misoperation damages memory contents. Note that power switches OFF and then ON
again when the P button is pressed.

@& Screen
A 32-column x 2-line liquid crystal display upon which § x 7-dot characters appear.

1-3 SYMBOL DISPLAY

The symbois noted on the display illustrated below appear to show the current status of a
caiculation. B
Memo data record number (MEMO mode)

Lol AT I L
CArs § CaL sask DeCaadcs PDIO W BT I OO S 00 ove wer v ogr00

CAPS : Upper case alphabetic characters (lower case when not displayed)
3 : Shift mode (commands/functions marked above keys can be input)
CAL : CAL mode (basic arithmetic calculations or function caicuiations)
BASIC : BASIC mode (BASIC program input, editing, execution)

DEG : Angle unit = degrees

RAD : Angle unit = radians

GRA : Angle unit = grads

(MEMO : DATA BANK data search, display, input, editing

(IN) : DATA BANK data input, editing

EDIT : DATA BANK data editing, BASIC program editing (using EDIT command)
DEFM : DEFM mode (for execution of CASIO PB-100 series programs)

{CiB; : Scientific library function mode

PRT : Print mode (output of display contents to printer)

TR : Trace mode (traces execution of BASIC programs)

STOP : Display suspended (by BASIC STOP command or PRINT statement)



1-4 KEYBOARD

LT o) NER=I=)
LR '.-H'E;Il:l F:*-:‘E:S'»: F R @ Ea @ @ @ @
TIFIC LIERARY

L)

i H+ o lehd o LIERAFY 115 SRRl el
CASIO FX-857° wesomu commrm [T IS LY LT rﬂmﬁg‘]anx
| [T M@@mmm@@a?éi:
DREERdNHODE e 28 R
ﬁ%‘ ' [jr'—rl[_j-®-@m O2EHHE
HOTEeNm®mODoe| ([@CIECERE]

A look at the keyboard of the unit reveals characters and symbols located above the keys.
These are accessed using the B» and 5 keys.

1-4-1 Keytop Functions

Normal Mode

In this mode, each key inputs the characters, symbols, or commands noted on the keys them-
selves. (This status is automatically set when power is switched ON and immediately follow-
ing the ALL RESET procedure.)

EXAMPLE:
Operation  Display
& - A
3} - E

DE O e
B G BE
EEO00EE

° ' (7 )8 ]9 )[es]lerx
CHROED®® o=
DWEEOMNODDOE® &
AEOPEHDED® R WJ2IB)+HI=]
THNOEE®mOEODE @JCIJEICEXE )




Lower Case Mode

Pressing the g= key shifts the alphabetic keys (only) to lower case characters, indicated by
the CAPS symbol disappearing from the display. Pressing the &% key once locks the key-
board into the lower case mode, while pressing again returns {0 upper case.

EXAMPLE:

Operation  Display OMEOOOO0OWOoOe@®E
=2 . DHODOEEDHOD
® - d OO EOmm

1-4-2 Functions Noted Above the Keys

The BASIC one-key commands, and the symbols and commands noted above the keys are
entered when the corresponding keys are pressed following the §=3 key. Note, however, that
pressing the numeric keys ( (@] ~ (8] ) after §3 in the CAL mode executes the program in
the corresponding program area, while, in the BASIC mode, switches to the corresponding
program area.

EXAMPLE:
Operation Display é 'D é é - E]
E@ - PANT o o Nl i e W )
=& — NPR( as

. UHMHJ
O Q00 L"ij]( JC JL“]

CO000000000 S
QDDDDDDDDD L ]f jL )

1-5 SCREEN

The screen is a 32-column x 2-Iine liquid crystal display. Characters are formed by a 5 x
7 dot matrix.

2 lines

L 32 columns




1-5-1 Physical Lines and Logical Lines

The maximum display capacity of one line is 32 columns, but internally the unit is capable
of handling lines up to 255 characters long. The display capacity line (32 characters) is referred
to as the physical line, while the internal capacity line is called a logical line. A logical line
is a continuous line of characters in which any column on the extreme right of the screen
1S not a null.

One physical line=——1+2 ¢ 3
1541

4+45+6+7+B8+8+10+11412413+14
One physical Ime-{-—'l' ]7.,.

+
6+

One logical line, from the first character to the last

Pressing = (& moves the cursor to the beginning of the logical line, while &2 &) moves the
cursor to the end of the logical line. These operations are useful in determining the extent
of logical lines. :

1-5-2 Virtual Screen

The screen can display two lines at one time, and as the 3rd line is input, the first line scrolls
off the top of the screen. Lines tha! scroll off of the screen can, however, be brought back
into view using the cursor ({0 / ) keys, because the unit is able to store up to eight lines
internally. These eight lines make up the virtual screen, while the two lines actualiy displayed
are called the actual screen.

| +DDDDD _ | Actua! screen
Vintua! screen (B lines) | | J (2 lines)

C6FFFFF
7GGGGG
8HHHHHH

1-5-3 Screen Editor

Any program lines or data included on the virtual screen can be edited. First the portion of
the program or data is brought onto the actual screen, and then the cursor is located at the
position to be edited.



1-5-4 Display Contrast

i} = Il__§ |

G .

The display may appear dark or dim depending upon the strength of the batteries or the '
viewing angle. The contrast of the display can be adjusted to the desired level by rotating
the control dial. Rotating the dial down (arrow direction) darkens the display, while rotating
it up lightens the display. - -

A weak display when contrast is set to a high level indicates weakened batteries, and batteries
should be replaced as soon as possible (see page 9).

\

U

1-6 DISPLAY CHARACTERS

The relationship between characters and character codes is illustrated in the foliowing table.

Character Code Table
High-order digit —

_ O 16 32 &8 64 B0 95 112 128 144 160 176 152 208 224 240
B [«] o] 1 [2]3]als|e|7]|s|e|a[Bic|D|E|F
.‘Sool } lﬂ}O@P plAlo == [—|®|I=|2]X
211‘ ‘«mv’l1AOaa,/s APIFILIS B
‘322[(‘~‘§£)|m5, JJ‘ZBRD rlvlz | flrjwixi=|&
. 3|3 | J=]slc|s|cls| s ]. 2|52 |m
dd(.’..;',‘i $(4|D]Tja|t]z2|e I|~|v|-|B
5,5 () %|S|E{Ulelu|n}s Zir|aji|F
616} (W9 sa|6|FlV]|tiviBle|DiniZ|3|=1B
ARANLY ‘171Giwleglw|Bi? | RIB|=|E
818/ tes) (1BiIH|X]n]|x]ale s |||V |E
8|9 =™ N REEAARERAN- AR R EIAPAR A 2B
10 A 1o . Jizlslzlrle|z|Din|jrie|s
11] 8| wowr + Klclk][1]e]l-]x|vlElD|8]0
wplicl s [ (=) ]<jListi|ilaln e}z 2|2]D
30| e [ (Bl ]=f=IMD) Im|t fulx]a]RIAIIC
wlel @ | (o | s|Nl~{n]|-|ela]ale ] |2
1B FIED | (¢) /719|010 glslviviel. |N

* Blank segments are not output.

* Notations in parentheses are control codes and are not displayed.

* Characters which cannot be displayed using keyboard input can be displayed using the
CHRS function.



1-7 POWER SUPPLY

This unit is equipped with a main power supply (two CR2032 lithium batteries) and a back
up power supply (one CR1220 lithium battery). Batteries should be replaced whenever the
disnlay remains dim, even atter contrast adjustment. Batteries should also be replaced once
every two years regardiess of how much the unit has been used.

s Battery Replacement Screws

1) Switch the power of the unit OFF and remove the [ —— —e
rear pane! of the unit after removing the two screws
holding it in place.

2) Remove the main battery holder by removing screw
) A, and/or the back up battery holder by removing P Bution
screw B.

3) Remove the old batteries by turning the unit so that
the battery compartment faces downward and tap-

ping gently.

-
.

4) Wipe the surfaces of new batteries with a dry cloth Q 4
and load them into the battery compartment ensur- Screw é Screw A
ing that the positive pole (+) is facing upwards.

5) Replace the battery holder screw while pressing ,
down on the batteries. =

6) Replace the rear panel of the unit and two screws F AT
to hold it in place. * @ @@

r

= Simuitaneously removing both the main battery and back up battery causes programs and
data stored in memory to be deleted.

- Be sure to remove dead batteries from the unit to avoid damage due to battery leakage.

* Be sure to replace both main batteries.

* Always ensure that battery polarity is correct.

* Never dispose of batteries in such a way that they will be incinerated. Exposing batteries
10 high heat can cause them 1o explode.

* P Button
Hardware reset button to halt misoperation caused by static electricity. Be sure to switch
power OFF and ON when the P button is pressed.

* Keep batteries out of the reach of small children. Consult a physician immediately
it inadvertently swallowed.
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1-8 AUTO POWER OFF

The power of the unit is automatically switched OFF approximately 6 minutes after the last

key operation (except during program execution), or the last input for an INPUT statement

or PRINT statement. Power can be resumed by either switchng the power switch OFF and

then ON again, or by pressing the gi< key.

* Program and data cotents are retained even when power is switched OFF, but settings
such as the number of digits or the mode (i. e. BASIC mode, MEMO IN mode) are canceled.

1-9 CONNECTOR

) s HIRS e BN s S cxsses B0 & m N 1_[ 1

P[ L~ (T2 )]

—

The connector noted in the illustration is equipped for connection of peripheral devices (i.e.
FA-6). Be sure to leave the connector cover in place when peripheral devices are not con-
nected.



This section covers the various modes available with the FX-B50P using a series of simple
examples. These procedures should be mastered before attempting more complex operations. _

2-1 CAL MODE

The CAL mode is in effect each time the power of the unit is switched ON. Arithmetic calcu-
lations, function calculations, scientific library execution, formula storage calculations, pro-
gram execution, and data recall can be performed in this mode. :
EXAMPLE:

25+35-2=

OPERATION:

2@5®3EL5=2m

—

'z s+3.5-2
.4

Though the kit key is used instead of the (=] key, operation is identical to that used in a stan-
dard calculetor.

The CAL mode can be entered from another mode by pressing £ 7@ . See PART 3 CALCU-
LATION FUNCTION (page 15) for details.

2-2 BASIC MODE

The BASIC mode is used for the creation, execution and editing ot BASIC programs. The
BASIC mode can be entered from another mode by pressing &3 (3] .

EXAMPLE:

Create and execute a program which calculates the sum of two values A and B.

n
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PROGRAM INPUT

=R Sl
=

10@E 5 63

20 B E 6 &

WEEDRDEEERE

WEEDE

PROGRAM EXECUTION
ECEE RUN

See PART 6 BASIC PROGRAMMING (page 45) for details on using the BASIC language.

2-3 FORMULA STORAGE FUNCTION

The formula storage function makes it possible 1o store often used formulas in memory for
calculation when values are assigned to variables. This function is applied in the CAL mode
using the (™), B3, and &= keys.

EXAMPLE:

Determine the selling price of a product by applying a profit rate based on the purchase price
and selling price.

SELLING PRICE = PURCHASE PRICE + (1 — PROFIT%)

KEY INPUT

o
Blalslsiclolvalclololalalalulisialololelolalalo

Required to store formula in memory
Ensure that input of the formula is correct by pressing the &7 key.
OPERATION:

SELL=PURCHASE/ (1 -PROFIT)
| SELL=PURCHASE/(1-PROFIT)_




Now caiculate the selling prices of the following:

PURCHASE PRICE PROFIT

$1,000 30%
$960 25%
™ PURCHASESL J
= PURCHASEZ10C0
1000 x£ PROFIT?.
- (PROFTT50.3
0)3 ks SELL= 1428.571429 J
& PURCHASE 7.
T PURCHASE7GEO
960 i PROFITA. |
- TPROF1T? 25
()25 ke teElL= 1288 J

As can be seen in this example, once a formula is input, it can be used repeatedly by simply
assigning values for the variables. See PART 4 FORMULA STORAGE FUNCTION (page

33) for details.
* The fi= key can be used to terminate this function.

2-4 DATA BANK FUNCTION (MEMO IN MODE)

The DATA BANK function allows the storage of large volume of data for recall when required.

Pressing k= (8 enters the MEMO IN mode, and causes the cursor to appear at the upper
left of the display waiting for data input.

EXAMPLE:

J. SMITH 347-237-4811

e

EXTDITEST D347 2 237 5 4811 &
LA —

Cars OEG o & b

SMITH J. 347-237-4811

Once data are stored, specific data items can be recalled using the = key.

=0 - ](CAL mode)
E= SNITH J. 347-237-48B11 (Search for data item
beginning with **S".)

The &= key can be used to terminate the DATA BANK function.
For details on the storage and retrieval of data, see PART 5 DATA BANK FUNCTION (page
37).

13



2-5 BUILT-IN SCIENTIFIC LIBRARY

This function provides a wide variety of useful scientific library that can be recalled and used
in calculations in the CAL mode. ’

Mathematical/Statistical operations — 116 types

Operations are selected using the d , [T, . 25 and @ keys.

* For details, see PART 11 SCIENTIFIC LIBRARY (page 176).

2-6 SUMMARY

Function Table

Function name Key operation
CAL mode k= @
BASIC mode = 1
Data bank =g
Formula storage =+ B, 5.6
Built-in scientific library g¢= @ + Library No. e




Y e

CALCULRTION

e R AR ST T I N ST S

This section covers fundamental arithmetic calculations and function calculations which are
performed manually.

3.1 MANUAL CALCULATION PREPARATIONS
Switch the Power of the Unit ON

tngicators (Mode display)

Cursor —l——’.

The display illustrated above apoears whenever the power is switched ON. It indicates the
CAL mode in which manual calculations can be performed. Currently specified angle unit,
however, is retained even when the power is switched OFF.

3-2 MANUAL CALCULATION INPUT AND CORRECTION

Perform the following fundamental ca:zulations to become familiar with this mode.
EXAMPLE:

123 +456=579

123 (= 456 T25+456- | |(Formuta input)
— )
T 1 2_3’ 54 56 |(Oblains result)

As can be seen here, the € key is pressed in place of (&) . The (] key is used for multiplica-
tion and (7] is used for division.

The foliowing procedure can be used to correct entered data.
EXAMPLE:

33x5+16=181

For the sake of example, the value 33 here will be mistakenly entered as 34.

15



@5H16 l'édxsns_ —

Press (&) six times to move cursor back to position of 4. This can also be accomplished by

=S
EEeeEEE?4*5E |

3 3335+16 1 (Replaces 4 with 3.)
3325416

35 [— 187 ]

EXAMPLE:

33x5+16=181

For the sake of example, the above calculation will be performed with the value 33 mistaken-
ly entered as 34.

_@msTreim (2415716 |
= '34x25+18 (Move cursor 1o posi-
@@@@ l TEE luon for correction.)
13325+186
3 | 188 ]
r '33z5+186 (Reexecute calcu-
[T18) { lation.)

EXAMPLE:
33x5+16=181

For the sake of example, the multiplication sign (%) here will be mistakenly omitted and cal-
culated.

335 @D 16 % 3351186 |

2= 387" |fon o o S
&3 s g g? +16 ::ggre:cslel:psggge.)
® 3 g ; ? +186 (ssr;::; l’t')iulliv'*calioﬂ
0] 3 ? ; ? +16 ] (Obtain result again.)

As can be seen in the above example, the [ss) key is used to insert spaces at the current
cursor location for input of characters or symbols.



EXAMPLE:
A3=5+16=181

Eor the sake of example, the above calculation will be periormed with the value 16 mistakenly
enlered as 216.

335 2186 kg
FarL+421 B J
3Bl
= EEAN e oo
E.E:' a;]*- * {h“!,

-
= e oyal

A& £an be seen in the above example, the 2L key is used to delete characters a1 the current
cursof location,

= The (= key can also be used to delele characters, but its operation is slightly different from

=R Deletes the character &l the current cursor location.
|1HI:QEFGH | "EBCEFGH |
ST
[®] ............. Deletes the character at the postion to the leh of the current cursor location.
[AECQEFGH I_ - ABQEFGH
" . = | ]

Practice the following examples to become familiar with the fundamental calculation
procedure.

EXAMPLE 1:

9+ 7EB+LB~-35x2=33

OPERATION:
S TR E=3.5E 2 g
E. B/6E-3 GBag
-]
EXAMPLE 2:

56 (- 12)= (- 2.5)= 268 8

17
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OPERATION:

s6 @M =120 (=2.5 3
[‘ssx-wa/-a.s
268.8

Negative values are entered by pressing the [=] key before entering the value.
EXAMPLE 3: .
(4.5%x10™)x(-2.3x10")= ~0.01035

OPERATION:

45@ 753 352.3®E (378 k9

IA.SE753-2t35-78
-0.0103%

Exponents are entered by pressing the (€] key (or the alphabetic (€] key) before entering
the value.

The following example shows how the resuit of one calculation can be immediately incorpo-
rated into a subsequent caiculation.

EXAMPLE 4:
(23 + 456) x 567 = 271593

OPERATION:

234568  |231456

continuing with

(3] 567 B¢

NN
-~
0 »

wm

nH

The last result obtained can be entered at any point in a subsequent calculation by pressing
the = key. )

EXAMPLE 5:

81.2+(5.6+8.9)=5.6

ME:This process performed first

OPERATION:

wm
am
-+
o

©

56H89E |°;

continuing with
145

812 k= Bl.2/7 14.5. J

e |81.2/ 14.5
§-8




3-3 PRIORITY SEQUENCE

Arithmetic, relational and logical operations are performed in the following priority sequence:

1.0,) o
2. Functions -
3. Power
4. Signs (+, -)
5. %,/ ¥, MOD
6 +, ~
7. Relational operators
8. NOT
9. AND
10. OR, XOR
EXAMPLE:
2+4%C0OS (14+416)°2=5
e l
SR
l ]
¢
NOTE:

a. Calculations are performed from left to right when the priority sequence is identical.
b. Complex functions (sin cos 60) are performed from right to left.
¢. Consecutive powers (5°4"3) is performed from left to right.

Caiculation results are displayed in the following manner.

1. Integer less than 1 x 10': Iinteger
2. 10 digits or less in fractional part: Decimal
3. Others: Exponential

Number of Digits

* Internal calculations are performed with a 12-digit mantissa + 2-digit exponent. P, however,

is expressed in 11 digits (3.1415926536): rounded and displayed in 10 digits (3.141592654).
» Caiculation results are displayed rounded off to a 10-digit mantissa + 2-digit exponent.
* Up to 255 characters can be entered for a single line.

Specifying the Number of Significant Digits and the Number of Decimal Places
“SET" is used for thése specifications.

Specification of number of decimal places........ =& F(0-9) g
Specification of number of significant digits. ... ... =& E((0-~9) kg

* “'SET E0” used to specify the number of significant digits specifies 10 digits.

Release of specification. ...................... = E N g

* When a specification is made, the result is displayed by the number of specified digits.
(The digit next to the last specified digit is rounded off.) The original value remains in the

computer,
18
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EXAMPLE:

Specified number of decimal places: 2

OPERATION:

EE @2 S8 Fe ]
10D3E ‘235

EXAMPLE:

Specified number of significant digits: 3

OPERATION:
E%@a@ {55‘( E3

1
12@aam 5738, ,0

3-4 SCIENTIFIC CALCULATIONS

The scientific functions (see the scientific function table on page 28) can be used either within
programs or for manual calculations. For the sake of explanation, all of the examples here
will cover only manual calculations.

Trigonometric and Inverse Trigonometric Functions

sin: sine sin~': arc sine
cos: cosine cos™': arc cosine
tan: tangent tan™": arc tangent

These functions return a trigonometric function value for a given angle, or an angle value
ot a given trigonometric function value. The ANGLE command should be used to specity
the unit for the angle value when these functions are used. Angle unit specification is only
required once for all subsequent trigonometric/inverse trigonometric functions. Angle unns
can be specified using either the p=§ key or the ANGLE command.

ANGLE 0. .... DEG (degrees) — (&= (@))
ANGLE 1. ..., RAD (radians) - (&=3(8})
ANGLE 2. . . .. GRAD (grads) - (&4 (6])

The relationship among these three specifications is:

90 degrees =-§- radians = 100 grads

The current angle unit is retained when the power of the unit is switched OFF, and the angle
unit becomes ANGLE 0 (DEG) when the ALL RESET button is pressed.

The value for = can be directly entered into a formula using “PI"" (3.141592654).



EXAMPLE 1:
sin 30°=0.5
OPERATION:

5 N e

= 4

s a [ 1

(= (or & @ ™) 30 &xe

EXAMPLE 2:
T

cos 3 =05

OPERATION:

=5

HorCOE)
OESEId

~—
€

Exe

camy Ca L

COS(P1/3)
2.5

& & can also be entered as ) (1 .

EXAMPLE 3:

2sin % +C0S % = 2.232050808

OPERATION:

=45

EOERSDINP=EDESBD3IDE

Cary  Ca L]

23SIN(P1/3)+COS(PI1/3)
2.232050808
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EXAMPLE 4:

tan 60° =1.732050808

OPERATION:
£ 4 _
l
@Wﬂ@@ﬁ@g
TANGOQ
1.732050808
EXAMPLE 5:
sin~' 0.5=30°
OPERATION:
o ASNG.5
i 2 0.5 &g 30
EXAMPLE 6:
-1 __& - o
cos ) =45
OPERATION:
mEN2E05D20 &
ACS(272.5/2)
45
EXAMPLE 7:

tan”'v3 = 60° = 1.047197551

OPERATION:
P D36 ATNSQR3
60
=45 ATNSQR3
60
cars [~ % L
=85 03 kg ATNSQR3
1.047187551




Hyperbolic and inverse Hyperbolic Functions
sinh: hyperbolic sine sinh~'. hyperbolic arc sine

cosh: hyperbolic cosine cosh™': hyperbolic arc cosine
tanh: hyperbolic tangent tanh~': hyperbolic arc tangent

EXAMPLE 1:

sinh 5=74.20321058

OPERATION:

— HYPSINS
EESEs 74 22321058

(The HYPSIN tunction is

EXAMPLE 2:
cosh™'1.5=0.9624236501

OPERATION:

used for sinh.)

b el 1.5 [HYPACSY S
EE& = re.952c235591

(The HYPACS function
__jis used for cosh™'.)

Logarithmic Functions, Exponential Functions

logie: common logarithm e™ exponent
loge: natural logarithm

EXAMPLE 1:
loge 123=4.812184355

OPERATION:

) 123 & E

I(The LN function is used
for loge)

EXAMPLE 2:
logwe 100=2

OPERATION:

{5 100 fxg Lgsmz

(The LOG function is
used for log:)

EXAMPLE 3:
e°=148.41315%1

OPERATION:

sose [P

{The EXP function is
used for e”)

23
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Other Functions

SGN: Sign RAN#: Random number  ABS: Absolute value
INT: integer value FiIX: integer parn FRAC: Fraction
ROUND: Rounding
e SGN
For SGN (x), returns a 1 when x>0, a -1 when x<0, and a 0 when x=0.
OPERATION:
— SGNB
SGN6 g 1 I
G -
SGN-2 &2 Bl ]
e RAN#

Generates a random number between 0 and 1 with up to 10 decimal places. For details,

see PART 10 COMMAND REFERENCE.

OPERATION:
EE0B10E
[RAN:(-\) N
Q. 2466383388
* Tne above is only a sample value.
e ABS

Returns the absolute value of x for ABS (x).
178.9- -5.61 =14.08928571

OPERATION:
ABS 789 (=569

ABS17B.9/-5 6) J

14 .0B8S2B571

e INT
For INT (x), returns the largest integer which does not exceed the value of x.
OPERATION:
BEEeasm [1F1784-5 | |
e FIX

Returns the integer part of x for FiX (x).
Integer part of 8000+ 96.

OPERATION:

FIX [T) 8000 (7) 96 (0 &=
FiX(BRgRaoe,s8s)
83




< FRAC
Returns the fractional part of x for FRAC (X).

Fractional part of 8000+ 96.
OPERATION:
FRAC [ 8000 96 [0 £

FRAC
e .3

e« ROUND

The function ROUND (X, - Y) rounds the result of X at the Yth decimal place (resulting in
Y -1 decimal places).

Round result of BC00/96 to three decimal places.

OPERATION:

ROUND [[J 8000 (1) 96 (D (=4 1D ke
ROUND(EBCCR/8E .-4)
3.333 4]

(
8 3

Decimal « Sexagesimal conversions

DEG: Sexagesimal — Decimal
DMSS: Decimal — Sexagesimal

EXAMPLE 1:
12°34°'56" = 12.58222222°

OPERATION:

312 (3) 34 056 D) fxe

EXAMPLE 2:
12.3456° = 12°20'44.16"
‘OPERATION:

5 T3 12.3456 )

25
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Decimal «+ Hexadecimal conversions

&H: Hexadecimal — Decimal
HEXS: Decimal = Hexadecimal

EXAMPLE 1:
1006 = 16010
OPERATION:

@10 = hee |

EXAMPLE 2:
100010, = 3EB.1¢;

OPERATION:

1L 1000 (D) B¢

* Hexadecima! A, B. C, D, E, F corresponds to decimal
10, 11, 12, 13, 14, 15,

FACT, NPR, NCR

These function return the factorial, permutation, and combination of entered values.
EXAMPLE 1:
10!= 3628800

OPERATION:

[vle
n—

w >
[+ 1 I
ome
Q
(o)

ESES10E |

EXAMPLE 2:
10P4 = 5040
OPERATION:

e 1004006

[NPR(IR.4)
| Se4e

EXAMPLE 3:

1w0Cs=210

'OPERATION:

FEE100406




REC < POL

Converts rectangular coordinates to polar coordinates, and vice versa.
EXAMPLE 1:

Convert polar coordinates (5, —6’5- } to rectangular coordinates (X, Y).
OPERATION:

= 5 (Angle unit=RAD)

EEs5HESD6DEs
REC(S.PI/6) .
4.3312701¢ (X coordinate)
= YE 5 (Y coordinate)
EXAMPLE 2: :

Convert rectangular coordinates (1, 1) to polar coordinates (r, 6). -
OPERATION:

EE1D1D&E

TPOLCY )
i 1. 414213562 J(vcoordmate)

Y .
EE 07853981634 }(Ocoordmate)




Scientific Function Table

Sign

Integer

Fraction

SGN (numeric expression)

INT (numeric expression)

FRAC (numeric expression)

Function Name | Formula Format Detsils
Trigonometric | sin SIN (numeric expression) - 1440° < numeric expression < 1440°
(8xrad, 1600grac;
cos COS (numeric expression) | — 1440° < numeric expression < 1440°
{8xrad, 1600grad)
tan TAN (numeric expression) | ~ 1440° < numeric expression < 1440°
(8xrad, 1600grad)
* Except when numeric expression is (2n-1)
x 90° (x/2rad, 100grad)
* n: integer
Inverse sin”" ASN (numeric expression) | Inumeric expression! <1,
Tngonometric - 80° < ASN (numeric expression)< 90°
cos”' ACS (numeric expression) | Inumeric expressioni g1,
0° = ACS (numeric expression) < 180°
tan™’ ATN (numeric expression) | |numeric expression| < 10",
- 90° £ ATN (numeric expression) < 90°
Hyperbolic sinh HYPSIN Inumeric expressioni £230.2585082
{numeric expression)
cosh HYPCOS Inumeric expressioni < 230.2585082
(numeric expression)
tanh HYPTAN {numeric expression| 510,
(numeric expression) | -1 <HYPTAN (numeric expression) <1
inverse sinh™' | HYPASN Inumeric expressionl <5x 10"
Hyperbolic (numeric expression)
cosh™' | HYPACS ~ 1 < numeric expression <5 x 10%
(humeric expression)
tanh™’ HYPATN Inumeric expression| <1
(numeric expression)
Exponential e’ EXP (numeric expression) | — 227 < numeric expression
=230.2585092
Natural logex LN (numeric expression) numeric expression>0
logarithm
Common logrex LOG (numeric expression) | numeric expression>0
logarithm
Square root vx SQR (numeric expression) | numeric expression 0
Cube root ¥x CUR (numeric expression) | numeric expressionz 0
Absolute value | Ix! ABS (numeric expression) | Returns absolute value of numeric

expression

numeric expression<0 : -1
numeric expression=0: 0
numeric expression>0: 1

Gauss function: Returns maximum
integer value that does not exceed
numeric expression value.

Returns fractional pant of numeric
expression.




Function Name | Formula Format Details
Rounding ROUND (x, y) Rounds x at position specified by y.
X, Y : numeric expression
Fix FIX (numeric expression) Returns integer part of x.
Degree Sexagesma’| DEG (d [.m[.s]}) Converts sexagesimal to decimal.
—-Decimai | d, M, S : numeric expression
Pt x P 3.141592654
Random RAN=# (numeric expression) | Relurns a random number with 10
number decimal places. 0<RAN#» <1
Factorial x 1 FACT (numeric expression)| integer : 0 < numeric expression < 69
Permutation nPr NPR (n, 1) integer : 0=srsn=10"
Combination nCr NCR (n. 1) integer : 0gr=ng 10"
Coordinate POL (x.y) Converts rectangular coordinates speci-
conversions fied by Ix! + lyl >0 to polar coordinates.
REC {(r, 6) Converts polar coordinates specified by

0=r<10'™ to rectangular coordinates.

* Except for ROUND, DEG, NPR, NCR, POL and REC, any values used with these func-
tions need not be included in parentheses.

3-5 CALCULATIONS USING VARIABLES

Aigebraic calculations can also be performed using variables. The following list of calcula-
lions, for example, becomes much easier to perform if a variable is assigned for the com-

mon term.

2x3.1415+5=
3x3.1415+6=
4x3.1415+7 =
5x3.1415+8=

1. First, assign the value 3.1415 to the variable X.

X =) 3.1415 %

X=3

.1415

|

2. Then use the variable in place of the value for each of the calculations.

2@ X{x)5E8
3EX[*)6 kg

2

+5

83

]

3

z
1
z
1

|- >

.2
+6
.4

245

|
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Variables
The foliowing rules apply to variable names for all types of variables used with the unit.

Variable names:

1. Are character strings with an upper case alphabetic character (A~ Z, internal decimal code
€5~ 80) or lower case alphabetic character (a ~ 2, internal decimal code 97 ~ 122) in the
leading (first) position. (See the character code table on page 395 for internal codes.)

2. Are composed of upper or lower case alphabetic characters or numbers (0~ 9, internal
decimal code 48 ~ 57) following the leading aiphabetic character.

3. Cannot use reserved words (see page 400) as the leading characters.

4. Can be up to 15 characters long. ’

3-6 OTHER CALCULATIONS

Besides the fundamental arithmetic operations of addition, subtraction, multiplication, and
division, and exponential calculations the FX-850P is also capable of employing a variety
of other arithmetic and relational operators.

Arithmetic Operators

The following arithmetic operators are used in formulas:

Signs (+, =)

Addition (+)

Subtraction (=)

Multiplication (%)

Division (1) -
Power (A)

Integar division (¥)

Remainder of

integer division (MOD)

The values used with the ¥ and MOD operators are limited to the range of — 32768 through
32767, and the fractional part of non-integer values is truncated.

EXAMPLE:

5¥29=2 (5-2.8=72 .5) - (The fractional parts crossed out with
o - " “x" are truncated before the calculation -

7.3 MOD2X=1* (7+2=3-- 1) is performed.)

° When a variable is used instead of 7.3, a space is required between the variable and the MOD operator.

With both ¥ and MOD, the values are converted to their absolute values before division is
performed. The sign assigned to the result of the ¥ operation follows the rules of normal
division, while the sign assigned to the result of the MOD operation is the sign of the dividend.

EXAMPLE:
-15¥7=~2 -—15+7= -2 ..... -1
—-15MOD7= -1 = oy

-15¥7 -15MOD7



Logical Operators

The application of logical operators is similar to that of arithmetic operators. The fractional
parts of the data are truncated and the specified logical operation is performed bit-by-bit (each
bit of the result is obtained by examining the bit in the same position for each argument).
There are four ditferent logical operators available with the unit. :

NOT Makes an expression not true.
AND Expression is true if both parts are true, otherwise expression is false.

OR Expression is true if either part is true, otherwise expression is false.
XOR Expression is false if either part is true or either part is false, expression is true
if one part is true and one part is false.

Negation A Logical product
X NOT X X Y X AND Y
o | 1 oo 0 ]
| 0 0|1 0
1 0 0
1 1 1
Logical sum Excluxive OR
X Y || XORY X | Y || XXORY
0 0 o 0 0 0
0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0
EXAMPLE:

Determine the logical sum for 10 and 3.

womeE |'§R3

10 =1010(2)
3=0011(2)

11=1011(2)

* 1010(2) represents the binary value of 10.

Character Operator
The only string operator available is the plus (+) operator. The length of the result is limited
to 255 characters.

EXAMPLE:
"A"'#“B" - ”AB"
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Relational Operators

The following operators can be used within programs (only) to compare two values or strings.
A true result returns a value of — 1, while a false result returns 0.

Equal to =
Not equal to <>, ><
Less than <
Greater than >
Less than or equal to <, <=

Greater than orequalto =>, >=

With character string comparisons, each character in the string to the left of the operator
is compared with each character at the corresponding position in the string to the right of
the operator. Comparisons are made using the character code for each character. If two strings.
are of ditferent length and the shorter string is identical to the leading characters of the longer
string, the shorter string is judged to be the lesser of the two.

EXAMPLE:
10 PRINT 125> 12
20 PRINT "DEF"<"ABCD"
30 PRINT “ABCD" = "ABC"

BIETE&E 55 |

Since 125 is, in fact, greater than 12, a value of — 1 (TRUE) is returned.

& [ J

The character code of "“DEF" is greater than that of 'ABCD", so 0 (FALSE) is returned.
T o |

The string “ABCD" is not equal to string ‘ABC", so 0 (FALSE) is returned.

* Character strings are compared until a difference is found, and judgment is made upon
the first ditference encountered. In the above example, the '*A” in the first position of one
string differs from the “D" in the first position of the other string, so the comparison is
based upon “'A™ and “D". Though the string “ABCD" is longer, string *'DEF"’ is consi-
dered to be the greater of the two because the.character code of D" is greater than the
character code of “A™.
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The formula storage function is very useful when perfoming repeat calculations. Three different
keys are used when working with the formula storage tfunction.

% key.......... Stores presently displayed formula.
= key.......... Displays formula stored in memory.
£ key.......... Assigns values to variables in formula, and displays formula calculation result.

Sample Application
EXAMPLE:

Obtain the value of y for each of the values assigned 1o x when y = 3.43 cosx. (Calculate
in three decimal places.)

T f ge ! 150 | 220 i 27° TEE |

v i | | |

OPERATION:
First specify the angle unit and number of decimal places.

=0 4 (Angiz unit: “DEG")
on E (3o (Obtain in three decimal places by rounding off the 4th decimal place.)

Next, input a formula, and press the [~ key to store it.

NEIDBEEREE

 Press the (5 key to confirm that the formula has been stored.

=& - !
& Y=3.43xC0SX.

Then, start calculating by pressing the &2 key.

W
Ly



@ X?. I
8 fxc 1e%s 397

e ;; 3.397 ]
15?3 '5213.313

& Ys 3.213 J
22 ¢ meg.iee I
= ;; 3.180 I
27 e R:ag,ess ]
&= Ys 3.e56 l
31 }232 oae ]
= [I= 2.940 ]

The &= key can be used in place of the = key to perform repeat calculations.
* The &= key can be used 1o terminate this function to automatically return to the CAL mode.

4-1 UTILIZATION FOR PREPARING TABLES

Multiple formulas can be written by separating with colons ( : ). Tables such as that shown
below can be easily prepared by using this method. .

EXAMPLE:

Complete the following table. (Calculate in three decimal places by rounding off.)

X Y P=X%Y Q=X/Y
4.27 1.47
B.17 6.48
6.07 9.47
2.7 4.36
1.98 3.62




OPERATION:

R E P 3B e Specification of number of decir al places

CEEODDOEK ™ ... Storing the formula

B3 X 3 (Calculétion starts)

427 e #;f-” j(Xvalue)

1017 A (¥ value) -
P

2 [ 5 8% e
e I'(xJi;- .650@ ' 4'

Continue to input the values of X and Y in this man.er, and the values of P and Q will be
calculated in successive order and the table will be completed as shown below.

wilwh

X Y P=XkY Q=XIY
4.27 1.17 4.996 3.650
8.17 6.48 52.942 1.261
6.07 9.47 57.483 0.641
2.71 4.36 11.816 0.622 .
1.98 3.62 7.168 0.547

Variable names can consist of up to 15 upper case or lower case alphabetic characters. This
means that variable names can be created which actually describe their contents. Remarks
can also be atfixed foliowing variable names by enclosing the remarks within square brack-
ets | ]. Any character except for commas can be used within the remarks brackets.

EXAMPLE:

Compiete the following table. (Calculate in two decimal places by rounding off.)

Radius 1 (m) | Height h (m) | Volume of a cylinder (Vo= xr?h) (m?) | Volume of a cone (Vi="/3 Vo) (m3)

1.205 2.227
2.174 3.451
3.357 7.463
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OPERATION:

HEB2&s

IIIIII(:JC3C3(:JC]E3::(:J3EB::[:JEBc:[:JCJC]C]E:]C]CJEEﬂ::E]
E3c:lli!C?EDC]CJCDCJIIED::CJED::EJCJE]EJCJEB::E]353c:

EOMNDODENODOEBE® DI
RADIUS[M]7-

£
RADIUS[M)?1.205

1205 &g HEIGHTIM)?

— HEIGHT[N]72.887

2 () 227 kg [;YLINDER[M3]= 12.16 J
[CYLINDER(M3]= 12.186

I8 CONE[M3)= 3.38 l
CONE[(M3 )= _3.38

1 |RADTUS[M3) 7. J
RADIUS[M2)7e.174

2174 &£ fnusm M)?_ ]

{Calucualtion starts.)
(Radius)

(Height)

(Radius)

It the values of radius (r) and height (h) are input in this mann‘er, volume (Vo) of the cylinder
and volume (V1) of the cone will be calculated successively and the table will be completed

as shown below.

Radius r (m) ; Height h (m) | Volume of a cyhnger (Vo= =zr?n) (m*) [ Volume of a cone (Vi='/3 Vz) (m?)
1.205 2.227 10 16 3.38
2.174 3.451 51.24 17.08
3.357 7.4€3 2646.22 88.07
IMPORTANT

1. Up to 255 characters can be stored using the (] key. Storing new formula clears the cur-

rently stored fermula.

N

the auto power OFF function.

[o N0, I A

ables (see page 30).

~

¢ Pressing the #< key.

* When an error is generated.

. Calculations are terminated under the following conditions:

. Memory contents are retained even when power is switched OFF, either manually or by

. The &= key can only be used to execute numeric expressions stored using the (] key.
. An error is generated when an entry stored by the (%) key is not a numeric expression.
. Strings and arrays are simply displayed as stored when recalled.
. The same limitations that apply to BASIC variabies apply to formula storage function vari-
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The DATA BANK function built into this unit gives it the capability to totally replace a standaro
notebook. For the sake of example here, the following scientific constant table will be input
into the unit's DATA BANK.

SCIENTIFIC CONSTANT TABLE

Name Symbol Numeric value Unit Remarks
Acceleration of free fall g 9.80665 ms~? FREE FALL
Speed of light (in space) c 2.99792458 x 10" ms™' SPEED LIGHT
Planck's constant h 6.626176 x 107> Js PLANCK'S
Gravitationa! constant G 6.672x 107" Nm‘kg~? GRAVITATION
Elementary charge e 1.6021892 x 10°" Cc ELEMENTARY
Electron mass : me | 9.109534 x 10° kg ELECTRON
Atomic mass u 1.6605655 x 1077 kg ATOMIC
Avogadro constant Na | 6.022045 x 107 mol™' AVOGADRO
Boltzmann's constant K 1.380662 x 10°% JK™! BOLTZMANN'S
o O e vm |2241383x10°? | m'mol”’ | IDEAL GAS

5-1 DATA INPUT

The MEMO mode must be entered using the operation ¢=3 (8 to allow input of data into the
DATA BANK. At this time, the display should appear as illustrated below:

Mode symbol

cars ote o K : Record number

T

Cursor
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The symbols appearing in the center of the top line of the display indicate that the current
mode is the MEMO IN mode. The value on to the upper right indicates the record number,
which is actually DATA BANK data line number. The record number 1 indicates that there
is still no data stored. The following is the procedure to enter the constant for the accelera-
tion of free fall: .

’ QPERATION:

=80 — Lower case for input of g

9 () 80665 ) — Numeric value input
mEE2 — Lower case for input of ms~?

EEOREERE=EERE fz8 — Upper case for remark input

Multiple items (i.e. symbols and values) can be included within a line by separating them
with commas. The final step of the operation is the 15 key which writes the data into memory.
This operation also causes the cursor to disappear from the display. Either press kg again
to display the cursor at the upper left or simply enter the first character for the next record.
Either procedure switches to the next record number for entry of the next item.

OPERATION:

O — Lower case for input of C
2.99792458 (§) 8 1) — Numeric value input (exponent entered using (8] )
mEE1 —~ Lower case for input of ms™*

FEEOPEEREDEOODBEMHE@DES — Uppercase for remark input

In this example, the value used as an exponent is entered using the (&) key. Note that both
upper case and lower case letters were used in the first two lines. Always check the display
for the current mode. The indicator CAPS indicates the upper case mode, whiie a clear dis-
play at the CAPS position indicates lower case.

Repeat the procedures outlined above until all ten constants are stored, and then switch
to the CAL mode by pressing = .

5-2 DATA DISPLAY

All of the data stored can now be displayed to check for proper input. While in the CAL mode,
press the &= key to display records 1 and 2. Note here that only record 1 is displayed if its
length exceeds 32 characters.

g€.8.B80665.ms-2 FREE FALL
c.2.88792458E8.ms-1 SPEED LIGHTJ

Pressing (T or &¢ at this time displays records 2 and 3. Pressing [£] or & 5 at any time
displays the preceding record.

[C.2.685792456E68.ms-1 SPEED LIGHT
h.6 626176E-34.Js PLANCK'S

* Note that the scrolling key operations noted above differ as follows:

OPERATION RESULT

= Scrolls one record down.
= &g Scrolls one record up.
©@ Scrolls one line up.

(23] Scrolls one line down.




5-3 DATA EDITING

data.

Editing of stored data is performed in the MEMO IN mode ( &3 (8] ). Of course, data may
also be changed during the input procedure (before [ is pressed) by moving the curenr
1o the desired location using the cursor keys ( (&) and (=) keys) and then entering the corre..

Tne foliowing procedure is used to edit data which has already been stored.;

. Press gx @] (cursor not displayed)
. Press f= .

. Move cursor to desired location and enter correct data.
. Press e ( EDIT disappears from display).

U hH WN 2

The following example assumes that an error is discovered in RECORD 5 (elementary tharge)

during display in the CAL mode.

. Locate record 1o be changed in the first line of the dipsiay.
. Press [&) or (=) to display cursor ( EDIT) appears on display to indicate EDIT mode)

caps  caL [ m< S
.1.8.21882E-15.C ELEMENTARY
‘me.9.108534E-31.kg ELECTRON
Press b (@) to enter the MEMO IN mode.
caes e - n <
=3 9 e.1.6.21882E-18.C ELEMENTARY
me.8.109534E-31.ke ELECTRON

Here, the cursor can be displayed by pressing [S) or [&) . At this time, the EDIT, symbol

also appears 1o indcate the EDIT mode.

caps 0EG we b Br

b3

e.1.6.21882E-18.C ELEMENTARY

Move the cursor 1o the desired location and enter the correct data. Finally, press gz to com-

plete the procedure ( EDIT) disappears from display).

cars 0EG e ®

S

EEEEB®E0 | e.1.6021852E-19.C ELEMENTARY

Ee e.1.802

ENTARY
CTRON

39



40

5-4 ADDING RECORDS

New records can be added to previously input records. Records can either be appended
to the end of existing records, or inserted between two existing records.

5-4-1 Data Append

1. Press == (). Unit standing by for input of next successive record foliowing previously stored
records. ’ i

2. Enter data to append new record.

3. Press g o compiete procedure.

5-4-2 Data insert
. Press =2 (9].

. Press = key.

. Use B¢ or == @3 to display existing record to follow newly inserted record.
. Enter data.

. Press @8 1o complete procedure.

nbdH Wh

_The following example describes how to enter a record containing the constant for the abso-

lute temperature of water at 0°C between record 8 (Avogadro constant) and record 9 (Boltz-
mann’s constant).

Name Symbol Nv‘;',"uee"sic Unit Remarks
Absolute temperature
of water at 0°C To0 273.15 K ABS TEMP

Enter the above data after displaying RECORD 8 on the first line of the display.

OPERATION:
Do HEEEEEESEDE®E eI

The result of the operation is as follows:

RECORD 8 Avogadro constant

RECORD 9 Absolute temperature of water at 0°C
RECORD 10 Boltzmann's constant

RECORD 11  Molar volume of ideal gas at s.t.p

* To insert new data into RECORD 1, press &3 B3 after displaying RECORD 1, and then
enter data for record 1. At this time, all following records are shifted downwards.



5.6-1 Conditional Search

Conditiona! searc. mnakes it possible to designate a specific letter, value, or word (up to eigh
characters long)in  Jerto quickly locate a desired record within a large file. Entering <objec
data> fe= displayy e first data item in which the <object data> appears immediatel
following a comma. 1ch subsequent press of &= displays the following data item whic
contains the <objec, ata> following a comma.

In the following example, enter (N (= 1o locate the Avogadro constant.

CaPS  CAL - 43 - -
G.6E.672E-11 .Nm2kg-2 GRAVITATION
e.1.6021882E-19.C ELEMENTARY

The first record 1o appear is record 4 (gravitational constant) because it contains the lette
N foliowing 2 comma. Press @& again to display the next data item which satisfies the statec
condition.

Cars  CAL DeS - s
Nz.5.@22045E23.mol-1 AVOGADRD
k.1.3BCEBEE-23.JK-1 BOLTZNANN'S

Here, the desirec data item is located. Of course, the = key can be pressed as many times
as desired until the <object data> are iocated. if none of the records contained the speci-
fied <object data> the cursor is displayed and the unit stands by for further input.

5.7 USING DATA BANK DATA IN PROGRAMS

Data stored within the DATA BANK can also be accessed from 2 BASIC program using the
following program commands.

i READ # IL

The standard READ command is generally used to read DATA statements contained within
a program. The READ # command, on the other hand, reads data from the DATA BANK.
Data are read in units from the beginning of a group of data up to the next comma.

FORMAT: READ# variable nar;'\e [, variable name]

As shown above, multiple variable names can be specified, with variable names being sepa-
rated by commas. As with the standard READ command, numeric data can only be assigned
1o numeric variables, and string data to string variables. Mismatching variable types results
in a TM error, and executing the READ# command when data do not exist produces a DA
error. Any leading spaces in a group of data are skipped, unless the group is included within
quotation marks.



5-5 DATA DELETE AND ALL CLEAR

5-5-1 Data Delete
The foliowing procedure is used to delete specific records from previously stored data.

. Press =g .

. Press (= key.

. Press [=f and recall record number to be deleted.

. Press cursor key ( [&) or &) ) to display EDIT symbol.

. Press =5 & Ex to delete currently displayed record. All following records are shifted
upwards.

5-5-? Data All Clear

Data bank contents are retained when the power of the unit is switched off and when the
NEW, NEW ALL and CLEAR commands are executed. The following procedure is used to
clear all current contents of the data bank.

bW =

1. Press b= (1] to enter the BASIC mode.
2. Enter W) (E) W B9 & B9 to execute NEW# command and clear all data stored in DATA
BANK.

IMPORTANT
Data cleared using the procedures outlined above cannot be recovered. Only delete or clear
data when it is no longer required.

5-6 DATA SEARCH

Pressing the @& key while in the CAL mode or MEMO IN mode displays record 1. Now, each
press of the = key shifts the cursor to the data to the right of the next comma following
the current cursor position.

The k) key can also be used to shift the cursor to the next data item, and = fxg can be
used to shift to the previous data item.

; cars  CaL 0EG  EmD &

g.9.80665.ms-2 FREE FALL
C.2.8878245BEB.ms-1 SPEED LIGHT

¥ =

CAPS  CAL CEG @O a

.B.B@EES.ms-2 FREE FALL
.2.8878245BEB.ms-1 SPEED LIGHT

=

caPs  CAL oG D ™ :

€.5.80665.ms-2 FREE FALL
C.2.89782458BE8.ms-1 SPEED LIGHT

© ou
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[RESTORE# |-

As with the standard RESTORE command, RESTORE # can be used to designate a specif-
ic position from which the READ # operation is to be performed.

FORMAT: RESTORE#®

Simply executing RESTORE # specifies that the next READ # or WRITE # operation is to
be performed at the beginning of data currently stored in the DATA BANK.

FORMAT: RESTORE= ‘“object string™

Including an object string with the RESTORE # command specifies that the next READ #
or WRITE # operation is 1o be performed from the data item which begins with the specified
object string contained in the DATA BANK. A DA error is generated when the specified object
string does not exist. The maximum capacity for a WRITE » operation is 255 characters,
and exceeding this value results in an error.

FORMAT: RESTORE= ‘‘object string’’, 0

The above format is identical to RESTORE # ‘“‘object string”".

FORMAT: RESTORE=# ‘‘object string’, 1

The above format specifies that the next READ # or WRITE # operation s to be performed
from the record which begins with the specified object string.

FORMAT: RESTORE=# ‘‘object string’””, |0 or 1}, {line number or # program
area number)

The above format designates a jump to the specified line number or program area number
for the next READ = or WRITE # operation when the specified object string does not exist.

l WRITE = lr

The WRITE # command is used within a program to rewrite or delete DATA BANK data.

FORMAT: WRITE# DATA BANK data

The above format replaces existing data items with the specified DATA BANK data, starting
{rom the current READ # /WRITE # position. In the case that data A, B, C existin the DATA
BANK, with data B specified for the next READ #/WRITE # operation, executing WRITE #
Y, Z results in the DATA BANK data file being changedto A, Y, 2. Executing WRITE % *'Y,
Z" results in A, Y, Z, C. The data line specified for the next READ #/WRITE # operation
is deleted when the WRITE # command is executed without specifying DATA BANK data.
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5-8 DATA BANK FUNCTION APPLICATIONS -

The data bank function can be used to perform a variety of tasks in addition to the applica-
tions outlined in this section of the manual. Virtually any data imaginable can be stored.

E AMPLE:

! formula storage function can be used in combination with DATA BANK to store, recali
§ execute formulas whenever they are needed.

1 V=4%P] %*R™3/3

2 S=P1*R"™2

3 [Y=3%X"~2+4

é Z=SINX+=COSY

H
5 jA=Z*l.13-X*1.24

The five formulas listed above are stored in the DATA BANK. Recall the third formula, transfer
it 10 the formula storage function, and then execute it (in the CAL mode).

= g: ‘F"; T f '_li x g »3/3 (Displays 1st formula.)

33 R | Dispiays 2nd formuia.y

g ; : g f "f ; f ESS v (Displays 3rd formuia.)

=) [ Z=SINX+COSY (Stores 3rd formula in
A=Zx1 13+Xx1 24 memory.)

o X7~ (Executes tormula

— stored in memory.)

IMPORTANT

Note that DATA BANK record lines are limited 10 255 characters. Care should be exercised
when making changes using the WRITE # command not to exceed this limit. Doing so results
in an error.



J»QOGWM'NQ SFSE

ST S AT

RIS N s e L AT S e (e

Standard BASIC is employed as the programming language for this unit, and this section
covers application of the BASIC language.

6-1 FEATURES OF BASIC

1. BASIC is much easier 10 use than other programming languages such as FORTRAN,
making it suitable even for novices.

2. Writing programs is also easier because program creation, editing and execution are all
performed by interacting with the computer itself.

The following functions are also available:

1. High-precision caiculations are made possible by display of numeric values with
10-digit mantissas and 2-digit exponents (13-digit mantissa and 2-digit exponent for
internal operations).

2. A wide selection of built-in functions makes operation easier.
(@ Standard mathematical functions
SIN COS TAN ASN ACS ATN LOG LN EXP SQR ABS SGN
INT FIX FRAC P! ROUND RAN# DEG
@ Powertul string handling functions
CHRS STRS MIDS LEFTS RIGHTS HEXS DMSS ASC VAL LEN
(3 High level mathematical functions

POL REC NCR NPR HYPSIN HYPCOS HYPTAN HYPASN HYPACS
HYPATN CUR

3. 10 independent program areas
Up to ten programs can be stored independently in memory at the same time (P0~9).

4. Extended variable names :
Variable names up to 15 characters long can be used, making it possible to use names that
makes contents easy to understand.

5. Powerful debugging function
A TRON command displays the number of the program line currently being executed, making
it possible to easily trace execution and locate mistakes in programming.

6. Powerfu!l screen editor
Programs can be easily modified and corrected on the screen.

7. Virtual screen function
Though the actual physical display of the unit has a 32-column x 2-line capacity, the virtual
screen is 32 columns x 8 lines. The virtual screen can be easily scrolled using the cursor keys.
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V' Ja! Screen 4DDDDD_ Actual Screen
( nes) ) SEEEE® (2 lines)

"6¢FFFFF
. 76GGGG
i 8HHHHHH

8. Expanded file management
Such standard BASIC commands as OPEN, CLOSE, INPUT # and PRINT # are all available
for data file reading and writing.

6-2 BASIC PROGRAM CONFIGURATION
S5-2-1 BASIC Program Format

The following is a typical BASIC program which calculates the volume of a cylinder.
EXAMPLE:

10 REM CYLINDER

20 R=15

30 INPUT "H="";H

40 V=PIxR"2xH (Pi indicates =)
SO0 PRINT "V="";V

60 END

As can be seen, the BASIC program is actually a collection of lines (six lines in the above
program). A line can be broken down into a iine number and a statement.

20 R=15
N

Line Statement
number

Computers execute programs in the order of their line numbers. In the sample program list-
ed above, the execution sequence is 10, 20, 30, 40, 50, 60. Program lines can be input into
the computer in any sequence, and the computer automatically arranges the program within
its memory in order from the smailest line number to the highest. Lines can be numbered
using any value from 1 through 65535.

20 R=15 10 REM CYLINDER
40 V=PikR"2%H 20 R=15
60 END # 30 INPUT “H="":H
10 REM CYLINDER 40 V=PI%R"2%H
30 INPUT “H=""; H 50 PRINT “V=""; V
50 PRINT "“V=";V 60 END

Input sequence Memory contents



Following the :ine number is a statement or statements which actually tell the computer which
operation to perform. The following returns 1o the sample program to explain each state-
ment in detail

10 REM CYLINDER.............. REM stands for *'remarks”’. Nothing in this line is executed.
20 R=15.......... eererreneeeasaaan Assigns the constant 15 (radius) to variable R.

30 INPUT “H=""; H............ Displays H ? to prompt a value input for height.

40 V=PI%xR"2*xH........... Calculates volume (V) of cylinder.

50 PRINT V="' ; V............ Prints result of line 40.

60 END...oiiiiiiiiieneee Ends program.

As can be seen, a mere six lines of programming handies quite a bit of data. Multiple BASIC
program lines can also be linked into a single line using colons.

EXAMPLE:
100 R=15:A=7:B=8
Such a program lineg is known as a “‘multistatement”.

Details concerning the other operations contained in the above program can be found in
other sections of PART 6.

6-3 BASIC PROGRAM INPUT

6-3-1 Preparation

First switch the power of the computer ON. At this time, the display should appear as illus-
trated below.

This is the CAL mode, so the operation £ T3 should first be performed to allow input of
BASIC programs. The display should now appear as illustrated below.

Carmy sasC DEC

PQR1234586 7838 35368
Ready PO

Note that the indicator CAL has been replaced by BASIC to indicate the BASIC mode. This

is the mode used for BASIC program input. The other indicators on the display in the BASIC

mode have the following meanings.

P : Program area

0-~8 : Program area numbers. The numbers of program areas which already contain
programs are replaced by asterisks.
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EXAMPLE:
Program stored in area 3

Carg Sask OCC
P 2 12=x 4586788 35218
Ready PO \
35368 : Capacity (number of bytes) remaining in area for writing programs an. \ ta

(tree area). The value will be 35368 when there are no programsordatas 2d
in memory, with this value decreasing as storage space is used. \

Ready P@: Current program area =area 0. The current program area can be switchec oy
pressing g= followed by the desired program area.

EXAMPLE:

Switching to program area §

B P 2123456788 35368
Ready PS

Previously stored programs can be deleted using one of two different procedures.

NEW : Deletes program stored in current program area only.
NEW ALL : Clears all programs stored in memory.

EXAMPLE:
NEW ALL &2 P 2123458678 T-S 35368
Ready PQ

This operation clears all programs stored in memory and returns to current program area to 0.

6-3-2 Program input

The following input procedure inputs the sample program for calculation of the volume of
a cylinder (page 46).

alolalaloizulalelalololalo)m
DEEEDEE .
slojulolalolulz R olol=alolx
olojulolalulslalolalalo)s
EPEDRIESDEBSDDE
olalalolol=

Note that the &€ key is pressed at the end of each line. A program line is not entered into
memory uniess the [t key is pressed.



ONE-KEY INPUT
The one-key BASIC commands help to make program input even easier.

EXAMPLE:
Line 30 input.

EeEEEsREESOMEs

6-3-3 Program Editing

The procedure used for making corrections or changes to a program depends upon what
step of program input the changes are 10 be made.

3 Changes in a line before fxt is pressed

.Changes in a line after fx is pressed

.Changes within a program already input

Changes within a program following the EDIT command

(=

M)

(&

1. Changes in a line before &« is pressed

EXAMPLE:
20 E =15 mistakenly input for 20 R=15

}1Q REM CYLINDER 7

‘20 E=15_
SEEE ég EE?SCYL'NDER ](MovecursorloE)
E I ;g 25 '{!5 CYLINDER ](lnpu! correct char;cler)
e fe R=1S T(Edllmg complete)

Note that once the desired changes are made, the git key must be pressed to store the en-
tered line into memory.

2.Changes in a line after ix is pressed

EXAMPLE:
40 V=P1%R” 2%H mistakenly input for 40 V=PI%R"~2%H

LAO VEPI12RA2XH

IEEEEER

Lae VEP]ZR~"23H j(Movecursortoﬂ
D 40 V=P IZR~23H (Input correct character)
uc 4C V=P IiXRA"2ZIH l(Edmng complete)

Again, the gxr key must be pressed to store the corrected line into memory after changes

are made.
Procedures 1 and 2 show the procedures for simple exchanges of one character for another.
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fo=1e]

Characters can also be inserted and deleted using the following procedures.

i) Insert

40 V=PI%R2%H mistakenly input for 40 V=PI%xR"2%H

42 V=P |3ZR23H_

20 V=PIZRgIH

40 V=P I3R_23H

B &g

ii) Delete

40 V=P!%xRR” 2*H mistakenly input for 40

——

42 V=P IxR~23H

|
<]
-
|

V=PI%R"2%H

[dz V=P I 2RR~"2xH_

EpE=EE

40 V=P IXRRA2IH

>
"

L

49 V=P IxzR.Z2xH

LY
0

40 V=PIzZR~2zH

{Move cursor to locatio
of insertion)

(Open one space)

{Input correct characte
8nd press g )

{Move cursor 1o charac-
ter 10 be deleted)

{Delete character)

(Editing complete)

The (< key works rather similarly to the g7 Z% operation. The ditference between the two
operations is as follows.

T Cursor

()

p—

Ditfference Between i~ & and (&)

ABCDEFG~ER & —~ABCEFG

ABCDEFG—®—~ABDEFG

Deletes the character at the current cursor location and shifts everything to the right
of the cursor one space to the lefi.

Deletes the character to the left of the current cursor location and shifts everything from
the cursor position right one space to the left.




«hanges within a program already input

he LIST command displays the program stored in the curren! program area from beginning
~ end.

(el

1ST e E'{ CYLINDER }

R
R 5

|

3
iR

0O
1)

END ]
cy PO

1e last line of the program is displayed when the LIST operation is compiete.

3 YLINDER i
T—DD-BEg RE 5C_l. DE ;

1e 8-line virtua! screen of the computer now makes il possible 1o use the cursor keys to
roll to preceding lines no! shown on the display (see page 7).

1 Ready PO
10 REM CYLINDER
20 R=15
‘ne virtual 30 INPUT "H=" 3 H
een) 40 V=PIxR"2%H 1 2-hne gisplay
50 PRINT "V="":V ‘( IZ = keys move display
60 END
¢ Ready PO

'en a program greater than eight lines is stored in memory, the LIST operatlon should
performed by specifying the line numbers to be displayed.

AMPLE:
playing from line 110 to hne 160 on the virtual screen.
T 110 — 160 ¢

1 LIST 110—160

110 A=1

120 FORI=1TO 100
1e vinual 130 B=LOG (1)

en) 140 PRINT B

150 NEXT|I

160 E=AxB

Ready PO

'S

I 2-hne display

nges can be made in a program displayed by the LIST operation by using the same proce-
2s outlined for 1 and 2 above.

1e & key can be used to terminate the LIST operation. The 25 key suspends the opera-
n, and listing can be resumed by pressing &,
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4. Changes within a program following the EDIT command
The EDIT command makes il easier to edit or review programs already stored in memory.

Cary asc OCLG v
EDIT £t 10 REM CYLINDER
20 R=15

From this display, [ (or £x£ ) advances to the following line, while (2] (or §=) kg ) returns to
the previous line.

zajea) HENR | (Dispiays ines 30 ane

Here, a correction will be made in line 40.

HESTEMES ot e of aamay
= |’Qe VEPi+R~"2xH (Enabies program

: editing)
PEEEREEERE

AT ] (conecton)
oo Reecy PO ( &3 key exits EDIT

moade)

6-4 BASIC PROGRAM EXECUTION

6-4-1 Program Execution

Once a BASIC program is stored in memory, it can be execuled using one of the two follow-
ing procedures.

1. Using &= (program area) in CAL mode

EXAMPLE: & [® ;
Executes the program in program area 9.

2. Entering RUN command in BASIC mode

EXAMPLE: RUN ¢
Executes the program in the current program area.

Execute the program input in the previous section to determine the volume of a cylinder with
a height of 10 (radius fixed as 15).

RUN fx f‘ Lg’ g_ (Executes program)
10 H=710 (Corresponding volume
£ V= 7068.58347) Grsplayed when height
V= 708688 .58347) 1S entered.)
I Reedy PO




nispiay of the volume when this program is executed causes the STOP symbol to appear
1 the uppear right of the display. This symbo! indicates that program execution has been
uspended Lecause of execution of the PRINT command. Program execution can be resumed
i this time by pressing the xg key again. Ending a PRINT statement with a semicolon causes
<+ Sutinn to continue when the PRINT statement is executed, causing the display of the
-«1 PRINT statement to appear immediately foliowing the previous display.

XAMPLE 1:
10 PRINT "BASIC

20 PRINT “PROGRAM”’
30 END

xecution of this program results in the following display.

UN 2

[
: I
- |

N

DO OD|DD
o DiBP||PrC
o O lan|inz

c
c
RA
RA
y

'U!{

1
I
G
Sy Po l

{AMPLE 2:
10 PRINT **BASIC

20 PRINT “"PROGRAM"
30 END

>luding a semicolon at the end of the first PRINT statement produces the following display.

- RUN
IN &5 [BAS!C PROGRAM ~l
[BASIC PROGRAM ]
Resgdgy PO

4.2 Errors

times, the results produced by a program are not what is expected. Such irregular execu-
as can be broadly divided under two major classifications.

Executions that produce errors

Simple programming errors

Program logic errors

irregular execution that do not produce errors
Mostly program logic errors

Executions that produce errors

Simple programming errors
s is the most common type of program error and is generally caused by mistakes in program
itax. Such errors result in the following message being displayed:
error P0—10
s message indicates that a syntax error has been detected in line 10 of the program stored

orogram area 0. The indicated program line should be checked and corrected to allow
iper execution.
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ii) Proc:: m logic errors

This type of error is generally caused by such iliegal operations as division by zero or LOG(0).
Such errors result in the foliowing message being displayed:

MA error PO—10

As before, this message indicates that a mathematical error has been detected in line 10
of the program stored in program area 0. In this case, however, program lines relz.ed to
the indicated program line as well as indicated program line itse!f should be examined and
correcled. When an error message is displayed, the following two operations can be used
to display the line number in which the error was detected.

LIST 10 Ex¢
{EDIT 10 §xe

[LIST . &¢
VEDIT . me

—

* The periods contained in LIST . and EDIT . instruct the computer to automatically display
the last program line executed.
* Change to the BASIC mode if 2 BASIC program was executed in the CAL mode.

2.1Irregular execution that do not produce errors

Such errors are also caused by a {law in the program, and must be corrected by executing
the LIST or EDIT command to examine the program to detect the probiem. The TRON com-
mand can also be used to help trace the execution of the program.

Entering TRON & causes the TR symbo! to appear on the display to indicate that the trace
mode is ON. Now executing a BASIC program displays the program area and line number
as execution is performed, and halts execution until ¢ is pressed. This allows confirmation
of each program line, making it possible to quickly identify problem lines. Executing TROFF
gi€ cancels the trace mode.

6-5 COMMANDS

Though there are a variety of commands available in BASIC for use in programs, the nine
fundamental commands listed beiow are the most widely used.

The following program reads data items contained within the program itself, with the num-
ber of data items read being determined by input from an operator. The operator may input
any value, but note that values greater than § are handled as 5 (because there are only 5
data items in line 180). The program then displays the sum of the data read from line 180,
followed by the square root and cube root of the sum. Program execution is terminated when
a zero is entered by the operator.

10 S =0 cccrecreee et Clears current total assigned to S

20 RESTORE.....cccveivvivirrrmennenrnencrsannens Specifies read operation should begin with first data item
30 INPUT N...oiiciiriricrenenecconinneneennaes input of number of data items 1o be read

40 IF N>5 THEN N=5.......cocveuvunneenne. Input of value greater than 5 shouid be treated as 5
50 IF N=0 THEN GOTO 130.............. Jump to line 130 when input is zero

60 FORI=1TON

70 READ X Data read This section repeated the number of times specified by

80 S=S+X Sum of data calculation | operator input in line 30
90 NEXT1I




102 GOSUE 140 Branch 10 subtoutine staning from line 140

Y10 PRINT S Y ; Zoieeenns Displays contents of variables S, Y, Z

120 GOTO 10, iriciicierncesstreniaes Jump 1o line 10

130 END e Program end

140 3~ SQUARE ROOT/CUBE ROOT...Remarks

1€ 7 QR S e Square root calculation

160 & = UR S Cube root calculation

170 RETURN. .o Return 1o the statement following the statement which
called the subroutine

180 DATA 8, 7, 20, 28, 36.....ccoeeeeennn. Data read by READ statement in line 70

1. REM

The REM command (line 140) is actually short for the word “‘remarks’’. The computer dis-
egards anything following a REM command, and so it is used for such purposes as labels
n order to make the program list itself easier to follow. Note that a single quotation mark
&7 5 ) can be used in place of the letters "REM™.

2)INPUT

“he INPUT command (line 30) is used to allow input from the computer’s keyboard during
yrogram execution. The data input are assigned 1o a variable immediately following the INPUT
.ommand. in the above example, input numeric data are assigned to the variabie N. Note
nat a string variable must be used for string input.

XAMPLE:
.0 INPUT AS (string input)

D PRINT

‘he PRINT command (line 110) is used to display data on the computer’s display. In this
xample, this command is used to display the results of the sum, square root, and cube root
alculations. When the data are displayed, the STOP symbol appears and program execu-
on is suspended. Execution can be resumed by pressing the e key.

S END
he END command (line 130) brings execution of the program to an end, and can be included
nywhere within a program.

TIF~THEN ~

he IF/THEN command (lines 40 and 50) is used for comparisons of certain conditions, bas-

1g the next operation upon whether the comparison turns out to be true or faise. Line 40

secks whether or not value assigned to N is greater than 5, and assigns a value of § to
when the original value is greater. When a value of 5 or less is originally assigned to N,

xecution proceeds 1o the next line, with N retaining its original value. Line 50, checks whether

- not the value assigned to N is zero. In the case of zero, program execution jumps to line

30, while execution proceeds to the next line (line 60) when N is any other value besides zero.
Line 50 can also be abbreviated as foliows:

50 IF N=0 THEN 130

Program areas can also be specified as jump destinations:

IF A=1 THEN GOTO =2 (Program stored in program area 2 executed when A equals 1)
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€& GOTO

The GOTO command (lines 50 and 120) performs a jump to a specified line number or pro-
gram area. The GOTO statement in line 120 is an unconditional jump, in that execution always
returns to line 10 of the program whenever line 120 is executed. The GOTO statement in
line 50, on the other hand, is a conditional jump, because the condition of the IF ~THEN
statement must be me! before the jump to line 130 is.made.

