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GUIDELINES LAID DOWN BY FCC RULES FOR USE OF THE UNIT IN THE U.S.A.
{not applicable to other areas).

NOTICE

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on,
the user is encouraged to try to correct the interference by one or more of the following
measures:

Reorient or relocate the receiving antenna.

Increase the separation between the equipment and receiver.

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

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

FCC WARNING

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

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

Connector FA-6 This unit to Personal computer
’ This unit to Data recorder
This unit to Graphic printer
This unit to CASIO FX-850P/FX-880P
This unit to CASIO FP-100
This unit to CASIO FP-40 via SB-43
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FOREWORD

Thank you very much for purchasing the CASIO Personal Computer. This manual introduces
and explains the scientific calcutation 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 part of the computer before attempting operation.
Even when BASIC programming is not employed, a Formula Storage Function provides
simplified formula calculations and ratio calculations, a buili-in Data Bank Function allows
memo handling and searches. : o '

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

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

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

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

¢ 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 to fluid leakage and should
be removed as soon as possible.

s Keep the connector 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.

« 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.
« When a malfunction occurs, contact the store where the computer was purchased or a

nearby dealer.

« Before seeking setvice, please read this manual again, check the power supply, check
the program for logic errors, etc. '

I
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1-1 GENERAL GUIDE

'UNIT CONFIGURATION
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1-2 OPERATIONAL FUNCTIONS

(1) Power Switch ( ~ (I _
Slides to the right to switch power ON and to the left to switch power OFF.

@ Shift Key ((8]) _

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

of this key causes the symbol * (8] "' to switch ON and OFF on the display.

* Throughout this manual, this key is represented by [ in order to distinguish it from the
alphabetic (8] key.

(3 Numeric Keys ((@ ~ (9))
Enter the numeric values noted on each key.

(4) Decimal Key ({+])
Enters a decimal point.

(& Arithmetic Operator Keys ( s [=), X, (7))

Enter the arithmetic operators noted on the keys.

: Addition

(=] : Subtraction

(x] : Multiplication

: Division

(&) Execute Key ( [xg) _

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 ([((J (7])
Enter parentheses in such parenthetical calculations as: 5 x (10 + 20).

Answer Key ( (4 )

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 g key
is pressed (STOP displayed).

(® Engineering Key (g / & )

Converts a calculation result to an exponential display.

Alphabet Keys

Enter the alphabetic characters noted on each key.

@) Space Key ( k)
Enters a space.

@ CAPS Key ( )

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

@ Cursor Keys (&, =&, [, (1))

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 () key.

KEY FUNCTION e +

=) Cursor left Moves to beginning of logical line

=] Cursor right Moves to end of logical line

@ Cursor up Scrolls screen up without cursor movement
Cursor down Scrolls screen down without cursor movement

(&%) See page 7 for details on physical lines and logical lines.




Insert/Delete Key ( (%) / &5)

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 @A) key, deletes the character at the cur-
rent cursor position and automatically fills in the space created by shiiting 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.

(5 Break Key ( )

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 ( (5] / &)

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 @a key, clears the contents of the screen and locates the cursor at
the upper left corner of the screen.

@ Menu Key ( (=4 ) .

Only operable in the CAL mode, this key is used to display a menu of built-in scientific library.
See PART 11 SCIENTIFIC LIBRARY for details.

LiB Key ( [ug] )

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 ( [=9)
Used to display 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)
R BASIC mode (program writing/editing) ‘
[ DEG mode (angle unit = degrees)

(B] e RAD mode (angle unit = radians)

(13 [ GRA mode (angle unit = grads})

............ Print ON~

............ Print OFF

(] [ MEMO IN mode (DATA BANK function)

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

@ Function Keys ( [g , [in] , [0 , etc.)
Allow one-touch entry of often used functions.
¢ Direct input functions

= @A functions

¥ e* SET ! g ' HEX$( DMSI(  INT  FRAC 3 CFACT oPr{l aCr{ POLl  REC{  RANm T
5,656,588 ,8 .8 5, 0,0, Lo, I T e T o B s 9

@ Formula Storage Keys ( (%] , (o] , frd )
Used when working with the formula storage function. See PART 4 FORMULA STORAGE

FUNCTION for detaiis. _ g

ALL RESET Button ("3 )

Clears all memory contents and enters the CAL mode. Ail important data should 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 disptay upon which 5 x 7-dot characters appear.

1-3 SYMBOL DISPLAY

The symbols noted on the display illustrated below appear to show the current status of a

calculation.
Memo data record ]number (MEMO mode)

CAPS [ CAL BASIC DEGRADGRA [0 I\ 5558 oew PRT TR STOP
CAPS : Upper case alphabetic characters (lower case when not displayed)
sl : Shift mode (commands/functions marked above keys can be input)
CAL : CAL mode (basic arithmetic calculations or function calculations)
BASIC : BASIC mode {BASIC program input, editing, execution)
DEG : Angle unit = degrees
RAD : Angle unit = radians
GRA : Angle unit = grads
: DATA BANK data search, display, input, edmng
(IN] : DATA BANK data input, editing
: DATA BANK data editing, BASIC program editing (using EDIT command)
DEFM : DEFM mode (for execution of CASIO PB-100 series programs)
: 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

l@m-JL_

-IEIW---

l+:~s Hlil C-R58RsFu-2HEF %HI
st SCIEMTIFIC LIERARY 116 s ekl L L L S

En =) (O (D 3 B
e o R (om0 M 14120 U L o)

CASIO MLAESET TEn DR BS ||BRK

o (% [ (5 (8 (£) () 9| 8] [L—J_}Ltjg[[i]:
() (W) (€] () (F) V) (89 (1) (6) (¥) 69 i
(&) [5) () (F1 (6) () (3] (<) (L] (=) g DEREEE)

360 & 0 M m 55 @ Es| (@) J(EJLEXE ]

A look at the keyboard of the unit reveals characters and symbols located above the keys.
These are accessed using the and 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
@wa - A
®m - E

Ca)

(in] (sin)

O 0]agng
7118 s BONK
@@@@..@@@@m 4
@@@@@@.@.@-LJﬂNmF]
@@nm-@@@@@wﬁTﬁﬂaﬂ




Lower Case Mode

Pressing the &9 key shifts the alphabetic keys (only) to lower case characters, indicated by
the CAPS symbol disappearing from the display. Pressing the p# key once locks the key-
board into the lower case mode, while pressing again returns to upper case.

EXAMPLE:

Operation  Display @@@E}[E[I]@[Il@@
B (3 (3@ [ @ m M0 (0
@ - d ‘ (z2) () ) ) (&) (0] (m]

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 i) key. Note, however, that
pressing the numeric Keys ( ~ [@)) after p#) 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 [i] i] lf] D [:] l:]
Bz - PANT ===
BIX — NPR( ad

e e OO
0O OO0 - -

COCICICC

RECH

OOOO00000000 — = = =
i s i i i e i e L U, O O OO

PRINT INPUT CLEAR [+10] 1LOAD SAVE

] ] s e e e | e R B | OO

1-5 SCREEN

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

2 lines

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 fong. The display capacity line (32 characters) is referred
to as the physical line, white 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
is not a null. ' :

One physical ineT1+2+3+4+5
One physical line-—+ 15+ 18+17

+6+7+B8+9+10+11+12+13+14
™ .

One logical line, from the first character 10 the last

Pressing &1 (€] moves the cursor to the beginning of the logical line, while =} 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 that scroll off of the screen can, however, be brought back
into view using the cursor (@ / (@) 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 actually displayed
are called the actual screen.

) . 4DDDDD Actual screen
Virtual screen (8 lines) 2 |
SEEEEE {2 lines)

i G FFFFF
L TGGGGG
. $HHHHHH

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

1 r 1 _[ L[ 1 1.

Al
L

{
E

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).

1-6 DISPLAY CHARACTERS

The relationship between characters and character codes is illustrated in the following table.
Character Code Table
High-order digit —
- 0 16 32 48 64 B0 96 112 128 144 160 176 192 208 224 240
;g’ wex| O 1 213|4|5|6|7(8|elA|B|C|D|E|F
3 ofo wal 0| @| P plAjo [sa|=|9|=|=]|x
211 ey | 1|1 AlQlalalr|r | |Z|F|L(=|H
322(%‘8&) mws) [w|2|B|Rib|r|/je| |r|w| X+ |&F
3|3 #£13[(C|S|cls 3ia 2| F|IEIVIB
4| 4 | G5 g|la|D|[Tjaltl=2js . |T|~|¥|<|B
5|5 | (&) %|5|E(U|elu|n]s Al+F|2| 4| F
6|6 (& z|l6|F|V|f|lv|l|e |[Z|H[ZI3|—D
7|7 | (ee) 17| |wWlelw|(l|7 || FIX|F =&
8| 8| s ¢(|8|H[X|h|x!leala |||\ &€
gl ol ylolt|ylilyl|ale|=|7l/| @t
10] A (LR} | * Jlzlilzlrl+]|zla|nNL|®|F
11| B| tove +| i |K|C |kt t]e|-ja|B|e|Oid|0
el es Ly [ [<iu]e| | |e|n|®lz]|2l2lO]
Blo| e [ (S =|=|M]D) |m|}|e|x]{a|R]|NZ|O
el @l gy |>|N|~jn|"|a|a|alB|KR]"|A
BIFED | (3| /]?|0|=]° gl+iv(vV]?]. 1N
* 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
CHR$ 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 fithium battery). Batteries should be replaced whenever the
display remains dim, even after contrast adjustment. Batteries should also be replaced once
every two years regardless of how much the unit has been used.

= Battery Replacement : Screws

1) Switch the power of the unit OFF and remove the o €
rear panel 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 Button
screw B. .
3) Remove the old batteries by turning the unit so that 0
the battery compartment faces downward and tap- =
ping gently. ' [}
4) Wipe the surfaces of new batteries with a dry cloth g+

and load them into the battery compartment ensur- ' Screw B Screw A
ing that the positive pole (+) is facing upwards.

5) Replace the battery hoider screw while pressing F% 0
down on the batteries.

6) Replace the rear panel of the unit and two screws LA~
Vo P @’ N

to hold it in place.

=

* Simultaneously 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

to high heat can cause them to explode.

* P Button
Hardware reset button fo halt misoperation caused by static electricity. Be sure to switch

power OFF and ON when the P buiton is pressed.

* Keep batteries out of the reach of small children. Consult a physician immediately
if 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 G 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

. i 1. I I —|

QrisanacnisnnnnnERannIngg
RNRLIARRNRRNNRANTNILINEN

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.




FUNDAMENTAL OPERATION

This section covers the various modes available with the computer 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:
2.5435-2=

OPERATION:

295352k

2.5+3.5-2
4

Though the 4 key is used instead of the [=] key, operation is identical to that used in a stan-
dard calculator.

The CAL mode can be entered from another mode by pressing . 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 of BASIC programs. The
BASIC mode can be entered from another mode by pressing fwd (3] .

EXAMPLE:

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

(uend] 1

TEf=

10 (2] (=) 5

20 (B] (=) 6 &
IEEDNGTREEE
40 (B) (N () B¢

PROGRAM EXECUTION

® @ M6 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 to store often used formulas in memory for
calculation when values are assigned to variables. This function is applied in the CAL mode
using the (W], , and fxg 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

@@@E@@@@@@@@1E}@®@@@@@

Required to store formula in memory
Ensure that input of the formula is correct by pressing the [ key.

OPERATION:

SELL=PUACHASE/({T-FPROFTT)
|SELLCRURGHASEY, (1-PROFIT)




Now calcutate the selling prices of the following:

PURCHASE PRICE | PROFIT
: $1,000 30%
$960 250
PURCHASER_
g ’ AJ
1000 B3 FggEHASE?1GEG J
PROFIT70.
03k SELL= 7053 571428 J
i (PUHCHASE?_ J
F’UHGHASE?BB@
960 < OF I T?_ J
F'F|0F 1T?.265
125k SELL= 1288

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 g 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 @3 (@) 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

CEER
G M D 0 @ 69 (@) ] &9 347 (5 237 (=) 4811 g

CAPS DEG THERD) TH)

SMITH J. 347-237-4B11

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

0 . (_ J (CAL mode)
3 = rSMITH J. 847-837-4811 ) J(Seamhfofdata.tem
beginning with “'8™.)

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).




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 @ , @ , (@) , B3 and @3 keys.

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

2-6 SUMMARY

Function Table

Function name Key operation
CAL mode
BASIC mode 1]
Data bank ]
Formula storage - Tl @] + (W], fuy , fug
Built-in scientific library + Library No.




CALCULATION FUNCTION

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
Indicators {Mode display)

CAPS  CAL DEG

Cursor —+—

The display iliustrated above appears 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 calculations to become familiar with this mode.
EXAMPLE:

123+456=579

123 456 rl 28+458- J(Fcrmula input)
ET) 1 ggsa 58 J(Obtains result)

As can be seen here, the Bx key is pressed in place of (=) . The [(X] key is used for multiplica-
tion and {7] is used for division. ‘

The following 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.

N




16

34 (%] 5 (] 16 |.3435+1B_ |

Press [& six times to move cursor back to position of 4. This can also be accomplished by
) &5 =3

@@@@|84*5+16 |

3 33%X5+16 l (Replaces 4 with 3.)
38x5+16

e 181 ‘

EXAMPLE:

33x5+16=181

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

3msE 1663 2455116 |
34x5+18 {Move cursor to posi-

HEEE | 188 tion for correction.)
3 | 33%x5+16 |

186
EXE 33x5+16 (Reexecute calcu-

181 lation.)
EXAMPLE:

33x5+16=181

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

335@H 166 |93511°6 |

sm@ [ s s s
= [°3s7"'° e pace)
E3 I 3 g ; ?_ +16 (sliflniggmultiplication
Fid | 3 ? ;? +16 l {Obtain result again.)

As can be seen in the above example, the [ms) key is used to insert épaces at the current
cursor location for input of characters or symbols.
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EXAMPLE:
33x5+16=181

For the sake of example, the above calculation wilt be performed with the value 16 mistakenly
entered as 216.

3335 (%) 216

CEreT ]

33%x5+216 {Moves cursor back to
) 381 position of 2.)
) 255 3g25+16 I(Deletez.)
&) . |TBS ¥5+18 {Reexecute calcu-
181 lation.)

As can be seen in the above example, the & key is used to delete characters at the current
cursor location.

« The [ key can also be used to delete characters, but its operation is slightly different from
) &

G DEL Deletes the character at the current cursor location.
|ABCQEFGH |_.ABGEFGH 1
e
............. Deletes the character at the position to the left of the current cursor location.
ABCDEFGH _____ __[ABDEFGH
[* = |

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

EXAMPLE 1:
9478+6-35%x2=3.3
OPERATION:

9(%7.8)6([=3.53 2kd

ls;?éa/a-a.sxe - J

EXAMPLE 2:

56 x (—12)+(—2.5)=268.8
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OPERATION:

56 ¥ (2127 =22.5 4
EBX-12/-2.5
268.8 '

Negative values are entered by pressing the (=) key before entering the value.
EXAMPLE 3:

(4.5x10)x (—2.3x 1077%)= - 0.01035

OPERATION: -

4.5 E) 75X [=)2.3 (E] (=178 [
4 .GE75%x-2 .3E-78 J
-B.P1@35

“Exponents are entered by pressing the (E) key (or the alphabetic (E] key) before entering

the value.

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

EXAMPLE 4:

(23 + 456) x 567 = 271593

OPERATION:
23 4565 231458 | |
continuing with
(%) 567 b (475558 |

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

M'[:This process performed first

OPERATION:
5.6 (%) 8.9 B9 5iats° J
continuing with
81.2 0 & 2187 14.5. |
& |aé2§/ T4.5 l
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3-3 PRIORITY SEQUENCE

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

1.(,)
2. Functions
3. Power
4, Signs (+, =}
5. %, /,¥, MOD
6. +, —
7. Relational operators
8. NOT
9. AND
10. OR, XOR
EXAMPLE:
2+4%COS (14+16)"2=5
B
®
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.
c. Consecutive powers (5"4"3) is performed from left to right.

Calculation results are displayed in the following manner.

1. Integer less than 1x 10™: Integer
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. Pl, however,

is expressed in 11 digits (3.1415926536): rounded and displayed in 10 digits (3.141592654).
* Calculation 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 these specifications.

Specification of number of decimal places. ....... g &5 (F) (0~ 9) B
Specification of number of significant digits. ... .. A & (E) (0~9) B

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

Release of specification.................. e E W) B

* 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.
1
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EXAMPLE:

Specified number of decimal places: 2

OPERATION:

@ |§_Er3 @ 2 @ SET F2
10 [7) 3 B 2733
EXAMPLE:

Specified number of significant digits: 3
OPERATION:

%@3@ |SET E3
Tex34
12 (%] 34 (&9 4. @BE+Q2

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 expianatlon all of the exampies 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
of a given trigonometric function value. The ANGLE command should be used to specify
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 units
can be specified using elther the (g key or the ANGLE command.

ANGLE O..... DEG (degrees) — (b [4))
ANGLE 1..... RAD (radians) — (4 (5))
ANGLE 2. ... .GRAD (grads) — ([ (8])

The relationship among these three specifications is:

90 degrees =—’2rr~ 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 “P1"” (3.141592654).
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e

EXAMPLE 1:

sin 30°=0.5
OPERATION:
fr} & (N) g
] 4 _
(or B 03 (N ) 30 [xe
S5IN3Q
2.5
EXAMPLE 2:
co 131'_ =056
OPERATION:
] 5
for©(@ (&)
O 53006k
COS(FI/3)
9.5

&5 can also be entered as (F] (1 .

EXAMPLE 3:

2sin % +COS % =2.232050808

OPERATION:

o) 5

2@ OmSDINEEOBSDICEY

(=10 caL RAD

2xSIN(Pi/3)+C0OS{PI/3)
2.232050808

21
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EXAMPLE 4:

tan 60° =1.732050808

OPERATION:

(wed 4

(=) (or (D (A1 (M) ) 60 &g

CAPS caL BEG

TANGO
1.73P@50808
EXAMPLE 5:
sin~' 0.5=30°
OPERATION:
69 &5 0.5 6 ASND .5
EXAMPLE 6:
0.5
cos™! 5 =45°
OPERATION:
B &5 (027 0.5 (2 0] B9
ACS(270.5/2)
45
EXAMPLE 7:

tan V3 =60° = 1.047197551

OPERATION:
B &5 [0 3 e ATNSQR3

60
(3 5 ATNSQR3

60

CAPS  CAL RAD

i) &5 (3 3 & ATNSQR3
1.247187551




Hyperbolic and Inverse Hyperbolic Functions

sinh: hyperbolic sine sinh~%: hyperbalic arc sine
cosh: hyperbolic cosine  cosh™": hyperbolic arc cosine

tanh: hyperbolic tangent tanh~": hyperbolic arc tangent

EXAMPLE 1:
sinh 5 =74.20321058

OPERATION:

— HYPS INB
B () 5 22 74.20321068

J (The HYPSIN function is
used for sinh.)

EXAMPLE 2:
cosh™'1.5=0.9624236501

OPERATION:

=i 1.5 HYFACS
EaEmes15ed [HIPSRE

J (The HYPACS function
is used for cosh™'.)

Logarithmic Functions, Exponential Functions

logio: common logarithm e*. exponent
loge: natural logarithm

EXAMPLE 1:
loge 123 =4.812184355

OPERATION:

123 LN123
o B [4.812184355

(The LN function is used
for loge)

EXAMPLE 2:
logw 100=2

OPERATION:

(g} 100 [exg

ITDGHZHZJ
2

(The LOG function is

EXAMPLE 3:
e%=148.4131591

OPERATION:

used for logr)

£588  [EF

used for &%

J (The EXP function is

23
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Other Functions

SGN: Sign RAN#: Random number ABS:  Absolute value
INT: Integer value FIX: Integer part FRAC: Fraction
ROUND: Rounding

* SGN
For SGN (x), returns a 1 when x>0, a —1 when x<0, and a 0 when x=0.

OPERATION:

SGN6 &8 | SGNE
SGN-2 &3 |SGN-2 |

* RAN =

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

OPERATION:

B &5 [0 21 0] ke

RAN#(-1)
B.P4656393388

* The above is only a sample value.

+ ABS
Returns the absolute value of x for ABS (x).

|78.9+ — 5.6 =14.08928571

OPERATION:

ABS () 78.9 (/) (=)5.6 (1) k<

ABS(78.8/-5.6! J
14.08828571

¢ INT
For INT (x), returns the largest integer which does not exceed the value of x.

QOPERATION:

o D65 @@ N4

¢ FIX
Returns the integer part of x for FIX (x).

Integer part of 8000 96.

OPERATION:

FIX (0 8000 (7] 96 1] &
FIX(B@0GO/86}
83




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

Fractional part of 8000+96.

OPERATION:

FRAC (1) 8000 (7] 96 O] kx

* ROUND

The function ROUND (X, —Y) rounds the result of X at the Yth decimal piace (resulting in
Y —1 decimal places).
Round result of 8000/96 to three decimal places.

OPERATION:

ROUND ([ 8000 [7]) 96 2] (=4 0] [

"|ROUND{BGB® /96 .-4)
B3.333

Decimal < Sexagesimal conversions

DEG: Sexagesimal — Decimal
DMS$%: Decimal — Sexagesimal .

EXAMPLE 1:
12°34'56" =12.68222222°

OPERATION:

k=) 12 (3] 34 (5] 56 O] <

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

& 12,3456 (1) [

DMS$(12.3456) -
12°20°'44 .16
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Decimal < Hexadecimal conversions

&H: Hexadecimal — Decimal
HEX$: Decimal - Hexadecimal

EXAMPLE 1:
1006 = 16010)

OPERATION:

G 10 &= sl J

EXAMPLE 2:
100000 = 3E8ns)

OPERATION:

* Hexadecimal A, B, C, D, E, F ¢correspends 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:

FACT
362

) &5 10 8800

EXAMPLE 2:
i0P4 = 5040
OPERATION:

B &5 10 ) 4 0J g
NPH

(19.4)
a0

a
(]

EXAMPLE 3:
10C4 =210
OPERATION:

A &5 10 3] 4 D &9
NCA(19.4]
21@




REC < POL
Converts rectangular coordinates to polar coordinates, and vice versa.

EXAMPLE 1:
Convert polar coordinates (5, %) to rectangular coordinates (X, Y).
OPERATION:

& (Angle unit=RAD)

A0S G606
|HEG( .P1/B)

4.330127018

¥] Ex YE 5 . (Y coordinate)

(X coordinate)

wam

EXAMPLE 2:
Convert rectangular coordinates (1, 1} to polar coordinates (r, 6).
OPERATION:

) 25 1G] 1 00 Be

| {r coordinate)

D ed 1Yo, 7853981634 | @ coordinate)




Scientific Function Table

Sign
Integer

Fraction

L

SGN (numeric expression)

INT (numeric expression)

FRAG {numeric expression) |

Function Name | Formula " Format Details
Trigonometric | sin SIN (numeric expression) | = 1440° <numeric expression < 1440°
{8wrad, 1600grad)
cos COS (numeric expression) | —1440° <numeric expression < 1440°
(8xrad, 1600grad)
tan TAN (numeric expression) | —1440° <numeric expression < 1440°
(8=rad, 1600grad)
* Except when numeric expression is (2n-1)
x 90° {x/2rad, 100grad)
* n: integer
Inverse sin™’ ASN (numeric expression) | [numeric expressioni=1,
Trigonometric —90° =ASN (numeric expression) =80°
cos™ ACS (numeric expression) | |numeric expression| =1,
0° <= ACS (numeric expression)= 180°
tan™ ATN (numeric expression) | inumeric expression| <10™,
—90° = ATN {numeric expression)=90°
Hyperbolic sinh HYPSIN {numeric expression| =230.2585092
(numeric expression)
cosh HYPCOS | numeric expression| =230.2585092
{numetic expression)
tanh HYPTAN Inumeric expression) =10,
(numeric expression) | —{<HYPTAN (numeric expression)x 1
Inverse sinh™" | HYPASN | numeric expression! <5x 10%
Hyperbolic {numeric expression)
cosh™' | HYPACS 1 = numeric expression<5 x 10%
{numeric expression)
tanh™' | HYPATN [numeric expression| <1
(numeric expression}
Exponential e' EXP (numeric expression) | —227 =numeric expression
=230.2585092
Natural logex LN (numeric expression) numeric expression>0
iogarithm .
Commaon loghox LOG (numeric expression) | numeric expression>0
logarithm
Square root VX SQR (numeric expression) | numeric expression=0
Cube root W CUR {numeric expression) | numeric expression=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 fungtion: Returns maximum
integer value that does not exceed
numeric expression value.