* Program area jumps are specified as GOTO #2 (1o jump to program area 2).

(@ FOR/NEXT

The FOR/NEXT combination (lines 60 and 90) forms a loop. All of the statements within the
loop are repeated the number of times specified by a value following the word *'TO"' in the
FOR statement. In the example being discussed here, the loop is repeated N number of times,
with the value of N being entered by the operator in line 30.

(8'READ/DATA/RESTORE \

These statements (lines 70, 180, 20) are used when the amount! of data 1o be handled is
to0 large to require keyboard input with every execution. in this case, data are included within
the program itself. The READ command assigns data 1o variables, the DATA statement holds
the data to be read, and the RESTORE command is used to specify from which point the
read operation is 10 be performed.

In the sample program here, the READ command reads the number of data items specified
by the input for variable N. Though the DATA statement holds only five data items, the
RESTORE command in line 20 always returns the next read position to the first data item,
the READ statement never runs out of data to read.

& GOSUB/RETURN

The GOSUB/RETURN commands (lines 100 and 170) are used for branching to and from
subrc.. - =~ Subroutines (lines 140 through 170) are actually mini programs within the main
progre . =~d usually represent routines which are performed repeatedly at ditferent loca-
tions within the main program. This means that GOSUB/RETURN makes it possible to write
the repeated operation once, as a subroutine, instead of writing each time it is needed within
the main program.

EXAMPLE:
120 GOSUB 1000
370 GOSUB 1000

Execution of the RETURN statement at the end of a subroutine returns execution of the
program back to the statement foliowing the GOSUB command. In this sample program,
execution returns to line 110 after the RETURN command in line 170 is executed.

* GOSUB routines can also be used to branch to other program areas, as in GOSUB %3
(branches to program area 3). Note, however, that a return must be made back to the original
program area using the RETURN command before an END command is executed.

* See PART 10 COMMAND REFERENCE for further details on BASIC commands.



6-6 OPERATORS

The following are the operators used for calculations which involve variables.

Cperators —— Arithmetic operators ~ Signs +, -

Addtion +
Subtraction -
Muttiplication %*
Division /
Power ~
integer division ¥
Integer remainder of MOD
integer division

+— Relational operators Equal to =
Does not equal <>, ><
Less than <
Greater than >
Less than or equal 10 =<, <=
Greater than or equal to =>,>=

— Logical operators Negation NOT
Logical product AND
Logical sum OR
Exculsive OR XOR

L— String operator +

. Arithmetic Operators (+, —, *,/, ~ ¥, MOD)

Fractions are truncated in ¥ and MOD calculations, when the operands on both sides ot
the operator are not integers.

in ¥ and MOD calculations, the division is performed with the absolute values of both oper-
ands. In integer division (¥ ), the quotient is truncated to an integer. With the MOD opera-
tor, the remainder is given the sign of the dividend.

‘XAMPLES:
~-15%¥7=-2 . T -
-15 MOD7 =1 15+7= 2221

-15¥7 -15MOD7
The length of an expression i« limited to 255 characters.

. Relational Operators (=, <>, ><, <, >, =<, <=, =>, >=)

ielational operations can be performed only when the operators are both strings or numeric
alues.

Jith strings, character codes are compared one-by-one from the beginning of the strings.
his is to say that the first position of string A is compared with the first position of string
., the second position of string A with the second position of string B, etc. The result of the
omparison is based upon the character codes of the first difference between the strings
etected, regardless of the length of the strings being compared.
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EXAMPLES:

STRING A STRING B RESULT
ABC ABC A=8B
ABC ABCDE A<B
ABC XYz A<B (character code for A less
than that for X)
xXYZ ABCDE A>B (character code for X

greater than that for A)

A result of —1 is returned when the result of a relationa! operation is true (conditions met),
while O is returned when the result is false (conditions not met).

EXAMPLE:;

10 PRINT 10>3 .o, -1 returned because 10> 3 is true

20 PRINT 7<1ieeiveeaeee 0 returned because 7< 1 is faise

30 PRINT “ABC"' = “*XYZ'"............. 0 returned because ABC = XYZ is false -
40 END

3. Logical Operators
The operands of logical operations are truncated to integers and the operation is performed
bit-by-bit to obtain the result.

Negation Logical product

X || NOTX X |y X AND Y
o | 1 o]0 0
1l 0 o | 1 0
1 0 0
1 1 1
Logical sum Excluxive OR

X Yy | XORY X |y X XOR Y
0 o] 0 4] 0 0
0 1 1 0|1 1
1 0 1 1 0 1
1 1 1 1 1 0

4. String Operators (+)

Strings may be concatenated using a + sign.
The result of the operation (including intermediate results) may not exceed 255 characters.

EXAMPLE:
AS="AD" +1990"

The above example resuits in the string ‘*AD1990"* being assigned to variable AS.



Order of Operations

thrivetic, relational and logical operations are performed in the following order of
cedence:

(.}

sScinufic function

Powe:-
Sign (4, =)
x, /., ¥, MOD

Addition and subtraction
Relational operators
NOT

AND

OR, XOR

erations are performed from left 1o right when the order of precedence is identical.

7 CONSTANTS AND VARIABLES

7-1 Constants

e following shows the constants included in the sample program on page 46:

OGRAM CONSTANTS
R=15 15
INPUT “"H="" H H="
V=PI%R"2%H 2
PRINT V="'V V="

these, 15 and 2 are numeric constants, while “"H=""and "V ="' are string constants.

imeric Constants

lumeric Notation
Decimal notation
Hexadecimal notation

Jumeric Value Precision

Internal numeric operations

12-digit mantissa, 2-digit exponent (Pl= 11 digits: 3.1415926536; displayed in 10 digits:
3.141592654)

Results '

10-digit mantissa, 2-digit exponent (exponent rounded to 10 digits)

Number of characters per line

255 characters per line

Result Display

Integers less than 1 x 10 . Integer display

Decimal portion less than 11 digits : Decimal display

Other . Exponential display

Disptay rounding : Results are rounded off at the 10th digit and
displayed.
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String Constants

Strings within quotation marks (i.e. "ABC*’, *"H="")

Closing quotation marks-at the end of a line may be omitted (10 PRINT ""TEST"" can be
written 10 PRINT “*TEST)

Multiple strings can be connected with a " + "' sign.

6-7-2 Variables

Numeric Variables
The following shows the numeric variables included in the sample program on page 46:

PROGRAM NUMERIC VARIABLES
20 R=15 R
30 INPUT "H="",H H
40 V=PIxR"2%H \

Numeric variables are so named because their contents are handied as numbers. Numeric
variable names can be up to 15 characters long, and are used within programs to store cal-
culation results or constants in memory. In the sample program, the value 15 is stored in
H, while V, which is the result of the calculation, holds the value which represents the volume
of the cylinder. As can be seen, assignment to a variable is performed using the **="" sym-
bol. This ditfers from an equal sign in that it declares that what is to the right should be as-
signed to what is to the left. Actually, a variable can be thought of as a kind of box as iliustrated
below:

1
5 Pix*R™2x%xH

=T

String Variables
Another type of variable is known as a string variable, which is used to store character string
data. String variable names are indicated by '$"’ following the name.

EXAMPLE:

10 AS="AD" .. iiiriirrrnrineeian, Assigns *AD’’ to string variable AS.

20 INPUT ""YEAR=""; Bs............. Assigns keyboard input to variable BS.
30 CS=AS+BS i Assigns combination of AS and BS to C8$.
40 PRINT CS..ooeeerrvrrevrsrnecreinnennicenes Displays contents of C$.

50 END

In the above example program, entering a year such as 1990 in line 20 resuits in a display

of AD1990 in line 40.

* With string variables, '+ can be used to connect two strings.

* Note here that strings cannot be assigned to numeric variables such as A, and numeric
values cannot be assigned to string variables such as AS.



ay Variables

h numeric variables and string variables can store only one data item per variable. Be-
se of this, large amounts of data are better handied using array variables (usually referred
s siinply “‘arrays"’). Before an array variable can be used within a program, a DIM state-
it must appear at the beginning of the program to ““declare’” to the computer that an
y variable is to be employed.

AMPLE:
slare array variable A for storage of 21 data items.

DIM A (20)

~e above format is used to declare “ARRAY VARIABLE NAME (NUMBER OF
LEMENTS)".
declared value of 20 makes it possible 1o store 21 data items (see page 63 for details).

AMPLE:
3 the sum (X) and the sum of the squares (Y) for the following 10 data items:

12,9, 11, 13, 14,11, 12,9, 10

- following program would be required to perform the calculation if only simple numeric
ables are used:

A1=10:A2=12:A3=9:A4=11:A5=13 |
AG=14:A7=11:A8=12:A9=9:A10=10
X=A1+A2+A3+A4+A5+A6+A7+A8+A9+A10 ...... Calculates sum
VA1 2+A2°24+A3%2+A4" 2+ A5 24 A6" 2+

A7 2+AB72+A97 24 A10™ 2 Calculates sum of squares

Assigns values to each variable

- program becomes mucn simpler when an array is used.

DIM A (10)....Declares array

A1) =10:A(2 =12:A(3) =9:A(4)=11:A(5)=13 |
A(6) =14:A(7) =11:A(8)=12: A (9)=9: A (10)=10 J
X=0:Y=0

FOR 1=1TO 10 \(

X=X+A(1):Y=Y+A () 2 Calculates sum and sum of squares
NEXT | J .

Assigns values o array

irst glance, the array may appear to be rather troublesome to use, but it actually makes
gramming simpler when large volumes of data are being assigned.
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EXAMPLE:
100 data items

Numeric variables

10 A1=61:A2=38:A3=90:A4=37:A5=09
20 AB=12:A7=17:AB=94: A9=39: A10=75
A11=24 - A12=84 : A13=46: A14=18 : A15=55
18=51: A19=91: ‘

T = L% . A

A71=31: A77=69 :

170 AB1=91.: AB2=46: AB3=23: AB4=37 . AB5=84
180 AB6=65:AB7=23: ABB=98: AB9=51: A90=30
190 A81=57: AS2=78: A93=16: A94=39 : A95=46
200 AS6=59: A97=24 : A98=32: A99=74 : A100=47

210 X=A1+A2+A3+............ +A49+A50 )

220 X=X+A514A52+4....... +A99+A100 | Calculates sum

230 Y=A1"24+4A2%2+......... +A3972+A40" 2 ]

240 Y=Y+A41"24A42" 24 .......... +A79" 2+A8B0" 2

250 Y=Y+AB1"2+A82" 2+.......... +A93" 24+ A100" 2 J

Array

10 DIM A (100) } Declares array

20 FORI=1 O 100 : READ A (1) : NEXT | ) Assigns values to array
30 X=0 Y=

40 FOR I= TO 100 1 ‘

50 X= X A (1):Y=Y+A (1)* 2] Calculates sum and sum of squares

60 NEXT !
70 DATA 61, 38, 90, 37, 99
80 DATA 12, 17, 94, 39, 75
90 DATA 24, 84, 46, 18, 55
100 DATA 48, 65, 51, 91, 30
1. 88, 78 Data
W
230 DATA 91, 48, 28, 31, 64
240 DATA 65, 23, 98, 51, 30
250 DATA 57, 78, 16, 39, 46
260 DATA 58, 24, 32, 74, 47

160 A76=40:A77=69: A78=51:A19=91: A20=30 Assigns values to variables

Calculates sum of squares

A look at these programs reveals that an increase in data entails virtually no change in the
portion which calculates the sum and sum of squares. The only changes would be in lines
10, 20, and 40, where the constant would be changed from 10 to 100.

Again, the concept of the array can be better grasped by thinking of them as boxes. Previ-
ously, a simple variable was described as a single box. Arrays, on the other hand, would
be a series of numbered boxes which form a set.



AMPLE:
ay A (10)

A0 ACT) A2 A(3)[ACA)[A(S)[A(B)A(T)IA(B)IA(9)|AGD)

llustrated above, the array A(10) actually contains a total of eleven boxes, numbered from
) through A(10), with each box being capable of holding a ditferent value. The actual term
d to refer 1o a box is “‘element”. Recalling a stored value is performed by simply specity-

the corresponding element number.

AMPLE:
:all value stored in element 4 of array A

(4)

r

4:Y=A(X)
value which specifies an element in an array (4 above) is called a subscript.

| now, the only arrays covered have been those formed by a single line ot elements or
xes”. These are known as ‘‘one-dimensional”” arrays. Arrays may also contain more than
dimension with elements connected vertically and horizontally into two-dimensional and

e-dimensional arrays.

MPLE:
A (2, 3)
A(Z.1) A(2.2) A 2.3)
A(2.0) A(1.1) A(1.2) A(1.3)
A(1.0)
A(0.0) A(0.1) A(0.2) A(0.3)

declaration in this example sets up an array of three lines and four columns, making
.pable of storing 12 different values.

seric arrays and string arrays

Jith simple variables, arrays can also be declared to hold strings by using the “$" sym-
‘ollowing the array variable name. Again remember, numeric values cannot be assigned
tring arrays and strings cannot be assigned 1o numeric arrays.
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EXAMPLE:
The following procedure is used to declare an array and store the data for five individuals
and their points scored during a certain game.

String array N$(5) declared for names
Numeric array P(5) declared for points

10 DIM NS (5), P (5)ereeemamrnenrnnnnns Declaration of arrays to store names and points
20 FORI=1TOS
30 READ A$, X

40 NS (1)=ASuneniriececneneanens Stores names to string array
50 P (1)=Xereriiieneeenieveniinees Stores points to numeric array
60 NEXT !

70 END

80 DATA SMITH, 70, BROWN, 68, JONES, 87, CARTER, 80, MILLS, 74

6-7-3 Summary

Variable Types
The three following types of variables are available for use with this unit.

1. Numeric variables (up to 12-digit mantissa) A, a, NUMBER, POINTS

2. String variables (up to 255 characters) AS, STRINGS
3. Array variables —L__ Numeric array A (10), XX (3, 3, 3)
String array AS (10), ARRAYS (2, 2)

Variable Names

» Variabel names can consist of upper, lower case of numeric characters, but a numeric
character cannot be used in the first position of the variable name (i.e. 1AE, 3BCS are illegal).

« Reserved words (see page 400) cannot be used as the leading characters of a variabie
name (i.e. RUNON, LIST1$ are iliegal). o

« The maximum length of a variable name is 15 characters.

Arrays

1. Arrays are declared by DIM statements.

2. Elements described by subscripts which are integers greater than 0. Fractions are
disregarded.

3. The number of dimensions is limited by stack capacity.

4. The maximum value of subscripts is limited by memory capacity.

Variable/Array Application

1. Variables and arrays can be used jointly by all program areas.
2. Arrays cannot be used unless first declared using the DIM statement.



unting Bytes Used by Variables

> following outlines the number of bytes reserved when a variable appears the first time
1in a program.

umeric Variables

-iable name length + 12) bytes in variable area

tring Variables

-iable name length + 4) bytes in variable area and (string length + 1) bytes in string area
as are reserved for array variables when the array is declared by the DIM statement.
umeric Array Variables

-iable name length + 4) + (array size x 8) + (dimension x 2 + 1) bytes in variable area

AMPLE:

1XYZ (3, 3,5, 2)

e : 3

2 . 4x4x6x3=288
ension : 4

sulation : (3+4) + (288 x8) + 4x2 + 1=2320 bytes

‘ring Array Variables

jable name length + 4) + (array size) + (dimension x 2) bytes in variable area.
lengths of individual strings are required in the variable area when strings are assigned
ae array.

\MPLE:
DM ABS(3, 3)
ABS (0, 0)= "k %k kk k'

ne 2

2 : 4x4=16

ension : 2

sulations: {(2+4) + 16 + (2x2) + 5 bytes

culating Program Length
following shows poinis which must be considered when calculating memory require-
1ts for programs.

» numbers . 2 bytes per line number, regardiess of number length (1 ~85535)
amands : 2 bytes per command

ctions : 2 bytes per function

neric/alphabetic

racters : 1 byte per character (spaces also counted as characters)

ey : 1 byte per Bx$ key operation at end of program line (for storage of line)

ne added to sum of the above

AMPLE:

A=S8INX

ne number) + 1 (space following line number) + 1(A) + 1(=) + 2 (SIN) + 1 (space)
tX) + 1(ee)+ 1 =11

; calculation indicates that a tota! of 11 bytes are required for storage of the above program.
1e space following the line number is added automatically.
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6-8 PROGRAM SAVE AND LOAD

The following save and load procedures can only be performed when the FA-6 interface unit
is used.

6-8-1 Program Save

Programs stored in the memory of the unit are protected by the memory back up battery
even when the power of the unit is switched OFF. The entire contents of the memory, however,
are deleted whenever both the main power supply batteries and memory back up batteries
are removed from the unit at the same time, or when the NEW ALL command is executed.
Program area contents can be stored onto standard cassette tapes to protect against loss
of important data, or to make room for further programming when all program areas are full.
The following two commands are availabie for such save operations.

SAVE . Saves contents of current program area.

SAVE ALL : Saves entire contents of all program areas.

EXAMPLE:
Executing SAVE in this case saves the contents of program area PO, while SAVE ALL would
save the contents of program areas PO through P9.

SAVE .
Exe (Saves program in pro-
SAVE gram area 0)

r,s; é Z 5 y PO {Save complete)

Filenames up to eight characters long can also be assigned to programs stored on cassette
tapes using the SAVE and SAVE ALL commands.

SAVE "BASIC" &3

[ SAVE"BASIC" J(Saves program under
filename “'BASIC™)
SAVE"BASIC" ]
Reedy PO J.(Save complete)

6-8-2 Program Verify

The VERIFY command makes it possible to verify whether or not the program saved using
SAVE or SAVE ALL was copied correctly to the cassette tape.

EXAMPLE:
Verify correct save of the program BASIC

VERIFY “"BASIC’ Exd

VERIFY*BASIC" (Verification of saved
program)

BASIC B (Finds specified pro-
gram and verifies)

BASIC B (Verification complete)

Ready PQ

if the Ready prompt does not appear after some time, check whether or not the filename
entered with the VERIFY command is correct. If it is correct, adjust the volume Ievel of the
cassette recorder being used and repeat the verification procedure.

PO error
Reesady PO




.e error message illustrated above indicates that the program was not saved correctly. In
s case, check the following items:

Jerily the program again,'this time appending *CAS1:" before the filename (VERIFY “CAS1
BASIC" in the above example).
Znsure that connections between the computer and cassette tape recorder are correct and

secure.
Znsure that the volume level of the recorder is set to in the vicinity of its maximum.

~heck whether the cassetle tape is damaged.
Sheck whether the recorder-heads are soiled.

ste also that an error will be generated if a program exists on the tape with the same name
that currently present in computer memory, but the contents of the two programs are

ferent.
he VERIFY command automatically determines whether the program being checked was
;aved using the SAVE or SAVE ALL command.

8-3 Program Load

>grams stored on cassette tapes using the SAVE and SAVE ALL commands can be load-
into the computer using the LOAD and LOAD ALL commands.

AMPLE: .
ad the program “BASIC” from cassette tape into memory
AD &9 { LOAD J(Program load
command)
FA sSiC B ](Prograrn filename)

Ready P@

te that executing the LOAD and LOAD ALL commands while programs are already stored
memory deletes the current memory contents.

](Load complete)

e LOAD ALL command can be used to load programs to all of the program areas (PO~ P9).
ecitying a filename in the LOAD and LOAD ALL commands causes the unit to search for
- specified filename for loading into memory. The following table shows the relationship
-ween the LOAD, LOAD ALL, SAVE and SAVE ALL commands.

TT————__ | LOAD LOAD “filename” | LOAD ALL LOAD ALL “filename”
SAVE o x x x
;AVE *“filename” (o} ) x x
JAVE ALL x x o x
;AVE ALL “filename” x x ° o

ITE: i .
s PART 7 PERIPHERAL pevicesS for details on using the SAVE and LOAD commands.
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A variety of peripheral devices are availabie for connection 10 inis unit 10 piuvige even more
computing power.

System Configuration

FX-850P

—
8KB RAM 32KB RAM )
expansion pack [5 a expansion pack |
(RP-8) (RP-33)

- [

Data recorder Interface unit Personal computer, etc.
(FA-6)
] l MD-100 P
?SB.?() (PK-7) RS-232C interlace B-1000
T 7 T1

Printer interface

[
L
- = [fj (SB-43) ] IG FA-6 ‘-'T :il

g an » L oD
FX-850P
a ] O 850
(FP-100) (FP-40)
4-color plotier-printer Character printer

Graphic printer, etc.

7-1 CASSETTE INTERFACE UNIT FA-6

7-1-1 - Features

The FA-6 is an interface unit which makes it possible 10 use a cassetie tape recorder as
an external data storage device. Besides a cassette interface, the FA-6 is also equipped with
an RS-232C interface and a Centronics standard printer interface.

The RS-232C interface connector, prinier inienace, sassstte interface and an AC adaptor
jack are located on the back of the FA-6. The battery compartment is located on the bottam
of the unit. Batteries are loaded by removing the battery compartment cover and inserting
batteries while ensuring that their polarities (£ &) are as illustrated in the compartment.



.e error message illustrated above indicates that the program was not saved correctly. In
s case, check the following items:

Jenly the program again,-this time appending *“CAS1:" before the filename (VERIFY “CAS1

BASIC" in the above example).
=nsure that connections between the computer and cassette tape recorder are correct and

secure.
Znsure that the volume level of the recorder is set to in the vicinity of its maximum.

Sheck whether the cassetle tape is damaged.
Sheck whether the recorder-heads are soiled.

ste also that an error will be generated if a program exists on the tape with the same name
that currently present in computer memory, but the contents of the two programs are

ferent.
“he VERIFY command automatically determines whether the program being checked was
;aved using the SAVE or SAVE ALL command.

8-3 Program Load

>grams stored on cassette tapes using the SAVE and SAVE ALL commands can be load-
into the computer using the LOAD and LOAD ALL commands.

AMPLE: .
ad the program “BASIC"” from cassette tape into memory
AD &g { LOAD {Program load
command)
BASIC B (Program filename)

(Load complete)

Ready PO

te that executing the LOAD and LOAD ALL commands while programs are already stored
memory deletes the current memory contents.

e LOAD ALL command can be used to load programs to all of the program areas (PO~ P9).
ecitying a filename in the LOAD and LOAD ALL commands causes the unit to search for
. specified filename for loading into memory. The following table shows the relationship
-ween the LOAD, LOAD ALL, SAVE and SAVE ALL commands.

T——————__ | LOAD | LOAD “filename” | LOAD ALL LOAD ALL “filename”
SAVE © x x x
SAVE *filename” o .o x x
JAVE ALL x x o] x
;AVE ALL *‘filename” % x ] o

7TE: . _
2 PART 7 PER}PHERAL peviceS for details on using the SAVE and LOAD commands.
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A vaiiety of peripheral devices are availabie for connection 10 inis unil 10 piuvige even more
computing power.

System Configuration

FX-850P

!
L]

B8KB RAM 32KB RAM
expansion pack [5 & expansion pack
(RP-8) (RP-33)

. [\

Data recorder interface unit Personal computer, etc.
FA-6
] l ( ) MD-100
.(D—(SBJ') (PKT7) RS-232C interiace PB-1000
B A

Printer interface

M
L]

FX-850P

a g ] D l ] 50
(FP-100) (FP-40)

4-color ploter-printer Character printer

Graphic printer, etc.

7-1 CASSETTE INTERFACE UNIT FA-6

7-1-1 - Features

The FA-6 is an interface unit which makes it possible 1o use a cassette tape recorder as
an external data storage device. Besides a cassette interface, the FA-6 is also equipped with
an RS8-232C interface and a Centronics standard printer intertace.

The RS-232C interface connector, priniei inierace, vessstie interface and an AC adaptor
jack are located on the back of the FA-6. The battery compartment is iocated on the bottam
of the unit. Batteries are loaded by removing the battery compartment cover and inserting
batteries while ensuring that their polarities (¢ <) are as iliustrated in the compartment.



MT connector

adaptor jack

) svwa.

Printer
connector

|
=

|
A A
-

e

-2 Connections

Connector

RS-232C/Cassette switch

Power switch
1

;ure that the power of both the computer and the interface unit is switched OFF before
-mpting connections. Once connected, power should be switched ON for the computer
. and then the interface unit.

-3 Cassette Interface

s cassette interface is used for connection of a cassette recorder 1o make it possible to
‘e programs on casseite tapes and to later reload the programs into computer memory.
1nection 1o the cassette tape recorder is accomplished using the optional SB-7 connect-
cable. The red plug is inserted into the MIC or LINE IN jack (labeling differs according
ype of recorder used) of the recorder, while the white plug is inserted into the EAR or
E OUT jack of the recorder. The bfack piug is inserted into the REM jack of recorders
lipped with a remote function.

FA-6 cassette interface unit terminals

—lo

T

L —

Data recorder terminals

EARREMMIC
DIN (8-pin) plug ©@e e

ssene cable (SB-7; optional)

EAR : Output (earphone) - White plug
REM: Remote control - Black plug
MIC : input (microphone) - Red plug
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NOTE:

The remote plug is not used when the recorder being used is not equipped with a remote
function.

The recorder should be set to its RECORD mode when performing recording of programs
or data. For program loading, set the recorder to its PLAYBACK mode after executing the
1.OAD command.

Single Program Save

SAVE “‘file descriptor’’ g (file descriptor may be omitted)
The file descriptor can contain any symbols, characters, or numbers (except quotation marks).

EXAMPLE:
SAVE ‘“CASD: AD1990" &5
* *CASO:’* may be omitted.

Single Program Load

LOAD ‘‘file descriptor’’ kg (file descriptor may be omitted)
i a file descriptor is not specified, the unit loads the first program found on the tape.

EXAMPLE:
LOAD **CAS0: AD1990"’ kg
* "*CASO:"" may be omitted.

Loading/Saving All Programs
SAVE ALL **file descriptor’’ fxg
LOAD ALL “‘file descriptor’’ gxg
The SAVE ALL command saves all of the programs stored in program areas PO through P9
to cassette tape. LOAD ALL, on the other hand, loads programs saved using the SAVE ALL
command. The LOAD ALL command also clears any contents present in the program areas
and replaces them with the programs from the cassette tape.

] (file descriptor may be omitted)

Saving and Loading Data Bank Data

The SAVE# and LOAD# commands are used for the saving and loading of memo data
stored in the DATA BANK. The procedure for using these commands is identical to that
described for SAVE and LOAD above.

Saved File Verification

The VERIFY command checks whether the program or data saved to the cassette tape
matches exactly the current memory contents.
VERIFY ‘‘file descriptor’” (fite descriptor may be omitted)

Tape Recorder Operation

The recorder should be set to its RECORD mode before the SAVE command is executed.
For program loading, set the recorder to its PLAYBACK mode and then execute the LOAD
command.

The SAVE, SAVE ALL, LOAD, LOAD ALL, SAVE #, and LOAD # commands cannot be used
"in the CAL mode or within programs. They can, however, be used during manual operations
in the BASIC mode. '

* See PART 9 FILE HANDLING FUNDAMENTALS for details on file descriptors.



1-4 RS-232C Interface

5-232C Switch
e RS-232C interface can be used for data communications after the RS-232C/Cassette
itch is set to RS-232C.

recifications

'mmunication method : Starn-stop (asynchronous) full-duplex mode only
insmission speed : 150, 300, 600, 1200, 2400, 4800 baud

rity bit : Odd, Even, None

aracter bit length : 7 or 8 bits _

>p bits : 1 or 2 bits

'S signal control : Control/no control

5R signal control . Control/no control

) signal control . Control/no control

.sy control : XON/XOFF control/no control

>ut/output code system @ SI/SO control/no control

1 Contfiguration

-Leur;-’n;)nearl Slgnal name Pin connection Yo
1 FG
2 TXD OUTPUT
3 RXD INPUT
4 RTS OUTPUT
5 CTS INPUT
6 DSR INPUT
7 GND
8 DCD INPUT
9 NC 1 13
10 NC
11 NC s 0 8 ¢ 90 % 00 ° 00 @
12 NC se e 0e0cee 00 vew
13 NC
14 NC
is NG 25 14
16 NC
17 NC
18 NC
19 NC
20 DR OUTPUT
21 NC
22 NC
23 NC
24 NC
25 NC

See PART 9 FILE HANDLING FUNDAMENTALS for details on using the RS-232C interface.



7-1-5 Centronics Interface (Printer Interface)

General

The Centronics interface is used to output data processing results or program lists to a printer.
Any Centronics printer can be connected o the computer via the FA-6 interface unit.

Pin Configuration

Tneur,r:g',l?' Signal name Pin Connection
1 PSTE ~
2 PDBO
3 PDB1 ] e ——— 1
4 PDB2 \ /
5 PDB3
6 PDB4 \ .
7 PDBS LI J 1 ) 1 1 1} U
8 PDB6 R D SRS SR S S S |
9 PDB7 r .
10 NC
11 BUSY
12 NC ) . 8
13 NC
14 GND

BASIC Printer Commands

Command Function

LLIST Outputs program contents to printer

LPRINT Outputs specified characters to printer

TAB Outputs spaces up to a specified position to printer
PRT ON Mode

Setting the unit to the PRT ON mode (f&=3{7)) and then executing the PRINT, LIST or VARLIST
commands prints out the results of such command execution and object data specified by
the TRON command on the printer. Including (W) [0)(B){E){7] within a program prints out all
contents of subsequent print commands. The PRT ON mode can be canceled by or
& [©DIE(E (PRT OFF).

* See the FA-6 manual for details on its proper operation.



> PLOTTER-PRINTER (FP-100)

. FP-100 is a four-color plotter-printer capable of printing on A-4 size paper.

. FP-100 has both a character mode and a graphics mode which makes it possible to
1 on virtual any type of computer output.

iracter mode : Program lists, calculation results

phics mode : Graphics produced by graphics commands

-1 Specifications

slor printing in black, red, biue, green
racter effects : Halics

1 resolution : O.imm/step
er width : Postcard size to letter size
cracter size  : 1.0mm x 1.2mm (S0, 0) —~ 16.0mm x 19.2mm (S15, 15); 256 types

-2 Connections

s unit is connected to FP-100 via the FA-6 interface unit and PK-7 printer cable.
se only CASIO PK-7 printer cable

FP-100

FX-850P FA-6

-3 Data Printing

ygram lists are output to the printer using the BASIC LLIST command. Execution of the
ST command prints out the currently accessed program.

e LPRINT command is used to print out data within a program, while execution of the
ST# command in the BASIC mode ( &= (1) ) prints data bank contents.

;ee the FP-100 manual for details on its proper operation.
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7-3 CHARACTER PRINTER (FP-40)

The FP-40 can be used to print out data or program lists of programs written on the FX-850P.

* Addition of an optional interface pack also makes it possible to use the FP-40 with PB-100
series and PB-700 series computers.

7-3-1 Specifications

Print method : Thermal print system (non-impzct)
Columns : 40 standard (normal mode)
80 maximum (BOCHR mode)
Print speed : Approximately 0.65 lines/sec (normal mode)
Paper feed : 1/6 inch or 1/9 inch
Roll paper : Width 112mm, o.d. 30mm maximum; thermal paper (TRP-112)

7-3-2 Connection

This unit is connected to the FP-40 via the FA-6 interface unit, PK-7 printer cable, and SB-43
interface pack.

FX-850P FA-6
* See the FP-40 manual for details on its proper operation.



} RAM EXPANSION PACK (RP-8 (8KB)), (RP-33 (32KB))

- unit comes equipped with a standard RAM of 8K bytes. RAM expansion packs are also
onally available for larger programs and for handling larger quantities of data. Addition
1e RP-8 RAM pack expands memory capacity 10 16K bytes, while the RP-33 RAM pack
ands memory to 40K bytes.

-1 Expanded Memory Map

0

SYSTEM AREA

30 .
STRING VARIABLE DATA

VARIABLE FREE AREA

ity checked by FREO 130 bytes with RP-8
(Capacity ¢ y ) 8182 bytes with RP-33

NUMERIC VARIABLE DATA
VARIABLE TABLE

PO AREA
P1 AREA

2r's

P9 AREA

DATA BANK AREA

11728 bytes with RP-8
i 29648 bytes with RP-33

FREE AREA
(Capacity checked by FRE1)

CONTROL AREA
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7-4-2 Handling RAM Packs

Preparation

Static electrical charges can damage internal circuitry of RAM packs. B2 sure to touch a
door knob or some other metal fixture to discharge static electricity before handling RAM

packs.

Procedure

(® Switch the power of the unit OFF.

(@ Remove the back cover of the unit after remov-
ing the two screws holding it in place.

3 Insert the RAM pack into the socket provided in
the unit and fasten it in place using the three
screws provided.

* Never touch the RAM pack connector or PCB pad.

(@ Replace the back cover of the unit and fasten it
in place using the two screws.

(& Switch the power of the unit ON and press the
P button. Next, press the ALL RESET button and
switch the power of the unit OFF and then ON
again.

Screws
/ \ a—
LP button
Socket PCB pad
'D f-‘| —u
il fo] !
e £ ,

3

3

L o

* Failure to press the P button and ALL RESET button after inserting or removing the RAM

pack can result in altered unit memory contents.

* Dint, dust, or finger prints on the RAM pack connector or PCB pad can result in poor con-

nection and malfunction. Never touch connectors.

* Be sure to store RAM packs in their original cases when removed from the computer and

store in an area free of dirt or dust.
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5 unit is capable of loading data and programs written for the PB-100 series® computers
of executing PB-100 programs. Certain special commands are required, however, to
w program compatibility.

1e PB-series includes the following models:

B-100, PB-100F, PB-110, PB-220, PB-240, PB-410, FX-720P, FX-730P, FX-770P, FX-785P,

X-790P

{ PB-100 SERIES PROGRAM INPUT/EDITING

: following conversions are required to allow execution of PB-100 series programs on this

PB-100 SERIES FX-850P
AT, STATLIST. STATCLEAR | se library function or create a program.
X, EOY
JT, GET Change using OPEN "CASO:"

. Example 1. PUTS—OPEN “CASO:" FOR OUTPUT AS#1:
PRINT# 1, AS:CLOSE

Example 2: GETS—OPEN “CAS0." FOR INPUT AS=1:
INPUT %1, AS:CLOSE

<=, =K
><L, <>
>=, =2
~
Pi

s recommended that the following command conversions also be performed to ensure
npatibility between PB-100 series programs and FX-850P programs.

PB-100 SERIES COMMANDS FX-850P COMMANDS
JAC CLEAR
Fei~ IF-THEN~
2SR LOCATE or TAB
{EY, KEYS INKEYS
3ND ROUND

VID {location, number of characters)

MIDS (8, location, number of characters)

30TO (numeric expression),
GOSUB (numeric expression)

ON-~GOTO, ON~GOSUB

MODE 4/5/6

ANGLE 0/1/2

MODE 7/8

LPRINT
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Though direct input of PB-100 series characters is not possible with this unit, they can be
displayed using the CHRS$ function.

EXAMPLE:

Display =
PRINT CHRS (&HE1)

See CHARACTER CODE TABLE on page 395 for details on character codes.

NOTES
* A space must be included before the THEN of an IF ~ THEN statement when the character
preceding the THEN is alphabetic.

Example: IF3=ATHEN — IF3=A_THEN

* The jump destination of a GOTO or GOSUB statement must be enclosed in parentheses
when it is an expression beginning with a numeric value.

Example: GOTO 10xA — GOTO (10%A)

* A space must be included before the TO in the TO portion of a FOR~ NEXT loop when
the initial value is represented by an alphabetic character.

Example: FORA=BTOC —~ FORA=B._TOC

* An INPUT statement followed by a comma will not produce a question mark as a prompt.
The question mark is displayed only when the INPUT statement is foliowed by a semicolon.

8-2 PB-100 SERIES PROGRAM EXECUTION

8-2-1 DEFM Mode

The PB-100 series uses variables A~2Z and AS ~Z$ as arrays. The DEFM mode can be used

when executing PB-100 series programs on this unit to use A~Z and A$ ~Z$ in the same

manner as PB-100 series computer. (0] (E] (F) % number of variables to be expanded g

oerlorms variable expansion as PB-100 series computers.

" PB-100 series programs which use DEFM arrays should always be executed in the DEFM
mode.



2 variables for this unit become as foliows when DEFM mode arrays are used.

DIM mode variables

A (0) - A

A (1) B (0) 1

A (25) B (24) ~z

A (26) B (25) = A(0)
A (27) B (26) = AQ1)
AS (0) ' - A$
AS (1) BS (0) - BS
AS (25) BS (24) -2
AS (26) BS (25) ~ A$ (0)

AS (27) B§ (26) - A3 (1)
. and 'AS are independent 61 each other

=2 DEFM mode is canceled by declaring an array using the DIM statement or by DIM ).

AMPLE:
4 A(m, n, o) B¢ Declaring 3-dimensional array A {m, n, 0)
v kg Only cancels DEFM mode.

FM mode — DIM mode
v mode — DEFM mode
FM — DEFM n &t

. nurnber of vaniables 1o be expanded

At this time, variables A( ) and AS( ) are erased.
This cannot be used within a FOR ~ NEXT loop.

2-2 Using DEFM Statement Arrays

1en defining arrays using the DEFM statement, a variable area should be reserved for
2 variables used. Failure to do so will result in an OM error (memory over error) when DEFM
specified or when the program is executed. Should an OM error occur, the CLEAR state-
ant must be used to reserve a variable area before the next DEFM specification. The fol-
ving shows calculation of the required variable area size. :

variable : 62 + 3 (bytes)

- Z variables : (8 + 4) x number of variables (bytes)

;~ 2§ variables : (B + 5) x number of variables (bytes)

iriable expansion : 7 + 8 x number of variables to be expanded + 7 + 9

x number of variables to be expanded
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8-2-3 DEFM Mode Displays

Using the DEFM specification in manual (direct key input) execution displays the number
of variables in the DEFM array. This DEFM display does not appear when DEFM is specified
within a program.

EXAMPLE:
ODEBHME A--72726 DEFM:®
DEFE ™10y [A--2:26 DEFM:TQ

8-2-4 CLEAR Command, DIM Command, DEFM Command
In DIM Mode and DEFM Mode

Executing the CLEAR statement with this unit clears the contents of variables and reserves
a variable area. Executing this command in each mode produces the foliowing results.

Operation DIM Mode DEFM Mode
Cibes —=
= el Deletes variable contents Deletes variable contents
(®EO)
Deletes variable contents and Deletes variable contents, can-
=2 ¥ Vvariable area 2 | reserves variable area cels DEFM mode and reserves

variable area

Enters DEFM mode and internally Displays number of arrays when

DEE®O 2;«;:(:)utes ERASE A, AS:DIM A( ),| executed manually
Cancels DEFM and execut
O 0 W ey Executes DIM e e and executes

* DEFM specification is not required for FX-790P and FX-730P programs which employ DIM statements.

8-3 LOADING PB-100 SERIES PROGRAMS

The following commands are executed in the BASIC mode to load PB-100 series programs
from cassette tape.

PBLOAD : Program file

PBLOAD ALL : All files

Executing these commands loads the programs and automatically modifies them to allow
execution on the FX-850P.

EXAMPLE:
PBLOAD from a cassette tape containing the following programs:

TEST 1 (memo file)

TEST 2 (data fite)

TEST 3 (all files) -
TEST 4 (program file)



PRODOEADDES DEERDIES

[TESTY NF

TESTR2 VF -t Search
TEST3 AF

TESTAa PF Load
Egﬁzgrtln:j;. Code conversion
HT A

8-4 READING PB-100 SERIES DATA

The following commands are available for reading of PB-100 series data files and DATA BANK
files:

PBLOAD # (DATA BANK file)

PBGET (data file)

EXAMPLE: .
Execute PBGET for filename TEST 5 containing the data $, A, B, C, D.

PREEDNESDEBEEDSE S ES
[TESTS VF

GET $.4data *
Converting. ..

Converting. ..

Resdy PR

* Program, data, DATA BANK data, and all files saved to cassette tape using this unit can-
not be read by PB-100 series computers.

8-5 COMMAND FORMAT

PBLOAD [ {2 ” (“filename"]

1.0 : positive phase 1 : reverse phase (default = positive phase)
Attempt using the phase which is opposite the current setting if problems are experienced
during PBLOAD operations.

2. This command loads file under the specified filename into the current program area.

3. This command must be executed in the BASIC mode.

4. Execution of this command reads the specified program from tape and converts it from
PB-100 series format to FX-850P/FX-880P format.

5. Execution of this command can be terminated at any time by pressing the g key.

81



PBLOAD ALL [[‘1’” [*“filename"’]

1. This command loads all files under the specified filename into program areas PO throu
PS.
Operation is identical to PBL.OAD.

PBLOAD [{‘1’ ” [*“filename"] [, M)

1. This command reads the data under the specified filename into the DATA BANK.

2. The [, M] specification appends the read data to the end of the data currently stored
the DATA BANK.

Operation is identical to PBLOAD,

PBGET [ {2} J [“filename"’]

1. This command reads the data file contents under the specified filename and assign then
10 8 variable, A( ) array, or AS( ) array.

2. String data and numeric data are automatically assigned to the proper corresponding array

3. This command can be executed in both the BASIC mode and CAL mode, but must be
preceded by array declaration using the DIM statement or DEFM statement.

4. Data are automatically converted (Converting ---displayed) before being assigned to
variables.

NOTES

* Suspending execution of PBLOAD, PBLOAD ALL, PBLOAD %, and PBGET using the &)
key and then resuming operation should be avoided.

* A PO error (program error) or DA error (data error) is generated when program or data
load is unsuccessful using a PB command.

» The following variables are used as work areas when any of the PB commands are executed:
a,bcdefghijklmn,
op.qrns tuvwxy
as, bs, ¢S, ds, s, 1S, gs, hS, i8S, jS, kS, 1S, mS, n$,
oS, p$

* STAT, EOX, EOY, PUT and GET commands are converted 1o the code 2?2 when loaded
to a PB series computer. Executing programs with this code generates an SN error (syntax
error). See section 8-1 for details on manual conversion of code 2?77,

> Execution of a PB command while in the PRT mode (PRT symbol on display) automatically
cancels the PRT mode.



GFILE HANDLING FUNDAMENTALS "3

9-1 FILING DEVICES

Besides execution of programs currently stored in memory, this unit can also employ cas-
sette tapes for data and program storage. Data and programs can also be exchanged with
other devices via a communications circuit. The OPEN, CLOSE, PRINT #, INPUT #, SAVE,
and LOAD commands are used for these purposes.

* Device Names

When using the commands noted above for file interchanges, it is first necessary to specify
whether cassette tape or the communications circuit is to be employed. This is known as
specifying a ‘‘device name''. The following table shows the available device names:

DEVICE NAME MEANING
CASO: Cassette tape recorder (positive phase)
CAS1: Cassette tape recorder (reverse phase)
COMO: Communications circuit (RS-232C)

¢ Filenames

Once the device to be used is determined, the next thing to do is assign a ‘‘filename’’ to

the file. A filename can be any combination of numeric and alphabetic characters up to eight

characters in length. :

The unit automatically disregards any filename input exceeding the first eight characters.

* Oniy one file can be open at any time. A program or subroutine, which successively opens
and closes files as they are required, should be prepared when multiple files need to be
accessed.

¢ File Descriptors

A “file descriptor” is actually a combination of a device name and filename. When using
the communications circuit, the file descriptor also specifies various communications
parameters in addition 1o the device name and filename.

9-2 FILE DESCRIPTORS

9-2-1 Cassette Tapes
The following shows the file descriptor when a cassetie tape is used for file storage.
CASO : (S)

filename
CAS1: 13
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(

CASO : Positive phase
Phase specification ,
| CAS1 : Reverse phase

S :300 baud (300 bits/second)
Speed specification ¢

F : 1200 baud (1200 bits/second)

EXAMPLE 1:
Reading data of a file named TEST, at positive phase, 300 baud

OPEN "*CASO : (S) TEST"* FOR INPUT AS =1
The file descriptor in this case is CASO : (S) TEST.

EXAMPLE 2: ..
Writing data to a file named SAMPLE, at positive phase, 1200 baud

SAVE "CASO : (F) SAMPLE"”
The file descriptor in this case is CASO : (F) SAMPLE.

EXAMPLE 3:
REading of a program under the filename AD1990

LOAD *AD1880""
This is the same as LOAD **CASO : (F) AD1980"

The file descriptor commands which can be used as outlined above are:
OPEN, LOAD, SAVE, LOAD#, SAVE #, and VERIFY
* CASO : and CAS1 : specity the read phase (positive/reverse) of data recorded on tape.
CASO : is generally used, but CAS1 : can be used for certain tape recorders.
* An attribute is automatically assigned when a program or data is written to cassette tape.
Attributes can be checked when the tape is read.

ATTRIBUTE MEANING
B B'nary file (program file)
A All file (program file saved using SAVE ALL commanad)
S Seguential file (data file, memo file, or program file saved in ASCI! format)

8-2.2 Communications Circuit
The file descriptor for communications circuit data interchange is as follows:
COMO : [[Speed], [Parity], [Data), [Stop], |CS], [DS), ICD], [Busy], [Code]}

(D Speed (baud rate : data transfer speed)

6 : 4800 baud (4800 bits/sec)
§ : 2400 baud (2400 bits/sec)
4 : 1200 bawd (1200Q bitsisec)
3 : 600 baud (600 bits/sec)
2 : 300 baud (300 bits/sec)
1 : 150 baud (150 bits/sec)

NOTE: 2400 (5) or less should be specified when the communications circuit is specified
using the OPEN statement.



(@ Parity (parity bit : check bit for data send)
N : No parity bit
E : Even parity
O : Odd parity

(3@ Data (data bit : number of bits representing one character)

7 : JIS 7 bit (7 bits/character)
8 : JIS 8 bit (8 bits/character)

(@ Stop (stop bit : bit (s) at end of a character signitying character end)
1 : 1 bit
2 : 2 bits

(5-CS (Ciear to send (CTS) : control function to inform partner device whether or not data
can be sent)

C : Used — The sending device waits until CS is ON.
N-: Not used

6 DS (Data set ready (DSR) : function to inform normal operation of partner device)

D : Used — An NR error is generated when data are received while DS is OFF. When
sending, the device waits until DS is ON.
N : Not used

7,CD (Carrier detect (CD) : function to inform partner device ready to receive data)

C : Used — An NR error is generated when data are received while CD is OFF.
N : Not used

(8 Busy (Busy, (XONJOFF), function to temporarily suspend data send)

B : Used — A send suspend request is sent to the partner device when the remaining
number of characters to be read at one time is less than 64 during data receive. Dur-
ing data send, send is temporarily suspended when a send suspend request is received
from the partner device. Sending is resumed upon a send start request.

N : Not used

8 Code (Input/Output code system (SI/SO) : Used to send character expressed as eight
bits when data bits specified as seven)

S : Used — This function is only applicable when the data bit parameter (above @) is
specified as seven bits. The SO code (OEH) is sent before codes 80w or higher in this
case to enter the SO mode. Codes 7Fu or lower are sent preceded by the S! code
(OFH) to enter the Sl mode.

The S specification should be used whenever it is necessary to send data with codes
80+ or higher as 7 bit data.

N : Not used

Parameter Default Values

COMO :2,E, 8 1, N, N, N BN
Baud rate : 300 baud (300 bits/sec)
Parity : Even

Data bits : 8 bits

Stop bit : 1 bit

CSs : Not used

DS : Not used

CD : Not used

Busy : XON/XOFF

Code : SI/SO - Not used
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EXAMPLE 1: .
Send the character string noted below to RS-232C using the parameters listed.

Baud rate : 300 baud - 2

Parity : Even» E
Data bits : 8 bits - 8
Stop bit : 1bit- 1

Cs : Notused = N
DS : Not used - N
CD : Notused 2 N
Busy :Used > B

Shift infout : Not used = N

10 OPEN *"COMO:2,E, 8,1, N, N, B, N’ AS #1
20 PRINT #1, ""HELLO.”
30 CLOSE

EXAMPLE 2:
Receive character string from RS-232C as above.

10 OPEN ""COMO:2,E, 8,1, N, N, N, B, N* AS #1
20 INPUT #1, AS
30 CLOSE

* Communications are performed via the RS-232C terminal.

* Data interchange is performed using a full-duplex (both sices can communicate simultane-
ously, as with a standard telephone), start-stop system (typical computer communications
system, also known as asynchronous).
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FORMAT ELEMENTS

The method for entering statements is explained below.

« Words in bold type are commands or functions, and they must be entered as shown.

« Braces indicate that one of the parameters enclosed must be specified.

« Commas contained in braces must be written in the position shown.

« Brackets indicate that the parameters enclosed may be omitted. Brackets themselves are
not entered.

e An asterisk indicates that the term preceding it may appear more than once.

e Numeric expressions~—Constants, expressions, and numeric variables (e.g. 10, 10 + 25,
A, unit cost * quantity)

« String expressions—String constants, string variables, and string expressions (e.g. "ABC",
A%, and AS + BS)

« Expressions—General term for numeric and string expressions

» Arguments—Elements used by commands and functions

LRGN Can only be executed in a program.

LY, S Can only be executed manually.

e A ........ Can be executed both manually and in a program.

L2 I Function instruction that can be executed both manually and in a program.

Example: MIDS function
MIDS ( string array , position [, number of characters })
String expression Numeric expression Numeric expression

The term *'string expression’” under ‘‘string array” describes that array. Likewise, ‘‘numeric
expression’’ under ‘‘position’” and “numeric expression’’ under ‘‘number of characters” are
descriptors. Also, since the comma and number of characters are enclosed in brackets, they
may be omitted.

Example: GOSUB Statement

branch line number
Line number

GosuB

# program area number
{ Single character; 0~9

This example illustrates two descriptors for GOSUB: the line number of the subroutine to
which the program branches and filename to which the program branches.



MANUALSC

OMMANDS %

PASS ¢

PURPOSE: Specifies or cancels a password.
FORMAT: PASS ‘‘password"

String expression

EXAMPLE: PASS “TEXT"
PARAMETERS: 1. Registering a single password makes it the password for all program

areas (PO ~ P38) and for DATA BANK function.

2. The password must be a string of 1 ~ 8 characters.

3. All characters after the first 8 are ignored when 9 or more characters
are entered.

EXPLANATION:

B WN

th

. The password is used to protect programs and DATA BANK data.

. The password can be registered in both the CAL mode and BASIC mode.

. Executing this command registers a password when no password previously exists.

. Executing the PASS statement using a previously registered password cancels the pass-

word. Specifying a password that is different from that registered, results in a PR error.

. The following operations and commands cannot be executed when a password is

registered:;

Program write

MEMO IN mode specification

MEMO search

LIST, LLIST, LIST ALL, LLIST ALL, LIST=#, LLIST#, NEW, NEW ALL, NEW#
EDIT

" SAVE, SAVE # to RS-232C

SAVE, SAVE # to cassette tape in ASCII format

. Executing SAVE and SAVE ALL to cassette tape applies the password to the saved

program.

. Loading a program (using LOAD or LOAD ALL) which is protected by a password into

the computer causes the password of the loaded program to be registered as the com-
puter password. A PR error is generated when the current password differs from the pass-
word of the loaded program.



NEW [ALL]

PURPOSE: Deletes a program.
FORMAT: NEW [ALL]
EXAMPLE: NEW

EXPLANATION:

1. Deletes the program in the currently specified program area when ALL is omitted.
Variables are not cleared.

2. “Ready Pn"' is displayed on the screen after the program is deleted, and the computer
stands by for command input.

3. All files that are currently opened are closed.
4. This command cannot be executed for program files that are protected by a password.
5. Attempting to use this command in the CAL mode results in an FC error.
6. Specifying NEW ALL clears the programs in all program areas and all variables.
7. This command cannot! be included within a program.

CLEAR ¢
PURPOSE: Clears all variables and determines the variable area size in accordance

with the parameter entered. Also closes any files that are open.

FORMAT: CLEAR [variable area size]
EXAMPLE: CLEAR 400

PARAMETERS: variable area size: Numeric expression
Determines the areas used for variables. The initial setting when ALL
RESCT is executed depends upon total memory capacity.

MEMORY CAPACITY VARIABLE AREA SIZE
Less than 32KB 1536 bytes
32KB and over 8192 bytes

EXPLANATION:

1. Clears all variabies.

2. Closes all open files and clears the FOR~ NEXT and GOSUB stack.
3. Variable area cannot be set during program execution.

SEE: FRE
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MEMORY MAP

0000

0B80

User's
area

System area

RAM area for stack

Character variable data

1l Variable free area
1 (capacity can be referenced using FREOQ)

Numeric variable data

Variable table

PO area

- P1 area

P9 area

DATA BANK area

Free area
(capacity can be referenced using FRE1)

Program control area

} 768 bytes

Variable area
(capacity can be referenced
using FRE2)

EXPANDED MEMORY CONFIGURATION (UNIT =BYTES)

FX-850P

FRE 1 3536
Standard FRE 2 1536
User’s area 5072
FRE 1 11728
B pansion pack E2
User's area ' 13624
FP.33 RAM FRE 1 29648
33 FRE 2 8192

e k
xpansion pac User's area 37840

FRE 1 capacity value is when no programs or DATA BANK data are stored.
FRE 2 capacity can be changed using the CLEAR command.



STACK AREA

/O BUFFER

For file opened using OPEN statement
Capacity: 298 bytes (cassetie tape) or
42 bytes (RS-232C)

CHARACTER OPERATION STACK—

For character operatlions

For confirmation of operation and array
variable contents

)|
STACK FREE AREA
768 9 1t
b —
yies DATA STACK
FOR STACK ]

———For FOR loop execution
Capacity: 26 bytes/loop

GOSUB STACK

For GOSUB branching

Capacity: 8 bytes/branch

FRE

PURPOSE:

FORMAT: FRE ( argument
Numeric expression

EXAMPLE: PRINT FRE O

PARAMETERS: argument: Integer in the

EXPLANATION:

1. parameter=0:
2. parameter=1:
3. parameter=2:

SEE:

Returns unused memory i

CLEAR

Returns memory area size in accordance with argument.

)

range of 0 < argument < 3

n variable area in byte units

Returns unused memory in program or in DATA BANK area in byte units
Returns overall variable area in byte units



LIST [ALL] v

PURPOSE: Displays all or a part of the currently specified program.
FORMAT: [ start line number ] [~ [ end line number ]}
LIST Line number Line number
[-]
[ALL})
EXAMPLE: LIST 100
LIST 100 - 300
LIST - 400
LIST

PARAMETERS: 1. startline number: Integerin the range of 1 g line number < 65535
(first line number when omitted)

2. end line number: Integer in the range of 1 < line number < 65535

(end line number when omitted)

EXPLANATION:

1. Displays the currently specified program in the range specified by the line numbers.
2. A minus sign must be used as the delimiter between line numbers.

3. The following five examples illustrate specification of the display range.

a) LIST kx5 (All lines from peginning of program)

b) LIST 30 2 (Line 30)

c) LIST 50 - 100 g (Lines 50 through 100)

d) LIST 200 - &g (From line 200 through end of program)

e) LIST - 80 E:x' (From beginning of program through line 80)

4. Using a period in place of the line number displays the most recently handled (i.e. written,
edited, executed). If a program is halted during execution by an error, executing ““LIST .”
displays the line in which the error was generated.

5. When the specified start line number does not exist, the first line number above that speci-
fied is taken as the start line number.

6. When the specified end line number does not exist, the greatest line number not exceed-
ing that specified is taken as the end line.

7. The start line number must be smaller than the end line number.

8. LIST command execution can be halted by pressing the g key.

8. Press the ¥ key to momentarily halt LIST command execution. To restart execution, press
the Exf key or one of the alphanumeric keys.

10. The computer stands by for command input after the program list is displayed.

11.This command cannot be used when a password is registered.

12.This command cannot be used in the CAL mode.

13. Specifying ALL displays all programs in sequence from area PO through P9.

SEE: EDIT, VARLIST, LLIST



EDIT

PURPOSE: Enters the BASIC edit mode.

FORMAT: T [ start line number ]
ED: Line number or period

[.]

EXAMPLE: EDIT 100

PARAMETERS: start line number: Integer in the range of 1 < line number = 65535
(first line number when omitted)

EXPLANATION:

1. Enters the BASIC edit mode and displays the program from the specified line number.
The cursor is displayed and editing becomes possible when either the (&) or {=] key is
pressed. .

2. Using a period in place of the line number displays the most recently handled (i.e. written,
edited, executed). If a program is halted during execution by an error, executing “EDIT ."
displays the line in which the error was generated.

. When the specified start line number does not exist, the first line number above that speci-
fied is taken as the start line number.

w

4. This command cannot be used when a password is registered.
5. This command cannot be used in the CAL mode.
6. This mode is canceled by pressing the gd key.
SEE: LIST, LLIST
VARLIST ¢
PURPOSE: Displays variable names and array names.
EXAMPLE: VARLIST

EXPLANATION:

1. Displays all currently existing variable names and array names.

2. Press the £ key to momentarily halt VARLIST command execution. To restart execution,
press the gxg key or one of the alphanumeric keys.

SAMPLE
EXECUTION: VARLIST &g

A AB R ACS()

This command displays all variable names and array names currently
stored in memory.
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RUN

PURPOSE: Executes a program.
FORMAT: RUN [ execution start line }
Line number
EXAMPLE: RUN
RUN 100
PARAMETERS: start line number: Integer in the range of 1 < line number < 65535
EXPLANATION:

1. Execution starts from the beginning of the program when the line number is omitted.

2. When the specified start line number does not exist, the first line number above that speci-
fied is taken as the start line number.

3. This command closes all files that are open.

4. Variable and array values are not cleared.

5. This command cannot be used within a program.

6. This command cannot be used in the CAL mode.

SAMPLE PROGRAM:
RUN 100

Executes program from line number 100.



TRON

PURPOSE: Specifies the trace mode.
EXAMPLE: TRON
EXPLANATION:

1. Switches the trace mode ON and TR appears on the display.

2. All subsequent program execution is accompanied by a display of the area’name and line
number. The first two lines are displayed, and execution is suspended.
Program execution can be resumed at this time by pressing 5.

3. The program stays in the TRON mode until the TROFF statement is executed or the power
is switched OFF.

SEE: TROFF
SAMPLE
EXECUTION: TRON kg
RUN f8
Cars sassC OEC TR SYOe
RUN
P2-10

PO represents currently specified program area and 10 currently executed
line number.

TROFF ®

PURPOSE: Cancels the trace mode.
EXAMPLE: TROFF

EXPLANATION:
Cancels the trace mode (entered using the TRON statement).

SEE: TRON
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DAMENTAUSSCOMMANDS

R SRR R T

END

PURPOSE: Terminates program execution.
EXAMPLE: END
EXPLANATION:

1. Terminates program execution, and the computer stands by for command input.

2. Closes all files that are open.

3. Variables and arrays are not cleared.

4. Any number of END statements can be used in a single program. Program execution is
terminated and open files are closed automatically at the end of the program even if an
END statement is not included.

SAMPLE PROGRAM:

10 FORI=1TO 20

20 IF1>10 THEN END
30 PRINT I;

40 NEXTI

Displays values ot 1 in FOR ~NEXT loop.
Program ends when | exceeds 10.



STOP | ®

PURPOSE: Temporarily halts program execution.
ZXAMPLE: STOP
ZXPLANATION:

1. Temporarily halts program execution and STOP appears on the display. Execution can
be resumed by pressing Es.
2. Pressing = 1222 while execution is halted by the STOP command displays the current pro-
gram area and line number.
3. Such commands as PRINT can be executed while execution is halted by the STOP com-
mand. Manual calculations can aiso be performed in the CAL mode.
. Open files, variable values and array values are retained as they are at the point when
execution is halted.

Pes

S The STOP status is canceled when an error is generated, the mode is changed, or the

program is edited while program execution is halted.

SAMPLE PROGRAM:
B 10 FORI=1TO 10
20 IF 1=6 THEN STOP : PRINT
30 PRINTI;
40 NEXTI

Displays vaiues of | in FOR ~ NEXT loop.
Execution is halted when | equals 6. Next, pressing fx resumes execution.
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GOTO

PURPOSE:
TORMAT:

SAMPLE:

PARAMETERS:

EXPLANATION:

Branches unconditionally to a specified branch des: ~ation.

brar.ch destinaticn line number
Line number

GOTO # program area number
Single character; 0~9

GOTO 1000

GOTO #7

1. branch destination line number: Integer in the range of 1 < line num-
ber < 65535
2. program area number: Single character, 0~9

1. Specifying a line number causes program execution to jump to that line number in the
current program area.

2. Specitying a program area number causes program execution to jump to the first line num-
ber of the specified program area.

3. A UL error is generated when the specified line number does not exist.

SAMPLE PROGRAM:

10 PRINT ""PRESS [BRK]" ;
20 PRINT ""TO HALT EXECUTION'" ;
30 GOTO 10

Line 30 returns execution to line 10.
This loop continues until & is pressed.



GOSUB - ¢

URPOSE: Jumps to a specified subroutine.

ORMAT: branch destination line number

Line number
GOsuB # program area number l

Single character, 0~9

XAMPLE: GOSuUB 100
GOSuUB #6
ARAMETERS: 1. branch destination line number: Integer in the range of 1 < line num-
ber < 65535

2. program area number: Single character, 0-9

XPLANATION:

. Program execution branches to the subroutine that starts at the specified line number.
Execution is returned from the subroutine by the RETURN statement.

. Subroutines can be nested up to 96 levels. Exceeding this value results in an OM error.

. A UL error is generated when the specified line number does not exist.

. CLEAR command cannot be used within a subroutine.

JEE: RETURN
AMPLE PROGRAM:

10 REM % % Xk MAIN % % %

20 GOSUB 40

30 END

40 REM%* * < SUBROUTINE 13 % %
50 PRINT "SUBROUTINE 17" ;

60 GOSUB 80

70 RETURN

80 REMx* * %k SUBROUTINE 2% * %
90 PRINT "SUBROUTINE 2°°

100 RETURN

Line 20 branches to subroutine beginning at line 40, and line 60 branches
to subroutine beginning at line 80.
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RETURN

PURPOSE: Returns execution from a subroutine to the main program.
i .. MAT: RETURN
EXAMPLE: RETURN

EXPLANATION:

1. Returns program execution to the statement immediately following the statement which
originally called a subroutine.

2. A GS error is generated when the RETURN statement is executed without first executing
a GOSUB statement.

SEE: GOSuUB, ON~GOSUB
SAMPLE PROGRAM:

10 REM SUBROUTINE

20 GOSUB 100

30 END ‘

100 PRINT ""SUBROUTINE 1
110 GOSUB 200

120 RETURN

200 PRINT *"SUBROUTINE 2*
210 RETURN

RETURN in line 120 returns to line 20, while line 210 returns to line 110.



ON GOTO | ©

JRPOSE:

JRMAT:

{AMPLE:
\RAMETERS:

{(PLANATION:

Jumps to a specified branch destination in accordance with a specified
branching condition.

ON condition GOTO ([branch { . [branch
Numeric expression destination] destination]}*

destination branch line number
Line number
# program area number
Single character; 0~-9

Branch destination:

ON A GOTO 100, 200, 300

1. branch condition: Numeric expression truncated to an integer
2. line number: Integer in the range of 1 =< line number < 65535
3. program area number: Single character, 0~9

The GOTO statement is executed in accordance with the value of the expression used
for the branch condition. For example, execution jumps to the first branch destination speci-
{ied when the value is 1, to the second destination when the value is 2, etc.

Program execution does not branch and execution proceeds to the next statement when
the value of the branch condition is less than 1, or if a branch destination corresponding
to that value does not exist.

Up to 29 branch destinations may be specified.

\MPLE PROGRAM

10 INPUT "1 OR 2" ; A
20 ON A GOTO 40, 50
30 END

40 PRINT “ONE’’ : END
50 PRINT “TWO"

Execution jumps to line 40 if 1 ket is entered or to line 50 if 2 exc is entered.
Otherwise, execution terminates at line 30.
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ON GOSUB

PURPOSE:

FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Jumps to a specified subroutine in accordance with a specified branch-
ing condition.

ON condition GOSUB | branch [, [branch
Numeric expression destination] destination])*

destination branch line number
Line number
# program area number
Single character; 0~9

Branch destination:

ON A GOSUuB 1000, 1100, 1200

1. branch condition: Numeric expression truncated to an integer
2. line number: Integer in the range of 1 <line number 65535
3. program area number: Single character, 09

1. The GOSUB statement is executed in accordance with the value of the expression used
for the branch condition. For example, execution jumps to the first branch destination speci-
fied when the value is 1, to the second destination when the value is 2, etc.

2. Program execution does not branch and execution proceeds to the next statement when
the value of the branch condition is less than 1, or if @ branch destination corresponding
to that value does not exist.

3. Up to 99 branch destinations may be specified.

SEE:

RETURN

SAMPLE PROGRAM:

10 S1=0:S82=0

20 FORI=1T0 100

30 ON (1 MOD 2)+1 GOSUB 1000, 1100
40 NEXT I

50 PRINT "’S1=""; 81

60 PRINT "'S2=""; 82

70 END

1000 S1=S1+1: RETURN

1100 S2=S2+1: RETURN

S1 calculates sum of even numbers from 1 to 100, S2 calculates sum of
odd numbers from 1 to 100.



F~THEN ~ ELSE/IF~GOTO ~ELSE °

IPOSE: Executes the THEN statement or GOTO statement when the specified con-
dition is met. The ELSE statement is executed when the specified condi-

tion is not met.

IMAT: condition [ THEN statement statement
IF o l [ : statement] ELSE { : statement]
umeric . . . .
expression GOTO branch destination branch destination
destination branch line number
o Line number
Branch destination: # program area number
Single character; 0-9
AMPLE: IF A=0 THEN 300 ELSE 400

IF K$="Y" THEN PRINT X ELSE PRINT Y

RAMETERS: 1. branch condition: Numeric expression truncated to an integer
2. line number: Integer in the range of 1 < line number 5 65535
3. program area number: Single character, 0~9

SLANATION:

“he statement following the THEN clause is executed, or execution jumps to the destina-
ion specified by the GOTO statement when the branch condition is met.

{the branch condition is not met, the statement following the ELSE statement is execut-
>d, or the program jumps to the specified branch destination. Execution proceeds to the
vext program line when the ELSE statement is omitted.

The format *IF A THEN ~"' results in the condition being met when value of the expres-
sion (A) is not 0 (absolute value of A < 1 x 10~%). The condition is not met when the
salue of the expression is 0.

F statements can be nested (an IF statement may contain other IF statements). In this
-ase, the THEN ~ ELSE statements are related by their proximity. The GOTO -~ ELSE
~ombinations have the same relationships.

F ~ THEN llF THJEN ~ ELISE IlF -~ THJEN ~ ELJSE ~ EL|SE ~

MPLE PROGRAM:

10 INPUT "1 TO 9" ; A
20 IF (0<A) AND (A<10) THEN PRINT *GOOD!’ ELSE 10

“GOOD" is displayed for input values from 1 to 9. Re-input is requested
for other values.
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FOR ~ NEXT

PURPOSE:

FORMAT:

EXAMPLE:

PARAMETERS:

EXPLANATION:

Executes the program lines between the FOR statement and NEXT state-
ment and increments the control variable, starting with the initial value.
Execution is terminated when value of the contro! variable exceeds the
specified final value.
FOR control variable name = initial value

Numeric expression

TO final value [ STEP  increment )
Numeric expression Numeric expression

NEXT [Control variable name] [, Control variable name]*

FOR I=1 TO 10 STEP 0.1
t
NEXT |

1. control variable name: Array variables cannot be used.
2. initial value: Numeric expression

3. final value: Numeric expression

4. increment: Numeric expression (default value = 1)

1. None of the statements between FOR and NEXT are executed and the program proceeds
to the next executable statement after NEXT when the initial value is greater than the fi-

nal value.

2. Each FOR requires a corresponding NEXT.

3. FOR~ NEXT loops can be nested (a-FOR ~ NEXT loop can be placed inside another FOR-
~ NEXT ioop). Nested loops must be structured as shown below with NEXT appearing
in reverse sequence of the FOR (e.g. FOR A, FOR B, FOR C~NEXT C, NEXT B, NEXT A).

10 FOR I1=1 TO 12 STEP 3

30 PRINT I, J

{:20 FOR J=1 TO 4 STEP 05

40 NEXT J
50 NEXT |
60 END

4. FOR~ NEXT loops can be nested up to 29 levels.
5. The control variable may be omitted from NEXT. However, use of the control variable in

the NEXT statement is recommended when using nested loops.