Returns fractional part of numeric
expression.

28
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Function Name | Formula Format Details

Rounding ROUND (x, y) | Rounds x at position specified by v,

X, ¥ : numeric expression
Fix FIX {(numeric expression) Returns integer part of x.
Degree Sexagesimal| DEG (d [.m[,s}]} Converts sexagesimal to decimal.
-+Decimal | d, m, s : numeric expression
Pl T P 3.141592654
Random RAN# (numeric expression) | Returns a random number with 10
number decimal places. 0<RAN# <1
Factorial x| FACT (numeric expression)| integer : 0 =numeric expression =69
Permutation nPr NPR (n, 1) integer : 0=r=n=10"
Combination nCr NCR (n, 1) integer : 0=r=n=10"
Coordinate POL (x, v} Caonverts rectangular coordinates speci-
conversions fied by Ix! + lyl >0 to polar coordinates.
REC {r, ) 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

Algebraic calculations can also be performed using variables. The following list of calcula-
tions, for example, becomes much easier to perform if a variable is a33|gned for the com-
mon term.

2x3.1415+5=
3x3.1415+6=
4x31415+7=
5x3.1415+8=

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

XE 31456 X=8.1415 |

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

2@X@5ka |28 |

3FEX® 69 3?;?3245 1

™%
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Variables
The following 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

- 65~ 90) or lower case alphabetic character (a~z, 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 alphabetic 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 computer 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 (k)
Division (1)
Power (N)
Integer 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 (5-28= 2 %) (The fractional parts crossed out with
“x" are runcated before the calculation

TZXMOD2K=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 —16-7=-2 .. —1
—15MOD7 = -1 ey RN

-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 different logical operators available with the unit.

NOT Makes an expression not true.

AND  Expression is true if both parts are true, otherwise expressicn 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 Logical preduct
X NOT X X Y X AND Y
0 1 0 0 0]
1 0 0 1 0
1 0 0
1 1 1
Legical sum Excluxive OR
X Y XORY X Y XXORY
0 0 0 0 0 0
o 1 1 0 L 1
1 0 1 1 0 1
1 1 1 1] 1 0
EXAMPLE:

Determine the logical sum for 10 and 3,

WOma3ed |'99R3

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
ta 255 characters.

EXAMPLE:

HA!!+::BU - “AB!!

- 31
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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 or equalto  =>, > =

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 different 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”

B1EUme [PV |

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

- -1
Exd | o l
The character code of “DEF” is greater than that of “ABCD”, so 0 (FALSE) is returned.
_
& r 2 l

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 difference 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 function.:

(N key.......... Stores presently displayed formula.
key.......... Displays formula stored in memaory.
g key.......... Assigns values to variables in formula, and displays formula calculation resuilt.

Sample Application
EXAMPLE:

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

X 8° 15° 22° 27° 31°

Y

OPERATION:

First specify the angle unit and number of decimal places.

0 () 4 (Angle unit: “DEG"’)
S E)3Ed (Obtain in three decimal places by rounding off the 4th decimal place.)

Next, input a formula, and press the (W] key to store it.

M =343 F = X MW

Press the @ key to confirm that the formula has been stored.

s —

Y=3. XCOSX -
) I 43 §X

Then, start calculating by pressing the g key.




"7~ |
8 g T | :
" ‘;;_3.397 |
15 [ W?g.ma l
g 1;; 3.813 ‘
22 g WZEEJB 1
= '}'; 3.180 1
27 (g |¢ZE§_953 |
& |;; 3.0586 I
31 g |¢zaa12.94@ |
|i= 2.540 |

The g key can he used in place of the & key to perform repeat calculations.
* The k= key can be used to 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%kY Q=X/Y
4.27 ' 1.17
8.17 6.48
6.07 9.47
2.71 4.36
1.98 3.62




e.

/n

I

OPERATION:

ELF)SEY o, e ——— ... Specification of number of decimal places
FPENENOQEK on) ...... Storing the formula

it ' X?_ | (Calculation starts)
4 ) 27 b2 Xr4.27 | (X valug)
1017 & 1827 3 2as ] o valuey

52 4358 — ]

& Q-"3.550 |

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

X Y P=XxY Q=X/Y
4.27 1.17 4.998 3.650
8.17 6.48 52.942 1.261
6.07 9.47 57.483 0.641
2.7 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 affixed following variable names by enclosing the remarks within square brack-
ets [ 1. Any character except for commas can be used within the remarks brackets.

EXAMPLE:

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

Radius r (m) | Height h (m) | Volume of a cylinder (Vo=#r2h) (m®) [ Volume of a cone (V1="/a Vo) (m%)

1.205 2.227
2.174 3.451
3.357 7.463

35




OPERATION:

) & (6 2 69

MO NOEEELSEImSEESEEADDDE M S M@
MAFE2EAELNEEAINIEOM@MIOO0NE @S M3 FS
EENDODNODEREI®

| {Calucuaition starts.}

. J (Radius)

J (Height)

|RADIUS[M]?_

1mase  [RRTeRILMg oo

227 [BYLTNBERLSi= 1o 1

o (TR e J
= B

2mresm  |BECANSIELT

J {Radius)

If the values of radius (r) and height {h) are input in this manner, 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 cylinder (Vo=ar?h) (m?®) | Volume of a cone (V1="/3 Ve) (m?)
1.205 2.227 10.16 3.39
2.174 3.451 51.24 17.08
3.357 7.463 264,22 88.07
IMPORTANT

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

rently stored formula.

N

the auto power OFF function,

. Strings and arrays are simply displayed as stored when recalled.

g W

ables (see page 30).

. Calculations are terminated under the following conditions:
s Pressing the = key.
* When an error is generated.

~J

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

. The f=g key can only be used to execute numeric expressions stored using the (] key.
. An error is generated when an entry stored by the (n] key is not a numeric expression.

_ The same limitations that apply to BASIC variables apply to formula storage function vari-
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DATA BANK FUNCTION

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

Acceieration of free fall g 9.80665 ms™* FREE FALL
Speed of light {in space) c 2.99792458 x 10° ms™' SPEED LIGHT

or Planck’s constant h 6.626176 x 107 Js PLANCK’S

ad Gravitational constant G 6.672x 107" Nnvkg=? | GRAVITATION
Elementary charge e 1.6021892x 107" C ELEMENTARY
Electron mass me | 9.109534x 107% kg ELECTRON

‘a Atomic mass u 1.8605655 x 10~% kg ATOMIC

} ) Avogadro constant Na | 6.022045 x 10% mol ™' AVOGADRO
Boltzmann's constant k 1.380662 x 107 JK! BOLTZMANN'S
St oo of ideal Vm | 2.241383x10° | m'mol”' | IDEAL GAS

The DATA BANK function built into this unit gives it the capability to totally replace a standard
|

5-1 DATA INPUT

The MEMO mode must be entered using the operation g (9] to allow input of data into the
DATA BANK. At this time, the display should appear as illustrated below:

Mode symbol

r

DEG

Record number

¥
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:

OPERATION:

(G) [2] — Lower case for input of g

9 (<) 80665(5] — Numeric value input
ME=2 — Lower case for input of ms~2

FREEBEFEALDLOE -+ Uppercase 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 e key which writes the data into memory.
This operation also causes the cursor to disappear from the display. Either press (e again
to display the cursor af 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:

B (€] 5] - Lower case for input of C
2.99792458 (] 8 1] — Numeric value input (exponent entered using [E] )
3 = - Lower case for input of ms™'

e B PEEDFELODODGMETES — 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, while a clear dis-
play at the CAPS position indicates lower case.

Repeat the procedures outlined above untit 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 [md key to display records 1 and 2. Note here that only record 1 is displayed if its
length exceeds 32 characters.

|S'8.80885.ms—2 FREE FALL
c.2.99792458E8. ms—1 SPEED L IGHT

Pressing (§] or g at this time displays records 2 and 3. Pressing (] or ) e at any time
displays the preceding record.

@ IG.E.99792458E8-m5—1 SPEED LIGHT
h.B6.62B17BE-34.Js PLANCK'S

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

OPERATION RESULT

(exe Scrolls one record down.
[Exg Scrolls one record up.
(%! Scrolls one line up.
Scrolls one line down.




5-3 DATA EDITING

Editing of stored data is performed in the MEMOQ IN mode ( = (8] ). Of course, data may
also be changed during the input procedure (before [ is pressed) by moving the cursor

to the desired location using the cursor keys (&) and (2] keys) and then entering the correct
data.

The following procedure is used fo edit data which has already been stored.

. Press [ (@] {cursor not displayed)

. Press . '

. Locate record to be changed in the first line of the dipslay.

. Press [&) or (=] to display cursor ( appears on display to indicate EDIT mode).
. Move cursor to desired location and enter correct data.

. Press [xg ( disappears from display).

(o6 =N P I LY B

The following example assumes that an error is discovered in RECORD 5 (efementary charge)
during display in the CAL mode.

CAPS CAL DEG [HERT 5
e.1.68.21882E-19,C ELEMENTARY
me.9.108534E-31.ke ELECTRON

Press (9] to enter the MEMO IN mode.
CAPS- - DEG MEWG) [H - =

) O e.1.8.21882E-19,.C ELEMENTARY
me.9.109534E-31.kg ELECTRON

Here, the cursor can be displayed by pressing (& or (=) . At this time, the symbol
also appears to indicaie the EDIT mode.

CAPS DEG D [ 5

= e.1.6.21892E-19.C ELEMENTARY
)

Cursor —

Move the cursor to the desired location and enter the correct data. Finally, press [« to com-
plete the procedure ( disappears from display).

CAPS DEG [WEWD) [ [ECT 5

BEEEE0 | ¢,1.8021892E-18.C ELEMENTARY . |

cAPS CEG (RER] T
g | e.1.6021892E-19.C ELEMENTARY
me.9.109534E-31.kg ELECTRON

35



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 =3 (@). Unit standing by for input of next successive record following previously stored
records.

2. Enter data fo append new record.

3. Press [« to complete procedure.

5-4-2 Data Insert

1. Press k= [9] .
2. Press =g key.
3. Use [B or b B to display existing record to follow newly inserted record.

4. Enter data.
5. Press (&g fo complete procedure.

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 '\t‘gl‘:j%gc Unit Remarks
Absolute temperature
of water at 0°C TO 273.16 K ABS TEMP

Enter the abové data after displaying RECORD 8 on the first line of the display.
OPERATION:
Mo (273 () 15 ) K &9 [A) (8] (8] &9 (T (E) ) (P)
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 velume of ideal gas at s.t.p

* To insert new data into RECORD 1, press = g after displaying RECORD 1, and then
enter data for record 1. At this time, all following records are shiftgd downwards.

FI re.'n

. |

Y1 M~ A% Ry
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5-5 DATA DELETE AND ALL CLEAR
5-5-1 Data Delete

The following procedure is used to delete specific records from previously stored data.

. Press [q [9] .

. Press (&g key.

. Press [xg and recall record number to be deleted.

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

. Press & B3 to delete currently displayed record. All following records are shifted
upwards.

AW =

5-5-2 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.

1. Press to enter the BASIC mode.
2. Enter (M) [E) W) F= & [xg 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 (mg key while in the CAL mode or MEMO IN mode displays record 1. Now, each
press of the (e key shifts the cursor to the data to the right of the next comma following
the current cursor position.

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

CAPS  CAL DEG BERD) [

g.8.80665.ms-2 FREE FALL
c.2.99792458E8 . ms-1 SPEED LIGHT

\ AT

CAPS CAL ' DEG w

B@EB5.ms-2 FREE FALL .
99782458EB . ms-1 SPEED LIGHT

=

CAPE  CAL DEG m H

g.9.80865.ms-2 FREE FALL
C.2.99792458BEB.ms-1 SPEED LIGHT

E.
c

8.
2.

-4
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5-6-1 Conditional Search

Conditional search makes it possible to designate a specific letter, value, or word (up to eight
characters long) in order to quickly locate a desired record within a large file. Entering < object
data> displays the first data item in which the <object data> appears immediately
following a comma. Each subsequent press of (=g displays the following data itemn which
contains the <object data> following a comma.

In the following example, enter (N} (&9 to locate the Avogadro constant.

CAPS CAL DEG LI =1

G.6.872E-11.Nm8keg-2 GRAVITATION
e.1.B802189RE-19.C ELEMENTARY

The first record to appear is record 4 (gravitational constant) because it contains the letter
N following a comma. Press (&9 again to display the next data item which satisfies the stated
condition.

caPs CAL DEG [RiEnO] ]

Na.B6.022045E23.mol-1 AVOBADRO
k.1.380862E-23.JK-1 BOLTZMANN'S

Here, the desired data item is located. Of course, the (e key can be pressed as many times
as desired until the <object data> are located. 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 aiso be accessed from a BASIC program using the
foliowing program commands.

READ # |ﬁ

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 name f{, 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
to numeric variables, and string data to string variabies. 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.
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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 to 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: BESTORE# ‘‘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 is 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 fo the specified line number or program area number
for the next READ # or WRITE # operation when the specified object string does not exist.

WRITE #

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
from the current READ #/WRITE # position. In the case that data A, B, C exist in 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 changed to A, Y, Z. 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.

43




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.

EXAMPLE:
The formula storage function can be used in combination with DATA BANK to store, recall
and execute formulas whenever they are needed.

1 V=4 %P1 *R"™3,3

2 S=PI*R"™2 l

3 Y=3%kX"2+4

4 Z=SINX+COSY

5 A=Z%1.13+X*1. 24
-

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

g:glel‘§2"8/3 J(Displays 1st formula.)
E) T? : g ,L ; a é E 4 (Displays 2nd formula.)
Exg gxXcetaoy (Displays 3rd formula.)
() =5 INX+CO8Y J(Slores 3rd formula in
=7%1.13+Xx1.24 memory.)
P (Executes formula

stored in memory.}

IMPORTANT
Note that DATA BANK record lines are limited to 255 characters. Care should be exercised

when making changes using the WRITE # command not to exceed this limit. Doing so resulis
in an error.

g
| 2N
i
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BASIC PROGRAMMING

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 to 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 calculations are made possible by display of numeric values with
10-digit mantissas and 2-digit exponents (1 3-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 Pl ROUND RAN# DEG

@ Powerful string handling functions
CHR$ STR$ MID$ LEFT$ RIGHTS HEX$ DMS$ ASC VAL LEN
(@ 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 (PG ~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
f-\ 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. Powerful 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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Virtual Screen 4DDDDD_ Actual Screen
(8 lines) EEEEEE (2 |iﬂES)

'6FFFFF
' 7TGGGGG
i SHHHHHH

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
6-2-1 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=PI*R" 2*%H (Pl indicates =)
50 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 line number and a statement.

20 R=15
o o7

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 smallest line number to the highest. Lines can be numbered
using any value from 1 through 65535.

20 R=15 10 - REM CYLINDER
40 V=PI%kR" 2xH 20 R=15
60 END - 30 INPUT "H=""; H
10 REM CYLINDER 40 V=PI*kR"2%H
30 INPUT “H=""; H 50 PRINT “V="";V
50 PRINT "V="";V 60 END

Input sequence Memory contents




Following the line number is a statement or statements which actually teli the computer which
operation to perform. The following returns to 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.. cccceeiiiiiiiiniii. Assigns the constant 15 (radius) to variable R.

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

40 V=PIkR"2%H............. Calculates volume (V) of cylinder.

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

60 END.......oeeeeeriieinreeennns Ends program.

As can be seen, a mere six lines of programming handles 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 line 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.

CAPS caL DEG

This is the CAL mode, so the operation (1] should first be performed to allow input of
BASIC programs. The display shouid now appear as illustrated below.

CAPS BASIC DEG

PB1 234567828 35368
Ready PO

(214568 in the case of FX-880P)

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

0~9 :  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

CAPS BASIC DEG

P D1 2x456 7889 35218
Ready PO
(214418 in the case of FX-880F)
35368 - : Capacity {(number of bytes) remaining in area for writing programs and data
(FX-850P) (free area). The value will be 3536B (FX-850P), and 214568 (FX-880P} when
21456B there are no programs or data stored in memory, with this value decreasing
{(FX-880P) as storage space is used.
Ready P@ : Current program area=area 0. The current program area can be switched

by pressing ) followed by the desired program area.

EXAMPLE:

Switching to program area 5

) P 123456788 35368
Ready PS5

(214568 in the case of FX-880P)

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:
P 123456788 35368
NEW ALL Ready PO

(214568 in the case of FX-880F)
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).

DeEEEM®ECDLDEDE R E]
BEREOHEE
ERIENEDDESHEESGE M E
AEOVEEODNRONEDE®EEES
BeEEODNDNSTEE SEME
BEOEMNDEeEd

Note that the Bxg key is pressed at the end of each line. A program line is not entered into
memory unless the g key is pressed.
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ONE-KEY INPUT
The one-key BASIC commands help to make program input even easier.

EXAMPLE:
Line 30 input.

@)@ ' SH E) B SE [ E

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 to be made.

(1) Changes in a line before [pg is pressed

(2)Changes in a line after kg is pressed

(3 Changes within a program already input

@ Changes within a program following the EDIT command

1. Changes in a line before Ex is pressed

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

(£ FEyCve o |
@EEE Ié EED{IECYLlNDEH I(MovecursortoE)
R | ég quﬂa CYLINDER |(Input correct character)
(Exg] | 6@ R=15 I(Editing complete)

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

2. Changes in a line after g is pressed

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

IAD V=P1*R~2%H I

@ == =

F@ V=P1lxR~2x*H |(Movecursorto 1
] | 40 V=PIXR~2%H ' |(Input correct character)
[Exg) |Tm V=P ¥R 2 %H |(Editing complete)

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

i) Insert

40 V=PI*xR2%H mistakenly input for 40 V=PI*R"*2%H

EE NN
= _
(2] B

i) Delete

40 V=PI*RR" 2% H mistakenly input for 40

HEEEEE
) &5

B

‘4@

V=P | xR2xH_

‘4

V=P XxAZ%H

{Move cursor to location
of insertion)

|40

V=P I|*R_2%H

l (Open one space)

a8

V=PI *®*R~2XxH

I (Input correct character

V=PI%kR"2%xH

and press (g )

|4(Zl

V=P|*RR"2%H_

40

V=PI XRR~2xH

(Move cursor to charac-
ter to be deleted)

|4@

V=P | XRA2*H

| {Delete character)

|4I2)

V=P | xXRA"2%H

l (Editing complete)

The (es] key works rather similarly to the PEL operation. The difference between the two

operations is as follows.

o Gir) 25

.

Difference Between [n Z5 and

ABCDEFG—m &—~ABCEFG
tCursor

ABCDEFG-®—-ABDEFG

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

Deletes the character to the left of the current cursor location and shifts everything from
the cursor positicn right one space to the left.
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3. Changes within a program already input

The LIST command dlsplays the program stored in the current program area from beginning
to end.

10 REM CYLINDER
LIST fexg ’E@ R=15 ‘

|E‘nE} END — i

The last line of the program is displayed when the LIST operation is complete.

@@@@@@l REW_CYLINDER ‘

The 8-line virtual screen of the computer now makes it possible to use the cursor keys to
scroll to preceding lines not shown on the display (see page 7).

Ready PO
10 REM CYLINDER
20 R=15
(8-line virtual 30 INPUT "H=""; H
soreen) 40 V=PI*R"2%H I 2-line display
50 PRINT "V="";V [ @) keys move display
60 END '
Ready PO

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

EXAMPLE:
Displaying from line 110 to line 160 on the virtual screen.
LIST 110 — 160

LIST 110—160

110 A=1

120 FORI=1 TO 100
(8-line virtual 130 B=LOG (I)
screen) . 140 PRINT B

150 NEXT |

160 E=A*B

Ready PO

] 2-line display

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

* The =g key can be used to terminate the LIST operation. The %5 key suspends the opera-
tion, and listing can be resumed by pressing Exd.
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4. Changes within a program following the EDIT command
The EDIT command makes it easier to edit or review programs already stored in memory.

CAPS BASIC OEG CIeTae]
EDIT (&g 1@ REM CYLINDER
20 R=15

From this display, (@) (or x ) advances to the following line, while (&) (or k=) fxd ) returns to
the previous line.

132 BTN 2 o { (Displays lnes 30 anc
Here, a correction will be made in line 40,
Q) 40 V=P | +BR~2xH {Displays line 40 at

5@ PRINT"V="1V upper line of display)
40 V=PI+R~2xH (Enables program

editing)

SIEIENE) EIRT)

40 V=F| xR~ ~2xH C £i

(82 YETATRVEM (Gorrection)

Ready PD ( 6 key exits EDIT

mode)

6-4 BASIC PROGRAM EXECUTION

6-4-1 Program Execution

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

1. Using @A (program area) in CAL mode

EXAMPLE: El
Executes the program in program area 9.

2. Entering RUN command in BASIC mode

EXAMPLE: RUN [xd
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 ¢ E 2 g_ (Executes program)
10 H= =7 10 (Corresponding volume
B = 70688.58347]1 displayed when height

7068583471 is entered.)
PO

Vv
= Ree

= MM M "M
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Display of the volume when this program is executed causes the STOP symbol to appear
in the upper right of the display. This symbol indicates that program execution has been
suspended because of execution of the PRINT command. Program execution can be resumed
at this time by pressing the g key again. Ending a PRINT statement with a semicolon causes
execution to continue when the PRINT statement is executed, causing the display of the
next PRINT statement to appear immediately following the previous display.

EXAMPLE 1:
10 PRINT “BASIC "
20 PRINT “PROGRAM"
30 END

Execution of this program results in the following display.

RUN & RAS IC |
BAOGRAN |
[REoas Po . |
EXAMPLE 2: ’

10 PRINT "BASIC " ;
20 PRINT “"PROGRAM™"
30 END

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

) RUN

RUN [ BASIC PROGRAM ‘ |
BASIC PROGRAM

Ready PO |

6-4-2 Errors

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

(D Executions that produce errors
Simple programming errors
Program logic errors

@ lIrregular execution that do not produce errors
Mostly program logic errors '

1. Executions that produce errors

i) Simple programming errors ,

This is the most common type of program error and is generaily caused by mistakes in program
syntax. Such errors result in the following message being disptayed:

SN error P0O—10

This message indicates that a syntax error has been detected in line 10 of the program stored
in program area 0. The indicated program line should be checked and corrected to allow
proper execution.
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if) Program logic errors
This type of error is generally caused by such illegal operations as division by zero or LOG(0).
Such errors result in the following message being dlsplayed

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 related to
the indicated program line as well as indicated program line itself should be examined and
carrected. When an error message is displayed, the following two operations can be used
to display the line number in which the error was detected.

{L$T10C]
EDIT 10 B¢

{LIST . B
EDIT . [

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

2. Irregular execution that do not produce errors

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

Entering TRON &g causes the TR symbol 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 Ex is pressed. This allows confirmation
of each program line, making it possible to quickly identify problem lines. Executing TROFF
g 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 below are the most widely used.

The foliowing 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 5 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... s Clears current total assigned to S :

20 RESTORE..........c..oociieiiiniviinnnnann, Specifies read operation should begin with first data item
30 INPUT N e Input of number of data items to be read

40 IF N>5 THEN N=5...............ccccs Input of value greater than 5 should 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 Dataread This section repeated the number of times specified by
80 S=S+X Sum of data calculation | operator input in line 30

90 NEXT I
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100 GOSUB 140.....oooooeieeeeeenennn.. Branch to subroutine starting from line 140

110 PRINT S; Y ; Zoeeeic, Displays contents of variables S, Y, Z

120 GOTO 10...........cceeeees eeeerrriieaeen Jump to line 10

130 END....ooovrineecceen e, Program end

140 REM SQUARE ROOT/CUBE ROOT...Remarks

150 Y=SQAR S.....viieiriiriririeieeee, Square root calculation

160 Z=CUR S................ e Cube root calculation

170 RETURN.....ccoocvrir e, Return to the statement following the statement which
: called the subroutine

180 DATA 9, 7, 20, 28, 36................. Data read by READ statement in line 70

() REM

The REM command (line 140) is actually short for the word “‘remarks’’. The computer dis-
regards anything following a REM command, and so it is used for such purposes as labels
in order to make the program list itself easier o follow. Note that a single quotation mark
(& 25 ) can be used in place of the letters “REM"".