NEXT statements can be chained by including them under one NEXT statement, separat-
ed by commas.

10
20
30
40
50
(10]

FOR I'= 1 TO 12 STEP 3 10
FOR J = 1 TO 4 STEP 0.5 |20
PRINT 1, J 30
NEXT J 40
NEXT | 50
END

FOR | = 1 TO 12 STEP 3
FOR J = 1TO 4 STEP 0.5
PRINT 1, J

NEXT J, |

END

The contro! variable retains tne value which exceeds the final value (and terminates the
loop) when loop execution is complete. With the loop FOR | = 3TO 10 STEP 3, for exam-
ple, the value of control variable { is 12 when execution of the loop is complete.

Jumping out of a FOR ~ NEXT loop is also possible. In this case, the current control varia-
ble value is retained in memory, and the loop can be resumed by returning with a GOTO
statement.
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REM( ’ )

PURPOSE: Allows remarks or comments 1o be included within a program. This com-
mand is not executed.
FORMAT: [ REM } comments
String expression

EXAMPLE: REMor

PARAMETERS: comments: String expression (internal codes 20 to 7E and 80 to FB)

EXPLANATION:

1. Including an apostrophe or REM statement following the line number indicates that the
following text is comments and should be ignored in program execution.

2. The apostrophe may be included at the end of any executable statement to indicate that
the following text is comments. The REM statement can only be used at the beginning
of a line.

3. Any command following the REM statement is treated as a comment and is not executed.

PRINT A: REM 123 123 is treated as a comment.
C;mments
PRINT A REM 123 SN error occurs.
PRINT A ' 123 123 is treated as a comment,
C:mments

4. An apostrophe is entered by pressing the <> key following the &7 key.
SAMPLE PROGRAM:

10 ° REM( ') indicates comment



LET

PURPOSE: Assigns the value of an expression on the right side of an equation to the
variable on the left side.

FORMAT: [LET] numeric variable name = Numeric expression
[LET] string variable name = String expression

=XAMPLE: LETA = 15

LET K$ = *'123"
IXPLANATION:
i. Assigns the value of an expression on the right side of an equation to the variable on the

ieft side. .

>, Numeric expressions can only be assigned to numeric variables, and string expressions
can only be assigned to string variables. A TM error is generated when an attempt is made
10 assign a string expression to a numeric variable, and vice versa.

. LET may be omitted.

AMPLE PROGRAM:

10 LET A=10
20 B=20
30 PRINTA;B

Assigns 10 to variable A and 20 to variable B, and displays both.
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DATA

PURPOSE:
FORMAT:

EXAMPLE:

PARAMETERS:

EXPLANATION:

Holds data for reading by the READ statement.

DATA [data] [,[data]}*®
Constant Constant

DATA 10, 5,8, 3
DATA CAT, DOG, LION

1. data: String constants or numeric constants

2. string constants: Quotation marks are not required unless the string
contains a comma which is part of the data. A null data string (length
0) is assumed when data is omitted from this statement.

1. This statement can be used anywhere in the program to hold data to be read by the READ

command.

2. Multiple data items are separated by commas.

SEE:

READ, RESTORE

SAMPLE PROGRAM:

10 READ AS

20 RESTORE 60

30 READ BS

40 PRINT AS+ * ' + BS )
50 DATA AD 1990, ABC

60 DATA DEFG

Character data “‘AD1890" and “DEFG" read from lines 50 and €0, and
displayed.



READ

RPOSE: Reads the contents of the DATA statement into memory.

RMAT: READ Variable name {,Variable name }*
AMPLE: READ A, B
READ C§, X, Y
.RAMETERS: Variable name
.PLANATION:

Assigns the data contained in a DATA statement to the variables on a one-by-one basis.
Numeric data can only be assigned to numeric variables, and string data can only be as-
signed to string variables. A TM error is generated when an attempt is made to assign
string data to a numeric variable, and vice versa.

The data in DATA statements is read from the lowest line number in ascending order.
Data are read in order from the beginning of a DATA statement.

The first execution of the READ statement reads the first data item contained in the first
DATA statement. Subsequent executions read data items in sequential order.

The data line to be read can be specified using the RESTORE statement.

zE: DATA, RESTORE
AMPLE PROGRAM:

10 READ X

20 IF X< >0 THEN PRINT X ; : GOTO 10
30 END

100 DATA 1,2,3,4,5,¢6
110 DATA 9,8,7,6,5,4,
120 DATA O

w N

8,9
2,1

Sequentially reads data beginning at line 100 and stops execution when
0 is encountered as data.
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RESTORE

PURPOSE: Specifies a DATA line for reading by the READ statement.
FORMAT: RESTORE [ line number}

Numeric expression

EXAMPLES: RESTORE
RESTORE 1000
RESTORE (10%10)
line 100
PARAMETERS: line number: Integer in the range of 1 < line number < 65535

EXPLANATION:

1. The first DATA line in the program file containing the READ statement is the default op-
tion when the line number is omitted.

2. When a line number is specified, the first data item in the specified DATA line is read
by the next READ statement execution. A UL error is generated when the specified line
number does not exist, while a DA error is generated when no data exist in the specified line.

3. A numeric expression can be used for line number specification. in this case, the numeric
expression must be enclosed in parentheses.

SEE: READ, DATA
SAMPLE PROGRAM:

10 READ X

20 IF X< >0 THEN PRINT X ;: GOTO 10
30 RESTORE 110

40 READ X

50 IF X< >0 THEN PRINT X ; : GOTO 40
60 END

100 DATA 1,2,3,4,5,6
110 DATA S,8,7,6,5, 4
120 DATA O

7,8,9
3,2, 1

Lines 10~ 20 read data from lines 100 ~ 120, while lines 30~ 50 read data
from lines 110~ 120 then display them.



PRINT : ¢

URPOSE: Displays data on the screen.

ORMAT: PRINT [output data]{ ! }[output data]*

]
Output data: TAB (Tab specification), numeric expression,
string array

XAMPLE:. PRINT ““AD1890™

ARAMETERS: output data: Output control function, numeric expression, or string
expression

XPLANATION:

Output of a numeric or string expression displays the value or string on the screen. Con-
trol function output results in the operation determined by the function being performed.
Numeric expressions are displayed in decimal notation with values longer than 10 digits.
a) Integers: Values less than 1 x 10"

b) Fraction: Decimal fractions smaller than 10 digits

c) Exponent: Other values

A space is added after displayed numeric expressions, with negative expressions preceded
by a minus sign, and positive expressions preceded by a space. Expressions are dis-
played as integers, fractions, or exponential expressions, with the display format auto-
matically selected according to the value of the expression.

String expressions are displayed unchanged. There are, however, special operations for
internal codes 00k ~ 1FH, 7Fn (see CHARACTER CODE TABLE on page 395).
Output is displayed on the screen from the current position of the cursor to the right. A
line feed results when the cursor reaches the last column on the last line of the screen
(lower right), scrolling the entire screen upwards. Subsequent output is displayed from
the beginning of the bottom line of the screen (fower left).

Separating output data with commas causes execution 1o be halted with each display
(STOP appears on display). Pressing Exg executes a carrier return/line feed and proceeds
to the next display.

Separating output data with semicolons causes each output to be displayed immediately
following the previous output.

Including a semicolon at the end of this statement causes the cursor to remain at position
immediately following the displayed output.

Ending this command with output data or a comma, causes execution to be halted foliow-
ing display of the output data (STOP appears on display). Pressing fxg executes a line
change and proceeds to the next display.



8. Omitting the output data (PRINT command only) executes a line change without haiting
execution. )

10. Execution is not halted when this statement is executed while in the print mode (k= (7).
11.Execution is not halled when this statement is executed while in the manual mode.

SEE: TAB
SANMPLE PROGRAM:

10 PRINT ""PRINT DISPLAYS MESSAGES"
20 PRINT "ON THE SCREEN"’

PRINT statement displays message on screen.



"AB

‘POSE: Outputs a horizontal tab specification to the screen or printer.
IMAT: TAB { tab specification )

Numeric constant or numeric variable
MPLE: PRINT TAB (5) ; "ABC"”

{AMETERS: tab specification: “Numeric expression truncated to an integer in the range
of 0 = tab specification < 256.

'LANATION:
sed in the PRINT, LPRINT, and PRINT # statements to specify a display position on

line. Spaces are inserted from the left end of the line to the specified position.
he display position is determined by counting from the left end of the line (position 0

nd) to the right, up to the specified value.
_tab specification value which is less than the current printhead position causes the tabu-

ition 1o be performed following a carrier return/iine feed.
e PRINT, LPRINT, PRINT #

APLE PROGRAM:

10 FOR1=0 TO 25
20 PRINT TAB (1) ; “ABCDEFG" ;
30 NEXT I

Prints successive lines of “ABCDEFG", with each line proceeding to the
right.
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LOCATE

PURPOSE: Moves the cursor to a specified position on the virtual screen.
FORMAT: LOCATE X-coordinate . Y-coordinate

Numeric expression  Numeric expression
EXAMPLE: LOCATE 10, O

PARAMETERS: 1. X-coordinate: Numeric expression truncated 1o an integer in the range
of 0 = X-coordinate < 32
2. Y-coordinate: Numeric expression truncated to an integer in the range
of 0 £ Y-coordinate < 8

EXPLANATION:

1. Locates the cursor at a specified position on the virtual screen.

2. The origin of the coordinates is the upper left corner of the screen (0, 0). The X coor-
dinate value is incremented for each character position to the right. The Y value coor-

dinate is incremented f{orm each line down.

0. 0y - o} o) - (31, 0)

o - (3. 7)

©7n - |©°

SAMPLE PROGRAM:

10 CLS -
20 LOCATE 0,0
30 PRINT "'SCREEN UPPER LEFT" ;

40 GOTO 20

Displays message from upper left of display.



>LS | ®

IPOSE: Ciears the display screen.
i\MPLE: CLS
'LANATION:

screen is cleared and the cursor is located at the home position. Pressing the £ &%
or executing PRINT CHR$(12) ; produces the same result.

APLE PROGRAM:

10 REM CLEAR SCREEN
20 CLS

Clears screen.
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SET

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Specifies output format of numeric data.

F number of digits
Single character; 0~9

E number of digits
Single character; 0—-9

N

SET

SET F3

F -number of digits
Single character; 0~9

Specifies number of decimal places.

E number of digits
Single character; 0~9

N Cancels current specification.

Specifies number of significant digits.

1. This command specifies the number of decimal places and the number of significant digits
for numeric data output to the display, printer, tape recorder, or RS-232C teiminal.

2. The number of decimal places can be specified within the range of 0 through 9.

3. The number of significant digits can be specified within the range of 1 through 10. The
statement SET EO specifies the number of significant digits as 10.

4. SET N cancels both specifications.

5. Output vaiues are rounded to the specified decimal places or to the specified significant

digits,

6. This command is only valid for output data. The mantissa part for internal calculations
is still 12 digits.

SAMPLE PROGRAM:

10 A=10/3

20 SET F2

30 PRINT A

40 SET E2

50 PRINT A

60 END
RUN

RONEe 3.33
3.30

& 3.3E+00
3 .3E400

s 3.33333333.

& 3.3333333

Result of 10/3 displayed with 2 decimal places, 2 significant digits, and
specificatioin canceled.




BEEP

PURPOSE: Sounds the buzzer.
FORMAT: BEEP[ 0 }
1
Numeri-c—e:pression

EXAMPLE: BEEP 1

EXPLANATION:

1. A low tone is specified by BEEP or BEEP 0.

2. A high tone is specified by BEEP 1.

3. Numeric expressions can be in place of 0 and 1.
>

AMPLE PROGRAM:

10 BEEP 1: BEEP O : BEEP 1 : BEEP O
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INPUT

PURPOSE: Assigns keyboard data input to a variable.

FORMAT:

INPUT [“message” { ;} 1 a2t (“message"{; name |

}] variable

EXAMPLE: INPUT “YEAR=", Y, “MONTH=", M, “DAY="", D
PARAMETERS: 1. message: Character string beginning with a string constant

2. variable name: Numeric variable name or string variable name

EXPLANATION:

1.
2.

3.

4.
5,

S.

10.

11
12

Data can be input to the specified variable from the keyboard.

Messages included in the INPUT statement are displayed. A question mark is displayed
following the message when a semicolon is included following the message specification.
A question mark only is displayed when a message is not specified.

The fxg key must be pressed following each data input.

Numeric expressions can only be assigned to numeric variables, and siring expressions
can only be assigned to string variables. A TM error is generated when an attempt is made
10 assign a string expression to a numeric variable.

Quotation marks are not used when entering string data. Enclosing a string in gquotation
marks causes the quotation marks to be stored as part of the string.

. Pressing the &x€ key without entering data inputs a string of length O for a string variable,

while a numeric variable retains its current value.

Generally, the logical line immediately foliowing the message is input. The cursor can,
however, be moved to any position on the virtual screen (using the cursor keys), and all
data from the current cursor position to the end of the current logical line are input when
fxel is pressed. . ‘

Numeric expressions may be used for numeric value input.

Pressing the (%) key or changing mcdes during execution of the INPUT statement ter-
minates program execution.

.Pressing the (%] key during execution of INPUT leaves program execution.
-Input data can be edited using the =) key, cursor keys, etc.

Character data can be input within the range of character codes 20 through 7E and 80
through FF.

SAMPLE PROGRAM:

10 INPUT "INPUT STRING'" ; S$
20 PRINT 'Ss=""; S§
30 END

Displays string entry.



INKEYS

JRPOSE: Assigns a single character input from the keyboard to a variable.
{AMPLE: AS$ = INKEYS '

{PLANATION:

Returns the character or performs the function corresponding to the key pressed during
execution of this statement. A null string is returned if a key is not pressed.

The following operations are performed when the keys listed below are pressed during
execution of INKEYS.

g :  Terminates program execution.

£ . Suspends program execution.

One-key commands and one-key functions : Return a null string.

The cursor is not displayed during data input stand by, and input characters are not dis-
played. Control codes (00+ ~ 1FK) can be input, but the corresponding operations will not
be performed.

EE: INPUTS
AMPLE PROGRAM:

10 PRINT "PRESS ANY KEY" ;
20 CS$=INKEYS

30 IF C$="" " THEN 20 |
40 CLS: PRINT ""YOU PRESS " ; C$ ; "'KEY"
50 END

Displays character corresponding to key input.
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INPUTS

PURPOSE: Assigns a specified number of characters from the keyboard to a variable.
FORMAT: INPUTS$ (number of characters)

Numeric expression -
EXAMPLE: A% = INPUTS (3)

PARAMETERS: number of characters: Numeric expression truncated to an integer in the
range of 0 = number of characters < 256

EXPLANATION:
1. A string of the length specified by the number of characters is read from the keyboard

buffer. Execution waits for the keyboard input when the buftfer is empty.
2. The following operations are performed when the keys listed below are pressed during

execution of INPUTS.
&0 :  Halls program execution.

One-key commands and one-key functions : Return a null string.

3. The cursor is not displayed during data input stand by, and input characters are not dis-
played. Control codes (&H00 ~ &H1F) can be input, but the corresponding operations will
not be performed.

SEE: INKEYS
SAMPLE PROGRAM:
10 PRINT “ENTER SECRET CODE" ;
20 IDS=INPUTS (4)

30 IFIDS< > "9876'° THEN 10
40 PRINT:PRINT “OK"’ .

Checks for validity of input secret code 9876.



DIM | ®

PURPOSE: Declares an array.

ORMAT:
DM array name ( subscript maximum value [, subscript maximum value]®)
Numeric expression Numeric expression
|, array name (subscript maximum value |, subscript maximum value}*) ]*
Numeric expression Numeric expression
XAMPLE: DIM A% (10), B$ (10), X (2, 2, 2)

ARAMETERS: 1. array name: Variable name
2. subscript maximum value: Numeric expression truncated to an integer

XPLANATION:

Declares an array of the dimensions determined by the number of subscript maximum
values. The size of the array is determined by each subscript maximum value.

Array elements range from O through the specified subscript maximum value.

All elements of a newly declared array are set to their initial value. For numeric arrays,
the initia! value is 0, while string arrays assigned null strings (length 0).

The size of an array is limited by available memory capacity. Declaration by the DIM state-
ment is subjected to the limitations specified for logica! lines (255 characters).
Declaring identical (same array name, same subscript maximum value) in the same pro-
gram causes second declaration to be disregarded. Declaring two arrays with identical
~ames and different subscript maximum values results in a DD error.

An array variable cannot be used unless they are first declared in a DIM statement.

= ERASE, CLEAR
VIPLE PROGRAM:

10 DIM AS (5)

20 FORI=65TO 70
30 AS (I-65)=CHRS (1)
40 PRINT AS (1-65) ;
50 NEXT |

Respectively assigns A through F to array cells AS(0) through A$(5).
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ERASE

PURPOSE: Erases a specified array.
FORMAT: ERASE [array name [, array name]*]
EXAMPLE: ERASE AS, X

PARAMETERS: array name: Variable name

EXPLANATION:

1. Erases the specified array from memory.

2. An error does not result when the specified array does not exist, and the program pro-
ceeds to the next executable statement.

3. The ERASE statement cannot be used in a FOR~NEXT loop.

4. To declare an array using a name aiready assigned to an existing array, first erase the
existing array with the ERASE statement.

SEE: DIM
SAMPLE PROGRAM:

10
20
30
40

CLEAR
DIM AS (10), BS (10)
ERASE A$
VARLIST

Declares arrays AS and B3%, and then erases array AS.



PEEK

JRPOSE: Returns the value stored at the specified memory address.
JRMAT: PEEK ( address )

Numeric expression
AMPLE: PEEK (&H100)

.RAMETERS: address: Numeric expression truncated to an integer in the range of
— 32769 < address < 65536. Negative addresses are added to 65536
and the contents of the resulting address are returned (i.e. PEEK (- 1)
is identical to PEEK (65535)).

‘PLANATION:
Returns the value stored in memory at the specified address.

The actual address is specified using the DEFSEG statement.

DEFSEG = 2

A = PEEK (&H100)

The above does not directly read the contents of address &H100 (256). Instead, the con-
tents of &H120 (288) are read (16 x 2 + 256 =288).

Further information of segments can be found under DEFSEG.

E: POKE, DEFSEG
\MPLE PROGRAM:
5 DEFSEG=&H0
10 FOR I=&HOCO00 TO &HODOO

20 PRINTHEXS(PEEK (1)) " "
30 NEXTI

Prints memory contents from &HOCO0 to &HODOO in hexadecimal.
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POKE

PURPOSE: Writes data to a specified address.
FORMAT: POKE address |, data
Numeric Numeric
expression expression
EXAMPLE: POKE &H7000, 0

PARAMETERS: 1. address: Numeric expression truncated to an integer in the range of
— 32769 < address < 65536. Negative addresses are added to 65536
and data are written to the resulting address (i.e. POKE - 1, is identi-
cal to POKE 65535, data).

2. data: Numeric expression truncated to an integer in the range of
0 <data<256

EXPLANATION:

1. Writes data to the specified address in memory.

2. Runaway execution may result if the contents of an address outside the user work area
is altered using the POKE statement.

3. The actual address is specified using the DEFSEG statement.

'DEFSEG = 2

POKE &H100, 0
The above does not directly write data to address &H100 (256). instead, 0 is written to

~ address &H120 (288).
(16 x 2+ 256 = 288)
Further information of segments can be found under DEFSEG.

SEE: PEEK, DEFSEG
SAMPLE PROGRAM:

10 DEFSEG=&H0

20 FOR I=&H7000 TO &H7010
30 POKEIL O

40 NEXT |

50 END

Clears (assigns zeros) memory from 70004 to 7010H.



DEFSEG

PURPOSE: Specifies segment base address.
FORMAT: DEFSEG segment address
Numeric expression
ZXAMPLE: DEFSEG =16
SARAMETERS: segment address: Integer within the range of -32768<segment
address < 65536
IXPLANATION:

. Specifies the segment base address for use with the PEEK and POKE commands. The
relationship between the address (offset address) and the segment address within the PEEK
and POKE format is as follows:
actual address = segment address x 16 + offset address

. The initial specification for DEFSEG is 0 whenever power is switched ON, or the P button
or ALL RESET button is pressed.

EE: PEEK, POKE
AMPLE PROGRAM:

10 DEFSEG=&H1000
20 A =PEEK (&HOOFQ)

in this case, the value assigned to A is that contained in address 100F0O~.
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ON ERROR GOTO

PURPOSE: Specifies the line number to which execution branches when an error is
generated.
FORMAT: ON ERROR GOTO branch destination line number

Line number
EXAMPLE: ON ERROR GOTO 1000

PARAMETERS: branch destination line number:
Integer in the range of O <line number < 65535

EXPLANATION:

1. Specifies the line number to which program execution branches when an error is generat-
ed. The program returns to normal operations when a RESUME statement is executed
after the error handling routine (starting at the specified line number) is executed.

2. An error is generated and program execution is halted when the branch destination line
number is 0.

3. An error generated atter execution branches to the specified line number causes an error
message to be displayed and program execution to be halted.

4. An ON ERROR GOTO statement must be followed by a corresponding RESUME state-
ment in the same program area. Branching to another program area using ON ERROR
GOTO generates an error when the RESUME statement in the other program area is ex-
ecuted.

* The operations outlined are limited to BASIC program execution.

SEE: ERR, ERL, RESUME
SAMPLE PROGRAM:

10 ON ERROR GOTO 40

20 % *ERROR* %

30 END

40 PRINT " OOPS! ERROR!!! ** : BEEP 1
50 RESUME 30

Execution of line 40, followed by line 30 if error generated. The program
shown here is only an error subroutine and does nothing by itsell.



RESUME

JRPOSE: Returns from an error handling routine to the main routine.

JRMAT: NEXT

RESUME return line number]

Line number

AMPLE: RESUME NEXT
RESUME 100

.RAMETERS: 1. NEXT _
2. return line number: Integer in the range of 1<line number £65535

PLANATION:

This statement is entered at the end of an error handling routine.

The statement that generated the original error is the default option when the return desti-
nation (NEXT or return line number) is omitted.

Program execution returns to the statement following the statement that generated the
original error when NEXT is specified.

Return line number specifies the line to which program execution is to be resumed.

A RESUME statement without a return destination or a RESUME statement that specifies
:he line in which the original error was generated as the return line number cannot be
~ritten at the beginning of the error handling routine. This would result in an endiess loop
setween the statement in which the error was generated and the error handling routine.
A RESUME statement must always be included in the same program area as the ON
=ZRROR GOTO statement.

E: ERR, ERL, ON ERROR GOTO
MPLE PROGRAM:

10 ON ERROR GOTO 1000
20 INPUT A

30 D=1/A

40 PRINT "1/ ;A °=";D
50 GOTO 20

1000 PRINT "0 IS ILLEGAL"”’
1010 RESUME 20

Calculates reciprocals of input values and returns to line 20 if 2 0 is entered
(resulting in division by 0).
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ERL

PURPOSE: Returns the number of a line in which an error has been generated.
FORMAT: ER = ERL

EXPLANATION:
The vaiue of ERL can only be changed within a program, and the value is cleared when

a program.is executed or when the power of the unit is switched OFF.
SEE: ERR, ON ERROR GOTO
SAMPLE PROGRAM:

10 ON ERROR GOTO 40

20 * *ERROR* %

30 END

40 PRINT "ERROR LINE=""; ERL
50 RESUME 30

Error is generated in line 20 and corresponding error code is displayed

in line 40.
ERR ¢
PURPOSE: Returns the error code which corresponds to a generated error.
FORMAT: PRINT ERR

EXPLANATION:

The value of ERR can only be changed within a program, and the value is cleared when
a program is executed or when the power of the unit is switched ON. See the error message
table on page 397 for details concerning error codes and their corresponding error messages.

SEE: : ON ERROR GOTO, ERL, Error Message Table
SAMPLE PROGRAM:

10 ON ERROR GOTO 40
20 * X ERRORX %

30 END
40 PRINT “"ERROR CODE="" ; ERR
50 RESUME 30

An error is generated in line 20 and the corresponding error code is
displayed in line 40.



JRPOSE:
JRMAT:

XAMPLE:
ARAMETERS:

XPLANATION:

Specifies the angle unit.
ANGLE angle specification

Numeric expression

ANGLE O

angle specification: Numeric expression truncated to an integer in the
range of 0= angle specification<3

. The angle units for the trigonometric function can be specified using the values 0, 1, and 2.

0. DEG (degrees)

1. RAD (radians)
2. GRAD (grads)
. The relationships between the angle units are as follows:

Angle Unit DEG RAD GRAD 90° = —rad = 100 grad
2
© 100

1DEG = ! 180 90
1RAD = 180 i 2

x x

90 w
1GRAD = 00 300 1

3. ANGLE 0 is set whenever NEW ALL is executed.
1. The angle unit can also be specified using the =4 key.

SAMPLE PROGRAMS:

10
20
30
40
50
60

ANGLE 0 'DEGREE
PRINT SIN 30 ;
ANGLE 1 'RADIAN
PRINT SIN (PU/6) ;
ANGLE 2 'GRAD
PRINT SIN (100/3)

Calculates and displays sin 30° in the degree mode, sin % in the radi-
an mode, and sin %0 in the grad mode.

3
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SIN
COS
TAN

PURPOSE: Returns the value of the corresponding trigonometric function value for
the argument.
FORMAT: . SIN (argument)

. Numeric expression
COos {argument)
Numeric expression
TAN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

EXAMPLE: SIN (30), COS (PI/2)

PARAMETERS: argument: Numeric expression (angle)
largument! < 1440 (DEG)
largument| < 8= (RAD)
fargument! < 1600 (GRAD)

EXPLANATION:
Returns the value of the corresponding trigonometric function for the argument.

SIN SINE
COS COSINE
TAN  TANGENT
SEE: ANGLE, ASN, ACS, ATN

SAMPLE PROGRAM:

10 ANGLE O
20 [INPUT ""DEGREE="",D

30 PRINT “SIN(”;D;"")=";SIND
40 PRINT “COS (" :;D;")=";COSD
50 PRINT “TAN(*:D;* )=";TAND

60 GOTO 20

Displays trigonometric function values for input angies.



ASN
ACS
ATN

PURPOSE:

FORMAT:

SAMPLE:
PARAMETERS:

EXPLANATION:

Returns the value of the corresponding inverse trigonometric function for
the argument.
ASN (argument) »
Numeric expression
ACS (argument)
Numeric expression
ATN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

ASN (0.1)

argument: Numeric expression in the range of —1 < argument < 1
(ASN, ACS)

Returns the value of the corresponding inverse trigonometric function for the argument.

ASN ARCSINE

ACS ARCCOSINE

ATN ARCTANGENT

Function values are returned within the following ranges:
-80° < ASN (x) = 80°, 0° = ACS (x)<180°

-90° <ATN (x)<80°

SEE:

ANGLE, SIN, COS, TAN

SAMPLE PROGRAM:

10 ANGLE 1

20 INPUT “INPUT NUMBER (-1 TO 1) ; N
30 PRINTN; “=SIN("; ASN N ; "RAD)"”
40 PRINT N; “=COS (" ; ACS N ; "RAD)"
50 PRINT N; “=TAN (" ; ATN N ; ""RAD)”
60 ANGLE 0 : END

Displays trigonometric angles in radians for each inputin range of —1to 1.
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&

HYP SIN
HYP COS
HYP TAN

PURPOSE: Returns the value of the corresponding hyperbolic function for the
argument. -
FORMAT: HYP SIN (argument)

Numeric expression
HYP COS (argument)
Numeric expression

HYP TAN (argument)
- Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

EXAMPLE: HYP SIN (1.5)

PARAMETERS: argument: Numeric expression
HYP SIN largumenti
HYP COS largumentl|

230.2585092
230.2585082

=
=

EXPLANATION:
Returns the value of the corresponding hyperbolic function for the argument.

HYP SIN (x) : sinh x = (e*—e~*)/2

HYP COS (x) : cosh x = (e*+e~*)/2

HYP TAN (x) : tanh x = (e*—e~*)/(e*+e™")
SEE: HYP ASN, HYP ACS, HYP ATN

SAMPLE PROGRAM:
10 INPUT “INPUT NUMBER (UP TO 230)" ; N
20 PRINT “HSN (" ; N; )= ; HYPSIN N
30 PRINT “HCS (“; N; “)=""; HYPCOS N

40 PRINT “HTN (" ;N; “)=""; HYPTAN N
50 END

Displays the hyperbolic functions for numeric input up to 230.

13 2-



HYP ASN
HYP ACS
HYP ATN

PURPOSE: Returns the value of the corresponding inverse hyperbolic function for the
argument.
FORMAT: HYP ASN (argument)

Numeric expression

HYP ACS (argument)
‘Numeric expression

HYP ATN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

SAMPLE: HYP ASN (10)

PARAMETERS: argument: Numeric expression
- HYP ASN |argument! < 5x10% (5E+99)

HYP ACS 1 = argument < 5x 10% (5E+99)
HYP ATN -1 < argument < 1

EXPLANATION:
Returns the value of the corresponding inverse hyperbolic function for the argument.

HYP ASN (x) : sinh-'x=loge (x++x?+ 1)
HYP ACS (x) : cosh-'x=loge (x+ /x*—- 1)

- _ 1 1+x
HYP ATN (x) : tanh~'x = loge ——
SEE: HYP SIN, HYP COS, HYP TAN

SAMPLE PROGRAM:

10 INPUT “INPUT NUMBER (1 OR GREATER)" ; N
20 PRINT “HAS (" ; N; “)=""; HYPASN N

30 PRINT “HAC (" ; N;*)=""; HYPACS N

40 END

Displays inverse hyperbolic function value for numeric input of 1 or greater.
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EXP

PURPOSE:: Returns the value of the exponential function for the argument.

FORMAT: EXP (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

EXAMPLE: EXP (1)

PARAMETERS: argument: Numeric expression in the range of argument §'230.2585092
EXPLANATION: ‘

Returns the value of the exponential function value for the argument.

EXP (x) = e*

SEE: LOG, LN

SAMPLE PROGRAM:
10 INPUT e~ X (UP TO 230) ; N
20 PRINT “e** :;N; =" ; EXPN
30 END

Displays exponential function value for numeric input up to 230.
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LOG
LN

PURPOSE:
FORMAT:

SAMPLE:
PARAMETERS:

EXPLANATION:

Returns the value of the corresponding logarithm function for the argument.

LOG (argument)
Numeric expression

LN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

LOG (2), LN (3)
argument: Numeric expression

LOG: 0 < argument
LN : 0 < argument

Returns the value of the corresponding logarithm function value for the argument.

LOG: Common logarithm logox, logx
LN : Natural logarithm i0gex, Inx

SAMPLE PROGRAM:

10 INPUT "INPUT NUMBER"-; N

20 PRINT “LOG” ;N; =" ;LOGN
30 PRINT LN ;N; =" ;LNN
40 END )

Displays logarithm function values for numeric input greater than 0.
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SQR

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns the square root of the argument.

SQR (argument)
Numeric expression
* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
SQR (4)
argument: Numeric expression in the range of 0 < argument

Returns the square root of the argument.

SQR (x) : Vx

SAMPLE PROGRAM:

10 FORI=0TO 10

20 PRINT “SQR” ;1; SQR |
30 NEXT |

40 END

Displays square roots of values from 0 through 10.

CUR

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns cube root of argument.

CUR (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

X = CUR(Y)
argument: Numeric expression

Returns the cube root of the argument.

CUR (x) : ¥x

SAMPLE PROGRAM:

10 A=27
20 PRINT A; *’, CUBE ROOT" ; CUR A

30 END

Returns cube root of value assigned to variable A.



ABS

PURPOSE: Returns the absolute value of the argument.

FORMAT: ABS (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is @ numeric value or variable.
SAMPLE: ABS (-1.5)
PARAMETERS: argument: Numeric expression

EXPLANATION:
Returns the absolute value of the argument.

ABS (x) : ix|
SAMPLE PROGRAM:

10 INPUT “INPUT NUMBERS'' ; N ~

20 A=ABS N
30 PRINTN; “ABS ()=";A
40 END

Displays the absolute value of an input value.
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SGN

PURPOSE: Returns a value which corresponds to the sign of the argument.
FORMAT: SGN (argument)
Numeric expression
* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
EXAMPLE: SGN (A)
PARAMETERS: argument: Numeric expression

EXPLANATION:
Returns a value of — 1 when the argument is negative, 0 when the argument equals 0, and
1 when the argument is positive.

Argument (X) SGN (X)
X<0 -1
X=0 0
X>0 ) 1

SAMPLE PROGRAM:
10 INPUT “INPUT NUMBER'' ; N
20 S=SGN N
30 IF S<>0 THEN PRINT “NOT ZERO"’ : END
40 PRINT “"ZERO"’ : END

Uses SGN function to determine whether or not an input value equals 0.

/39



INT

PURPOSE: Returns the largest integer which does not exceed the value of the
argument.
FORMAT: INT (argument)

Numeric expression
* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
SAMPLE: INT (1.3) '
PARAMETERS: argument: Numeric expression

EXPLANATION:
Returns the largest integer which does not exceed the value of the argument.

INT (x) is equivalent to FIX (x) when x is positive, and FIX (x) — 1 when x is negative.
SEE: FIX, FRAC
SAMPLE PROGRAM:

10 FORI1=1TO 10

20 N=RAN# Xx10

30 LPRINT "INT (" ;N;")="";INTN
40 NEXTI

50 END

Converts random values to integers and outputs results to printer.

®

FIX

PURPOSE: Returns the integer part of the argument.

FORMAT: FIX (argument)
Numeric expression
* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

SAMPLE: FIX (—1.5)
PARAMETERS: argument: Numeric expression
EXPLANATION: -
Returns the integer part of the argument.
SEE: INT
SAMPLE PROGRAM:
10 INPUT A
20 PRINT “FIX (" ;A;“)=""; FIXA
30 GOTO 10

Displays the integer part of input values.
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FRAC

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns the fractional part of the argument.
FRAC (argument)
Numeric expression
* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
FRAC (3.14)

argument: Numeric expression

1. Returns the fractional part of the argument.
2. The sign (%) of the value is the same as that for the argument.

SAMPLE PROGRAM:

10 FOR1=1TO 10

20 N=RAN=# *10 :
30 LPRINT “FRAC (" ;N; “")=""; FRACN
40 NEXT |

50 END

Isolates fractiona!l parts of random values and outputs results to printer.

'ROUND

G

PURPOSE:
FORMAT:
EXAMPLE:
PARAMETERS:

EXPLANATION:

Rounds the argument at the specified digit.
ROUND (argument, digit)
ROUND (A, -3) '

1. argument: Numeric expression
2. digit: Numeric expression truncated to an integer in the range of
— 100 < digit< 100

Rounds the argument (to the nearest whole number) at the specified digit.
SAMPLE PROGRAM:
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10 N=RAN# %1000

20 PRINT N

30 INPUT “WHERE” ; R

40 PRINT ROUND (N, R) .
50 END

Displays random value and then rounds value at digit specified by numeric
input.

For example, responding to prompt “WHERE" with input of ~2 when
N=610.5765383 produces result of 610.6.



RAN#

PURPOSE: Returns a random value in the range of 0 to 1.

FORMAT: RAN#  (argument)
Numeric expression
* The parentheses enclosing the aurgument can be omitted when the
argument is a numeric value or variable.

EXAMPLE: RAN # % 10.
PARAMETERS: argument: Numeric expression

EXPLANATION:
Returns a random value in the range of 0 to 1. (0<RAN#(X)<1)
Random numbers are generated from the same table when X=1,
The last random number generated is repeated when X=0.
Random numbers are generated from the random tabie when X=-1.
Random number generation begins with the same value each time a program is execut-
ed. This means that the same series of numbers is generated unless the argument of

RAN# is omitted or is equal to —1.
SAMPLE PROGRAM:

10 R=RAN=# (1) : PRINT R
20 R=RAN# (0): PRINT R

30 R=RAN# (-1): PRINT R
40 GOTO 10

Generates random numbers using each type (positive, negative, zero) of
argument.
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Pl

PURPOSE: Returns the value of =.
FORMAT: P!
EXAMPLE: S=2%Pi%xR

EXPLANATION:

1. Returns the value of .
2. The value of = used for internal calculations is 3.1415926536.
3. The displayed value is rounded off to 10 digits, so the value of = is displayed as

3.141582654.

SAMPLE PROGRAM:

10
20
30
40

INPUT ""RADIUS” ; R

PRINT “CIRCUMFERENCE=""; 2%PI*R
PRINT *"AREA=""; R"2%PI

END

Calculates circumference and area of circle after input of radius.

FACT

PURPOSE: Returns factorial of argument.
FORMAT: FACT {argument)

Numeric expression

EXAMPLE: 2 =FACT (10)
PARAMETER: argument: Integer in the range of O <argument=<69

EXPLANATION:

1. Returns the factorial of the argument.

FACT x : x!

2. A fractiona! value as the argument generates an error.

SAMPLE PROGRAM:

10
20
30

X=5
Y=FACT X
PRINT X ; “1=":;Y

Assigns factorial of the value of variable X to variable 'Y and displays the
result.

192



NPR

PURPOSE: Returns the permutation nPr for the values of n and r.
FORMAT: NPR ( nvalue , r value )
Numeric Numeric
expression expression
SAMPLE: X =NPR (69, 20)

PARAMETERS: ? } Integer in the range of 0=rsn<10"

EXPLANATION:

|
Returns the permutation: nPr = n’

(n-rn)!
/A fractional value as either n or r generates an error.
SAMPLE PROGRAM:
10 N=10:P=5
20 X=NPR (N, R)
30 PRINT X

Calculates 10Ps and displays the result.

NCR

@)

PURPOSE: Returns the combination nCr for the values of n and r.
FORMAT: NCR ( nvalue , r value )
Numeric Numeric
expression expression
SAMPLE: X=NCR (70, 35)
PARAMETERS: ? integer in the range of 0=r=n<10%0
EXPLANATION: nl

Returns the combination: nCr = ——m7m ——
r‘(n-n!

A fractional value as either n or r generates an error.
SAMPLE PROGRAM:
10 N=8:R=4

20 X=NCR (N, R)
30 PRINT X

Calculates sCs and displays the result.
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POL

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Converts rectangular coordinates (x, y) to polar coordinates (r, 6).

POL ( x-coordinate . y-coordinate )
Numeric expression  Numeric expression
POL (3, 2)
x-coordinate :

y-coordinate :} Numeric expression. x|l + Iyl > 0

1. Converts rectangular coordinates (x, y) into polar coordinates (r, 6). The following relation-
al expressions are used at this time:

r=/x2+y?

2. The value of r

cosf = X sinf = S A
B /x2 + y2 / X2 -+ y2

is automatically assigned to variable X, while 6 is automatically assigned

to variable Y.

3. The value of § is given as follows:
—180° <6< 180° (DEG)
—r<f=s7 (RAD)

- 200 grads <6< 200 grads (GRA)
SAMPLE PROGRAM:
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10 A=5:B=3
20 2=POL (A, B)
30 PRINTX:Y

Converts rectangular coordinate point (5, 3) to polar coordinates.



REC

PURPOSE:
F ORMAT:

SAMPLE:
PARAMETERS:

EXPLANATION:

Converts polar coordinates (r, 6) to rectangular coordinates (x, y). The foliowing relational

Converts polar coordinates (r, 6) to rectangular coordinates (x, y).

REC ( distancer angle 6 )
Numeric Numeric
expression expression

REC (10, 15)

distance r: 0=r<10'®

angle 6: —1440° <0 < 1440° (DEG)

-Br<f<Br (RAD)
— 1600 (grads)< 6 < 1600 (grads) (GRA)

expressions are used at this time:
X =r1 cosf, y=r sinf

The value of x is automatically assigned to variable X, while y is automatically assigned

o variable Y.

SAMPLE PROGRAM:

10 A=2:B=30
20 Z=REC (A, B)
30 PRINTX;Y

Converts polar coordinate point (2, 30) to rectangular coordinates.
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CHARACTER FUNCTIONS

CHR$ ©
PURPOSE: Returns a single character which corresponds to the specified character
code.

FORMAT: CHRS ( code )
Numeric expression

EXAMPLE: CHR$ (65)

PARAMETERS: code: Numeric expression truncated to an integer in the range of
0= code<256

EXPLANATION:
Variables can also be used as a parameter, and decimal parts of numeric values are truncated.
A null is returned when a character does not exist for the specified character code.

SEE: ASC

SAMPLE PROGRAM:
10 FOR 1=65 TO 90
20 PRINT CHRS (1) ;
30 NEXT |

Displays characters from 65 through 90 in character code.
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ASC

PURPOSE: Returns the character code corresponding to the character in the first
(leftmost) position of a string.

FORMAT: ASC

( string )
String expression

EXAMPLE: ASC (“A")
PARAMETERS: string: String expression

EXPLANATION:

Returns the character code corresponding to a character. The character code for the first
(leftmost) character only is returned for a string of two or more characters long.
A value of 0 is returned for a null string.

SEE: CHRS$, Character Code Table

SAMPLE PROGRAM:

10
20
30
40
50

Displays first character and corresponding character code for string input.

INPUT “INPUT CHARACTERS" ; AS

BS =LEFTS (AS,1)

C=ASC (AS)

PRINT ""FIRST CHAR="'; BS ; "CODE=""; C
END
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STR$

PURPOSE: Converts the argument (numeric value or numeric expression value) to
a string.
FORMAT: STR$ ( argument )

String expression

EXAMPLE: STR$ (123), STR$ (255+3)
PARAMETERS: argument: Numeric expression

EXPLANATION:

1. Converts decimal values specitied in the argument to strings.
2. Converted positive values include a leading space and converted negative values are

preceded by a minus sign.

SEE: VAL
SAMPLE PROGRAM:

10
20
30
40
50

INPUT “INPUT NUMBERS" ; N

S$ =STRS (N)

Cs = MIDS (SS, 2, 1)

PRINT ““FIRST CHARACTER=""; C§
END

Converts numeric input to a string. Next, the first number of converted
string is displayed as character.



VAL

PURPOSE: Converis a numeric character string to a numeric value.
FORMAT: VAL ( string )
String expression
SAMPLE: A =VAL ('345")

PARAMETERS: string: String expression

EXPLANATION:
Converts a numeric character string to a numeric value.
Numeric characters are converted up to the point in the string that a non-numeric charac-
ter is encountered. All subsequent characters are disregarded from the non-numeric
character onwards. (i.e. when A=VAL (*“123A456"), A=123).
T he value of this function becomes 0 when the length of the string is 0 or when the lead-

ing character is non-numeric.
sEE: STR$
SAMPLE PROGRAM:

10 INPUT ""VALUE1" , AS
20 INPUT ""VALUE2" , BS
30 C$=AS+BS
40 C=VAL (AS)+ VAL (BS)
50 PRINT CS, C

Performs string addition and numeric addition of two input strings.
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VALF

PURPOSE:

FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Performs calculation of numeric expression expressed as string, and
returns the result.

VALF ( string )
~ String expression

VALF (X$)
string:  String expression

1. Performs calculation of numeric expressions which are expressed as strings, and returns

their results.

2. An error is generated when an intermediate or final result of calculation exceeds 10'®,
3. VALF cannot be used within a VALF argument.

SAMPLE PROGRAM:

/50

10 XS="123+456"
20 PRINT VALF (X§)
30 PRINT VALF ("EXP 2")

RUN
579
7.389056099

Executes strings **123 + 456" and 'EXP 2"’ as numeric expressions and
displays results.



A

MIDS

PURPOSE: Returns a substring of a specified length from a specified position within
a string. » '
F ORMAT: MID$  ( string . position [, number of characters })
String expression Numeric expression . Numeric expression
SAMPLE: MIDS (AS, 5, 3)

PARAMETERS: 1. string: String expression
2. position: Numeric expression truncated to an integer in the range of
1 < position < 256
3. number of characters: Numeric expression truncated to an integer in
the range of 0 = number of characters < 256. The default option is from
the specified position to the end of the string when this parameter is
omitted.

EXPLANATION:
Returns a substring of a specified length from a specified position within a string. A substring
from the specified position to the end of the string is returned when the length of the
substring is not specified.
A substring of length 0 (null) is returned when the specified position exceeds the length
of the string.
A substring from the specified position to the end of the string is returned when the speci-
fied number of characters is greater than the number ot characters from the specified
position to the end of the string.

SER: RIGHTS, LEFTS
SAMPLE PROGRAM:

10 AS=""ABCDEFGHIJKLMNOPQRSTUVWXYZ""
20 INPUT 1 TO 26 FROM"' ; B

30 PRINT "1 TO" ;27-B; "TO";

40 INPUTE

50 SS=MIDS (AS, B, E)

60 PRINT S§

70 END

Uses numeric input to produce alphabetic series of a specified number
of characters starting from a specified location.
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RIGHTS | ®

PURPOSE: Returns a substring of a specified length counting from the right of a string.
FORMAT: RIGHT$  ( string , number of characters )

String expression Numeric expression
EXAMPLE: RIGHTS (‘ABCDEF", 3)

PARAMETERS: 1. string: String expression
2. number of characters: Numeric expression truncated to an integer in
the range of 0 =number of characters <256.

EXPLANATION:

1. Returns a substring of a specified length counting from the right of string.

2. The entire string is returned as the substring when the specified number of characters
is greater than the number of characters in the string.

SEE: MIDS, LEFTS -
SAMPLE PROGRAM:

10 AS=‘'ABCDEFGHIJKLMNOPQRSTUVWXYZ"’
20 PRINT AS

30 INPUT 1 TO 26 HOW MANY GET” ; N

40 PRINT RIGHTS (AS, N)

50 END

Uses numeric input to display specified number of characters from end
of alphabetic sequence.

1€2



LEFT$

PJYRPOSE: Returns a substring of a specified length counting from the left of a string.
FORMAT: LEFTS ( string , number of characters )
String expression Numeric expression -
SAMPLE: LEFTS (""ABCDEF", 3)

PARAMETERS: 1. string: String expression
2. number of characters: Numeric expression truncated to an integer in

the range of 0 = number of characters <256.

CAPLANATION:
Returns a substring of a specified length counting from the left of string.
The entire string is returned as the substring when the specified number of characters
15 greater than the number of characters in the string.

SEE: MIDS, RIGHTS
SAMPLE PROGRAM:

10 AS$="ABCDEFGHIJKLMNOPQRSTUVWXYZ"

20 PRINT AS
30 INPUT “’1 TO 26 HOW MANY GET" ; N

40 PRINT LEFTS (AS, N)
50 END

Uses numeric input to display specified number of characters from
beginning of alphabetic sequence.
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LEN

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns a value which represents the number of characters contained in
a string.

LEN ( string )
String expression

LEN.(AS)
string:  String expression

Returns a value which represents the number of character contained in a string, including
characters that don’t appear on the display (character codes from &HO~ &H1F) and spaces.

SAMPLE PROGRAM:

10 INPUT “'INPUT CHARACTERS' ; C$
20 PRINT "LENGTH="'"; LEN (CS)
30 END

Determines the length of an input string.

HEXS

PURPOSE:
FORMAT:

EXAMPLE:

154

PARAMETERS:

EXPLANATION:

Returns a hexadecimal string for a decimal value specified in the argument.

HEX$ ( argument )
Numeric expression
HEXS$ (15)

argument: Numeric expression truncated to an integer in the range of
- 32769 < argument < 65536. Values more than 32767 are converted
by subtracting 65536.

Returns a 4-digit hexadecimal string for a decimal value specified in the argument.

SEE:

&H

SAMPLE PROGRAM:

10 PRINT “DECIMAL" ; TAB (10) ; “'HEX"
20 FOR =0 TO 16

30 PRINT I;

40 PRINT TAB (10) ; HEXS (1) ; : PRINT
50 FOR J=0 TO 250 : NEXT J

60 NEXT I

70 END

Displays the decimal values from 0 through 16 along with their hexadecimal
equivalents.



@\

&H

PURPOSE: Converts the 1 through 4-digit hexadecima! value following &H to a decimal
value.
FORMAT: &H argument
Hexadecimal value
SAMPLE: A = &HAF
PARAMETERS: Ow=argumentsFFFFH
EXPLANATION:

The hexadecimal value is expressed using values 0 through 9, plus characters A through F.
In the manual mode, &H is entered followed by the hexadecimal value. Pressing kg
produces the decimal equivalent,

Example: &H1B7F kg - 7039

The following shows a typical application within a program. Since a numeric variable can-
nat be used following &H, the hexadecimal value is appended to &H as a string and then
converted to a decimal value using the VAL function.

SEE: HEXS
SAMPLE PROGRAM:

10 REM &H SAMPLE

20 INPUT “&H'" ; AS

30 H=VAL ("&H" +AS)

40 PRINT “&H" ; AS; "=""; H
50 GOTO 10

Converts an entered hexadecimal value (4 digits max) to a decimal value.
Program execution is terminated using the g key.
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DEG

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Converts a sexagesimal value to a decimal value.

DEG ( degrees [, minutes [, seconds }]])

Numeric Numeric Numeric
expression expression expression

DEG(1, 30, 10)
Degrees, minutes, seconds: |DEG (degrees, minutes, seconds)! < 10'®

Converts the degrees, minutes, and seconds of sexagesimal values to decimal values

as follow:

DEG (degrees, minutes, seconds) = degrees + minutes/60 + seconds/3600
SAMPLE PROGRAM:

/56

10 INPUT “DEGREES=", A
20 INPUT "MINUTES="", B
30 INPUT ""SECONDS="', C
40 D=DEG (A, B, C)

50 PRINT D

60 END

Converts values entered for degrees, minutes, and seconds into a decimal
value.



DMSS$ o | < @

PURPOSE: Converts a decimal! value to a sexagesimal string.
FORMAT: DMS$ (argument ) '
Numeric expression

EXAMPLE: DMSS (1.52)

PARAMETERS: argument:
Numeric expression in the range of |numeric expression! < 10'®

EXPLANATION:
Converts decima! values to sexagesimal strings.
Minutes and seconds are not displayed when the argument is in the range of numeric
expression = 1x 10° (1E6). In this case, the absolute value of the input value is convert-
ed to a string as it is.

SAMPLE PROGRAM:

10 INPUT “INPUT NUMBER" ; N
20 PRINT =" ; DMS$ (N)
30 END

.

Converts input decimal values to sexagesimal strings.
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" 1/0 COMMANDS
LLIST

PURPOSE: Outputs program contents to the printer.
FORMAT: LLIST [starting line number] [- [ending line number]]
] Line number Line number ]
|1-] |
[ALL]
EXAMPLE: LLIST 50 — 100

PARAMETERS: Both the starting line number and ending line number are within the range
of 1 < line number < 65535. The last line number used by BASIC is speci-
fied when *'."" is used.

1. starting line number: Program line number from which program
content printout is to begin. The default option is the first line of the
program.

2. ending line number:* Program line number at which program content
printout is to end. The default option is the last line of the program.

' 3. Speciftying ALL sequentially outputs all program contents in areas PO

through P9.

EXPLANATION:

1. Outputs program contents to the printer within the specified range.

2. This statement differs from LIST in that output is to the printer without showing program
contents on the display.

3. LLIST cannot be used in the CAL mode.

SAMPLE
EXECUTION: LLIST k2
Outputs contents of current program area to printer.
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LPRINT

PURPOSE: Outputs text to the printer.
FORMAT: LPRINT [output data] | { } [output data ] ]*

TAB (numeric expresion)

Output data: Numeric expression
String expression

SAMPLE: LPRINT A, B

PARAMETERS: output data: Output control function, numeric expression, or string
expression

EXLANATION:

Qutputs data to the printer. When the output data is a control function, the corresponding
operation is performed. Numeric or string expressions as output data result in printout
of the resulting value.
Nameric expression values are printed in decimal, and the print format is the same as
that for the PRINT statement (see PRINT).
ring expression values are output as they are to the printer.
Leluding a comma between output data causes a zone tab 1o be inserted between output
data at output.
ne tabs are set at 14-character intervals (counting from 0, within a range of 255 charac-
-s) following the last carrier return instruction, and zone tab outputs spaces from the
rrent location 10 the next zone tab. Consequently, the printing of the first character of
output data following a comma is performed at the next zone tab.

10 LPRINT

20 FORI=1TO 20 : LPRINT "%’ , : NEXT |
30 LPRINT

40 END

-luding a semicolon between output data causes the output data to be output sequentially.

10 LPRINT

20 FORI=1TO S0

30 LPRINT (" ;15 )’
40 NEXT I

50 LPRINT

60 END

sluding a semicolon at the end of the statement causes the location immediately follow-
; printout of the last output data to be the next printing position.

:luding a comma at the end of an LPRINT statement performs a zone tab following print-
t of the last output data.

carrier return is performed when a semicolon or comma is not included at the end of
: statement. Print positions are counted from 0 through 255, and the count is reset to
vhen it exceeds 255. Zone tabs and the TAB function are performed in accordance with
2 print position count. CR-LF (internal code 0Dn, OAw) is performed at this time.
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9. Actual printing begins when a carrier return/line feed code is sent, and carrier return/lin:
fead is performed automatically when printing reaches the extreme right of the paper

SEE: PRINT
SAMPLE PROGRAM:

10 LPRINT

20 FOR I=1 TO 14 : LPRINT “" %' ; : NEXT |

30 LPRINT
40 END

Outputs a series of 14 asterisks to printer.
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lOPEN

PURP OSE: Declares a file open for use.
FORMAT:

SAMPLE: OPEN “DATA1" FOR OUTPUT AS #1
PARAMETERS: 1. file descriptor: String expression

e . " INPUT ]
OPEN *‘file descriptor [ FOR {OUTPUT] ]AS[#] file pumber .
Numeric expression

2. file number: Numeric expression truncated to an integer in the range
of 1<file number<?2

EXPLANATION:

:ns the file specified by the file descriptor as the specified file number. Subsequent
1t to and output from open files is performed by designating the file numbers.
30: is the default option when the device name is omitted from the file descriptor.
.cifying FOR INPUT makes sequential file input possible.

.citying FOR OUTPUT makes sequential file output possible. A new file is created on
cassetie tape.

following two conditions are specified when either FOR INPUT or FOR OUTPUT is
specified:

;assette tape (CASO: , CAS1:)
irror generated

sommunications circuit (COMO: )
sequential file input/output specified

y one file (# 1) can be open at any given time. Attempting to open two or more files
ilts in an OP error.

:mpting to open a file which is aiready open results in an OP error.

le bufter is automatically retained within the stack area. An OM error is generated
snever the stack area becomes full.

s command can only be executed within a program.

CLOSE

SAMPLE PROGRAMS:

1) 10 OPEN ""CASO : TEST” FOR OUTPUT AS #1
20 PRINT #1, “WRITE TEST”
30 CLOSE

Creates sequential file on cassette tape under filename “TEST"'.

2) 10 OPEN ""CASO : TEST" FOR INPUT AS #1
20 INPUT #1, AS
30 CLOSE

Reads sequential file created in SAMPLE 1.
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CLOSE ®

PURPOSE: Closes files and declares an end to the use of the /O (input/output) butfer.
FORMAT: CLOSE

EXAMPLE: CLOSE

EXPLANATION:

1. Closes a file and clears the file buffer.
2. An error is not generated even if a file is not open when this command is executed.

SEE: OPEN
SAMPLE PROGRAM:

10 OPEN “CASO : TEST" FOR INPUT AS #1
20 INPUT #1, AS : PRINT AS ;

30 IF EOF (1)=0 THEN 20

40 CLOSE

Reads and displays data from sequential file TEST (stored on cassette
tape) until all data have been read.
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PRINT # ©

PURPOSE: Outputs data to a sequential file.

FORMAT: PRINT# file number [, outputdata | {} foutput data ] ]*]
Numeric expression !

TAB
Output data: String expression
Numeric expression

SAMPLE: PRINT #1, AS

PARAMETERS: file number: Numeric expression truncated to an integer in the range
of 1 <file number<2

EXPLANATION:

Sq%uequentially outputs data to the sequential file specified by the file number.
.e contents of the output data are the same as those output to the printer by the LPRINT
itement (see LPRINT, PRINT).
CR-LF (0D, 0AX) is output foliowing the last output data when a semicolon and comma
2 not included.
is statement is valid for sequential files opened for output (FOR OUTPUT), and for com-
Jnication circuit (COMO:) input/output files.

. INPUT #, PRINT, LPRINT
SAMPLE PROGRAMS:

1) 10 OPEN ""CASO : TEST"” FOR OUTPUT AS #1
20 INPUT "DATA="", AS
30 IF AS=" " THEN 60
40 PRINT #1, AS
50 GOTO 20
60 CLOSE : END

Creates sequential file on cassette tape for input of characters from
keyboard.

2) 10 OPEN "CASO : TEST” FOR INPUT AS #1
20 INPUT #1, AS
30 CLOSE

Reads sequential file on cassette tape created in SAMPLE PROGRAM 1.
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INPUT #

PURPOSE: Reads data from a sequential file.

FORMAT: INPUT#  file number , variable name [, variable name]*
Numeric expression

EXAMPLE: INPUT #1, A

PARAMETERS: file number: Numeric expression truncated to an integer in the range
of 1 <file number<2

EXPLANATION:

1. Reads data from the file specified by the file number.

2. Data are input in the same format as data input using the INPUT statement (see INPUT).
Consequently, data are delimited using commas, quotation marks, CR codes (0D+) or CR,
LF codes (ODH, OAw). Internal codes 00+ through 1F+ and 7FH cannot be input, and lead-
ing spaces (spaces preceding that data) are disregarded.

3. This statement is valid for sequential files opened for input (FOR INPUT), and for commu-

nication circuit (COMO:) input/output files.

. Spaces can also be used as delimiters when data are read to numeric variables.

. An ST error is generated when data read exceeds 256 characters. Execution continued

using an ON ERROR statement begins from the 257th character.

SAMPLE PROGRAM:

[

10 OPEN “"CASO : TEST'* FOR INPUT AS %1
20 INPUT #1, AS

30 PRINT AS ;

40 IF EOF (1)=0 THEN 20

50 CLOSE : END

Reads and displays data in a sequential file on cassette tape until no more
data remain. \
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INPUTS A i

PURPOSE: Reads the specified number of characters from a sequential file.

FORMAT: INPUTS ( number of characters , [#] file number)
Numeric expression Numeric expression
EXAMPLE: INPUTS (16, #1)

PARAMETERS: 1. number of characters: Numeric expression truncated to an integer in
the range of 0 <number of characters <256
2. file number: Numeric expression truncated to an integer in the range
of 1 <file number<2
EXPLANATION: .

1. Reads the specified number of characters from a sequential file.
2. All codes (00H ~ FFH) are read as they are.

3. This statement is valid for sequential files opened for input (FOR INPUT), and for commu-

nication circuit (COMO:) input/output files.
SAMPLE PROGRAM:

10 OPEN ""CASO : TEST" FOR INPUT AS #1
20 CHS=INPUTS (5, #1)

30 CLOSE

40 PRINT CH$

Reads and displays first five characters in a sequential file on cassette tape.
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EOF

PURPOSE: Indicates the end of file reading.

FORMAT: EOF

( file number )
Numeric expression

EXAMPLE: IF EOF (1) THEN END

PARAMETERS: file number: Numeric expression truncated to an integer in the range
of 1 =file number<?2

EXPLANATION:

1. Indicates the end of reading for the file specified by the file number. Generally, this function
is assigned a value of 0, but the value becomes — 1 when the last record of a file is read.
2. A value of —~ 1 is returned when the receive buffer (for RS-232C applications) becomes

empty.

3. This statement is valid for sequential files opened for input (FOR INPUT), and for commu-

nications circuit (COMO:) input/output files.
4. Generally, a 0 is returned for sequential files opened for output (FOR OUTPUT).

SAMPLE PROGRAM:

10
20
30
40
S50
60

OPEN '"CASO : TEST"* FOR INPUT AS#1
INPUT #1, AS

PRINT A$

IF EOF (0) THEN 20

CLOSE

END

Reads and displays data in sequential file on cassette tape until no more
data remain.



SAVE, SAVE ALL

PURPOSE: Saves a program to a specified file.
FORMAT: SAVE [ALL] *file descriptor” [, A]

String expression

EXAMPLE: SAVE “DEMO1”
PARAMETERS: 1. ALL: Outputs all programs from PO through P9. Can only be speci-

fied for output to cassette tape.

2. file descriptor: String expression

3., A: Specifies ASCIl format. Binary internal format is the default option
when omitted. Cannot be specified while SAVE ALL is specified.

EXPLANATION:

1.

2

Outputs the currently specified program area contents to the file specified by the file
descriptor.

. Specifying ALL outputs programs from areas PO through P to cassette tape as an ALL file.

3. CASO: is the default option when the device name is omitted from the fie descriptor. When
the entire file descriptor is omitted, the file is output to cassette tape and saved without
a filename.

4. Specifying ', A"’ causes the program to be converted to and saved in ASCII format. This
format uses alphabetic characters such as those which appear when the LIST command
is executed.

5. Data are output as they are in binary format when *, A" is not specified. However, files
are saved in ASCI! format whenever COMO: is specified in the fiie descriptor, regardless
of the *, A" specification.

&. Files for which a password has been registered cannot be saved in ASCIl format.

7. This command causes all open files to be closed and enters command input standby once
the SAVE execution is complete.

8. Tnis command cannot be executed while program execution is halted ("STOP" displayed).

8. This command cannot be executed in the CAL mode.

SEE: LOAD, PASS, LOAD ALL

SAMPLE

EXECUTION: SAVE "'CASO : TEST”

Saves a program on cassette tape under filename TEST.
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LOAD, LOAD ALL

PURPOSE: Reads from a file into memory.
FORMAT: LOAD [ALL]) *file descriptor” [, A)

String expression

EXAMPLE: LOAD ““DEMO1"”
PARAMETERS: 1.ALL: Inputs programs to program areas PO through P9. Can only be

specified for input from cassette tape.

2. file descriptor: String expression

3., A: Specifies ASCII format for cassette tape. Binary format is the
default option when , A is omitted. ASCI! format is the default option
for the communications circuit, whether specified or not.

EXPLANATION:

1.

2.
3.

o))

0 o~

Reads from the file specified by the file descriptor to the currently specified program area.
The format of the file can be either internal or ASCIl format.

CASO: is the default option when the device name is omitted from the file descriptor.
Files already in existence before execution of this command are deleted, and the speci-
fied files are loaded in their place.

. This command closes all open files and the computer waits for command input once load

is complete.

. Passwords and program loading.

Computer Loaded program Result
Password Password LOAD possible when passwords
are identical only
Password No password LOAD possible
No password No password LOAD possible
No password Password LOAD possible (under program
password)

. Specifying ALL reads ALL files (files with attribute A, created using SAVE ALL) from cas-

sette tape into areas PO through PS.

. This command cannot be executed in fhe CAL mode.
. This command cannot be executed while program execution is halted.
. The first file on the cassette tape with an attribute which matches the one specified is

the default option when the entire file descriptor is omitted.
LOAD: first file saved in internal format (attribute B)
LOAD ALL: first file saved in ALL format (attribute A)
LOAD , A: first file saved in ASCIl format (attribute S)

SEE: SAVE

SAMPLE
EXECUTION: LOAD **CASO : TEST”

Reads program under filename TEST from cassette tape.



VERIFY

PURPOSE: Verifies the contents of a file stored on cassette tape.
FORMAT: VERIFY “file descriptor”
String expression
EXAMPLE: VERIFY ‘CASO: DEMO”
PARAMETERS: file descriptor: String expression
EXPLANATION: :

Verifies the contents of a file stored on cassette tape.
_Parity and checksum data included within the file itself are used for checking.
. This command cannot be executed in the CAL mode.
_ This command closes all open files.
. The first program found is checked when the filename is omitted.
This command cannot be executed while program execution is halted ("STOP" displayed).

SEE: SAVE, LOAD

SAMPLE
EXECUTION: VERIFY ""CASO : TEST"”

Confirms whether or not program on cassette tape has been correctly
stored under filename TEST.
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DATA BANK COMMANDS

NEW #

PURPOSE: Ciears DATA BANK data.

EXPLANATION: .

1. Clears all data stored under the DATA BANK function.

2. This command cannot be executed for data protected by a password.

3. This command cannot be executed in the CAL mode, but in the BASIC mode.

SAMPLE
EXECUTION: NEW# fxg

Clears DATA BANK data.

LIST # .

PURPOSE: Displays all DATA BANK data.

EXPLANATION:

1. Displays in record sequence all data stored under the DATA BANK function.

2. The display shows the record number and DATA BANK data.

3. The listing can be halted at any time by pressing £, and resumed by pressing any key
other than g and £2.

. The listing can also be halted at any time by pressing §.

. This command cannot be executed for data protected by a password.

. This command cannot be executed in the CAL mode, but in the BASIC mode.

SEE: LLIST #

SAMPLE
EXECUTION: LIST# g

[ Y

Lists DATA BANK data on display.




LLIST # | ¢

PURPOSE: Outputs all DATA BANK data to printer.
EXPLANATION:

1. Outputs to the printer in record sequence all data stored under the DATA BANK function.

2. The record number and DATA BANK data are both printed.
3. This command cannot be executed for data protected by a password.
4. This command cannot be executed in the CAL mode, but in the BASIC mode.

SEE: LIST=#

SAMPLE
EXECUTION: LLIST# fx¢

Outputs DATA BANK data to printer.

SAVE #

PURPOSE: Outputs DATA BANK data to file specified by file descriptor.
FORMAT: SAVE# | file descriptor ].

String expression
EXAMPLE: SAVE % “CASO : TEST”

PARAMETERS: file descriptor: String expression
EXPLANATION:

1. Outputs DATA BANK data to a file specified by the file descriptor.

2. Data are output in ASCII format. ~

3. CASO: is the default option when the device name is omitted from the file descriptor.

4. When the entire file descriptor is omitted, the file is output to cassette tape and saved
without a filename.

5. This command cannot be executed in the CAL mode, but in the BASIC mode.

6. This command cannot be executed while program execution is halted (“STOP" displayed).

7. This command cannot be executed for data protected by a password.

SEE: LOAD #

SAMPLE
EXECUTION: SAVE # “"CASO : TEL"” {5

Save DATA BANK data to cassette tape under filename TEL.
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LOAD #

PURPOSE: Reads data into DATA BANK area.

FORMAT: LOAD# | { file descriptor ] | [, M] i
String expression ‘

EXAMPLE: LOAD# ““CASO : TEST”

PARAMETERS: 1. file descriptor: String expression
) 2., M: Indicates that current execution is append to existing data.

EXPLANATION:

1. Reads data to the DATA BANK area from the file specified by the file descriptor.

2. The current contents of the DATA BANK area are deleted when **, M" is not specified.
Specifying *', M" indicates that the new data are to be appended to the end of the current
contents of the DATA BANK area.

3. CASO: is the default option when the device name is omitted from the file descriptor.

4. The first file on the cassette tape with an attribute (S) which matches the one specified
is the default option when the entire file descriptor is omitted.

5. This command cannot be executed in the CAL mode, but in the BASIC mode.

SAMPLE
EXECUTION: LOAD# *"CASO : TEL2"" , M ¢

Reads memo data file stored on cassette tape under filename TEL2 and
appends to current DATA BANK area contents.



&

READ #

PURPOSE: Reads data from DATA BANK area.

FORMAT: READ# variable name [, variable name |*

EXAMPLE: READ# AS$, X

PARAMETERS: variable name

EXPLANATION:

1. Sequentially reads data stored in the DATA BANK area and assigns them to variables.
2. Numeric data can only be read into numeric variables, and string data only into string

variables. Mismatching data and variables generates an error.
. Data items can be delimited by commas. :
. A DA error is generated when data are not present to be read.
. The read sequence can be altered using the RESTORE # command.
. Spaces in front of data items are skipped.
. Data included within quotation marks are read as a single string.
. This command cannot be executed in the CAL mode, but in the BASIC mode.

SEE: RESTORE#, WRITE#
SAMPLE PROGRAM:

ONODOO AW

10 RESTORE# ‘"RED*, 0, 50

20 READ# AS

30 PRINT AS N
40 GOTO 10

50 PRINT "NO DATA!"

Searches and displays data items which start with *RED"" within DATA
BANK area. Message ''"NO DATA!" appears when such data items are
not found. -
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RESTORE #

PURPOSE: Searches specific data in the DATA BANK area and changes the read
sequence of DATA BANK data.

FORMAT: “‘object string” 0 line number
RESTORE # [ String expression [[ * {1 10 # program area number ]

EXAMPLE: RESTORE# “SMITH™
PARAMETERS: 1. object string: String expression
2. line number: Numeric expression. Integer within the range of O</line
number < 65536
3. program area number: Numeric expression. Integer within the range
of 0 =program area number<10

EXPLANATION:

1. Searches specific data in the DATA BANK area and sets the DATA BANK area pointer
position. Subsequent executions of the READ # and WRITE # commands are performed
from the new pointer position.