@ INPUT

The INPUT command (line 30) is used to allow input from the computer’s keyboard during
program execution. The data input are assigned to a variable immediately following the INPUT
command. In the above example, input numeric data are assigned to the variable N. Note
that a string variable must be used for string input.

EXAMPLE:
10 INPUT AS$ (string input)

@ PRINT

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

(@) END
The END command (line 130) brings execution of the program to an end, and can be included
anywhere within a program.

®IF~THEN~
The IF/THEN command (lines 40 and 50} is used for comparisons of certain conditions, bas-
ing the next operation upon whether the comparison turns out to be true or false. Line 40
checks whether or not value assigned to N is greater than 5, and assigns a value of 5 to
N when the original value is greater. When a value of 5 or less is originally assigned to N,
execution proceeds to the next line, with N retaining its original value. Line 50, checks whether
or not the value assigned to N is zero. In the case of zero, pregram execution jumps to line
130, while execution proceeds to the next line (line 60) when N is any other value besides zero.
* Line 50 can also be abbreviated as follows: ‘

30 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 met before the jump to line 130 is made.

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

(D FOR/NEXT

The FOR/NEXT combination (lines 60 and 90} forms a loop. Al 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.

READ/DATA/RESTORE

These statements {lines 70, 180, 20) are used when the amount of data to be handied is
too large to require keyboard input with every execution. In this case, data are included within
the program itself. The READ command assigns data to 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 to 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.

(8 GOSUB/RETURN

The GOSUB/RETURN commands (lines 100 and 170) are used for branching to and from
subroutines. Subroutines (lines 140 through 170} are actually mini programs within the main
program, and usually represent routines which are performed repeatedly at different 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 following 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.
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6-6 - OPERATORS

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

Operators —— Arithmetic operators  Signs +, -

Addtion +
Subtraction -
Multiplication *
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 to =<, <=
Greater than or equal to =>, >=

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

'‘— String operator +

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

e Eractions are truncated in ¥ and MOD calculations, when the operands on both sides of
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.

EXAMPLES:
—15%7=-2 P
—15MoD7=1  1oF7=2m

—-15¥7 -15MOD7

*» The length of an expression is limited to 255 characters.

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

Relational operations can be performed only when the operators are both strings or numeric
values. -

With strings, character codes are compared one-by-one from the beginning of the strings.
This is to say that the first position of string A is compared with the first position of string
B, the second position of string A with the second position of string B, etc. The result of the
comparison is based upon the character codes of the first difference between the strings
detected, regardless of the length of the strings being compared.
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EXAMPLES:
STRING A STRING B RESULT
ABC ABC A=B
ABC ABCDE A<B
ABC XYz A<B (character code for A less
than that for X)
XYZ ABCDE A>B (character code for X

greater than that for A)

A result of —1 is returned when the result of a relational operation is true (conditions met),
while 0 is returned when the result is false (conditions not met).

EXAMPLE:

10 PRINT 10>3.. s —1 returned because 103 is true

20 PRINT 7<1.. i 0 returned because 7<1 is false

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 NOT X XY X AND Y
1 0 0 0
0 0 1 0
110 0
1 1 1
Logical sum Excluxive OR
X Y XORY XY X XOR Y
0 0 0 0 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:
A$=""AD""+""1990""

The above example results in the string ""AD1990"* being assigned to variable A$.

o,
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5. Order of Operations

Arithmetic, relational and logical operations are performed in the following order of
precedence: .

1.(,)

2. Scientific function

3. Power

4. Sign (+, —}

5.%,/,¥, MOD

6. Addition and subtraction
7. Relational operators

8. NOT

9. AND

10. OR, XOR

Operations are performed from left to right when the order of precedence is identical.

6-7 CONSTANTS AND VARIABLES

6-7-1 Constants

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

PROGRAM CONSTANTS
20 R=15 15

30 INPUT “H="":H “H=""
40 V=PI*R"2%H 2

50 PRINT “V="";V V=

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

Numeric Constants

* Numeric Notation
(1) Decimal notation
@ Hexadecimal notation

* Numeric Value Precision
(M Internal numeric operations
12-digit mantissa, 2-digit exponent (Pl =11 digits: 3.14159265386; 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

Display 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=PI*R"2%H v

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 differs from an equa! 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 illustrated
below:

15

T

Pl %R~ 2%kH

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" .. e Assigns ""AD’* to string variable A$.

20 INPUT “YEAR=""; B$............ Assigns keyboard input to variable BS.
30 C$E=A3+BS....cociiirirriien, Assigns combination of A$ and B$ to C$.
40 PRINT C8..co e Displays contents of C$.

50 END _

In the above example program, entering & year such as 1990 in line 20 results 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 A$.
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Array Variables _

Both numeric variables and string variables can store only one data item per variable. Be-
cause of this, large amounts of data are better handled using array variables {(usually referred
to as simply “‘arrays'’). Before an array variable can be used within a program, a DIM state-
ment must appear at the beginning of the program to ‘‘declare’ to the computer that an
array variable is to be employed. '

EXAMPLE:
Declare array variable A for storage of 21 data items.

10 DIM A (20)

*The above format is used to declare “ARRAY VARIABLE NAME (NUMBER OF
ELEMENTS)".
* A declared value of 20 makes it possible to store 21 data items (see page 63 for details).

EXAMPLE:
Find the sum (X) and the sum of the squares (Y) for the following 10 data items:

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

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

10 A1=10:A2=12: A3=9; Ad4=11: A5=13
20 A6=14:A7=11:A8=12:A9=9;A10=10
30 X=A1+A2+A3+A4+A5+A6+A7+AB+A9+A10......Calculates sum
40 Y=A1"2+A2"2+A3" 24+ A4"2+A5"2+AB™ 2+

A7"2+ABM 24+ A9 2+ AT0M 2. i, Calculates sum of squares

} Assigns values to each variable

The program becomes much simpler when an array is used.

10 DIM A (10)....Declares array

20 A(1) =10:A (@) =12: A(3) =8:A@)=11:A(H)=13
30 A@®) =14:A((7) =11:A(B)=12: A(9=9: A (10)=10
40 X=0:Y=0

50 FOR I=1TO 10

B0 X=X+A(l):Y=Y+A (1) 2 Calculates sum and sum of squares
70 NEXT I

} Assigns values to array

At first glance, the array may appear to be rather troublesome to use, but it actually makes
programming simpler when large volumes of data are being assigned.
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EXAMPLE: ' - E
100 data items /

Numeric variables
10 A1=61:A2=38: A3=90: A4= 3? Ab =99

20 A6=12: A7=17 : AB=94: A9=39: A10=75
30 Al1=24:A12=84:A13=46": A14—~18 A15=55

160 A76=40: A77-69 :A78=51: A19=91; A20 30 Assigns values to variables
170 A81=91: A82=46: A83=23 : AB4=37 . AB5=84
180 A86=65: A87=23: AB8=08: A89=51: A90=30
190 A91=57 : A92=78: A93=16: AB4=39 : AS5=46 I
200 A96=59 : A97=24 : A98=32 : A99=T74 : A100=47 i
210 X=A1+A24+A3+............ +A49+A50 |
220 X=X+A51+A52+.......... +A99 + A100 f
230 Y=A1"24+A2"2+........ +A39" 24+ A40" 2 ]
240 Y=Y+A41"24+A427 2+ .......... +A79" 2+ AB0"™ 2 Calculates sum of squares :
250 Y=Y+AB1"2+A82"2+.......... +AB9" 2+ A100" 2 J

— g R e

Calculates sum \

10 DIM A (100) }  Declares array |
20 FORI=1TO 100 : READ A (1) : NEXT | ) Assigns values.to array |
30 X=0:Y=0 |
40 FOR1=1TO 100

50 X=X+A(1):Y=Y+A ()" 2
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 486, 65, 51, 91, 30

T T™=2a.11,88,78 - [ Data
220 DATA 47w
230 DATA 91, 46, 28, 31, 64
240 DATA 65, 23, 98, 51, 30
250 DATA 57, 78, 16, 39, 46
260 DATA 59, 24, 32, 74, 47

} Calculates sum and 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.
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EXAMPLE:
Array A (10)

AC0}A(1)[A(2)A(3)]A(4)[A(B) A(G.) A(T)IA(8) [A(9)]| ACID)

As illustrated above, the array A(10) actually contains a total of eleven boxes, numbered from
A(0) through A(10), with each box being capable of holding a different value. The actual term
used to refer to a box is “elemnent”. Recalling a stored value is performed by simply specify-
ing the corresponding element number.

EXAMPLE:
Recall value stored in element 4 of array A

Y =(4)
or
X=4:Y=A (X

The value which specifies an element in an array (4 above) is called a subscript.

Until now, the only arrays covered have been those formed by a single line of elements or
“boxes’’. These are known as “‘one-dimensicnal’’ arrays. Arrays may also contain more than
one dimension with elements connected vertically and horizontally into two-dimensionatl and
three-dimensional arrays.

EXAMPLE:
DIM A (2, 3)
A(2;1) A(2,2) A 2,8)
A(2,0)] A1,1) A(1,2) A(1,3)
Al 0)
A0,0) A{D, 1) A{D,2) A(0,3)

The declaration in this example sets Llp an array of three lines and four columns, making
it capable of storing 12 different values.

Numeric arrays and string arrays

As with simple variables, arrays can also be declared to hold strings by using the $”’ sym-
bol following the array variable name. Again remember, numeric values cannot be assigned
to string arrays and strings cannot be assigned to 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) déclared for points

10 DIM N8 (58), P (B)eocvveveiiiiiicnn, Declaration of arrays to store names and points
20 FORI=1TOS5
30 READ A%, X

40 NS (1)=A% e Stores names to string array
50 P (1)=X e, Stores points to numeric array
60 NEXTI

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}) A$, STRINGS
3. Array variables 1 Numeric array A(10), XX (3, 3, 3)
String array A$ (10), ARRAYS (2, 2)

Variable Names
* Variabel names can consist of upper, lower case or 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 variable
name {i.e. RUNON, LIST1$ are illegal).
¢ 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.




Counting Bytes .Used by Variables

The following outlines the number of bytes reserved when a variable appears the first time
within a program.

* Numeric Variables

{variable name length + 12) bytes in variable area

+» String Variables

(variable name iength + 4) bytes in variable area and (string length + 1) bytes in string area
Areas are reserved for array variables when the array is declared by the DIM statement.
* Numeric Array Variables

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

EXAMPLE:

DIM XYZ (3, 3, 5, 2)

Name 3

Size T 4x4x6x3=288

Dimension : 4
Calculation ; (3+4) + (288 x8) + 4x2 + 1=2320 bytes

» String Array Variables

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

EXAMPLE:
10 DIM AB$(3, 3)
20 AB3$ (0, 0)= ""skkkkk"

Name 1 2

Size : 4dx4=16

Dimension : 2

Calculations: (2+4) + 16 + (2x2) + 5 bytes

Calculating Program Length
The following shows points which must be considered when calculating memory require-
ments for programs.

Line numbers . 2 bytes per line number, regardless of number length (1 ~65535)
Commands . 2 bytes per command

Functions . 2 bytes per function

Numeric/alphabetic ‘

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

g key : 1 byte per [ key operation at end of program‘line (for storage of line)
1 byte added to sum of the above

EXAMPLE:

10 A=SIN X

2 (line number) + 1 (space following line number) + 1(A) + 1(=) + 2(SIN) + 1 (space)

I+ 1 (k) + 1 =11

Thls calculation indicates that a total of 11 bytes are required for storage of the above program.

" The 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 available 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 P2,

SAVE 5 SAVE {Saves program in pro-
gram area 0)
E ‘: \a/ E y PQ (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" [&g

SAVE"BASIC" J(Saves program under
' filename "BASIC)

SAVE"BASIC"

Ready POQ ](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 &g

VERI{FY"BASIC" (Verification of saved
program)

BAS!IC B (Finds specified pro-
gram and verifies)

BASIC B . {Verification complete)

Ready PO

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 level of the
cassette recorder being used and repeat the verification procedure. :

PO er
Ready

r 8]

or
PO




er

g

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

» Verify the program again, this time appending ‘““CAS1:” before the filename (VERIFY “CAS1
: BASIC” in the above example).

* Ensure that connections between the computer and cassette tape recorder are correct and
secure.

» Ensure that the volume level of the recorder is set to in the vicinity of its maximum.

» Check whether the cassette tape is damaged.

» Check whether the recorder heads are soiled.

Note also that an error will be generated if a program exists on the tape with the same name

as that currently present in computer memory, but the contents of the two programs are

difierent.

* The VERIFY command automatically determines whether the program being checked was
saved using the SAVE or SAVE ALL command.

6-8-3 Program Load

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

EXAMPLE:
Load the program “‘BASIC” from cassette tape into memory
LOAD [xg LOAD (Program load
command)
‘ BASIC B |(Program filename)

(Load complete)

|Heady P@

Note that executing the LOAD and LOAD ALL commands while programs are already stored
in memory deletes the current memory contenis,

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

LOAD | LOAD “filename’ | LOAD ALL LOAD ALL “filename’’
SAVE o x x X
SAVE “filename’’ o] o x X
SAVE ALL X x o] x
SAVE ALL “filename” X x o] o

NOTE: ‘
See PART 7 PERIPHERAL DEVICES for details on using the SAVE and LOAD commands.
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PERIPHERAL DEVICES

A variety of peripheral devices are available for connection to this unit to provide even more
computing power.

System Configuration

FX-850P/FX-880P

8KB RAM 32KB RAM
expansion pack 5 & expansion pack
{RP-8)

(RP-33)
Data recorder Interface unit Personal computer, etc.
TT1 (FAS) MD-100
>t - PB-1000
] (8B7)  (PK7) RS-232C interface [ | |
Printer interface
— | Y | i
E (SB-43) e o2
FX-B50P/FX-880P -
=l o
(FP-100) ' l L E
N =
- 4-color plotter-printer Char(aFcte‘tP;)arinter [}

‘(-

Graphic printer, elc.

MR

7-1 CASSETTE INTERFACE UNIT FA-6

7-1-1 Features

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

The RS-232C interface connector, printer interface, cassette interface and an AC adaptor
jack are located on the back of the FA-6. The battery compartment is located on the bottom
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.




ore

FA-6

—
ues
N
R
i:; Connector
N\
NN,
| -
RS&-232C
MT connector connector
Printer
AC adaptor jack connector

RS-232C/Cassette switch

Plower switch

[zé{o@

7-1-2 Connections

Ensure that the power of both the computer and the interface unit is switched OFF before
attempting connections. Once connected, power should be switched ON for the computer

first and then the interface unit.

7-1-3 Cassette Interface

The cassette interface is used for connection of a cassette recorder to make it possible to
store programs on cassette tapes and to later reload the programs into computer memory.
Connection to the cassette tape recorder is accomplished using the optional SB-7 connect-
ing cable. The red plug is inserted into the MIC or LINE IN jack (labeling differs according
to type of recorder used) of the recorder, while the white plug is inserted into the EAR or
LINE OUT jack of the recorder. The black plug is inserted into the REM jack of recorders

equipped with a remote function.

FA-6 cassette interface unit terminals

@ |1

—

DIN (8-pin) plug

&)

Data recorder terminals

EARREMMIC
©

LU L

Q
Cassette 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
LOAD 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 ""CAS0: AD1990"
* *"CASO0:"" may be omitted.

Single Program Load

LOAD “*file descriptor’’ & (file descriptor may be omitted)
If a file descriptor is not specified, the unit loads the first program found on the tape.

EXAMPLE:
LOAD ""CASO: AD1990"" fxg
* *CASD:"" may be omitted.

Loading/Saving All Programs
SAVE ALL “file descriptor’” Exg
LOAD ALL "*file deéscriptor’” fxg
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’ (file descriptor may be omitted)

Tape Recorder Operation

The recorder shouid 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

—
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7-1-4 . RS-232C Interface

RS-232C Switch

The RS-232C interface can be used for data communications after the RS-232C/Cassette

switch is set to RS-232C.

Specifications

Communication method

Transmission speed
Parity bit

- Character bit length

Stop bits

CTS signal contral
DSR signal control
CD signal control
Busy control

Input/output code system :

Pin Configuration

Start-stop (asynchronous) full-duplex mode only

150, 300, 600, 1200, 2400, 4800 baud

Odd, Even, None

7 or 8 bits

1 or 2 hits

Control/no control

Control/no control

Control/no control
XON/XOFF control/no control
SI/SO control/no control

Lirrrr?g;ar' Signal name Pin connection Vo
1 FG
2 TXD QUTPUT
3 RXD INPUT
4 ~ RTS OUTPUT
5 CTS INPUT
6 DSRH INPUT
7 GND
8 DCD INPUT
9 NC 1 13
10 NC
11 NC @........'.j
12 NC T EEEEY NN
13 NC
14 NC
15 NG 25 14
16 NC
17 NC
18 NC
19 NC
20 DTR QUTPUT
21 NC
22 NC
23 NC
24 NC
25 NC

" See PART 9 FILE HANDLING FUNDAMENTALS for details on using the RS-232C interface.
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7-1-5 Centronics Interface (Printer Interface) | 7

General - T
The Centronics interface is used to output data processing results or program lists to a printer. T
Any Centronics printer can be connected to the computer via the FA-6 interface unit. g'
Pin Configuration G
L‘ﬁm{g' Signal name Pin Connection 7
1 PSTB 4
2 PDBO C
3 PDB1 I ———— === 1 P
4 PDB2 P
5 PDB3 C
6 PDB4 T T T T I L ¥,
7 PDB5 b ]
8 PDB6 1T T T T T1T-T1 T
9 PDB7 f * «
10 NC
11 BUSY
12 NG 14 = e e —m = -3
13 NC
14 GND

BASIC Printer Commands

Command ‘ Function
LLIST Qutputs program contents to prinier
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 (k3 (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 @] [©0)(B](E}[7) within a program prints out al!
contents of subsequent print commands. The PRT ON mode can be canceled by or
MO D E)E) (PRT OFF).

* See the FA-6 manual for details on its proper operation. 7
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7-2 PLOTTER-PRINTER (FP-100)

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

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

Character mode : Program lists, calculation results

Graphics mode : Graphics produced by graphics commands

7-2-1 Specifications

4-color printing in black, red, blue, green
Character effects : Italics

Print resolution : 0.1mm/step
Paper width : Postcard size to letter size
Character-size : 1.0mm x 1.2mm (S0, 0) ~ 16.0mm x 19.2mm (815, 15); 256 types

7-2-2 Connections

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

ooo

L J oo co
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Dooo oo
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FX-850P/FX-880P FA-B

7-2-3 Data Printing .

Program lists are output to the printer using the BASIC LLIST command. Executlon of the
LLIST command prints out the currently accessed program.

The LPRINT command is used to print out data within a program, while execution of the
LLIST# command in the BASIC mode ( @ (1) ) prints data bank contents.

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

The FP-40 can be used to print out data or program lists of programs written on the computer. Tt
* Addition of an optional interface pack also makes it possible to use the FP-40 with PB-100 . R
series and PB-700 series computers. ' qL
(F

7-3-1 Specifications - (F
Print method : Thermal print system (non-impact) 7
Columns : 40 standard (normal mode) |

80 maximum (B0CHR 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/FX-880P FA-6

* See the FP-40 manual for details on its proper operation.
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7-4 RAM EXPANSION PACK (RP-8 (8KB)), (RP-33 (32KB))

This unit comes equipped with a standard RAM of 8K bytes (FX-850F), 32K bytes (FX-880P).
RAM expansion packs are also optionally available for larger programs and for handling larger
quantities of data. Addition of the RP-8 RAM pack expands memaory capacity to 16K bytes
(FX-850P), 40K bytes (FX-880P), while the RP-33 RAM pack expands memory to 40K bytes
(FX-850P), 84K bytes (FX-880P).

7-4-1 Expanded 'Memory Map

0000
SYSTEM AREA
0B80
STRING VARIABLE DATA
VARIABLE FREE AREA FX-850P: 1538 bytes with RP-8
(Capacity checked by FREQ) 8192 bytes with RP-33
FX-880P: 8192 bytes
NUMERIC VARIABLE DATA
VARIABLE TABLE
PO AREA
P1 AREA
User's :
area
P9 AREA
DATA BANK AREA FX-850P: 11728 bytes with RP-8
29648 bytes with RP-33
i FX-880P: 29648 bytes with RP-8
54224 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. Be sure to touch a
door knob or some other metal fixture to discharge static electricity before handling RAM
packs.

Screws
Procedure

[]
() Switch the power of the unit OFF. e
(2) Remove the back cover of the unit after remov- ‘

ing the two screws holding it in place.

L P button

Socket PCB pad

@ 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 O = ﬁ
in place using the two screws.

(5) Switch the power of the unit ON and press the
P button. Next, press the ALL RESET button and Q ~

switch the power of the unit OFF and then ON
again.

* Failure to press the P button and ALL RESET button after inserting or removing the RAM
pack can result in altered unit memory contents.

* Dirt, 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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| PB-100 SERIES COMPATIBILITY

l . .

‘ &

This unit is capable of loading data and programs written for the PB-100 series™ computers
and of executing PB-100 programs. Certain special commands are required, however, to
allow program compatibility.

‘ * The PB-series includes the following models:

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

i FX-790P

|
8-1 PB-100 SERIES PROGRAM INPUT/EDITING |

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

—~

= = unit.

‘ :' PB-100 SERIES

STAT, STATLIST, STATCLEAR
EOX, EOY

’ o | PUT, GET

FX-850P/FX-880P

Use library function or create a program.

Change using OPEN ‘‘CAS0:”
Example 1: PUT$—~OPEN “GCAS0:” FOR QUTPUT AS#1:
o PRINT #1, A$:CLOSE
: Example 2: GET$—0PEN “CASO0:" FOR INPUT AS#1:
INPUT #1, A$:CLOSE

= <=, =<
ving the RAM, | * ><, <>
1=z >=, =>
Itin poor con-’ | 1 N
T Pl

computer and;?

It is recommended that the following command conversions also be performed to ensure com-
patibility between PB-100 series programs and FX-850P/FX-880P programs.

PB-100 SERIES COMMANDS

FX-850P/FX-880P COMMANDS

VAC CLEAR

IFm;~ IF~THEN ~
CSR LOCATE or TAB
KEY, KEY$ INKEYS

RND ROUND

MID (location, number of characters)

MID$ (3, location, number of characters)

GOTO (numeric expression),
GOSUB (numeric expression)

ON~GOTO, ON~GOSUB

MODE 4/5/6

ANGLE 0A1/2

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 CHR$ function.
EXAMPLE:

Display = :
PRINT CHR$ (&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 10%A — 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 followed by a semicclon.

8-2 PB-100 SERIES PROGRAM EXECUTION

8-2-1 DEFM Mode

The PB-100 series uses variables A ~Z and A$ ~ Z$ as arrays. The DEFM mode can be used
when executing PB-100 series programs on this unit to use A~Z and A$~2Z$ in the same
manner as PB-100 series computer. (B] (Ej [F] (M) number of variables to be expanded [@
performs variable expansion as PB-100 series computers.

* PB-100 series programs which use DEFM arrays should always be executed in the DEFM

mode.

The




 can be The variables for this unit become as follows when DEFM mode arrays are used.

DIM mode variables

| A (0) ' - A
é A (1) B (0) - B
A (25) B (24) oz
A (26) B (25) - A (0)
A (27) B (26) ~ A (1)
aracter §
| A$ (0) - A%
| A$ (1) B$ (0) - B$
ntheses L
A$ (25) B$ (24) - 7$
AS$ (26) BS (25) -+ A$ (0)
| A$ (27) B% (26) - A% (1)
ip when g : :
i * A and A$ are independent of each other
|
!prompt The DEFM mode is canceled by declaring an array using the DIM statement or by DIM .
nicolon. EXAMPLE:
‘ DIM A (m, n, 0) x4 Declaring 3-dimensional array A {m, n, o)
‘ DIM [xg Only cancels DEFM mode.