2. The relationship between the parameters and the object string are as follows:

i) RESTORE #
Omitting all parameters sets the DATA BANK area pointer to the beginning of the data
to be read by the next READ # command.

i) RESTORE# ‘“‘object string”
Sets the DATA BANK area pointer to the position of the specified object string. Strings
are delimited by commas, and not by spaces. A DA error is generated when the object
string cannot be found.

iii) RESTORE # “object string”, {?}

0: Same as ii above.
1: The first data of the record (line) that includes object string is read by the following

READ # statement. 0\ i b \
) L o ine number
iv) RESTORE # ‘‘object string” [, { 1] 1, {#program area number |

Execution branches to specified line or program area when the object string is not found.

* Search is conducted from the present pointer position forward to the higher record num-
ber. The following procedure is used to search from the beginning of entire data:

RESTORE# : RESTORE# ‘‘object string”
SAMPLE PROGRAM:

10 RESTORE=# °°YOU", 0, 50
20 READ=# AS

30 PRINT AS

40 GOTO 10

50 PRINT “NO DATA!"

Searches for data beginning with *'YOU", and displays ‘‘NO DATA!" if
not found.



WRITE | e

PURPOSE:  Rewrites and deletes DATA BANK data.

FORMAT: WRITE # DATA BANK data ,[ DATA BANK data
. Expression Expression ]
EXAMPLE; WRITE # “ABCDEF”
PARAMETERS: DATA BANK data: String or numeric expression
EXPLANATION: .
1. Sequentially writes DATA BANK data from the current DATA BANK area pointer (see
RESTORE #).

2. New data are written regardless of whether or not data aiready exist at the pointer location.

3. The entire record (line) is cleared when this command is executed without any DATA BANK
data expressions.

. Multiple data items can be delimited using commas.

. The DATA BANK area pointer stays at the next data item written after execution of this
command. Further data item writing begins from this point unless the pointer position is
changed using RESTORE #.

6. 255 characters per line can be written using this command, and an error is generated

when this limit is exceeded.

7. Numeric expressions written using this command are written using the same format as
_RRINT statement display. Note, however, that the SET statement has no effect here.

8. This command cannot be used to write character codes &H1F or lower.

SAMPLE PROGRAM:

[, .

10 RESTORE#-

20 RESTORE=# "'YOU™, 0, 50
30 WRITE# ""SHE”

40 GOTO 20

50 PRINT “COMPLETE!"

60 END

Changes DATA BANK data beginning with “YOU"' to “'SHE".
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SCIENTIFIC LIBRARY

11-1 LIBRARY EXECUTION

11-1-1 Activating The Library

The library function of the FX-850P provides a total of 116 different utilities divided into a
mathematical library, a statistical library, and physics and scientific library. The two methods
described below can be used to activate the desired library in the CAL mode.

1. Library number + (& key
Activation of the library using this method is achieved by first entering a library number and
then pressing the [ug) key.

Activation of the library utility for solution of a quadratic equation (Library Number 5050).

- 7 (Switch power ON)

5050 g xe T b X +c=0 W(Library number entry)

* The cursor moves to the next line with no further operation when an invalid library number
is entered.

One of the following two operations is performed when the [Gg key is pressed without entry
of a library number. -

- i) Pressing [us immediately after power is switched ON

- l (Switch power ON)

grime?factors (24<Base<1@'0) {Press (=)
ase 7.

This operation activates the prime factor analysis library utility (Library Number 5010).

if) Pressing after execution of a library utility

reak (Press 10 break)

b == (xT.y11.(x2.y2) W(Press@

[ ID)

B
y
X

"o
>

1




WRITE #

PURPOSE: Rewrites and deletes DATA BANK data.
FORMAT: WRITE # DATA BANK data , [ DATA BANK data
_ Expression Expression ]
EXAMPLE; WRITE# "ABCDEF"
PARAMETERS: DATA BANK data: String or numeric expression
EXPLANATION: . ,
1. Sequentially writes DATA BANK data from the current DATA BANK area pointer (see
RESTORE #).

2. New data are written regardless of whether or not data already exist at the pointer location.

3. The entire record (line) is cleared when this command is executed without any DATA BANK
data expressions.

4. Multiple data items can be delimited using commas.

5. The DATA BANK area pointer stays at the next data item written after execution of this
command. Further data item writing begins from this point unless the pointer position is
changed using RESTORE #.

6. 255 characters per line can be written using this command, and an error is generated
when this limit is exceeded.

7. Numeric expressions written using this command are written using the same format as

_RRINT statement display. Note, however, that the SET statement has no effect here.

8. This command cannot be used to write character codes &H1F or lower.

SAMPLE PROGRAM:

10 RESTORE#:

20 RESTORE#% 'YOU™, 0, 50
30 WRITE# ""SHE”

40 GOTO 20

50 PRINT "COMPLETE!"

60 END

Changes DATA BANK data beginning with “'YOU'' to “'SHE™".
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11-1 LIBRARY EXECUTION

11-1-1  Activating The Library

The library function of the FX-850P provides a total of 116 different utilities divided into a
mathematical library, a statistical library, and physics and scientific library. The two methods
described below can be used to activate the desired library in the CAL mode.

1.Library number + & key
Activation of the library using this method is achieved by first entering a library number and
then pressing the key.

Activation of the library utility for solution of a quadratic equation (Library Number 5050).

- I(Switch power ON)

5050

+c=0 (Library number entry)

* The cursor moves to the next line with no further operation when an invalid library number
is entered.

One of the following two operations is performed when the [ug key is pressed without entry
of a llbrary number.

i) Pressing {tg immediately after power is switched ON

- 1(Switch power ON)

Prime factors (24<Base<10'0)
Base 7. (Press (=)

This operation activates the prime factor analysis library utility (Library Number 5010).

i) Pressing (ug) after execution of a library utility

) Break ](Press to break)

»

=ax

: b -= (x1.yl).(x2.y2) (Press @)

+
0 7.




In this case, the previous library utility (here, Library Number 5510; STRAIGHT LINE PASS-

ING THROUGH TWO POINTS) is reactivated.

* In this example, the @ key was pressed immediately following E=. The same result is
produced when manual calculations or a BASIC program is executed following .

2. Selection using the =4 key
Pressing the &8 key produces a display of the library utilities built into the FX-850P. The
following operations can be used to locate a specific utility.

i) (8 and @ keys are used to respectively scroll up and down through the utility list. Holding
either key down results in high speed display change.

(=) displays the first library utiility (memory calculation, Library Number 1000).
(=) displays the last library utility (ratio difference test, Library Number 6772).
= dispiays following library utility contents.

ii) Pressing either B¢ or [G8 when the desired library utility is displayed executes the utility.

EXAMPLE 1

Activation of numerical solution (method of bisection) after power is switched ON.

- J(Switch power ON)
S@10 Prime tactors
Base = 3 x b x € x . .. I
e3feafealeaiealey
N 5080 Numerical solution t(x)}=0 ;
Method ot bisection l(Press&jsumes)
) Wg*rgs?.%‘s{sectéggi'éé;)ﬂb }(Executionusing@)
EXAMPLE 2

Termination of bisection method in EXAMPLE 1 and activation of quadratic equation solution
utility.

= Break (Termination of library
- utility)
SP8@:Numericel solution f(x}=0 Li list display
= Method of bisection (Library kst display)
OO SP5Q:8x2+bx+Cc=0 ](Press@three(imes)
pr ax2+bx+c=0 (Activation of library
£ a= 1 7. utility)

11-1-2 Library Termination
Execution of a library utility can be terminated by pressing the g key.

bx+c=0

X

?

K ](Termina(ion of library
utility)

=t

T+
\
ea

H]
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11-1-3 Library Activation Display

The displays that appear immediately following activation of the library are of two types, and
are referred to throughout this manual as foillows.

1. Initial display
Display immediately following library activation for value input, YES/NO selection, or list
display.

EXAMPLE 1

iImmediately following activation of prime factor analysis fibrary utility (Library Number 5010).

Prime factors (2<Base~101'0)
Base 7.

EXAMPLE 2
immediately following activation of interval estimation library utility (Library Number 6610).

N(w.02) e<u<b g2 known I
input new data (Y/N) %

EXAMPLE 3

Immediately following activation of formula library utility (Library Number 5800).
aé-bée 1)
=(a+b)la-b)

2. Menu display
Display immediately following library activation for process selection.

EXAMPLE 1

Immediately followirg activation of Newton's method library utility (L:brary Number 5080).

Newto method ti{x)=0
1. 11(x ‘. e 2:h.e¢. 100D J

EXAMPLE 2

Immediately following activation of matrix operation library function (Library Number 5100).

Matrix A(E 2 B (2. J
>A D. K. +.-.%. L C.P 7?_

i
-B.




11-1-4 Examples Used in This Manual

The examples shown in this manual are generally presented as being performed immediately
following library activation. When the library is activated, certain values (0 or 1) are stored
for the variables used within the library. Continuously using the library without a break causes
the values which have been entered or calculated to be retained. When inputting data, the
values assigned to variables are displayed as shown in the display illustrated below (actual
display differs according to the library utility being used).

Ratio interval estima-
El% : g Je<p<b tion; Library Number
= 6670 ,

At this time, the B9 key can be pressed without changing the displayed value, or the dis-
played value can be changed before pressing kxg.

11-1-5 Precautions When Using the Library

(D Library executions can be performed in the CAL mode only. T

@ A number of different types of variables are used in library calculations. Using a large
number of variables in various library utilities may cause library execution speed to
decrease. Speed can be increased, in this case, by executing the CLEAR statement before
activating the library function. /t should be noted, however, that the CLEAR statement clears
all variables currently stored in memory.

(3 Activation of the library automatically switches the PRINT mode OFF and executes the
DIM command. This means that a PRINT mode ON specification or DEFM command
executed before the library is activated is canceled.

@ Numeric values used during library executions should have mantissas of 10 digits or fewer.

(& Library variable names consist of single lower case alphabetic characters (a ~ z). Statistical
variable names in the library are preceded by the letter *'s™ (sa ~sz).

® All library utilities are created using the BASIC language.

(?)The @8 symbol is shown on the display during library execution and list display.

® ¢ can be pressed while the previously entered data are displayed during data input to
enter the displayed data again.

test Ho:p=po H:p=po ]
po =0.02 7

Pressing &g here inputs 0.02 as the value for Po.

Execution of certain library utilities automatically switches to the lower case mode or
the RAD angle unit (from DEG) mode. Since pressing the pad key terminates execution
while retaining the lower case or angle unit mode, the mode automatically switched
to should be manually changed as required before execution of another library utility
or caleulation.

e Library utilities automatically switching to lower case mode
5080, 5090, 5200, 5220
e Library utilities automatically switching angle unit to RAD

5080, 5090, 5200, 5220, 5625, 6230, 6240, 6430, 6440, 6450, 6620, 6650, 6660, 6720,
6721, 6722, 6740, 6741, 6742, 6750, 6751, 6752
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MEMORY CALCULATIONS

This function makes it possible to use the cursor keys to perform the four key memory (MC,
MR, M~, M +) operations.

The following list shows the corresponding memory operation that corresponds to each cursor
key.

@ : MC (Memory Clear) Clears data stored in memory

© : MR (Memory Recall) Recalls data stored in memory

& : M-~ (Memory minus) Subtracts from memory

= : M+ (Memory plus) Adds to memory

Both the calculation result and memory contents are simultaneously shown at the bottom
of the display.

(MC[!? MR[ 1] M-T=7 M+~ ]
e ")

16-digit 16-digit
calculation result memory contents

Values can be corrected using the key (1-character delete) or g=3 & (all value clear).

Besides the four basic arithmetic functions, numeric scientific function, logical operation, and
comparison calculations can all be performed. One-key commands, however, cannot be used
for numeric scientific function calculations, and direct function keys <annot be used.

EXAMPLE
=) 3) (@ £ cannot be used to enter sin30°. It mused be entered as (8} ) (N} 3} [@) <.

The formula memory is used for memory calculations. Therefore, it should be noted that contents
of the formula memory are changed when memory calculations are performed.

OPERATION
1000 gC[i] MR[ ) g-[—] M+[ =1

EXAMPLE 1

Perform the calculation: 15+-3+7-6=6
MC[ 1] MR([ 1] M=[~] M+ =1} j
Q )

1513736

MC{ 1] MR[ 1) M=-T-] M+l =] (Formula input)
185/3+7-6_

35 gC[ 1] MR[ 1] g- -7 M+[ -] {Formula execution)




EXAMPLE 2

Perform the following calculations: 120x 1.4=168

1.4x170=238

€3] gct ] MR[ ) g-[-) M=) I(Memory clear)
1.4 5 MC[ 1] MR s ] M~1{~] M+[ =1 |(Storage of 1.4 in

1.4 1.4 memory)

MC[ 1) MA M=-[ -~ M+ - Formuia input
12038 120:;‘4- (4] D] +(-] ]( ula input)

Cl1] MR [ M=-1 - M+ - (Formula execution)

sy 168 ! (-] |

MC( 1) MR [ M=[~) N+ - (Recall of 1.4 from
Bm@170 1.4x170_ ' t=J ]memory)
@ MC[ 1) MR ¢] M-{ -] M+ =] ](Formula execution)

A 238 1.4

EXAMPLE 3
Perdorm the following calculation: 3+ 7+sin30° (angle unit = degree)

MC MRI[ ¢) M-[-] M+l =) {Memory clear)
© Lo "’ e |
3= MCT 1) MR ¢ M=[-] M+ [ =]  |(Storage of value in

3 3 memory)
7 glC[t] MR ] 7\6[-] M+[=] }(Addtomemory)
swo®  [FE[T BT Wt wCT ey,

) ‘ - caiculation)

Set the mode for the desired angle unit (DEG, RAD, GRA) before activating the library.
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32

MEMORY CALCULATION FLOWCHART

Library menu

Ca!

memory contents display

cu'itonresult &, 2

EEE0E Entry @me GIMR Sm- =SM+
Ouiput of opera- Caiculauon result Output of cursor Subtract caicuia-
101 foliowing clear and output of Memory clear following memory tion resutt from :\ua ;llculll-on
caiculaton result first entry contents memory esyit 10 memory
- T
Formula input
= == ®&me EImA =Ev- M+
Outout of memoary ‘Subtraci result trom A0S resun to
Delete one Forr:\ula Memory cleat conients at current memory aher memory sher ex-
character execyhion Curs0r POSILON executing formula e2uting sarcuaton

/N

YES

Err>~0

Error?

NO

YES

YES

Error display

ll

Key input

J

[\

NO




PRIME FACTOR ANALYSIS

Performs prime factor analysis on an input value base. The input range of entessd value
a is an integer within the range of 2=a<10'". The analysis is performed by first determin-
ing if the value input for a is divisible by 2 or by b, which is assigned sequential odd numbers
(3,5,7...). .

When b is a prime factor, the formula ai= alb 4 is applied and division is repeated until
Vai+1gb. : — -

OPERATION
Prime factlors (2<Base<i1@10)
5010 Base 7. l
EXAMPLE
Perform prime factor analysis for a base of 100.
[Prime factors (2ZBase<i1Q10) J
Base ?_
100 Prime factors (2<Base<1010) I(Baseinpul)
Base ?100_
£ Prime fectors {2ZBase<1@10) J(Calculation)
1@ = . . . . .
Prime factors (2{Bease<1@10) I(Resultdisplay)
1086 = 222 x §5~2
Exe Prime fsctors (eccBase<i1@'¢c) J(Returntoinitialdisplay)
Base 7.

Here, the result of the prime factor analysis is 100 =2?x 5.
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GREATEST COMMON MEASURE/
LEAST COMMON MULTIPLE

Determines the greatest common measure (GCM) and least common multiple (LCM) for two
entered integers (a, b), within the range of 1=a< 10", 1 =b<10". The GCM and LCM are
determined using the Euclidean method.

OPERATION '
G.C.M. B L.C.M. (1<s.b<1@'0)
5020@  [G.5i"
EXAMPLE
Determine the GCM and LCM when a=5 and b=2.
G.C.M. B L.C.M. (léa.bdew)» l
a= 1 ?_
.5 kg tbs C1M? B L.C.M. (1Zs.b<1@'0) (Value a input)
.C. M. = 1} {(Vaiue b input)
2&9 L.C.M.= 10 ]
s CSM? & L.C M. (18 .D<1@210) ](Returntoinilialdisplay)
lS -

SIMULTANEOUS EQUATIONS
(GAUSS-JORDAN ELIMINATION)

Solves for x1 ~ x~ in the following n simultaneous equations (2 = n =7) for input of coefficients
ai~an, bi~bn .- and y1~yn.

ai-xi+bi-x24+¢1+x3+---=y1
az-x2+b2-x2+c2-x34:.-=y2

@n+Xn+bn:Xn+CneXn+---=Yyn

Solutions may not be exact for coefficients with a difference in excess of 1 x 10" due to
internal rounding.

OPERATION
5040 :xl;b;2+cx3+---=y (24nse7)

Pressing {3 fag during coefficient input returns to the previous coefficient entry.

Pressing () or gxg during display of a solution scrolis to the following solution, while () scrolls
1o the previous solution.

The message *'not found" appears on the display when a solution cannot be found.



Solve the foliowing simultaneous cubic equations for x1, x2, and xa.

2x1+ 3x2—-x3=15
Ix1—-2x2+2x3=4

(input 3 to specify cubic
equations)

(input coefficients for
first equation)

J(tnpm coetficients)

{Input coefficients for
second equation)

J(lnput coefficients for
third equation)

}(Display value for xi)

](D}splay value for x2)

(Display value for xa)
J

5x14+ 3x2-4x3=9
2x1+DXe+CX3+- - -5Y ]
n= 2 7o
3 BX1+DX2+CX3FYy
Ed {;:ax QD 7
2 ax1+bx2+Cx3=Yy
e 1:b= @ "7
axl+bx2+cx3=y
3@ e O 7
- axl+bx2+cx3=Yy
1639 1.y= B 7.
exl+bx2+4Ccx3=y
15 & 2.8 0 - l
3Eg-2Ed2k84 kg
axl+bx2+cx3=Yy
3:8a= B 7.
5603 E0-4 689 68
BXl+bx2+cx3=y
x) = .. ...
axl+bx2+cx3=Y
xl = 2
axl+bx2+cx3=y
ED x2 = 5
gaxl+bx2+Ccx3=y
e x3 = 4
axl+bx2+Ccx3+-- - =Y
Z 13213°32

J(Return to initial display}

Here, the solutions of the simultaneous equations are x1=2, x2=5, x3=4.
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SIMULTANEOUS EQUATION FLOWCHART

‘ Library start ’

e
Number of
variables input

/ -

//

Coefficient input

Solution display *

(n)

&= & returns to

preceding coefficient

1

H]

Set previous
solution

Set nex! solution

Set next solution

Solutions NO
remain?

YES




QUADRATIC EQUATION

Determines the solution for a and 8 when coefficients a, b, and ¢ are input for the quadratic
equation ax’+bx+c=0.
Root equations are used to determine the solutnon

. -b+ Vb?-4ac
Root equation: x=
2a
When d = b?-4ac: ’ - -
i) When d>0, two real roots («, B) are present: a= —b+vd , B= —b-vd
2a 2a
ii) When d=0, one real root (o) is present: a= —;—: (multiple root)
iii) When d<0, two imaginary roots (a, 8) are present:
womb ,VEE ., L =b V=3,
2a 2a 2a 2a
OPERATION
5050 Txeybgiese ]
EXAMPLE
Determine the solution of the following quadratic equation:
2x?-5x+3=0
[ : xz ; ) ;+ c=0 - I
2 et [ g xe ; b $+ c=0 J(Coefﬁcient a input)
-5 gxg [ 8 xe ab Z;+ c=0 ](Coeﬁncient b input)
c= -
3 & [ 2x2+4Dx4C=0 I(Coeﬂicient ¢ input)
8 (x-— 1a ) é x-f)=0 |(Solution o display)
a = .
£ g (x- 'T J(x=-£)=0 (Solution 8 dispiay)
) ex2+bx+c=0 '(Return to initial display)
s= 2 7.

Here, the solutions of 2x*~5x+3=0 are «=1.5, =1.
SOLUTION DISPLAY

Pressing &g or (3] scrolls from display of « to 8 (only « displayed for multiple root). Pressing
(@) while 8 is displayed returns to the display of a.
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CUBIC EQUATIONS

Determines the solution for o, 8 and Y when coefficients a, b, ¢, and d are input for the cubic
equation ax*+ bx? 4+ cx+d=0.

Root equations are used to determine the solution.

Transformation to y* + 3py + q=0 can be performed

c_. P 20  be

b b . .
when x=y-==, p=7= ~9a2’ 9= 55~ 3 + 5 are substituted in ax®+bx*+cx=0.

Here, substituting A= 3/—9—"‘2—‘/-6— ,B= 3/3—-é£ , €=0q%+ 4p° results in the foliowing:

i) When ¢>0, one real root (), and two imaginary roots (8, ) are present:

a=-(A+B).5——Ai2'-B- M3 (A-B)i, 4= A'Z;B—L(A B)i

ii) When ¢c=0, p=0, one real root («) is present: a=-(A+B)

iii) When ¢=0, px=0, two real roots («, ) are present:
A+B
2

a=-(A+B), B= (multiple roots)
iv) When c<0, three real roots (a, 8, 7) are present:

a=-2V-pcosh, B= ~2V—-pcos (§ + 120°),

v=—2V-pcos (6 +240°) f=—cos'—3
- 3 2V - p3
OPERATION
ex3+bx2+cx+0=0
5060 s
EXAMPLE
Determine the solution of the following cubic equation:
2x°+x?*~13x+6=0
ax3+bx2+cx+d=0
8= 1 %
2 g gx330;2+cx+d-0 (Coeflicient a input)
1 & ax3sbx2+cx+u=z ](Coeﬂicientbinput)
c= - .
-13 &g sxasbxeﬂ:x-rd:e ](Coeﬂicientcinput)
6 =2 8x34bX2+CX+0=0 (Coefficient d input)
a(x-s)(x-ﬁ)(x-)’)=0 (Solution o display)
g ==
B 8(x-a)(x=-B)(x-r)=0 (Solution 8 display)
8 = 2




kg a({x~a)(x=8)(x-r)=0 (Solution ¥ display)
y = 2.5

I ax3+bXE+CcX+d=0 (Return to initial display)
a=s 2 7.

Here, the solutions of 2x*+x*—13x+6=0are a=-3, 8=2, 7=0.5.

SOLUTION DISPLAY

Pressing kg or [T) displays a, B and 7 in sequence. Pressing {(§) while g or 7 is displayed
returns to the display of @ or 8. Only a or a and g are displayed in the case of multiple roots.

CUBIC EQUATION FLOWCHART

Library stan

y

Cubic equation

coefficient input

Numm

multiple roots
=2 None
)
a display o display « display
&= ; £, ) } &3, [
8 display 8 display
&=, ()
v display
®
£ (T}
9
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NUMERIC SOLUTION OF AN EQUATION
(NEWTON'S METHOD)

Determines the solution of the function y = f(x) graphed below for {(x) = 0, using Newton’s
Method.

y y=f(x)

(Angle unit = radians)

The following parameters are specified in order to determine the numeric solution using
Newton’s Method.

xo :- Initial value

h :  Minute interval for x-axis when performing numerical differentiation at point (x, (x))
, f(x + h) —f(x)
f'(x) = ——————

€ :  Solution convergence (¢> Ixns 1—xnl : continuously caiculate and return value of

¢ as long as inequality is true)
loop : Maximum number of convergences (positive integer)

* The following arithmetic operators and functions can be applied here:
+, =, %,/, ~, SIN, COS, TAN, ASN, ACS, ATN, LOG, LN, EXP, SQR, HYP

* The variable name for the function {(x) must be represented by x.

* The value input for e must be 1E - 90 or more. Since internal calculations are performed
in 12 digits, smaller values have little meaning.

OPERATION
N t ) h 1 =
5080 15?(3?.i°met °d 2:!51).(3.?000

The menu display illustrated above appears when the library is activated. Either 1 or 2 should
be selected in accordance with the type of processing to be performed.

1 : Function {(x) specification/initial value input
2 : Input of minute interval, convergence condition, and maximum number of convergences




Determine the f(x) = 0 solution of the following equation for f(x) = 2x* + 3x*—x -5, where the
minute interval is 0.00001, the convergence condition is 0.0001, and the maximum number

of convergences i3 30.

Y f=2r34312-1-5
5
4
13
2
1
-4-3-2-1 1 2 3 4
I
[Newton's method t(x)=0 ]
1 :f({x).x0Q 2:h.e.loop
2 f (x)=(ti{x+h)}=-t{(x))/h (h>Q) (Parameter input
h= 2.0000%1 7?_ selection)
0.00001 k¢ Err Xn+1-Xn . <e¢ (e>50) rMmmemwwmnmm)
e= 0.00000071 7_
0.0001 kx ™ax 1oop YD) ' (Convergence condi-
- {n: 20 7_ tion input)
30 ef Newton s method f(x)=0 (Maximum number of
1:ft(x).xQ 2:h.¢.lpop convergences input)
1 Define function (Function/initial value
fi{x) ?_ linput selection)
2%x"3+3%x"2-x-5 g
[f(X) = 2xx~3+3xx"2-x-5 I(Funclioninpu()
x@= @ -
1 £t f{x) = 2zx"~3+3xx%2-x-5 J(lnitialvalueinput)
T(x) = 2xx~3+3xx~2-x-5 lﬁdmmnmwhw
x = 1.08B48
= Newton's method ft{(x)=0 (Return to initial
1:t(x).x0 2:h.e.io0D display)

This display indicates that the solution for the example equation is 1.0849.

The message "‘not found” is displayed when a solution cannot be found.

[t(x) =
not fo

x~2+1
und

Pressing &1 at this time returns the display to point at which calculation was discontinued.
Pressing Eg again returns to menu for numeric solution of an equation (certain calcualtions
may not initially display discontinued point display).

ff(x) =
lopop =

x~2+1
20 Xn =

1.070479458




182

NUMERIC SULOTION OF AN EQUATION
(BISECTION METHOD)

500

By SEG Yo~

Determines the solution of the function y = f(x) graphed below for f(x) = 0, using the bisection
method. '

5 (Angle unit = radians)

The foliowing parameters are specified in order to determine the numeric solution using the
bisection method.

xo, x1 : Initial value

€ . Solution convergence (¢> I xn+1—Xnl : continuously calculate and return value of
¢ as long as inequality is true)

loop : Maximum number of convergences (positive integer)

* The following arithmetic operators and functions can be applied here:
+, —, %,/, ~, SIN, COS, TAN, ASN, ACS, ATN, LOG, LN, EXP, SQR, HYP
* The variable name for the function f(x) must be represented by x.

* The value input for ¢ must be 1E~90 or more. Since internal calculations are performed
in 12 digits, smaller values have little meaning.

OPERATION

Method of bisectlon t{x)=0Q
5090 1:t(x).x@.x1 2.:.¢.l1000D

The menu display illustrated above appears when the library is activated. Either 1 or 2 should
be selected in accordance with the type of processing to be performed.

1 : Function f(x) specification/initial value input

2 : Input of convergence conditin and maximum number of convergences



Determine the #(x)=0 solution of the following equation for (x) = 2x*~ x?~ 8x - 11, where the
ennvergence condition is 0.0001, the maximum number of convergences is 40, and initial
wvalues are xo= -5, x1=5.

Metr(\o? oé b{sectlon If(x)=e ]

1:1{x).x0.x ce.lo0p

2 [Ei'o odbbbor” 7 Gy
&= . . i

0.0001 £xg Mea x 3 é ) g P (n>Q) Jsgzni\:‘eprggnce condi-
ne _

40 g Method of blisection f(x)=@ (Maximum number of

) 1:1({x).x@.x1 2.¢c.lp00D convergence input)

1 Define function (Function/initial value
t(x) 7?_ input selection)

2%x*3-x"2-8%xx~-11 g
1éx)°=?28x"3—x*2—82x-]1 (Function input)
xQ= -

-5 f9 g}(,,eg?g,x,\a_“a-au_” (Initiat value xo input)
x1= -

5 kg T(x) = 2Ex 3-x E-Bzx-11 (initial value x: input)
X = . .. ..
[f(x)a=7$;¥A3_‘AE_8xx-]] I@mmmnmwmw
X = .

g Method of Disection f{x)=0 l(Re‘”""°i"i“a'di59'3Y)
1:¢(x).x@.x1 2. ¢.lo0p

This display indicates that the solution for the example equation is 2.7171.

The message ‘‘not found” is displayed when a solution cannot be found.

tix) = x~2+1 J
not found
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MATRIX OPERATIONS

Matrix operations make it possible to perform addition, subtraction, multiplication, scalar
product, determinant, inverse matrix, and transposed matrix calculations.

OPERATION
M I A . B .
5100 g SAlE B 1T oKo4.- 3 M L.Cc.P 7

The following process can be selected from the menu display illustrated above.

Definition of MATRIX A and data input

Definition of MATRIX B and data input

Determinant of MATRIX A (det A)

Inverse matrix of MATRIX A and assignment of result to MATRIX A (A-'—A)
Transposed matrix of MATRIX A and assignment of result to MATRIX A (A'—A)
Scalar product of MATRIX A and assignment of result to MATRIX A (kA—A)
Addition of MATRIX A and MATRIX B and assignment of result to MATRIX A (A + B—A)
Subtraction of MATRIX A and MATRIX B and assignment of result to MATRIX A
(A-B—A)

Multiplication of MATRIX A and MATRIX B and assignment of result to MATRIX A
(A-B—A)

Assignment of MATRIX A contents to MEMORY MATRIX M (A—M)

Assignment of MEMORY MATRIX M contents to MATRIX A (M—A)

Exchange of MATRIX A and MATRIX B contents (A-B)

Display of MATRIX A contents

Help dispiay

|l + X4~-~0wm>

WO %

MATRIX SET UP
Select either (&) (MATRIX A) or (B) (MATRIX B) from the menu display for matrix set up.

EXAMPLE 1

Set up the 3-row by 4-column matrix shown to the right.
Column (n)

T
NOW

: 1 4
Row (m) | |2 -1
3 3

. .

[
[+, B
Zllox
>
r
n
+
1 M
™
zn
;-v

0

o

~

1
L

= A(2.2) (MATRIX A specifi-
cation)

I(Row input)

A
3 g
4 g

>

—{[»3]|~3
- -
"
»
w
o

RIERIIER I INES
"
(&)

-

](Cotumn input)

* A 2-row by 2-column [ ‘matrix is automatically set up when this library is activated.

[« N e
oo
—



Now enter the elements in the sequence shown in .

he illustration to the right (D ~@). C}) (% C% é
4 2 1 0 -1
® ® @
3 1 -2 -3
| ® © ® )
a(1.1)=0
1 g a-n .2) = @ (Matrix element entries)
P
) &5 g (1.37 =@

The unit returns to the menu display once input of all of the elements is complete. At this
point, it is advisable to review the values to confirm that input was performed correctly.

A Alm.n) = A(3.4) IMATRIX A specifi-
m ?P. jcation)

Exg Alm.n) = A(3.4] (Press =2 after confir-
n_ 7. mation)
e(l1.1) = 1}

£xg [?- J

EXE ell1.2) = O J
Pe
8({3.3) =-2

Exg 2l '
a(3.4) =-3

Exg 2l _ ]

x5 Matrix A(3.4):B(2.2]) (Return to initial
>A.B.D.I.T.K.+.-.x. M.L.C.P 7?_ display)

CORRECTION

Errors discovered before the k€ key is pressed can be corrected by simply entering the correct
value and then pressing &€. After £t is pressed, press = &€ to return to the previous value
display and then make necessary corrections.

* The P command can also be used to view matrix contents.

Matrix addition/subtraction/multiplication

EXAMPLE 2

11 2 3
. B=
212 )

Perform A+ B, A-B, A-B, and B-A for the two following matrices.

A

Perform the following operation from the menu display.

Matrix A(2a.2):B(2.2)
>A.B.O. 1. T K. +.-.3.M.L.C.P 7.
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(MATRIX A specifi-
cation}

{2-row/2-column
specification)

{Element input)

(MATRIX B specifi-
cation)

(2-row/2-column~
specification) .

(Element input)-. .

(Transfer of MATRIX
A 10 MATRIX M)

A Alm.n)] = A(2.2])
m P
269263 a(1.1] = ©
18126916
Matrix A(2.2):B(2.2)
A.B.D.| . T.X.+.-.x. M.L.C.P 7_
B Bim.n) = B(2.2)
m?.
2 &2 2 fxg g(l.l) = 0
2893 Ed2Ed1 kg
Matrix Al2.2): BEE)
. AB.D.!I . T.K.+ .-.x.M LC.P 7.
M Memory A - M(E 2)
>SA.B.D.1.T.K. -.x.M.L.C.P 7
Matrlx Ate.a) B(a 2)
>A.B. LT K.+ .L.C.P 7.

The results of most matrix operations are stored in MATRIX A, deleting any contents currently
stored in MATRIX A. Therefore, it is advisable to first transfer the contents from MATRIX
A to MATRIX M so they can be recalled if later required before performing a matrix operation.

Once matrix set up is complete, proceed with the following calculations.

(Addition specification)

(Result display)

(Press fxg after confir-
mation)

I (Return 1o initial display)

{Transfer of MATRIX M
elements to MATRIX A)

|(Subtraction specifi-
: cation)

l (Result display) -

(Press g5 after confir-
mation)

eA+B

+ A+B - Al2.2)
[>A.B.D. I .T.K.+.-.z.M.L.C.P ?
8l(l1.1) = 3
SA.B.D.Il . T.K.+.-.2. M.L.C.P ?
al(l.2) = 4

&g >SA.B.D.I . T.X.+.-.x.M.L.C.P ?

Exq ale.1] = 4
>A.B.D.I . T.K.+.-.x. M.L.C.P ?_
ele.2l = @

e >ALB.D.I.T.K.+.-.x.M.L.C.P ?_ 1

' Matrix Atg.2):B{e.2)
>A.B.D.{ . T.K.+.-.x.M.L.C.P 7.

Here, the result of A+ B is 3 4 .

4 2

e A-B

L Load A - M(2.2)
>A.B.D.I . T.K.+.-.x.M.L.C.P 7
Matrix Alg.2):Bleg.2) |
>A.B.D.1 . T.X.+.-.x.M.L.C.P 7_

= A-B - Al2.2)
>A.B.D.1 . T.K.+.-.x. M. L.C.P 7
all. 1) ==1
>A.B.D.I . T. K. +.-.x . M.L.C.P ?
all.2) ==-2

& >A.B.D.1 . T.X.+.-.x.M.L.C.P ?
s{2.1) = @

@ >A.B.D.I . T.K.+.-.2x. M. L.C.P 7
a(e.2) = ©

@ >A.B.D.I . T.XK.+.-. 2. M.L.C.P 7




@ Metrix Afe.2):Ble.2) (Return to initia! display)
’ SA.B.D.1.T.K.+.-. . M.L.C.P ?_
. -1 -2
Here, the result of A-B is { J .
0 0
.‘A-B
L Losd A - Ml(2.2) J
>A.B.D./.T.X.+.-.2.M.L.C.P ?
N5 P B R R oe o |
.B.D.{.T.K.+.-.x.M.L.C.P ?_
kK AxB - Al2.2) (Muttiplication specifi-
>A.B.D.}.T.X.4+.-.2. M.L.C.P % cation)
’A(\‘éll:)) T # K+ M. L.C.P @ J(Resundisplay)
>A.B.D.I.T.K.+.-.2.M.L.C,
3T 8(1.2) = 4 (Press E3 atter confir-
>A.B.D.I . T.K.4+4.-.2.M.L.C.P 7 mation)
alg.l) = B
xd L>A.B.D.I.T.K.+.- x.M.L.C.P ? l
Es §A2é2573x+ M.L.C.P ? l
.B.D.I.T.K. -.2.M.L.C.
Exg Matrix A({2.2):Ble.2) I(Relurntoinitimdisplay)
>A.B.D.1 . T.K.+.-.2. M.L.C.P -
. 4 4
Here, the result of A* B is .
6 7
«B-A
L TR N S M.L.C.P ? J
1>A.B.D.1.T.K.+.-. 2. M.L.C.
LMatrix Ale.2).Bla.2) (Transfer of MATRIX M
>A.B.D. . +.-. 2. M.L.C.P 7_ elements to MATRIX A}
c Change Al2.2) -=- Ble.2) (Exchange of MATRIX
>SA.B.D. T.K.+.-.2.M.L.C.P 7 A and MATRIX B
R T
>SA.B.D.I . T.K.+.-.2.M.L.C.P 7_
AzB - Al(2.2) (Muttiplication specifi-
%* >A.B.D.V.T. ~-. 2. M.L.C.P 7 cation)
aA]é1E)) =| $ K+ MoL.C.P 2 J(Result display)
>A.B.D.1.T.XK.+.-.2.M.L.C.
a(l1.2) = 5§ | (Press &= after confir-
B SA.B°0.1.T.K.+.-.x.M.L.C.P % |mation)
ele.l) = 4
£ >A.8.D.1.T.K.+.-.2.M.L.C.P_7?_
a(e.2) = 3
fxg {>A.B.D.}.T.K.+.-.2.M.L.C.P 7?_ J
Matrix Alfe.2):Bl2.2) (Return to initial display)
7T N R T | 4

Here, the result of B- A is [3 5 ]

w
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EXAMPLE 3

Calculate the determinant for the following matrix.

2

1

1 1 0
1 + 12 -3
0] o]

1
0
2

First perform the multiplication in the first term by setting up the following matrices and then

executing A- B.

(MATRIX A set up)

(Element input)

(MATRIX B set up)

(Element input)

(A- B calculation)

W(Result display)

(MATRIX B set up)

(Element input)

(Press g after confir-
mation)

2 1 .
A= |0 -1, B= g ";1
1 3
Matrix Ale.2).Bl(2.2
SA.B.D.I.T.K.+.-.x. M.L.C.P ?_
A3 8 2 fxg gn.n = ©
2pd 150 B9 -1 651 g 3 g
Matrix Al(3.2) . Bl2.2
>SA.B.0.1.T.K.+.-.x. M.L.C.P 7_
B2 kg 3 g gn.l) = Q
SEE -1 1690g2 (g1 fxg
Matrix A(3.2):B(e2.3
>SA.B.D.I.T.K.+.-.x.M.L.C.P ?_
% AxzB - A (3.3)
>SA.B.D.1.T.K.t.-.x. M. L.C.P 7
2(1.1) = 6
>A.B.D.I.T.K.+.-. . M.L.C.P 7
Next perform calculation for second term.
B3 gy 3 e 3(1.1) = 0
1e 0128 ~365 0 £8 0 e 0 fxg 2 x5
Matrix A(3.3):B(3.3
SA.B.D.1.T.K.+.~.x . M.L.C.P ?_
+ A+B - A (3.3)
>A.B.D.I . T.K.+.-.x. M. L.C.P 7
a(1.1) = 7
>SA.B.D.I.T.K.+.-.2. M.L.C.P ?
30} Bll1.2] = @
>A.B.D.Il . T.K.+.-.2.M.L.C.P 7
75 8(1.3)] = 4 -
>A.B.D.I.T.XK.+.-.x.M.L.C.P ?
135 ale.1) = @2
>A.B.D.I . T.K.+.-.2 . M.L.C.P ?
2} 8l2.2) =-5
>SA.B.D.{.T.K.+.-.2.M.L.C.P ?
€] al2.3) =-1
e >A.B.D.I . T.K.+.-.x.M.L.C.P 7 J




2(3.1) = 3
= >AB.D.1.T.K.+.-.s.M.L.C.P 7
5] 2l3.21 = 5
>SA.B.D.I.T.K.+.-.x.M.L.C.P ?
(3.81 = B
e gA.B.D.I.T.K.+.-xML.C.P? 1
Eg Matrix A(3.31:B(3.3) I(Retumloinitialdisplay)
SA.B.D.1.T.K.+.-.x.M.L.C.P 7.
Here, the result of the calculation is
2 1 1 o 1 7 0
3 -1 1
0-1021+2-—30=2—5—1
1 3 0 0 2 3 5

Determinant, inverse matrix, and transposed matrix

EXAMPLE 4

Determine the determinant, inverse matrix and transposed matrix for the following
3-column/3-row matrix.

2 0 O°

3 1 2

4 2 3

[Matrlx Al2.2):Bl2.2)
SA.B.D.I . T.K.+.-.x . M.L.C.P 7?_
[ al{l. 1l = 0 (MATRIX A set up
A3 B¢ 3 kxg gt j )
2fw 065 0BE 3 kg 1 ke 2 x5 4 fx5 2 g 3 fg
Matricx A(S.S).B(E.E) (Element input)
SA.B.D.I.T.K . .M.L.C.P 7?_

M Memory A - M(:a 3) —)(Transfer of MATRIX A
>A.B.D.I . T.K.+.-.x.M.L.C.P ? 'to MEMORY MATRIX
Metrix AI3 3)822) ]M)
SA.B.D. -.2.M.L.C.P 7.

* Determinant (det A)

D Determinant A = .. ... (Determinant)
>A.B.D. I . T.K.+.-,. 2. M.L.C.P 7
Determinant A =-2 ](Resultdisplay)
>SA.B.D. I . T.K.+.-.x. M.L.C.P 7

By Matrix A(B 31:gle.2a) (Return to menu
>SA.B.D.I.T.K.+.-.2.M.L.C.P 7?_ dispiay)

Here, the determinant of MATRIX A is —2.

* Inverse matrix (A~")

| Inverse A - A (Inverse matrix)
>A.B.D.I . T.XK.+.-.x. M.L.C.P ?
sfl1.1) = 8.5 (\nverse matrix display)
>A.B.D.|.T.K.+.-.x. M.L.C.P ?
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£9 8(1.2) = © (Press k) after confir-
>A.B.D.I . T.X.+.-.x.M.L.C.P ? mation)
3T 2(1.3) = @
>A.B'D.|.T.K.+.-.2.M.L.C.P ? )
£ g(2.1] = 0.5
>A.B.D.1.T.K.+.-.x . M.L.C.P 7
g 8l(2.2) =-3 I
>A.B.D./.T.K.+.-.2. M.L.C.P ?
27 8l2.3] = & ‘
>SA.B.D.I . T.K.+.-.x. M.L.C.P 7
fxg B(3.1) =-1 l
>A.B.D.! . T.K.+.-.2.M.L.C.P ?
k) 8(3.2) = 2
SA.B.D.1 . T.X.+.-.2. M.L.C.P 7
kg 8(3.3) =-1
>A.B.D.I|.T.K.+.-.2.M.L.C.P ?
e Metrix A(3.31.B(2.2) (Return o initial display)
>>A.B.D.I . T.K.+.~.2. M.L.C.P ?7_
0.5 0 0 -
Here, the inverse matrix of MATRIX A(A"")is [0.5 -3 2
-1 2 -1
e Transposed matrix (A')
L Loed A - MN(3.3) (Transfer of MEMORY
SA.B.D.I .T.K.+.-.x.M.L.C.P ? MATRIX M to MATRIX
Matrix Al3.3).B(2.2) A)
>A.B.D .T.K.+.-.x. M.L.C.P ?_
T Transpose A - Al3.3) ](Transmsedmatri)()
>AL.B.D.I . T.K.+.-.x . M.L.C.P ?
al(l1.1) = 2 (Transposed matrix
>A.B.D.I . T.K.+.-.x. M.L.C.P ? display)
(3T e(1.2)1 = 3 (Press &5 after confir-
| >A.B.O.!.T.K.+.-.2.M.L.C.P ? mation)
& 8(1.3] = 4
>A.B.D.I . T.K.+.-.x. M.L.C.P 7
) a(2.1] = @
SA.B.D.V.T.K.4+.-.s.M.L.C.P ?
alte.2) = 1
@ >A.B.D.I . T.K.+.-.x. M.L.C.P 7
75 8(2.3] = 2
>SA.B.D.I.T. XK. +.-.x.M.L.C.P 7
&= 2a(3.1) = @
>A.B.D.I . T.K.+.-.z.M.L.C.P 7
xE 8(3.2) = 2
B >A.B.D.I . T.K.+.-.2.M.L.C.P ? 1
) 2(3.3) = 3 I
>A.B.D.! . T.K.+.-.x.M.L.C.P ?
Matrix At3.3):B(2.2) (Return to initial displa
Ed >SA.B.D.1.T.K.+.~.2.M.L.C.P 7_ ' piay)
2 3 4
Here, the transposed matrix for MATRIX A (A')is | O 1 2
0 2 3



Scalar product

XAMPLE 5

Calculate the scalar products for the following matrices.

SN
i

Multiply MATRIX B by the result of MATRIX A times three.

lad

)
4.

|

I(MATRIX A set up)

(Element input)

{Scalar product)

{Multiplication by 3
result assigned to

MATRIX A)

I(MATR!X B set up)

Mat
>A.

Af2.2):
| . T. K. +.

|

.+

z

(A and B multipii-
cation)

.+

=

I (Display result)

] (Press &2 after confir-

T |Ix

mation)
l

—~

K

3 &g

B2 =€ 2 B9 g(l.l)
3621 Ed0kd2 kg

*

EE‘] >

= :

Z :

& S

= $

o~~~ >

0 {0 [jo [jOo (0o o |0

TnHxr
i

] {(Return to initial display)

Here, the result of the example calculation is 3 [

e HELP~menu

1 9 15
21118 12]°

Pressing (0] in the menu display produces a HELP display which explains the meaning of

each command.

Alm.
Bim.

Pressing (@], (8 or Exg at this time scrolls through the commands. Pressing either (S} or (&)

returns to the initial display.

20
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¢ Matrix display

After performing matrix addition, subtraction, multiplication, scalar product, determinant,
inverse matrix, and transposed matrix calculations, the result of the calculation (contents
of MATRIX A) is shown on the display. As with the HELP menu, (@) and (& ( &3 ) can be
used to scroll through MATRIX A.

* The operation of (§) and ¢ is identical, with display being performed in the same sequence
as the matrix element input. The [£] key displays the elements in reverse sequence.

* Pressing [&) or (=) returns to the menu display regardiess of the current display.

* The (F) key can be used from the menu display to display the contents of MATRIX A. (2],
@), B4, (&) and (&) can also be used as desired.

EXAMPLE
Matrix A(2.2):B(e.2) ]
>A.B.D.I.T.K.+.-.2. M. L.C.P 7_
P a(1.1) = 1 (MATRIX A element
>A.B.D.I . T.K.+.-.x M. L.C.P 7. display selection)
© a({1.2) = 2 {Confirmation of each
>SA.B.D.I . T.K.+.-.x. M.L.C.P ?_ element)
a(2.1) = 3
@ >A.B.D.I.T.K.+.-.x. M.L.C.P ?_
e(1.2) = 2
@ >A.B.0.1.T.K.+.-.x M. L.C.P ?_ ]
Matrix A(2.2):B(e.2) initial displ.
& SA.B.D.1.7T . K.4. =% M.L.C.P 7_ | (Retum to nital display)




MATRIX OPERATION FLOWCHART

Library stant

menu displalf

) [MATRIX A number MATRIX A number MATRIX A
of rows input of columns input element input ~>
(8 [MATRIX B number MATRIX B number MATRIX B -
of rows input of columns input element input
® MATRIX A =22
element display
o
= ™ To next Next element NO
= A+B element present?
calculation
Y
® To next ES
= A-B element
calculation
To previous
® A-B element
calculation
1
: A~ calcuiation
T
A' caiculationt
x
k-A caiculation
T get A
calculation
Cs
bnant MATRIX A 10 MATRIX M
© MATRIX M to MATRIX A
MATRIX A/MATRIX B exchange
HELP menu S
[ 114
& To next HELP display |
© To next HELP display
To previous HELP
display
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3 NN NUMERIC INTEGRATION
5200 (ROMBERG'S METHOD)

PR F PSS Yo

Determines the integral value of interval [a, b] of the function y = f(x) graphed below using
Romberg's Method.

y

y=/'(:)

) / r 3 51 (Angle unit = radians)

The following parameters are specified in order to determine the numeric integration using
Romberg’s Method.

a, b : Interval
€ - Error conditions to determine number of divisions (¢> larea n+1—area nl )
loop : Maximum number of divisions (positive integer)

The initial value of the area is determined using the trapezoidal formula.

* The variable name for the function f(x) must be represented by x.

* The value input for ¢ must be 1E - 90 or more. Since internal calculations are performed
in 12 digits, smaller values have little meaning.

OPERATION
' thod T g -
5200 @  [Goriestis Bl ZTCga,

The menu display illustrated above appears when the library is activated. Either 1 or 2 should
be selecied in. accordance with the type of processing to be performed.

1 : Function f(x) specification/interval input
2 : Error condition/maximum number of divisions input

Determine the integral values in intervals [3, 5] when f(x) = Inx. The error condition (¢) = 0.0001,
and the maximum number of divisions (loop) is 2'°.

Romberg s method Jf(x)dx [a.b)
1:1(x).le.b] 2'¢.lo0p

2 Err TAn+1-Ani<e (e>0) (Parameter input
€= Q.0QQQ2QQGY 7_ selection)

0.0001 k< ™Ma XB foop &° (n>0) {Error condition input)
ns= P

10 Exg Rombers s method Jf(x)dx [8.b] |(Maximum numberof
j1:1(x).[8.b]) 2.¢c.1000D divisions input)

1 Define functlion {Function specifica-
fix) P tion, interval input

selection)



) X0 kg ] LNx dx [a.bl ](Function specification)
as @ 7.

3 g é Lgx dx [a.b) ](lmorval input)

5 7 LNx dx [8.b]

= Ji{x)dx = ... ..
[T (Nx dx [a.b] (integral value display)
Ji1(x)dx = 2.7514

ke Rombers s method Jf(x)dx (s8.b] |(Returniomenu
1:1(x).[s8.b]) 2.¢.lo00D display)

This display indicates that the integral value for the example is 2.7514.

The message ‘‘not found"' is displayed when an integral value cannot be found.

[a.b]) (Interval of [0.1} in the
] same exampie}

IMPORTANT

Depending on the type of integration function or the integration range, large errors may be
generated in values obtained through integration. The following points should be carefully
noted to ensure accurate integral values.

1. Periodic Functions and Symmetric Functions
Perform calculations for each period or symmetrical cycle.

UM
%/

b
[br(dz= [ n-fiardx
In the graph 1o the left, n=4.

Ay

2. Positive/Negative Integral Values According to Integral
Divide into positive portion and negative portion, and calculate individually.

JS(x}

a ch

3. Large Fluctuation in Integral Values Due to Minute Fluctuation in Integration Range
Divide the integral interval (make the interval smaller where the fluctuation is large), and cal-
culate individualiy.

'/;bf(z)d.z='/;c_f(.r)dx+j:_{(z)dx

Positive portion Negative portion
A-pos A-neg

[orxdx= [ rde+ [Fir0as

'
o

a X X Xy XuXs b




e N ORDINARY DIFFERENTIAL EQUATION
9 (RUNGE-KUTTA METHOD)

The differential equation expressed as’—g—:- = f(x, y) returns x = a, y = y(a) as the initial con-
dition to obtain the numeric solution.

Y
4
In the figure to the left, initial condition
| x=a, y=y(a) is returned when the
| . . - y i
y(a)h=-- : | : h: Step size differential equation dx for the un
I B known function y = {(x) is known, and the
R numeric solution for x in the unknown
| R -~ function is calculated. :
0 a \h/
OPERATION
5220 [getlne function dy/dx l
EXAMPLE 3

, (initial condition : y(0) = 1) with a numeric

Express the differential equation (x, y)=
solution where the step size is 0.1.

3%xY/(1+X)g [dy/dx = 3xy/ (1+x) (Enter ordinary ditferen-
x@= @ ?°_ tial equation)

0 &g dy/dx = 3xy/{(1+4+x) . I(Emerinitialvalueofx)
ye= @ 7.

1&g S:en;sg?ze 2N WELPE ](Emerinitialvalueofy)
ans=

0.1Fg rdy/cx = 3xy/(1+x) ](Emerstepsizeanddis-
y({@) = play numeric solution

when x =0)

e dy/dx = 3xy/(1+x) (Display numeric solu-
...... tion when x=0.1)
* «...." displayed as shown during calculation of numeric solution.
dy/dx = 5 y7({1+x)
y(l@.1) = 308 33e2

s Cy/0x = 3xy/(1%+x) (Display numeric solu-

. y(5) = 215.881113¢2 tion when x = 5)

gy/6x = 3xy/(1+x) (Return to initial display)

@ ?32y/(1+4x) ] Y

While the numeric solution is displayed, (@ (or &g ) displays the next numeric solution while
(& displays the last numeric solution. The (& and (=) keys return to the initial display. Also,
the numeric solution can be displayed up 1o step size x n (1 = n = 50).



LAGRANGE’S INTERPOLATION

An nth degree polynomial is created to connect n + 1 points on a plane, and the data are
interpolated according to the polynomial. This unit is capable of handling points within the
range of 2=n =200 (n=integer).

Determine the n polynomial for the curve
which passes through the four points not-
ed on the left when n=4.

OPERATION
5230

The following two operations can be selected from the initial display:
1 : Data interpolation
2 : Input of n number of points

EXAMPLE
Create a 3rd degree polynomial which connects the following three points and determine
the value when x=4.

P1 (1, 3), P2 (3, 1), P3 (5, 2)

[Laxranse‘s i ation ]
1:x e 3

2 {Number of cata }(Poinlinput)
n= 2 7.

3 e ITL{mDer?of deta = 3 ](Numberofpoims)
xl= @ -

1 &9 Number of cets = 3 (x-coordinate of point
yl= @ 7_ Py)

3 Number ot data = 3 (y-coordinate of point

@ {XE-‘- Q 7_ P)

3801655892 fxy
Legrange s_interpolation ](COO(di_natesp{
1:x 2.set dets remaining points)

1 Lgsranse s interpolation ](Dataimerpolation) .
X7

4 g P.asranse s interpofetion (x-data input and 1.125
x?4 ‘y= 1285 is obtained for y)

120 Lgsranse's interpolation {x-data input requested)
X7

3T Lagrenge s_interpolation (Return to menu
1:x 2. set cgats display)
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Here it can be seen that a value of 1.125 is obtained when x=4.
* The “not found’’ message as illustrated below appears when interpolation is not performed
using the nth degree polynomial.

f;ot found j

GAMMA FUNCTION T(x)

Determines the value of the gamma function within the range of 0<x =70 with six significant
digits.

The gamma function is expressed as the
graph shown on the left.

OPERATION
‘[Gamma function (B@<xs70)

5250 |52Tmg 3¢

EXAMPLE

Determine the value of the gamma function when x=3.

3 g Gamma function (@<x<70) FlﬂwemDm)
r{3g) = g (Result dispiay)
Gamme function (Q<x£70)

g x = 3 7 (Return to initial display)

Here, the value of the gamma function is 2.
* A total of six entries (including decimal points) can be made for input of x.

a



BESSEL FUNCTION Jn(x)

2
dy .1

Determines the elementary solution Jn(x) of the Bessel differential equauon -
. d_:: + (1-—5)y=0 within the range of 0=n=<9 (integer), 0 =x=30 (condmon of x)

with six significant digits.

>y

)’=Jl(X)
4 .
0 2 ¥ *
y= Jo(x)
y=Jo(x}) : n=D
y=Jix): n=1
OPERATION
Jnix) (Q£LNnLS . P&x4L3C)
5260 @)  [f3°0,, 1% ]
EXAMPLE
Determine the Bessel function Jn(x) when n=2 and x=3.
223 . Jnix) (0£n&8.0<x£30) (n and x value input)
Be 3 b (n = x?3 d= L J
Pn(x) {(@&cn<i8.Q<x£30) J(Resultdisplay)
n?e T x?3 J= @ 4B86R81
fxg Jnix] (@Ln<iS.Q%x<350) (Return to initial display)
n7?_ L x? T J= J

Here, the Bessel funciton value is 0.486091.
* A total of six entries (including decimal points) can be made for input of x
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BESSEL FUNCTION Yn(x)

2
Determines tr;e elementary solution Yn(x) of the Bessel differential equation Z:, +-l— .
% + (1 ——:—2— ) y =0 within the range of 0 =n=9 (integer), 0<x = 30 (condition of x) with
six significant digits.

5
y=Yo(x) y=Yi(x)

///:T\x y=Yo(x) : n=0
° Nt

OPERATION
5270 (ug T 19
EXAMPLE

Determine the Besse! function Yn(x) when n=3 and x=4.

nin

n<S . 0<x4£30)

3 e 4 fxe ™nix) (O4£NnL8 .0<x<30) 1(n and x value input)
S48 | n?3 x?4 SY¥= L
Ynix) (@4nZ9.0<x£30 (Resuit display)
n?3 x?4 ' Y=-Q.182Q22
30 Ynix) (B£Nn4&£2 . 0<x£30) (Return to initial display)
n?. X7 Y=

Here, the Besse! function value is —0.182022.
* A tota! of six entries (including decimal points) can be made for input of x.




MODIFIED BESSEL FUNCTION In(x)

N 2
Determines the elemzentary solution In{x) of the modified Bessel differential equation z:,? .
+-1. %:’(_ - +_:2_ ) y =0 within the range of 0=n =39 (integer), 0 =x =10 (condition of

x) with six significant digits.

y
y=lo{x) : n=0
y=h(x) : n=1
0 X
OPERATION
in{x) (BenN<BS . QBLx410)
5280 n?_ Cx? t 1= J
EXAMPLE
Determine the modified Bessel function when n=3 and x=5.
3fpc5 in{x) (P<Nn&<8 . 04x£10) (n and x value input)
S = [??3 . x7a Tl L J
inix] (@<n<i8.0<x<1Q) ](Hesultdisplay)
n?3 X775 1= 1@.3312
e Tnix) (@4nc8.04x £1Q@ ) ](Rekurntoinitialdisplay)
n7?e. X7 L=

Here, the modified Bessel! function value is 10.3312.
A total of six entries (including decimal points) can be made for input of x.
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MODIFIED BESSEL FUNCTION Kn(x)

2

dy
2

Determines the elemeantary solution Kn(x) of the modified Bessel differential equation
+-:— . —:’% -1 "’—:T ) y =0 within the range of 0=n =9 (integer), 0 <x =10 (condition of
x) with six significant digits.

y

y=Ko(x) : n=0
y=Kix) : n=1
0
OPERATION
Knix) (B&n&8 . 0<x£10Q)
5290 (us) Ln?- Cx? K= ]
EXAMPLE
Determine the modified Besse! function Kn(x) when n=4 and x=6.
4 6 Kn(x) (0<Lnc8 . 0<x<1@) {(n and x value input)
Bd 6 & {n?d . X786 K= L I
Ko Lx] {@Ln<8 .0<xz1Q) (Result display)
In?d4  :x?8 K= @.00416387
Ej Xo 1] T@ZniS.0<x<1@] ‘Jmmmnwmmmwwmw
In? Ix? K=

Here, the modified Bessel function value is 0.00416387.
* A total of six entries (including decimal points) can be made for input of x




COMPLEX NUMBER

Complex number calculations encompass arithmetic operations, and to determine absolute
values, arguments, squares, square roots, and reciprocal numbers.

This unit is capable of a wide variety of complex number calculations, with the allowable
range of input value <1E50.

OPERATION ) :
5300 >2.G.I.S.A.+.-.x./.M.L.C 7o ]
The complex number menu display allows selection of the following processes:
A : Input of complex number A (a + bi)
G : Absolute value (r) and arguments (6) for compiex number A
(resulting angle unit determined by current mode setting)
I . Reciprocal number for complex number A 1/(a + bi) -~ (a+Dbi)
S : Square root of complex number A J@+bi) —= (a+bi)
~ . Square of complex number A (a+bi)? — (a+bi)
+ : Addition of complex number A and compiex number B (c + di) (a+bi) + (c+di) - (a + bi)
— : Subtraction of complex number A and complex number B (a+ bi) — {c+di) — (a +bi)
% : Multiplication of complex number A and complex number B (a + bi) x (c+di) — (a+bi)
/ - Division of complex number A and complex number B (a + bi) =(c+di) — (a+ bi)
M : "Assigns contents of compiex number A to complex
number memory M (e + fi) (a+bi) = (e+1i)
L : Assigns contents of complex number memory M (e + fi)
to complex number A (a+bi) — (e+fi)
C : Exchanges contents of complex number A and

‘complex number B (a+bi) ~ (c+di
: Help (explanation of each operation)

e Complex Number Specification
Complex number specification is performed by pressing @ while in the menu display.

Assign 5+7i to complex number A.

3] Complex number A(8+bi) (Specification of com-
8= 0@ 7. plex number input)

5 Complex number A(ea+bli)

e b= @ 7.

7 5 + 71

= >SA.G.1.S.A.+.-.x. /.M. L.C ?_ ]
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e Arithmetic Operations

Perform the following operations:
(2+3i) + (3-2i)

® Compiex number A(e+01])

a= 0 ?_
29364 <§.E.?f$.*.+.-.x./.M.L.C P
Emgle;-number Blc+adl)
33 289 >§.E.=.S.A.+.-.x./.M.L.C P

This display indicates (2+ 3i) + (3-2i)=5+1.
The same procedure can be performed for subtraction, multiplication and division.

¢ Absolute Values/Arguments

Determine the absolute value (r) and argument (6) for (1 + 2i).

Angle unit : DEG (&= [3)
Imaginary number axis

] .

Real number axis

&) Comolex number Ale+bi)
a= B 7_
1 2 1 + 2i
Es 2 & SA.G.1.5.~.4+.-.%5./.M.L.C?_
© T = 2.236067077
@ = £3.43494882

(Specification of com-
plex number input)

(Input of complex num-
ber A)

(Addition)

(Input of compiex num-
ber B)

(Specification of com-
plex number input)

(Input of complex num-
ber A)

(Caiculation of absolute
value and argument)

Here, the absolute value (r) for (14 2i) is 2.236067977, and the argument is 63.43494882
(DEG). The resulting angle unit is determined by the current ANGLE mode setting.

* The angle unit is specified as foliows:

=2 (@] : Degrees
&= (5] : Radians
&= (6] : Grads



-« Square/Square Root/Reciprocal number

Calculate the following:

® @+iy V(=7 +24) ® 312i

(® Square

@& Egmglg: number Ala+bi) S::iig;aézﬂi:;&?m-
2@1@ >§(+3=S A+, - 2. /.M. L.C 7. ngn‘ge?:)omp'ex
3. 6.0 . namx ML C P | Sauere)

This display indicates (2 +i)’ =3 + 4i.

(@ Square Root

{Specification of com-
plex number input)

(Input of compiex
number A)

(Square root)

(Specification of com-
plex number input)

(input of compiex
number A)

| Complex number A(a+bi)

a=_ @ P_
7 24 -7 + 24l

B @ @ >A.6.1.S.~. +.-.2./. M.L.C ?_
3 + 41

) >A.G.1.5.A.+,-.2./.M.L.C ?_

This display indicates V(—7+24i)=3+4i .

@ Reciprocal Number

A Comoliex number A(a+0i)
a= @ 7.

3 Extl 2 Exe] 3 + 2i

=2 &g [>A.G.|.S.A,+‘-x/.M.LC?-

] Q.2307682 - @.1538B462 i
>SA.GB.1.8.~. 4. -.x. /. M.L.C ?_

1 {Reciprocal number)

« Memory Calculations

Perform the following calculations using the memory function:

(3+2i) + (4+6i)
(3+2i) — (-3+9)

(Specification of com-
plex number input)

(Input of complex
number A)

(Assigns complex
number A to complex

number memory)

(Addition)

® Comoiex number A(8+bi)
azs @0 7_
3 kg 2 3 4+ 2i
E: Es >A.G.1.8.~. 4. -.x./.M.L.C ?_
] 3+ 21
SA.G.1.8. 2. +.~-.2./.M.L.C ?_
Compiex number B{c+di)
c= @0 7_
4 = 6 7 + B1i
>A.G.1.S.~.+.-.2./.M.L.C ?_

] (Assigns 4 + 6i to B)

This display indicates (3+2i) + (4+6i) = 7+8i.
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3 + 21 (Assigns complex
>A.G.I.8§.~A. +.-.2./.M.L.C ?_ number in memory to
complex number A in
place of reinput)
= [Comnlsx nuUmber B(c+dl) (Subtraction)
(23 g9 B3 I 6 7I {Assigns ~3+9i to B)
). A +.-.x./.M.L.C ?_

This display indicates (3+2i) = (~3+9i)=6-7i.

¢ Exchange

Set the following two complex numbers for complex numbers A and B:
(5 + 2i), (3+4i)

Y] Complex number Ala+bl) (Compiex number A
as ? input)
3 4 3 + 4i (First set 3+ 4i for
E4Es A.G.1.S. .~-.2. /. M.L.C ?7_ complex number A)
© [0 {Assign the contents
>A.B.1.8. .-.x./.M.L.C ?_ of complex number A
to complex number B)
&) Compblex number A(&+bi) (Input complex num-
a= @ 7 ber A)
5 2 5 + 2i (Set 5+ 2i for complex
Eg 2 kg [>AG I.S.A.+.-.x./.M.L.C.?_ jnumberA)

The above operation sets 5+ 2i for complex number A, and 3 + 4i for complex number B.

* Help Display
Pressing (2] while in the menu display produces an explanation of each command.

t A I
s r=s1Al:e=srgument(A)

At this time (), lxg, and (¥) can be used to scroll the display. Each press of &£ ((¥)) advances
to the next command, while pressing () returns to the previous command. Pressing (& or
&) returns to the menu display. The menu display is also returned to after the final command
is displayed.



BINARY-DECIMAL-HEXADECIMAL

Binary, decimal and hexadecimal calculations encompass basic arithmetic operations, logi-
cal aoperations, twos complement, logical shift, and conversions. .

This unit is capable of combining binary, decimal and hexadecimal values, with the allowa-
b'e range values being —2147483648 ~2147483647 (32-bit).

OPERATION
D )
5350 ;l?g?o.H.+.-.x./.A.O.X.N.C-L-R?_J

The binary/decimal/hexadecimal calculation menu display allows selection of the following
processes:

i = Value input

B : Converts displayed value to binary number
Converts displayed value to decimal number
Converts displayed value to hexadecimal number
Addition
Subtraction
Multiplication
Division
AND (logical product)
OR (logical sum)
: XOR (exclusive logical sum)

* NOT (negation)
Twos complement
Logica!l shift left -
Logical shift right
: Help (explanation of each operation)

DrOZXO0OPrN#*1 +T0O

*

* Operations and Display
1. The following indicators in the upper left of the display in the menu indicate the current
base mode setting:
[DEC] : Decimal mode
[HEX] : Hexadecima! mode
Blank : Binary mode

2, Entering values besides 0 and 1 for binary calculations, values besides 0~ 9 for decimal
calculations, values besides 0~ 8/A ~F (upper case or lower case) for hexadecimal cal-
culations, or values greater than 32 bits causes the entered value to be disregarded.
Binary, decimal and hexadecimal values may be used in combination in a singie calculation.
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The following operations may be used to enter values regardiess of the current base mode
setting:

15, D : Decimal 15 (hexadecimal F, binary 1111)

15, H : Hexadecimal 15 (decimal 21, binary 10101)

1010, B: Binary 1010 (decimal 10, hexadecimal A)

Results are always displayed using the current base mode setting.

e Arithmetic Operations

EXAMPLE
Perform the following calculations:
10110018+ 1100e
@2ACHk x 1BH
(@ FFO0H+10108
l[DEC] )
> .B.D.H.+.-.x. /. A.0.X.N.C.L.R?_
CC0000C0000000000C00C000RRRR0R0 0 | (Binary mode)
>I.B.D.H.+.-.x. /. A.0O.X.N.C.L.R?_
8] Tnout deta x (.B.D.H]) TBIN] | (Value input specifi-
. S cation)
1011001 ¢ eeeeeeaeeeeeeeoeeeeeemeee101mm (Value input)
>1.B.D.H. .0 . .C.L.
egeeeeeeeeeeeeeeeeeeeeeee101weJ(Addmon)
1100 eeeeeeeee goooccoco00ooR0RQR1102 101 f
e HENERES p00C0eC202202R2 112810 1 |(Value inpuy

This display indicates 10110018+ 11008 =11001018

@

) {HEX] OCeeeQe0 }(Hexadecimal mode)
> . B.D.H.+.-.2. /. A.O.X.N.C.L.R?_

o input cgata x (.B.D.H) {HEX] (Value input specifi-
X P cation)

2 [HEX] @ooeR2AC (Value input)

@.E@ >|.B.D.H,.+.—.x./.A.O.X.N.C.L.R?_J

=) [HEX] @QCRROGZAC = . ](Mulliplication)

1(8) [HEX) @oewredB824 (Value input)

B e >|.B.D.H.+.-.x./.A.o.x.N.c.L.n?_|

This display indicates 2ACH x 1Bx = 4824H.
The same procedure can be performed for subtraction and division.