At this time, variables A( ) and A$( ) are erased.

DIM mode  —~ DEFM mode This cannot be used within a FOR~ NEXT loop.

DEFM — DEFM n

" n : number of variables to be expanded

DEFM mode — DIM mode }

e used 8-2-2 Using DEFM Statement Arrays

x number of variables to be expanded

E’:Z"% When defining arrays using the DEFM statement, a variable area should be reserved for
the variables used. Failure to do so will result in an OM error (memory over error) when DEFM

is specified or when the program is executed. Should an OM error occur, the CLEAR state-

| DEFM | ment must be used to reserve a variable area before the next DEFM specification. The fol-

| lowing shows calculation of the required variable area size.

; $ variable : 62 + 3 (bytes)

| A~Z variables : (8 + 4) x number of variables (bytes)

A$~Z$ variables : (8 + 5) x number of variables (bytes)

Variable expansion 1 7 + 8 x number of variables to be expanded + 7 + 9

I
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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:
@) (E) [F) ™) B9 |A-—z:as DEFM:Q ‘
@@@@10@(‘“--2:25 DEFM:10 |

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 following results.

Operation DIM Mode DEFM Mode
y GLEAR
@glil@ ) Deletes variable contents Deletes variable contents
Deletes variable contents and Deletes variable contents, can-

cels DEFM mode and reserves
variable area

YMyariable area B8 | reserves variable area

Enters DEFM mode and internally] Displays number of arrays when
(6] (E) (F) M) = executes ERASE A, A$:DIM A{),| executed manually :
A%()

Cancels DEFM and executes
DIICES] Executes DIM ERASE A, A$

* 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 computer.

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

TEST 1 (memo file)
TEST 2 (data file)
TEST 3 (all files)
TEST 4 (program file)




y humber
specified

reserves

|
|
:atements.
|
|
|
|

rograms

- to allow

FECORDMS [@E S D4 S B

Cenvertinge. ..

Converting. ..
Ready P@

End

(TESTT  WF |

‘TESTE_ VF 1 Search

[TESTS  AF |

[TESTA PF | Load

TESTA PF 1 Code conversion
|

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.

FPEEEHEIDHS DEETSHE S B

l—T—EW VF J

GET $.4data
Converting. ..

Converting. ..
Ready P@

* 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

?H [‘“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-880F format.

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

PBLOAD {{
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PBLOAD ALL H ‘1’ } } [“filename’’]

1. This command loads all files under the specified filename into program areas PO through
P9.
Operation is identical to 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 in
the DATA BANK.

Operation is identical to PBLOAD.

PBGET { {‘1’” [“filename”’]

1. This command reads the data file contents under the specified filename and assign them
to $ variable, A( ) array, or A$( ) 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.

PBLOAD #

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,bcdefg hiljklmn,
o,p,qnstuvwxXxy
a$, b$, c§, d$, e$, 13, g8, hs, i3, j$, k$, I8, m$, n$,
08, p$

s STAT, EOX, EOY, PUT and GET commands are converted to the code ?7? 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 ?7?.

¢ Execution of a PB command while in the PRT mode (PRT symbol on display} automatically

cancels the PRT mode.

[
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FILE HANDLING FUNDAMENTALS

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 communicaticns circuit is to be employed. This is known as
specifying a “‘device name”. The following table shows the available device names:

DEVICE NAME MEANING
CASD: Cassette tape recorder (positive phase)
CAS1: Cassette tape recorder {reverse phase)
COMOQ: Comrmunications 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.

* Only one fite 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 to the device name and filename.

9-2 FILE DESCRIPTORS

9-2-1 Cassetie Tapes \
The following shows the file descriptor when a cassette tape is used for file storage.
. CASD : ®

filename
CAS1: (F

83
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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 CASC : (F) SAMPLE.

EXAMPLE 3:
Reading of a program under the filename AD1990

LOAD **AD1990""
This is the same as LOAD ""CASOQ : (F) AD1920"

The file descriptor commands which can be used as outlined above are:
OPEN, LOAD, SAVE, LOAD#, SAVE #, and VERIFY
* CASO : and CAS1 : specify 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 Binary file (program file)
A All file (program file saved using SAVE ALL command)
S Sequential file (data file, memo file, or program file saved in ASCI| format)

9-2-2 Communications Circuit
The file descriptor for communications circuit data interchange is as follows:
COMO : {[Speed], [Parity], [Data], [Stop], [CS], [DS], [CD], [Busy], [Code]]

(1) Speed (baud rate : data transfer speed)

6 : 4800 baud {4800 bits/sec)
: 2400 baud (2400 bits/sec)
1 1200 baud (1200 bits/sec)
600 baud (600 bits/sec)
300 baud (300 bits/sec)
150 baud (150 bits/sec)

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

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

(@ 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 signifying character end)
1 : 1 bit
2 : 2 bits

(® CS (Clear 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

® 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

(@ 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

(& Busy (Busy, (XON/OFF), function to temporarily suspend data send)

B : Used — A send suspend request is sent to the partner device when the remaining
number of characters tc 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

® 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 3) is
specified as seven bits. The SO code (OEH) is sent before codes 80H or higher in this
case to enter the SO mode. Codes 7FH or lower are sent preceded by the S| code
{OFH) to enter the SI mode.

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

N : Not used

Parameter Default Values

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

Data hits : 8 bits
Stop bit : 1 bit

Cs : 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
CcD : Notused »> N
Busy : Used > B F
Shift infout : Not used - N Th
.
10 OPEN "COMO: 2, E, 8,1, N, N, N, B, N" AS #1 o
20 PRINT #1, ""HELLO.” »
30 CLOSE : .
!
EXAMPLE 2: Ly
Receive character string from RS-232C as above. o]
/
10 OPEN "COMO:2 E, 8, 1, N, N, N, B, N" AS #1 .
20 INPUT #1, A% ' y
30 CLOSE : _ ]
.
* Communications are performed via the RS-232C terminal. of
* Data interchange is performed using a full-duplex (both sides can communicate simultane- Y
ously, as with a standardtelephone), start-stop system (typical computer communications L3¢
system, also known as asynchronous). o
E
M
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COMMAND REFERENCE

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.

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

* 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 A$ + B$)

* Expressions—General term for numeric and string expressions

* Arguments—Elements used by commands and functions

*P......... Can only be executed in a program.
o ......... Can only be executed manually.
*f........ Can be executed both manually and in a program. :
*(.........Function instruction that can be executed both manually and in a program.
Example: MID$ function -
MID$ ( string array , position [, number of characters ] )

String expression Numeric expression Numeri¢ 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.
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MANUAL COMMANDS

p
PASS UR
FOR
: EXA
PURPOSE: Specifies or cancels a password. EXP|
FORMAT: PASS ‘“‘password” 1. Di
String expression ” y;
EXAMPLE: PASS "TEXT"” - st
PARAMETERS: 1. Registering a single password makes it the password for all program 3. Al
areas (PO ~ P9) and for DATA BANK function. 4. T
2. The password must be a string of 1 ~ 8 characters. 5. Al
3, All characters after the first 8 are ignored when 9 or more characters = 6. §
are enfered. 7. Tl

EXPLANATION:

. 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:

WM -

18]

. PUF
Program write
MEMO IN mode specification
MEMO search FOF
LIST, LLIST, LIST ALL, LLIST ALL, LIST#, LLIST#, NEW, NEW ALL, NEW# EXZ
EDIT PAF

" SAVE, SAVE# to RS-232C
SAVE, SAVE # to cassette tape in ASCIl format A
6. Executing SAVE and SAVE ALL to cassette tape applies the password to the saved 1

program.

7. 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 passwaord differs from the pass- ¢

word of the loaded program.

a8
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the pass-
PR error.
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NEW [ALL] Y

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

1. Deletes the program in the currently specified proegram 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.

. All files that are currently opened are closed.

- This command cannot be executed for program files that are protected by a password.

- Attempting to use this command in the CAL mode results in an FC error.

. Specifying NEW ALL clears the programs in all program areas and all variables.

. This command cannot be included within a program.

~N O N W

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
RESET is executed depends upon total memory capacity.

MEMORY CAPACITY VARIABLE AREA SIZE
FX-850P Less than 32KB 1536 bytes
32KB and over 8192 bytes
FX-880P _ 8192 bytes

EXPLANATION:
1. Clears all variables.

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

System area

0B80

RAM area for stack }

Character variable data

}  Variable free area
t (capacity can be referenced using FREQ)

Numeric variable data

Variable table

User's

PO area

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 FX-880P

FRE 1 3536 21456

Standard FRE 2 1536 8192
User’s area 5072 29648

RP-8 RAM FRE 1 11728 29648
expansion pack FRE 2 1536 8192
User's area 13624 37840

RP.33 RAM FRE 1 29648 54224
expansion pack FRE 2 8192 8192
User’s area 37840 62416

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

90
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STACK AREA

/O BUFFER

CHARACTER OPERATION STACK—

U
STACK FREE AREA

768 T

bytes |
DATA STACK
FOR STACK o

GOSUB STACK

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

For character operations

For confirmation of operation and array
variable contents

For FOR loop execution
Capacity: 28 bytesfioop

For GOSUB branching
Capacity: 8 bytes/branch

FRE

PURPOSE:

FORMAT: FRE argument
Numeric expression

EXAMPLE: PRINT FRE 0

Returns memory area size in accordance with argument.

PARAMETERS: argument: Integer in the range of 0 = argument < 3

EXPLANATION:

1. parameter=0 : Returns unused memory in variable area in byte units
2. parameter=1 : Returns unused memory in program or in DATA BANK area in byte units
3. parameter=2 : Returns overall variable area in byte units

SEE: CLEAR
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LIST [ALL] Y

-

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: Integer in the range of 1 = 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 Exg {All lines from beginning of program)

b} LIST 30 @9 (Line 30)

¢) LIST 50 - 100 (Lines 50 through 100)

d) LIST 200 - {9 (From line 200 through end of program)

e} LIST - 80 Exg (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 specn-

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 e key.

9. Press the ¥ key to momentarily halt LIST command execution. To restart execution, press

the B 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
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EDIT

PURPOSE: Enters the BASIC edit mode.

FORMAT: [ start line number ]
EDIT - -
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:

ver < 65535 |
hen omitted) :
ver = 65535
hen omitted)

e numbers.

d (i.e. written,
|ting"LIST S

ve that speci-

r not exceed-

Scution, press
|

layed.
|

[o) & I

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 (2] 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.

. This command cannot be used when a password is registered.

. This command cannot be used in the CAL mode.

. This mode is canceled by pressing the k) 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 Z2 key to momentarily halt VARLIST command execution. To restart execution,
press the fxg key or one of the alphanumeric keys.

SAMPLE
EXECUTION: VARLIST Exg

A AB R ACS ()

This command displays all variable names and array names currently
stored in memory.
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RUN UE,

PURPOSE: Executes a program. PUR

FORMAT: RUN [ execution start line | EXA

Line number EXP!

EXAMPLE: RUN 1. S

RUN 100 2. Al

PARAMETERS: start line number: Integer in the range of 1 = line number = 65535 g‘l

EXPLANATION: 3. Tl

1. Execution starts from the beginning of the program when the line number is omitted. is
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. ) SEE

. This command closes all files that are open. _ SAN

. Variable and array values are not cleared. EXE

. This command cannot be used within a program.
. This command cannot be used in the CAL mode.

SAMPLE PROGRAM:

OO bW

RUN 100

Executes program from line number 100.
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TRON | ®

. 65535

Pmitted.
at speci-

i
|
|
|
|
i
|
|
i
|
|
|
i
i
|
1

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 [xl.

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 @9
RUN B
RUN
PG-10

P@ 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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FUNDAMENTAL  COMMANDS

®

END

PURPOSE: Terminates program execution.
EXAMPLE: END
EXPLANATION:

1. Terminates program execution, and the computer stands by for command input.

2. Closes ali 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 IF I>10 THEN END
30 PRINTI;

40 NEXT 1

Displays values of | in FOR~NEXT loop.
Program ends when | exceeds 10.




ion is
1 if an

STOP | ®

PURPOSE: Temporarily halts program execution.

EXAMPLE: STOP
EXPLANATION:

1. Temporarily halts program execution and STOP appears on the display. Execution can
be resumed by pressing [,

2. Pressing ks 329 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 also be performed in the CAL mode.

4. Open files, variable values and array values are retained as they are at the point when
execution is halted.

5. 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:

10 FORI=1TO 10

20 IF I=6 THEN STOP : PRINT
30 PRINTI;

40 NEXT |

Displays values of | in FOR ~ NEXT loop.
Execution is halted when | equals 6. Next, pressing Exg resumes execution.
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GOTO

PURPOSE: Branches unconditionally to a specified branch destination.

FORMAT: branch destination line number
Line number
GOTO

# program area number
Single character; 0~9

SAMPLE: GOTO 1000
_ GOTO #7
PARAMETERS: 1. branch destination line number: Integer in the range of 1 = line num-
ber = 65535

2. program area number: Single character, 0~9

EXPLANATION:

1. Specifying a line number causes program execution to jump to that line number in the
current program area.

2. Specifying 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.
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GOSUB P

PURPOSE: Jumps to a specified subroutine.
FORMAT: branch destination line number
Line number
GOsuB # program area number
Single character; 0~9

EXAMPLE: GOSUB 100

GOSUB #6
PARAMETERS: 1. branch destination line number: Integer in the range of 1 = line num-

ber = 65535

2. program area number: Single character, 0~8

EXPLANATION:

1. Program execution branches to the subroutine that starts at the specified line number.
Execution is returned from the subroutine by the RETURN staternent.

2. Subroutines can be nested up to 96 levels. Exceeding this value results in an OM error.

3. A UL error is generated when the specified line number does not exist.

4. CLEAR command cannot be used within a subroutine.

SEE: RETURN
SAMPLE PROGRAM:

10 REMk * k MAIN % % %

20 GOSUB 40

30 END :

40 REM* * % SUBROUTINE 1 % * %
50 PRINT “"SUBROUTINE 1" ;

60 GOSUB 80

70 RETURN

80 REM> * % SUBROUTINE 2 > %
90 PRINT ""SUBROQUTINE 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 ® 1

PURPOSE: Returns execution from a subroutine to the main program. PU
FORMAT: RETURN :

EXAMPLE: RETURN FC
EXPLANATION:

1. Returns pragram 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: GOSUB, ON~GOSUB
SAMPLE PROGRAM:

EX
10 REM SUBROUTINE P2
20 GOSUB 100
30 END
100 PRINT "SUBROUTINE 1~ EX
110 GOSUB 200 : 1.
120 RETURN
200 PRINT "SUBROUTINE 2”
210 RETURN 2

RETURN in line 120 returns to line 20, while line 210 returns to line 110.
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executing

line 110.

ON GOTO

PURPOSE:

FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

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

1. 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-
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 a branch destination corresponding
to that value does not exist.

3. Up to 99 branch destinations may be specified.

SAMPLE 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 xg is entered or to line 50 if 2 ) is entered.
Otherwise, execution terminates at line 30.
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ON GOSUB

PURPOSE:

FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

1. The GOSUB statement is executed in accordance with the value of the expression used
for the branch condition. For example, execution jumps 1o the first branch destination speci- |

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 GOSUB 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, 0~8

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 a branch destination corresponding §

to that value does not exist.
3. Up to 99 branch destinations may be specified.

SEE:

RETURN

SAMPLE PROGRAM:

10 S1=0:852=0
20 FOR I=1TO 100

30 ON (I MOD 2)+1 GOSUB 1000, 1100
40 NEXT 1

50 PRINT "St1=""; S1

60 PRINT “S2="; S2

70 END

1000 S$1=81+1: RETURN

1100 $2=S2+I: RETURN

$1 calculates sum of even numbers from 1 to 100, S2 calculates sum of |

odd numbers from 1 to 100.
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IF ~THEN ~ ELSE/IF ~ GOTO ~ ELSE "

PURPOSE: 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. '

FORMAT: [ THEN statement statement

iF  _condition [ : statement] [ |ELSE{ [: statement]

Numeric l . .
expression GOTO  branch destination branch destination

destination branch line number
Line number

# program area number
Single character; 0~9

Branch destination:

EXAMPLE: IF A=0 THEN 300 ELSE 400

IF K$="Y" THEN PRINT X ELSE PRINT Y

PARAMETERS: 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

EXPLANATION:

1.

2.

The statement foilowing the THEN clause is executed, or execution jumps to the destina-
tion specified by the GOTO statement when the branch condition is met.

If the branch condition is not met, the statement following the ELSE statement is execut-
ed, or the program jumps to the specified branch destination. Execution proceeds to the
next 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 O (absolute value of A < 1 x 10-99). The condition is not met when the
value of the expression is 0. _

. IF statements can be nested (an IF statement may contain other IF statements). in this
case, the THEN ~ ELSE statements are related by their proximity. The GOTO ~ ELSE
combinations have the same relationships.

I]F ~ THIEN IETH,EN -~ ELISE fIF -~ THIEN -~ ELISE ~ ELSE ~

SAMPLE 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 fequested
for other vaiues. '
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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 control 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 041

!

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 loop). 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 I=1 TO 12 STEP 3
[20 FOR J=1 TO 4 STEP 0.5

30 PRINT |,
40 NEXT J
50 NEXT |

60 END

J

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 f-
the NEXT statement is recommended when using nested loops. -
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6. NEXT statements can be chained by including them under one NEXT statement, separat-
ed by commas.

10 FOR I-= 1TO 12 STEP 3 10 FOR | = 1 TO 12 STEP 3

20 FORJ =1TO4STEP 0.5 |20 FOR J = 1 TO 4 STEP 0.5
|:30 PRINT 1, J 30 PRINT I, J

40 NEXT J 40 NEXT J. |

50 NEXT | 50 END

60 END

7. The control variable retains the value which exceeds the final value (and terminates the
loop) when loop execution is complete. With the loop FOR | = 3 TO 10 STEP 3, for exam-
ple, the value of control variable | is 12 when execution of the loop is complete.

8. 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 to be included within a program. This com- PUI
mand is not executed.
FQRMAT: I RFM } comments Fo!
l String expression
EXi
EXAMPLE: REM or
PARAMETERS: comments: String expression (internal codes 20 to 7E and 80 to FB) EXI
EXPLANATION: 1./
1. Including an apostrophe or REM statement following the line number indicates that the h
following text is comments and should be ignored in program execution. 2.1
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 3 E
of a line. ’
3. Any command following the REM statement is treated as a comment and is not executed. SAl
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 key.
SAMPLE PROGRAM:

10 ’ REM( ') indicates comment
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“l |LET °
his com- | 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
EXAMPLE: LETA = 15
LET K$ = 123"
'to FB) |  EXPLANATION:
i 1. Assigns the value of an expression on the right side of an equation to the variable on the
that the loft side. . . o . :
; 2. Numeric expressions can only be assigned to numeric variables, and string expressions
;ate that | can only be assigned to string variables. A TM error is generated when an attempt is made
gginning to assign a string expression to a numeric variable, and vice versa.
| 3. LET may be omitted.
' SAMPLE PROGRAM:

tecuted.

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: Holds data for reading by the READ statement.
FORMAT: DATA [data] |[,[data]l*

‘ Constant Constant
EXAMPLE: DATA 10, 5,8, 3

DATA CAT, DOG, LION

PARAMETERS: 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.

EXPLANATION:

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 A$

20 RESTORE 60

30 READ B$

40 PRINT A$+ ~ " + BS
50 DATA AD 1990, ABC
60 DATA DEFG

Character data “AD1990” and “DEFG” read from lines 50 and 60, and
displayed.
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®'| | READ

; PURPOSE: Reads the contents of the DATA statement into memory.
- FORMAT: READ Variable name [,Variable name |*
| EXAMPLE: READ A, B
| ' READ C$, X, Y
| PARAMETERS: Variable name
EXPLANATION:
4 string 1. Assigns the data contained in a DATA statement to the variables on a one-by-one basis.
(length 2. 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.

‘HEAD 3. 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.

4. 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.

5. The data line to be read can be specified using the RESTORE statement.

SEE: DATA, RESTORE
SAMPLE PROGRAM:

|

} ,

‘ 10 READ X
|

|

I

|

|

)

20 IF X< >0 THEN PRINT X ; : GOTO 10
30 END
100 DATA1,2,3,4,5,6,7,8,9
110 DATA9,8,7,6,5,4, 3, 2, 1
_and 120 DATA 0

Sequentially reads data beginning at line 100 and stops execution when
0 is encountered as data.
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RESTORE 11|
PURPOSE: Specifies a DATA line for reading by the READ statement. PUI
FORMAT: RESTORE [ line number ] FOI

Numeric expression

EXAMPLES: RESTORE

RESTORE 1000

RESTORE (10%10) EX/

line 100 PAI

PARAMETERS: line number: Integer in the range of 1 = line number = 65535
EXPLANATION: EXF
1. The first DATA line in the program file containing the READ statement is the default op- 1.

tion when the line number is omitted. i
2. When a line number is specified, the first data item in the specified DATA line is read 2.

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 numetric expression can be used for line number specification. In this case, the numeric (

expression must be enclosed in parentheses. ,
SEE: READ, DATA l
SAMPLE PROGRAM; :

[
10 READ X 3.
20 IF X< >0 THEN PRINT X ; : GOTO 10 4
30 RESTORE 110 '
40 READ X
50 IF X< >0 THEN PRINT X ; : GOTO 40
60 END 5
100 DATA1,2,3,4,5,6,7,8,9 '
110 DATA9,8,7,6,5,4,3, 2,1
120 DATA D 5.

110

Lines 10 ~ 20 read data from lines 100~ 120, while lines 30 ~ 50 read data
from lines 110~ 120 then display them.
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PRINT “

PURPOSE: Displays data on the screen,

FORMAT:

PRINT [output data]{ }[output data]*

Output data: TAB (Tab specification), numeric expression,
string array

EXAMPLE: PRINT “AD1990"
PARAMETERS: output data: Output control function, numeric expression, or string

expression

EXPLANATION:

1.

2.

Quiput of a numeric or string expression displays the value or string on the screen. Con-
trol function output resulis 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

¢) Exponent: Other vaiues

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 001 ~ 1FH, 7F4 {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 (lower left}.

. Separating output data with commas causes execution to be halted with each display

(STOP appears on display). Pressing Ex executes a carrier return/line feed and proceeds
to the next dispiay.

Separating output data with semicolons causes each output to be displayed lmmedlately
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 1o be halted follow-

ing display of the output data (STOP appears on display). Pressing xd executes a line
change and proceeds to the next display.
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9. Omitting the output data (PRINT command only) executes a line change without halting

execution.
10. Execution is not halted when this statement is executed while in the print mode ( (4 (7] ).
11, Execution is not halted when this statement is executed while in the manual mode.

|

i SEE: TAB
SAMPLE PROGRAM:
|

10 PRINT "PRINT DISPLAYS MESSAGES”
20 PRINT “ON THE SCREEN"

PRINT statement displays message on screen.
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al mode.

TAB | ®

PURPOSE: Outputs a horizontal tab specification to the screen or printer.
FORMAT: =~ TAB (tab specification )

Numeric constant or numeric variable
EXAMPLE: PRINT TAB (5) ; “ABC”

PARAMETERS: tab specification; Numeric expression truncated to an integer in the range
of 0 = tab specification’ < 256.

EXPLANATION:

1. Used in the PRINT, LPRINT, and PRINT # statements to specify a display position on
a line. Spaces are inserted from the left end of the line to the specified position.

2. The display position is determined by counting from the Ieft end of the line (posmon 0
and} to the right, up to the specified value.

3. A tab specification value which is less than the current printhead position causes the tabu-
lation to be performed following a carrier return/line feed.

SEE: PRINT, LPRINT, PRINT
SAMPLE PROGRAM:

10 FOR1=0TO 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 MK
PURPOSE: Moves the cursor to a specified position on the virtual screen. PUF
FORMAT: LOCATE  X-coordinate , Y-coordinate EX#

Numeric expression  Numeric expression EXF
EXAMPLE: LOCATE 10, O The
PARAMETERS: 1. X-coordinate: Numeric expression truncated to an integer in the range key
of 0 = X-coordinate < 32 SAN
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 form each line down.