®
C3] {HEX] Q@Q00Q02002 {Hexadecimal mode)
>1{.B.D.H.+.-.2./.A.0.X.N.C.L.R?7_
® lnout Ccate x (.B.0D.H] {HEX) ‘(Va,'ueinpu!speciﬁ-
) P cation)
00 (HEX] OGQBFFOO (Value input)
®® @ [>|.B.D .A.DO.X.N.C.L.R?_ |
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[[HEX) CCCOFFRC + - ](Addmon)

1010 REX eoeeFFeA (Binary value input)
B @EEs gl.a? 4. -3 onwcx.n'rl

This display indicates FFOOx + 10108 = FFOAH

e Logical Operations

EXAMPLE
Perform the foliowing operations for A=110101s and B=101111s.
(CAORB (logical sum) @A AND B (logical product)
G A XOR B (exclusive logical sum) (@A NOT  (negation)
®
[IDEC] o ]
> .BE.D.H.+.-. 2./ . A 0.X.N.C.L.R?_
leeoeeceeeeeeceeeeeeooeaeeeeceeme (Binary mode)
>t.B.D. H.+.-. 2./ . A.0 X N.C.L.R? l
M M nout gates x {.B.0D.H) TBIN] | (Value input speciti-
x 7 cation)
110101 £ [eeeeeeezeeeeeecoeeeeeeaeee1lelmj(valueinput)
> .BE.D.H.+.-.2. /. A.0.X.N.C.L.R
© eggeeeezeeeeeoeeeeeezeeeee110\01](09)
1 gegeogeoeceaecoe0oR 17111 lue
101111 & [>n.s.o,H.+.-.s./. geeeeeg Ry ](Vauemput)

This display indicates AOR B=111111s.

0] Mnou: ceata x (.B.D.HI TBINJ ] (Value input specific
lx = cation)

1101015 egeogoeeceen GGGG@QGG@EGBGCC]]Q‘IQ'I (Value input)
[>.:.B.D.H.+,- 2./ . A.D. -C.

Y 0e0000000000 eeeeeeeeeeeooelm\m](mo,

1 1 0529920009@00090@90@090090190101

01111 ks S1.B.D.H.+. 0. C.L.R?_ ]Na'ue'"p‘"’

This display indicates A AND B=100101s.

®
&l Tnout Ccata x (.B.0D.H) {BIN] (Value input specifi-
X P cation
110101@ 00900090000900@000900000@0'lIEIEIJ(ValueinpU')
>1.8.0D C.L.R
@ 0ggg@@@e@@@@@ﬂ@0000000920011010] (XOR)
101111@ LGQOQGOGQGQQQQQGGGGGQOOO900110119 (Value input)
> .B.D.H.+.~-.2./.A.0.X.N.C.L.R?_

This display indicates A XOR B = 11010s.
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@

o
110101 &3

®

gut dgate x (.B.D.H) [BIN)

geegoecpeeeepeoRRD e 22@9110101]
.B.D.H.+.-.x./.A. .N.C.L.R?_
IBEBRREEREEERRRRE] l 1117121010
. B.D.H.+.-.2./.A. .N.C.L.R?7_

(Value input specifi-
cation) -

(Vaiue input)

(NOT)

This display indicates NOT A=11111111111111111111111111001010s.

. Complement/Shifi Operations

Perform the following operations:
() Twos compiement of 110010108
@ 1-bit logica! shift left of 1100008
@ 2-bit logical shift right of 1FCH

0]

o

11001010 k=g

[DEC) e l
>1.B.D.H.+.-.2./.A.0.X.N.C.L.R?_
oooQgoPeRRORERRERRRRRRCRRR2RRCRR
>I.B.D.H.+.-.2./.A.0 X.N.C.L.R?_
|n$ut cate x (.B.D.H) {BIN)

X -
eooogcooeeoRReEERRRRQRRRRR2I IR
>1.B.D.H.+.-.2. /. A.0.X.N.C.L.R?_
TT1I1T 11Tty riittivitielielie
>| . B.D.H.4+.-.x./.A.0 X N.C.L.R?_

This display indicates that the twos complement of 110010108 is
11111111111111111111111100110110s.

@
©
110000 &3

gste X

{.B.D.H)

[BIN)

.D.H

geopooeRREeRRRRRRRRRRRR I I0RRR
.+4.-.x./.A.O. X.N.C.L.R

pocoQocoeRRQRRRRRRRRRRIIRERR0

(Binary mode)
(Value input specifi-
cation)

(value input)

(Twos complement)

{Value input specifi-
cation)

(Value input)

(Shift let)

This display indicates that shifting 1100008 one bit to the left results in 1100000s.

©)
C)
©

100 ks

BE

{HEX) 0000 60
>1I.B.D.H.+.-.x./.A. N.C.L -
input cate x (.B.D. [H Ex]
| S

{HEX) GOOGOIFC

>1.8.0. .2./. A.O.X.N.C.L.R?_
[HEX) eeeeze7F

>1.8B.D .+ LALO.X.N.C.L.R?_

(Hexadecimal mode)
(Value input specifi-
cation)

(Value input)

(2-bit shift right)

This display indicates that shitting 1FCh two bits to the right results in 7Fn.



= Base conversion

EXAMPLE 1

Convert the hexadecimal value AF3C to its decimal and binary equivalents.

[DEC) ]
>t . B.D.H.+.-.2./7.A. 0 X.N.C.L.R?_

[HEX] eoceoccee ](Hsmdocimalmode)
>51.B.O.H.+.-.2. /7. A.0.X.N.C.L.R?_

] Input dete x (.B.D.H) [HEX) JNI_!uoinputspeciﬁ-
x P cation)

30 [HEX] CRRRAF3C (Value input)

BEHIDEs 51 . B.D.H.+.-.5./.A.0.X.N.C.L. n'?J

® [DEC)] 44860 J(Documalmode)
> . B.D.H.4+.-.%./.A.0D.X.N.C.L.R?

gcopogoo0D gooccRRleIR@ 11110011110 ](Bmarymode)
> .B.D.H.+.-.3./.A.0.X.N.C.L.R?

This display indicates that the decimal equivalent of hexadecimal AF3C is 44860, and the
binary equivalent is 1010111100111100s.

* Help Display

Pressing (5] while in the menu display produces an explanation of each command.
i ! input geata j
B : binary mogde

At this time [§), Ex2, and (&) can be used to scroll the display. Each press of g ([&]) advances
1o the next command, while pressing (] returns to the previous command. Pressing (&) or
(= returns 1o the menu display. The menu dnsplay is also returned to after the fina!l command
is displayed.
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STRAIGHT LINE PASSING THROUGH
TWO POINTS

Determines the straight line y (y = ax + b) which passes through points P1 (xs, y1) and P2 (x2,
y2) on a plane.

0 x
y=ax+b
OPERATION
5510 [us [3e%i0 —= 1 71T T3z 52 ]
x 1= -

Determine the line which passes through points Ps (2,5) and P2 (6,4)

FATOR-R T [Y=ex+b _-- (x1.y1 T . Tx2.vy2) j(Painput)
lx1= @ 7.

6 e 4 [ Yy=ax+b == (x1.y171.-1x2.y2]1 (a value displayed fol-

= ,i =-2.25 Y X Y JIOwing Pz input)

x5 Yy=ax+4b = (x1.y11.1x2.y2) J(bvaluedisplay)
b = 5.5

&I (Y=8x+d ~=- (x1.yl)-({x2-y2) |(Rednsplayofavalue)
le=-2 .25

y=ex+b -~ {(x1.yl).i{x2. ye) | (Redisplay of b value)
b = 5.5 |

e YEBX+D = (x1.y51).(x2.y2] (Return 1o initial
x1=z 2 %- display)

Here, the straight line is y= —0.25x +5.5.



ANGLE OF INTERSECTION FOR
TWO STRAIGHT LINES

Determines the angle of intersection created by the two lines y1=ax+ b and y2=cx+d. The
calculated angle for y1 and yz is within the range of —90° <6< 90°. The resulting angle unit
is determined by the current angle mode setting.
* The angle unit is specified as follows:

= [4) : Degrees

&= (5] : Radians

=< (6] : Grads

y
N yi=ax+b -

y2=cx+d

OPERATION
5520

Determine the angle of intersection (in DEG mode) for the straight lines y1 =—;—x+ 2 and
y2=3x+8.

€) —= y=2x+b-y=Cx+g l

-3 -

172553 TENETEl6 ) =< y=ax+b. y=cx+d (Entry of each line's

D2es lg= B 7?3_ | siope)

E iAnglelé) -=- y=agx+b.y=cCcx+0 i(Angleonersection
le = 45 = 45°)

g [Ansle(e) -~ y=@ax+b.y=zcx+d  (Return 1o initial
a= 0.5 7_ ldnsplay)

EXAMPLE

Determine the angle of intersection (in DEG mode) for the straight lines y1=4x+ 5 and

y2=4x+7. .

4 e 4 AnETEel6] == y=8x+b.y=Cx+0 (Entry of each line's
c=z @ 74_ slope)

10 Anglel{g) —= y=zpx+D-y=Cx+0 J(lndncateslinesare
Parstliel paraliel)

I P\nsle(O) -~ y=zgx+b.yY=cx+d (Return 1o initial
e=s 4 ?_ display)
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Determine the angle of intersection (in DEG mode) for the straight lines y1 --1—x+3 and

y2= -2x+4. 2

10 2852 2 [Angleld) -- y=px+b-y=cx+0 (Entry of each line's
c=x 0 ?-2. slope)

Es ANEIlel 6] == ycax+b.y=cx+d (indicates angle of
Right sngle intersection is right

angle)

B Angle(6) -- y=ex+b.y=cx+0 (Return 1o initial

e P.5 7. display)

DISTANCE BETWEEN POINT AND
STRAIGHT LINE

Determines length D of a perpendicular line from point P (x1, y1) and straight line y = ax + b.

y -

N
P(x:, ¥1)

y=ax+b
OPERATION
"‘Distence ~-=- y=ax+b.{x)1.y1)
5530 @  [Dl°i%%F |
EXAMPLE
Determine length D of a perpendicular line from point P (6, 4) to straight line y=5x+2.
5 e 2 fg Distence -- ysax+b - (x1.y1] ](S"a_igm line's slope
xl= @ 7. . and intercept)
6 4 e Distance -=- y=ax+b.(x1.y1) (Distance displayed
G54 e g = §.451251764 ]when coordinates of P
are input)
Distence - y=gaxtd.(x1..¥51) R initial g ;
(774 ae 5 3¢ j( eturn 1o initial display |

Here, the length of the perpendicular line is 5.491251784.



ROTATIONAL MOVEMENT

Determines coordinates of point P2 (X, Y) when a rotation of angle 6 occurs from point P1
(x1, y1). The angle unit is determined by the current angle mode setting.
~ * The angle unit is specified as follows:

= (@) : Degrees
&== (5] : Radians
=4 [€) : Grads
y
PiX.Y)

Pilx.y)

OPERATION
5540 T

]E)ﬂ(AMPLEl

Determine the coordinates of point Pz (X,Y) for rotation 6 of 45 (in DEG mode) from point
P1 (4, 8).

[ ¢

Y) -=- (x.y).angteleg) J
R 7-

4 & 8 HE.;)?-- Tx.y).engle(é) l(P|ooordinates)

45 be TX Y] == (x.yl.angleie) (X-coordinate dis-
X =-2.628427125 played when angie

input)

(T5] TX.Y) == (x.yl.angie(é6] ](Y-coordinatedisplayed)
Y = B.4BS5281374

TX.YJ == (x.yl.snglelé] ](Redisplayofx-coordi-
X =-2.B8284271825 nate)

o3 TX-Y) == (x.yl.snglelé) J(RedisplaonY-coordi-
Y = B.485281374 nate)

I ;)g(-:)?:- (x.yl.-angliel(ée) l(Rotumtoinitia!dispIay)

Here, the coordinates of Pz are (—2.828427125, 8.485281374).
The result is displayed in the sequence of X, Y, and the display can be scrolled to view fol-
fowing values using (@ (or &8 ), and previous values can be viewed using .
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CIRCLE PASSING THROUGH THREE POINTS

Determines the equation (x— a)?+ (y—b)? = r* for a circle passing through the points Py (x1,
y1), P2 (x2, y2), P3 (x3, y3).

y

Pi(x1,y1)
P2(xz2,y2)
Pa(xs3,y3)
0
OPERATION
5550@ E{LCée?-.lx'L)'\):(XE-YE)-(XSvyB)
EXAMPLE

Determine the eguation (x—a)’+ (y—-b)*=r for the circle which passes through points
Py (3, 6), P2 (5, 4), P3 (6, 2).

3EC 6 e ![E;;:ée? Tx1.y1].(x2.y21.-(x3.yal |(P coordinate input)
5 & 4 B¢ i’Tx:_[:cée? (x1.yV). (x2 y2T . (x3.y3]) |(P:coordinate input)
6 £ 2 g ‘Circle {(x-gie+{y-pleE=re ] (a displayed following
le _==1.5 | Ps coordinate input)
Ere Circle {(x-ale2+{y=-DlE=yrd (b display)
b =-0.5
Circle (x-a)E+(y-Dil=p@ {t display)
e f = 7.90568415 Y
Circle (x-a)k+(y-pDle=mge (Redisplay of b)
© b =-0.5 Y
Clircie (x-slé+{y-Dltmgl (Redisplay of r
@ r = 7.905868415 l Y )
= E{:cée?_(xl-yl)ﬁxz-yaﬂ(xs-xs) )(Retumloinitialdisplay)

Here, the equation for the circle become (x + 1.5)?+(y + 0.5)° = 7.905694 152,
The result is displayed in the sequence of a, b, r, and the display can be scrolied to view
following values using [T (or 29 ), and previous values using (2.




LENGTH OF TANGENT LINES FROM
A POINT TO A CIRCLE

Determines length | from point P (x1, y1) to a circle expressed by the equation (x—a)* +
(y-by = r.

P(x1.y1)

OPERATION
5560 [us) [‘af’g’;”y-b)hr?-(xl.m) J

[EXAMPLE] .

Determine the length | of a tangent line from point P (2, 5) to a circle with center point
O (6, 2) and a radius of 4.

6 BT 2 BT Tx-B8 2+ (y-0JlE=rE.(x1.5y1] ](Coordina{esof
r= o 7. circle’s center point)
4 pe ;Tx—ala;(y-bli‘=r2-(xl-~yl) ](Circle'sradius)
- x1=s @ =
2pc 5 B¢ L(x-a)2+(y-bki=r2.(11.y1) | (Tangent line length
| length = 3 | dispiay toliowing input
of point coordinates)
g (x-gie+iy-ple=re.{xt.y1) I(Retumtoinitialdisptay)
8= B 7.

Here, the length of tangent line 1 is 3.
The message *‘not found'’ appears on the display when the coordinates of point P are within
the circle.
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TANGENT LINE EQUATION

Determines the equations for two lines y1=cx + d, y2= ex +{, and their points of tangency
P2 (x2, y2), Pa (x3, y3) from point P1 (x1, y1) to circle O represented by the equation (x-a)?
+(y-b)}=r2.

y yi=cx+d

yz=ex+{

/Px {x1.y1) Pi3(x1.y3)

d 0
OPERATION
5570 Px-g);#(r-b)?zri.(xl-yl) ]
g= -

) ]EXAMPLE

Determine the equat.ons for tangent lines and points of tangency from point P1 (1, 2) to a
circle centered on point O (4, 3) with a radius of 2.

4 e 3 e (x-8lé+ y-blE=r2.(x1.y1] ] (x. y coordinates of
: ts € 7. | circie’s center point)
2 (x-gle+ly=bleg=r2.(x1.y1) Circle's radius
= E{1= e 7- l( )
1E2Es (32 .YE1.y=cx+0d . (x3.y3).yzex+! (Tangent point Pz x-
x2 = 2.312102¢851 coordinate displayed
following input of P1
X, y coordinates)
&g x2-ye)-y=cx+0 . (x3.y3).y=ex+1 I(Displayonangent
y2 = 4 Q0E6SE653846 point P2 ycoordinate)
7T Tx2.y2).vy=cx+0d . (x3.y31.y=ex+! ](Dlsplayofliney.stope)
c = 1.578785e¢87
5 TX2.y2).y=cx+6 . (x3.y3).y=ex+1 | (Display of line ys
d = 0.42020410228 intercept)
x2 ye).y=cx+0d . (x3.y3).y=ex+t (Display of tangent
e x3 = 3.2886887948 lpoimP:x-coor%mate)
(x2 -y2!).y=cx+8 . (x3.y3) -y=ex+t Dispiay of tangent
s y3 = 1.150305\54 E)olin?PZy-coonr%u:ale)
{ . ) cx+0 . | . b +1 i i
(T exg-é?37é;955971 x3 \13 y=ex J(Dusplayonmeyzslope)
(x2. -ye2) -y=scx+0 - {x3.y3).y=ex+1 isol i i
es { = 2.3787858887 febﬁizpax)”“'"”“"




® (x2.y2).y=cx+d (x3.y3).y=ex+f (Redisplay of line y2
e =-0.378785€871 slope)

©® (x2.y2).yscx+¢g (x3.y3).y=exe+t ](Redisplayoflineyz
{ = 2.378785897 intercept)
(x-al2+({y-DJE=r2.(x1.¥5y1) Return to initial displa

1 10! R I( play)

Here, the two points of tangency are P2 (2.310102051, 4.069693846), P3 (3.289897949,
1.130306154). The equations for the lines which pass through these points are:

y2 = 1.579795897x + 0.4202041029

y3 = -0.3797958871x + 2.379795897
The result is displayed in the sequence of x2, yz, ¢, d, x3, y3, e, f, and the display can be
scrolied to view following values using [T (or ixx) and previous values using [£).
Corresponding values of ¢ and e are omitted when the equations for the tangent lines are
paraliel.

AREA OF A TRIANGLE

Determines the area (S) of a triangle using one of the three following formulas:

@S:-;—ah

@Ss= ab-sin—g (The result depends on the currently specified angle unit.)

@ S= /s(s—-a)(s—-b)(s-c) (s=-;—(a+b+c))

OPERATION
Ar {triangie)

5600 11::/2 E?ab-slne/a 3:1(a.b.c)

EXAMPLE

Determine the area of triangle (a=10, h=5).

1 ah/e e.bese h.helght
8= @ ?_

10 & 5 sh/2 ~  e.bsse h:-height (Triangle's base and
Areg = 25 height)

) Aree (trigngie) {Return to menu
1:s8h/2 2.ab-sines/2 3:1ls.d.c) display)

Here, the area of the triangle is 25.

229



230

Determine the area of triangle (a=10, b=5, § =30 (DEG)).

2 Bb-sine/e e D si0e J
8= @ 7. _

10pc5Ec30E g [ab-sin6/2 2. 0.s5icd¢e
Area = 12.5

9 Ares (trisngle])
l1:8h/2 2:8b-s5ine/2 _S:f(s-b.c)

Here, the area of the triangle is 12.5.

Determine the area of triangle (a=5, b=4, c=3).

(Two sides and includ-
ed angle)

(Return to menu
display)

(Return to menu

3 ~isis-gl{s-blis-c)).s=(p+bD+Cl/2 1
az @ 7.

5 g 4 e 3 pe r1Tsls-8l(s-bl(s~-cl).s=le+b+c)/2 WUnreesides)
Area = 6 .

£ Atea (triengie)
l'ah/2 2 eb-sines2 3:t(e.b.c)

Here, the area of the triangle is 6.

display)

AREA OF A TRAPEZOID

Determines the area (S) of a trapezoid using the following formula:

b
h
B —————

S=ta+b)-d
OPERATION

{e+bJh/2 ‘b bas Nn-height
5605 a: 5’8/ 8 ase eig
EXAMPLE
Determine the area of trapezoid (a=10, b=5, h=4),
105 4fe [Te+bIin/2 8D base h:-height

Ares = 3@
Bt (a+bln/2 8. bD-base h.height

L 8= te 7.

Here, the area of the trapezoid is 30.

(Bases, height)

(Return to initial display)




AREA OF A PARALLELOGRAM

D=termines the area (S) of a paralielogram using one of the two folléwing formulas:‘.

b h
[}
\‘/
S =ah
S = ab-sinf (The resull depends on the currently specified angle mode.)
OPERATION
Area (parallelogrami
5610 !lian ab-sine
EXAMPLE
Determine the area of parallelogram (a=10, h=75).
[an 8a-bese n-hei1ght !
a:
10 it § o [an 2a.base h.height
] LArez = S0 :
) Area {(parsllelogram)
@ [M’an 2 'ab-sins ]

Here, the area of the parallelogram is 50.

Petermine the area of paralleiogram (a=10, b=6, 6§ =30 (DEG)).

ab-Sing a-D-si10¢e ]
8= Q0 7.
10630 fc Tap-51n8 2. b.s5i0E
Areg = 30
(=2 Aree (psrailelogrem)
1:ah gb-sine

Here, the area of the paralielogram is 30.

i (Base and height)

(Return to initial display)

{Two sides and included
angle)

(Return to menu
display)
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AREA OF A CIRCLE

Determines the area (S) of a circle using the foliowing formula:

S==xr?
OPERATION
FH . i
5615 ﬁ;e - r-redius }
EXAMPLE
Determine the area of a circle with radius r=35.
5 oo I xre r-raglius l(Circle's radius)
Area = 7B.538B1E634
e jrre r'redius (Return to initia! display)
(r= 5 7 l

Here, the area of the circle is 78.53981634.



AREA OF A SECTOR

Determines the area (S) of a sector using one of the following formulas:_

\/
es= 1
- 6
8= ,7,?.3_6_6 (Angle unit = degrees)
OPERATION
AT { t )
5620 @  [5T%E,L%fCTe) . L. see ]

‘Determine the area of sector (I=6, r=8).

ilr/E l-.circutar src r‘raOius]
. pt= @ -
6 8 B¢ [17/2 i cifcular Brc T ragrus |(ArC's length ang radius)
Area = 24 J
&3 Area (sector) ](Relurnloinmaldisplay)
t:trrse 2. 2r28/360

Hére, the area of the sector is 24.

Determine the area of sector (r=8, 6§=30 (DEG)).

1re26/360 r.redius ¢6.DEG ]
r= 8 7o
8 ke 30 e 1r26/360 r-radius 6 .DEG {Radius and angle)
= = Area = 18.75516¢e82 J
7 Area (sector) J(R_e!umlomenu
1:1r/2 2. r126/360 display)

Here, the area of the sector is 16.75516082.
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AREA OF A SEGMENT

Determines the area (S) of a segment using the following formula:

l (Arc’s length)

I (Radius)

r—

S= (lr—r’sin(-l-))% (Angle unit = radians)

OPERATION

5525 il r-rEsnn(I/r))/a T arc

EXAMPLE

Determine the area of segment (1=30, r=10).

30 g5 (tr=r2sin{{/r)1/2 riredius
r= 0 7.

10 & {(tr=resin{i/r)lis2 r-reacius
Area = 142. 943999
{(1r=r2sin(1/71r))/2 I

= 1= 30 3. ore

] (Return to initial display)

Here, the area of the segment is 142.9439996.




AREA OF AN ELLIPSE

Determines the area (S) of an ellipse using the following formula:

N

S= 7ab

OPERATION

5‘530 ;Bbe - a:biredius

IEXAMPLEI

Det ermine the area of ellipse (a=4, b=6).

radius

4@s 6 £

] (Radii)

a:b:redius

@ 1P

&b a:b
rea = 75.38B22368
ab

[

4 7.

J (Return to initial display)

Here the area of the ellipse is 75.39822369.
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AREA OF A POLYGON

Determines the area (S) of a polygon using one of the following formulas: Angle unit=DEG

r/Rl

@S =1 (n,r) =nritany
@S ={(n.R) =%—nstinln’l
@S =f(n,]) =—i—n12cot% * cotr =1/tanr

* n indicates the number of sides in the polygon. This means that n=6 for a reguiar hexagon.

OPERATION
Ares (polygon)
5635 [ug "'n.r=A 2'n.R-A  3'n.1-A |
EXAMPLE :
Determine the area of regular hexagon (r=5 (n=6)).
1 - POlYEGD h-number j
ln= @ 7
6 x5 5 Exg Pofygon (n=6) r.inside (Specifies hexagon
Area = B6.6@254B38 and radius of
inscribed circle)
=5 Area {(polygon) (Return to menu
1:n.1=-A 2:n.R-A 3:n.1=-A display)

Here, the area of the regular hexagon is 86.60254038.

Determine the area of regular hexagon (R = 6).

2 Polygon n.number
n=_ @ 7.
6 £ 6 Exg Polygon_ (n=b) R:outside (Specifies hexagon
Ares = 83.53074361 and radius of
. - inscribed circle.)
g Aresa (polygon) (Return to menu
1:n.r-A 2:n.R-A 3'‘n.l-A display)

Here, the area of the regular hexagon is 93.53074361.
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EXAMPLE

Determine the area of regular hexagon (I = 4).

3 [Polyson n:number l
n= 0 7
6 € 4 £ Polyson Th=B) 1.side (Specifies hexagon
[Area = 1.56821838 and one side)
Area ( lygon) (Return to menu
[l n.r- 2:nh.R-A 3:n.t-A Jdisplay)

Here, the area of the regular hexagon is 41.56921938.

SURFACE AREA OF A SPHERE

Determines the surface area (S) of a sphere using the following formula:

r : Radius of sphere

S=fin=4nr?

OPERATION
5650 (o9 ?;r; ?; T radius

EXAMPLE

Determine the surface area of sphere r=8.

8&s [
&2

{Radius)
= 80 ]

o|(bo|

ajiNa

-\

cil—-c

wl|lon
w

r
r
T

=/~
-|[0=

2
f
2 J (Retumn to initial display)
8

Here, the surface area of the sphere is 804.2477193.
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SURFACE AREA OF A ZONE OF A SPHERE

Determines the surface area (S) of a zone of a sphere using the following formula:

S={(r, h, a, b)=2xrh + x(a®+b?)

OPERATION
Pxfh+x(@é+be) hheight

5655 [us) B

EXAMPLE

Determine the surface area of zone h=2, a=4, b=5, r=6 of a sphere.

2 g 2xrh+x(a2+be] a.:b.r.radius (Height)
a= @ 7?_ exrh+

4 g axr8+;(az+n2) a:b.r.redius ](Upperradius)
b= -

5 [xg axr3+;(aa+na) a . b.r.ragius (Lower radius)
r= -

6 B2 Zxrh+x:8e+be) 8.D.r.ragius J(Spherefadius)
Surface = 204.2035225

130 2z r£+$( BEFDE) h-helBht }(Returntoinitialdisplay)
h= -

Here, the surface area of the zone is 204.2035225.
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5660 SURFACE AREA OF A SPHERICAL SECTOR

Determines the surface area (S) of a spherical sector using the following formula:

r : Radius
h : Height

S =f(r.,h)=2 arh+ rar (a=.h{2r-n))
OPERATION

5660 (us) F*rn+xar-a=.f'(n(er-n)) r-radius

r= @0 7~
EXAMPLE

Determine the surface area of spherical sector (r=5, h=23).

5(xg ZxrTh+xar.a=Jlhler-h)) h:height l(RadiUS)
( h= @ 7_
34 gxrh+xar.es=J/(hi({ef-h)) h:.height ](Heigm)
Surface = 166.2307103
&= lExrgﬁ»';ar-azf‘(h(ar-hH T regius l(RetumtoinitiaIdisplay)
r= -

Mere, the surface area of the spherical sector is 166.2307103.
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SURFACE AREA OF
A CIRCULAR CYLINDER

Determines the surface area (S) of a circular cylinder using the following formula:

h r : Radius
h : Height

5
=2

S=f(r.h) =2 xrh+ 2 nr?

OPERATION

5665 [?:rg‘bg:ri r-radius h'height I

EXAMPLE

Determine the surface area of circular cylinder (r=6, h=10).

6 Exg [2xrn+axre r.regius h:height J(Radius)
h= 0 ?_

10 5 fexrru-e”a r.radius h:height I(Height)
Surface = 6@3.1857885

fxg [2xr2+§xre r-redius h:-nheight ‘(Retumtoinitialdisplay)
r= -

Here, the surface area of the circular cylinder is 603.1857895.
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SURFACE AREA OF A CIRCULAR éONE

D etermines the surface area (S) of a circular cone using the following formula:

r : Radius
h : Height

G :=f(r.h=xr J(r’+h?) + =r?

OPERATION

xr/(r2g+he)+xre r-radius
S670 @ [I37%"

D etermine the surface area of circular cone (r=6, h=10).

6 B [[Tgresneisaie moneient | Raivs

10 && [xr.—(ri+h2)+xr2 h:height (Height)
Surtace = 332.818043%2

[:]I:’KE [x r/—é rg-fnz Y+xr2 r.-radius ](Returntoinitia!display)
r= -

M ere, the surface area of the circular cone is 332.9190432.
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5675 SURFACE AREA OF A FRUSTUM OF
A CIRCULAR CONE ,

Determines the surface area (S) of a frustum of a circular cone using the following formula:

\

h r : Upper radius
R: Lower radius
h : Height
¥R
S=f(r.R,h)=:r(R+r)Jg2+(R—r)2+ T(R? +¢2)
OPERATION
5675 H__(:R; ')? Fine+(R-rle2)+x(Re&+re) J
EXAMPLE
Determine the surface area of the frustum of circular cone (r=4, R=6, h=10).
4 r(R+r ). (he+({R-r)2)+x(ReE+re) (Upper radius)
= lrifa 2.
6 Exg [!(R+r)‘(h2+(H-r)2)+X(R2+r2l I(Lowerradius)
h= @0 7.
r (R+r ). (he+(R-r)Je)+x(Ra+re) (Height)
10 &4 [Surface = 4B3.7436628
o) l:iﬂzr%f’n +{R-rJ2)+x(Re+re2) l(RetumtoinnialdispIay)

Here, the surface area of the frustum of the circular cone is 483.7436629.

2492



VOLUME OF A SPHERE

Determines the volume (V) of a sphere using the following formula:

r : Radius
V=fmn =gr

OPERATION
5’700 l?;r;/g r-radius T

Determine the volume of sphere (r=6).

6 =g 2x73/3 rredius ](Radius)
Volume = 8S0@4.77B6842

@ Axr3/3 r.radius ](Retum to initial display)
r= 6 7-

Here, the volume of the sphere is 904.7786842.

’
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a : Lower radius
b : Upper radius
h : Height

v=f(a.b,h)=%zh (327 +3b? +h?)

OPERATION
5705 [;D(gag-ﬁabiﬁ-hi)/s a:bradius ]

Determine the volume of the zone of sphere (a=6, b=4, h=2).

6 kg IXh(Sa;+3b2+h?)/S a:b:radius I(LowerradiUS)
b= -

4 Thi{382+3b&+h2)/6 h.height (Upper radius)

e [n: 2 7. j

2 Exg [xn<3a2+3b2+n2)/s h height ](Heighl)
Volume = 167 .551680@082

Exg) rrh(38§+3b2+he)/5 a'b radius s(ﬁewmtomiﬂaldisplaw
8= © -~ !

Here, the volume of the zone of the sphere is 167.5516082.

244



r : Radius
h : Height
V=f(r,h)= —g—:rrzh
OPERATION
2xregh/3 r-radius h-height
5710 RIS
E XAMPLE
Determine the volume of spherical sector (r=6, h=2).
6 =g ﬁxr;néa r.redius h:helght (Radius)
=F 2xreh/3 r.radius h:helaht Height
Z = rVolume = 15p.7964474 I( eight
E4 Exréhés T-redius h:.heisght l(Retumtoinitialdisplay)
r=s -

H ere, the volume of the spherical sector is 150.7964474.
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Y4 -] VOLUME OF A CIRCULAR CYLINDER

Determines the volume (V) of a circular cylinder using the following formula:

5

h r : Radius
h : Height
V=f(r,h) = ar’h
OPERATION
5715 l:iag - r-radius h-helight J
EXAMPLE
Determine the volume of circular cylinder (r=5, h=10).
5 Ex9 XrEn r:radius h.height (Radius)
h= @ ?_
10 =8 [xran r:radius h:height l(Height)
Volume = 7B5.3881634
fxg xrag - r-radius h-height ](Returnloinitialdisplay)
r= -

Here, the volume of the circular cylinder is 785.3981634.
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VOLUME OF A CIRCULAR CONE

5720

Determines the volume (V) of a circular cone using the following formula:

h
r : Radius
h : Height
\/=i(r.h)=%nrzh
OPERATION
5720 [us ﬂ;fg/g_ r.radius h:.helght
EXAMPLE

D etermine the volume of circular cone (r=>5, h=10).

S &g Pran/s r.radius n:heisntJ(RadiUS)
) h= 0 7?_
/0 Exd [xrenxa r.radius h:height J(Height)
Voilume = 2B1.7983878
54 lxrzh/B r:radius n:neisnxJ(Returntoinitialdisplay)
r= 8§ 7.

Here, the volume of the circular cone is 261.7993878.
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VOLUME OF THE FRUSTUM OF
A CIRCULAR CONE

Determines the volume (V) of the frustum of a circular cone using the following formula:

r : Upper radius
R: Lower radius

h . Height
V=1(r,R,b) =4 7h(r? +rR+R?)
OPERATION
h(irg+rR+R2)/3 r:R:redius
5725@ [0 %! |
EXAMPLE
Determine the volume of the frustum of circular cone (r=4, R=6, h=10).
4 &g sn(éa;rmaa)/s T.R:redius J(Upperradius)
6 &g Ixn(rE;rmae)/a h heignt ](LOWe”adiuS)
h= @ 7_
10 8 Ixn(rurnma)/a h.height (Height)
Volume = 785.8721388
g ,n(zz;raﬂqa 773 r.B.redilus ‘|(Returntoinitialdisplay)
r= -

Here, the volume of the frustum of the circular cone is 795.8701389.
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VOLUME OF A WEDGE

Ddermines the volume (V) of a wedge using the following formula:

<

V=f(a,b,c.h) =%bh(2a+c)

OPERATION
£730

:b:c : Sides

: Height

|73nlEa+c)/8
8= @ 7.

a:b:c.edge h:height ]

D etermine the volume of wedge (a=6, b=8, c=4, h=5).

L ES
8E%
y 5
sk
-

‘heignt l(Onesidea)

-helght 4V0nesMeb)

helgh tJ(One side ¢}

[bn(aa+c)/s a:b:c:.edge N

b= @ 7_

[bn(aa+c)/s a:b.c:edge h

c= B 7_

[%n(2a+c)/6 a:b.c:edge h:

h= 0 7.

ph(ea+C)/B6 a:b:c:edge h:height lmagm
volume = 1@B.BEEEEE7

[bn(aa+c)/s a.b.c:edge h:

g8z B 7o

helght ](Return to initial display)

Jere, the volume of the wedge is 106.6666667.
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VOLUME OF A PYRAMID

Determines the volume (V) of a pyramid using the foliowing formula:

(Base dimensions)

J (Height)

(Return to initial display)

a:b : Sides
h : Height
b
a
1
V=f(a,b.h)=§abh
OPERATION
5735 IggnéB?_ s.b:edge h:-height J
EXAMPLE
Determine the volume of pyramid (a=4, b=5, h=6).
4 5 bh/3 a:b:edge h:height
B9 S & h= 0 7. !
6 bh/3 "b:edge h:height
Es ﬁolume = Alaa ¢ :
g labn/s e:b:edge h:helight
a= 4 7_

Here, the volume of the pyramid is 40.




Y/ (1] VOLUME OF THE FRUSTUM OF A PYRAMID

D ermines the volume (V) of the frustum of a pyramid using the following formula:

" a:b : Uppet sides
c:d : Lower sides

h . Height

Vails.b.e.d.h)= —g- (ab=cd+ Jabed)

OPERATION
5 740

c+"(eabcol)l/3 a.b:Cc. 0 .ecee '

Determine the volume of the frustum of pyramid (a=3, b=4,c=6, d=8, h=12).

3ED4E
4 EB38 ks
12

|

o+ lebtco))/3 ebc.C.ecee |(Twosidesofa&b)

+1.

Here, the volume of the frustum of the pyramid is 336.

higb+C
t= B 7_

]nta:-+cu+."(ebcc))/s h.neignt W(Twosidesofc&d)
Lh= 2 7_

hlec+cC+. labtg))/3 hheight ](Height)

Volume = 326

(n(ab#cu-r.'(abcc))/s 8. b.Cc o .eCge I(Rexurntoinizialaisplay)
lg=s 3 7.
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! a:b:c : Raius

V=f(a-b-c) =4 rabe

OPERATION
dx28bc/3 s.:b.c.racius
5745 9 SEEEYE ]
EXAMPLE
Determine the volume of ellipsoid (a=10, b=6, c=5).
418bc/3 8:-b.C.regi (Radius 8)
10 &5 dredc/3 Tus ]
drabc/3 8.b.C.repius (Radius b)
T c= @ 7. tY ]
x 4dxabc/3 a:b.c:ragius Radius ¢
5@ Volume;= 1256 6370861 v ]( l ) f:
g 4xe ?é/g 8. b.c.redtus I(Returntoinitialdisplay)
a=s -

" Here. the volume of the ellipsoid is 1256.637061.
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INSCRIBED CIRCLE AND cmcumscmsso
CIRCLES OF A POLYGON

Determines the radius of the inscribed circle and the circumscribed circle and the length
of one side of a polygon from a regular polygon's area.

Angle unit used is the DEG mode.

OPERATION
5750 @8

D =lermine the radius of the inscribed circle and circumscribed circle and one side of a regular
p=ntagon with an area of 450.

n (r.R. 11} Apree ]

r» 0
no
Q<
~Jo
|

450 Fir LPolyson (r . R.1) n.numbDe T {Enter area A)
- n=s 3 ?_
byt Folygon (r.R.1} (Radius of inscribed
- r.inside = 11 12588647 circle cisplayed when
the number of sides of
polygon is input)’
ot rPo fygon (r.R.1) {Display of circum-
= R putsipe = 13.75728€E286 scribed circle radius)
- Poiygon (r.R. 1) Display of one side of
et |'sice = 16.17267171 i,en{',gﬁn)
Polygon (r.R-1) A:ares initi
2 ao 2E8".C (Return to initial display)

ere, the radius of the inscribed circle is 11.12988647, the radius of the circumscribed circle
13.75729626, and one side of the regular pentagon is 16.17267171.
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input:

OPERATION
5760

One of the following regular polyhederons can be selected from the menu illustrated above.

< Dn-~ =

: Length of one side

: Radius of inscribed sphere

: Radius of circumscribed sphere
: Surface area

: Volume

2

nu

61

mber

o1

3:8¢

face
4:121t

S:2et

Find the length of one side (a), radius of inscribed sphere (r), radius of circumscribed sphere

(R), and volume (V) of a regular octahedron with a surface area of 100cm?.

4
100 &2
(I3
£
K
©
s

156

SeTect Throul deote (3 : 8f selection from
1:a 2:r 3'R 48 5V menu)
'E.octehedron) S.surfece (4 : S selection from
S= @ 7. menu)
TEioctanegron) 3.12e.6v (Entry of surface area .
la:ecee = 5. 372848658 displays iength of one

side) _
Bloctaheoron) 3.1ce.Bv (Radius of inscribed-
r:inside = P.153456688 circle display)
Bfoctaheoron) 3.12e.6v (Radiusofcircum-t
R:oputside = 3.788178B8428 scribed circle display)
Bloctehedron) 3.12e.6V | isplay) —
Vivoiume = 73.11522284 (Volume display)
Bloctehedron) 3.12¢e.6v edisplay of radius of
Rioutsice = 3.798178428 S,w',,,‘;:,{b‘;d':i,:;{:)
Bloctehecron) 3.12e.6V (Redisplay of volume)
V:volume = 73.11525284 |Recissiay )
[Select number ot face (Return to meny  —
1:41 _2:B1 3:Bf 4:\2t 5:20! [gapiay



Here, the following data is calculated for the regular octahedron:

Length of one side

Radius of inscribed circle
Radius of circumscribed circle
Surface area

Volume

Approximately 5.37cm
Approximately 2.19¢cm
Approximately 3.80cm
100cm?

Approximately 73.12cm?

F) nd the radius of inscribed sphere (r), radius of circumscribed sphere (R), surface area (S)
and volume (V) of a regular icosahedron which has a length of one side of Scmn.

s Seiect input oate {5 : 201 selection from
5@ 1.8 2 3:.R 4:8 S:V menu)
c@iicoseanhedgron) s:egdge (1 : & selection from
’@ ez @ 7. menu)
e Ee_(’CQSBhEGYDN) 3.30e.12v (Entry of length of one
& r.inside = 3.77BB@EST side dispiays radius of
inscribed circle)
eve Fe(icosenecron) 3.30e.12v ](Radiusofcircum-
R outside = & 7552B2SE) scribed circle display)
e zGiicosehecron) 3.30e.12v Surface area displa
EE S surtece = 216 5@E3Ee8 ] play)
=%l t2@{i1tosahedron) 3.3¢e.12v (Volume dispiay)
EXE 'V voiume = 272 7118738 | Y
. Select number ot tace - (Return to menu
EXe . 41 261 3:8Bt 4:12t 5-2Ot display)

Here, the following data is calculated for the regular icosahedron:

Length of one side

Radwss of inscribed circle
Radius of circumnscribed circle
Surface area

Volume

5cm

Approximately 3.78cm
Approximately 4.76cm
Approximately 216.51cm?
Approximately 272.71cm?
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FACTORIZATION

Displays the following 23 factorized formulas:

= (a+b) (a=b)
. ad+b¥=(a%b) (a?Fab+b?)
= (a—b) (a+b) (a?+b?)
a‘+b'=(a?+ /2 ab+b?) (a?= /2 ab+b?)
a2+ 22b+b?= (axh)?
a'+3a%b+3ab?2 b= (ab)?
. (a=b)?F 4ab=(aFb)?
. a?+b?+c?+2bc+2ca+2ab=(a+b+c)?
. a'+alb?+ b= (a?+ab+b?) (a?—ab+b?)
al+bl+c3—3abc=(a+b+c) (a?+b?+c?~bc—ca—ab)
. (ac—bd) 2+ (ad+bc)?= (a?+1?) (?+4%)
. (ac+bd)?+ (ad—be)?= (a?+b?) (¢?+d?)
. {ac+bd)?— (ad=be) 7= (a?—b?) (c?~ %)
. (ac=bd)2— (ad=be)?= (a?—b?) (¥ = %)
22(b—¢) +b2(c—a)+c?(a—b)=—=(b—c){c—a)(a—b)
(b—c)’-*(c—a)’?(a—b)3-3(b—c)(c—a)(a—b)
. alsbtsct=2b%c?—2¢%2~2a%?=(a+b+c) (b~c—a) (c—a—b) (a—b—c¢)
. x’+ (a+b)x=ab=(x+a) (x+b)
19. x3<+ (a+b+c)x?+ (be+catablx+abe=(x+2) (x+b) (x+¢)
20. 2?—b’—c?—2be=(a+b+c)(a=b—c)
21. (a+b=¢)(bc+ca+ab)—abe=(b+c){c+a)(a+b)
22. (a=b+¢)¥=(a3=b’+c?) =3(b+¢c)(c+2)(a+Db)
23, a¥(b—c¢)=b3c—a)=c*(a=b)=—(b=c){c—a)(a—b){a+b=¢)

OPERATION
5800 8 S latb) (e=b) R

(or ) scrolls to the foliowing formula, (€] 1o the previous formula, [&)to the first formula,
and ) to the last (23rd) formula.

W D~ h U A WN =

St hd Gd bad et b d ed d
0N ~) OO bW N = O

EXAMPLE

Display a desired factorized formula.

» 23:00 = —)j (Formula 2)
={pg=zp)(p23pbetd?) (2

e jealed) 2f:c8btbE {57 (Formula 5)
=({g=2p)8

DEE®E®E [s5+v3+cs-3abc IIGJ](FOrmula‘lO)

. ={g+d+c){n2+bRPscl-bDCc-CB=-8D)

BEER® (#=p12:dsd 797 (Formula 7)
=(a=

= sf-pe 771 (Formula 1
=(e+d)in~-b) ! ll )

= 2i(b-c)+b3(c-8l+C3 g-D) TE237 | (Formula 23)

oL z=-(p=-gll{c~-8)l{a-blla+bsc)

DB XS+({p+D+CIXE+(DC+CBrBD ) x+abcl 18] | (Formuta 15)

s({y+s)(x¢+bl{x+c)
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TRIGONOMETRIC FUNCTIONS

Displays the following 38 trigonometric equations:

1. sin’é+cos?f=) 21

2. 1+wn?f=sec?d

3. l+cot'f=cosec’d 2

4. sin(ex B)=sine-cos Bt coseo sins 23

5. cos(exf)=cosecos S~ sina-sins 24

- tang2tanf
6. tan(e=2 f) T=tanetang 25
Lot cotf]

7. cotlazB) cotf=cota ;:

8. sn26=2sinf-cosh

9. cos2f=cos’f—sin’6 28

10 cos26=1~2sin?6 »

11, eo0s26=2¢cos?6-1 30.

; 2tané

12. un25=m 13
. & -

13 unitz‘/ ____i;os! 32
8_. /ltcost

14. cosg =2 7 3.
A )= cos

15 tang == 1+cosf 34
S ol 111

15 tany sinf 35

3= £ __ smb

V. i RS T FYYY: 36.

18 xlz§=:ose:€°col€ 37
8 __ /T=cosk

18 12 == T=cost 38,

Y 6 __sinf

2. o 2 "T—cosé

OPERATION

. tandf=

cﬂi -] tcost
2 siné

. tol% = cosecf +coth

. sin3f=3sinf—4sin’s
. cos36=4dcos?f~3cosf

3tanf —tan’f

cosa—cos 5=~ 2‘"‘(12:!)'“"(%;)

1-3tan‘é

. 2sine-cosf=sinle+ B +sin(e~f)
. 2cose-sinf=sin(a+ f)—sin(e—B)
. 2coso cosf=cos(g+f) +cos(o—3)

. 2sine-sinf= = (cos(e+ B) ~cos(e= B)

sine+sinf= zsin(%ﬁ). “,s(_a:j)

2

. sina—sinﬁ‘Z:os(!‘;'é)"i"(a_;g)
. cosc+co:ﬂ=2cos(£%£)-cos(’_‘£)

2

tan{45°= -’-) =gecf=tanf

-2

. un((S':%) =
tan(43°= £ )=cot(45°= =
-2 2

.S+ )=

12sinf
cosé

A

1+tané
l~-tanf

cot (45— §) = L2 ELE

1—co1é

5810 :;nie-fcosie

[4] (or kxt ) scrolls to the following equation [§] to the previous equation, [&) to the first equa-

(D)

tion, and (=) to the last (38th) equation.

D, splay a desired trigonometric equation.

{27 | (Equation 2)

16 | (Equation 6)

{8) ](Equation 9)

[8) J {Equation 5)

[ 3] {(Equation 3)

{ 3B} |(Equation 38)

2 HHEH

A aaesfeafea) lf;‘; g:,n,)/n:(gna-tant)
BB sggg -sintg

YaEBD Egg; ggsszslna-slnﬂ

MD ciSsecee

) S0 iente) s 1-cote)

&) iri".nz‘ cos2®

111 }(Equation 1)
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DIFFERENTIALS

Displays the following 38 ditferential equation:

¥y=0

l. y=¢ —=ean~! g x
23. y=tn’x y=—’? (yl<3)
2. y=x° y=nxm} 1+ 2
3. y==x ¥y=1 24. y=cot"ix y'=—-l-;Lx, (Iy!(-z!)
1 .
4. y=-< y=—-‘1 - . p) ’
x x 25 y=see”lx y'= (0<y<xr'>1)
/-1
5. y=.’7 y'=2.)/- 1 .
s 2. y=cosec’ls = —= (y'<z.1>)]
6. y=¢o’ y'= c’loga 1771 2
7. y=e y=e' 27. y=sinhx ¥y’ =coshx
8. yme~ y'=ne” 28 y=coshz y'=sinhs
_ 1 29, y=tanhx y'=sech’s
. ¥=logr Ly 30. y=cothr y'=—cosech?x
10. y=2x* y'=x'(logz+]) 3). y=sechx y'==—sechr-tanhy
11. y=sing y'=cosz 32. y=cosechr y'=—cosechz cothr
12. y=coszs y=—sinz 33 y=sinh!? IR |
. y=sinhlx V=
13. y=uns ¥y =sec’x J+7o
4. y=eors ¥'= —cosec’s 3. y=coshx y'=—x7/—!-__=x (3>0.22>1)

15 y=seca y'=secx-tanzx 1

. - -1 e 2
16. p=cosecxr p = —cosecr-cotr 35, y=tanh"iz Ve (r’<l)

T wmsines y'=a-:osAa: 36, p=coth'x Y= (r'>1
18, y=coscz y=-0-sincz -z
18. y=tanox y'=g-sec’cx 37. y=sech 'z y'=“: Ao 0<a<h
20. y=cotaxr y'=-—g-coseciax .
- . 1 . ” 38. y=cosech": V= -—-L—_
2. y=sinTly Y mopeem (pi<) PR
vi-ax 2
. ]
=cos”! =- <
2 y=cosly Y=-Tpms €<y<n
OPERATION
[v)

S0

5820 vz

@ (or 2 ) scrolls to the following equation, [ 10 the previous equation, [S) to the first equa-
tion, and (=] to the last (38th) equation. -

Display a desired differential equatnon

R3] N 1?}"](Eqmion 2

eafealealed) y =83 (61 | (Equation )

) y' =s1108%8

BDREEDODBE®y =cosx li?T'l(Equuiomz)

. y =-sinx

BR® y =logx {67 |(Equationg)  — -

! y'=

= Y, ‘g [ 11 |(Equation 1) -

. y =0 -
= = h . -] i e

= TR 38T |aumionse) . =
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INTEGRATION

Displays the following 34 integration equation:

l.fd:=:+C
. !
2. x!dz=m+C (n+]=0)

3.f-ldx=lox!:l+c

4. f—J—d:-log~x:nl+C
5. f’d:—e'+C

6 fe“dx »e +C

7. f'dx-——+c (6>0.a=1)

B. j “d'x—

9,flo(zdz=:(lo;x—1)+c

+C (2>0.0%1)

10. ;e~dz=%;-(u-1)-c

—~cosx+(

1
-—=ec0s 02X+
4 X C

11. fsinzdz=
12. [singzdz=
13, fcos xdr=sinx+(

14, cosaxd1=%-sin ax+C
13 /un 2dz= —log cosz '+ C

16. [eotzdz=log sinx+C

17 '/sxn’xd.r:-;-:—-z—sin?.r#'c
18 :ds’za':=-;-x+—}sm2:4C

OPERATION

19. nc’axdx--}-unu-"c
20. fcosec ud:—-l cotazx+(C

2. o de=log un-2-+C

X
cosz 2 )+C
23. fe":m badx= ?-_]'Te"(n-sin bx—b-coshbr)+(C

-;y’:pe"(n-cosb:-r b-sinbz)+C

2. dz=lo; un(T'-#

24. fe"cos bxdz=

25. [sin~'zds=zsin x4+ /T2 +C
2. [cos~zdz=1c0s'3-/1=F+C
27. [sinhzdr=coshr+(C

28 [coshadr=sinhx+C

29. [tanhdr=log coshz+C

0. f?:‘.‘l-_;d,=,m"’+c (izi<a)
3. [odozr=dundsc

2. j7-.L--,dx=1°g(:+./:’_:a")+c
» 77

A f---—'—}a'.r=—-lc>g(“r a)*C (x>0)

(xva? -z’+a’sm":)+c

0@ [

II)J

3 (or B8 ) scrolis to the following equation, (@ to the previous equation, (&) to the first equa-

&on, and [ to the last (34th) equation.

Display a desired integration equation.

/ xn ©Ox (Equation 2)
¢ =xe+1/(n+1)+C (n+1~e)‘a)
vBEE T emy s ls—)‘](EquationS)
\U@@ 'I'X('?g:xg§)+c [g)I(EquatiOHQ)
» D ]ae;lg;eﬂ: (e50. ” J(Equatnonn
= e a.
> /] 1/(xeé-p2) g1 547 | (Equation 34)
=l/2e-logll{x-8)l/(x+a))+C (x>a)
I EIRED] [ 1/(eség+xe] dx 13577 | (Equation 31)
=l/g-tant{x/el+C .
=== /] ox (Equation 1
: Za.300 % | =x+C “]] ’
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LAPLACE TRANSFORMATION

Displays the following 36 Laplace transformation equations:

F(p) £(t)
| 3 1
@ | 5 K]
@ | x 2 =123,
4) -p—_.g—;z e’
®) | s La-e=
® | > L=t me-1)
D | FEp sina!
® | 525 cosat
© | s 1sinat
4o ;;ﬁ—az sinha!
up ;7‘%? coshaf
n2 ;%27 %sinhat
03 ‘p—(;:'l_;_—a'q 21— cosat)
ae E'Tp'l-'-_a"')' -};(at—sinat)
s m -;,l—m(e"'-e"‘)
) m:n—) ml_"(me“'—ne"‘)
a7 (_p-+1_m_)1 te™
0 | G e (n=1,2,3-)
0 | G e -mi)
© | 5o La-a+mne=
2 p’(pl m)? 'y%x"'T:""z'm;:‘ i
0 | 2, ((n—m)t+1)e™™
@3 | TT-‘-LE’T’ %;(sinat-al-cosa;)




F (o) 1(1)
) |
0 S
A (m‘%’;’ ’ zasma!
2
b Gy‘_&’? %(sinat-*'a!-cosa!)
1_ g2
& -(-ngng) t'cosal.
! 1 e
7 GEmE A Ehilidi
. + m . —_—
g —(;;%57;7 e ™cosn!
5 7‘1_a‘ oy (sinhat - sinat)
g BTLLa‘ E};g(cosha!-cosa!)
2
i} ?%27 zia(sinhat-l'sinal)
3
2 7{_0‘ %(coshaf-f-cosal)
3 F—_f’-‘—a: z—larsinat'sinhar
3
§ p‘ffaéa‘ sinaf-coshat—cosat-sinhat
1 (o) -
3 p \psm —-1+2e™™
3 (e 2,2
pP\p+m
OPERATION
5840 [z Flo)=1/p, llJl

B or &2 ) scrolls to the following equation, (2] to the previous equation, [S)to the first equa-
4w, and [=) to the last (36th) equation.

Display a desired Laplace transformation equation.

¥ f(p):]/pe T27 | (Equation 2)

¢ DB F:D):a/(pihkat) 177 (Equation 7)
sine

t DB Fipi=1/(pzm) T4) | (Equation &) -
eim

v I Filol=1/(pElp+m] ] 16 | (Equation 6)
l/me-{(eg-m14mt-1)

> Fiplel/pz- -l ilp=-m)/{p+tm}) lBS)J(EQuationSS)
2/m=-t-2/m-g=mt

AN TEEE [Fipl=zpe/ive-ga] 7317 | (Equation 31)

apajeagcaged l/7ge-{sinhat+sinet) J

< ﬁ(nnl/n [ 1) ] (Equation 1)
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PERIODIC TABLE

Displays the periodic table of elements and atomic weight of selected elements.

e Periodic table of elements

1
H
1,607
Non-metallic elements
S Metellic elements s Bls Bls Bis B 5 b
BE) . n s 7 [ 0
Li Be N F
e [ 90210 10 6 37 081 ] 0o SO€T ! 1S O9se {16 Peeat)
1 1t 13 [ 1 1 17
Na Mg Al Si P S Ci
2269 9 e 13 A{ &6 ALS AVE AT A L) 1 B2 B lwwtise]m eass {30 9737 33 06 | 35 a5y

1 10 I 1 ) 7 15 3¢ 1 ] ™ 3 31 31 £ ™ 3
K Ca Sc T % (o4 Mn Fe Co A Cu | Zn Ga Ce As Se Br
BN M!) 400 1os 9588} 4t 80 (30915 81 om [he ooy 85040 Ii 9232 | s 00 [ @onee | gs e | o9ty | vrse [ emin] 10 o | 9 v

) 40 ) Q 4 o 43 [ L o« a8 [ $ (3] »
Sr Y Zr N Mo Tc Ry Rh | Pd Ap Cd In Sn Sb Te 1
LS u (3 u a2 95 | 90 21 {97 906 | gy B (%) 101 € 1102 9038° 1o 3 |40 aee? 11200 [ tie 82 | 11g s | 120,78 | 1776 {136 woas

35 SRS 7 ) s, 73 7% &) " ”» - 1 [ Y g [
Cs Bu - HI Te [ Re Os 1r Pi Ax He | T Pb Bi Po At

132 90m1 13°.3) L LIy D BTy, 03 B { e 2eTt 1902 |19 T2 ] 0w of {aee weeti 200 38 (206 303 | 207 1 [por saad! (20r) | (210)
3 v A = [ anthanides elements

lfz;: ncnc.:sa er ® 8 Actinides elements

u [ « 1 « [ [ a ” n

[ Pr | N Pr | Sem Cd Tb y ' Tm| N Lu
N m o s u. n 1e¢ v". veo 36 1 [hess {18 X lSI A 18025 (134 95¢! gge g m S u' [ R 193 00 {170 9"
s vo ' [3] [3 [ [ o g0; 362 Jo3

(X Pu I Am Cn Br | Cf Ex Fm ' Md | Ao Le
N -~ c"l "' cr L2 mv 22 cus 37 0an, t2er 1 o02a5 ) o124%0 0 {2675 o) 1 ogned) D ogmed D oqrse) | otased | opre)




Atomic weight (1)

:3;";'; Element " symbo! Atomic weight
1 Hydrogen H 1.00794+7
2 Helium He 4.00260
3 Lithium Li 6.94
4 Beryllium Be 9.01218

. 5 Boron B 10.81
6 Carbon C 12.011
7 Nitrogen N 14.0067
g Oxygen 0 15.999.
9 Fluorine F 18.998403
1C Neon Ne 20.17s
11 Sodium Na 22.98977
12 Magnesium Mg 24.305
13 Aluminium Al 26.98154
14 Silicon Si 2B.083s
13 Phosphorus P 30.97376
16 Sulfur S 32.06
17 Chlerine Cl 35.453
18 Argon Ar 39.948
18 Potassium K 39.0983
20 Calcium Ca 40.08
21 Scandivm Sc 44.93359
22 Titanium Ti 47.8s
23 Vanadium v 50.9415
24 Chromium Cr 51.996
25 Manganese Mn 54.9380
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s Atomic weight (2)

:J;";’:r Element - Symboi Atomic weight
26 Iron Fe 55.841
27 ~ Cobalt Co 58.9332
28 Nickel Ni 58.69
28 Copper Cu 63.54¢
30 . Zinc Zn 65.38
31 Gallium Ga 69.72
32 " Germanium Ge 72.5%

33 Arsenic As 74.9216
34 Selenium Se 78.9¢
35 Bromine Br 79.904
36 Krypion Kr 83.80
37 Rubidium Rb 85.407s
38 Strontium Sr 87.62
39 Ytirivm Y 88.9059
40 Zirconium 2r 91.22
41 Niobium Nb 92.9064

42 Molybdenum Mo 95.94
43 Technetium Te (96)

44 Ruthenium Ru 101.0;
45 Rhodium Rh 102.8055
46 Palladium Pd 106.42
17 Silver 1 A 1078662
48 Cadmium Cd 112.41
49 Indium In 114.82
50 Tin Sn 118.65
51 Antimony 'Sh 121.7s
52 Tellurium Te 127.60
53 lodine 1 126.9045
34 Xenon Xe 131.2
55 Caesiom® . Cs 132.9054
56 Barium Ba 137.33
57 Lanthanum La 138.903s
58 Cerium Ce 140.12
59 Praseodymium Pr 140.9077
60 Neodymium Nd 144.2
61 Promethium Pm (145)

62 Samarium Sm 150.3s
63 Europium Eu 151.96
64 Gadolinium Gd 157.25
65 Terbium Tb 158.9254
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Atomic weight (3)

:‘::::i:r Eiement Symbol Atomic weight
66 Dysprosium Dy 162.50
67 Holmium Ho 164.9304
68 Erbium Er 167.2¢
69 Thulium  Tm 168.9342
70 Yiterbium Yb 173.04
71 Lutetivm Lu 174.967
72 Hafnium Hi 178.49
73 Tantalum Ta 180.9479
74 Tungsten w 183.8s
75 Rhenium Re 186.207
70 Osmium Os 190.2
77 Iridium Ir 182.2:
78 Platinum Pt 195.0s
79 Gold Au 196.9665
80 Mercury Hg 200.5s
81 Thallium Tl 204.383
-4 Lead Pb 207.2
83 Bismuth Bi 208.9804
84 Polonium Po (209)

835 Astatine At (210)
8¢ Radon Rn (222)
87 Francium Fr (223)
88 Radium Ra 226.0234
89 Actinium Ac 227.0278
0 Trorium Th 232.0381
9] Protactinium Pa 231.0359
92 Uranium 8] 238.0289
93 Neptunium Np 237.0482
94 Plutonium Pu (244)
a5 Americium Am (243)
96 Curium Cm (247)
87 Berkelium Bk (247)
s Californium Ct (231)
a9 Einsteinium Es (252)
100 Fermium Fm (257)
101 Mendelevium Md (258)
102 Nobelium No {259)
- 103 Lawrencium Lr (260)
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OPERATION
5900

)

_Ae 2a 38 48 58 B8 78 B

-

Pressing (D displays the following periodic element, while pressing (@) displays the previous
~ periodic element. Pressing [&) displays groups 1a ~ 8, while ) displays groups 1b—~7b and
0. Pressing x5 enters input stand by, during which inputting a symbol of an element displays

its atomic weight.

Display the periodic table at a specific location and display the atomic weight of silicon.

©
e3feaies)
=
DEE

260

Te 2¢ 3a 48 58 68 78 W}('Zwaicolemenl)
2:L1 Be
e ce 238 48 52 B6e 78 B B B J(*Speﬁodiceiemem)
S'Rp Sr Y 2f Nb Mo Tc Ru Rh Pd
1b b 3b 4b Sb Bb 7b @ (Group tb~7b and 0
S:Ag ctd In Sn Sp Te | xe with same period)
rs:Lantnanolu: La Ce Fr No Fm Sm |(Lanthanoid)
Eu G Tb Dy Ho Er Tm YD Lu
7. Actinoic.Ac 1h Ps U Ne Pu AmggJMﬂMﬁﬂ
Cm Bk C1 Es Fm Mo No Lt
tnput the symbol @ o
Push [EXE] then return
Tnout the symbol . _ |(Enter Si 10 display
S| Silicon 14(3-4b) 2B.@855 yatomic weight of
silicon)
{7:Actinolu.Ac Th Pe U Np Pu Am Jmamnwmmmm»mn
Cm Bx C1 Es Fm Mdg Npo L7t




SCIENTIFIC CONSTANTS

Dysplays the following 22 scientific constants. Alphabet keys A~Z can be used 10 assign

displayed values to numeric variables A through Z.

UNIT
NAME & SYMBOL VALUE 5 - cos
Faraday constant F | 9.648456 10 Cemol™! 10° emu-mol™!
G ravitational constant G | 6.6720 1071 mds2ekg™!| 107 emlesT2g7?
Avogadro constant Nz | 6.022045 10 mol™? 102 mol™!
olar gas constant R | 8.3144) Jemol" K™} } 107 erg-mol™-K™!
/dberg constant Reo | 1.097373177 10° m™! 10° em”!
>lar volume of ideal gas at s.t.p. {Vm | 22.41383 1073 m?-mol”! 10° em?-mol!?
shr radius ao | 5.2917706 1077 m 10°* em
»eed of light in vacuum "¢ | 209792438 mes™! 102 cmes™!
>mentary charge e | 1.6021892 107 C 1072° emu
avitationa! acceleration g | 9.80663 mes™? 10° emes™?
inck constan! h | 6.626176 107 Jes 1077 erg's
‘tzmann constant k | 1.380662 1077 J-K™! 10716 erg-K-!
2ctron res! mass me | 9.109534 1073 kg 1072 ¢
"Jiron rest mass mn| 1.6749543 1007 kg 107 g
Ston res! mass mp| 1.6726483 1072 kg 1072 g
Jmic mass unit v | 1.6603633 10777 kg 107 g
rmitlivity of vacuum €O | 8.854187818 1072 Fem™!
rmeadility of vacuum pO | 12.3663706144 | 10°7 H-m™!
hr magnetion ub | 9.274078 1072 J-T™! 1072 erg-G™!
-£1ron magnetic moment ue | 9.284832 1072 J.T! 1072 erg:G~?
>ton magnetic moment wp | 1.4206171 102 J-T 1073 erg:G}
fan-Boltzmann's constant ¢ | 5.67032 1072 Wem™2:K™4) 10 %erges 2K

1e values of these scientific constants are based on JIS Z-8202-1978 (JIS = Japan Indus-

al Standard).

OPERATION

F 8. 64B45E6x1 e
{910 >eonstant . ke

(C-moM)
-2 ?

11

Pmssmg &= displays the following constant, while pressing (¢ displays the previous cons-
_Pressing [ displays in S! units, while pressing (=) displays in CGS unit. Alphabet keys
A - Z can be used to assign displayed values to numeric variables A through Z.
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Display the molar volume of ideal gas at s.t.p. and assign the value to riumeric variable V
in CGS units. Then display the Avogadro constant and assign the value to numeric variable N.

rajeafeajeayey

cajcalca
Gl

£
KARTE
0 &

(Molar volume of ideal
] gas at s.t.p.)

(Dispiayed in CGS units)

(Vaive assigned to
numeric vanable V)

(Avogadro constant)

(Value assigned to
numeric variabie N)

(Exit currently speci-
fred constant)

vm =22.413B83x108 [md -mpl)
>constant : key A-Z %7 [B)
[V]=22.413B3x12° [m3 - mo1}
>constent : key A-2 %? [6)
Ne =5.0@22045x1Q22 mol )
>constsnt ° key A~Z 7 [3)
[N)=6.0@22045x1@83 {mopl ]
>constent @ key A-2 % [3)
Break

v

e.222413E3

I (Contents of variable V)

N
E.L22C45E+23

] (Contents of variadie N)

* Constants assigned to numeric variables are retained even when power is switched OFF.
Numeric variables such as N and V can be used in BASIC programs.
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ELECTROLYTIC DISSOCIATION
CONSTANTS

Displays the following eight ionization equilibrium formulas:

JONIZATION EQUILIBRIUM
FORMULAS OF ACID

IONIZATION EQUILIBRIUM
CONSTANT ka (mol/l)

HCOOHZHCOO-+H"
CH;COOH==CH\.COO~+H"
CgH:COOHZCeHsCOO™ = H"
H:C0:=H-~HCO3
CgH:0HZ=CeH:0™+H”

1.77X107¢
1.75%10°8
6.31%10°%
4.45x1077
1.00 %1077

IONIZATION EQUILIBRIUM
FORMULAS OF BASE

ELECTROLYTIC DISSOCIATION
CONSTANT kb (mol/i)

NH:+H:0=NH -~ 0H" 1.78Xx10°%
CoHgN +H0Z2CsH:NH™+ OH~ 1.5%107°
CsH:NH2+H:0=CsH:NH:"—OH~ 3.6x1070
PERATION
HCCOOH «-=- #®COOD- He
5920@ K;u= 1.77x1@-4 {moi/1]} [1]]

¥ (or £ ) scrolis to the following formula, [£)to the previous formula, [ to the first formula,

anc (= to the last (8th) formula.

Display a desired ionization equilibrium formula.

I8 CHECOOR =- 3C00- + H°* (Formula 2)
Ke = 1.75x1@-%5 [mol/1) [2)
T CeHsOH —- CeHs50O- + H* (Formula 5)
rages |Ks = 1.02x18-7 {mo1/1) (s3]
=) [CeHsNH2Z + H20 = CesHsNH3* + 0OH=- |Emmm.&
Kb = 3.8Bx1B-1'0 [moi/1]) {8
* NHs ¢+ H2D == Hae + OH- (Formula 6)
e Kb = V.7Bx1@-85 [mol/1) ts:l
& HCOOH -~=_ HEODO He (Formula 1)
Ks = 1.77x10-4 [moi/1) (1]
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MOTION AND ENERGY

Displays the following 20 scientific formulas:

Simple harmonic osciliation
Hooke's law

Spring oscillation

Simple pendulum
Potential energy (spring)

Elastic energy

Kinetic energy
Coetlicient of friction
Work

Kepler's law
Universal gravitation

Potential energy (interpianetary)
Kinetic energy (interplanetary)
Moment of inertia

Angular momentum
Conservation of momentum

NAME FORMULA
Uniformly accelerated motion v=votat, @ -L—:. s=vot+—at?
Newlton's equation of motion F=ma
Circular motion (1) = =01
2
Circular motion (2) w=27”=2:rf=-:—. F=mro? %‘L

I=r'sinwt, vErw-coswt, 8= —wis

F=-kr

- =_ X = / m
e=F/m= m T=2» K
= =K = / T
a=F/m= el T=2n s

Ep=mgh
Ee= —k.r

Ek= %m\"

F=uN

W=Fs

T2/r%= Constant

F=G-M2, G=6.7x10 1 (N-m?/kg?)
Ek—l-mr w?

1= mrz. =-2—1w’
J=lw
mu+MVi=mv:+ MV,

NOTE: Universal gravitational constant displayed as rounded value (see 5910 for details)

OPERATION

5830 vevolat ! §

@ (or 2€ ) scrolls to the following formula, {f) to the previous formula, [S) to the first 1ormula

and [=) to the last (20th) formula.
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(EXAMPLE!

Display a desired scientific formula.

12 ]J (Formula 2)

6] J (Formula 6)

[ee )J (Formula 20)

177) ](Formula 17

(12 ]J(Formuln 12)

Py Newtonh 6 equation of motion
F=me

PpEOE ﬁ;‘w:e's Few
=~ K X

= Consefvation ol momentum
mvi +MViEmve+MVe

R Kinetic energy {pienet)

pro rEksl/E-mr!wt

COhhBEo (%oef!lclenx of friction
=¥ N

= Uniformiy accelerated motion
v=vo+stl esov/at . s=vot+set

[Y) ](Formu!a 1)
e/2
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WAVE MOTION

Displays the following 16 scientific formulas:

NAME - FORMULA
Wave v=%=f,\‘ y=a-sin2n (%-_j\_)
Velocity of transverse wave on a string v= / %
interference 1 z—h=(2n+l)% o l2=li1=n2
Stationary wave l=n% = (2n-l)-i— (n=0)
Refraction of wave n=sinf/sind=vi/vi= A1/ Az
Natura! frequenc =1L /1
Q y | f 7] / pl
Velocity of sound v =331.54+0.61T
Doppler effect f-‘-fOEE:—:;
Beat f=fi—f2 (Li>f2)
Refiectivity of light RO:(M)’
ny=nz
Critical angle Sinﬁ:%
De Broglie wave =;h‘j
| Quantum condition 2xr=;—t=nk
Photoelectric effect %mv’-': hv—W
Frequency condition hv=Em—-En (m>n)
Light wave A=c/v, €=2.098>10%m.s)

OPERATION
e
5932 v:}liT:H . y=a-sinax(t/T-x/Hl”

¥ (or iz£ ) scrolls to the following formuta, [ to the previous formula, (& to the first formuta,
and (& to the last (16th) formula.

EXAMPLE
Display a desired wave formuta.
wWave of string (Formula 2)
@ ve/S(F/p) el
Retfraction (Formula 5)
rajeajea ﬂ=sine/sin¢=v1/vz=u/u [m
Lignt wave [16 7 ! (Formula 16)
= lsc/v . c=p.988B2108 [m/s} ]l
BoEE ge Brogiie wave [laJ](Fomula12)
=h/my
= iwgve 37 (Formuta 1)
fv=1/T=12 . yza-sin2x2{t/T-x/1) |
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AC & DC CIRCUITS

Displays the following 16 scientific formulas:

NAME FORMULA
Ohm's law v=lR =%, R=s-3)
o . - 11,1
Electric resistance (parallel, series) R=Ri+Ra, R= Rl+ 7
pC circuit V=E~-IR
PC power and Joule heat P=IV=]’R, W=IVi=P1t
Conductance G= %— = %
Kirehhot's law 2*i=0, T*V=0
Yheatstone bridge RoR:=R:Rs:
Instantaneous value (AC voltage and current)| V=Vosinwt, I=losinwt
. _le Ve
tHective value 1_7-=' }7_7?
AC power P=VI=7VoIo
Power factor P=Vl-cos¢
Transformer LVi=1:Vs, %:VV_:.
Reactance X=wlL=2nfL, x'_'UlC_ =§_%E
Impedance Z=~/R’+ (“’L—w_lc')" Ve=2Zlo

Natura! frequency (Natura! osciliation)

Electric oscillation

-1
fo--mh

2
%‘% + %LI’= Constant

OPERATION

5934 @

(R

R=pe-1/8)

(@ (or Exg ) scrolis to the following formula, (€] to the previous formula, (S to the first formula,

and [S) to the last (16th) formula.

Display a desired electrical formula.

OF RERiiRe 1 /R=1/R1+1/Re 18] | Forman2)
OEEE Ox(ti'rsan?tg’:\sl.éaw 161 | (Formulz 6)
@ TR
— RELEIENTE  xevsecerseaip O]V
A ggv?fcégitor l'l’l]](Formulaﬂ)
92755 '77:0/1 R=s-.1/8) “]J(Formu'a”




ELECTR}C AND MAGNETIC FIELDS

Displays the following 17 scientific formulas:

NAME

FORMULA

Coulomb’s law (Electric field)
Electric field
Electrica! capacity

Electrical capacity (parallel, series)

Electrostatic energy
Electron in electrical field
Coulombd's law (magnetic field)

Magnetic fielg H

Magnetic field
Magnetic flux density

Lorentz force

Electron in magnete field
Faraday's law of induclion
Electromagnetic induction

-Mutss' induction

Dielectric constant ¢o (Relative dielectric constant ¢)

F=kel, ko= 9 x10°(N-m?/C?)
E % . F=QE, W=QV
Q=CV. c=¢o-—§-

C=Ci+C,
D=¢E, C=¢Co
U=JQv=Jcv?

Qm—E. %-mv’=ev
_ 10
l“)—(hr)“'

=1.1
T o

O

[\

mim?
=ko V]

D BT R
2nr’ H_21" H=nl
=wo]H] =]B 1

"

QvB. r=§§
.. QB
¥ 2m °

T
4t

=El=vy =B
V=E¢=vBe, I=12

M W M X
]

|—

w=

3

QB
" m

-1|4-

< N

=—ndh
V= Mdt

- =-p4]
Self-induction v L5
OPERATION

' ! b’ i (el tri 1.1} 1]

5936 @  [Fe¥iTBrof, it fafEIiafikige L]

(2 (or Bt ) scrolls to the foliowing formula, (] to the previous formula, (& to the first formula,

and (=) to the last (17th) formula.
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Display a desired scientific (electric and magnetic field) formula.

l2) ‘(Formuh 2)

17 ](Formula ¥s)

tielg

T17 jJ (Formula 17)

12 ]](Forrnula 12)
1 ](Formula 1)

ofl--

oN|®
Q>rjljow
- E|l—*
ou ~
-— il o

cmijo -
@ >l- o0
O~
ounjjon
—Sullouw
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THERMODYNAMICS AND OTHERS

Dispiays the following 13 scientific formulas:

NAME FORMULA

Absolute temperature ’ T{K)=t["C)+273.15
Heat capacity Q=CT=mcT
Mechanical equivalent of heat W=JQ. J=4.19{J/cal)
Boyle's law PV=_Constant (T=constant)
Thermal expansion (volume and temperature) | V=Vo(]+'2—:§)

. y_T
Charles' law Vo= Te
Equation of state PV=nRT. R=6.31{J/K)
Law of partia! pressures P=Pi+ P+ Py oeereee

=1 o2
Pressure P-gnmv
internal energy i U=-;—m€’ r\=—§-nRT
Specitic heat | C\-=§—L—J=%. Cp=-j—U +R=-52—R
! : Do) 1
éHaN‘ life !\-Y\o(z) (:-—T)
| Mass-energy relation | E=me?
OPERATION
£ts ute temperatuye (11

5938 [ug T{ k1=tl°Ci+293 15" |

[ (or £xx ) scrolis to the following formula, (2 to the previous formula, [S) to the first formula,
and [3) to the last (13th) formula.

EXAMPLE

Display a desired scientific (thermodynamic and others) formula.
Heat cepecity Eil(FOrmulaZ)

® Q=CT=meT !
Cherie s I8 TE7 |(Formula 6)

@@@@ V/Vo=T/To v '

) Mass-energy reletion llsll(Formull‘l:i)
E=mce? .

PDEDEE®D Lew o1 pertiasatl pressures [B)W(Fomwlla)
PePr1+4Pp+P34 . - - :

E ation pof state 71 1(Formula

© PU=nAT . Reg 31 [J/7K) I ]l v )
Absoiute temperature V) (Formula 1

= Ti'Rj=t{'Ci+273.15 {11 (Formaia 1)
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METRIC CONVERSIONS FOR LENGTH

-

Displays the following 30 conversion formulas. Pressing kg stores the currently displayed
formula which then can be applied for calculation.

CONVERSION UNIT CONVERSION FORMULA CONVERSION UNIT CONVERSION FORMULA
(em) (X 0.0 (m) x {f#) X 30.48 (em)
0.393701 (in) 0.3048 {m)
0.0328084.  {ft) ' 12 (in)
0.0109361 {vd) 0.333333 {yd)
0.00000621371 (mile) 0.000189394  [mile)
(m) X 100 (em) {xd) X 0144 {em)
39.370) [in) 0.9144 (m)
3.28084 (1) 36 . (in)
1.09361 (vd) 3 (ft)
0.000621371  {mile) 0.000568182  [mile)
{in) X 2.34 {em) (mile) | X 160934.4 (em)
0.0254 {m) 1609.344 {m)
0.0833333 {11) 63360° {in)
0.0277776 (vd) 5280 (f1)
0.0000157826 (mile) 1760 (vd)
OPERATION
T MELrIC CORvErsion (length) 3 -
5950 [ug lxiem] -=- € @1xim) lﬂ —

@o-g@scroils to the following formula, (] 10 the previous formula, (S to the first formula, and
@ to the last (30th) formula.
pressing of pr executes a conversion of the currently displayed units.

EXAMPLE
Display a desired conversion formula.
® Metric conversion (iength) 27 |(Formuta 2)
x{em) ~-=- 2.3837@1x[in) -
(o) Metric conversion (length) TE ] (Formula 5)
e x{cm) -- @.00008621371x({mile) |
3 Metlric conversion (length] [30] |(Formula30)
ximitle) -=- 17680x[yd) B
ADBD - Metric conversion (Iength) (2§]|(F°""“'325) S
x({mile) == 16@834.4x[cm) -
& Melric conversion (length) 1) |(Formula 1)
x{cm) -- @2.21x[m) J
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Convent 110m and 300m to yards.

[rajeajeajeajeajeaieajes ’

Metric conversion (length) 19)]("0_'"\0‘!9)
x{m)}) -= 1.083B81x[y0d

fx< x{m)?- ](Stores Formula 9 in

memory)

110 28 X{m)?110 (110m = 120.2971
X{yal= 120.P871 yards)
X[yd)l= 120.2871

s x[m}?.

300 &g xX{m)73C0 (300m = 328.183
XxX{ygl=s 328.283 yards)

* Once calculation is complete, a dilferent conversion can be selected by first pressing 85
foliowed by the [Ge key.

iMPORTANT
This library function is executed by first storing the conversion formula into the formula storage
memory. Note that the current formula memory contents are cleared by this procedure.
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METRIC CONVERSIONS FOR AREA

Pisplays the following 12 conversion formulas. Pressing g stores the currently displayed
formuia which then can be applied for caiculation.

CONVERSION UNIT CONVERSION FORMULA CONVERSION UNIT CONVERSION FORMULA

x (m?). | x 0.01 : {a) Ix (acre) | X 4046.86 (m?)
0.000247105 [acre) 40.4686 [a)
0.000000386102 {mile?} 0.0015625 {wile?)

(&) 100 [m?) {mile?) 2589990 [m?)

0.0247105 {acre) 25899.9 {a)
0.0000386102  (mile?) 640 {acre)

OPERATION
Mefric conv s on (area) [}

5960 [ug x(m2)] -- @ @1xl8) J

[B scrolts to the following formula, (&) to the previous formula, (S to the first formula, and

- [ 1o the last (12th) formula.
Pressing of € executes a conversion of the currently displayed units.

[ExamPLE]

Disptay a desired conversion formula.

% Melric CONVErSion (Bres) [21 j(Formula 2)
x{me2) ~=- @.20222471REx[pcre) J
) Melric CORversion (efee) [57 | (Formula 5)
Lijeaies xle)} -~- @.B24712Sx[acre] ]
Metric conversion (8rees) T12] | (Formula 12}
= (Hrnileil ~-=- E<4@x[scre) JJ
Metric conversion (sres T2 | (Formula 10)
BE x[mile2) -~ 25B888¢x[m? ! —T'
= Metric conversion (ares) [ 1) | (Formula 1)
x{me2) -- @.@2)x{8)
SAMPLE
Cenvert 300m? to acres.
& Metritc conversion (arfes) T2 ) | (Formula 2)
xime) -- @.2020247105x[8cre)
@E] . X[me) P (Stores Formula 2 in
‘ memory and executes)
00 xt x{me)?P32Q (300m? = 0.074 acres
3 X ecre?= 2.87413158 )

Once calculation is complete, a different conversion can be selected by first pressing @
fellowed by the C: key.
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IMPORTANT

This library function is executed by firs! storing the conversion formula into the formula storage
memory. Note that the current formula memory contents are cleared by this procedure.

METRIC CONVERSIONS FOR VOLUME

Displays the following 30 conversion formulas. Pressing fag stores the currently displayed
formula which then can be applied for calculation.

CONVERSION UNIT CONVERS!ON FORMULA CONVERSION UNIT CONVERSION FORMULA

% em? X 0.000001 {(m?) f1? 28316.8 [em?)
0.0610237 (in%) 0.0283168 (m¥)
0.0000353147 {f1%) 1728 (in%)
0.001 §D)] 28.3168 m
0.000264172 [ga)(US)) 7.48052 (gl (US))
0.000219968 [gal(UK)) 6.22882 (g2} {UK))

m? 1000000 (em?) x | 1000 {em3)
61023.7 (in%) 0.001 {m¥)
35.3147 (£22) 61.0237 (in®)
1000 () 0.0333147 (#1%)
264.172 (gal(Us)) 0.264172 [g21(US))
219.968 {5 UK)) 0.219968 (gl (UK))
in3 16.3871 {em?)

0.0000163571 [(m?)
0.000576704 [£1%)
0.0163871 (1)
0.00432900 [gal(US))
0.00360464 (a1 (UK))

OPERATION

Metric conversion (voiume) L8
5970 xfems) -- @.0R2R2RYx{m3)

- [ scrolis to the following formula, {£] to the previous formula, & 10 the first formula, an¢

=) to the last (30th) formula.
Pressing of £ executes a conversion of the currently displayed units.

z g0



Display a desired conversion formula.

Metric conversion {(volume) : Formulas 2
@ : x[cm;) -- @.2512P37x[in3) lE)l( )
&) Metric conversion (volume) 7] |(Formuls 7)
mn@@@ x[m3) ~-=- 1RO x{cm3]) ! ]]
= MeEtric conhversion (voiume) {42 ](Fofmull:io)
x{gal (UK)) -=- @.B32672x{gal(US)
‘TMetric conversion (volume] 3B 7 |(Formula 26)
BEDD [x[xal(UK)] -- e.eusasesxlmsg ]
= Metric CORvVErsion (volume) l'l]](FofmU‘l‘)
. x[em®) -- @.Q2R2R2CRYIx[(mM3)
XAMPLE
Convert 1800cm? to gallons (US).
o B Nelric COnRversion (volume) 57 |(Formula 5)
mmn@ x{cm3) -- P.2RR2B4LV72x (&0l (US)) J
[@ xlcm2) P {Stores Formula 5 in
memory and executes)
(0]4] x[cm3)?1620 (1800cm? = approxima-
690 g8 LX[!&I(US))= @ 475586 llelyOABgallons)

Once calculation is complete, a different conversion can be selected by first pressing #:
followed by the [G2 key.
IMPORTANT
This library function is executed by first storing the conversion formula into the formula storage
me fmory. Note that the current formula memory contents are cleared by this procedure.
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METRIC CONVERSIONS FOR WEIGHT

Displays the following 12 conversion formulas. Pressing iz stores the currently displayed
formula which then can be applied for calculation.

CONYERSION UNIT CONVERSION FORMULA CONVERSION UNIT CONVYERSION FORMULA
x {g) X 0.00) [kg) x {o2) X 28.3495 (g)
0.0352740 (o) 0.0283495 (kg)
0.00220462 (1b) 0.0625 (1b)
x {kg) 1000 (e) x (Ib) 453.59237 (g)
35.2740 (o2) 0.45359237 (kg)
2.20462 (1b) 16 {oz)
OPERATION
Metric conversion (welght) [}
5980 x{g) -- 2. @R21x[KE) ]

[T scrolis to the following formula, (€] to the previous formula, (& to the first formula, and
&) 10 the last (12th) formula.
Pressing of £ executes a conversion of the currently displayed units.

EXAMPLE
Display a desired conversion formula.
(<) Metric conversioh (welight) 2] | (Formula 2)
,u xlg)] -- @ . @352742x{02) l
’ talea MelriC CONVErSIonh (weight) [ {Formula )
] tajeajeaiey x{Kg) ~-- 2.20482x[1b) €TI
' Metric conversion (welght) (15_](Formula12)
= x[id) == 1Bxio2)} ,.
252 Metric conversion (weight) i) (Formula 9)
rageajca x[o2) -~ @.@625x{1b)
Metric conversion (welsght) 1] | (Formula 1)
= x(g) -- 0.2R1x[Kg) - !
EXAMPLE
Convert 2.5kg to ounces.
Meiric conversion (welght] TSEI(Fomwhs)
ajajeajea x{Kg) -- 35.27402x[012)
= X[ KE) P (Stores Formula 5 in
I memory and executes)
x(Kg)?2.5 2.5kg = B8.185 ou ’
_,255@ X{o2z)= 88.188 I‘ ° nees)

* Once calculation is complete, a different conversion can be selected by first pressing §
followed by the (= key.

IMPORTANT

This library function is executed by first storing the conversion formula into the formula storage

memory. Note that the current formula memory contents are cleared by this procedure.
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UPPER PROBABILITY INTEGRALS
(NORNMAL DISTRIBUTION)

Determines upper probability for normal distribution with five significant digits using the fol-
Jowing formula:

$@ = [t dr

P(x)
X
OPERATION
obeblillt N(@.12)
5210 JErg oo e
EXAMPLE
Determine the upper probability for normal distribution when x=1.53.
Up crobedbliilty N(R.18)
[¥2°8 0" ]
- 53 Usoer orobedbiility N(R.12]
ID‘@. p= Q. e63eR8
@_ Tcoer probebtlity N{R@.12) (Return 1o initial display)
[x= 1 53 7_ i
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UPPER PROBABILITY INTEGRALS
- (x2 DISTRIBUTION)

Determines upper probability for x? distribution with five significant digits using the follow-
ing formula:

_feo_ Y1 (NI pg -
P(r’.v)-j;, 21“(5)(2) e Y dz? (v : degree of treedom)

Px? )

P(x% )

OPERATION
6220 UDD?Y?Drobabillty XE{xE. v

vy E -
]EXAMPLE}

Determine the upper probability for x? distribution when degree of freedom (v) = 4, and x*= 2.

4 e Utoer probability xXE(XE.v) (Degree of freedom)
2= @ ’P= .

2 g poer probability Xe(xE.v) |(Vatue of x7)
Upper prodadilility x2(x2.v) ](Theupperprobability
p= @.7385786 integra! 1s 0.73576.)

T ‘;’2"2 ’?:”’b”’ Pty xe(xz.v) (Return to initial display)
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UPPER PROBABILITY INTEGRALS
(t DISTRIBUTION)

Determines upper probability for t distribution with five significant digits using the following
formula: :

-{v+1)
w(1+’7,) T )
P(I-V)=fx T 9% (+ : Gegree of freedom)
/vB37.2
OPERATION
6230 Uoog‘ar?orobablllty tix.v) l
vy = -

EXAWPLE]

D etermine the upper probability for t distribution when degree of freedom (1) = 2, and x = 2.92.

2 g Ubper probebllity t(x.v) (Degree of freedom)
xz @B 7.

292 &5 Uocber propbebiiity t(x.v) l(Emervalueolx)
Ucper probebiiity tix.v), (The upper probability
px .25 integra! is 0.05.)

’ Ucoer prodbepliiity tix.v) (Return to initial display)
ve 2 7.
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UPPER'PROBABILITY INTEGRALS
(F DISTRIBUTION)

Determines upper probability for F distribution with five significant digits using the following
formula:

[ 4] s »

P(x. w. V2)=f°° viZyp?ex?”! — dx (»: degree of freedom 1; »2: degree of freedom 2)
x B(-Vz-’ 122)(v2+ )=
ir *
J Plx.n.»)
0 =
OPERATION
6240 sze\r grobabilnty Fix.viy.ve) l
Yy = -
EXAMPLE

Determine the upper probability for F distribution when degree of freedom 1 (1) =5, degree
of freedom 2 (+2)=3 and x=9.01.

5 6O Cooer BrobebiTity  Flx.vi.ve) ](DegveeoﬂreedomL
yp= -
T3 & U:p;r?prooebillty Flx.r).ve) (Degree of freedom 2)
X = -
o [ 01 &g Ucper crobebliity Fix.vi.ve) ](Va'ueof!) .
Upper crodbadllity Fix.vi.ve) (The upper probabifity
i p=s 0. .0QSgeee integral is 0.050026.)
g Uppesr gtobabl lity Fix.vy.ve) (Return 10 initia! display)
¥\ & -
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UPPER CUMULATIVE FREQUENCY
(BINOMIAL DISTRIBUTION)

D =termines upper cumulative frequency for bipomial distribution with five significant digits
using the following formula:

Bz, n.p) ='53(§)P'(1-P)"'

bt 4

r ;)

i Q t n . maximum value of x

: : P : probability

i l e 1 Q: Sum of frequencies produces past x
0 1 T x x+1 ° * = ni {cumulative frequency)

OPERATION
6310 [ug) ﬁ:mg‘gtive freauency B(x.n.p)

EXAMPLE
Determine the upper cumulative frequency for binomial distribution when the maximum value
of X (n)=35, probability (p)=0.5 and x =4.

sE=E Umuletive Trecuency B(x.h.P) W(M“‘m”"’“'”‘”")
Pz @ 7.

o(05 ks Cumuiative freauency B(x.n.P) j(Probability)
xse @ 7o -

4 [ Cumuietive frequency B(Xx.n.D) l(Valueofx)
Cumuistive trenuejlr;cy Blx.n.F) (The upper cumulative
p= 2.18B75 frequency is 0.1675.)

[ﬁumglgtlve frecuency Blx.n.P) (Return to initial display)

3 = -
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UPPER CUMULATIVE FREQUENCY
(POISSON DISTRIBUTION)

Determines upper cumulative frequency for Poisson distribution with five significant digits
using the following formula:

Q A\ @ mean value

P(r.A)=3e"1.
E ¥! P : Sum of frequencies produces past x (cumulative frequency)

]
0 2 x+1
| S
OPERATION
6320@ ?:mgle:lve freavency P(x.4a)
EXAMPLE

Determine the upper cumulative frequency for Poisson distribution when mean value (\) = 2,
and x=4.

2 e Cumulative freaquency P(Xx.41) ](Meanvalue)
x= @ 7.

4 g Cumuletive frecuency P(Xx.2) ](Valueofx)
Cumuletlive freouency P(x.2) (The upper cumulative
= R .142E8B frequency is 0.14288.)

£ Cumgfetive frequency Pla.1] (Return to initia! display)
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UPPER CUMULATIVE FREQUENCY
(HYPERGEOMETRIC DISTRIBUTION)

Determines upper cumulative frequency for hypergeometric distribution with five significant
digits using the following formula:

H(x, n. M. N) ='2'j C’-)ﬂz:;i P : Sum of frequencies produces past x (cumulative frequency)
r=s ’
| HAR
1 '
| 1
| Ly,
0 1 « 1 x x+] n!
R -~
OPERATION )

.h. M.
6330 E:mglgtlve trequency H(x.n N} ]

EXAMPLE .
Determine the upper cumulative frequency for hypergeometric distribution when N=3, M =2,
n=1, and x=1.

3 & omuvietive freauencty H(x.N.M.N) ](VllueotN)
Mz Y P
2 e Cum%n‘a?tlve freouency H(x.h.M.N) ](ValueofM)
Ns -
1 & umuletive frecuency H(x.n.M.N)J(Valueofn)
x @ 7.
1 &d Cumuiative freauency H{x.n.M.N) |(Valueofx)
vmuletive freaquency H{x.n.M.NJ) |(The upper cumulative
o= R.EBEB? frequency is 0.66667.)
@ Eumgl;tlve freauency HM(x.n.M.NJ) |(Returntoinitial display)
= -—
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PERCENTAGE POINT NORMAL
DISTRIBUTION

Determines percentage point for normal distribution with five significant digits using the fol-
lowing formula:

x(p) Z'[Iw;%;e',?d_r:p (p : probability)

C x(p)

OPERATION
6410 i::réegxaxe pOINts N(B.12) j

EXAMPLE] ‘ B

Determine the percentage point for normal distribution when p=0.05.

0 505 = lPercenlale PoTnis  N{O . TE) (Probabitity) -
Percentage points NIiR.12]) {The percentage point is
x= ) _B44s 1.6449.)

= Percentege points N(e.12) eturn to initial displa

21y [p= .25 %_ " o
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PERCENTAGE POINT
(x2 DISTRIBUTION)

Determines percentage point for x2 distribution with five significant digits using the follow-
ing formula:
» . degree of freedom
;2 - [ 1 (-1_'3)5-' ce-Ldri= I': gamma functi
ﬁp(y)’f:’pﬂ‘(f) 2 e 31 dx*=p ¢ “un ion
p : probability

PERATION
6420 Per:j:e'r;\tase DOiINtS Xe(x2.v) ]

y= P

- Determine the percentage point for x? distribution when degree of freedom (») = 2, and prob-
ability p=0.5.

26 [Fercentege polnts Xe{x2z.v) I(Degreeoftreedom)
p=s @ P

o0 5Ee [Fercentage points Xz(x2.») ‘(Probability)

» Percentage poOints Xe(x2.v) (The percentage point is
xz2= 1.3B63 1.3863)
Percentage points X2 (x2.v) (Retumn to initial displa

hergent ] play)
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PERCENTAGE POINT
(t DISTRIBUTION)

Determines percentage point for t distribution with five significant digits using the following
formula:

tp(») :,[t_::(]+t72)-‘v+l)/2dt=p (-:degree'of tveedom)
/ VB(_;“ -;—) P : probability
'I‘P(\’) l l tp (V)
OPERATION
6430 [ug Percentese points tix.v] l

Determine the percentage point for t distribution when degree of freedom (+) = 1, and proba-
bility (p) = 0.05.

1 g Percegta:e points t(x.v) (Degree of treedom)
p=s @ -
. 0505 &t [Percentese bOINts tix.v) (Probability)
Percentage points tix.v) (The percentage point is
x= 6.3137 6.3137)
(3T Pergentese points t(x.v) (Return to initia! display)
y = P
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PERCENTAGE POINT
(F DISTRIBUTION)

Delermines percentage point for F distribution with five significant digits using the foliowing
formuta:
) o v : degree of freedom 1
. [ nity:? Fi—1 = de=
Fpva)  JRpB (3 ) (rat mF)= TP

»2: degree of freedom 2

p : probability
P
0 Fp(Vi,Va) )
OP ERATION
6440 Percﬁn;ese points F(x.»V.ve) |
v1E -

!EXAMPLE'

Determine the percentage point for F distribution when degree of freedom 1 (1) =2, degree
of freedom 2 (v2)=3 and probability (p)=0.05.

2@ Percentege points Fix.vi.ve) ](Degreeoﬂreedom‘l)
vez VY 7. !

3k Pergentase points F(x.vi.se2) (Degree of freedom 2)

. s P e

o 05&9 Fercentege polnts F(Xx.vi.ve) J(waabimy)
Percentsge points F(x.vi.ve) (The percentage point is
x= 8.5521 8.5521.)
[Percenteze ooints Flx.vy.ve) {Retumn to initial display)

8 yiz 2 %o
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NORMAL RANDOM NUMBERS

Generates random numbers contained in the standard normal distribution N (0, 1%). This unit
creates two independent normal random numbers (u, ») based upon two uniform random
numbers (x, y).

u=y—=2-Tog.x * cos(2ny)
v=J-2'105.1 + sin(2zy)
N(0.1%)

OPERATION
6450 [ ¢ eiessecess J

iEXAMPLEl

(Generate a series of normal random numbers.

&
A 1]
sllom

Q|-

nmlmo|jom
b ;o] ]|~
nonlin —j|—-e
Qu)| W lwiw
NGO Wi
~Nh b wiiwe
mne|io—~||—a
bl o] jne
O 0 jUHD|
w0

aqy



EXPONENTIAL RANDOM NUMBERS

\erates random numbers contained in the exponential distribution E (A, t). This unit cre-
. random numbers in accordance with exponential distribution using uniform random
bers.

(x : mean value)

‘RATION
50 EU N J
xMPLEI

2rale a series of exponential random numbers when the mean value (A\)=3.

E(a.t) (Mean vaiue)
HSER |
E(d2.1) ]
2.11848723801
2. 1186487382 1
R.7274525817
@.72748@288B17 I
@ .E2B242E6E38

yreturn to the mean value input display, first press 8 to terminate the library. Next,
255 B to return to the initial display.
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SINGLE VARIABLE STATISTICS

Determines the following statistics and determines the deviation value for input of n data items.

Number of data itlems CNT ‘n
Sum of data SUMX ' X=r
Sum of squares of data SUMX2 : 212
Mean of data MEANX ! Zx/n

2 2

Population standard deviation of data SDXN < zen / _E_E_L_nz_(z_:i)_

Sample standard deviation of data SDX  :xoma / ___”2’:" (?)’)2
nin-=

OPERATION
Statist
6500 > 15 |l ea&fll_lst.T-score.P P

The menu illustrated above is displayed for single variable statistica! calculations. The fol-

lowing six tems can be selected from this menu:

: Datz :nput (does not clear data aiready present in memory)

: Data deletion (deletes erroneous or unnecessary data)

: Data clear

. Statistic display
Displays number of data items, sum of data, sum of squares of data, mean of data,
population standard deviation of data, and sample standard deviation of data in
sequence. [T (or Bt ) scrolis to the following data item, [£] to the previous data item,
and (& or [=) terminate statistic display.

5. T: Calculates deviation value of obtained value.

6. P: Outputs all statistics to printer

Enter the following five test scores and display statistics. Also determine the deviation value
for the score of 88.

Data : 98, B8, 62, 90, 78

roo-

c rsuustlcs x) (Data clear)
clesr date Y/N) %

Y : Stetistics (x) (Data ciear confir-
>in.Dei.Clear . List T-score . P ?_ lmnwm

i Imout gste (x) TEXE) menu |(Datainpul)
X 0o
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8 Er B8 EX 62 £ 90 [ 78 B

Ignut gats (x) [EXE) menu
x?_
B Statistics [x)
>Iin.Del . Clesr.List T-score . P ?_
CNT in = 5
SUMX M = 4186
3 SUMX TIx = 416
- |Sumxe tIxe® = 35376
B SuMXxz :1x& = 35376
MEANX :Ix/n = B3 .2
3 MNEANX lx/n = B3.2
SDXN :xon = 12 38768887
3 SDXN T xon = 12.36/688687
SDX cxon-1= 13 . B275e2881
3 Stetistics [x)
>In.De).Clesr.List.T-score P 7.
Statistics [ x)
X7
} el Stetistics [x)
& x?E8B ‘1= 3.9 ]
i ]Statnstncs {x) J
X7
[Statnstxcs [ x}
>In.Del .Clear.LIilst T~score.P 7?_

:re, the deviation value of the 88 score is 53.9.

(tnput of each score)

(Return 1o menu
display)

(Statistic display
showing number of
data ang sum)

l(Sum of squares)

I (Mean)

(Population standard
deviation)

(Sample standard
Geviation)
(Return 10 menu
display)
{Deviation value)

(Data for calculation of
deviation value 10 be
displayed)

(Return to menu
display)
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SINGLE VARIABLE STATISTICS FLOWCHART

{ Library stan )

-

() Data input F'/- YES

y Data input | Egonly?
NO
[©)Data °°'f"°" Data input to &2 only? e
be celeted
NO
@ Data ciear Process ®
! selection
® Daia cisar
Staustic
C
oy adisplay First statistic m@@
set 3 ‘qsplay /
EE Next statistic
display
B MNext stanstc
- . ] cisplay
= Previous
staustie
d:splay

~= Deviation value
calzulation YES

y input &= ony?

NO

Deviation
vaive
display

[T

[P)Printer output| Siaustic
Outpul 10 printer

N
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LINEAR REGRESSION ANALYSIS
" (y=a+bx)

erforms linear regression analysis on n data groups (x, y) and calculates the statistics listed
2low. Also determines the following on the regression line:

Estimated value of x in relation to y (EOX)
Estimated value of y in relation 1o x (EOY)

TATISTIC TABLE

Jumber of data items CNT ' n

Sum of x data SUMX :32x

sum of y data SUMY 3y

;um of squares of x data SUMX? : 312

surn of squares of y data SUMY2 : 3% °

um of products of x and y data SUMXY ! Zxy

tean of x data MEANX: Zzx/n .

'.éan of y gata MEANY : Xy/n

opulation standard deviation of x data | SDXN : xon / ’PE;—,?SE

oleaﬁBﬁ ;fan;;TéA;e;iation of y data SDYN yon / iﬂ%‘;ﬁ—z

émp!e standard deviation of x data SDX lzxona / 1’%—;—_(32%)3

ampie standard deviation of y data SDY S yon-y / 112_’,'»7":-?(;2#

near regression constant term LRA :a 2-1’%23

near regression coefficient LRB b %’;ﬁ:—g_\%l

srrefation coefficient COR r =8 R
VinZr - (S nzyi= (217

ERATION
10m  [FrET

anelysis {fy=a+bx)
ear.List.eoX.e0Y.P 7_

|oo
)

> menu illustrated above is displayed for linear regression calculations. The following seven
ns can be selected from this menu:

1 : Data input

D: Data deletion (deletes erroneous or unnecessary data)

C: Data clear
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X
Y:
P

Now®»

: Statistic display

Dispiays number of data items, sum of x data, sum of y data, sum of squares of x
data, sum of squares of y data, sum of products of x and y data, mean of x data,
mean of y data, population standard deviation of x data, population standard devia-
tion of y data, sample standard deviation of x data, sample standard deviation of
y data, linear regression constant term, linear regression coefficient, and correlation
coefficient. [T (or 28 ) scrolis to the following data item, () to the previous data item,
and (S or [=) terminates statistic display.

: Calculates x value for y on regression line,

Calculates y value for x on regression line .

: Outputs all statistics to printer.

Enter the following five sets of height/weight, and display statistics. Also estimate the weight
for 2 person whose height is 170cm.

Y
!
160 kEx
43 £
158 &g

T8

RO E @ ® @

oo

1 2 3 4 5
Height (x) 160 158 178 163 172

Weight (y) | 43 45 60 46 58
Regression snelysis [y=e+bx] |(Dataciear)
cleear dats (Y/N) 7
ReBression analysis [ysa+Dx) ‘l(oat_aclearconﬁr-
>in.De! . Clear.List epX.eoY.P 7?_ |maton)
lgout gats (x.y) [EXE) :menu |[(Datainput)"
} . Ly
input oata (x.y) [EXE]) menu [(xinput)
x?7168 ty?P.
input oata (x.y) [EXE]) _menu |(yinput)
S 1y
45 B¢ 175 g 60 22 163 fr 46 & 172 & 58 3
fnout dete (x.y) [EXE) :menu |{Remaining x, y data
XP e Ly? input)
ReEBression eneiyslis Ty=s+bx] |(Return to menu
>in.Del .Clesr.List . eoX.eoY.P 7?_ |display)
TN T n = & (Swatistic display
SUMX tIx = 828 showing number of
o o dats and sum of x
data)

T SUMX T1X = B2B {Sum of y data)
[ SUMY c 1y = 52
SUMY cly s 262 {Sum of squares of x

- SUMX?2 cixt = 13734F data)
l’suuxé 1x8 = 187348 {Sum of squares of y
(Su¥yz 1yt = 12854 data)
SUMYe .1yt = JE854 (Sum of products of x
SUMXY ‘Ixy = 41864 - and y data)
[SUMXY :1xy = 41864 ~ - Mean of x dat
MEANX :1x/n = 1B5.8 (Mean of x cata)

. MEANX .lx/n = 165.6 (Mean of y data)
MEANX tiy/n = 8.4
MEANY 1ly/n = 5.4 (Population standard
I SDXN :xen = B.711184E6984 deviation of x data)




0 &

(Population standard
deviation of y data)

(Sample standard
deviation of x data)

(Sample standard
deviation of y data)

{Linear regression
constant term)

(Linear regression
coefficient)

J (Correlation coetticient)

{Return to menu
display)

](Estimation of weight)

(Estimated value for
weight following input

of height)

SDXN xen = §.711184E8894

SDYN cyon = 7. 11617875

SDYN cyon = 7.11617875

SDX cxon-1 = 7.53332583

[SDX cxon-t = 7.53332583

sDY cyon-t = 7 856128712

[SDY cyon-l = 7.856129712

LRA i 8 =-120.7888323

[LRA ) =-120.7886323

LRB 1 = 1.03374778

[1RB HE) = | . Q3374778

COR ir = @.8748154@35
Regression anBlysis {y=p+bx]
>In.Del .Clear.LIist.eoX.eoY.P 7?_
Estimetion ot y [y=2a+Dx]

X P

Estimetion ot y [y=g+bx)

x?170 9= 54.948480223
Estimation ot ¥y [y=e+bx)}

rx?_ _]
Regression 8nalysis [y=ea+bx)
>Sin.Del .Clear.List . eoX.eoY P ?_

(Return to menu
display)

re, these data produce the line y = — 120.7886323 + 1.03374778x. Also, input of a height
170cm results in an estimated weight of 54.9kg.
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LOGARITHMIC REGRESSION ANALYSIS
’ (y=a+blnx)

$520.

Performs logarithmic regression analysis on n data groups (x, y) and calculates the statistics
listed below. Also determines the following on the logarithmic curve:

+ Estimated value of x in relation to y (EOX)
« Estimated value of y in relation to x (EOY)

STATISTIC TABLE

Number of data items CNT n

Sum of x data logarithmic values |SUMLNX :Xinx |[ZUn)

Sum of y data SUMY Xy

Sum of squares of x data . .

logarithmic values SUMLNX2 [ Zins® |[ZUni)?
Sum of squares of y data SUMY2 :Zy?

Sum of products of x data v e
logarithmic values and of y data |SUMLNXY ! Zinzy [ZlUn2)-y)

Mean of x data logarithmic values | MEANLNX : SIns/n!Sns)/n

Mean of y data MEANY Ty/n

T logarinmis vatves " |SDLXXN :imzon | /PEURI-(EIn
;%;;L:Iaation standard deviation of SDYN . yaﬁn "2112;(21’

S Gaia oparnmic values . |SDLNX 1 lmson-y| / 2R(ears (lnel
fzr;\‘pale standard deviation of SDY S yan-y /_,._2;—‘ i(,!n-—(f) )
Regression constant term RA ‘a ZI"_""Z_’.!E
Regression coefficient RB o b nZlinaly=FlnzZy

n2(inx)? - (Tinx)?

. i~ . nZ(inn)y=Tinz 3
Correlation coeffic’ent COR iy o e ST T = T

OPERATION
A I Tysl| 401
6520 [ug) SHFHTHRHEN AR
The menu illustrated above is displayed for logarithmic regression calculations. The follow-

ing seven items can be selected from this menu:

1. I : Data input
2. D: Data deletion (deletes erroneous or unnecessary data)
3. C: Dataclear ‘

n
I e

100




L : Statistic display

Displays number of data items, sum of x data logarithmic values, sum of y data, sum
of squares of x data logarithmic values, sum of squares of y data, sum of products
of x data logarithmic values and y data, mean of x data logarithmic values, mean
of y data, population standard deviation of x data logarithmic values, population stan-
dard deviation of y data, sample standard deviation of x data logarithmic values, sam-
ple standard deviation of y data, regression constant term, regression coefficient,
and correlation coefficient. [3) (or €8 ) scrolls to the following data item, (@ to the

previous data item, and (& or [=) terminates statistic display.

X: Calculates x value for y on logarithm curve.
Y: Calculates y value for x on logarithm curve.
P: Outputs all statistics to printer.

(AMPLEI

ter the foliowing measured data for microbes, perform logarithmic regression, and dis-
.y the statistics. Also estimate the number of microbes with a temperature of 18 degrees

‘ng the logarithm curve obtained.

1 2 3 4

Temperature (x)| 5° 12¢ 20° 27° 36°
Microbes (y) 680 1100 | 1300 | 1440 | 1600
iRegression enaiysis [y=e+binx) |(Dataclear)
‘clear data {Y/N) 7 |
Fecrecssion anclysis [y=a+blinx) | (Dataclear confir-
i>ln.Del.Clear.List . eoX.eoY.P 7_ !maton)
Tnout Oata (x.y) {EXE) :menu J(Da‘ai"PU‘)
X7 ty%?

i finobut osta (x.y) {EXE) ‘menu J(“nput)
[x?5 Ty?_

JER lrlg;out ceta (x.¥) _ IEXE):menuJ(Yinput)
X P A

EE1100@20@1300@27@1440@36@1600@

(Remaining x. y data

[lnout gats (x.y) [EXE] .menu {

X7 ty? input)
Regression analysis [y=e+binx) {Return to menu
>in.Det.Clear.List.eoX.eoY. P ?_ |display)

CNT in = (Statistic display

SUMInx :Sinx = 13.865843264 showing number of
data and sum of x
data logarithmic
values)

SUNInXx .Shmx = 13.96843264 l(Sumofyda!a)

SuUMY Sy = 612D

SUMY TSy = 6120 (Sum of squares of x

— SUMINX2:Sinxe= 4).44361184 data logarithmic

values)

- [SUMInX2  Shxe= 4) 44361194 | (Sum of squares of y
{SUMY2 :Sy2 = 7886000 | data)

SUMYg :Sy2 = 7886000 {Sum of products of x
SUMINXY:Sinxy= 18201 .80244 data logarithmic

~ values and y data)
[SUMIRXY Zinxy = 1820) 80244 (Mean of x data
{MEANIRX  Sinx/n= € 793886528 | logarithmic values)
MEANIMX:Snx/ns 2. /82866528 . (Mean of y data)
MEANY :Sy/n = 1224 i
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ke WEANY . =y/n = 1224 {Population standard
SDinXN 'inxen.= @-65492478B4°2 d‘oegviqli:n.ofxfala)
arithmic values
s SBRXN . hxon = ©.6648247842 (Population standard
SDYN cyen = 317 .842728B4 deviation of y data)
Es SDYN yon = 317.68427/¢2684 (Sample standard
SOmnX hxen-1= @.7768485284 db;wait‘fn_gf:'d:t;
arithmic valu
(25 EDinX . hxon-iz @.7/69485284 (Sample standard
SpDY ‘yen-1 = 355.3588734 deviation of y data)
10 SDY —yond = 355.3588734 (Regression constant
RA .8 =-5p.62523046 term) N
kg Eg :_g :-3 gée g gg g% 9, 6 (Regression cosfficient)
. =
ks ‘—RE o = 456 . 635247 (Corretation coetficient)
COR Cr = @ 8588337873
£z Regression anhalysis [y=a+Dinx]) ](Rewm!omenu
>in.Del.Clear.List.eoX.eoY.P 7. display)
Y Egttmation 51 y l[y=8+binx) ](Estimationcfy)
X P
18 g Estimastion Of_y [y=B+bInX] J(Estirrgateqvaluefory
A x?18 y= 1268B.@08B7503 Lc’;'gor:gwsg)mputoﬂs
@" Egtnmation 61 ¥y l(y=a+binx)
X7
Regression snalysis {y=a+binx) (Return to menu
Ex) \tm.oe!.Clear List.eoX.eoY.P 7.  |ospiay)

Here, these data produce the curve y = ~ 52.62523046 + 456.935247 - Inx. Also, input of a
temperature of 18 degrees results in an estimated total of 1,268 microbes.



* (y=ab"x)

EXPONENTIAL REGRESSION ANALYSIS

2rforms exponential regression analysis on n data groups (x, y) and calculates the statis-
:s listed below. Also determines the foliowing on the exponential curve:

Estimated value of x in relation 1o y (EOX)
Estimated value of y in relation to x (EQY)

TATISTIC TABLE

urnber of data items
am of x data
.m of y data logarithmic values

am of squares of x data

am of squares of y data
garithmic values

am of products of x data and
daia logarithmic values

ean of x data

gan of y data logarithmic vaiues

>pulation standard deviation of

CNT n
SUMX rx
SUMLRNY :ilny
SUMX2 DI L

SUMLNY2 : Diny?
SUMXLNY : Sxlny
MEANX (Za/»n
MEANLNY : Z/ny/»n

ZUny)

S(inpy)?

. . nZri-(3a)?
data SDXN lxon e
>pulation standard deviation of U S Uny) = (S Tny)d
data logarithmic values SDLNYN = inyon / i '
ample standard deviation of SDX P xon- [ nxr-(Z1)}
data nin-1)
ample standard deviation of SDLNY  : lnmyon- nEny)i—(Tiny)?
dala logarithmic values n(n=1)

- . = °
agression constant term RA ‘a EXP (—I——}:U" ,’, 2 2‘)

. : - . nZxiny=3zTin )
2gression coefficient RB 2b EXP( TS (50)

. - . nxxlny=FT1Tin
>rrelation coefficient COR - 2= (T (nTUny)i = (Tiny)?
'ERATION
5 : Regression 8nelyslis [y=sb~x])

’30 >in.Det! .Clear.List.epX.eoY.P %,

e menu illustrated above is displayed for exponential regression calculations. The follow-
; seven items can be selected from this menu:

1 : Data input

D Data deletion (deletes erroneous or unnecessary data)

C: Data clear
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4. L: Statistic display

Displays number of data items, sum of x data, sum of y data logarithmic values, sum
of squares of x data, sum of squares of y data logarithmic values, sum of products
of x data and y data logarithmic values, mean of x data, mean of y data logarithmic
values, population standard deviation of x data, population standard deviation of y
data logarithmic values, sample standard deviation of x data, sample standard devi-
ation of y data logarithmic values, regression constant term, regression coefficient,
and correlation coefficient. [T (or &8 ) scrolis to the following data item, (2] to the
previous data item, and (&) or [&) terminate statistic display.

5. X: Calculates x value for y on regression line..

6. Y: Calculates y value for x on regression line.

7. P: Outputs all statistics to printer.

Enter the following data for the amount of sales per customer and number of customers for
a store, perform exponential regression, and display the statistics. Also estimate the amount
of sales per customer for 150 customers using the exponential curve obtained.

1 2 3 ) 5
Customers (x) 115 124 130 138 142
Salesicusiomer (/) | 40 | 416 | 430 | 460 | 465
Regression analysis Ty=s0"~x] }(Daxaclear)
clear cata (Y/N) 7
Y [Eegress:on analysis Ty=eb~x) (Data clear confir-
>in.Del.Clesr.List.eoX.eoY.P 7_  |maton)
i input Oata (x.vy) TEXE) menu J(Datainpui)
x?_ ty?
115 B¢ Tncut Coeta (Xx.¥) [EXE) .menu |{xinput)
x?7115 Y P
40 By Input ocata (x.y) TEXE] _menu |(yinput)
} S 'y 7?

124 B 41.6 BT 130 £x 43 £ 138 £ 46 Ex 142 x5 46.5 B2

{Remaining x, y data
input)

(Return to menu

xJ )
p 7. |display)

(Statistic display
showing number of

data and sum of
x data)

(Sum of y data
logarithmic vaiues)

{Sum of squares of
| x data)

(Sum of squares of
l y data logarithmic

values)

1 (Sum of products of
x data and y data

logarithmic values)

Input data (x.¥) [EXE) menu
X?o 1y?
3T Regression 8analysis [y=zab?
>in.Del.Clear.List.eoX.eoY.
L CNT n = 5
SUMX Ix = 648
35} SUNMX Ix = 648
SUMInY Iiny = 1B .B48R7345
s uNny iny = 18.B4E2734
symMxe2 ix2 = B4708
Esg SUNXE IxZ = B4708
syvmnyYg Iny2 = 71 .2530778
30 SUNMNYEe .Imye = 71.0530
SUMXihY :Ifxny = 2449 016314
£ SUNXRY . Ixny = 24485 016314
MEANX Ix/n = 128.8

(Mean of x data)




MEANX Tfx/n = 128.8 ](Mea'nof.ydam
[MEANnY :Iny/n= 3 768254688 logarithmic values)
rMEANmY cIny/n=s 3.,768254688 J(Poleationstandard
SDXN txohn = 8 £8287475 deviation of x data)
IT;DXN . xon = 8. 68287475 (Population standard
SDhYN _:hyon = 5 774B40647E-02 d.o%v:t‘m_g'vyaﬂa;:)
() ]
SDRYN ‘hyon = 5. 77464Q0b47E-@2 (Samplestandard
SDX txona = 10 E2588488 deviation of x data)
= I'SbX TXxoh4 = 10.B2588466 (Sample standard
SDhY inyonax 6 A5B24451BE-2¢7 @:‘tmigfvm:t:)
I
SDRnY myonas & ZSEEZSTEE-QE sﬁeo)ressionoonst-m
A L8 = 20 17782 erm
RA i8 = ?0. 131522\ J(Regressioncoeﬁiciem)
RB b = .58 238
[EB °b = 1.0805826238 I(Correlationcoeﬂiciem)
COR st = 0.898pR7846423
[Resresswn enalysis [y=ab*x) {Return to menu
>In.Det.Ciear.List.eoX.eoY.P 7?_ |display)
lEstumatlon o! ¥y [y=egb~x) l(Es!imaliono(y)
S
g [Eshmatnon o1,y (Yy=2D~x) (Estimated value for y
x7150 y= 48 .B43R1552 1ollolwr|:g|;1pulof150
cusiomers
Estimation ©f y [y=8D*x]) ]
X7
Regression analysis {y=eb~x] ](Relurntomenu
in.De!.Clilear.List.eocX.eoY.P 7 __ |display)

e, these data produce the curve y=20.

1317721 x 1.005826235%". Also, input of a total

- .50 customers results in an estimated amount per customer of $48.843.
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POWER REGRESSION ANALYSIS
(y=ax"b)

Performs power regression analysis on n data groups (X, Y) and calculates the statistics list-
ed below. Also determines the following on the power curve:

« Estimated value of x in relation to y (EOX)
« Estimated value of y in relation 1o x (EOY)

STATISTIC TABLE

Number of data items CNT in
Sum of x data logarithmic values SUMLNX 1 inx
Sum of y data logarithmic values SUMLNY 1 Ziny
Sum of squares of x data SUMLNX2 tDind? | TUA?
logarithmic values
Sum of squares of y dala SUMLNY2 Siny | SURp)?
logarithmic vaives
Sum of products of x data
fogarithmic vaives and y data SUMLNXLNY : Zinxiny{ ZTUnx-Iny)
logarithmic values
Mean of x data logarithmic values | MEANLNX inxin
Mean of y data logarithmic values | MEANLNY  :Z!ny/n
Population standard deviation of e . [ ng Unzl?=(Zin1)?
x data logarithmic vatues SDLNXN tinzen n'
Population standard deviation of e . [ Uny)i=Einy}?
y data logarithmic vatues SDLNYN myen n’
Sample standa-d deviation of e . ne (In3)—(2in1)?
x data logarithmic values SDLNX inzen-y /7 nin=1)
Sample standard deviation of v rg Uny) = (Zins)?
y data logarithmic values SDLNY Hnzen- nin=1
i Ziny=b-Finz
Regression constant term RA ] i : Zinz
. - ing-Iny-Tina-Ti
Regression coefficient RB b - ";:J( ,:x) _(2" ,’,,3 =
. Hici . nBins-lny-FinsTlny
Correiation coefficient COR - € V(nZ (UnrP=(Zin1)K n2UinyP—(SinyH
OPERATION
cgression 8nalysis [y=8x~b)
6540 >in.Del.Clear.List.eoX.eoY.P P

The menu illustrated above is displayed for

items can be selected from this menu:

1. | : Data input

2. D: Data deletion (deletes erroneous or unnecessary

3. C: Data clear

power regression calculations. The following seven

data)




L : Statistic display
Displays number of data items, sum of x data logarithmic values, sum of y data
logarithmic values, sum of squares of x data logarithmic values, sum of squares of
y data logarithmic values, sum of products of x data iogarithmic values and y data
logarithmic values, mean of x data logarithmic values, mean of y data logarithmic
values, population standard deviation of x data logarithmic values, population stan-
dard deviation of y data logarithmic values, sample standard of x data logarithmic
values, sample standard of y data logarithmic values, regression constant term,
regression coefficient, and correlation coetficient.
@) (or 58 ) scrolls to the following data item, {2 to the previous data item, and [&
or (=) terminate statistic display.

X: Calculates x value for y on power curve,

Y: Caiculates y value for x on power curve,

P: Outputs all statistics to printer.

&MPLEI

>r the following data for the characteristics of voltage and current for a semiconductor,
~orm power regression, and display the statistics. Also produce an estimated value for
ent at 40V.

1 2 3 4 5

Voltage (x) 10 15 20 25 30
Current (y) 13 22 31 38 43

Reegression a?sllr)ﬁi's? (y=ax~b) 1(Dataclear)
clear data
[Regressmn anglys:s [y=ax~b} ](Dagaclearconﬁr-
>Sin.De! . Ciear.List.eoX.eoY.P 7?_ |maton)
[nnnut gteta (x.y) [EXE) ‘meny J(Dalainput)
| S Ly
39 Incut ocata (x.y) {[EXE) :menu l(xinput)
x?10 A
By input data {(x.y) [EXE) . menu |(yinput
= X 7P y? 1 )
I 22 Eif 20 B 31 B¢ 25 &5 38 Ex 30 £ 43 B9
lgout Gate (x.y) » “[EXE) _meEnu wssgs:)ainingx.ydata
XPe Ty
Regression analysis Ty=ax~Dd) ](Belurnlomcnu
>Iin.Del . Clear.LIlst.eoX.eoY.P %?_ |display)
CNT n = 5 (Statistic display
SUMKN X :Inx = 14 B2B44Q077 :howingdnumbe;of
ata and sum o
x data logarithmic
values)
SUNNX  .Ihx = 138.62644077 (Sum of y data
SUMhY cIiny = 16.4B876529 logarithmic values)
SUMRY .Ihy = 16.46B876528 (Sum of squares of
SyUMmXg :Imx® = 43 538151086 ::l’:;as)beamhmw
SUMNhXe .Ihxé = 4353.538151086 (Sum of squares o!
SUMmY2 :Itny2 = 55.30443616 y data logarithmic

values)
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e SUMRY2  Inyt = E5.30443676 (Sum of products of
SUMNXInY: Ihxihy=s 48.p6554072 Ixtliaxalog:m:’mlc
- values and y data
logarithmic values)
(10 SUMRXNY . .Inxhy=s 4S.06554072 (Mean of x data
MEANNRX :Imx/n= P . Sz5pPBB1SS 'logarithrnicvalues)
£ NEANMX .Inhx/n= 2.8252B6155 l(Meanofydata
MEANRMY :Imny/n= 3 287753058 fogarithmic values)
& MEANRY :Iny/n= 3.287753Q5B I(Populalionstandard
SDNnXN thxon = 0. 3878683282 deviation of x data
logarithmic values)
kg SOnXN ‘hxoh = 0.3B8786B3282 (Poputation standard
SDNYN ‘hyon = ©.4308431503 deviation of y data
logarithmic vaiues)
kg SDRYN :nhych = ©.4308431503 (Sample standard
SOinX ‘nxona= ©. 43378177275 deviation of x data
logarithmic vaiues)
kg SDRMX xoni= @.4337617775 ](Sar_nplestandard
SDinY nyocn+= 0.481808@ECS3 deviation of y data
logarithmic values)
&g SOnY "nyon-= ©.48168090B8853 (Regression constant
' RA 18 = 1 PES43E6811 term)
£ LR A i) = 1.0B8436811 ](Regressioncoeﬂicienl)
RB i) = 1. 10437€E878
10 RB ) = 1.104376878 J(Correlationcoeﬂiciem)
COR r = @ 884245545
T rﬁesression 8nBlySsSis [y=ax~b] |(Returnto menu
>in.Det .Clear.List.eoX.eoY . P ?_ display)
Y (Estimatnon of y [y=8x*b) ](Estimationofy)
x?
40 Exg Ectimation Of,y [(¥=3x~b) J(Estimatedvaluelory
i x740@ :y= B2.66885283 foliowing input of 40
volts,
35 Egtimation of v [y=ax*b] )
X7
15 Begression eanelysis Ty=ex~bJ | (Return 1o menu
_>|n.De|.Cleer.Llst.eox.eoY.P P display)

Here, these data produce the power curve y=1.069436811 x x"'**"®"®. Also, input of 40
volts results in an estimated current of 62.9mA.



EGRESSION ANALYS!S FLOWCHART (6510, 6520, 6530, 6540)

brary star) .

(D) Data input Y
1 Data input | < only?

ES
NO
[6) Data delete m R only? ~>YES
be celeted | *
NO

‘ @Data clear Process ™

selection
®

Data clear

m Statistic
display First statstic /" suatistic | B

set § \ display [
a2 Next statistic

display

Next staustic
’ display

B[ Previous
1 statisuc
display

YES

calculation .
y input

NO

EOX display

calculation .
x input

PJPrinter output| Statistic

output to printer




MEAN INTERVAL ESTIMATION
(FOR KNOWN VARIANCE)

Periorms estimation of the confidence interval of x in normal distribution N (4, ¢® ;"where
g : unknown, ¢? : known).

CALCULATIONS

When an n-size sample (x1, x2---xn) is taken from normal distribution N (x, ¢), the following
confidence interval (1—a) of confidence level for u is obtained:

(5] 2 <resen(3) 2

OPERATION
6610

sl

Normal distribution curve .
. u . population mean

0?: population variance
X : sample mean

a : significance leve!
1-a: configence leve!

ol

() 1 u(3)

N{g.02) ac<yp<d c2. knowh
input new gata (Y/N) 7

The display appears as indicated above once the library is activated. At this time, either Y
or N should be pressed to perform the foliowing procedures:

Y : New data input followed by interval estimation, additional data input, data edit, statis-

tic check.
N : Interval estimation using previously stored data, interval estimation when data are

crmee -k nOWN.
my

)

gata (x
Delete.Clesr.LIist . Eng ?P.

tnp
>in

ut
put.

. _The menu display illustrated above appears when [¥] is pressed. One of the following character
keys is then pressed to perform the corresponding function.

I (Input)
D (Delete) :
C (Ciear)

Data input (for input or addition of data).

Data delete (for deletion of erroneous or unnecessary data).

Data clear (for deletion of previously stored data. This operation also clears
statistics). ‘



(List) : Statistic display (for display of number of data items, sum, sum of squares,
mezn, populatior standard deviation, sample standard deviation).
@ (or & ) scrolls to the foliowing data item, (£] to the previous item, and (&
or (&) exits the statistic display and returns to the menu.

‘End) : Advances to the interval estimation display (same as when N is pressed in
the first step above).

NIlyp.
n

e;z) B<p<bD OCE.KNOWN J(Imervalestimation

dispiay)

> display appears as illustrated above when the [N] key is pressed. The value indicated
n shows the number of data currently stored in memory.

=0: Interval estimation cannot be performed, so this should be corrected to the required
ata.

umber of data input (following (Y] above) and value of n differ : Confirm that some data
ave not been omitted during the input or that two or more data items have been input
\gether for a single entry. In either case, terminate the library operation. Enter the library
jain and add, delete, or reinput data as required.

umber of data input (following above) matches value of n: Press fig

AMPLEl

. table below shows the number of customers at a store over a 5-day period. Using this
z, perform interval estimation for the number of customers with a confidence level of 99%.
."population standard geviation of the customers is previously known to be 120.3.

1 2 3 4 5

NUMBER OF
CUSTOMERS 580 430 612 498 591
Ntuw.cE) @a<a<d cegknown
inpyt new ocata {Y/N) % l
“Input cata (x] - (Select new data input.)
'>lnput . Deiete Clear.List.Eng ?_ |
{lnout gatea (x) (Select data clear.)
clear osate {Y/N)? I
ilnput dste (x) ](Datacleared.)
>input.Delete . Cilear.List.End ?.
ilgnut cata (x) {EXE] .menu ](Seleﬂdalaiﬂput)
X7

Exe) |$pu1 cate (x] — TEXE).menu |(Enter first data item.)
S

£ 612 6D 498 £¢ 591 & :
input cdeta (x) [EXE) :menu |(Enter remaining data
) . items.)
input cets (x) (Return to menu.)
>input.Delete.Clear.List.Engd ?___J
"N{y.0B) 8<y<b ©oZ2:known i (Select End to proceed
‘n= 5 7. {10 interval esumation.)
™ iw.02) e8<uy<b ©E:KNROWN : (Press & atter checking
'X= 542 .2 7. i number of data items.)
“N{g.o02) g<p<d 0Z KNDWN I(Press?jaﬂerchecking
le="@ 7_ 'mean.)
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120.3 &3
99 =3
27

onfitdence level (1~
onttgdenge e ) [%)
(p.08) 88 %

4R03.B < y < 6BO.

.08) B<y<hd
?

c2.known

(Press &= after inputting
population standard
devistion.)

(Enter confidence level
to display mean confi-
dence interval.)

Here, it is determined that the mean for number of customers u with a confidence level of
99% is 403.6 <u < 680.8.

MEAN INTERVAL ESTIMATION FLOWCHART (FOR KNOWN VARIANCE)

{ Library sian )

New data
‘,,p':‘ ’ Menu 1

K2
@ 1o
Process
< selection ) Menu 2
. End @ mp.l.
input

i

*umber of aals (n)
dispiay anc mput

[Popuiaton sien-
BJara oevision
display 818 10D

(o)

bonﬁdcnu ove! {(1~g)
{osplay ang nput

Data input

o
No

{B)Data r_______—--—-1
!
Delete input of data |

10 be ceielec

—-@
No

Yeos

Yes

EData
clear Process
seiecion

IE]

Previous statstic
display

Data ciear
(D) Statistic
gisplay | First statistic
dispisy

Nex! statistc Statistic No

display present?
Yes

Next statistic

- display




MEAN INTERVAL ESTIMATION
(FOR UNKNOWN VARIANCE)

rforms estimation of the confidence interval of u in normal distribution N (k, o2 ; where
- unknown, ¢? : unknown).

\LCULATIONS
nen an n-size sample (x1, x2---Xxn) is taken from normal distribution N (4, 0%),

x—t (-;—. n—-1) ,/%(/1<i+t (-;—. n—1) J-}
obtained in accordance with degree of freedom (n~— 1) of the t-distribution.

x : population mean
o?: population variance
a : significance level

X : sample mean

V : unbiased variance
1-¢o : confidence level

t-distribution of degree of
treedom (n-1)

y=Ste=3?

n—1

ERATION

NT3 c27 8<s<b
’20- inbut new Oats (Y/N) 7 J

> display appears as indicated above once the library is activated. At this time, either Y
N should be pressed to perform the following procedures:

New data input followed by interval estimation, additional data input, data edit, statis-
tic check.

lntewal estamatnon usmg previously stored data, interval estimation by inputting each
value. ———

Y

t dat ) l
ut. De e .Clear.List . End %

Pu
npe

: menu display illustrated above appears when (Y] is pressed. One of the foliowing character
‘s is then pressed to perform the corresponding function.

4nput)--:- Data input (for input or addition of data).

‘Delete) : Data delete (for deletion of erroneous or unnecessary data).

‘Cilear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
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L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or 8 ) scrolls to the Tollowing data item, (D to the previous item, and (&
or (=) exits the statistic display and returns to the menu.

E (End) : Advances to the interval estimation display (same as when N is pressed in
the first step above).

(2) N

N(iy.0o2}) 8<g<hd (Interval estimation
) rn = 5 P_ display)

The display appears as illustrated above when the (M key is pressed. The value indicated
for n shows the number of data currently stored in memory.

en=0: Interval estimation cannot be performed, so this should be corrected to the required
data.

« Number of data input (following (¥} above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

o Number of data input (following (Y)-above) matches vaiue of n: Press 5.

EXAMPLE

The table below shows the number of customers over a S-day period for five drugstores select-
ed at random in a certain area. Using this data, perform interval estimation for the number
of customers at one drugstore with a confidence level of 95%.

1 2 3 4 5
NUMBER OF
CUSTOMERS 245 366 271 493 306
N{w.c2) 8<¥<D
input new dats {Y/N) 7
fnput cate (x} (Select new data input.)
>sinput.Delete.Clear.List . End 7.
© Thput date (x) (Select data clear.)
clear date (Y/N) 7
thout date (x] (Data cleared.)
sinput.Deftete.Clear.L1st . Eng 7. l
M lgout dete (x) [EXE] .menu J(Selectdltlinpul.)
X?P-
245 g |$nut dete (x) [EXE] .menu |(Enter first data item.)
X7 3
366 Exf 271 &5 493 fx8 306 x5 -
input dats (x) [EXE) :menu |(Enter remaining data
X P items.)
e Tnput data (x) (Return to menu)
>input.Delete.Clesr List . End ?_ |
® Ni{p.cB) 8<s<bh (Select End to proceed
ns 5 ?_ 10 interval estimation.)
B N(p.02] 8<s<D (Press B2 after checking
x= 336.2 P- number of data items.)
B Ni{g.0Ef) 8<s<b (Press = atter checking
v="56738.7 7_ mean.)




(Press g ater checking
] unbiased variance.)

I (Confidence fevel of
95% is already sel, 80

Contficence tevel (l1=a){%)
1-g= 85 7_

N(w.c2) 85 %

N(y.o02) 85 %

213.7 < ¢ < 458.7

confidence interval is
displayed atier i is

pressed.)

lT(y.cz) a<yp<b
nz § 7.

]

-e, it is determined that the mean for number of customers g with a confidence level of
0 is 213.7<p<458.7.

AN INTERVAL ESTIMATION FLOWCHART (FOR UNKNOWN VARIANCE)

Menu 2

_!
w gaa
ot Menu 1
®
L.
Process
selection
ng
Enc TiData
nput
s

T+ o' oa'a
ang 1ndut ( ")

mean
anc mnput

(x)

sed .
~e asoiay (V)
out

ance level
ang npun

nhgence
erval
Dlay

(1=a)

—~ Yes
in only?

No

T Daia
oelete

r__,/j -~ Yes
tnput o! data &t only?
10 be celeteo
No

display

TData
| clear Process ®
selection
2 Data clear ]—
1 Statstic
display | Fust
oisplay
Siatistic =2
cisplay
= Next stalistic Statistic No
aisplay present?
Yes
[p] Next statisiic
aisplay
&3] Previous statistic
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VARIANCE INTERVAL ESTIMATION

pPerforms estimation of the confidence interval of ¢? in normal distribution N (x, o ; where -
& : unknown, ¢? : unknown).

CALCULATIONS

When an n-size sample (x1, x2 - xn) is taken from normal distribution N (x, 0?), the confi-
dence interva! of the confidence level (1—a) of ¢® is obtained by

S < o< S
xz(%n—]) z’( —%. n—l)

in accordance with x? distribution of the degree of freedom (n—1).

x . population mean
o?: population variance
a : significance level

S : sum of squares
1-o : configence leve!

x? distribution curve
of degree of freedorn S="(x—3x9?
(n-1)
a £
2 2
0lx2(1- 5. n=1) zz(%.n-])
OPERATION
N(yg.o2) a<eo2<bh )
6630 ingu: new gats {Y/N} 7 l

The display appears as indicated above once the library is activated. At this time, either Y
or N should be pressed to perform the following procedures:

Y : New data input followed by interval estimation, additional data input, data edit, statistic

check.
N : Interval estimation using previously stored data, interval estimation by inputting each
value.
My
fnout date (x)
>Input.Delete . Cteer.List . End ?_ I

The menu display illustrated above appears when (Y] is pressed. One of the following character
keys is then pressed to perform the corresponding function.



i (input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

.C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

L (List) : Statistic display (for display of number of data items, sum, sum ot squares,
mean, population standard deviation, sample standard deviation).
@ (or &8 ) scrolls to the following data item, (3] to the previous item, and (&
or [ exits the statistic display and returns to the menu.