0, 0 — o

©7n — |©

SAMPLE PROGRAM:

14

10 CLS

20 LOCATEO, 0

30 PRINT ""SCREEN UPPER LEFT"" ;
40 GOTO 20

Displays message from uprer left of displiay.

< (31, 0)

+~ (31, 7)
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CLS

R

PURPOSE: Clears the display screen. -
EXAMPLE: CLS
EXPLANATION:
CLS

The screen is cleared and the cursor is located at the home position. Pressing the ) =
key or executing PRINT CHR$(12) ; produces the same result.

SAMPLE PROGRAM:

10 REM CLEAR SCREEN
20 CLS

Clears screen.

115



SET "1 TE
PURPOSE: Specifies output format of numeric data. PUR
FORMAT: F number of digits FOR

Single character; 0~9

SET E number of digits

Single character; 0~9
N EXA
EXAMPLE: SET F3 _ EXP
PARAMETERS: F ‘number of digits Specifies number of decimal places. ; ﬁ
Single character; 0~9 3. N
E Si:;l??:ﬁ; rgi;:‘f?':i9 Specifies number of significant digits. | SAN

N Cancels current specification.

EXPLANATION: |
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 terminal.
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. 1
4. SET N cancels both specifications. ' 1
5. Output values 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: §
2 1

10 A=10/3
20 SET F2
30 PRINT A
40 SET E2
50 PRINT A
60 END
AUN
AMES |FUN .,
3.33
e 3.3E+00 j
3.8E+00
' 3.33333333- :
3.3833333
& B |

Result of 10/3 displayed with 2 decimal places, 2 significant digits, and
specificatioin canceled. :
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BEEP

PURPOSE:
FORMAT:

EXAMPLE:

EXPLANATION:

Sounds the buzzer.

=1

Numeric expression

BEEP 1

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.

SAMPLE PROGRAM:

10 BEEP 1 : BEEP O : BEEP 1 : BEEP 0
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INPUT

PURPOSE: Assigns keyboard data input to a variable.
FORMAT: INPUT ['message” { }]Vﬁéﬁgle[ [“message”{;}] . Vr?éir?,téle]
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. Data can be input to the specified variable from the keyboard.

2. Messages included in the INPUT statement are displayed. A question mark is displayed
following the message when a semicolon is included following the message spemflcatlon

3. A question mark only is displayed when a message is not specified.

4. The (=g key must be pressed following each data input.

5. 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

to assign a string expression to a numeric variable.

6. Quotation marks are not used when entering string data. Enclosing a string in quotation
marks causes the quotation marks to be stored as part of the string.

7. Pressing the [xg key without entering data inputs a string of length O for a string variable,
while a numeric variable retains its current value.

8. Generally, the logical line immediately following 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

(exg is pressed.

9. Numeric expressions may be used for numeric value input.

10. Pressing the (n] key or changing modes during execution of the INPUT statement ter-
minates program execution.

11, Pressing the (i8] key during execution of INPUT leaves program execution.

12.Input data can be edited using the wxs) 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 "S$=""; S%
30 END '

Displays string entry.
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INKEY$

PURPOSE: Assigns a single character input from the keyboard to a variable.
EXAMPLE: A$ = INKEYS
EXPLANATION:

1.

2.

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 INKEY$. '

: Terminates program execution.

o8 . 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 (00H~ 1FH) can be input, but the corresponding operations will not
be performed.

SEE: INPUTS
SAMPLE PROGRAM:

10 PRINT "PRESS ANY KEY"’ ;

20 C$=INKEY$

30 IFC$=" " 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 buffer is empty.

2. The following operattons are performed when the keys listed below are pressed during
execution of INPUTS. :
1 Halts 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: INKEY$
SAMPLE PROGRAM:

10 PRINT “ENTER SECRET CODE" ;
20 1D$=INPUTS (4)

30 IF ID$< > 9876 THEN 10

40 PRINT:PRINT ""OK"’

Checks for validity of input secret code 9876.
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DIM

able. PURPOSE: Declares an array.
FORMAT:
DIM  array name ( subscript maximum value [, subscript maximum value]*)

Numeric expression ‘Numeric expression

1 the [, array name ( subscript maximum value [, subscript maximum value]*) ]*

| Numeric expression Numeric expression

| EXAMPLE: DIM AS$ (10), B$ (10), X (2, 2, 2)

;oard PARAMETERS: 1. array name: Variable name

- 2. subscript maximum value: Numeric expression truncated to an integer

irin :

B EXPLANATION: | |

1. 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.

- 2. Array elements range from O through the specified subscript maximum vaiue.

,td’§‘ 3. All elements of a newly declared array are set to their initial value. For numeric arrays,

s will the initial value is 0, while string arrays assigned null strings (length 0).

4, The size of an array is limited by available memory capacity. Declaration by the DIM state-
ment is subjected to the limitations specified for logical lines (255 characters).

5. 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
names and different subscript maximum values results in a DD error.

6. An array variable cannot be used unless they are first declared in a DIM statement.

SEE: ERASE, CLEAR
SAMPLE PROGRAM:

20 FOR I=65 TO 70
30 AS$ (I-65)=CHRS (1)
40 PRINT AS$ (1-65) ;

50 NEXT I

|

|

I

|

|

10 DIM AS (5)
‘ Respectively assigns A through F to array cells A$(0) through A$(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 already assigned to an ex1st|ng array, first erase the
existing array with the ERASE statement.

SEE: DIM
SAMPLE PROGRAM:
10 CLEAR
20 DIM A$ (10), B$ (10)
30 ERASE A$
40 VARLIST

Declares arrays A$ and B$, and then erases array A$.
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PEEK

PURPOSE: Returns the value stored at the specified memory address.

I

|

| FORMAT: PEEK ( address )

‘ Numeric expression
1

EXAMPLE: PEEK (&H100)

PARAMETERS: address: Numeric expression truncated to an integer in the range of

‘ —~ 32769 < address < 65536. Negative addresses are added to 65536
1 pro- and the contents of the resulting address are returned (i.e. PEEK {—1)
| is identical to PEEK (65535)).

|
| EXPLANATION:
|59 the 1. Returns the value stored in memory at the specified address.
2. 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.
I
|
|
I

SEE: POKE, DEFSEG
SAMPLE PROGRAM:

5 DEFSEG=&H0

10 FOR I=&H0C00 TO &HODOO
20 PRINT HEX$ (PEEK (1)); " . " ;
30 NEXT 1

Prints memory contents from &HOCOO to &HODOG in hexadecimal.
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POKE

PURPOSE: Writes data to a specified addrass.
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, O
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 POKEI, 0

40 NEXTI

50 END

Clears (assigns zeros) memory from 70004 to 7010k.
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DEFSEG

PURPOSE: Specifies segment base address.
FORMAT: DEFSEG segment address
_ Nureric expression
EXAMPLE: DEFSEG =16
PARAMETERS: segment address: Integer within the range of —32768=segment
address < 85536 '
EXPLANATION:

1. 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

2. The initial specification for DEFSEG is 0 whenever power is switched ON or the P button
or ALL RESET button is pressed.

SEE: PEEK, POKE
SAMPLE PROGRAM:

10 DEFSEG=&H1000
20 A=PEEK (&HOOFOQ)

In this case, the value assighed to A is that contained in address 100FOH.
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ON ERROR GOTO

PURPOSE: Specifies the line number to which execution branches when an error is
generated.
FORMAT: ON ERROR GOTQ branch destination line number
Line number
EXAMPLE: ON ERROR GOTO 1000

PARAMETERS: branch destination line number:
Integer in the range of 0 <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 after 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 *k*kERROR %

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 itself.

]
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RESUME

PURPOSE: Returns from an error handiing routine to the main routine.
FORMAT: NEXT
RESUME {return line number
Line number
EXAMPLE: RESUME NEXT
RESUME 100

PARAMETERS: 1. NEXT

2. return line number: Integer in the range of 1<line number <65535

EXPLANATION:

1.
2.

3.

o

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

the line in which the original error was generated as the return line number cannot be
written at the beginning of the error handling routine. This would result in an endless loop
between 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

ERRCOR GOTO statement.

SEE: ERR, ERL, ON ERROR GOTO
SAMPLE 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 a 0 is entered
(resulting in division by 0).

127




128

ERL ’
PURPOSE: Returns the number of a line in which an error has been generated.
FORMAT: ER = ERL
EXPLANATION:

The value 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
20
30
40
50

ON ERROR GOTO 40

% x ERROR * *

END

PRINT “"ERROR LINE=""; ERL
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
20
30
40
50

An

ON ERROR GOTO 40

% k ERROR * %

END

PRINT “"ERROR CODE=" ; ERR
RESUME 30

error is generated in line 20 and the corresponding error code is

displayed in line 40.
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NUMERIC FUNCTIONS

B

rated. ANGLE

L

edwhen | oyRPOSE: Specifies the angle unit.
FORMAT: ANGLE angle specification
Numeric expression
EXAMPLE: ANGLE 0
PARAMETERS: angle specification: Numeric expression truncated to an integer in the
range of 0<angle specification<3
EXPLANATION:
1, The angle units for the trigonometric function can be specified using the values 0, 1, and 2.
_ 0: DEG (degrees)
isplayed 1. RAD (radians)

2: GRAD (grads)
2. The relationships between the angle units are as follows:

Angle Unit DEG RAD GRAD 90°=— rad =100 grad
. 2

® - T 100
1DEG = ! 180 90

1RAD = o 1 2.
m T

90 7

r. 1GRAD = 100 200 1

3. ANGLE 0 is set whenever ALL RESET is executed.
20 when 4. The angle unit can also be specified using the fg key.

essage .
ssages. SAMPLE PROGRAMS:
10 ANGLE 0 'DEGREE
20 PRINT SIN 30 ;

30 ANGLE 1 ’RADIAN
40 PRINT SIN (P1/6) ;
50 ANGLE 2 'GRAD

60 PRINT SIN (100/3)

Calculates and dispiays sin 30° in the degree mode, sin % in the radi-

. an mode, and sin 100 in the grad mode.
code is 3
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SIN
COS
TAN

I'I;"lu..'h..‘

PURPOSE:

Returns the value of the corresponding trigonometric function value for
the argument.
FORMAT: SIN (argument)
Numeric expression
COs (argument)
Numeric expressicn
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)
jargument| < 8z - (RAD)
largument! < 1600 (GRAD)
EXPLANATION:
Returns the value of the corresponding trigonometric function for the argument.
SIN SINE
COS COSINE

TAN TANGENT

SEE:

SAMPLE PROGRAM:

130

ANGLE, ASN, ACS, ATN

10 ANGLE 0

20 INPUT "DEGREE="", D

30 PRINT "SIN("~;D; " )="";SIND
40 PRINT “COS ("";D;" )=";CO8D
50 PRINT "TAN("”;D;")="; TAND

60 GOTO 20

Displays trigonometric function values for input angles.
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°ll | ASN
i'aiue for PURPOSE: Returns the value of the corresponding inverse trigonometric function for
the argument.
FORMAT: ASN (argument)
Numeric expression
ACS (argument)
Numeric expression
ATN (argument)
Numeric expression
hen the * The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
EXAMPLE: ASN (0.1)
PARAMETERS: argument: Numeric expression in the range of -1 < argument = 1
' (ASN, ACS)
EXPLANATION:

1. Returns the value of the corresponding inverse trigonometric function for the argument.

ASN ARCSINE
ACS ARCCOSINE
ATN ARCTANGENT
2. Function vaiues are returned within the following ranges:
—80°<ASN (x)=<90°, 0°=<ACS (x)=180°
—80°=ATN {x)=90°

SEE:

ANGLE, SIN, COS, TAN

SAMPLE PROGRAM:

10 ANGLE 1
20 INPUT “INPUT NUMBER (-1 TO 1) ; N
30 PRINT N; “=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 input in range of —1to1.
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. S I
HYP SIN H
HYP COS H
HYP TAN H
PURPOSE: Returns the value of the corresponding hyperbolic function for the PURF
argument.
FORMAT: HYP SIN (argument) FORN
Numeric expression f '
HYP COS {argument)

Numeric expression

HYP TAN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is & numeric value or variable.

EXAMPLE: HYP SIN (1.5)

PARAMETERS: argument: Numeric expression
HYP SIN |argument| = 230.2585082
HYP COS largumenti = 230.2585082

EXPLANATION:

Returns the value of the corresponding hyperbolic function for the argument.
HYP SIN (x} : sinh x = {¢*—e~*)/2
HYP COS (x) : cosh x = (e*+e~*)/2
HYP TAN () : tanh x = (ex—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 hyperbolid functions for numeric input up to 230.
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i HYP ASN
or the 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
n the * The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
EXAMPLE: HYP ASN (10)

PARAMETERS: argument: Numeric expression :
HYP ASN largument| < 5x10% (5E+99)
.HYP ACS 1 = argument < 5x10° (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 +/x2+1)
HYP ACS (x) : cosh 'x=loge (x+ /x*=1)

i iy 1 1+X
HYP ATN (x) : tanh—'x= 5 loge T
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: Returns the value of the corresponding logarithm function for the argument.
FORMAT: 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.

EXAMPLE: LOG (2), LN (3)

PARAMETERS: argument: Numeric expression
LOG: 0 < argument
LN : 0 < argument
EXPLANATION:
Returns the value of the corresponding logarithm function value for the argument.
LOG : Common logarithm logiox, logx
LN : Natural logarithm logex, 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:

i0 FORI=0TO t0

20 PRINT “SQR” ;1 ; SQR |
30 NEXTI

40 END

Displays square roots of values from 0 through 10.

CUR

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns the cube root of the argument.

CUR (x) : ¥x

SAMPLE PROGRAM:

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

10 A=27
20 PRINT A ; ", CUBE ROOT” ; CUR A
30 END

Returns cube root of value assigned to variable A.
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© ABS ®

Displays the absolute value of an input value.

PURPOSE: Returns the absolute value of the argument.
| FORMAT: ABS {argument)
1 Numeric expression
hen the ' * The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.
EXAMPLE: ABS (-1.5)
lt PARAMETERS: argument: Numeric expression
I
‘ EXPLANATION:
| Returns the absolute value of the argument.
| ABS (x) : Ix|
i SAMPLE PROGRAM:
| 10 INPUT “INPUT NUMBERS" ; N
| 20 A=ABS N
30 PRINTN; "ABS({)=";A
40 END :
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SGN

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Returns a value which corresponds to the sign of the argument.
SGN (argument)
Numeric expression

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

SGN (A)
argument: Numeric expression

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=SGNN

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.
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INT R

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.

EXAMPLE: INT (1.3)
PARAMETERS: argument: Numeric expression
EXPLANATION:

1. Returns the largest integer which does not exceed the value of the argument.
2. INT (x) is eguivalent to FIX (x) when x is positive, and FIX {x} — 1 when x is negative.

SEE: FIX, FRAC
SAMPLE PROGRAM:

10 FORI=1TO 10
20 N=RAN# %10

30 LPRINT “INT (" ;N;)=";INTN
40 NEXT I :

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.

EXAMPLE: 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: Returns the fractional part of the argument.
FORMAT: FRAC (argument)

* The parentheses enclosing the argument can be omitted when the
argument is a numeric value or variable.

EXAMPLE:  FRAC (3.14)
PARAMETERS: argument: Numeric expression

EXPLANATION:

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
20
30
40
50

|solates fractional parts of random values and outputs results to printer.

Numeric expression

FOR1=1TO 10

N=RAN# %10

LPRINT "FRAC (" ; N; ")=""; FRAC N
NEXT |

END

ROUND

®

PURPOSE: Rounds the argument at the specified digit.
FORMAT: ROUND (argument, digit)
EXAMPLE: ROUND (A, —3)

PARAMETERS: 1. argument: Numeric expression a1
2. digit: Numeric expression truncated to an integer in the range of %

—100 < digit<100

EXPLANATION:

Rounds the argument (to the nearest whole number} at the specified digit.
SAMPLE PROGRAM:

10
20
30
40
50

Displays random value and then rounds value at digit specified by numeric
input.

For exampie, responding to prompt “WHERE'' with input of —2 when
N =610.5765383 produces result of 610.6.

N =RAN # % 1000
PRINT N

INPUT “WHERE" ; R
PRINT ROUND (N, R)
END

[ |
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§ 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:

1. Returns a random value in the range of 0 to 1. (0 <RAN#(X)<1)

2. Random numbers are generated from the same table when X=1.

3. The last random number generated is repeated when X=0.

4. Random numbers are generated from the random table when X= —1.

5. 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=RANz (-1) : PRINT R
40 GOTO 10

Generates random numbers using each type (positive, negative, zero} of
argument. :

of

141




PI iRl

PURPOSE: Returns the value of =. PU
FORMAT: Pl FO!
EXAMPLE: S=2%PI*R
EXPLANATION:
1. Returns the value of =. EX.
2. The value of & used for internal calculations is 3.1415826536. PAI
3. The displayed value is rounded off to 10 digits, so the value of = is displayed as
3.141592654., EXI
SAMPLE PROGRAM: 1.F
2. f
10 INPUT “RABIUS ; R SA

20 PRINT "CIRCUMFERENCE =" ; 2:kPI*R
30 PRINT "AREA=""; R"2:%PI
40 END

Calculates circumference and area of circle after input of radius.

FACT

PURPOSE: Returns factorial of argument.
FORMAT: FACT (argument) PUF
Numeric expression FOI
EXAMPLE: A=FACT (10)
PARAMETER: argument : Integer in the range of O=argument=69 Ex
EXPLANATION: /
1. Returns the factorial of the argument. PAI
FACT x : x! EXF
2. A fractional value as the argument generates an error. 1 F
SAMPLE PROGRAM: '
2. A
10 X=5 SAl
20 Y=FACT X
30 PRINT X ; "1=";Y

Assigns factorial of the value of variable X to variable Y and displays the
result.
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NPR "

PURPOSE: Returns the permutation nPr for the values of n and r.
FORMAT: NPR ( nvalue r value )

Numeriq Numeric_

expression expression
EXAMPLE: X=NPR (69, 20)

PARAMETERS: ? } Integer in the range of 0sr=n<10"
EXPLANATION:

!
1. Returns the permutation;: nPr = n’

in-rn!
2. 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
EXAMPLE: X=NCR (70, 35)

PARAMETERS: n:
r:

EXPLANATION:

1. Returns the combination: nCr =

Integer in the range of 0=r=n< 1010

n!
rl{n-n!
2. 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 sC4 and displays the result.

143




POL ®
PURPOSE: Converts rectangular coordinates (x, y) to polar coordinates (r, 8). ]
FORMAT: POL  ( xcoordinate - , y-coordinate ) Ei

_ Numeric expression  Numeric expression -
EXAMPLE: POL (3, 2)
PARAMETERS: x-coordinate 1} \\ ouc expression. Ix| + Iyl > 0 N
y-coordinate :} P ' y ' P
EXPLANATION:
1. Converts rectangular coordinates (x, y) into polar coordinates (r, §). The following relation-

al expressions are used at this time:

X y E

r= /X242 cosf=——— sinf=———— 1.

/ /x4 2 Ve '
2. The value of r is automatically assigned to variable X, while ¢ is automatically assigned
to variable Y. ' 2.
3. The value of  is given as follows:
—180° <9 =180° (DEG) . LY
—r<f=m7 (RAD) : ;
- 200 grads <6 =200 grads (GRA)

SAMPLE PROGRAM:

10 A=5:B=3
20 Z=POL (A, B)
30 PRINTX;Y

Converts rectanguiar coordinate point (5, 3) to polar coordinates.
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REC

PURPOSE: Converts polar coordinates (r, 8) to rectangular coordinates (x, ).

FORMAT: REC ( distancer angle 6 )

' : Numeric Numeric

| expression expression

| EXAMPLE: REC (10, 15)

| ' PARAMETERS: distance r: 0=r<10™

i : angle : —1440° <6 < 1440° (DEG)

lion- —8r<f<8r (RAD)

f — 1600 (grads) <0< 1600 (grads) (GRA)
EXPLANATION:

1. Converts polar coordinates (r, 6) to rectangular coordinates (x, y}. The following relational
expressions are used at this time:
X=r cosd, y=r sinf

2. The value of x is automatically assigned to variable X, while y is automatically assigned
to variabie 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

CHRS$

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Returns a single character which corresponds to the specified character
code.

CHR$ { code )
Numeric expression

CHRS$ (65) _
code: Numeric expression truncated to an integer in the range of
0=code <256

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 I=65 TO 90
20 PRINT CHRS$ (1) ;
30 NEXTI

Displays characters from 65 through 20 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: .

1. 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.
2. A value of 0 is returned for a null string.

SEE: CHRS$, Character Code Table
SAMPLE PROGRAM_:

10 INPUT “INPUT CHARACTERS" ; A$

20 BS$=LEFT$ (A$,1)

30 C=ASC (AS)

40 PRINT “FIRST CHAR=""; B$ ; "CODE="";C
50 END

Displays first character and corresponding character code for string input.
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STRS

PURPOSE:
FORMAT:

EXAMPLE:

PARAMETERS:
EXPLANATION:

Converts the argument (numeric value or numeric expression value) to
a string.

STR$ ( argument )
String expression

STR$ (123), STR$ (255+ 3)
argument: Numeric expression .

1. Converts decimal values specified in the argument to strings.
2. Converted positive values include a Ieadlng space and converted negative values are
preceded by a minus sign.

SEE:

VAL

SAMPLE PROGRAM:

10 INPUT “INPUT NUMBERS"; N

20 S$=STRS (N)

30 C$=MIDS$ (S$, 2, 1)

40 PRINT "“FIRST CHARACTER=""; C$
50 END

Converts numeric input to a string. Next, the first number of converted
string is displayed as character.

i
g
i
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VAL

PURPOSE: Converts a numeric character string to a numeric value.
FORMAT: VAL ( string )
String expression
EXAMPLE: A=VAL (345”")
PARAMETERS: string: String expression
EXPLANATION:

1. Converts a numeric character string to a numeric value.

2 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).

3. The 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™ , A$
20 INPUT “VALUE2" , B$
30 C$=A$+BS

40 C=VAL (A$)+ VAL (B$)
50 PRINT C$, C

Performs string addition and numeric addition of two input strings.
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VALF ?
PURPOSE: Performs calculation of numeric expression expressed as string, and [
returns the result.
FORMAT: VALF ( string ) Fi
String expression
EXAMPLE: VALF (X$) E
PARAMETERS: string: String expression P,

EXPLANATION:
1. Performs calculation of numeric expressnons 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:

B

10 X$=""123 + 456"’ 1.
20 PRINT VALF (X3)
30 PRINT VALF ("EXP 27) E

. 2.
RUN :
579 3.
7.389056099

SE
Executes strings 123 + 456" and “EXP 2"’ as numeric expressions and | Y

displays resuits.
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MID$ v

and PURPOSE: Returns a substring of a specified length from a specified position within
| a string.
| 'FORMAT: MID$  ( string . position [, number of characters ])
| String expression Numeric expression Numeric expression
EXAMPLE: MID$ (AS$, 5, 3}
PARAMETERS: 1. string: String expression

! 2. position: Numeric expression truncated to an integer in the range of
ms ‘ 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.

0100

EXPLANATION:

1. 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.

2. A substring of length 0 (null) is refurned when the specified position exceeds the length
of the string. '

3. 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 of characters from the specified

I position to the end of the string.

SEE: RIGHT$, LEFT$
SAMPLE PROGRAM:

5 and

10 A$=""ABCDEFGHIJKLMNOPQRSTUVWXYZ'’
20 INPUT "1 TO 26 FROM’" ; B

30 PRINT "1 TO" ; 27- B ; “TO"" ;

40 INPUTE

50 S$=MID$ (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 locaticn.
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RIGHTS ®
PURPOSE: Returns a substring of a specified length counting from the right of a string.
FORMAT: RIGHT$ ( string , humber of characters }

String expression Numeric expression
EXAMPLE: RIGHT$ (“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: MID$, LEFT$
SAMPLE PROGRAM:

10 A$=""ABCDEFGHIJKLMNOPQRSTUVWXYZ"
20 PRINT A$

30 INPUT "1 TO 26 HOW MANY GET" ; N

40 PRINT RIGHTS (A$, N)

50 END

Uses numeric input to display specified number of characters from end
of alphabetic sequence.
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LEFTS

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Returns a substring of a specified length counting from the left of a string.
LEFTS { string . number of characters )

String expression Numeric expression
LEFTS$ ("ABCDEF”, 3)

1. string: String expression
2. number of characters: Numeric expression truncated to an integer in
the range of 0 =number of characters < 2586.