E (End) : Advances to the interval estimation display (same as when N is pressed in
the first step above).

(2) N
® N

{u.02) B<o2<Db J (Interval estimation
= 5 ?_ display)

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of data currently stored in memory.

en=0: Interval estimation cannot be performed, so this should be corrected to the required
data.

« Number of data input (following (Y] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

» Number of data input (following (Y] above) matches value of n: Press [T5)

The table below shows the number of pins contained in five different boxes of the same size
produced by the same manufacturer. Using this data, perform interval estimation with 99%
confidence level for the pin variance.

1 2 3 4 5
NUMBER OF\ 102 | g9 | 100 | 103 | 101
F\l(u-cz) a<oE<b
input new data (Y/N) 7
[lnput date (Xx) (Select new data input.)
- >input.Delete.Clear.List.End 7?_
© [|nput dets (Xx) (Select data clear.)
, clesr data (Y/N) 7 _
I'lnout data (x) J(Datacleared-).
>input.Delete.Clesr.List End ?.
m {lgnut dats (x) (EXEl-‘menu j(seleddatainpm-)
XP=
102 &g lgout date {(x) [EXE]:menU(EmerﬁfStdataitem-)
XPe
99@100@103@101@
[lnnut data (x) TEXE) menu |(Enter remaining data
X?e items.)
[ input data (X) J(Retumlomenu.)
sinput.Delete.Clear.List.End ?_
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LN(u.aE) 8<0EBE<D (Select End to proceed
n= 5 7_ to interval estimation.)
N(g.0oB) a<o2<bd (Press o3 after checking
S= 10 ?_ number of data items)
Confidence level (1=-a)[%] {Press s after checking
1-a= 885 7_ sum of squares.)
Nlg.ag2) g8 % 1 (Enter confidence level
l ..... value to display confi-
N(g. o) 89 l dence interval.)
Q.6728 < 02 < 48.31
(Niw.o2) B8<o2<Dh |
‘n= 5 ?_ |

Here, it is determined that the variance of the number of pins o2 with a confidence level of
99% is 0.6729<0°<48.31.

VARIANCE INTERVAL ESTIMATION FLOWCHART

( Library stant ’

New data
@, ’ Menu 1
®
-
™
Process Menu 2
selection
End €
= (0 Data T
nput Yes
Data nput i onty?
e
No
Number of data (m)
display and input
(@ Data
delete Yes
input of data
. 10 be deleted
Sum of squares s)
display and input No
€ Data
N
Configence level | (1 — o) | Clear Process ®
{display and input sefection
% Data clear }—
Contaence
interval L Statistic
asplay gisplay | First statisuc

display

Statistic 2
display
&= Next statistic Statistic No
display present?
Yes *
= Next statistic
display
€3] Previous statistic
display




STANDARD DEVIATION INTERVAL
ESTIMATION-

2rforms estimation of the confidence interval of o in normal distribution N (x, o2 ; where
: unknown, o2 : unknown).
ALCULATIONS

hen an n-size sample (x1, x2--- xn) is taken from normal distribution N (u, ¢?), the confi-
nce interval of the confidence level (1 ~a) of o is obtained by

S S
x2 (2. n—1) ‘ / x’(l-——g.n—l)

accordance with the x? distribution of the degree of freedom (n—1).

# . population mean
o?: population variance
a : significance level

S : sum of squares
1-a : confidence level

S=3(x-x)?

x? distribution curve of degree
of freedom (n—-1)

3
o
Olx%1-£.n=1) g.=1
ERATION
. Niyg.ce&}) a<eo<Dh
40 ‘ingut new gata (Y/N) %?

" display appears as indicated above once the library is activated. At this time, either Y
1 should be pressed to perform the following procedures:

New data input followed by interval estimation, additional data input, data edit, statistic
check.

interval estimation of previously stored data, interval estimation by inputting each value.

Y

?DU gats

[ t t (x) J
>inout.Delete Clear. . List.End ?.

menu display illustrated above appears when [Y)is pressed. One of the following character
is then pressed to perform the corresponding function.

wput) : Data input (for input or addition of data).

elete) : Data delete (for deletion of erroneous or unnecessary data).

‘lear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
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L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
{33 (or £x5 ) scrolls 1o the following data item, (@) to the previous item, and (&)
or [=) exits the statistic display and returns to the menu.

E (End) : Advances to the interval estimation display (same as when N is pressed in
the first step above).

@ N
= n

vy.02 ) @a<eg<d (interval estimation
S 7 display)

The display appears as illustrated above when the (W) key is pressed. The value indicated
for n shows the number of data currently stored in memory.

*n=0: Interval estimation cannot be performed, so this should be corrected to the required
data.

* Number of data input (following (Y] above) and value of n ditler : Confirm that some data
have not been omitted during the input or that two or more data items have been input
10gether for a single entry. In either case, terminate the library operation. Enter the fibrary
again and add, delete, or reinput data as required.

* Number of data input (following above) matches value of n: Press Ed.

The table below shows the measured volume of the contents of five different randomly selected
cans of a soft drink produced by the same manufacturer. Using this data, perform interval
estimation with 83% confidence level for the sample standard deviation of the content volume.

1 2 3 4 5
VOLUME 1.20 1.08 1.18 1.22 1.7

Nlpwp.c2) Bg<c<h
irputl new dgata [(Y/N) % _

Input odata (x) j(Selecl new data input.)
>input . Delete.Clear.List . Eng P_

Thout cata (x) (Select data clear.)
clear gsta (Y/N) 7

input date (x) (Data cleared.)

© >tnput Delete Clear.List . End 7. I

|} lgout deta (x) TEXE] :menu | (Select data input.) ~
X 0

1.20 £x¢ lgout gate (x) [EXE] :menu | (Enter first data item.)
) S

1.08 ¢ 1.15 ¢ 1.22 € 1.17 &2 .
Input dats (x) [EXE) :menu | (Enter remaining data
X P tems.)

kg input cate (x) (Return to menu.)
>input . Defete.Clear.List.End ?_ |

® N(yg.oc2) 8<e<bd (Seiect End to procéed
n= 5 ?_ ]to interval estimation)

fxg iN(pw.02) B<o<D (Press &g aher checking
1 S= @.281172 ? _ number of data items.)

i) Configence level (1~o) (%) (Press &2 afier checking
1-o= 85 ?. sum of squares.)




|disptay ang input

99 Exg N{g.02) 99 % (Enter confidence leve!
..... value to display confi-

Nly.o2) 98 % Jdence interval.)
0.@2888 < ¢ < B.238B
N{g.o08) a8<o<b ; : - ‘ .

(3T ' n="6 7.

Here, it is determined that the sample standard deviation of the volume of the cans’ contents
¢ with a confidence level of 99% is 0.02808 <0< 0.238.

STANDARD DEVIATION INTERVAL ESTIMATION FLOWCHART

( Library start )

New data
input ’ Menu 1
’ ®
® ‘
Process Menu 2
selection
E
End [E; moala /
input Yes
Data input ggonly?
——-’J ——4 No

Number of data (n)
dispiay and input

{®)Data
delete -—-’/T Yes
Input of data g only?
s . to be deleted
um of squares
display and input (s) No

- TData ~ ®
Configence level [ (1 - a) | __clear Process
| selection

© Data clear
[T) Statistic
display | First statistic
display
Statistic 2]
display
=] Next statistic Statistic No
display present?
Yes
2 Next statistic
display
i Previous statistic
display
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} VARIANCE ‘RATIO INTERVAL ESTIMATION

Performs estimation of the confidence interval of —:f—: for the two normal distributions N
(11, 01?) and N (k2, 02°), where a1, 012, u2 and o2? are all unknown.

CALCULATIONS

When ni-size sample x1 (x1, x12--- X1m) is taken from normal distribution N (u1, 01?), and
nz-size sample x2 (x2,, X2 --- x2nz) is taken from normal distribution N (u2, 02%), the confidence

2
interval of the confidence level (1-a) of -5— is obtained by

Vo | 1
Vi F(F.n2—1,m=1)

<'— F(§.m=1.m=1)

in accordance with the F distribution of the degrees of freedom (n1—1, n2—1).

o : K1, x2 . population means
F distribution curve of degree of [ . . population variances

freegom (N~ 1, N2— 1) ]
a : significance tevel
Vi, Vi : unbiased variances
1=-a : confidence ievel

a o
2 2
</ < )2
- 0 F(]-— ni—1l.n2=1) F('g.m—l.n:-l) V= _nx-_l___x
OPERATION
’ «N{gr.¢e12) Nlwza.ceei g<oz22/cr12<D
6650 [ingut new Ua:a x)1 (Y/N) 7?

The display appears as indicated above once the library is activated. At this time, either Y
or N should be pressed to periorm the following procedures:

Y: New data input followed by interval estimation, additional data input, data edit, statistic

check.
N : interval estimation using previously stored data, interval estimation by inputting each
- -~ - value..
(M vy -
Y] fnput dats (x1) !
>input . Delete.Cleer List.End 7. |

The menu display illustrated above appears when (Y is pressed. One of the foliowing character
keys is then pressed 1o perform the corresponding function.



npui) : Data input (for input or addition of data).

Delete) : Data delete (for deletion of erroneous or unnecessary data).

Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

_.ist) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
() (or B3 ) scrolls to the following data item, (& to the previous item, and (&
or (&) exits the statistic display and returns to the menu.

ind) : Advances to the interval estimation display (same as when N is pressed in
the first step above).

)te that the data input referred to here is for data items x1: through xin.

N

N{gr.cr12) . Nlye.o22) B<oz2/012<D
input new gate x2 (Y/N) ?

display appears as illustrated above when the (K] key is pressed. Note that this dispiay

Tost identical to the initial display which appears immediately after entering library oper-

1s. The difference, however, is that the question concerning new data input here is for
items x2: through x2r2, while the data input being queried on the original display is for
items x1. through xina.

) Y
e result as that produced by pressing (Y] in step (1) above. Note, however, that the data
g entered or corrected here is xa: through x2n:.

) N

gN( 1.::'17?)-N(uz.czi) 8<cz2e/012<p . (Number of data
na [

5 ! display)

([

display appears as illustrated above when the (K] key is pressed. The value indicated
1 shows the number of x1 (x1.~ xim) data currently stored in memory.

=0: Interval estimation cannot be performed, so this should be corrected to the
juired data.

imber of data input (following (Y] above) and value of n differ :  Confirm that some data
ve not been omitted during the input or that two or more data items have been input
jether for a single entry. In either case, terminate the library operation. Enter the library
ain and add, delete, or reinput data as required.

‘mber of data input (foliowing [Y) above) matches vaiue of n: Press .

'en ¢ is pressed, a display similar to that above is produced for x2 (x2: —x2n:) data
ms. After confirmation and/or corrections as described in (2-2), press &= to continue.

\MPLE]

table below shows the measured diameters of ten randomly selected ball bearings. The

)ry producing the ball bearings uses two separate production lines (A and B), so five

om samples were taken from each line. Using this data, perform interval estimation with
confidence level for the variance ratio of the diameters.

1 2 3 4 5
1.01 1.00 1.01 1.02 1.00
B{ 1.00 0.99 1.01 1.00 0.98

DIAMETER
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LT(#I.G)E).N(ye.o 2) a<oBEE/C1E<D

Ilnput new data xt (Y/N) ?

Y Input dste (x)1)

L>lnout.0elete Clesr.LIist.Engd ?_

© Ilnput ocats (x1)
clear dsata {(Y/N)
lnput deta (x1)

&2 >input . Delete.Clear.List.Eng 7?_
input gsta (x1) ([EXE]):menu

O Lx1?-

1.01 =g ;?gut dete (x1) [EXE) menu

1.00 € 1.01 =g 1.02 52 1.00 =3
[lnout gata (x1) IEXE):menu
XV 7P

3T input cete (x1)
[}lnout.Delete.Cle r.List.Eng 7.
Nlgr.o12) . N(ue.o22) a<oee/eo12<D

® Llnout new gats x2 (Y/N) 7

g Input dates (xz2)
>input . Detete.Clear.List.End 7?_

Input dats (xe)

© clesar cate {Y/N) 7

Y Input gate (xe)

[>|nput.0elete Clear.List.Eng ?_
Input datea (xz2) [EXE]) :menu

E] le?_

1.00 ££ l;ggut date (x2) [EXE} menu

0.99 &£ 1.01 ¢ 1.00 = 0.98 fxe

. Input cata (xz2) [EXE) .menu 1
X277

£ input O0eta (xz]1 ]
>input Delete.Ciear.List . End ?_

® LNlal.arf).Nlnz.az?) 8<oz28/c123<hH

) ni= 5§ ?_

Exg Nlgr.ci12) . N{ve.o22) a<oee/c12<b l
Vi= 0.22207 7.
Nigr.er2) . N(ga.c22) a<oa22/¢12<Db

s nzg= 5 7_ *]

B N{wt.012) . Nlge.oce2) B8<ce2/01E<D
Ves= e.gﬂe1s P

= Contidence level (1-e¢)([%)

1-0e= 85 7_

N{wir.e12) . N(seg.oc22) 85 %
Nipirv.c12) N(ge.ce2) 85 %

.1834 < ocpe/0r2 < 17.84
; Nigr.o12) . N(ge.oce2) a<ce&/cr&<ph
&g ni= 5 ?_ 4]

(Select new x: data
input.)

](Select data clear.)
I(Dat- cleared.)

](Seiecl data input.)

(Enter first data item
for line A.)

(Enter remaining data
items.)

] (Return to menu.)

(Select End to clear xi
data menu.)

(Select new x2 data
input.)

l (Select data clear.)
1 (Data cleared.)

] (Select data input.)

(Enter first data item
for line B.)

(Enter remaining data
items.)

(Return to menu.)

{Select End to clear x2
data menu.)

(Press £z atier checking
number of data ilems

(Press &2 atier checking
unbiased variance Vh.)
(Press g atier checking
number of data items
n)

(Press = atier checking
unbiased variance V3.)
(Enter confidence ievel.
Since 85% is already
sel, press =)

Here, it is determined that the variance ratio between the two lines with a confidence level

of 95% is O. 1934<-—— <17.84.



IANCE RATIO INTERVAL ESTIMATION FLOWCHART

( Library stan )

Menu 1 Menu 2 mo%
New x1 data Process - ] YES
nput selection Data input £ only?
® End(D NO
CDDA‘_‘_":_':‘,’,_’—
YES
® input of dals | ty?
::;:‘xz oua) 10 be geleted £= only
® )Data clear NO
Process ®
seiction ) I
) Staustic gisplay Data clear
— Furst stanstic
Numper of d8la |'n,) cisplay
GisdiRy 8N INDUL -
’,L'_ Satistic =3
: cisplay
Unbased varance |/, j —L".T
orspisy 818 MUl 22 [ Next statisuc Statistic

Number of oata |
orsplay anc inpul

Junoasec varance
2:3DIsy and Mput *

Conficence leve!

I

mput

Contioence
NEval 0iSDIdY

(1~o)

)

arsplay

Next staustic

present?

YES

Menu 3

Process

seiecton

Enc

asplay
Ti Previous
Ismvsnc display
{DData input
YES
Data nput | & oniy?
| <
F Data celete
input of oata — YES
1o be Ceieted fconly?
X Data ciear NO

Process

selection

D Staustic isplay Dais ciear
First statistic
display
pu)
Staistic =5
display /
IE Next statistic
o .
display
Next statistic YES
display
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~*satisic display]




e
5] 514 )] MEAN DIFFERENCE INTERVAL ESTIMATION

Performs estimation of the confidence interval u1-u2 for two equal distributions N (u1, ¢®) and
N (i2, o), where u1, 2 and o® are all unknown.

CALCULATIONS

When ni-size sample X1 (x11, X12--- X1m) is taken from normal distribution N (x1, ¢%), and
nz-size sample x2 (x2,, X2z --- X2n2) is taken from normal distribution N (u2, ¢%), the confidence
interval of the confidence level (1 —a) of u1-u2 is obtained by

+
X —xz—t(-- m+n2—2) \/(m 51 S2 )<ul-u2<x1-xz+t(5 m+n2—2)

m+n2
1.1, S1+82
: ‘\/(:1+n2)(n1 +n2—2)

in accordance-with t-distribution of the degree of freedom (ns +n2-—2).

t-chstribution curve of degree of
freedom (n1+n2-2)

1, g2 : population means

o? : population variance
(same for both populations)

. significance level
: confidence level
1 sample means

. S2: sums of squares
S=3(x-%)?

T
x o

-4
2

“‘ —1(2 m-rnz—2) 0 2(£.m+n2—2)

DPERATION
1 .02) . NI .02) < -
6660 'HS&:"new d;fa"“ ?Y;ta) ?

The display appears as indicated above once the library is activated. At this time, either Y
or N should be pressed to perform the following procedures:

'Y :  New data input followed by interval estimation, additional data input, data edit, statis-
tic check. ‘
N : Interval estimation of previously stored data, interval estimation by inputting each value.

Y

r In ut cete (x1)
>input.Delete.Clear.List.Eng P_

 Themenu display illustrated above appears when[Y) is pressed. One of the foliowing character
keys is then pressed to perform the corresponding function.



t (input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

L (Listy : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or 28 ) scrolis to the following data item, (] to the previous item, and (&
or (&) exits the statistic display and returns to the menu.

E (End) : Advances to the interval estimation display (same as when N is pressed in

’ the first step above).

* Note that the data input referred to here is for data items x1. through xins.
(2 N

Niwir1.02) Nty
™) input new 08

.02) 8
a xe |

[ads ]

The display appears as illustrated above when the (N key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library oper-
ations. The difference, however, is that the question concerning new data input here is for
data items x2: through xznz, while the data input being queried on the original display is for
data items x1: through xin:.

(2-1) Y

Same result as that produced by pressing [Y) in step (1) above. Note, however, that the data
being entered or corrected here is xa: through x2n..

22 N
® i

1.02) N(lgea.o2) B8<pi=-p2<bDd (Number of data
S5 7o display)

[[R

The display appears as illustrated above when the (N key is pressed. The value indicated
for n shows the number of x1 (x1:~x1n) data currently stored in memory.

eni=0: Interval estimation cannot be performed, so this should be corrected to the re-
quired data.

* Number of data input (following () above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

» Number of data input (following (¥) above) matches value of n: Press .

When B2 is pressed, a display similar to that above is produced for x2 (x2: ~x2n;) data
itens. After confirmation and/or corrections as described in (2-2), press [ to continue.

The table below shows a comparison of the production volume for a factory for two consecu-
tive weeks. Using this data, perform interval estimation with 95% confidence level for the
difference in the mean for the two weeks.

MON | TUE | WED | THU | FRI
PRODUCTION | WEEK 1 53 59 56 60 54
VOLUME (t) [ week2 | 55 62 60 61 58
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Niyy.o2).Nlye.cB] B<yi=p2<)d
input new odete xv (Y/N) %
Tnout oate (x1) (Selec! new x: data
>SIinput . Detlete.Ciear.Ligt .Endg 7_ input))
Iinput dete (x1) (Seiect data clear.)
© [cleer gate (Y/Nl’? J
Y Input oate (x1) (Data cleared))
>Input . Delete.Clesr.List.Eng ?-J
(] lngut gate (x1) lExE]:menuJ(Sﬂecldminput‘)
XV?P.
input oate (x1) (EXE) .menu |(Enter first data item
53 E X1VP. Jlor week 1.)
59 g 56 b 60 £ 54 g
lngut gats (x1) [EXE) :menu S‘Enlor)remainingdata
L S (. ems.
T input cate (x1) J(Relumlomenu.)
>input . Detlete Clear. . List Eng 7.
B TN(w).0f] Niwe.oE) B<pyr1=-p2<D (Select End to clear x»
iinput new ogste xe2 (Y/N) % gata menu.)
Y incut cata (x2) (Select new x; data
l>lnout.Detete.CIear.Llst.Ena P input.)
C input oats (xe) (Select cata clear.)
clear ogata (Y/NI? J
) tnput oetas (x2) {Data cleared.)
’>|nout.Delete.Cleer.Llst,Enu ‘P-J
0D ]ingut oata (x2) [EXE)} menu J(Seieclda:ainpux.)
'x2?.
input oate (x2) . (Enter firs! dala item
55 E I—?z P J tor week 2.)
62 bt 60 Lir 61 fir 58 i
;Ingut ceta (x2) (‘Enter)remainin; cala
v XE P " items.
LI Mnoput oate (xe2) ‘ I(Rexumtomenu.)
3 >Irput . Delete.Clear List Eng 7.
&) ,N'msag).Nuz.aEl B<y1-s2<D Jgs.tiei:eizd)‘°°'e""
sy E [ R
Er Ntw)r.c2) N(pe.0o2) B<uyr-s2<D (Press £ ater checking
yXx1= EB 4 7P nm)'nber of data items
n.
E,?‘ lrs\:(”é;ial.N(yz.oE) a<y1=-p2<h gPrlessEah;r;:hecking
- - ata mean Xu.
373 N(u\éa;).N(yz.atl e<si-sE<D S:s:{g‘;::rreihgci;mg
negse - 1.
10 Niwr.c2i . Nlse.0oB) B8<pr-pe<d (Press £ atier checking
x2= 58 .2 7. nur)'nber of data items
. n.
Nipr.o2) N(yg2.0B) B8<g1=-p2<p (Press k£ aher checking
= Sz:io.a P data mean Xa.)
(I Configence Tevel (i1-e)[%] (Press £= afer checking
l~e= 85 7P sum of squares Sz.)
S eEf 7. 2.08 — 65 (Enter confidence level.
& N“‘ PoNLe ! Since $5% is already
set, press £2)
N(pr.ol) . N(g2.ol) 85
. -7 @S2 < yi=3 < 1. 482
[Z5) Nis1.08)1 .N(stL.cE) 8<p1-s2<D
: ni= 5§ P_

Here, it is determined that the difference in means ui~u2 between the two weeks with a con- -
fidence level of 85% is —7.052<p1-u2<1.452



AN DIFFERENCE INTERVAL ESTIMATION FLOWCHART

{ Library stan )
Menu 1 Menu 2 [DDa input
New x1 Osla 2 Process YES
nput selection Daia input -5 only?
jC3 Enc NO
[ Data celete
input of cata | YES
10 be ceieles £ only?
Dats clear NO
Process L3
seicuon ) I
T Statsuc oisplay Data ctear
Number o' 081 | Furs! statistc
oispiay ang nput |17 aisplay
Stansuc =2
Dsia mean = cispiay / '
osdtay anc nput| ¥ R m
;_4.'_ Next slatisic Sustistc
X oisplay present?
Data sum of Lol Next siatistc YES
scuses dispiay [ S:) ™ cisplay
sne npul
z’iPrewous
|Sthsht cisplay.
Numbder o! 0a'» ‘n:
ﬂ!$Dl.y 8ng Myt
— Menu 3 T Data input
Process YES
seiection / Data nput 1 only?
D2:s mean .
Gispiay BAC MBSt RO
T.Da:a celete
input of ozia | — YES
Data sum of t 10 be Oeleted gronly?
soudres 018Dy
Eno T
ane mey (T Da:a clear NO
Process
seiection
Contioence teve! (Y-a)
nput @ D Stausuc oispiay Data ciear
First siatistic
gisplay
L
1 .
et uay gll:;-l:t;c )a =3
o ol Next stanstic Statistic
= display present?
Next statistic YES
_ o1 gisplay
. Previous
slaustic cisplay
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RATIO INTERVAL ESTIMATION

Performs estimation of the confidence interval p for binomial distribution B(1,p).

CALCULATIONS

When n-size sample (x1, x2 --- Xn) is taken from binomial distribution 8 (1. p). the confidence
interval of the confidence level (1-a) of p is obtained by

(g BT <S(p) B2

2 n n 2 n n

in accordance with an approximation of the standard normal distribution N (0, 13).

Normal distribution curve

|

a . significance leve!

p . probability
1-o : confidence leve!

x4
2

(%) C)
OPERATION
6670 [us) Ei"éb?) a<p<b

12 defects are found for 1000 bolts produced by a certain factory. Using this data, perform
interval estimation with 99% confidence level for the defect rate of the bolts.

njo

- Bil.op) 8<p<bd
n=s @ -
1000 kg [B(1.0) -<D<D (Enter total number of
1x= @ 7. samples.)
128 Conficoence level (1-all%) (Enter number of
) l-e= 85 7_ defects.)
99 Bll.p) 88 % (Enter confidence
— @ r0.023131 < p < B.RP2pPB7 level)
|B(l.o) g8<p<d
@ n= 1020 7.

—Here, it is determined that the defect rate p for the bolts with a confidence leve! of 99% is

0.003131<p<0.02087.



RATIO DIFFERENCE INTERVAL
ESTIMATION

<orms estimation of the confidence interval pi-p2 for two binomial distributions B (1, p1)
3B (1, p2).

LCULATIONS

1en ni-size sample x1 (x1, x12--- Xin:) is taken from binomia! distribution B (1, p1), and n2-
e sample x2 (x21, x22--- X2n2) is taken from binomial distribution B (1, pz), the confidence
2rval of the confidence level (1 -a) of p1-p2 is obtained by

(Fx-2x) ,(2) Ji (Sxg-2x)) 4L (2 g_22)) cp-pc (Bx-2x)

ni n2 n n n n2 n2 n2 n n2

(5L (Bro-3b) % (S20-3)

accordance with an approximation of the standard normal distribution N (0, 1%).

Norma! distribution curve N (0, 1?)

P Pz prodadibties
a . signilicance tevel

_20_ 1~ao : conhidence level
—ufle) 0 1 (e)

ERATION

)80@ iE:l,81%_.B(1.DE) a<pr=-peg<y

iAMPLEI

> 1able beiow shows a comparison of the number of defects for a factory for two consecu-
: months. Using this data, perform interval estimation with 85% confidence level for the
erence in the rates of defect.

Finished products

Number of defects

MONTH 1 1500

23

MONTH 2 1200

15
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BE(l.p1).B{l.pe) &e<piri~pe<bp
ni= B ?_
] B(1.p1).B(1.p2) B<DI=-p2<D (Input finished products
1500 9 Ix\= @ 7 for MONTH 1))
23 g B(l.p1).B(1.p2) B<D1-peg<bD nput number of defects
. nes @ 7. for MONTH 1))
B(l1.01).Bll.pe) a<pi=-pea<b (input finished products
1200 2 Ixe= @ 7. ]lorMONTHz.)
Contidence level (1-¢)[% (input numbe? of defects
15 b i-c= 85 %_ e ) %) for MONTH 2.)
1 Bl1.0v).8B(Y.pe} 65 % {Enter confidence ievel.
= -2.00260Q08 < pr-pe < R.Q11E8B ]Smcess%usalreaay
) - sel, press b))
Bil.p1).Bil.p2) Bs<pi=-De<bd
= ni= 1520 7. ]

Here. it is determined that the difference in probabilities pi1-pz between the two months with

a configence level of 85% is - 0.006009<pi-p2<0.01168.



POPULATION MEAN TEST
(TWO-SIDED) : FOR KNOWN VARIANCE

forms hypothesis testing of x in normal distribution N (, ¢® ; where u : unknown, ¢? :
'Wh).

LCULATIONS

n-size sample (x1, x2--- Xn) is taken from normal distribution N (g, ¢2). At this time, criti-
regions are established on both sides of the normal distribution as shown in the illustra-
1 when:

>othesis to be tested (Null hypothesis) Ho : u=po

:rnative hypothesis Hi @ pwmpo

: test is performed using

i X=po
Tz | >(8)
! 8]
i
) . xo : population mean
Norma! distribution curve .
o? : population vanance
o : population standard deviation
X : sample mean
e a : significance level
2
[4]
(%)
ERATION
Test Ho.p=po Hy . y=pd ]
10 input new gats (Y/N) 7.

: display appears as illustrated above once the library is activated. At this time, either
r N should be pressed to perform the foliowing procedures:

New data input followed by test, additional data input, data edit, statistic check.
Test of previousty stored data, test by inputting each value.

Y

ut dats (x)
out Detete Cleer List.End 7.

> menu display illustrated above appears when [Y]is pressed. One of the foliowing character
's is then pressed to perform the corresponding function.

335



I (input) Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Ciear) : Data clear (for deletion of previously stored data. This operation also clears -
statistics operations).

L (List) Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or x5 ) scrolls to the following data item, (] to the previous item, and (&
or [) exits the statistic display and returns to the menu.

E (End) Advances to the test display (same as when N is pressed in the first step above).

(2) N

® I:Ste - He w=po HI.geso 1(Testdisplay)

The display appears as iliustrated above when the [N] key is pressed. From this point, vari-

ous parameters are entered for the test.

The table below shows the measured speed of five new footbal!l players over 100 meters.
These times will be used to determines whether or not these players meet the team stan-
dards. Perform a test on the data with a significance level of 5%. The mean time for the

entire team 15 11.4 seconds, with a standard deviation of 1.30.

(Select new data input.)

(Select data clear.)

(Select data input.)

(Enter first data item.)

(Enter remaining data
items.)

(Return to menu.)

(Select End to proceed
10 test.)

{Enter mean.)

(Enter population stan-
dard deviation.)

(Press &2 after checking
number of data.)

(Press fxc ater checking

1 2 3 4 5
TIME 12.3 11.6 10.9 12.8 11.4
TeElt new Bata tysm) Bt |
- ;?ggxt:t‘.:s;?e{;.)t:lesr.ust.End P ]
© 1Te8t 3808 (v)w) o |
;?:gbtc.’gé?e{:?t:lear.ust.Enu ?._I(Datacleared.)
D) ;giux geta (x) [EXE] :menu
12.3 g ;g;ut geta (x) (EXE] ‘menu
11.6@10.9@12.8&:}11.4@
;gfut gsts (x) [EXE) menu
& ;?:gztgéfeé:.’cuu.gst.End 'P._J
3 ‘E:ite o Ho.s=p0 Hn_:p-ao
11.4 Iss‘; - Ho p=po0 H‘v:.-yo
1.30 k¢ I:Sé - Ho:.s®40 Hi.ges0
e 132%]y g pH0Fmre HYiwTan
Ex ifllgi;lcance level o[%)

data mean.)



[Test Ho:s=y0 Hi pey0 l
Test Mo . s=y0 Hr: g0

688 £ .86 Accept
Test Ho . »s=®=po HY . p=p0
HEIIR ) "oy |

(Enter signihicance level.
5% is siready set, $0
simply press ps.)

(Display test resutt)

s, it is determined that the speeds of the new players meet the team standards. In this
nple, the number of data items was limited to five for ease of understanding. in actual
s, a small number of data may cause erroneous results (standard: ng 50).

PULATION MEAN TEST FLOWCHART (TWO-SIDED FOR KNOWN VARIANCE)

ary s1a1 )

=
ew gala
Sut ' Menu 1
7] ©
- P
Process Menu 2
seieclion
ne T !
Enc TData
vy r_/ — ves
] Data mput | a2 oniy?
P No
N0k Mesn
_y ane nput
Y (we) T Das
celete /T Yes
ind>J: of cata £ only? !
10 be ceielec 1
310n s8N No i
JeviangA
D Jalt-lie™ 1oy (C) |
1 TDaa
‘1"_ | cear Process E
selecuon
' o' 03 2
1y 8RS INBY! —_ Data ciear '
—_—n)
T Sisustic
¢:8D13y | Furst staustc
aisDiay
mesn
3y ng Mmooyt 1)
Staustic 22
oisplay
—-‘/  o—
icange leve! = Nexi stausuc Statisuc No
iy MO NPt display present?
(a)
Yes
9] Next siatistic
aisplay
est resutt
solay B Previous siatsic
— oisplay
e
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POPULATION MEAN TEST
(RIGHT SIDED) : FOR KNOWN VARIANCE

Performs hypothesis testing of » in normal distribution N (, 02 ; where x : unknown, o :
known).

CALCULATIONS .

An n-size sample (x1, x2--- Xn) is taken from normal distribution N (u, o2). At this time, the
critica: - - gion is established on the right side of the normal distribution as shown in the illus-
tration when:

Hypothesis to be tested (Null hypothesis) Ho © u=go
Alternative hypothesis Hi:u>po

The test is performed using

_i_-_‘-"’.._>“(o)
0

Jn
Normal distribution curve #o © population mean
e? : population variance
o @ population standard deviation
X : sample mean
4 a : significance leve!
0 ule)
OPERATION
Test Ho: .y=mypo Hiiwp>p0
6711 input new dats (Y/N) ?_

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

(1) Y

>

vt oats (x)
out. lete.Ciesr.List End ?_

]
n

10

The menu display illustrated above appears when [Y)is pressed. One of the following character
keys is then pressed to perform the corresponding function.



{Input)

Data input (for inpul or addition of data).

‘Delete) : Data delete (for deletion of erroneous or unnecessary data).
‘Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
‘List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or &5 ) scrolis to the following data item, [ to the previous item, and [&
or [&) exits the statistic display and returns 1o the menu.
‘End) Advances to the test display (same as when N is pressed in the first step above).
N
Test Ho:p=p0 H1p>s0
vo= B ?P_

es! display)

: display appears as illustrated above when the (R key is pressed. From this point, various

sistical values are entered for the test.

AMPLE]

ictory is considering replacing 50 obsolete machines with newer models. Management
ms, however, that the capacity of the new machines are the same as those currently in
. The datz included in the table below are the results of tests performed on five units
1e new machines. Using these results, determine whether or not the capacity of the new
shines is equal to the existing machines by performing a test on the data with a significance
»| of 5%. The capacity of the exiting machines is 432 units/hour, with a standard devia-

l(Selecl new data input.)

}(Select data clear.)

(Data cleared.)

}(Select data input.)

(Enter first data item.)

(Enter remaining data
dems.)

(Retumn to menu.)

J(Select End.)

(Enter mean.)

(Enter population stan-

of 18.
1 2 3 4 5
UNITS/HOUR | 475 501 483 492 487
Test Ho . #2430 Mi.e>00 J
input new oate (Y/N) -
input odeta (x)
>trnput.Delete.Clear List . End ?_
input ocata (x)
cifear gate (Y/N) 7
Input cate (x)
>Input.Delete.Clear.List . End 7?_
lgaut cate (x) [EXE) :menu
X F o
(35 lgout gete (Xx) T[EXE) menu
xX?P.
@483@492@487@
lgput oats (x) lEXE) . menu
X
Input oste (x)
>input . Delete.Clear.LIist.End ?_
Test Ho: p=yp0 Hiipg>p0
rox B 7.
[TT Test Ho .s=s0 HI:p>p0
c= @ 7
Test Ho:p®ypo Hi.g>p0
;@ ns 5 ?. ' b

carg deviation.)
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B @6 @

Test Ho:s=yo0 Hi:pg>p0
¥ 487 .6 -

Significence level e[%)
ex S 7.

Test . Ho:y=y0 Hy iy po
B.288 > 1. 645 . RelJec
Test ] Ho.p=3p0 Hiipd>p0
poxs 432 -

(Press g sher checking
number of data.)

(Press i atier checking

jdata mean.)

{Emter significance level,
5% is aiready sel, 0
simply press E2.)

Here, it is determined that it cannot be said that the capacity of the new machines are identi-
cal to that of the existing machines. The new machines have higher capacities. In this example,
the number of data items was limited to five for ease of understanding. in actual tests, smaller
number of data may cause erroneous results (standard: nz 50).

POPULATION MEAN TEST FLOWCHART (RIGHT SIDED FOR KNOWN VARIANCE)

( Liprary sian )

Enc T,

Process
seiechon

Menu 2

e

\

Fosuviation mean

cisDiay 802 Npyt |,

Pooulation sian-
08r'C OeviBLON
CisDiay 81C thput

\_

Number of aats
oisplay angd nput

Dats mean

1

\yo)

(¢)

n)

osdisy ane mput

sy

Sigaricance level
5218y 890 nput

Tes: resuh
oupla

()
U

(x)

{e)

) No

ODat
nput r""'/j - Yes
Dats input | gonly?
T Data _/1
tet
g1t [input ot cata
10 be celeted

Y
@ e
No

©Data
| clear Process
selecuon

o

Data ciear
30 Staustic,
O1Spiay | First statstic
cisplay
Stausuc =22 —
cispiay
li= Next statsiic Staustic No
display present?
Yeos
= Next sialistc
dispiay
1= Previous statistic
aisplay




POPULATION MEAN TEST
(LEFT SIDED) : FOR KNOWN VARIANCE

~Horms hypothesis testing of g in normal distribution N (u, o2 ; where x : unknown, o? :
own).

.LCULATIONS

n-size sample (x1, x2 --- Xn) is taken from norma! distribution N (u, ¢°). At this time, the
rical region is established on the left side of the normal distribution as shown in the ilius-
tion when:

pothesis 1o be tested (Null hypothesis) Ho:pu=po

ernative hypothesis Hi: p<po

e test is performed using

X = 0

———<L - (o)
N
Norma! distribution curve #o 1 population mean
o? . population variance
o : population stangard deviation
X : sample mean
o a : significance level
. - ule) 0
*ERATION
Test Ho . p=yp0 HY.uy<ad
712 [ug) |input new gate (Y/N} P

e display appears as illustrated above once the library is activated. At this time, either
or N should be pressed to perform the following procedures:

New data input foliowed by test, additional data input, data edit, statistic check.
Tes! of previously stored data, test by inputting each value.

)Y

t o
ut.

npu te (x1}
inp elete.Clear.List . End 7. l

a1

| inp
. >in

i@ menu display illustrated above appears when (Y] is pressed. One of the following character
ys is then pressed to perform the corresponding function.
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| (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or &€ ) scrolls to the following data item, [ to the previous item, and (&
or (= exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2) N
o) Ig:te - Ho.w=s0 HI1:p<po0 J(Testdisplay)

The display appears as illustrated above when the [N] key is pressed. From this point, vari-
ous statistical values are entered for the test.

A company is considering replacing 500 lights has been approached by a salesman who
claims to have lights which are less expensive, but with a comparable service life. The data
included in the table below are the results of tests performed on five units of the new lights.
Using these results, determine whether or not the capacity of these lights is equal to the
existing lights by performing a test on the data with a significance level of 5%. The mean
service life of the existing lights is 1,234 hours/light, with a standard deviation ot 7.6.

1 2 3 4 5
SERVICE LIFE
(HOURS) 1229 1201 1234 1225 1247
Test Mo . wv=u0 1. k<pl J
input new osta (Y/N! -
TTnout cate (x) : (Select new data input.)
i>irbut.Delete.Cleer.List End ?_ |
inout cata (x) I(Select data ciear.)
ciear ocdats (Y/N) ?
Y Thout cets (x)_ (Data cleared.)
>lnout.Delete . Ctear.List . End ?_ |
o lgnut getes (x) {EXE) .menu ](Selectdltainpm.)
' 4
1229 fxg I;out cete (x) TEXE] :menu | (Enter first data item.)
X7
1201 =€ 1234 pg 1225 1247 2
Tnout cdats (x) TEXE) .menu |(Enter remaining data
S items.)
130 Thout d2ta (Xx) (Return 1o menu.)
>input.Detete.Clesr.List.End ?_ l
® Test , Ho. =0 HY:g<p0 (Select End.)
po= @ P
1234 g Test Ho.s%s0 Hi . s<po0 (Enter poputation
o @ 7. mean.)
7.6 kg ‘Test Ho:p=s0 Hi:.pg<po0 (Enter population
ne 5 7_ . standard deviation.)
3 Test HO . p=p0 Hy:s<ypo (Press i after checking
= li= 1227 .2 - number of data.)




&
e

£

Here, it is determined that it cannot be
to that of the existing lights. The cheaper lights
of data items was limited to five for ease of
of data may cause efroneous results (standard: nz 50).

STenificence fevel al(%]

e 5 7.

Test Ho:.:p=4yo Hy:.:g<zo0 J
Test Ho:p=uo0 Hyr:p<po

-2.001 < 1.645 ReJect

Test Ho:p=po0 Hr: p<poO

po= 1234 7.

ol

(Press &= after checking
data mean.)

(Enter significance level.
§% is alread
simply press fg.)

} (Display test result.)

said that the service life of the cheaper lights is identical
have shorter lives. In this example, the number
understanding. In actual tests, lower number

POPULATION MEAN TEST FLOWCHART (LEFT SIDED FOR KNOWN VARIANCE)

( Library stant )

New data
input

®

set, 80

Population mean
dispiay and input

Pooulalbn stan-
dard deviation
display and nput

Number of data
display and nput

Data mean
display and input

Significance level
display and input (

display

Menu 1
L2
1
Process Menu 2
selection
E
End € ()Data
input —"'/T Yes
. Data input g=jonly?
1 —J No
(o) {©)Data ’/—1
let
Qelete input of data =5 only? Yes
to be deieted
No
(o)
©Data
clear Process
selection
o Data clear
(n)
T) Statistic
display | First statistic
display
(x)
Statistic =2
display
Next statistic Statistic No
dispiay present?
a)
Yes
3] Next statistic
display
B Previous statistic
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POPULATION MEAN TEST
(TWO-SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in norma! distribution N (x, o* ; where g : unknown, o
unknown).

CALCULATIONS

An n-size sample (x1, x2 -+ xn) is taken from normal distribution N (i, o). At this time, criti-
cal regions are established on both sides of t-distribution in accordance with the {-distribution
of the degree of freedom (n— 1) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : u=uo
Allernative hypothesis Hi: pwmpo

The test is performed using

X = 110 '

JT | >1(%-n—1)
n

t-gistaibution of degree of freegom (n=1)

. population mean
: unbiased vanance
: sample mean

: significance level

0 X <§

-u-;-.:—x) t(-%.n—l) v =Sx=%?

n—1

OPERATION

T t Ho:y= Hy pys
6720 [ug) inout new dete’(vsni $2"°
The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the foliowing procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputiing each value.

{(x) l
ete.Clear.List Eng 7.

‘The menu display illustrated above appears when [T)is pressed. One of the following character
keys is then pressed to perform the corresponding function.



p———

I (input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Cilear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

L (Listy : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or &8 ) scrolis to the following data item, (@) to the previous item, and [&)
or (&) exits the statistic display and returns to the menu.

E (End) : Advances to the test display (same as when N is pressed in the first step above).
@ N |
@ i:gito o Ho:uy=yuo0 Hy . pu+sp0 J(Testdisp‘ay)

The display appears as iliustrated above when the (W) key is pressed. From this point, vari-
ous parameters are entered for the test.

EXAMPLE

The following data represent test scores for a group of students. The same test has been
conducted more than one hundred times in the past, with a mean score of 5.4. Use the data
to determine whether or not the scores for this group of students are equivalent to past scores
with a significance level of 5%.

DATA 53 6.2 6.0 58 55

rTest Ho: ws=4s0 Hy:w=uo0

input new data (Y/N) 7.

Tnput datsa (x) (Select new data input.)
|>input.Delete . Clear List End 7

). TTnput dats (x) (Select data clear.)

© %c!ear date (Y/N) 7

5 Pnput gsta (Xx) {Data cieared.)
>input.Detete.Clesr.List End P_

m Hgout data (X) [EXE] menu J(Selectdatainput.)

5.3 ¢ HgDUt data (x) (EXE] menu l(Enterfirstdataitem.)

6.2@6.0@5.8@5.5@
anut data (x) [EXE]:menuJStEmer)remaining data
X7 ems.

e [Inout gats (Xx) J(Hewmtomenu.)
sinput.Delete.Clear.Lisgt End P -

@ ‘Test Ho:p=po Hy:g*p0 (Select End.)
yo= @ P

5.4 g "Tesé - Ho  s=s0 Hi1 s+so0 (Enter mean.)
n= -

g Test Ho . g=uo0 Hy.pg+po0 (Press (&= after checking
xX= 5.76 P number of data.)

Exg Test D.p=poO Hy:p=po (Press b3 after checking
lv= @.133 7. data mean.)
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es

[Siznlflcance level al%) (Press [ after checking
a= 5 - unbiased variance.)
Test Ho:x=po Hi:ipg=*po (Enter significance level.
..... 5% is already set, so
simply press £u.)
lTest Ho . p=p0 HIl pg*g0 J(Displaytestresun.)
g.BRA7 £ 2.778 Accept
ITest Ho.x=sg0 Hi.g=po J
po= 5.4 7?_

Here, the test results can be said to be equivalent.

POPULATION MEAN TEST FLOWCHART (TWO-SIDED FOR UNKNWON VARIANCE)

( Library start )

2)

New data
@, ’ Menu 1
LY

Process

$ Menu 2
selection

End () (1)Data o .
nput Yes
Data input E=xjonly?
] No
Populmm:d mean
. y and input (a0) [®Data v
}
Oelete Input of data £ only? o
to be deleted
Number of data No
dispiay and input ()
©Data
. | clear Process ®
selection
Data mean 2}
display and input () Data clear
Dy Statistic
display | First statistic
display
Unbiased variance
dispiay and input ")
Statistic =28
display
— ] = No
N Next statistic Statistic
ggggs:m ml display present?
(a) Yeos
(&3] Next statistic
display
Tps('mull
dispiay & Previous statistic
display
T3
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POPULATION MEAN TEST
(RIGHT SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (x, ¢? ; where y : unknown, o? :
unknown).

CALCULATIONS

An n-size sample (x1, x2--- Xn) is taken from normal distribution N (s, ¢?). At this time, the -

critical region is established on the right side of the t-distribution in accordance with the
t-distribution of the degree of freedom (n— 1) as shown in the illustration when:
Hypothesis to be tested (Null hypothesis) Ho : g =po

Alternative hypothesis Hi : p>po

The test is performed using

X = uo

~ >tle,n—1)

A

. population mean

: unbiased variance
: sample mean

. significance level

R X <%

t-distribution of degree of freedom (n—1) S (x—%)2
V== (X ;(
n—

0 t{e,n—1)
OPERATION
Test H N = H :
6721 [Test: new 9ala"Cy, R) 4240 |

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the foliowing procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

MY .

- input data {(x)
r>lnnut. eilete.Clesar.List . End 'P_J

The menu display illustrated above appears when is pressed. One of the following character
keys is then pressed to perform the corresponding function.

I (input) : Data input (for input or addition of data).

D (Delete): Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
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L (List) : Statistic display (for display of number of data items, sum, sum ot squares,
. mean, population standard deviation, sample standard deviation).
@ (or B8 ) scrolis to the foliowing data item, (I to the previous item, and (&)
or [3) exits the statistic display and returns to the menu.

E (End) : Advances to the test display (same as when N is pressed in the first step above).
(2) N

T t Ho: y= Hi: i
™ L’gg 0 7 oipg=x0 YT J(Test display)

The display appears as illustrated above when the (W] key is pressed. From this point, vari-
ous parameters are entered for the test. :

A company has conducted a survey of automobile expenses over a 5-month period. A previ-
ous 1-month survey revealed expenditures of $54.3. Using these results, determine whether
or not expenditures have risen, with a significance leve! of 5%.

JAN FEB MAR | APR | MAY

EXPENDITURES | 724 62.3 58.4 55.4 64.8

Test Ho: rk=¢o0 Hi:w>po0 l
input new deta (Y/N) -

[|nput datea (x) ’(Selectnewdatainpm.)
>input Delete Cilear . List End ?_

llnput dets (x) ](Select data clear.)
clesar datsa (Y/N) ?

[Tnput data (x) l(Datacleared.)
| >Input.Delete.Clear.List.End 7.

D (lp?nut deta {x) [EXEJ menu I(Selectdatainput,)
X7~

72.4 g L:gout data (x) {EXE) menu W(Emerﬁrstdalaitem.)
X

62.3 B8 58.4 x5 55.4 < 64.8 Exg
input deta (x) [EXE) :menu ](Emer remaining data
X?_ items.)

fxg Input data (x) ](Retumtomenu.)
>Input. Delete Cilear.List.End ?P_

(E] Test Ho . x=s0 HI . pg>po0 (Select End.)
po= @ P

54.3 b :gsé ? Ho:g=po Hi:pg>po ]("E‘;l:’r)population

fexe] Test Ho.u=g0 H1.pg>p0 (Press 5 after checking
x= 8§2.686 7_ number of data.)

fexe) Test Ho:ps=po Hy:pg>p0 (Press (= after checking
V= _42.808 7. data mean.)

== Significance level al%)] ](Press@aﬂerchecklng
az= 5§ 7 unbiased variance.)

= Test Ho.sx=x0 HI . s>po0 f;'?;iﬁgfxﬁ?‘
.... simply press Ez.)
Test =40 Hi:sg>x0 (Display test result.)
2.864 > 2 1 2 : ReJect

(=] Test Ho:s=g0 Hi:.g>p0
po= 54.3 ?_ ]




Here, it can be said that automobile expenses have increased.

POPULATION MEAN TEST FLOWCHART (RIGHT SIDED FOR UNKNOWN VARIANCE)

( Library start )

New gata
@n ’ Menu 1
®

52

Process Menu 2 ]
seiection l
|
End® {MData .
nput —-""‘-——-—1 Yes |
I Data input | Egonly? '
L/‘ Wo }
Populahion mean ’
aispiay fnd nput (u0) @Dala i
\ .
gelete input of gata
to be deleted

Numbder of data
oisplay and input

(n)

T Data .
|__clear Process ®
selection

Date mean Y
aispiay and input (1) —(—:——L Data clea’ }——

L Statistic
dispiay | First stanstic
dispiay
Unbiased vanance
display and nput (\') —
Staustic =22
aisplay :
l
[ I T Next statistic Statistic No
3.'33';': a.':acde ::;;:: display present?
(a) Yo
&3] Next statistic
display

Tes! result - -
isplay &3] Previous statstic
display

H
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POPULATION MEAN TEST
(LEFT SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (, 6? ; & : unknown, o? : unknown),

CALCULATIONS

An n-size sample (x1, x2---xn) is taken from normal distribution N (x, o). At this time, the
critical region is established on the left side of the t-distribution in accordance with the
t-distribution of the degree of freedom (n— 1) as shown in the illustration when:
Hypothesis 1o be tested (Null hypothesis) Ho : p= o

Ailternative hypothesis Hi: p<po

The test is performed using

S < —t(con—1)
\7
JT
1-distribution of degree of freedom (n~1)
xe . popuiation mean
V : unbiased variance
X : sampie mean
a : significance level
a
\,_I(x—i)’
-t{e.n—1) 0 ST
OPERATION
6722@ Test HE  s=pp H1 . u<ypp
jnrut new ocetas (Y/N) ?_

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N Test of previously stored data, test by inputting each value.

0y

fnoput oeta (x) '
>input .Delete Clepr.List Enc 7.

The menu display illustrated above appears when (¥) is pressed. One of the following character
keys is then pressed to perform the corresponding function.

- -

i {input) : Data input {for input or addition of data).

D (Delete): Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).



L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or &8) scrolls to the following data item, (] to the previous item, and (&
or [ exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2 N
™ n’gita - Ho:p=p0 HyIp<ypo {Test display)

The display appears as illustrated above when the (N) key is pressed. From this point, vari-
ous parameters are entered for the test.

The table below shows the number of requests for after service of a product at a company
which recently has changed its after service procedures. Under the old system, an average
of 23 requests were received per month. Use the data to determine whether the new after
service system has resulted in an improvement with a significance level of 1%.

JAN FEB | MAR | APR | MAY

REQUESTS 16 14 11 12 7
rl'est Ho: w=upo Ht . u<wo ]
input new data (Y/N) -

fnput data (x) | (Select new data input.)
|>Inout.Delete.CIear.List‘End P |

tnput data (x) ! (Select data clear.)

© ,rclear data (Y/N) ? B

{Innut data (x} i J(Datacleared.)
>input . Delete.Clear.List . End ?_

] [Isput data (x) {EXE] menu i(Selectdatainput.)
XP—

16 Exg Ignut data (x) {EXE] .menu l(Enterﬁrstdataitem.)
X7

14 £8 11 g 12 x5 7 £x
input data (x) {EXE) menu (Enter remaining data
XP e items.)

fxg) l'lnout data (x) (Return to menu.)
>Input.Delete . Clear.List . End ?_

(3] Pest Ho:u=ypo0 Hi1:ug<po ‘(SelectEnd.)
po= @ ?_

23@ Test Ho:s=ypo0 Hy p<ypo (Enter population
n= 5 ?_ mean.)

Exg Test Mo:sg=ypo0 Hi:ug<po (Press g after checking
Xx= 12 7_ number of data.)

£y Test Ho .p=p0 HY:.uz<po (Press [ after checking
= 11.5 ?_ data mean.)

20 Significance ltevel al%) (Press fxg after checking
az § 7_ unbiased variance.)

1 Ex¢ Test Ho: g=yuo Hi:g<puo l(Entersigniﬁcance
..... level.)
Test Ho . u=guo Hi1: . ug<po ! (Display test result.)
-7.853 < 3.747 . Reject |

e Test Ho  g=wo0 H1 p#<po0
p0= 23 P l

Here, it can be said that the number of requests for after service has decreased under the
new system.
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POPULATION MEAN TEST FLOWCHART (LEFT SIDED FOR UNKNOWN VARIANCE)

‘ Library stan >

New Cala
@x ’ Menu 1
o
L
B Process Meny 2
setection
Enc® __lbaa Yos
mput
Data mput &=oniy?
I, ot NO
Popuvision mesn
oispiay ang npvl (‘.) @DI\I
oeiele Minput of data = only?
10 be Ceieled
No
Number of Sats
Si1sdiay anc inpu!
{n)
T Data ®
clear Process
selecton
Dais mesn Y
eadiay B¢ nput | _ & Daia clear ’———
(1)
L Statsug
0'sD:a8y | Furst statistic
aisdlay
Wndased va'iance
fosp.ay anS INDN ) o
- ( Stausuc E=
osplay
e mrcance teve i Nen stalstic Stavsuc No
pnificance '
- Arbcdhind aispisy present?
(a) Yes
@ Next statisic
cisolay
Test rasuht
Q., ’ ,_@ Previous statisic

cisdiay




POPULATION VARIANCE TEST

(TWO-SIDED)

Performs hypothesis testing of o2 in normal distribution N (4, 0% ; where u : unknown, ¢? :
unknown).

CALCULATIONS

An n-size sample (x1, x2 -~ xn) is taken from normal distribution N (g, ¢). At this time, criti-
cal regions are established on both sides of the x? distribution in accordance with the
x>-distribution of the degree of freedom (n— 1) as shown in the illustration when:
Hypothesis to be tested (Null hypothesis) Ho : ¢®=o00?

Alternative hypothesis Hi1 : 0®x00?

The test is performed using

S 2(_a S 2fa@ - _
p <x*(1 2D 1 or a°2>x(2,n 1)

x2 distribution of degree of freedom (n—1)

ov? : population variance
S : sum of squares
a : significance level

=
> R
Lo &
—~F
=

|
|
5

|
—
=
[

»

~
Lol L\
rolo R
E

!
—
Z

OPERATION
6730 .}'Est = Ho;gE:fei Hl:ai:aoa.

nput new data /N) P

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

(1) Y

?nu datea }

1 t t (x
>input.Detete.Cilesr.List . End 7_

The menu display illustrated above appears when (Y] is pressed. One of the following character
keys is then pressed to perform the corresponding function.

I (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
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L (List) :- Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or B3 ) scrolls to the following data item, (@) to the previous item, and (&)
. or [ exits the statistic display and returns to the menu.
E (End) : Advances tothe tes! display (same as when N is pressed in the first step above).

(2) N

Ch

Ho:
P

egt=xgpt

H1.c08esc08 (Tes! display)

The display appears as illustrated above when the (W] key is pressed. From this point, vari-
ous parameters are entered for the test.

The following data represent the entrance examination results of five students. To date, the
variance of scores for this test has been 70. Use the data to determine whether or not the
variance of this year's scores is equvaient to past scores with a significance leve! of 1%.

1 2 3 4 )
183 174 181 168 171
T t Hp:c2zcck H'\?.ca-coa l
i vt new cata (Y/N) -
[‘ ut dzte (1] I(Selet:lnewda?amput.)
> put . Deteteg Cleer List . End 7.
3] | vt oets (x) J(Select data clear.)
[« gr gete {Y/N) 7
] Ut oate (x) (Data cieared )
> put Delete Clear List.End 7_ l
D inoput cate (x) TEXE) menu I(Sele:!dalainput.)
X
183 [ cete x ) [EXE) . menu J(Enler first gata item.)
174 e 191 gt 168
2 cata {(x) [EXE} 'menu (Enter)remaining data
X7 ftems.
@ input atle x) ] {Return to menu.)
>lnput Del e.Clesr.List . Eng 7.
® Test ,F CE=c0f Hi.of=oof (Select End.)
cols= -
70 &9 [Tesé Ho.c2=poD8 MHi1.cofegotl (En_lerpo)pulation
ns= vanance.
B ;esé go rEEYYL3 Hy .of=co02 (Press@:hefchecking
= - number of data)
o sug Tcence Tevel «i%) (‘Pr;ss'&qaherch)ecking
o= um of squares.
1&8 Test Ho cEmsgo0f Hil.o0f=co0¢E fmle;signihcance
vel.
14.86 {Display test result.)
e 207 Accepdt
t Ho . oc2=gp02 Hy . ckwpopl
(7T S F j

Here, the variance of this year's scores is equivalent to last year's scores.



POPULATION VARIANCE TEST FLOWCHART (TWO-SIDED)

( Library stan )

New data
input Menu 1
3]
-
®
Process Menu 2 ;
selection 1
End E;
EJ ()Data ] l
input Yes |
Data input g=gonly? ‘
B No ;
Population !
variance dispiay i
and input (00?) & Data
delete ’/’—‘ Yes :
Input of data s only? —
to be deleted \]/ !
Numbper of gata No
dispiay anc nput (
©jData
clear Process ®
selection ¥
Sum of squares ™
display and input (s) Data clear
(L Statistic
. display | First statistic
display .
Signiticance level I
display and input |, '
' Statisuc B2 .
display '
/T:st— result g Next statistic Statistic No |
Qp'ay display present?
e Yes
- &3] Next statistic
display
() Previous statistic
display
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POPULATION VARIANCE TEST
(RIGHT SIDED)

" Perlorms hypothesis testing of ¢ in normal distribution N (x, ¢® ; where x : unknown, o2 :
unknown).

CALCULATIONS

An n-size sample (x1, xz--- xn) is taken from normal distribution N (u, 02). At this time, a crit-
ical region is established on the right side of the x? distribution in accordance with the
x’-distribution of the degree of freedom (n~ 1) as shown in the illustration when:

Hypothesis 1o be tested (Null hypothesis) Ho : o= g0?

Alternative hypothesis Hi : 6?>00?
The test is performed using
S 2p.n—
707 >x¥en=1)
»* distribution of degree of freedom (n-1) oo? . population variance
S : sum of squares )
a : significance leve!
S=3(x—x)?
g
0 xie.n=1)
OPERATION
Test Ht.e2=¢002 Hi.o028>¢02
6731@ i"fcyt new oate IY/N) ?_

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed 10 perform the following procedures:

Y : New data input followed by test, addit.onal data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

Yy
62}

Input gats (x)
>input.Detete . Ciear. . List . Enc ?_

The menu display illustrated above appears when [Y}is pressed. One of the following character
keys is then pressed 1o perform the corresponding function.

I (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).



L (List) : Statistic display (for dispiay of number of data items, sum, sum ot squares,
mean, population standard deviation, sample standard deviation).
@ (or &8 ) scrolls to the following data item, () to the previous item, and (&
or ) exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).

(2 N

™ Test Ho:oc&=g00¢8 H1:08>¢08 (Test display)

The display appears as illustrated above when the (W] key is pressed, From this point, vari-
ous parameters are entered for the test.

A company purchased blades from Company B because the cost of the blades was less than
those purchased from their usual supplier, Company A. The data in the table below represent
the measured lengths of items cut with the Company B biades. To date, the variance of lengths
of items cut with Company A blades has been 0.015. Use the data to compare the perfor-
mance of the two companies’ blades with a significance level of 1%.

1 2 3 4 5
LENGTH | 10.1 9.8 10.2 9.7 9.8

ITEStt Hg::2=?$§N)H$:oE>aoE
nout new data -
] Tnput data (x) ](Selectnewdatainput.)
; >Input.Delete.Clear.List End 7_
© [lnnut deta (x) lﬁawHMMCme
clear dats {Y/N) 7
[Input data (x) l(Datacleared.)
>input.Delete Clear List . End 7
© (lgout data (x) [EXE]:menuJ(Selectdatainput.)
: X?P-
10.1 &g lgout date (x) {EXE] menu I(Enterﬁ(stdataitem.)
XP=
9.8 B¢ 10.2 ¢ 9.7 b5 9.8 .
(Tgout data (x) [EXE) _menu ﬁg?awmmmgdma
X0 [} S.
fxg) tnput dats (x) (Return to menu.)
>input.Delete.Clear.List.End 7.
3 Tegt 0 o Ho of=co02 H) oE>o0¢2 ](SelectEnd.)
go@= -
0.015 Exg [Tesé - Ho .0E=00E H1 oE>0082 seacitaer:c%o)pmaﬁon
n= - )
s gesé 188 go:aE=aoe Hi .cE>c0¢8 (Presbse@?f;ertcr;ecking-
= . - number of data.
e Significence fevel al%] (Press £ after checking
ax 5 ?_ sum of squares.)
1 kg [Teat Ho:o02=¢08 Hi.oB>o08 (Enter significance
O I fevel.)
H Test Ho:of=o02 Hi:ogE>008 Display test result.
: 12.53 £ 13.28 - Accent | (Display test result)
i Test Mo :oc2=g08 Hi1:.c8>008
!@ |:09= .015 7.

‘a

E Here, it is determined that the performance of both companies’ blades are equivalent.
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POPULATION VARIANCE TEST FLOWCHART (RIGHT SIDED)

( Lioray stan )

18
:;:,e' ’ Menu 1
€3]
. -
®
Process Menu 2
seiection
n
Ed® _ Imosns
nput Yes
Dats nput Eonly?
e No
Pooutaton
varance Gudisy
anc mes (00?) @Da.xal | Yes
gstete Tinput of caa | = only?
1o be oeleted
Number of cats No
©13DIay ANE NDY! (
n) T Data ®
| clear Process
selection
Sum o sausres T .
um: %8 ! (s) 2 Daa ciear }‘—
T Statstic
g:sDiay | First stausue
cisplay
Sgrdcance wvel
Qudiay ant My ‘a) —_—
' Stausig ==
aisplay
Tes: resut ) Nex: siausuc Siatistic No
euois; cisplay present?
e Yes
h L Next statisuc
oispisy
)

Previous statisuc
oispiay




POPULATION VARIANCE TEST
(LEFT SIDED)

Performs hypothesis testing of o2 in normal distribution N (, 02 ; where x : unknown, 0?:
unknown).

CALCULATIONS

An n-size sample (x1, X2 --- xn) is taken from normal distribution N (i, o). At this time, a crit-
ical region is established on the left side of the x? distribution in accordance with the
x2 distribution of the degree of freedom (n— 1) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : 0= g0?

Alternative hypothesis Hi: o?<o0?

The test is performed using

S 21— n—1)

e <x*(1—ea.n—1)

x2 distribution of degree of freedom (n—1) | o © population variance
S . sum of squares
a : significance level
S=>(x—%)°
a
O0|x%(1—a,n—1)
OPERATION

est =008 Hi:o02<go2
6732- rnnut new data {(Y/N) ?_‘7

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the foliowing procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

1y

d )

ino
2 r>l .Clesr.List.End ?_J

ut ats (x
put.Delete

The menu display illustrated above appears when (Y is pressed. One of the following character
keys is then pressed to perform the corresponding function.

| (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).
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L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or 5 ) scrolls to the foliowing data item, (@] to the previous item, and &
or (=) exits the statistic display and returns 1o the menu. '

E (End)
(2 N
®

Advances 10 the tes! display (same as when N is pressed in the first step above).

Ho:.ocl=gp2

Test
cols

H

.eB<gop?

(Test display)

o

The display appears as illustrated above when the (W] key is pressed. From this point, vari-
ous parameters are entered for the test.

A company has purchased a2 new production machinery. The data in the table below represent
the production capacity of the new machinery. To date, the variance of production capacity
for the old machinery has been 0.1. Use the data to compare the performance of the machinery
with a significance level of 1%.

WEIGHT (g) | 70.0 | 69.9

70.1

70.1

€9.8

]
70.0 &¢

9.9 fx 70.1 fx2 7

x
ao
"
-
~<o
~

Z

(2]

RN EY]

l

~—]ls ™

- als

.Clep

—
L

r .

List Eng ?_

' (Select new data input))

-l —|]» .-

i?

(Seiect gata clear))

- allaa
i | P
N
z

g

.Clear.List Eng 7_

l (Data cieares.)

Clloc|leclivc|lc ~
I = e 1 (= Xt
| |Ooliem|[Onx|[{m
rollrd oo a]lro —||€f
ol|—-vijoei{l—o
[0 mil—~2|i@M]l~a

L]
—fre —

a

[ ———
=]l —1|v =} v =} - 4

NV |—2(—>{iom
I ol »|jro|jmollr>ojjon

gets {(x}

[ =4
-

[EXE] . MENU ‘(Se!etl data input)
[EXET . MENU I(Emer firs! data item.)

0.1 & 69.8 fie

Inzut gete (x) LEXE) : MENU |(Enter remaining data
XP. items )

Inpu (x} (Return to menu.)
>inp te.Clesr . L ist.Eng %?._

Test iolt=god Hi.s2<o02 (Select Eng.)

cot= D

Test Ho:.o2m2002 HY.0€<oo0¢f (Enter population
n= 8§ 7. | variance.)

Test Ho.e23¢00¢8 Hi.el<opt | (Press ix after checking
S= ©.e68 ?_ _ number of data.)
[Significence fevel a(%) (Press &2 afier checking
es 5§ - sum of squares.) -
Test Ho.ef=o02 MHi:gl<gol (Enter significance
..... level.)

Test Ho:oct=gpk H1.02<g¢02 (Display test result.
| 2.68 2 ©.2871 : Accent y vt
Test Ho ot=opl Hi .oc2<cop?

cot= @ .1 7_

Here, it is determined that the performance of the new machinery is equivalent to that of
the old machinery.



POPULATION VARIANCE TEST FLOWCHART (LEFT SIDED)

( Library start )

New data
input Menu 1
3]
1
®
Process Menu 2
selection
End
® @oata
input Yes
Data input fonty?
F’/L/ No
Poputation
vanance display
and input {o_Data i
(o) odelete r"’/—l Yes i
Input of data —1
to be deleted
Number of data No
dispiay and nput
(n)
(€ Data
| clear Process ® N
selection :
Sum of squares x
display and input (s) Data clear
(T Staustc ,'
display | First statistic
display
Significance tevel
aispiay and input (a)
Staustic == 1
display :
Test result = Next statistic Statistic No
display i display present?
e Yes
: © Next statistic
J display
@ Previous statistic

display
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VARIANCE RATIO TEST
" (TWO-SIDED)

Performs test of hypotheses 012 and ¢22 in two normal distributions N (x1, 12 ; where u1 :
unknown, 012 : unknown) and N (u2, 022 ; where p2 : unknown, 02? : unknown).

CALCULATIONS

. An mi-size sample (x11, X1z2--- Xin) is taken from normal distribution N {1, 012 and an n2 sam-

ple (x2:, x22--- x2n2) from normal distribution N (x2, 02%). At this time, critical regions are es-
tablished on both sides of the F distribution in accordance with the F distribution of the degrees
of freedom (n1— 1, n2— 1) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : 12 =022

Alternative hypothesis H1 : 022 022

The test is performed using

Vi<Vz: 32 >F (2 L n2— l.m—l>
Vi>Vz: 'z—;>F( 1= lnz-l)

F distribution of degrees of freedom (ni -1, nz2— 1}
ur . population mean 1
u2 : population mean 2
01?2 population variance 1
a 022 popuiation variance 2
) V1 : unbiased variance 1
V2 : unbiased variance 2
a : significance level
v = Z(x i i) 2

n—1

a

A

F(l—z.m -1) F(z.m 1,n2—1)

(=]

OPERATION
T t Ho : z= 2 H . ~
6740 (ug 1S58t new Sais xolvsN) BlTe2® |

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

(1Y
©

1

llnout data (x1) 1
>input Detete.Clear.List.End ?_

The menu display illustrated above appears when [Y] is pressed. One of the following character
keys is then pressed to perform the corresponding function.

{ (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

e,



L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or £ ) scrolls to the following data item, (T to the previous item, and [
or [ exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2) N |
1) Test Ho:.o18=¢228 Hl.o18=g28

input new data xz2 (Y/N) ?.

The display appears as illustrated above when the (N) key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library oper-
ations. The difference, however, is that the question concerning new data input here is for
data items xz: through xznz, while the data input being queried on the original display is for
data items x1: through xin:.

(2-1) Y
Same result as that produced by pressing (Y] in step (1) above. Note, however, that the data
being entered or corrected here is x2: through xan..

(2-2) N

™ [Test Hoiog12=g22 Hiig12=022 |(Numberof data
n 5 7. : display)

The display appears as illustrated above when the (N key is pressed. The value indicated
for n shows the number of x1 (x1. ~Xxim) data currently stored in memory.

e n1=0: Test cannot be performed, so this should be corrected to the reuired data.

« Number of data input (following (Y] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

 Number of data input (following above) matches value of n: Press k.

When g is pressed, a display similar to that above is produced for x2 (x2: ~ x2nz) data
items. After confirmation and/or corrections as described in (2-2), press Exg to continue.

The following data represent measurement results on samples taken from two lines in a fac-
tory. Use the data to determine whether or not production on the two lines differ with a sig-
nificance level of 5%.

LINE A 37.2 38.1 39.9 375 36.1
LINE B 36.1 35.2 37.7 356 | —

n

H

c. ¢ =gz @ 12sgp2

w dat } I -
te (x
eiete

1
n 8
d )

re
n
n
| t.

-
:

Qoi|o®

t
t
v

Juujjowv
oC)|E ~

) I (Select new data input.)
.Cltear.List . End ?._
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{Select data clear)

fnoput dets (x1)
. cleer ceate (Y/N) %
o fnput oats (x»1) (Data cloared.)
>SIinput.Detete Cilesr.List.Eno 7.
o lnp?ut getes (x1) [EXE] :menu (Select data input.)
XV P
37.2 inout OBte (x1) X T n (Enter first cata item for
Es X1 ?_ LEXE]:menu LINE A)
38.1 @39.9@37.5@36.1@
tnout gate (x1) TEXE) :menu |(Enter remaining date
X1?P items.)
= Thout d8ts (x1) (Return to menu.)
>input . Delete.Cleor.List .End ?_
® Test Ho c18=c28 Hi.cttesonf |(Select End)
inout new odats xe (Y/N) 7.
input odete (xez) (Select new data input.)
>input. . Delete . Clear.tIst End 7
© Tnout oete (xe) J(Select gata clear.)
clesr oete {Y/N) ?
input osta (xe) (Data cleared.)
>Sinput.Defete.Clesr List . Eng 7.
Iinput cate (xe2) [EXE).menu |(Seiect data inpul)
M X277 J
36.1 fr Tnput cate {(xz) [EXE] _menu | (Enterfirst gataitem for
LINE B))
35.2 B 37.7 ¢ 35.6 g
input cata (xe2) [EXE) .menu J(Emer remaining data
Xe?. items.)
e incut oste (X (Return to menu.)
>input. Delete Clear List Eng 7_
B Test Ro c1ésc28 Hi.o12ec2t I(Selechnd.)
niz= 8§ ?_ ﬁ_
I Test He c1E=ce2 Hi1.ci18=«cgzé |(Presscaherchecking
vis 1.858 - number of LINE A gata.)
e Test Ho . o1E=022 H1.c18eg2f |(PressiGeaterchecking
ng=s 4 7. . unbiased variance of
- LINE A data)
g Test Mt o1Eccef Hi.c12=c22 |(PressEsaterchecking
ve= 1.PE23333323 7. numbe: of LINE B gata)
&y €ignificence leveh of%) (Press = afer checking
o= S5 ?_ unbissed variance of
LINE B data))
Bc est Ho . c1E=cef Hi1.o018=gef |(Entersignificance level.
..... 5% is already set, so
simply press gc.)
Test Ro.o18=c2f  Hi1.co128ecgzt |(Displaytest result)
1.627 £ 15.1 :@ Accent
Test Ho .o1f=ge2 HMi.c12egpl
D) ni=x= § 9

Here, it is determined that the variance for the output of both lines are equivalent.



RIANCE RATIO TEST FLOWCHART (TWO-SIDED)

( Library stant >

Meny 1 Menu 2 (DData input
e e -k xRl ma s e -
Ena(D @Dl:_l‘ﬂ_';‘i_"____— NO
s sy [ >
TDais clear NO

Process
seicuon

@

Data ciear r-—j

DSatistic osplay

First stanstic
Numbe* of cata : oisplay
015Dy 878 INDLT T

(@)

=
Staustic =

cisplay /

Unseased verancet |y,
oupiay N3 Np.!

T | Next stausuc
[~ oispiay

Next siatisuc YES
cisdlay

Staustc
present?

gl

Numper of gats
O13DIay NC MDY

ZiPrevious

stanstic display .
Menu 3 L Data input
Prozess
selection 1 Data nput
i
Signnzance leve'l. o |
pEh T T Daia ceiere
input of cais |
1 1c De oeletec
Enc
T Data ciea’

Process
seiection

MDStatstic oisplay Data ctear

First siaustiic
oispisy

Swansuic

l_'_—"'J Next statstc Statstic

aisplay present?
L] Next giatistic YES
cisplay
[d
Previous
7 stausnic display

3€5



VARIANCE RATIO TEST
(RIGHT SIDED)

Performs hypotheses testing of 012 and ¢22 in two normal! distributions N (u1, 01?2 ; where
g1 2 unknown, ¢12 : unknown) and N (u2, 022 ; where x2 : unknown, ¢2? : unknown).

CALCULATIONS

An ni-size sample (x1,, X312+ X1} iS taken from normal distribution N (x1, 01%) and an n2 sam-
ple (xa2i, x2:--- x2n2) from normal distribution N (u2, 02?). At this time, the critical region is
esiablished on the right side of the F distribution in accordance with the F distribution of
the degrees of freedom (n1—1, nz2— 1) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : 012 = 022
Alternative hypothesis Hi: 012> 022

The test is performed using

\
T>F(c.m ~l.n:—1)
2 Kt : population mean 1
u2 @ population mean 2
F distribution of cegrees of freecom (-1, na—1) | 97 Population vaniance 1
o2 . population variance 2
Vi@ unbiased variance 1
V2 : unbiased variance 2
a @ significance leve!

[
/

P n"]
¢ Fla.n,~1.n:~1)
OPERATION
"Test Heoe . ecr18=¢z2 Hr cr2>ce2 |
6741 @ .inguyt new C&ta x1‘(Y/N) 7 |

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Tes! of previously stored data, test by inputting each value.

(1) Y

nput gata (x)1}
Input . Deiete.Clear.List.End 7_

|
>

The menu display illustrated above appears when [Y] is pressed. One of the following character
keys is then pressed to perform the corresponding function.

I (Input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Ciear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).



(List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or 21 ) scrolls to the following data item, (£) to the previous item, and [&
or [ exits the statistic display and returns to the menu.
(End) : Advances to the test display (same as when N is pressed in the first step above).

) N

AR EXEL]

i : Test Ho:o12=g28 M
ln (Y/N) 7?_

ut new oates xe

he display appears as illustrated above when the (K] key is pressed. Note that this display
; almost identical to the initial display which appears immediately after entering library
perations. The difference, however, is that the question concerning new data input here
; for data items x2. through x2nz, while the data input being queried on the original display
s for data items x1, through xim.

2-1) Y

;ame result as that produced by pressing ¥Jin step (1) above. Note, however, that the data
eing entered or corrected here is x2: through Xana.

2-2) N

st Mo.oc12=¢2¢ H) _ o12>ce e (Numberof data
=

¥ Te
j n S P idlsplay)

he display appears as iliustrated above when the (K key is pressed. The value indicated
>r n shows the number of x1 (x1. — x1n:) data currently stored in memory.

ni=0: Test cannot be performed, so the required data should be corrected to the
required gata.

Number of data input (following ] above) and value of n ditfer :  Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

Number of data input (following (Y] above) matches value of n: Press f.

When & is pressed, a display similar to that above is produced for x2 (x2:~ x2nz) data
tems. After confirmation and/or corrections as described in (2-2), press i to continue.

EXAMPLE]

"he following data represent the number of customers at a restaurant before and after recent
emodeling. Use the data to determine whether or not the number of customers has been
tabilized by the renovation with a significance level of 5%.

e R 2 3 4 5
BEFORE '
NUMBER OF | bewaoeung | 114 | 120 | 78 | 151 | 63
CUSTOMERS [AFTER
: A oELNG | 127 | 120 | 138 | 141 | —
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Test o e EsveE H1 s 18502k
input new gste (Y/N) ?_ :
inout oate (x1) (Select new data input.)
>input.Delete.Cleer.List End P
© Tnput dats (x1) (Select data clear.)
ciear cats (Y/N) ?
Thout cete (X1 l(Datacleared.)
>input.Delete.Clear.LIist.End ?_
o lngut deta (x1) TEXE] .menu I(Selecwatunput)
X1 7P .
114 g lngut dete (x1) TEXE] .menu sgp:éggégatahem,
X1 7.
REMODELING )
120@78@151@63@
Input date [(x1) [EXE] :menu |[(Enter remaining data
XV P items.)
ks input dete (x1) J(Returntomenu.)
>Input . Delfete.Clear . List.End 7_
® Test Ho . o18=op8 Hi.g12>p2¢8 ](SeiedEnd.)
input new date xe2 (Y/N) =
inoput cata (xe) ]gSelectnewda:a
. >Iinput.Delete.Clear . List . End 7?_ |input)
© input cete (xe) ‘I(Selectdataclear.)
. cleer gate (Y/N) 7
input costs (xe) (Data cleared.)
>inout.Defete.Cleer. . List . End P ]
o Ingut oste {(xe2) {EXE] menu ](Selecldatainpul.)
xe?_
127 £ ln%ut vete (x2) [EXE] . menu $Ehl:£_;lésaldataitem
xe?. of
REMODELING.)
120 g 138 B¢ 141 g
] incut oe8te (x2) TEXE) .menu |{Enter remaining data
. x2?. ilemns.)
10 fnout oetd (x2) - J(Returntomcnu.)
>inpuvt.Delete.Clear . List.Eng ?_
© Tests -, Ho . c1E8=c2¢ Hn:a\z>"eJ(SelectEnd)
ni1 =
' T0 3”‘1225 ;o%animvzi Hi.c012>ce¢8 g:r;s:e%ﬁseé;ge;gng
1 B . -
REMODELING data.)
£ Test » Ho:ot1Z=ge2 H\:c\2>022J(P'§_Ssaaaﬂe_rchecki?g
nes - unbiased variance of
T BEFORE REMODEL-
ING daia.)
&3 3¢St95 - Ho:er18=cpf Hi.o018>c28 fr"?:e%fafrggeacking
= - ul
— REMODELING data.)
353 sugt;lcance Teverl ol(%] ﬁg;ss%tf:‘f:n?:g?g
= -
< = AFTER REMODELING
data))
[ TT est Ho.ov2=¢ge2 Hi:.:cr18>g2t g’;‘ﬁ:‘?g‘:ﬁ;":;"::‘-
""" simply press B2
Test Ho o1fscef Hi.oc1E>cet |(Oisplay test result)
12 €3 > 8. 117 : ReJect
& Test Ho:o12=¢cpt Hi:o12>¢0e8
ni= 5 ?_

Here, it is determined that the number of customers has not been afiected by the remodeling.



RIANCE RATIO TEST FLOWCHART (RIGHT SIDED)

( Lidbrary stant )

Menu 2

T Daia clea’

Process
selection

Menu 1 ¢ (DData mput
New x1 0ala ® ¢ Process r/—- YES
@ selection Dats input £= only?
C3] EndD NO
< {E)Data deiete
YES
input of gats | .
New x2 £= oniy?
@ to be oeleied
= @)Data clear NO
Process Cy
seiction ) ]
m)Sstistic 0ispiay Data ciear
] Fus! statistic
Numbe' o' 0313 } ) oisplay
@isdisy anc DU Y
Statistic =3
cisplay
U e |V 7 [ Next statistic Statistic
OBy N0 MDY -a dlSDl.y p'esenl’
2/ Nex! statisuc
oisplay
Numoe: Of 6ai3 | . )
©1sDiay ANG NPt : —
| . - Previous
"]smnsuc disolay J
UNnDwsec varence? .
G:3012) 8A€ MO v.) Menu 3 (= Data ot
. Process F"/—} YES
se'?eccx-on I Data mput £ only?
Sipahicance eve: ‘ot ‘ NO
8218y Ane nadt | T Data ceiete
Mo of o | ~~YES
t 1o be celetec £t onty
Tes: resut Enc T NO

TIStausiic aisplay Da:a clear
First stanstc
aisplay
o
Staustic =2

aispls u

ot
= | Next staustic
e oisplay

Nex! statistic
oisplay

{

Sutsuc NO

present?

YES

Previous
statistic display
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VARIANCE RATIO TEST
(LEFT SIDED)

Performs hypotheses testing of 1% and ¢2? in two normal distributions N (1, 0i?; where pu1:
unknown, 12 : unknown) and N (u2, 02%; where g2 : unknown, o022 : unknown).

CALCULATIONS

An ni-size sample (x1;, x12---X1n1) is taken from norma! distribution N (i1, 012) and an n2 sam-
ple (x2,, x2»--x2n2) from normal distribution N (u2, 02?). At this time, the critical region is
established on the right side of the F distribution in accordance with the F distribution of
the degrees of freedom (n1—1, n2—1}) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Hs : 012 = 022

Alternative hypothesis Hi : o1?<o2?

The test is performed using

Vi Vi
——<F(l=-o,m—=1.m—1)0r —=—>Fleo,n2=1,m-1)
\ Vi
F distribution of degrees of freedom (M1~ 1, n2=1)
41 population mean 1
u 2 . population mean 2
- 0:% : population variance 1
o2 . population variance 2
-] Vi : unbiased variance 1
g V2 : unbiased variance 2
. significance leve!
OF(1-c.m—=1,n:—1) @ o
' ‘ Ve S(x=—%)?
n—1
OPERATION
Test Ho. o183 ¢022 Hr: . oc18<g2?
6742 llnout new dats x1v (Y/N) 7.

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

Yy

?DU gatsa

| t 1 {x) ]
>input . Detlete.Clear.LIist.Eng 7._

The menu display illustrated above appears when (Y] is pressed. One of the following character
keys is then pressed to perform the corresponding function.

1 (input) : Data input (for input or addition of data).

D (Delete) .- Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).



L (List) -: Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or Ex8 ) scrolis to the following data item, (2] to the previous item, and
or [ exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2 N
3] Test Ho . o1E=ge2 H).g12<gek?

input new dets xe (Y/N) 7? . -

The display appears as illustrated above when the (N] key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library
operations. The difference, however, is that the question concerning new data input here
is for data items x2: through x2nz, while the data input bemg queried on the original display
is for data items x1: through Xxin:.

@1) Y

Same result as that produced by pressing (Y] in step (1) above. Note, however, that the data
being entered or corrected here is x2: through xan.

(2-2) N

- &t

Ho: . cr18=¢g282 M1:018<028 {Number of data
5 P display)

The display appears as illustrated above when the (K] key is pressed. The value indicated
for n shows the number of x1 (x1.~xi1m) data currently stored in memory.

e n1.0: Test cannot be performed, so this should be corrected to the required data.

« Number of data input (following (Y] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

* Number of data input (following above) matches value of n: Press Ee.

When Eg is pressed, a display similar to that above is produced for x2 (x2: ~x2nz) data
iterns. After confirmation and/or corrections as described in (2-2), press [ to continue.

The following data represent the number of customers at a store before and after a recent
change in the main line of products. Use the data to determine whether or not the number
of customers has decreased since the change with a significance level of 5%.

1 2 3 4 5
NUMBER OF PRODUCT A 251 238 261 220 243
CUSTOMERS | pRODUCT B | 241 268 | 224 | 230 -

Test Ho oc12=zcze Hy  c12<0g¢e l
input new data x2 {(Y/N) ?_

Y [Tnout date (x1) lﬁamnwwdmamwo
i>Input Delete.Clear List.End 7.
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Y

1

251 fxg

238 Exg 261 fxg 22

-<o'-<m[g]

241 g
268 Exg 224 fxd 23

m @

®

®E @ B &

2]

nput date (x1) W(Selectdata'clear)
clear dats (Y/N) ?
Input dsta (x1) (Data cleared)
>Ilnput Detete.Cleer.List.End 7.
lngut date (x1) [EXE] .menu V&mmdmammn
X .
Input data (x1) [EXE) .menu (Enter first data item for
X117 - | PRODUCT A)
0 &g 243 fxg
lngut data (x1) [EXE] menu gtEnte; remaining data
X17_ ems;
Input date (x1) I(Retumtomenu)
>Input . Delete.Clesar . List.End 7_
Test Ho:c18=gp2 H1 oc18<ogé }(SelectEnd)
input new date xe (Y/N) ?_
Input date (xe) '(Select new data input)
>lnput.Delete.Clesr . List.Eng 7.
input data (xz2) W(Select data clear)
clear dates {Y/N) 7
Llnnut dates (xz2) I(Datacleared)
>input.Delete.Ciear.List.End ?_
Ingut data (xg) [EXE):menu }6aandmampm)
XeP.
tnput data (xe) TEXE] .menu | (Enterfirst data item for
X2?.. PRODUCT B)
0 kg
[Thput date (xe) [EXE] “menu | (Enter remaining data
[ x2%?_ items)
Ll nout data (xa2) (Return to menu)
>Input . Delete.Ciear.List.End ?_
LTESts Ho:o012=¢g2 2 H1:c128<¢g2@ l(SeIec!End)
ny=s
Test Ho: 2= 2 : ? < 2 | (Press s after checking
Lv\= 23s g » ' % Hi-or8<oe gu:'r'u;':erofPRODUCTA
ata
U;eStd - Ho c12=¢gz2 HY  o012<gz2 (Prg_ssEc:’}aﬁe_rcheckin
2= - unbiased variance 0
PRODUCT A data)
Test Ho:g12=¢022 Hr:o0c12<gz2 | (Presssatter checking
Ve= 379.5B33333 7. number of PRODUCT B
data)
Signiticance level al[%) (Press &3 after checking
a= 5 P unbiased variance of

PRODUCT 8 data)

(Enter significance level
5% is already set. so

simply press &)

7 (Display test result)

LTest Ho:og128=¢gz22 H1 . o018<o022
Test Ho:c¢12=028 Hi:o128<g22
2.6188 > 2.1517 : Accept

Test Ho:o18=¢g22 Hi:.g12<gz2
ni= § ?_

Here, it is determined that the number of customers has remained the same since the product

change.



VARIANCE RATIO TEST FLOWCHART (LEFT SIDED)

Library stan .
Menu 1 Menu 2 {f)Data input
New x: data & Process . YES
@ selection Data input &3 only?
® End(®) NO
@ata delote__
YES
i input of data 2 only?
@u deta to be deleted ony
® [@)Data clear NO
: Process
seiction }
T Statistic display Data clear
e First statistic
Number of data |k .) display
display and input
Statistic ==
display
rivosstiieiell R S [ Next statistic Statistic
display present?
_,,_/l-’” 2 Next statistic YES
Number of data |, display >
cisplay and input ) i
{Z|previous
"‘J—/_ statistic display
Unbiased vanance2 .
aisplay ar:u nput Ve Menu 3 (i)Data mput
12 ey —
Process \ YES
__’J—;’T - selection T Data input & only?
Signiticance lavel | - 4
| orspiay and mput |1 {6)Data delete
Input of data |
i 5 to be deieted
Test result EndE
aisplay €)Data ctear
Process N
(1 selection o T

[D)Stanstic display

First statistic
display

Data clear

Next statistic
display

Next

Statistic
present?

display

Lo Previous

statistic display
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MEAN DIFFERENCE TEST
(TWO-SIDED) -

Performs hypotheses testing of x1 and 2 in two normal distributions N (u3, 62; where p1 :
unknown, ¢ : unknown) and N (u2, 02 ; where u2 : unknown, o2 : unknown).

CALCULATIONS .

An ni-size sample (x1, x12---x1m) is taken from normal distribution N (i1, 0®) and an nz2 sam-
ple (x2,, x2:---x2nz) from normal distribution N (x2, ¢?). At this time, critical regions are estab-
lished on both sides of the t-distribution in accordance with the t-distribution of the degree
of freedom (n1+ n2-2) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p1=p2

Alternative hypothesis Hi:pimpye
The test is performed using
15X | >t(—"27-.‘m+m—2)
- 1 .1 .+ S
J(E+2) )

m+nz—2

t-gistridytion of degree of freedom (nv+ n2-2)

#1 . population mean 1 ko : population mean 2
X1 : sample mean 1 X2 : sample mean 2
Ss: sum of squares 1 S:: sum of squares 2
o? : population variance o : significance leve!

~wola

P

S=3(x-x)?

-l('%.m‘-n.‘Z) 0 1(52-_|m+nz—2)

OPERATION
= 1 He =y 2] *
6750 (uz [if20t new Sote 5t (yYont'2"

The display appears as iliustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y: New datz input followed by test, additiona! data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

(1) Y

input cste (x1)
>input .Deiete.Clesr.List Enog ?_

The menu display illustrated above appears when [¥)is pressed. One of the following character
keys is then pressed 1o perform the corresponding function.

I (input) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Cilear) : Data clear {for deletion of previously stored data. This operation also clears
statistics).



L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
(T (or &8 ) scrolls to the following data item, (&) to the previous item, and =
or (3] exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2 N
7] Test Ho:p1=pe Hi: p1*ge2

input new datea xe (Y/N) 7

The display appears as illustrated above when the (N] key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library oper-
ations. The difference, however, is that the question concerning new data input here is for
data items x2: through x2nz, while the data input being queried on the original display is for
data items x1, through x1m.

(2-1) Y
Same result as that produced by pressing (Y] in step (1) above. Note, however, that the data
being entered or corrected here is x2: through xanz.

(2-2) N

N Te
nt

t Ho p1=ue Hi . p1#ge (Number of data
5 7. display)

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of x1 (x11 ~X1m) data currently stored in memory.

eni=0: Test cannot be performed, so this should be corrected to the required data.

o Number of data input (following (¥] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
‘again and add, delete, or reinput data as required.

« Number of data input (following above) matches value of n : Press Ex,

When is pressed, a display similar to that above is produced for x2 (x2: ~x2nz) data
items. After confirmation and/or corrections as described in (2-2), press [ to continue.

The following data represent the resuits of durability tests on ten products, five each from
two different factories. Use the data to determine whether or not the quality of the products
manufactured at the factories differ with a significance level of 5%.

1 2 3 4 5
DURABILITY | FACTORY A | 850 847 855 843 852
(HOURS) FACTORY B | 853 844 850 854 844

2 M1 :a1sypkl
v (Y/N) 7. J

I (Select new data input)

)
.Clear.List . End ?_
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FACTORY B)

C fnput cetes (x)1) (Select data clear)
ciesar date (Y/N) %

Y fnput ceate (x1) ] (Data cleared)
>lnout.Delete Clear. . Ligt Eng ?_

! lngut ostes (x1) TEXE] . menu | (Select data input)
V7

; (Enter first data item for

850 Eig TRgut gste (x7) TEXE] menu | e i en

847 fig 855 fic 843 fig 852
input ocate (x1) [EXE] :menu |(Enter remaining dats
X1 P ftems)

D) Tnput odete (x1) (Return 10 menu)
>Inout . Defete.Clear . LISt .End 7.

E Test Ho.sp1%s2 H1 . s19s8 I(Wﬁﬂd)
Input new gete x2 (Y/N) (N

Y Thout oete (xe) (Select new data input)
>Input . Delete.Clenr List.Eng ?_ l

Cc input cete (xe) ](Scbt:ldltatlear)
cleer gate (Y/N) 7

Y inoput oats (xe) Qais cieared)
>Iinput.Delete.Clear.L ist . End 7

] Ingut cete (xe) [EXE]) ‘menu i(Seiectdammpm)
xe?_

853 i Thoul Coete t(xz) TEXE] menu | (Enterfirsi gataitem for
x27

844 £ 850 EC 854

[ ]

»
~

ol &

cate (x2)

[EXE) menu

(Enter remaining data

~llocipt c|] pjl ©

Inpg
xe? itemns)
| T53 fncut Etes (xe2 ) (Return 10 menu)
>inpu Delete.Cleer.List Eng 7.
E Tes Ho.s1=s8 Hi.gi%se I(Setectind)
rnixe §
L% Test He .py184 2 TEEEENE (Press &= ate’ checking
b 1= B a4 7. g ' s numperof FACTORY A
data)
2 Tes Ho:.p1=22 Hi.prese (Press kxx ater checking
= [-S A 5.2 7- ' data mean of FACTORY
' N = A dala)
35 Tes Ho s 552 W1 .51°32 (Press &2 arer checking
ng= § sum of squeres of
FACTORY A data)
- I Ho.p15s2 Hi.jpi=y¢e (Press £ afier checking
= T: : P g g s s number of FAC ORY B
— data)
LY Test Ho.s1=24p Hir .18 (Press & ater ¢ tking
= Sa2=x - g ' g Y data meanof FA{ DRY
ﬁ' B daw)
fc iticence level «[X) (Press i after che
sum of squares of
FACTORY B gata)
Xt Ho:s1=,¢ Hi:pgrepp (Enter gignificance leve
C g ' ’ ’ 8% is afready set, so
simply press &)
Ho: pgi=,p Hi.pre,p (Dispiay test result)
L 2.306 Accept
@ Ho: . p1%22 Hi . g1, ]

Here, it is determined that the quality of goods manufactures at the two factories is equivalent.



MEAN DIFFERENCE TEST FLOWCHART (TWO-SIDED)

Library start

D

Menu 1 Menu 2 {DData input
New xi data 2 Process . YE
input selection Data input only? J
LY End(E)
T0sta dolete
New x2 data} (o Input of data | &5 only? YES
input 10 be deleted
™ {€jData clear NO
: Process ~
seiction k) j
[ Statistic display Data clear
L— First statistic
Number of dala |, display
display and mput
=

Mean display
and mput

Sum of squares S1)
dispiay and input [ >}

F

Numper ot data
aisplay and mput

¥

Mean dispiay =,
and mnput x:

Sum of squares | g.
dispiay and input -

Significance level
display mnput

Menu 3

Statistic

display

Next statistic
display

Next statistic

Statistic
present?

YES

display

Previous

statistic display|

Process

) Data nput

setection

? Data input

-

NO

0,Data delete

input of gata YES
T to be deleted ggonly?
EngE,
(§Data clear NO
Process N
selection IE
TStaustic dispiay Data clear

YES

First statistic

statistic display

display
Statistic ==
display
‘ ,_E;‘ Next statistic Statistic
display present?
Next statistic
] display
—rd Previous
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MEAN DIFFERENCE TEST (RIGHT SIDED)

Performs hypotheses testing of x1 and x2 in two normal distributions N (i1, 02; where 1 :
unknown, ¢?: unknown) and N (u2, ¢°; where u2: unknown ¢®: unknown)

CALCULATIONS

An ni-size sample (x1,, x1z--X1m) is taken from normal distribution N (x1, 0%) and an nz sam-
ple (x2, x2r--x2n;) from normal distribution N (u2, ¢2). At this time, the critical region is
established on the right of the t-distribution in accordance with the t-distribution of the degree
of freedom (n1+ nz2—2) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Mo : pi=pu2

Alternative hypothesis Hi i pid>pe

The test is performed using

>t{a, m+n:—2)

-gistribution of degree of freecom (n « nz-2)

#1 : population mean 1 2 populalicn mean
X . sample mean 1 %G . sampie mean 2

S+: sum of squares 1 S:: sum of squeres 2
o7 : population variance o : signilicance leve!

& S=3(x~%)?
0 t{e.m+n:-2)

OPERATION
T 1 Ho . = H o
6751 inout new oate ks (YN} 22" |

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additiona! data input, data edit, statistic check.
N: Test of previously stored gata, test by inputting each value.

1y

nout oOat
!nput.De

(x1)
ete. Clear.List Eng ?_ I

The menu display illustrated above appears when [¥)is pressed. One of the following character
keys is then pressed to perform the corresponding function.

I
>




1 (input) : Data input (for input or addifion of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics).

L (List) : Statistic display (for display of number of data items, sum, sum of squares,

mean, population standard deviation, sample standard deviation).
@ (or &) scrolls to the following data item, () to the previous item, and (&
or &) exits the statistic display and returns to the menu.

E (End) : Advances tothe test display (same as when N is pressed in the first step above).
(2 N
N [Test Ho: ut1=upe Hy . pi1>pe

input new data xz2 (Y/N) ?_

The display appears as illustrated above when the (N key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library oper-
ations. The difference, however, is that the question concerning new data input here is for
data items x2: through xznz, while the data input being queried on the original display is for
data items x1: through Xin:.

(2-1) Y
Same result as that produced by pressing (Y] in step (1) above. Note, however, that the data
being entered or corrected here is x2: through Xan..

{(2-2) N

CI F?

n

t Ho wi1=pge Hi:gi>gpe {Number of data
5 7. display)

i o

The display appears as illustrated above when the (N) key is pressed. The value indicated
for n shows the number of x1 (x1» ~x1m) data currently stored in memory.

eni=0: Test cannot be performed, so this should be corrected to the required data.

« Number of data input (following (Y] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

* Number of data input (following above) matches value of n : Press Ex.

When kg is pressed, a display similar to that above is produced for x2 (x2: ~ x2nz) data
items. After confirmation and/or corrections as described in (2-2), press Exg to continue.

The following data represent the results of tests on light bulb A which is more expensive
than light bulb B, but claims a longer service life. Use the data to determine whether or not
there is a difference in the service lives of light bulbs A and B with a significance level of 5%.

1 2 3 4 5
890 880 920 870 800
B 850 840 870 855 860

>

TIME
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[Test Ho. 21258 Hi.si15s2
lnout new cete x31 (Y/N) ?_
Y llnout cata (x1) (Select new data input)
[>inout . Delete.Clear.LIist . End 7. |
Cc input ocete (x1) (Select data ciear)
clear cete (Y/N) ? _
Y input cste (x1) (Data clesred)
>input.Delete . Clesr.List.End 7. l
{ lngut gstes (x1) — (EXEJ: menu |(Select data input)
) SR
890 b9 inout oets (x1) [EXE] menu J(Enlerﬁrsldltaitemlm
X1 7. LIGHT BULB A)
880 i€ 920 §x 870 bt 900 g
tnput ocate (x1) TEXE] .menu | (Enter remaining data
L flems)
e input cats (x1) (Return to menu)
>inout . Detete.Cliear . LISt . Eng ?_ |
E Test Ho:s1%528 HY.s15s¢2 (Select End)
input . new gate xe (Y/N) %
Y Inout oeta (xe) {Select new data input)
>Input . Delete Cieer.List Eng ?_
C incut cete (xe) ](Seleclda!nclcar)
clear ocats {Y/N) ?
Y Tnout oeta (xe) (Data cleared)
>lnput.Deiete . Clear.List.Eng ?_ .
! Ingut cete (xe! [EXE) .menu I(Selecldaxainpul)
x2?_
850 g Tnput cate (xe) [EXE) . menu |(Enterfirstdataitemtr
X277 LIGHT BULB B)
840 & B70 gir 855 £ 860 [oe
fnput ocete (xe) {EXE)} menu |(Enter remaining da
x27?_ itemns)
T Inbut cete (xe) (Return 1o menu)
. >input.Delete. Cilear.List.Eng 7_
E Test Ho sr=ye Hi:.:y1>y2 (Select Eng)
n'= 5 7. ]
10 Jest Mo p1®ye MY p1>ue (Press & ate’ checkir
x1= BB 7 number of LIGHT BUL
A data)
£ g?itldee go:y\-az HY.s15s2 gPrcssEane’rSgﬁsn
- a3 mean o
BULB A gata)
@ I:its - Ho.s1=,p Hig1d>,p (Pussfgaherche;:kjn;
= sum of squares ©
LIGHT BULB A data)
EE Jest MOoly1myup Hip1>,2 (Press & afier checking
xe= 855 7. - gurnbevotuGI-ﬂ’BULB
cata)
| T s:atsoe 7Hn:n-n Ry .s155¢2 (:r‘essglﬁefrgsé:‘ﬁng
| S - ala mean o
BULB 8 data)
kg _Sugﬁ?lcunce Tevel (%) (Prss'Elﬂerchecking
[ R - sum of squares of
LIGHT BULB B data)
fig est Ho!pimpe HYlIgIdpe gEuztg‘rs‘i'gniﬁgance‘level.
..... 1S aiready set, so
simply press &¢)
es? Ho:w1mpge Hi:g1d>pp (Display test result)
2. 718 > 1.88 : ReJect
@ est Ho.p1=p Hy gi>;2
nis 5 ?_

Here, it is determined that the service life o
BULB B.

{ LIGHT BULB A is longer than that of LIGHT



MEAN DIFFERENCE TEST FLOWCHART (RIGHT SIDED)

( Library start )

Menu 2 {DData input

Process ) v
se!ecl?on [ Data input only? ES -
® End(E®
{8)Data delete
3] Input of data | 5 YES
m;gtu data 1o be deleted £ only?
7] ©Data clear NO

[

Numbes of data

display and input (n:

Mean gisplay 3
and wnput

Sum of squares

display and input

Number of gata

aisplay and input | 12
Mean display i
and nput ?

Sum of squares

dispiay and input

Significance tevel
aisplay nput

Tes! result
display

Pty

|

Menu 3

Process
seiction

[T} Statistic dispiay

Data clear

First stati
display

Statistic

display [

2 Next statistic
display

>

ol Next statistic

Statistic
present?

YES

display

—- i Previous

'. statistic display

Process

selection

(" Data nput

X

Data input

[~ o

£ only?

NO

O Data delete

input of data |

Eng €

f to be deleted
i

YES

fdonly?

{©)Data clear

Process

NO

selection

(2 Stausuc dispiay
First statistic

display

Statistic

N
=
Data ciear

display

=2
_G'; Next statistic Statistic
dispiay present?
; YES
Next statistic
e display
Previous

statistic display
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MEAN DIFFERENCE TEST (LEFT SIDED)

Performs hypotheses testing of g1 and g2 in two normal distributions N (x1, o2; where p1:
unknown, ¢2: unknown) and N (2, ¢®; where u2: unknown, ¢°: unknown)

CALCULATIONS

An mi-size sample (xn, Xir---X1m) is taken from normal distribution N (x1, ¢%) and an n2 sam-
ple (x2), x2--x2n:) from normai distribution N (u2, 7). At this time, the critical region is
established on the feft of the t-distribution in accordance with the t-distribution of the degree
of freedom (n1 + n2—2) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : y1=p2

Allernative hypothesis Hy o pr<pe

The test is performed using
X1—-X2

1 1 $,+8
‘/(n-l-bn—z)(m:':z—:Z )

<—1t(a*m+n:—-2)

t-gistribution of gegree of freedom (M1 «+ N2—-2)

u' . popuiation mean 1 2 : population mean
X1 : sample mean 1 Xz : sample mean 2
Si: sum of squares 1 S2: sum of squares 2
¢! . population variance a : significance level ’

. S=3(x-x)*
-t(e.m=Tn:—2) 0
OPERATION
Test HMec.usr18p2 Hi.p1<yp@
6752 E@ lln:ut new ue?a :\ (Y/N7 2;

The display appears as illustrated above once the library is activated. At this time, either
Y or N should be pressed to perform the following procedures:

Y : New data input followed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

my

input cete (x1) ‘
>inpyt . Dejete . Cleer.LIist . End 7.

The menu display illustrated above appears when [Y]is pressed. One of the following character
keys is then pressed to perform the corresponding function.



I (Input) Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erroneous or unnecessary data).

C (Clear) : Data clear (for deletion of previously stored data. This operation also clears
statistics). :

L (List) Statistic display (for displéy of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
@ (or 28 ) scrolls to the following data item, (£] to the previous item, and (&)
or {=] exits the statistic display and returns to the menu.
E (End) Advances to the test display (same as when N is pressed in the first step above).
(2 N
Test Mo:yr1=ge H1:gi1<ge
N input new data x2 (Y/N) 7?_

The display appears as illustrated above when the (N] key is pressed. Note that this display
is almost identical to the initial display which appears immediately after entering library oper-
ations. The difference, however, is that the question concerning new data input here is for
data items x2: through x2nz, while the data input being queried on the original display is for
data items x1 through Xin.

(2-1) Y
Same result as that produced by pressing (Y] in step (1) above. Note, however, that the data
being enteréd or corrected here is xa: through Xan..

(2-2) N

N] Test ) Ho:wr1=pe

Hi p1<pe ' (Number of data
ni= 85 ?7_ ’

display)

The display appears as illustrated above when the (N} key is pressed. The value indicated
for n shows the number of x1 (x1. ~ x1m) data currently stored in memory.

e =0: Test cannot be performed, so this should be corrected to the required data.

¢ Number of data input (following (Y] above) and value of n differ : Confirm that some data
have not been omitted during the input or that two or more data items have been input
together for a single entry. In either case, terminate the library operation. Enter the library
again and add, delete, or reinput data as required.

e Number of data input (following above) matches value of n : Press k.
When &= is pressed, a display similar to that above is produced for xz (x2: ~ x2n2) data
items. After confirmation and/or corrections as described in (2-2), press &g to continue.

The following data represent the results of tests on concrete samples. SAMPLE A is not rein-
forced, while SAMPLE B is reinforced. Use the data to determine whether or not the rein-
forcement actually makes the concrete stronger with a significance level of 1%.

1 2 3 4 5
STRENGTH | SAMPLE A 18 20 17 19 18
(kg) SAMPLE B 25 24 22 26 24
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Test . Ho i ast=gpt Hy . pi<pt
input new cdats x' {(Y/N) ?_ .
Y input dete (x1) "] (Seieci new data input)
>tnput.Detete.Clear.List End ?_
C tnput dete (x)) ’ (Select data clear)
cleesr cete (Y/N) %
Y inout cate (x1) (Data cleared)
>Inout . Delete Cilesr . List End 7.
i lngut ostea (xt) TEXE) .meny | (Select data input)
X1 ?.
18 fnput oste (x1) EXET menu | (Enterfirst data item for
B X\ ?_ ! ! JSAMPLE A)
20 £ 17 £ 19 g 18 £0
lngut gates (x1) {EXE) :menu ';Ente;mmining data
} . ems
(T [Tnout oete (x1) l(ﬁeturn!omenu)
>Sinput . Delete.Clear.List Eng ?_
E Test Ho:s1=y82 Hyry.pt1<ype (Select End)
incut new cate x2 (Y/N) ?_ |
Y [Incut gate (xe) (Select new gata input)
>tnput . Delete.Clear.List . End 7.
C input oete (xe) (Select data ciear)
clear gate (Y/N) 7
Y input oste (xz2) ) (Data cleared)
>incut Delete.Cleer . List Eng 7_ J
1 lngut cate {(x2) (ExE]:menuJ(Selectdatainpux)
xe?.
25 bz Thout cete (xz) [EXE) .menu J(Emefﬂrstda!aﬂemfor
X877 SAMPLE B)
24 @ 22 frr 26 [ 24 |
Ingut gate (xe) [EXE) .menuy I(Eme;vemainmgdata
. X277 - items
B Tnoul cate (xz) l(Returnlomenu)
Sinput . Detete . Clesr.List Eng ?_
E LTesxs -, Ro.r'®=s8 Hil_ p1<s¢2 ](SelemEnd)
P = -
1D Jest Ho.s1=252 Hr.pr<ye I(P!essgaherchecking
) x1= 1B &7 :um)ber ol SAMPLE A
ata
£ Test_ __ Ho:ui=ye HilpI<se (Press EE afier checking
Sz § 7. data mean of SAMPLE
A gata)
i I:sts - Ho.s1=52 Hi1.p1<y2 (Press'Eaﬂerche;:king
= - sum of squares ©
SAMPLE A data)
T Test Ho.s1®=s2 Hi.p1<s8 I(Press@aherchecking
xe= 4.2 P. number of SAMPLE B
data)
T Test Ho s1%p8 Hi:g1<s2 (Press 2 atter checking
S22= B.B7_ gau mean of SAMPLE
data)
Ex §ilg|3?lcance tevel) ol%) (‘Z:s:'gsqm:r;cn:::kmg
o= usres
| SAMPLE B data)
1@ est Ho .p 1322 Hr:.p1<p2 (Enter significance ievel)
et Ho gi1%y2 Hi:g1<2 (Display test result)
-5.832 <-2 . BE6 Reject
I3 Test HO: p13,2 Hi.p1<p2
nix S5 7.

Here, it is determined that the strength SAMPLE B is greater than that of SAMPLE A.



RATIO TEST (RIGHT SIDED)

Performs test of hypothesis of population p ratio in binomial distribution B (1, p).

CALCULATIONS

An n-size sample (x1, x2---xn) is taken from binomial distribution B (1, p). At this time, the
critical region is established on the right side of the normal distribution in accordance with
the approximate standard normal distribution N (0, 12) as shown in the illustration when:
Hypothesis to be tested (Null hypothesis) Ho : p=po
Alternative hypothesis Hi:p>po

The test is performed using

Zx—npo
—————> y (o)
v npol{l=po) Normal distribution curve
po : population ratio )
( a : significance level
a
0 ula)
OPERATION
Test Ho.p=po Hi:p>po

6761 HIEE
EXAMPLE

A company has sent out 2,000 pieces of direct mail advertising printed in four colors and,
as a result, received 80 orders. In the past, direct mail has produced a response of 2.5%.
Determine whether or not the 4-color direct mailing was as effective as those in the past
with a significance level of 5%.

0.025 kxJ l Te sé - Ho:p=po Hy: p>po |(Emer probability)
n=

2000 fxg Test Ho p=po  H' .0SDo (Enter number of data
Ix= 0 7 items)

80 Exg rSisnnficance Tevel al(%] (Enter number of
a= 5 ?_ responses)

Exe [T est Ho !p=po Hy:p>poO (Enter significance lev-
..... el. 5% is already set,

so simply press & )
LTest Ho:p=po H1:p>poO ](Displaytestresul()
4.287 > 1 .645 ' ReJect

135 lTest Ho: p=po HiI:D>DO (Return to original

po= @.@825 7. display)

Here, it is determined that the 4-color mailing was more effective than those in the past.
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RATIO TEST (LEFT SIDED)

Performs test of hypothesis of population p ratio in binomial distribution B (1, p).

CALCULATIONS

An n-size sample (x1, xz---xn) is taken from binomial distribution B (1, p). At this time, the
critical region is established on the left side of the normal distribution in accordance with
the approximate standard normal distribution N (0, 12) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho: p=po
Allernative hypothesis Hi:p<po

The test is performed using

~ Zx=npo

/__————-___ <—=ulo)
Jnpoll=pe)

Normal gistribution curve

. p: : population ratio
a : significance level

-4
i
- u(e) 0
OPERATION
6762 @  [[IiTg o "L oTT T
EXAMPLE

A factory had a defect rate of 2.5% of products. After improvements in the process, a total
of 18 delective products were detected in 1,000 items. Determine whether or not the
improvements have caused the defect rate 1o decrease with a significance level of 1%.

0.025 fxr Test Ho.b=bo H1.p<boO J(Enler probability)
n= 0 7. :

1000 kit Test Ho.D=DD H1.D<DO (Enter number of data
1Ix* ® 7 items)

18 g Signijicance level e[%] (Enter number of defec-
o= 5 7 . tive items)

1 Eg Test Ho.Pp=po0 H1.D<pO (Enter significance level)

) Test Ho p=pDOD HY.p<po (Display tes! result)

-1.41B > 2 326 & Accepdt

LI Test Ho.p=po HiY: p<pO (Return 1o original

- pce O @25 7 disptay)

Here, it is determined that the improvements have not produced a decrease in the defect rate.



MEAN DIFFERENCE TEST FLOWCHART (LEFT SIDED)

( Library start )

Menu 1

New x: data ®
input

Menu 2

Process

{DData input

selection

Engd®

Data input

New x2 data ®
input

Numbet of data
gisplay and nput

m

Mean display

and input x

\&

Sum of squares S0
dispiay and input !

k

Number of data
aisplay and mnput

}

Mean dispiay .y
and input

Sum of squares

display and anput

Signiticance level
aispiay input

Test result
display

[G)Data delete

,/——-1

Input of data

to be deleted | *

{©Data clear

Process
selction

{T)Statistic display
First statistic

display

* ‘Data clear

statistic display

Statistic 5
display j
SatNexT statishic Statistic
display present”?
_". Next statistic YES
display o
o Previous
Ly

Menu 3

. Process

@Dax'a—ffﬂ_/

selection

Data nput

©

Data delete

Input of data |

to be deleted

©

{€)Data clear

Process

&2 only?

selection

Staustc display
First slatistic

display

Statistic

Dala clear

=

display /

Next statistic
display

Next statistic

Statistic
present?

YES

display

Previous

statistic display|
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RATIO TEST (TWO-SIDED)

Performs test of hypothesis of population ratio p in binomial distribution B (1, p).

CALCULATIONS

An n-size sample (x1, x2---xn) is taken from binomial distribution B (1, p). At this time, critical
regions are established on both sides of the normal distribution in accordance with the
approximate standard normal distribution N (0, 12) as shown in the illustration when:
Hypothesis to be tested (Null hypothesis) Ho : p=po

Alternative hypothesis Hi: pxpo

The test is performed using

| Sx=-npo | S (a)
—_—— 2
v npol(l—po) 2 Normat gistribution curve
pe : population ratio
o : signilicance level
L L
| i
: 0
e £
-+($) «(%)
OPERATION
6760 @  [Liile ,. C trr M ]

]EXAMPLE] )

The crossbreeding of a certain type of bean should resultin a ratio of 3:1 of yellow beans
10 green. An actua! sample reveals 310 yeliow beans within a total of 400. Determine wrether
or not this is equivalent to the 3:1 ratio noted above with a significance level of §%.

(HINT: Tes! the hypothesis H:p=—3—- )

0.75 & Test Ho . D=DC H1:D=DO ](Emerptobabilixy)
n=: 0 7.
400@ Test Ho.0%2D0 Hir.:p=DoO J(Emernumberofdata
1x= 0 ° ftens)
310 &g Significence tevel a[%X] (Enter number of yeliow
ex 5§ 7_ beans)
(0 est Ho p=bo0  H1.D*DO (Enter significance level.
..... 5% is aiready se1, O
simply press & )
est Ho:0=00O HY.p=poO ](Dnsplayleslvesun)
1. 185 < 1 .88 : Accept
- g Test Ho.p=po HiI.D=DO ](Relurnlooriginal
po=e B.75 7. aisplay)
Here, it is determined that the sample mixture is equivalent to the 3:1 ratio.




RATIO DIFFERENCE TEST (TWO-SIDED)

Performs hypotheses testing of p1 and pz in two binomial distributions B (1, p1) and B (1, p2).

CALCULATIONS

An ni-size sample (x11, X1z---X1n) is taken from binomial distribution B (1, p1) and an n2
sample (xz:, x2.---X2nz) from binomial distribution B (1, p2). At this time, critical regions are
established on both sides of the normal distribution in accordance with the approximate stan-

dard normal distribution N (0, 1?) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p1=p2
Hi . pix=pe2

Alternative hypothesis

The test is performed using

Normal distribution curve (

pz : sample ratio 2

pr : sample ratio 1
a : significance level

OPERATION
6770 mgto o Ho.p1=pe H1.p1=pe
EXAMPLE

The following data represent the results of a survey taken for a certain product. Use the data
to determine whether or not opinions differ according to gender with a significance level of 5%.

LIKE DISLIKE | TOTAL
MALE 260 140 400
FEMALE 180 120 300
Test Ho = Hy
400 f£xg fTest Ho.pi=pe H1.pr*pe (Enter number of males)
Ix1= 0 7.
260 fx¢ Test Ho .pr1=pe Hy pr*D2 (Enter number of males
nes @ ?_ answering LIKE)
300 fxg fTest Ho:.p1=pe H) . pr=*pe (Enter number of
Ixe= @0 7_ females)
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180 k¢
£

L I5

Signiticance ievel o[%)
ex 8§ 7

{Enter number of
temaies answering
LIKE)

Test Ho:pi=pe Hy . pi=speg

Test Ho:pi=peg Ky piespe
1.35858 £ 1.86 : Accent

Test Ho:piy=pp Hi.pirepe
nis 400 7.

(Enter significance lev.
el. 5% is already set,
80 simply press £ic )

(Display tes! result)

(Retumn to initial display)

Here, it is determined that there is no ditference in the opinions of males and females.



RATIO DIFFERENCE TEST (RIGHT SIDED)

Performs hypotheses testing of p1 and pz in two binomial distributions B (1, p{) and B (1, p2).

CALCULATIONS

An mi-size sample (x1, x1z2---X1m) is taken from binomial distribution B (1, p1) and an n2
sample (x2:, x2:---x2n2) from binomial distribution B (1, p2). At this time, a critical region is
established on the right side of the normal distribution in accordance with the approximate
standard normal distribution N (0, 1%) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : pi=p2

Alternative hypothesis Hs : p1>p2

The test is performed using

Zx1_2x2
ni n2
>ula) .
1.1 Normal distribution curve .
/p(l—p)(—+—) pr : sample ratio 1
n n2
p2 : sample ratio 2
[p _Zx) +sz} « : significance level
ni +n2
a
0 u(a)
OPERATION
' Test Ho:p1= :
6771 n‘s___ ° 7. o:pi1=pe2 Hi:pi>pe
EXAMPLE

The foliowing data represent samples taken of the same product manufactured at two different
factories. Use the data to determine whether the defect rate is greater for FACTORY A with
a significance level of 5%.

SAMPLES | DEFECTS

FACTORY A 600 15
FACTORY B 400 5
H’f:te . Ho:  p1=pe HI :pi1 >pe 1
600 Exg [Test Ho:p1=pe Hi.pi1>pe (Enter number of
Ix1= @ 7. samples from

FACTORY A)
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15 : Test Ho.pi=pe Hir.D1>D¢ (Enter number of
nex @ ?_ | gelects)
400 fig est Ho:.:pr=pD2 Hi:pi>p2 J(Enlo'numberof
jx2x @ P samples from
FACTORY B)
5 g Sianiticence level s[%) (Enter number of
e=x & P defects)
I0) Test Ho.pispe Hi.pi1>pe (Enter significance lev-

ol. 5% is already sel,
$0 simply press £ )

Test Mo.pi=pe Hi.D1>DE l(DiSP{'NOS"GSU“)
1.383 ¢ 1.645 : Accept
(=T est Ho.pi=pe H1:D1>DE (Retum to initia! display)
nr= 520 7.

Here, it is determined that there is no ditference in the defect rate for the two factories.



RATIO DIFFERENCE TEST (LEFT SIDED)

Performs hypotheses testing of p1 and pz in two binomial distributions B (1, p1) and B (1, p2).

CALCULATIONS

An ni-size sample (x1, X12--X1n:) is taken from binomial distribution B (1, p1) and an n2
sample (x2,, x2z---X2n2) from binomial distribution B (1, p2). At this time, a critical region is
established on the left side of the normal distribution in accordance with the approximate
standard normal distribution N (0, 1?) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p1=p2

Alternative hypothesis Hi: pr<p2

The test is performed using

Sx1_2x2
n2 Normal distribution curve

n
l >Sula) pr : sample ratio 1
‘/:(1—-p)(ni+—:—) p2 : sample ratio 2
) 2

o : significance level
[ _Zx1+3x2) .
P ni +n2 j

ula) 0

OPERATION
6772 H;?gta o Ho.pi1=pa Hi.pi1<pe

The following data represent the results of a survey taken in two areas concerning recognition
of a product. Use the data to determine whether the recognition rate is greater for AREA
B with a significance level of 5%.

KNOW  |[DON'T KNOW[ TOTAL

AREA A 130 90 220
AREA B 160 80 240
[Test Ho . py =p2 H1 . p1 <pe l
nT = @0 7_
220 kg (Test Ho :pi1=pe Hy:pi<pe (Enter number of data
Ix1= 0 7. from AREA A)
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130 6
240 B2

160 Exg

=

1D

Test Ho:pi1=pe Hiy.pi<pe
nes D 7.

Test Ho:piy=pe Hiy:DI1<DER
Ixe= O 7.

[Eignrniticence level e[%] 1
ez 5 7o

Test Ho:p1=p2 Hi.:pi<pe
Test Ho:Di=pg Hi:pi<pe
~1.6882 <=1 .B45 . ReJect
Test Ho . pi=pe Hi.pi<pe
ni= 220 P

(Entet number of
KNOWS)

(Enter numbe- of dat
fromm AREA B)

(Enter number of
KNOWS)

(Enter significance lev-
of. 5% is aiready set,
$0 simply press &z )

(Display test result)

(Return to initia! dispiay)

Here, it is determined that the recognition rate in AREA B is greater than that in AREA A.
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CHARACTER CODE TABLE

{

EN:
S CZ - Bl B B R OB RO NrETRcECE
o of lof Llaly| I[ql|sl|aleillel=|El| B {E i1t &E 2

e’
oy

1
HEX
(8]
l
2
3
4
5
)
8
S
A
B
Cc
D
E
F
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CHRS function.

lues. im:the iower right corner of each cell indicate the decimal value of the corresponding character code.

iaracters: which cannot be input directly can be displayed using the



NOTE:

The special characters in the character code table below only appear on the display an
are not printed out by the printer. When a LLIST or LPRINT command is executed, they ar
substituted by the ditferently shaped printer characters corresponding to the-respective-charac
ter codes. Refer to the pocket computer and printer character code tables and compare ther

{or further getails.

.

Character Code Table :
Special characters

High-order digit —=
_ O 16 32 48 64 B) 96 112 128 4t 160 176 182 208 224 240
2 |e| 0| 1 2|3]als|e|7|sle|a|B|c|DlE|F
g oo ~lo|e|P| |olAlo|=|-]9}[={®®
211 wer |1 [1]alals]elsls . |P|zlol@®|m
= 2l2jtm s [n|2|B|RID|r|/|2 '-r‘yi#@z
! T
. i 3|3 z|3lcls|c|s| |s]|. |2|5|E|D~R
ala |tz s{alolT|elt|®]«]|. |Z|~|v|O}|B
55| %|5|E[Uje|vD)|s x|+ 2lOF
6|6 sle|Fiv]it|vI®ls [2|n|=]2|O5
ARARLS 17 ]leiwle|w|®)? |2 |=]2|5|D&
gl 8! tesy (BHXhlca-rD*'J@ﬂ
olo]| e ylelojy|ivylale|=|7|/{n|@®2
1] A uh . Jlzli|2|@|+ {=]2|n|vi@=
1] B| moe + kle x|l 1le]-|=lw|e|o|@®o
12 c!.:.si (=) (. |<iL]®)1]ile]n|n]z 'D@'?)///'
1310\|c;) (C)|l=1=]M1{) m]@x ;zl\y@/;/’/
W E] ] () Ni~lnl-|@4]2]elx]| |@
il ar|sz]e|ol-|e 2BV

* Characters marked with a circle (O) are available on the PB-100 series.
* Except for the special characters, all can be printed with the FP-40 and FP-100.
* To display characters that can not be input directly, use the respective CHR$ function.
Example: Display “T"
CAL mode: CHRS (132) 2 or CHRS (&HB4) kg
BASIC mode: PRINT CHRS (132) & or PRINT CHRS (&H84) [
* The hatched parts in the table (hexadecima! FC ~ FF (decimal 252~255)) are used
internally and therefore not defined.



12-2 ERROR MESSAGE TABLE

Error

statement.

b) Nlegal command used in
direct mode or program
mode.

c) llegal command used in CAL
mode-

d) Attempt to use undeclared
array.

code| Efror message Meanlng. Correction
1 | OM error a) Insufficient memory or system| a) Shorten program and check
overfiow. array dimensioning.
b) Erroneous CLEAR statement | b) Check CLEAR statement value.
specification. c) Use RAM expansion pack.
2 | SN error Erroneous command or state- a) Check spelling of commands.
ment format. b) Check program input.
3 | ST error String length exceeds 255 Shorten string to 255 characters or
characters. less.
4 | TC error Formula too complex. Divide formula into smaller sub-
formulas
5 | BV error a) 1/0 buffer overfiow. a) Set RS-232C baud rate to lower
value or set XON/OFF.
b) Line length exceed 255 bytes | b) Keep lines 255 characters or
or 255 characters. less in length.
6 | NR error 110 device not ready for Check connection and power switch
input/output. of 1O device.
7 | RW error Error generated in /O device Check VO device.
. operation.
BF error improper filename specification. | Check filename.
9 | BN error Improper file number specifi- Check file number.
- cation.’
13 | OV error Value exceeds allowable calcula-| Check values.
tion result or input range.
14 | MA error a) Mathematical error such as Check expressions and values.
division by zero.
b) Argument exceeds allowabie
calculation range.
15 | DD error Double declaration of identical Either erase previous array or use
array. a different array name.
16 { BS error Subscript or parameter outside | a) Check subscripts.
of allowable range. b) Increase size of arrays.
17 | FC error a) Erroneous use of function or | a) Check argument values and

statements.
b) Check for statements that can

not be used in respective mode.

¢) Check statements.

d) Declare array using DiM
statement.
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5;':: Error message Meaning Correction
18 | UL error a) Branch destination line num- { a) Check line numbers.
ber does not exis!.
b) input of statement without b) Always use line numbers in
line number in BASIC editing BASIC editing mode.
mode.
19 | T™ error 8) Mismatch of variable type and| Check for iliegal numeric assign-
contents. ment fo string variables or string
by Mismatch of READ siatement | assignment 1o numeric variable.
variable and data.
¢) Mismatch of INPUT# state-
ment variable and data.

20 | RE error RESUME statement outside of | Check RESUME statement location.|
error handling routine.

21 | PR error Execution of command that Cance! password.
cannot be used with password
protected files.

22 | DA error READ statement execution when| Check READ and DATA
no gata present. statements.

23 | FO error No FOR for NEXT statement. Check for matching of FOR and

NEXT statements.
24 | NX error No NEXT for FOR statement. Check for matching o FOR and
NEXT statements.

25 | GS error Mismaich of GOSUB and Check for matching of GOSUB anc
RETURN statements. RETURN statements.

28 I OrP error a) Aitemmpt 10 access unopened | a) Execute OPEN statement.

fiie.
b) Attempt 1o open already b) CLOSE file and then reopen.
, opened file.

29 | AM error l Attemp! 10 use output-relaied Ensure proper use of input-related
command for gevice opened for | and outpul-related commands.
input or vice versa.

30 { FR error Framing error detected by Check RS-232C connection and
RS-232C pont. data transmission method.

31 | PO error Parity error or over run error a) Check RS-232C connection and
detected by RS-232C port. data transmission method.
Erroneous read from b) Adjus! the playback volume of
the cassefle lape recorder. the tape recorder.

€) Attempt using the phase which
is opposite the current setting.

d) Clean the head of the 1ape
recorder.




12-3 COMMAND/FUNCTION TABLE

COMMANDS

PASS ON GOTO BEEP
NEW (ALL) ON GOSuUB INPUT
CLEAR IF~THEN ~ ELSE INKEY$
FRE IF~GOTO~ELSE INPUTS
LIST (ALL) FOR ~ NEXT DIM
EDIT REM ERASE
VARLIST LET PEEK
RUN DATA POKE

"TRON READ DEFSEG
TROFF RESTORE ON ERROR GOTO
END PRINT RESUME
STOP TAB ERL
GOTO LOCATE ERR
GOosuB CLS
RETURN SET

INPUT/OUTPUT COMMANDS

DATA BANK COMMAND

LLIST INPUT$ NEW # RESTORE #
LPRINT EOF . LIST # WRITE #
OPEN SAVE (ALL) LLIST #
CLOSE LOAD (ALL) SAVE #
PRINT # VERIFY LOAD #
INPUT # READ #

FUNCTIONS
ANGLE HYPACS FRAC STR$
SIN HYPATN ROUND VAL
cos EXP RAN # VALF
TAN LOG P MID$
ASN LN FACT RIGHTS
ACS SQR NPR LEFTS
ATN CUR NCR LEN
HYPSIN ABS POL &H
HYPCOS SGN REC HEX$
HYPTAN INT CHRS$ DEG
HYPASN FIX ASC DMS$
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12-4 RESERVED WORD LIST

ZABS LFACT ©ON TROFF
ACS FIX OPEN TRON
ALL FOR OR
AND FRAC ouT ©VAC
ANGLE FRE VAL
AS BPASS VALF
ASC EGOSUB PBGET VAR
ASN GOTO PBLOAD VERIFY
ATN PEEK

T HEXS P EWRITESR

EBEEP HYP POKE

POL EXO0R

TcaLC DIiF PRINT
CHRS INKEYS PUT
SCLEAR INPUT
CLOSE INT ERANSE
cLS READ
cos CKEY REC
CSR REM
CUR ITLEFTS RESTORE

LEN RESUME
LET RETURN

TDATA LIST RIGHTS
DEF D oLLtsT . RND
DEFM LN ROUND
DEFSEG LOAD RUN
DEG LOCATE
DIM LOG ST SAVE
DMSS LPRINT SET

SGN

TEDIT EMLID SIN
ELSE MIDS SQR
END _MOD STEP
EOF MODE STOP
ERASE STRS
ERL ENCR
ERR NEW M™TAB
ERROR NEXT TAN
EXP NOT THEN

NPR TO




SPECIFICATIONS

Model:
FX-850P

Basic calculation functions:
Negative numbers, exponents, parenthetical arithmetic operations (with priority sequence
judgment function—true algebraic logic), integer division, integer division remainders,
logical operators. ’

Built-in functions:
Trigonometric/inverse trigonometric functions (angle units: degrees, radians, grads),
logarithmic/exponential functions, square roots, cube roots, powers, hyperbolic/inverse
hyperbolic functions, conversion to integer, deletion of integer portion, absolute values,
signs, coordinate conversions, factorials, permutations, combinations, rounding, random
numbers, pi, decimal-sexagesimal conversions, decimal-hexadecimal conversions.

Number of built-in scientific library:
116

Commands:
EDIT, LIST, LLIST, LOAD, NEW, NEW ALL, RUN, SAVE, VERIFY, ANGLE, BEEP, CLEAR,
CLOSE, CLS, DEFSEG, DIM, ERASE, LET, LOCATE, LPRINT, PASS, POKE, PRINT, SET,
TROFF, TRON, VARLIST, DATA, END, FOR ~ NEXT ~ STEP, GOSUB ~RETURN, GOTO,
IF ~ THEN ~ELSE, INPUT, INPUT #, ON~ERROR~GOTO, ON~GOSUB,
ON~GOTO, OPEN, PRINT#, READ, REM, RESTORE, RESUME, RETURN, STOP,
LIST#, LLIST#, LOAD#, SAVE#, NEW#, READ#, RESTORE #, WRITE #

Program functions:
ASC( ), CHRS( ), INKEYS, INPUTS, LEFTS, LEN( ), MIDS$( ), RIGHTS( ), STRS$( ),
TAB( ), VAL( ), VALF( )

Other functions:
EOF( ), ERL, ERR, PEEK( )

Calculation range:
+1 x 1079 ~ +9.999999999 x 10% and 0. Internal operation uses 12-digit mantissa.

Program system:
Stored system

Program language:
BASIC
RAM capacity:
Standard 8KB, expandable up to 40KB (Inciuding 3KB in system area).

Number of program areas:
Maximum 10 (PO through P9)

Number of stacks:
Subroutine: 96 levels
FOR~NEXT loop : 29 levels

Display contents:
10-digit mantissa + 2-digit exponent

Display elements: .
32-column x 2-line dot matrix liquid crystal display
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Main components:
C-MOS VLSI and others

Power supply: .
2 lithium batteries (CR2032) for the mainframe
1 lithium battery (CR1220) for memory backup

Power consumption:
0.04W

Battery life:
1. Continuous program execution: Approx. 80 hours
2. Continuous display of 5555555555 at 20° C (68°F): Approx. 150 hours
4.5 months when unit is used 1 hour per day.
* Note: 1 hour includes 10 minutes of condition 1 and 50 minutes of condition 2.

Memory protection battery:
Approx. 2 years (with main batteries installed)

Auto power-off:
Approximately 6 minutes

Ambient temperature range:

0°C 10 40°C (32°F 1o 104°F)
Dimensions:

116 (H) x 193 (W) x 78 (D) mm

(/2" (M) x 75/8° (W) x 3" (D))
Weight:

1879 (6.902) inciuding batteries.

Accessory:
Hard case



BASIC COMMAND INDEX

A
&H oo 155
ABS ... 137
ANGLE ... ....ooiiieininnnn. 129
ASC .. 147
ASN/ACSIATN .. ..o 131
B
BEEP ..ottt 117
c
CHRS ...ooeiieeeeeeannn 146
CLEAR ....oineeeeinaeeenn 89
CLOSE .. ..\'iieeiiiiaaananen. 162
CLS ottt 115
CUR ..ot 136
D
DATA . oot 108
DEFSEG. ...\ oieeieaennn 125
DEG ...\ 156
DIM . o et 121
DMSS .. oo 157
E
EDIT . oo e 93
END oo oot 96
EOF .ot 166
ERASE ..o oviiiieeeaeennns 122
ERL « oot 128
ERR ..o\ttt ieeeane, 128
EXP oo 134
F
Y01 S 142
FIX o 139
FOR~NEXT ... oiuiniennnnn. 104
27X o U 140
FRE ... tteeiie e 91
G
GOSUB ... eeveeaeaaenn 99
cTe) (o U 98
H
HEXS ...t 154
HYPASN/HYPACS/HYPATN ... .. .. 133
HYPSIN/HYPCOS/HYPTAN . . . .. .. 132

|
IF ~ THEN ~ELSE/
IF~GOTO~ELSE........... 103
INKEYS. ..o 119
INPUT. .o 118
INPUT# . oo 164
INPUTS ..o 120, 165
1 R 139
L
LEFTS. oo 153
LEN © e 154
K= S 107
LIST JALL . ..woieieeeeennn 92
LIST# oo eeeeeiee 170
LLIST oot 158
LUST# oo 171
LOAD, LOAD ALL............... 168
LOAD# o oooeeeee e 172
LOCATE . ..o\ 114
LOGIN <. 135
LPRINT ..o 159
M
MIDS . . oot 151
N .
NCR ..ot 143
NEW [ALLL. ..o 89
NEWH ..ot 170
NPR . oot 143
0
ON ERROR GOTO. ............. 126
ONGOSUB.................... 102
ON GOTO.......coeiiiinnnn. 101
OPEN ..., 161
P
PASS ..ot 88
3 123
Pl e 142
POKE ...t eeieeeens 124
POL ..o e 144
PRINT. e 111
PRINT# .. oooeieeeeeenennns 163
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RAN# ... ....cccocevoscsccsans 141
READ ......coiceracneascnncnes 109
READ# .....ccooveceromannncse 173
REC ... ieveienocreonascansnns 145
BEM (") ieninerncnnennnnnncncs 106
RESTORE ....covvvmcccncnnsens 110
RESTORE# ......... feenraeaen 174
RESUME ....iiiiiicecnnennnas 127
RETURN ... it i i cccnanann 100
RIGHTS ... .ttt i it riannn 152
ROUND ... i iiaes 140
RUN ... i it 94
S
SAVE, SAVE ALL............... 167
SAVE # . ... e 171
(=3 = S 116
SGN . e 138
SIN/JCOS/TAN . ... ... . it 130
[ o] = T 136
CTOP .. e e 97
STRS ... . e e 148
T
TAB . 113
TROFF . . e e 85
TRON ... e g5
\Y
VAL . 149
VALF e 180
VARLIST .. i 83
VERIFY ... e 169
w

WRITE® ... .o 175



GUIDELINES LAID DOWN BY FCC RULES FOR USE OF THE UNIT IN THE U.S.A.

(not applicable to other areas).

WARNING: This equipment generates and uses radio frequency energy and if not

installed and used properly, that is, in strict accordance with the manufacturer’s instruc-

tions, may cause interference to radio and television reception. It has been type tested

and found to comply with the limits for a Class B computing device in accordance with

the specifications in Subpart J of Part 15 of FCC Rules, which are designed to provide

reasonable protection against such interference in a residential installation. However,

there is no guarantee that interference will not occur in a particular installation. If this

equipment does cause interference to radio or television reception, which can be

determined by turning the equipment off and on, the user is encouraged to try to correct

the interference by one or more of the following measures:

. ...reorient the receiving antenna

. ...relocate the computer with respect to the receiver

....move the computer away from the receiver

....plug the computer into a different outlet so that computer and receiver are on
different branch circuits.

If necessary, the user should consult the dealer or an experienced radio/television tech-

nician for additional suggestions. The user may find the following booklet prepared by

the Federal Communications Commission helpful:

“How to Identify and Resolve Radio-TV Interference Problems”

This booklet is available from the US Government Printing Office, Washington D.C.,

20402, Stock No.004-000-00345-4.

405