1. Returns a substring of a specified length counting from the left 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:

MID$, RIGHTS

SAMPLE PROGRAM:

10 A$=""ABCDEFGHIJKLMNOPQRSTUVWXYZ""
20 PRINT AS

30 INPUT "1 TO 26 HOW MANY GET” ; N

40 PRINT LEFTS (A$, 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 (A$)
string: String expression

Returns a value which represents the number of character contained in a string, including
characters that don’t appear on the dispiay (character codes from &H0Q ~ &H1F) and spaces.

SAMPLE PROGRAM:

10 INPUT "INPUT CHARACTERS" ; C$
200 PRINT "LENGTH=""; LEN (C3%)
30 END

Determines the length of an input string.

HEX$

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Returns a hexadecimal string for a decimal value specified in the argument.
HEX$ ( argument )

Numeric expression
HEX$ (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 FORI=0TO 16

30 PRINT I ; :

40 PRINT TAB (10) ; HEX$ (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 hexadecimal value following &H to a decimal
value.
FORMAT: &H argument
Hexadecimal value
EXAMPLE: A=&HAF
PARAMETERS: OH=argument<FFFFH
EXPLANATION:

1. The hexadecimal value is expressed using values 0 through 9, plus characters A through F.
2. In the manual mode, &H is entered followed by the hexadecimal value. Pressing [x
produces the decimal equivalent. ‘
Example: &H1B7F &g - 7039 | |
3. The tollowing shows a typical application within a program. Since a numeric variable can- |
not 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: HEX$
SAMPLE PROGRAM:

10 REM &H SAMPLE

20 INPUT "“&H" ; A$

30 H=VAL ("&H" +AS)

40 PRINT "&H” ; A$;""="; H
50 GOTO 10

Converts an entered hexadecimal value (4 digits max) to a decimal value.
Program execution is terminated using the 4 key.
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DEG

PURPOSE: Converts a sexagesimal value to a decimal value.
FORMAT: DEG ( degrees [, minutes [, seconds ]])
Numetic Numeric Numeric
expression expression expression
EXAMPLE: DEG (1, 30, 10)
PARAMETERS: Degrees, minutes, seconds: |DEG (degrees, minutes, seconds)| <10'®
EXPLANATION:
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:

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.
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DMSS$

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:

1. Converts decimal values to sexagesimal strings.

2. Minutes and seconds are not displayed when the argument is in the range of numeric
expression = 1 x 10° (1E6). In this case, the absolute value of the input value is convert-
ed to a string as it is. '

SAMPLE PROGRAM:

100

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:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Outputs program contents to the printer.
LLIST [starting line number] [— [ending line number]] 1

Line number Line number

[.]
[ALL]

LLIST 50 — 100

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 defauit option is the last line of the program.

3. Specifying ALL sequentially outputs all program contents in areas PO
through P9.

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 kg
Outputs contents of current program area to printer.




LPRINT ®

' PURPOSE: Outputs text to the printer.
| FORMAT: LPRINT [output data] [{ } foutput data | 1*

TAB (numeric expresion)

Qutput data: Numeric expression
String expression

EXAMPLE: LPRINT A, B
PARAMETERS: output data: Qutput control function, numeric expression, or string
expression

EXPLANATION: _

1. Outputs 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 resulling value.

2. Numeric expression values are printed in decimal, and the print format is the same as
that for the PRINT statement (see PRINT).

3. String expression values are output as they are to the printer.

4. Including a comma between output data causes a zone tab to be inserted between output

data at output.
Zone tabs are set at 14-character intervals (counting from 0, within a range of 255 charac-
ters) following the last carrier return instruction, and zone tab outputs spaces from the
current location to the next zone tab. Consequently, the printing of the first character of
an output data following a comma is performed at the next zone tab.

10 LPRINT

20 FORI=1TO 20: LPRINT %", : NEXT |
30 LPRINT

40 END

5. Including a semicolon between output data causes the output data to be output sequentially.

10 LPRINT

20 FORI=1TOQ 50

30 LPRINT (" ;I; )"
40 NEXTI

50 LPRINT

60 END

6. Including a semicolon at the end of the statement causes the location immediately follow-
ing printout of the last output data to be the next printing position.

7. Including a comma at the end of an LPRINT statement performs a zone tab following print-
out of the last ouiput data.

8. A carrier return is performed when a semicolon or comma’is not included at the end of
the statement. Print positions are counted from 0 through 255, and the count is reset to
0 when it exceeds 255. Zone tabs and the TAB function are performed in accordance with
the print position count. CR-LF (internal code 0DH, QAH} is performed at this time.
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9. Actual printing begins when a carrier returnfline feed code is sent, and carrier return/line
feed is performed automatically when printing reaches the extreme right of the paper.

SEE: PRINT
SAMPLE PROGRAM:
10 LPRINT
20 FORIE=1TO 14 : LPRINT "%’ ; : NEXT |

30 LPRINT
40 END

Qutputs a series of 14 asterisks to printer.
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OPEN K |

PURPOSE: Declares a file open for use.
FORMAT:
AS[#] file number

OUTPUT - .
Numeric expression

OPEN “‘file descriptor”[ FOR { INPUT }

EXAMPLE: OPEN “DATA1” FOR QUTPUT AS #1

PARAMETERS: 1. file descripior: String expression
2. file number: Numeric expression truncated to an integer in the range
of 1 =file number<2

EXPLANATION:
1. Opens the file specified by the file descriptor as the specified file number. Subsequent
input to and output from open files is performed by designating the file numbers. - i
2. CASO: is the default option when the device name is omitted from the file descriptor. '
3. Specifying FOR INPUT makes sequential file input possible. ’
4. Specifying FOR OUTPUT makes sequential file output possible A new file is created on | ‘
the cassette tape. |
5. The following two condmons are specified when either FOR INPUT or FOR QUTPUT is ‘ |
not specified: |
1) Cassette tape (CASO: , CAS1:)
Error generated
2) Communications circuit (COMQO: )
Sequential file input/output specified
6. Only one file (# 1) can be open at any given time. Attempting to open two or more files
results in an OP error.
7. Attempting to open a file which is already open results in an OP error.
8. A file buffer is automatically retained within the stack area. An OM error is generated
whenever the stack area becomes full.
9. This command can only be executed within a program.

SEE: 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, A$

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 I/0 (input/output) buffer.
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 A$ ;

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.




PRINT # | ®

PURPOSE: QOutputs data to a sequential file.

FORMAT: PRINT#  file number [, output data | {’} [output data ] 1*]
Numeric expression ’

TAB
Output data: String expression
Numeric expression

EXAMPLE: PRINT #1, A$

PARAMETERS: file number: Numeric expression truncated to an integer in the range
of 1=file number<2

EXPLANATION:

1. Sequentially outputs data to the sequential file specified by the file number.

2. The contents of the output data are the same as those output to the printer by the LPRINT
statement (see LPRINT, PRINT). _

3. A CR-LF (ODn, 0An) is output following the last output data when a semicolon and comma
are not included. _

4. This statement is valid for sequential files opened for output (FOR OUTPUT), and for com-
munication circuit (COMO:) input/output files.

SEE: INPUT #, PRINT, LPRINT
SAMPLE PROGRAMS:

1) 10 OPEN ""CASO : TEST” FOR QUTPUT AS #1
20 INPUT ""DATA="", A$
30 IF A$="" " THEN 60
40 PRINT #1, A%
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, A$
30 CLOSE

Reads sequential file on cassette tape created in SAMPLE PROGRAM 1.
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INPUT #

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:

EXPLANATION:

Reads data from a sequential file.

INPUT#  file number , variable name [, variable name]*
Numeric expression

INPUT #1, A

file number: Numeric expression truncated to an integer in the range
of 1 <file number<2

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 (0DH) or CR,
LF codes (0D#, 0AH). Internal codes 00H through 1FH 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.

4. Spaces can also be used as delimiters when data are read to numeric variables.

5. 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, A$

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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ee INPUT).
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INPUT$

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 integ
the range of 0 =number of characters <256
2. file number: Numeric expression truncated to an integer in the re
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 corr
nication circuit (COMO:) input/output files.

SAMPLE PROGRAM:

10
20
30
40

OPEN ""CAS0 : TEST”” FOR INPUT AS #1
CH$ = INPUT$ (5, #1)

CLOSE

PRINT CH$

Reads and displays first five characters in a sequential file on cassette !
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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/foutput files.
4, Generally, a 0 is returned for sequential files opened for output (FOR OUTPUT).

SAMPLE PROGRAM:

10
20
30
40
50
60

OPEN "CASO : TEST" FOR INPUT AS #1

INPUT #1, A$
PRINT A$

IF NOT EOF (1) 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 ASCII format. Binary internal format is the default option
when omitted. Cannot be specified while SAVE ALL is specified.

EXPLANATION:

1. Outputs the currently specified program area contents to the file specified by the file
descriptor.

2. Specifying ALL outputs programs from areas PO through P9 to cassette tape as an ALL file.

3. CAS0: isthe default option when the device name is omitted from the fie descriptor. When
the entire file descriptor is omitted, the file is ouiput to cassette tape and saved without
a filename.

4. Specifying “*, A"’ causes the program to be converted to and saved in ASCIl format. This
format uses alphabetlc 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 ASCII format whenever COMO: is specified in the file descriptor, regardless
of the “, A specification. _

6. Files for which a password has been registered cannct be saved in ASCII format.

7. This command causes all open files to be closed and enters command input standby once
the SAVE execution is complete.

8. This command cannot be executed while program execution is halted (“STOP” displayed}.

9. This command cannot be executed in the CAL mode.

SEE: LOAD, PASS, LOAD ALL

SAMPLE
EXECUTION: SAVE ""CASO : TEST”

Saves a program on cassetie 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: [nputs 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. ASCII format is the default option
for the communications circuit, whether specified or not.

EXPLANATION:

1

. 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 ASCII format.

. CASO0: is the default option when the device name is omitted from the file descriptor.
. Files already in existence before execution of this command are delsted, 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 P9.

. This command cannot be executed in the 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 ASCI| format (attribute S)

SEE: SAVE

SAMPLE
EXECUTION: LOAD ""CASO : TEST"

Reads program under filename TEST from cassette tape.




VERIFY w

PURPOSE:
FORMAT:

EXAMPLE:
PARAMETERS:
EXPLANATION:

Verifies the contents of a file stored on cassette tape.

VERIFY ‘'file descriptor”
String expression

VERIFY “CAS0O: DEMO”
file descriptor: String expression

. Verifies the contents of a file stored on cassette tape.
. Parity and checksum daia included within the file itself are used for checking.
. This command cannot be executed in the CAL mode.

. The first program found is checked when the filename is omitted.

1
2
3
4. This command closes all open files.
5
6

. This command cannot be executed while program execution is halted (“STOP” displayed).

SEE:

SAMPLE
EXECUTION:

SAVE, LOAD

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: Clears 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 # (e

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.

STOP

3. The listing can be halted at any time by pressing &5, and resumed by pressing any key

other than @& and 2.
. The listing can also be halted at any time by pressing em.
. 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 # ko

(o) B I

Lists DATA BANK data on display.




LLIST # - v

PURPOSE: Qutputs all DATA BANK data to printer.

EXPLANATION:

1. Qutputs 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 # (e

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# “CASO0: TEST”

PARAMETERS: file descriptor: String expression

EXPLANATION:

. Outputs DATA BANK data to a file specified by the file descriptor.

. Data are output in ASCII format. .

. CASO: is the default option when the device name is omitted from the file descriptor.

. When the entire file descriptor is omitted, the file is output to cassette tape and saved
without a filename.

. This command cannot be executed in the CAL mode, but in the BASIC mode.

. This command cannot be executed while program execution is halted (“STOP" displayed).

. This command cannot be executed for data protected by a password.

SEE: LOAD #

SAMPLE
EXECUTION: SAVE# "CASO0: TEL”

W -

~I 3 n

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]
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 (8) 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 [xJ

Reads memo data file stored on cassette tape under filename TEL2 and
appends to current DATA BANK area contents.

-



READ #

PURPOS'E: Reads data from DATA BANK area.
FORMAT: READ# variable name [ , variable name |*
EXAMPLE: READ# A$, 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: '~ RESTOREz#, WRITE#
SAMPLE PROGRAM:

W0~ ®mO W

10 RESTORE=# ""RED" , 0, 50
20 READ# AS

30 PRINT AS$

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 {Iine number }
RESTORE # [ String expression [[ ! {1 1. #program area number ]

EXAMPLE: RESTORE# “SMITH”

PARAMETERS: 1. object string: String expression
2. line number: Numeric expression. Integer within the range of 0 <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 poeinter position.

2. The relationship between the parameters and the object siring 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.

fi} 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.

iiij) 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.
line number

. 5 . = Ty 0
iv} RESTORE # ‘‘object string” [, { 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# A$

30 PRINT A$

40 GOTO 10

50 PRINT "NO DATA!"

Searches for data beginning with ‘““YOU”, and displays *“NO DATA!” if
not found.




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.

2.
3.

7.

8.

Sequentially writes DATA BANK data from the current DATA BANK area pointer (see
RESTORE ).

New data are written regardless of whether or not data already exist at the pointer location.
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 #.

. 255 characters per line can be written using this command, and an error is generated

when this limit is exceeded.

Numeric expressions written using this command are written using the same format as
PRINT statement display. Note, however, that the SET statement has no effect here.
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 “YQOU” to “SHE".
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N e

~SCIENTIFIC LIBRARY

11-1 LIBRARY EXECUTION

11-1-1 Activating The Library

The library function of the computer 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 + (ug) 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).

| - ' |(Switch power ON)

5050

+c=0 —I(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 library number.

i) Pressing immediately after power is switched ON

- I (Switch power ON})

Prime factors (2£Base<1B10) P
Base 7_ |( ress [ug)

This operation activates the prime factor analysis library utility (Library Number 5010).

ii) Pressing after execution of a library ufility

Break |(Press to break)
iTngb?:* {x1.¥y1).(x2.v2) I(Press)




In this case, the previous library utility (here, Library Number 5510; STRAIGHT LINE PASS-
ING THROUGH TWOQ POINTS) is reactivated.

* In this example, the key was pressed immediately following . The same result is
produced when manual calculations or a BASIC program is executed following [ery.

2. Selection using the & key

Pressing the key produces a display of the library utilities built into the computer. The
following operations can be used to locate a specific utility.

i} (@) and (3 keys are usad to respectively scroll up and down through the utlnty list. Holding
gither key down results in high speed display change.

displays the first library utility (memory calculation, Library Number 1000).
displays the last library utility (ratio difference test, Library Number 6772).
=i displays following library utility contents.

ii) Pressing either &g or [ugl when the desired library utility is displayed executes the utility.

EXAMPLE 1

Activation of numerical solution (method of bisection) after power is switched ON.

L _ : J {Switch power ON)

E@1@:Prime factors
Base = a % b % ¢ x
OEZndE
5@9@ Numerical solution fix)=0 :
| Method of bisection |(P’ess,@6“"‘es)
Method o0f bisectiaon f(x)=0 i ;
1:f0x).x@.x]1 e, lgop t(E"e‘"‘““"““S'”g)
EXAMPLE 2

Termination of bisection method in EXAMPLE 1 and activation of quadratic equation solution
utility.

v | Break (Termination of library
utility)
59 :Numerical solutiaon flix)=@ Libi list displ
(CI] Method of bisection (Library st display)
@ @ [ 5P5@:axe2+bx+tc=0 |(Press@threetimes)
axg+hx+c=0 (Activation of library
Exg) a= 1 %_ : utility)

11-1-2 Library Termination
Execution of a library utility can be terminated by pressing the (= key.

(Termination of library
utility)

—=+
©

- le

| oo o
m
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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 follows.

1. Initial display
Display immediately following library activation for value input, YES/NO selection, or list
display.

EXAMPLE 1

Immediately following activation of prime factor analysis library utility {Library Number 5010).

rime factors (E£Base<1@10})
ase 7_

EXAMPLE 2
Immediately following activation of interval estimation library utility (Library Number 6610).

2 <p<hb U'knon
gata (Y/Z/N)

}(U)a W
input new ?

EXAMPLE 3
immediately following activation of formula library utility (Library Number 5800).

|

Il o

2-p2 [1”
(atbj(a-b}

2. Menu display
Display immediately following library activation for process selection.

EXAMPLE 1
Immediately following activation of Newton’s method library utility (Library Number 5080).
|Ne wto s method fixi=
1:f(x B:h. ¢« 1DDQ

EXAMPLE 2

Immediately following activation of matrix operation library function (Library Number 5100).

Mat rix AlZ2.2}y:Bl2.2)
>A.B.D. I . T.K.+.—-.x M.L.C.P ?_




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).

T Ratio interval estima-
=0 : g tion; Library Number
= 6670

At this time, the [ key can be pﬁessed without changing the displayed value, or the dis-
played value can be changed before pressing Ex.

11-1-5 Precautions When Using the Library

(D Library executions can be performed in the CAL mode only.

(@ 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 cansist of single lower case alphabetic characters (a ~ 2). Statistical
variable names in the library are preceded by the letter *'s”’ (sa~sz).

(&) All library utilities are created using the BASIC language.

@ The symbol is shown on the display during library execution and list display.

(® &9 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 =@.0D2 7_

Pressing [xg 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 e 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 ut:l:ty
or calculation.

» Library utilities automatically switching to lower case mode

5080, 5090, 5200, 5220

» 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 +) operaticns.

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.

MCTL t] MR ¢ ] M- 1 M+ =1 ]
2 ]

16-digit 16-digit
calculation result memaory contents

Values can be corrected using the [&) key (1-character delete) or ) & (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 cannot be used.

) (3] [@) B cannot be used to enter sin30°. It mused be entered as (8] (D) (N] (3] (@] .

The formula memory is used for memory calculations. Therefore, it should be noted that contents
of the formuia memory are changed when memory calculations are performed.

OPERATION
1000 } gc[u MBI +1] gi—[-—] M+[ -] ‘

EXAMPLE 1

Perform the calculation: 15+3+7-6=6
rMG[t] MRI[ 11 M-[+1] M+[-1] l
@ 2

1513 7([=16

MC[+t1 MR[ 1] M-[+1] M+[~1 |(Formulainput)
15/3+7-B_
[Exg) } gqc[ T MEBET 13 M= <] M+[ -] |(Formula execution)
1] ] )




EXAMPLE 2
Perform the following calculations: 120x1.4=168
1.4x170=238
' gctr] MRAT 1] naf-['-] M+[~1 |(Mem0ryclear)
1.4 = | MCT[ 1] MAT 1] M=T-1 TR (Storage of 1.4 in
1.4 1.4 memory)
120@_1_ |1g8£{14_ MR 7] M- ~] M+ =1 ‘(Formulainput)
MCI t] MR[ ] M-[+1 M+ [~ (Formula execution)
= ’ 168 1.4 - |
=170 ’ MCI[ 1] MR 11 M=-[~1 M+[~] (Recall of 1.4 from
1.4x170_ ‘memory)
=3 ' MCL 1] MRATL ¢ ] M=-[ -1 M+[-1 (Formula execution)
238 1.4
EXAMPLE 3
Perform the following calculation: 3+ 7+sin30° (angle unit =degree)
® i MG 1] MR ] M-[-1 M+ [~ 1] |(Memoryc!eaf)
]
3= | MCTLt] MR ¢ ] M= -1 M+[ -1 {Storage of value in
3 3 memory})
7 = | [}dc[r] MRBRL 1 r]ma[q M+[-1 (Add to memory)
SIN30 =) rMC[r] MRT + ] M= <1 M+[~1 (Add to memory
.5 18.5 following function
calculation)

Set the mode for the desired angle unit (DEG, RAD, GRA) before activating the library.
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MEMORY CALCULATION FLOWCHART

Library menu

Caiculation result and

memory contents display

FHEIEAR]

Entry

[®IMC ZIMR

=M+

Output of opera-
tor fcllowing

Calculation result
clear and output of

Output of cursar

Memory clear following memary

Subtract calcula-
tion result from

Add calculation
result to memory

YES

calculation result first entry contents memory
- T
4 4
Formula input
= FMC BIMR EM- M+
Del Output of memory Subtract result from Add resull to
h ete o Formull_a Memory clear { | contents at cument| [ memory after mamory alter ex-
characier execution cursor position executing formula eculing calculation
- r T
NQ

NO

YES

Error display

|

Key input

N




PRIME FACTOR ANALYSIS

Performs prime factor analysis on an input value base. The input range of entered value
a is an integer within the range of 2=z 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 = a'; is applied and division is repeated until
vai+1=b.
OPERATION
Prime factors (24£ZBase<1@10)
5010 @y  |5[.p%,] |
EXAMPLE
Perform prime factor analysis for a base of 100.
|Prime factors {EZBase<1@10) t
Base 7_
100 ‘Prime factors {(@ZBase<1@10] Lm%emwn
Base ?100_
[Exg) iPrlme factors (EéBase<1m1n)__mewmmm
120 = .. ...
|Prime factors (2£Base<1@10;} VH%thmmw
2@ = 2+2 % 5~2
(Exg) |Prime factors (ELBase<1@10) |mamnmmmmmmmw
Base ?_

Here, the result of the prime factor analysis is 100 =22 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£Za.b<1@10)
5020 @@  [G.C0;M._ ]
EXAMPLE
Determine the GCM and LCM when a=5 and b=2,
G.C.M. B L.C.M. (1T<£a . b<i@10) ]
a= 1 7_
5 [xg E'CiMé BE L.C.M. {(1£a.b<1@10) |(Valueainput)
2 G.C.M. =1 {Value b input)
b IL.C.M.= 10 |
[Exe) ‘G.GSM‘.P B L.C.M. (M£a.b<1@10) ’(Returntoinitialdisplay)
8= —

Here, the GCM of 2 and 5 is 1, while the LCM is 10.

SIMULTANEOUS EQUATIONS
(GAUSS-JORDAN ELIMINATION)

Solves for x1 ~xn in the following n simultaneous equations (2= n = 7) for input of coefficients
ai~an, b1~bn .-« and y1~yn.

a1-Xi+b1Xx2+cCt-X3+---=¥y1
az+ X2+ bh2-X2+C2:X34---=y2
An-Xn+bn«Xn+Cn-Xn+--=Yn

Solutions may not be exact for coefficients with a difference in excess of 1 x 10" due to
internal rounding. :

OPERATION
5040 ‘ax15b$2+ax3+---=y (24ns7)
n=

Pressing [ Exg during coefficient input returns to the previous coefficient entry.-
Pressing (@ or g during display of a solution scrolls to the following solution, while (] scrolls
to the previous solution.

The message “not found” appears on the display when a solution cannot be found.




Solve the following simultaneous cubic equations for x1, x2, and xa.

2x1+3x2—%x3=15
3X1—2%X2+2%3=4
5X1+3x2—4%3=9

|Tx1;be+cx3+--- (BLnL7) J

n= -

3 [ Fxl +thXx2+cx3=y {Input 3 to specify cubic
1:a= @ — equations)

2 (g ‘ax1+h X2+6X3=¥y ‘(Input coefficients for
b= @ "?°_ first equation)
axT+bx2+cx3d=y Input coefficients

3Ed |?c= @ 7- '( )

-1 axl+bx2+cx3=y l

el * l:y= @ 7?_
15 axl+hx2+cx3=y l
G |E:a= o 7_
3Fg-2@d2Ed4 g
iaxi +bx2+cx3=y (Input coefficients for
3d.a= @ 7?_ second eguation)

53 0g~-40d9 e
axT+bhxB+cx3=y |(Input coefficients for
X1 = . .... third equation)

Fx] +b£2+c X8=y |(Displayva|ue for x1)
X1 =

[Exel axi+bx2+cx3=y (Display value for xz)
x2 =5 ’

[exg lag'l +bze+cx3=y I(Display value for xa)
X =

[exg raﬂ gbée+cx8+ (B24ns7) (Return to initial display)
n= -

Here, the solutions of the simultaneous equations are x1=2, x2=5, xa=4.
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SIMULTANEOUS E.GUATION FLOWCHART

Library start

/
—"""—-‘
Number of
variables input

—-—'_'/l—/

Coefficient input

Solution display

Bd returns {0
preceding coefficient

®

izl

1

Set previous
solution

Set next solution

Set ﬁext solution

Solutions
remain?

Y




QUADRATIC EQUATION

Determines the solution for « and 8 when coefficients a, b, and ¢ are input for the quadratic
equation ax®+bx +c=0.
Root equations are used to determine the solution.

o —-b+ Vb®—4ac
Root equation: X=
2a .
When d=b?—4ac: 7 va
i) When d>0, two real roots («, 8) are present: o= _bz-; d . B= _bz; d
i) When d=0, one real root () is present: a= %ib- (muliiple root)
iii) When d<0, two imaginary roots (x, 8) are present:
w= 22, ¥-d, g _—b _V-d,
2a 2a 2a’ 2a
OPERATION
axe2+hx+c=0
5050 HERELE
EXAMPLE
Determine the solution of the following quadratic equation:
2x*—5x+3=0
‘ axe :IHJ é+ c=0 |
a= -
2 [exe) , aXe+bx+c=0Q {Coefficient a input)
b= @ "7_
-5 [ l axe+bx+c=0 |(Coefﬁcient b input)
c= @ 7.
3 [exg i ax2+bx+c=0 |(Coerficient c input)
| alx—-a)(x-5)=0 J(Solution o display)
a = 1.5
[exg) g { i—flr T Tx-81=0 {Solution 3 display)
xg) (a x2+bx+c=0 \ |(Fleturn to initial display)
a= 2 7.

Here, the solutions of 2x*—5x+3=0 are a=1.5, §=1.

SOLUTION DISPLAY
Pressing [xd or (I scrolls from display of « to § {only « displayed for multiple root). Pressing
while g is displayed returns to the display of e.
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CUBIC EQUATIONS

Determines the solution for «, 8 and ¥ when coefficients a, b, ¢, and d are input for the cubic
equation ax®*+bx2+ cx +d =0.

Root equations are used to determine the solution.

Transformation to y*+3py+q=0 can be performed

c b 2!:)3 bc b

b
when x=y-— +E_ are substituted in ax®+bx?+cx=0.

3a’pSa 9a2 A= 2748

Here, substituting A= 3/35YC ""/—

i) When ¢>0, one real root («), and two imaginary roots {3, 7) are present:

A+B \/_ _A+B V3 .
gt B z g A-BI

ii) When c=0, p=0, one real root («) is present: o= —(A+B)

, c=q%+4p°® results in the following:

a=—-(A+B), 8=

i}y When ¢=0, p=0, two real roots («, ) are present:
A+B
2

a=—(A+8B), = {multiple roots)
iv) When c<0, three real roots («, 3, ) are present:

a=—2vV—pcost, 3= —2V—pcos (#+120°),

1 et 9
=—2v- 0 +240° =— —L
v 2V —pcos {§+240°) 8 3cos 2(_?
OPERATION
5060 |g:3-{-béi+cx+d=0
EXAMPLE | -

Determine the solution of the following cubic equation:
2 +x2—13x+6=0

qgia:ll-b;i+cx+d=ﬂ |
2 Exg g:ﬂ Eb ;i+c X+d=0 {Coefficient a input)
1 [Exg Igisgbéiﬂ: X+d=0 1(Coeﬁicientbinrpul)
-13 ¢ |gi3$béi+cx+d=@ ‘ (Coefficient ¢ input)
6 &g ax3+bXxe+cx+d=0 ' {Coefficient d input)
L ;;.( : g) (x-F1(x-v)= |(So|ution « display)
xg lg(: S”" Bl (x-r)1=0 l(Squiion,@dispIay)




X=-8)(x-v)=0

&

(Solution ¥ display}

X -
3

Exe] X +cx+d=0

+bx
2 P

(Return to initial display)

Here, the solutions of 2x°+x*—13x+6=0 are «=-3, =2, 7=0.5.

SOLUTION DISPLAY

Pressing e or {(T) displays «, 8 and ¥ in sequence. Pressing (&) while § or ¥ is displayed
returns to the display of « or 8. Only « or « and 8 are displayed in the case of multiple roots.

CUBIC EQUATION FLOWCHART

Library start

Cubic equation

coefficient input

Numbk

multiple roots

=3 =2
a display « display
62 } B.@m
3 display
ki
Ed
h )

None

a display

y B,

3 display

&, @

¥ display

E=
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(NEWTON’S METHOD)

5080 NUMERIC SOLUTION OF AN EQUATION .

Determines the solution of the function y =1f(x) graphed below for f(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, 1(x))
P(x) = fx + h;—f(x)

€ :  Solution convergence {e> ixn+i—xn| : continuously calculate and return value of

¢ as long as ineguality 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 e must be 1E —90 or more. Since internal caiculations are performed
in 12 digits, smaller values have little meaning.

OPERATION
Newton’ method f(x)=0
5080 '1:f(x?.i 2:h.c.1loop

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 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 is 30.

Yo (=243t — x5

- b w3 e o

4321 |-y 2 34

(Parameter input
selection)

J(Minute interval input)

(Convergence condi-
‘ tion input)

(Maximum number of
convergences input)

{Function/initial value
input selection)

|(Functi0n input)

|(Inil‘|al value input)

‘ (Solution display)

(Return to’initial

X
‘Newton's method fix)=0 l
1:f(x).x@ h.e.loon
2 ‘f {(x)=(f{x+h)}=Ff(x))/h (h>Q@)
h= B.00001 7_
0.00001 e Err 1Xn+1-Xni<& (e>0)
e= @.0000001 7.
0.0001 ’ngeéugn (n=@)
30 [Exe INewton s method fixi=0
1:.f({x}. x0 2:h.eg.1oop
1 Define function
HHE
2%kX"3+3%X"2-x—5 [xg
f{x) = Bxx~"3+3xx~2-x-5
x@= @ —- .
1 [exg ‘f(x) = Bxx~3+3%xx*2-x-5
|f(x) = 2xx "3+3%xxB-x-5
X = 1.0848
[exg) Newton's method f(x)=0
1:f(x).,x0 2:h.e.locop

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.

f

(x) = x~2+1
not

found

Pressing Exd at this time returns the display to point at which calculation was discontinued.
Pressing [ex] again returns to menu for numeric solution of an equation (certain calcualtions

may not initially display discontinued point display).

nu

X 2 +1 :
20 tXn =_1.870479459

(7
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NUMERIC SULOTION OF AN EQUATION
- (BISECTION METHOD)

Determines the solution of the function y =1(x) graphed below for f(x) = 0, using the bisection
method.

s
|1 .

N + (Angle unit =radians)

The following parameters are specified in order to determine the numeric selution using the
bisection method.

xo, X1 : Initial value

€ :  Solution convergence {e> | xn+1—xnl : continuously calculate and return vaiue of
¢ as long as inequality is true)

loop : Maximum number of convergences (positive integer)

* The following arithmetic operators and functions can be applied here:
, %, /7, ~, 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 e must be 1E—90 or more. Since internal calculations are performed
in 12 digits, smaller values have little meaning.

OPERATION

Method of bisectlion fix)=
5090 |'|.’f(x).xla.x1 €. loop

The menu display illustrated above appears when the library is activated. Either 1 or 2 shouid
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 f(x) = 0 solution of the following equation for f(x) =2x3—x2¥8x- 11, where the
convergence condition is 0.0001, the maximum number of convergences is 40, and initiat
values are xo= —5, x1=5. '

IMethod of bisectian f(xl=0 ‘

1:f{x).x@.x1 2:¢.lo0p

2 lErr. éég$é5¥nl<e (e>@) Wﬁﬁwfﬂmm

_ e= 0. selection

0.000% [xg Ma xs.log P {(n>0] Egﬂnivegggnce condi-
n= @ —_ n

e T I I P U ey

: X).XQ. X “e.loap pu

1 Deflne function {Function/initial value
i fFix) ?- |input selection)

2%x" 3-x"2-8%x-11[
Iféx)m=?ExxA3—er—axx-11 memmnmmn
x@= -

-5 g If.gx)m=?gxxa3_xAE_8,x_11 |(Initialvaluexo‘input)
Xx1= -

5 &g |f_(x) - BXXA3-X"2-BXx-11 1(Initia|valuem input)
X = ... .. :
]f(x)E=7$;¥A3_erﬂa;¢x-31 J(Solutiondisplay)
Xx =

B (Methud of blsectlion f(Xx)=0 |(F‘9tumt°initia'display)
T:f X} x@. x1 2.e.loop

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.

r?Tx) = XA2+1
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

Matrlx A{g.g): B(E 2
5100 >A.B.D.I.T K.+, M.L.C.P ?_

The following process can be selected from the menu display illustrated above.

A : Definition of MATRIX A and data input

B : Definition of MATRIX B and data input

D : Determinant of MATRIX A (det A}

I : Inverse matrix of MATRIX A and assignment of result to MATRIX A (A-'=A)

T : Transposed matrix of MATRIX A and assignment of result to MATRIX A (A'—A)

K : 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)

M : Assignment of MATRIX A contents to MEMORY MATRIX M (A—M)

L : Assignment of MEMORY MATRIX M contents to MATRIX A (M—A)

C : Exchange of MATRIX A and MATRIX B contents (A=B)

P Display of MATRIX A contents

Help display

MATRIX SET UP
Select either [A] (MATRIX A) or (8] (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)

_ D
N o w

1 4
Row (m) [ |2 —1
3 3

|Matr|x A(eg.2y:B(2.2) |

>A.B.D, | . T.K.+ -.x M.L.C.P "7_

A Aim.n] = A(2.2) (MATRIX A specifi-
|m P cation)

3 [exg ﬁ(n?hn) = A(3.2) ' (Flowinpu-t)

4 afl.1) =@ (Column input)

= N ]

* A 2-row by 2-column [g g] matrix is autornatically set up when this library is activated.




Now enter the elements in the sequence shown in

the illustration to the right (D ~02). &) C% g) é')
' 2 1 0 -1
® ® @
3 1 -2 -3
® @ @
all.1)=0
1 [exg a—(l 2] = 0 (Matrix element entries)
0 (1.3) = 0@
= 7

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 A{m.n] = A(3.4] (MATRIX A specifi-
m 7 caiion)
[ A{m.n) = A(3.4) (Press &g after confir-
- mation)
B3 g(T. 171 = 1
all1.2) = @
. i | ]
=) La(S.S) ==z
P
= la(a 4) =-3
-
EE 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 (g key is pressed can be corrected by simply entering the correct
value and then pressing B3. After g is pressed, press [ g 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

A= 1 1 . B= 2 3
2 1 2 1
Perform A+B, A—B, A-B, and B-A for the two foll_owing matrices.

Perform the following operation from the menu dispiay.

Matrix A(B.2):B(E2.2)
>A,B.D.I . T.K.+.-.x.M.L.C.P P_
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{(MATRIX A specifi-
Gation)

(2-row12-columh
specification)

| {Element input)

(MATRIX B specifi-
cation)

(2-row/2-column
| specification)

| {Element input)

(Transfer of MATRIX
A to MATRIX M)

A Alm.nt = A(2.2]
m 7—
2 g 2 g g(T.H =0
16810652 1 g
Matrix A(2.2): B(E E)
>A.B.D.I.T.K+ L.C.P 7?_
B B(m.n)] = B(2.2}
mT—
2 &g 2 (g ‘bH.H = 0
209 3 e 2 g 1 Exg
Matrix A(E 2):B{(g.2)
>A.B.D. 1. K+ XM.L.C-F' P
M |Memnry A - M(E 2)
>A.B.D.I.T.K. *ML.C.F"?
|Matr|x A(E-.E) B(E 2} I
>ABD.|.T.K., M.L.C.P P_

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
Ato MATREX 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 [g after confir-
mation}

(Return to initial display)

(Transfer of MATRIX M
elements to MATRIX A)

- ‘(Subtraction specifi-

cation)

I {Result d:splay)

(Press =4 after confir-
mation)

*A+B

+ rA+B - A(2.2] :
>A.B.D.I . T.K.+.-.%x. M.L.C.P 7
a(1.1) = 3
>A.B.D.I.T.K.+.—-.x M.L.C.P
alfl1.2) = 4

&g |>A-B-D.I.T.K.+.—.#.M.L.G-F'

3 a(2.1] = 4 -
>A.B.D.I . T.K.+.-.x.M.L.C.P 7.

&3 a(2.2) = 2 ‘
>AcBrDtIvT-K-+-_I*|MnLIC'P ?—

exg) Matrilx AlR.2):Bfie.2)
>A.B.D.{ . T.K.+. - x.M.L.C.P 7_

. 3 4

Here, the resuit of A+B is R

«sA—B

L Load A - M{2.2)
>A.B.D.1 . T.K.+.-.x . M,.L.C.P 7
Matrix A{2.2):B(2.2) !
>A.8B.D.I.T.K.+. -, M.L.C.P 7?_

=) A-B - A(2.2)]
>A.B.D.!| . T.K.+.-. 2. M.L.C.P 7
|a(1.1) ==
>AB.D.I . T.K.+.-—.x M. L.C.P 7?
all.2) =-2 .

b |>A.B.D.I T.K.+.-.x M.L.C.P ?

B are. 1] = @
>A.B.0O.I . T.K.+.-.* M. L.C.P 7

E5) a(2.2] = @ : l
>A.B.D.I . T.K.+.-.* M. L.C.P 7?7

|
|
e



(Return to initial display)

(Multiplication specifi-
cation}

I (Result display)

(Press [&d after confir-
mation)

(Return to initial display)

(Transfer of MATRIX M
elements to MATRIX A)

(Exchange of MATRIX
A and MATRIX B

elements)

(Multiplication specifi-
cation}

| (Result display)

(Press [ed after confir-
mation)

g Matrix A{2.2}):Bl(2.2)}
SA.B.D.!.T.K.+.-.x.M.L.C.P ?—
: \ 1 -2
Here, the result of A—B is ol
* A-B
L Load A - M(2.2]
a >A.B.O.|.T K.+.-.x.M.L.C.P %
\Matrix AT2 E2):Bl2.28] i
; >A.B.D.1.T.K.+.-.x.M.L.C.P %?—
* AxB - A(2.2]
>A.B.D.|.T.K.+.-.%x.M.L.C.P ?
! \3(1.11 = 4
; >A.B.D.| . T.K.+.-.%x.M.L.C.P ?
Ex a(1.2] = 4
>A.B.D.I.T.K.+. -, . M.L.C.P %
Exd ale,1! = B
|>A.EI.D.I.T.K.+.- *x M,.L.C.P 7 |
=g ale.2) = 7 |
| >A.B.D.I.T.K.+.—. %x.M.L.C.P 7
5 EZ) |M-atr|x Ale.2):B(e.2]
| >A.B.D.I . T.K.+.- . . M.L.C.P 7-
|
. 4 4
Here, the result of A*B is .
6 7
s B A
L Load A - M(2.2)
sA.B.D.!.T.K.+.-.%x.M.L.C.P 7
|Matrix Al2.2).:B(2.2)
>A.B.D.I.T.K.+.— . . M.L.C.P ?_
c IChange Al(2.2) - B{P.2)
>A.B.D.I.T.K.+.—.x. M.L.C.P ?
|Matrix Al2. 2l'Bi2.2!
>A.B.D.!.T.K.+.—.%x. M.L.C.P ?_
‘AxEl ~ A(2.2)
* >A.B.D.1.T.K.+.-.x.M.L. C.P ?
PH 7] = B
>A.B.O.1.T.K.+.-.x . M.L.C.P
al1.2) = 5 :
[ >SAB.D.l.T.K.+.-—.x.M.L.C.P ?
ale.1) = 4
Ex) |>A.B.D.I.T.K.+.—.x M.L.C.P ?_
ale.8) = 3
(Exg) |>A.B.D.|.T.K.+.-.x.M.L.c.P P [
|Matrix Al2.21 . B(2.2]
e >SA.B.D.!|.T.K.+.—.%.M.L.C.P 7_

| {Return to initial display)

Here, the result of B+ A is [i
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EXAMPLE 3

Calculate the determinant for the following matrix.

2 1 1 o 1

0 1 S R
B 0 2 1 h
1 3 0o 0 2

First perform the multiplication in the first term by setting up the following matrices and then
executing A+ B.

2 ! 3 1 1
A= |10 -1|, B= o - .
1 3
Matrix A(2.2).B(2.2]
>A.B.D.I.T.K.+.-.x . M.L.C.P ?_
A3 [ 2 [ g(i.]) = B (MATRIX A set up)
2ee1g0 ke —16d1 3 &
Matrix Al(3.2):B(2.2} (Element input)
>A.B.D.I.T.K.+.-.*x M. L.C.P ?_
B2 exg 3 g Igu 17 = @ (MATRIX B set up)
3pd -1 1Ed0 g2 Ed 1 fex
’Matrix Al3.2}1.:B(2.3) (Element input)
>A.B.D.|.T.K.+.-.x.M.L.C.P ?_
* |Axs - A(3.3) ] N \(A-Bcalculation)
>4.B.D. 1. T.K.t.-.*x. M.L.C.P ?
|a (1.1 = B |(Hesu|t display)
>A.B.D.1.T.K.+.-.2. M, L.C.P ?

Next perform calculation for second term.

B3 [ 3 Exg 3(1.1) =B (MATRIX B set up)
1E80E3 169269 -3690 6906906 29

Matrix A{3.31:B(3.3! ‘(Elementinput)
>A.B.D.| . T.K.+.-.x M, L.C.P ?_

+ A+B - A (3.3} ‘
>A.B.D.1.T K.+, -.x.M.L.C.P 7
|a(1.1} = 7
>A,B.D.l . T.K.+.-. *.M.L.C.P 7

e all.2) = @ (Press [ after confir-
|>A.B.D.I.T.K.+.-— x M.L.C.P ? mation)
a(1.3]) = 4

= ’>A.B.D.I.T.K+—3ML.G_._P'P J
a(2.1)] = 2

e >A.B.D.I.T.K.+.~-.%*.M.L.C.P 7
a(2,2)] =-5H :

xd ‘>A.B.D | . T.K.+.-.x.M.L.C.P 7 J
g(2.3]) =-1

e I>A-B.D | . T. K.+, -.* . M.L.C.P 7




(exg) |a{3.1) = 3 -
>A'B.D.1.T.K.+.-.x.M.L.C.P %

[Exg ai{3.2] = 5 .
>A.B.D.1 . T.XK.+.-.x M.L.C.P %

exg |ama)=e }
>A.B.D.l.T.K.+.-.x.M.L.C.P ?

Exg) Matrix A3 1:8(8.3) ](Returntoinitialdisplay)
>A.B.D.I.T. -, . M.L.C.P 7_

Here, the result of the calculation is

2 1 3 . 1 o 1 7 0 4
0 -1 o "2 ; + |2 -3 0| =|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 0
3 1 2
4 2 3
lMatrix Ale.2r:Ble.2) ’
>A.B.0.I , T.K.+.-.*x M.L.C.P 7_
A3 [ 3 pxd |g(1.1) = Q ’(MATRIXAsetup)
2 0Ed Ofd 3 (g 1682 5 4 9 2 B 3 &
“ﬂﬁtéié lA_{_Bksi:B(E.ﬁ)L'c 5 o ‘(Elementinput)
. ' . . . ¥ . ' ' ' —
M |Memnry A - M(S 31} (Transfer of MATRIX A
>A.B.D.|.T. X M.L.C.P 7 to MEMORY MATRIX
Matrlx A(B.B] BlE.2) M)
>A.B.D.I . T.K.+ X M.L.C.P ?_
* Determinant {det A)
D Determinant A = .. ... |(Determinant)
>ALB.D.I.T.K.+.-.%x.M.L 7
Determinant A =-2 |(Flesultdi5play)
>A.B.D. I .T.K.+.-.x. M.L.C.P ?
[exg) |Matrix A{3.3) 'Bi(g 2} (Return to menu
>A.B.D.Il.T.K.+.-.x.M.L.C.P ?_ display)
Here, the determinant of MATRIX A is. -2
* Inverse matrix (A™")
| II Ve rES]elAT—-KA MoL.G.P 7 (Inverse matrix)
>A LT LKL 4 X .M. L. :
Ea ‘I 1} = @.5 {Inverse matrix display)
> BD.I.T.K+ x. M L.C.P ?
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[Exd) l.a(1 .21 = @ {Press B after confir-
>A.B.D.l.T.K.+.-.x.M.L.C.P ®? mation)
g |a(1.3) =0 l
>A.B.D.1I".T.K.+.-.x . M.L.C.P 7
Exg |a(E.1) = 8.5 J
>A.B.D.1.T.K.+.-.x.M.L.C.P ?
fexe) a(g.2) =-3
>*A.B.D.|I.T.K.+.—.*. M. L.C.P 7
Ex 1a(e.3) = g2 |
>A.B.B. I . T.K.+.-. .M L.C.P 7 .
Exg a({3.1] =-1
>A.B.D.l.T.K.+.-.x . M.L.C.P 7
E5) ta(S.E) = 2 ‘
>A.B.D.!1 . T.XK.+.-.x. M.L.C.P 7
Exd a{a3.3] =-1 \
>A.B.D0.I . T.K.+.-.x. M. L.C.P 7
xd |Matrix Al(3.31:B(2.28) (Return to initial display)
>A.B.D.|.T.K.+.-.x . M.L.C.P 7.
0.5 0 0
Here, the inverse matrix of MATRIX A(A"")is |05 -3 2
-1 2 -1
» Transposed matrix (A')
L - .3 {Transfer of MEMORY
15228 oA "5 s mLop @ MATRIX M to MATRIX
Matrizx A(3.3}1:'B(2.2) )
>A.8.0.1.T.K.+.-.Xx.M.L.C.P 7?7
T jTranspnse A - A(3.3) |(ffan3p039dmatrix)
>AB.D.| . T.K.+.-.x M.L.C.P ?
[a (1.1) = 8 - (Transposed matrix
>A.B.0.I.T.K.+.-.x M, L.C.P ? display)
[Exe) all.2gl = 3 (Press [ after confir-
>A.B.D.1.T.K.+.-.x.M.L.C.P 7 mation)
all1.3) = 4
&g >A.B.D.1.T.K.+,-.x.M.L.C.P 7 |
) 'a(e.ﬂ = 0
>A.B.D.| , T.K.+.-.x . M.L.C.P 7
a(e.2) =1
B |>A.B.D'I T.K.+.-.x. M.L.C.P 7
ExE al2. 3) = 2 .
>A.B.D I-T.K.+.—.X.M-‘L‘G.P ?
a({3.1] = 0
g |>A.B.D.I.T.K.+.—.x.M.L.G.F’ ? ‘
a(3.2) = 2 .
B ‘>A-B-D.I-T~K.+--.*.M-L.G.F' ?
a(3.3) = 8
= \>A.B.D.|.T.K.+.—.x.M.‘L.G.P ? |
(e |Matrix A{3.31:B(2.2) |(Returntoinitialdisplay)
>A.B.0D.I.T.K.+.-.x. M.L.C.P 7_
3 4
Here, the transposed matrix for MATRIX A (A"} is 1 2
2 3




Scalar product
EXAMPLE 5

Calculate the scalar products for the following matrices.

Multiply MATRIX B by the result of MATRIX A times three.

- wgtéié ABRELBE R cp v ]
A2 4 2 (=g Ign_n = 0 |(MATRIXAsetup)
1Ed 2 e 2 8 1 ,
: |h>llgtélé IA‘(FEII(E-I}-:B(E'E)L Cop » ’(Elementinput)
.B.D.I . T.K.+.-.x . M.L.C. -
K |kxA(?.$] ~ A |(Scalarproduct)
k = -
al(l.11 = 3 (Multiplication by 3
3 & EA.B.D.E.T.K + x. M.L.C.P 7 !ﬁit{jggzsi?nedto
B2 b4 2 = |$”'” = B |(MATRIXBsetup)
3Epd 1620k 2Ed
ggtélé IA'{'EKE) B(E ﬁ L.C.P ? |
v . xl ] * i —
¥ AxB - A(2.2) (A-_':\ndBmuItipIi-
>A.B.D,I.T.K.+.-. . M.L.C.P ? cation)
=E] lgﬁ(\]é]l:]l T ? <+ M.L.C.P |(Displayresult)
.B.D.1.T.K.+,-.x.M.L.GC,
(g a{1.2)] = 15 (Press [exg after confir-
>A.B.D. I . T.K.+. - . %x.M.L.C.P 7 mation)
e at{2.1) = 18
>A.B.D.I . T.K.+.-.x.M.L.C.P ?
EE |§!&EE'52E)]TJFEK+ M.L.C.P 7 |
.B.D.1.T.K.+.-.x.M.,.L.C.
Matrix AlZ2 B(E 2) Return to initial displa
E |>A.B.D.I.T.K. X M.L.C.P 7_ (Return to initial display)

N =
[y

o 2 3 1 9 15
Here, the result of the example calculation is 3 0 ol=118 12|

* HELP menu

Pressing (=] in the menu display produces a HELP display which explalns the meaning of
each command.

Pressing (], (8] or [ at this time scrolls through the commands. Pressing either (&) or =]
returns to the initial dispiay.
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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, (8] and (& ( b ) can be
used to scroll through MATRIX A.

* The operation of (] and &4 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 regardless of the current display.
* The (P) key can be used from the menu display to display the contents of MATRIX A. (8],
(@), &, (=) and [& can also be used as desired.

EXAMPLE
|Matr|x A{2.2):Bl(e.2)
>A.B.D.| . T.K.+,.-.%x M, L.C.P 7?_
P |a('| 1) = 1 {MATRIX A elermnent
>A.B.D.I.T.K.+,.-.x. M.L.G.P 7_ display selection)
@ ‘a(l .2) = B {Confirmation of each
>A.B.D.I . T.K.+.,-. % M.L.C,P ?_ element)
al(2g.1) = 3
Bd I?A.B.D.].T K.+.-.x.M.L.C.P 7_ l
a{l1.2) = 2
’>A.B.D.I.T K.+.-.x.M.L.C.P ?. |
Matrix A(2.2): B(E E) initial di
= |>A.B.D. \(2.2) B . |(Returnt0|n|t|alq|splay)




MATRIX OPERATION FLOWCHART

Library start

menu display pe

(&) [MATRIX A number MATRIX A number MATRIX A
of rows input of columns input element input
MATRIX B number MATRIX B number MATRIX B
of rows input of columns input glement input
L MATRIX A E=
element display
B To next
Next element
A+B ) o element present?
calculation
To next
= A-B slament
calculation
@& [To previous
E3 AB element >
calculation
) A-1 calculation
Al calculationt
K .
kA calculation
@] det A
calculation
(@ MATRIX A to MATRIX M
MATRIX M to MATRIX A

MATRIX A/MATRIX B exchange

(=]

HELF menu

To next HELP display

HELP display
present?

To next HELP display

@l To previous HELP
display
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NUMERIC INTEGRATION
: (ROMBERG’S METHOD)

Determines the integral value of interval [a, b] of the function y =f(x) graphed below using
Romberg's Method.

v

y=fl{x)

0 / i3 5 T (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 determme 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 variabie name for the function f(x) must be represented by x.
* The value input for e must be 1E —90 or more. Since mternal calculations are performed
in 12 digits, smaller values have little meaning.

OPERATION
Romb ' thod f dx [a.b]
5200 [1??(35%[2.?? ° JEFZE).‘ 0o 2

D

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/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'.

Inomberg‘s method If(x ' DIJ

T:fix)Y.[a.b] 2ic, n

2 Err [An+1-Anl<e (e)@) {Parameter input
E= PPERBRAT  P_ selection)

0.0001 [ Wax [gup 2n n=e) J(Errorconditioninput)
n= 8 — :

10 g Fombere s method Jf(xtdx [a.b] |{Maximum number of
1:f{x).0a.bl 2.¢.loop divisions input)

1 Define functlion {Function specifica-
flx) ?_ tion, interval input

seleclion)
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(o) (X] Exg lf Ll‘éx?dx [a.b] |(Function specification)
a= _ . 3

3 g [f LNX dX [a.b] |(Interva1_input)
h= B ?_.

5 S LNx dx [a.b] :

= |ff(x')dx = .. |
If LNx dx [a.b] I(Integral value display)
Jfix)dx = 2.7514

Ed |Homberg's method Jf(x)dx [a.bJ |(Retuntomenu
1:f(x).[a.b] 2:¢.1loap display)

This display indicates that the integral vaiue for the example is 2.7514.

The message '‘not found” is displayed when an integral value cannot be found.

x [a.b]) (Interval of [0.1] in the
nd same example)

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.

i | b
[\ f J2fdz= [ e floxdx
° %? £ U b In the graph to the left, n=4.

2. Positive/Negative Integral Values According to Integral
Divide into positive portion and negative portion, and calculate individually.

HAx)

b _fc h
M Jor ()dx= f, fladda+ JE flx)dx
Positive portion Negative portion

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 individually.

JErdn= (B fwdr+ [F(naz

'
'
]
]
]
Ll

a Xy Xz XaXaXs b
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ORDINARY DIFFERENTIAL EQUATION
(RUNGE-KUTTA METHOD)

The differential equation expressed as %— = f(x, y) returns x = a, y = y(a) as the initial con-

dition to obtain the numeric solution.

In the figure to the left, initial condition
x=a, y=y(a) is returned when the

differential equation E{— for the un-

I
|
Ylag)r—— : ! : h : Step size
T B known function y =f(x) is known, and the
: Lo numeric solution for x in the unknown
S T N » function is calculated.
0 a NhY
OPERATION
5220 |gef‘|ne function dy/dx |
EXAMPLE
Express the differential equation f(x, y) = 1?){ , (initial condition : y(0) = 1} with a numeric

solution where the step size is 0.1.

3%kY/(1+X) e dy/dx = 3xy/{1+x} {Enter ordinary differen-
X@= @ *_ tial equation)
0 [ |dy/dx = 3xy/{1+x! ’(Enterinitialvalueofx)
y= @ 7?_
1 g |Srt]ep75r;ze 4h (ah>a) 1(Enterinitialvalueofy)
Adh=
0.1 dy/dx = 3%Xy/(1+x] {Enter step size and dis-
yi{@) = play numeric solution
when x =0}
[Exg) dy/dx = 3*xy/(1+x) | (Display numeric solu-
""" tion when x=0.1} '
* *...."" displayed as shown during calculation of numeric solution.
|dy/dx = Fxy/[1+x) ‘
yi@.1) = 1.3329833pR2
Ex | gy/dx = Sxy/[T+x] (Display numeric solu-
¥y(5) 215.9911182 | tion when x = 5)
exe) [d y/dx = Bxy/(14x) I (Return to initial display)
PAxy/(1+x}

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 dispiayed up to 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 poiynorhial for the curve
which passes through the four points not-
ed on the left when n=4.

OPERATION
5230 (ug |Lesranse’s interpojation
d

The following two operations can be selected from the initial display:
1 : Data interpolation
2 : Input of n number of points

Create a 3rd degree polynomial which connects the following three points and determine
the value when x=4.

P1 (1, 3), P2 (3, 1), Pa (5, 2)

2 |Number of data l(Pointinput)
n= 2 ?_

39 ‘Nl_ljmhgr of data = 3 (Number of points)
x1= -

1 fxg |Nurnher of data = 3 |(x-coordinate of point
yi= - Pq)
Number of data = 3 {y-coordinate of point

36 |xE= - |P1)

3@ 195 Exd 2 b
|Lagrange § Interpolatlion {Coordinates of
1:.x E:set data ] remaining points)

1 |L$grange s interpolation |(Datainterpollation)
X

4 [xg [Lagrange 8 interpolation {x-data inpul and 1.125
x?4 = 1.1285 is obtained for y)

fExg) nggrange s interpolation |(X«datainputrequested)
XP—

g fLagrange s interpolation (Return to menu
1:x% 2:set data 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 |nterpolat|on is not. performed
using the nth degree polynomial. .

not found

GAMMA FUNCTION TI'(x)

Determines the value of the gamma function within the range of 0 < x = 70 with six significant
digits. ' '

ST [P~ i
[~

\ The gamma function is expressed as the
graph shown on the left.

OPERATION

5250 gagm? ;unction {@<x<70)

EXAMPLE

Determine the value of the gamma function when x=3.

3 [ Gamma function (B<XZ70) (x value input)
r{g) = g2 (Result display)
Gamma functien (B<x<L70)

[Exg) 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.




BESSEL FUNCTION Jn(x)

2
Determmes the elementary solution Jn(x) of the Bessel differential equation d y + 1—
W|th six S|gn|f|cant dlglts
¥
y=I(x)
4 .
0 2 v ¥
y= Jo(x)
y=dJdo{x) : n=0
y=Jax) : n=1

OPERATION

Jnix) (BLNL8 . @&x£30)
9260 TR hE |
EXAMPLE
Determine the Bessel function Jn{x) when n=2 and x=3.
2 b 3 [ IJn(x) (B£ni8 ., BLXx£30) |(nandxvalueinput)

nra x?3 d= L

| Jnix] [@£NZ8, @£ x<£30) (Result display)

n?a CX73 ‘Jd= @. 4BB6091
[exg) ’ ‘JE‘, (x) {@Zn<£S . @£LX <38 ) (Return to initial display)

n?_ P J= .

Here, the Bessel funciton vaiue is 0.486091.
* A total of six entries (including decimal points) can be made for input of x.
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5270 ~ BESSEL FUNCTION Yn(x)

Determines the elementary solution Yn(x) of the Bessel differential equation

n2
dx :
six significant digits.

y=Yo{x) yﬁYl(x)

dy + (1 —Z ) y =0 within the range of 0=n =9 (integer), 0<x =30 {condition of x) with

d?y 1
2 +x

/ xz  y=Yox} : n=0
° y=Y«(x}) : n=1
OPERATION
Z
5270 (us] |;gi“:x? (@Znzg . @<x£30]

Determine the Bessel function Yn(x) when n=3 and x=4.

(n and x value input)

(Result display)

3 e 4 (=g |:géx) (génLS BD<x£23Q)
|Yn(x) (@LnLS . @<x£L30)
ne3 . Y=-@g.18B2@22

Exd |Yn(xJ (@Ln£D . @<x4L30)
net_ : Y=

{Return to initial display)

Here, the Bessel function value is —0.182022.

* A total of six entries (including decimal points) can be made for input of x.




MODIFIED BESSEL FUNCTION Iﬁ(x)_-

Determines the elementary solution In{x) of the modified Besset differential equation
-0 +x_ ) v =0 within the range of 0=n=9 (integer), 0=x=10 (cond:tlon of

1. dy
X
X} with six significant digits.

2

dy

¥
y=le(x) :
y=To(x) y=h{x) :
y=I(x)
0 x
OPERATION
inix) (BLNn4LS . RLx£10)
5280 |ng_x X7 :l=n g |
EXAMPLE

Determine the modified Bessel function when n=3 and x=5,

| (n and x value input}

| (Result disptay)

3 g 5 [xg 1In(x) (@£n<9.24x<10Q)
n?3 = L.
lln(x) (B£Ln<8 . BLix<L10)
nt3 xeh 1= 12.331¢2

fexe) ||n{xJ (BLn48.@4x L)
ne— =

| (Return to initial display)

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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Gy Ae[o)l  MODIFIED BESSEL FUNCTION Kri(*_)_ |

2,
Determines the elementary solution Kn(x) of the modified Bessel differential equation c;:z

2
1Ay (1 +%‘2— ) y=0 within the range of 0=<n =<9 (integer), 0<x =10 (condition of

X
x) with six significant digits.

¥
y=Ko(¥) : n=0
y=Ki(x) : n=1
X
0
OPERATION
5290 Iﬁgix):x? :(EénZ_—S.EKxé]) ‘[
EXAMPLE
Determine the modified Bessel function Kn(x) when n=4 and x=86.
4 [ 6 g En(“ (BZNnZ9.0<XZ10) |(nandxvalueinput)
n?4 X778 K= oL
Knix) (D£n<8.@<x4£10) (Result display)
nt4 X766 ‘K= 2. P@416387
@ Knix) (BZn<Bd.Q@<xZ1@) |(Return to initial display)
’ ne_ X7 2 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
53008 |2 6.1.5..+.-.x./M.L.C 2

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 () for complex number A
(resulting angle unit determined by current mode setting)

1 1 Reciprocal number for complex number A 1/(a+ bi) — (a+bi)
S : Square root of complex number A (a+bi) — (a+bi)
~: Sguare of complex number A (@a+biY? — (a+bi)
+ : Addition of complex number A and complex 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+hbi)
M: Assigns contents of complex number A to complex

number memory M (e + fi) (a+bi) — (e+fi)
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)

« Complex Number Specification
Complex number specification is performed by pressing [A] while in the menu display.

Assign 5+7i to complex number A.

Fhi (Specification of com-
LY {Sfmglgf number Alatbt) plex number input}
5 [exe] Gnmgl,e?x number Ala+hbi) 1
7 5 + 7i
g |>A G.I.5§.~. +.—-.x./.M.L.C ?_ |
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« Arithmetic Operations

Perform the following operati'ons:'
(2+3i) + (3-2i)

(Specification of com-
plex number input)

(Input of complex num-
| ber A)

| (Addition)

[a] Complex number A(a+tbl)

a= T_ )
2 3 2 + 3i i )
.@ e |<A.G.|.*S.A.+,—.x./.M.L.G P
ggmgleg number Blic+di)
3 2 o+ i
[ETE]E] @ >A.G,.| .8, ~.+,.-.%x,./.M,L.C ?_

(Input of complex num-
ber B) i

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 (¢) for {1 + 2i).
Angle unit: DEG (ks [4))

imaginary number axis

2k — -

Real number axis

{Specification of com-
plex number input)

(A] Complex number A{a+bi)
a= @ 7_
1 (28 2 [Exg 1 + 2i
|>A.G . 8.~ +.,.-. x./ M. L.C?_
G) r = 2.238087877
g = B3.4343848882

{Input of complex num-
ber A)

(Calculation of absolute
value and argument)

Here, the absolute value {r) for (1 +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 follows:
(4] : Degrees

(5] : Radians

(8] : Grads




¢ Square/Square Root/Reciprocal number

Calculate the following:

@ @+iF @V(~7+24) ® 515

(1) Square

@ |ggmgl§?i number Alatbi) gslgfﬂ{j?naégnpir?;&?m-
N IS 37 3 DO S
|>E.(§.£IIES.A.+.—.X./.M.L.C ?_ (Sauare)

This display indicates (2 +1)?=3 + 4i.

(2)Square Root

(Specification of com-
T plex number input)

{Input of complex
number A)

A Complex number Ala+bi)
a= T
724 -7 + 24i
= 789 e >A.G. 1.8~ +.-.x. /. M.L.C ?_
3 + 4i
(8] |>A.G.|.s.n.+ -.x./.M.L.C ?._

{Square root)

This display indicates V(-7 +24)) =3+ 4j .

(3)Reciprocal Number

(Specification of com-
plex number input)

(Input of complex
number A)

@A) Complex number A{e+bi)
a= @ 7.
2 3 + 2i
369 26 >A.G.1.8.~. +. -, %x./.M,.L.C ?_
(M I @.2387692 - @.15384621
>A.G. 1.8~ +.—. ./ M. L.C ?P_

(Reciprocal number)

« Memory Calculations

Perform the following calculations using the memory function:

(3+20) + (4+6i)
3+2) — (-3+9)

(Specification of com-
plex number input)

(Input of complex
number A)

(Assigns complex
number A to complex

number memaory)

| {Addition)

(A} Complex number A{a+bi)

a= P
3 2 bxg 3 + 2]
B |>A.G [.8.~.+.~.%x,/ . M.L.C ?_
M) 3+ 2i

>A.G. 1.5 4. +.-.x,./ M.L.C ?_
C_mglgx numbker B(c+dl)
4 B 6 Exd | 7 + Bi

>A.G. 1.8, ~.,.+4. -, %x./ . M.L.C ?_

‘ {Assigns 4+ 6i to B)

This display indicates (3+2i) + (4+6i) = 7 +8i.
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= {Assigns complex
i

3 + A
>A .G 8.2, 4+, -, %x./.M.L.C ?_ number in memory to
complex number A in
. place of reinput)
= |Gnm2|$x number B(c+dl] i(Subtraction)
= _
(=13 kg 9 g B — 71 (Assigns —3+8i to B)
. |>A,G.I.S.'\.+.-.x./.M.L.G o *

This display indicates (3+2i) — (—=3+9i)=6-7i.

* Exchange

Set the following two compiex numbers for complex numbers A and B:
(5+2i), (3+4i)

(A |Ccmp|ex number Af{a+hi) (Complex number A
a= @ 7 input)

3 (e 4 | 3 + 4] {First set 3+ 4i for
>A.G.l.85.~ +.-.x. /. M.L.C 7_ complex number A)

C @ (Assign the contents

|>A.G.|.S.f\.+.—-.x./.M.L.C P of complex number A

to complex number B}

(A] Complex number A(a+bhi) {Input complex num-
a= @ 7 ber A)

5 (g 2 [ | 5 + 2] (Set 5+2i for complex
>A.8.1.5.~,+,-.%x./.M.L.C.7. number A)

The above operation sets 5 + 2i for complex number A, and 3 +4i for complex number B.

* Help Display

Pressing (=) while in the menu display produces an explanation of each command.
A input A l
G Gauss r=1Al:.:e6=argument(A)

At this time (@, &, and (&) can be used to scroll the display. Each press of ke ({2} 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 operations, twos complement, logical shift, and conversions.

This unit is capable of combining binary, decimal and hexadecimal values, with the allowa-
ble range values being —2147483648 ~ 2147483647 (32-bit).

OPERATION
[DEC @
5350 >|.B:.ID.H.+.—.X./.A.D'X.N-C-L.H?_I

The binary/decimal/hexadecimal calculation menu display allows selection of the following
processes:

I + Value input

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

Logical shift left

Logical shift right

Help (explanation of each operation)

s VrOZX0r~%1 +IT0W

* Opérations 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] : Hexadecimal mode
Blank : Binary mode

2. Entering values besides 0 and 1 for binary calculations, values besides 0~ 9 for decimal
calculations, values besides 0~ 9/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 single calculation.

217



The following operations may be used to enter values regardless 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.

« Arithmetic Operations

EXAMPLE
Perform the following calculations:
(1) 10110018 + 11008
(2)2ACH x 1BH
(@ FFO0OH +10108
@
|[DEG] [ J
>I.B.0.H.+.-—.%. /. A. 0. X N.G.L.R?
immmmwmmammmm@w@mmmmmwmwm {Binary mode)
> ,B.D.H.+.-.%./.A.0 X N.C
M0 |Innut data x (.B.D.H) [BIN1 | (Value input specifi-
X 7 cation)
1011001 [ @mmm@mmmmmmmmmmmmwmwmm mm {(Value input)
>1.B.D.H. +. AL LN.C.L.R7_
|mgmmmmmmmmmmmwmmwwmwam1mm@ {Addition)
1100 [xg wwmwwmmmmwwmmmmwwm1mmm (vValue input)
> .B,D.H.+. CA L N

This display indicates 10110018+ 11008 =1100101s

@
H] ITHEX} 00000000 J(Hexadecimal mods)
>1.B.D.H.%+.-.%x. /. A.0.X,N.C.L.R?_
aJ npot data x (.B.D.H) THEX: | (Value input specifi-
X 7. cation)
2 (A€ by [HEX] DO@OBZAC {Value input)
>|.B.D.H.+.-.%. /. A. 0. X.N.C. L.R?_ !
(%] |[HEX] D00BO2AC x - j(MuItiplication)
1 (B) g [HEX] mwmm4324 (Value input) :
®) |:I.B JH. x/A.O.X-.N.G.L.H’P_J g
This display indicates 2ACH x 1BH = 4824H. ?
The same procedure can be performed for subtraction and division.
®@
(A) |[HEX] mmmwmmm (Hexadecimal mode)
>1.B.D.H. .x,/.A.0.X.N.C.L.R?_ ,
™ Tnput data X (.B.D.AY THEXT | (Value input specifi-
X P cation} !
00 fHEX] mmmmFme (Value input)
() (F) 00 &< [>I.B.DH L= AOXNOLFI'P| '
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|[HEX] OOOOFFBO + - (Addition)

1010 51 (B) & |[ EXT_0@00@FFaA (Binary value input)
>1.B8.0. X,/ . A.0.X.N.C.L.R?.

This display indicates FFOOR + 10108 = FFQOAH

» Logical Operations

EXAMPLE
Perform the following operations for A=110101e and B=101111s.
MA ORB (logical sum A AND B (logical product
q P
(3 A XOR B (exclusive logical sum) (@A NOT  (negation)
®
|[DEC] 7} J
> .B.D.H.+.-.%x./.A.0.X.N.G.L.R?~
|mm@memmamwmmmwmmMwwmmawm|(Blnawmode)
> .B.D.H.+.-. ./, A.0O.X.N.C.L.R?
J ungut data x (.B.D.H) (BINI |(V?IUE)mputspecifi-
X — canon
110101 [exg |mwmmmmmww@mmwmmmmm B@T1@1Q1 | (Value input)
>I.B.D.H.+.-.%. /. A.0.X.N.C.L.R?_
0 |mggmmmmwmmm@lmwmwwm ToTel I(OF{)
mmmm@mmmmmmmm@wm@wammm T1111 ! (Value input
101111 |>I.B.D.H.+ ./ A O.X N.C.L.R?_ f‘ Pl
This display indicates A OR B=111111e
@
8] |Ingut data x [.B.D.H) [BINI (V?Iue-)inputspecifi-
X — cauon
110101 & |m@mmmmmmwmmmmm@aemmmw (7] mHmm |(Va|uemput)
> .B.D.H.+.—.%./.A.0.X. N,
(A] |mgﬁgmmmwwmwwwwmmw mHmml(AND)
1 PZPDPO0PZOPOPROPORODODR00E mmalm Val
01111 g |>I.B.D.H.+.—.x./.A.0.X.N. "R | (value inpul)
This display indicates A AND B=100101s..
©)
(0 |In8ut data x (.B.D.H]J [BINI] ](Valueinputspeciﬁ-
X - cation
110101 [xg |mmmmmmmmwmwmmmmmww011@1;31 (Value input} .
> .B.D.H X.N.G. L
x] |0§gmmmmmm@mmwmwmmwm@m T@101 |(XOR)
- mmmmmmmm@mmwmmmeamwmm1@11@ Value input
101111 (=4 00ooDoLRORCOCRCRRE02A0 DAL |( put)

This display indicates A XOR B=11010s.
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@ .

™ nput data X (.B.0O.HJ [B1N] | (Value input specifi-
) cation}

110101 &g lwmmm@mwmmammmmmmm@mmmwm Te1@1 |(Value input}
>|,B.D.H.+.~.x,/.A.0.X.N.C,.L,R?_

N |11111111111111111111111111%10 m|(NOT)
>, B.D.H.+.—.%x./ . A.O.X.N.C.L.R?_

This display indicates NOT A=11111111111111111111111111001010e.

» Complement/Shift Operations

Perform the following operations:
(1) Twos complement of 110010108
(2)1-bit logical shitt left of 1100008
(3 2-bit logical shift right of 1FCH

@
[DEG] @
SIT.B.D,H.+.-.%./. A, 0. X.N.C.L.,RA?_
000P00R0 mmmmommmmamwmmmmo@mamm@ {Binary mode)
>l.B.D.H.+.-.%x./.A. 0. X.N.C.L.R?_
o llnuut data x (.B.0O.H) [BIN] (Value input specifi-
¥ P_ cation)
11001010 [exg |Tmmmmmmmmmmmwmmmwwmmmmmml(Valuemput)
>1.B.D.H. +--. %, /. A. 0. X.N.C.L
ITHHHHHH11111111119@11@11@ {Twos complement)
>|.B.D.H.+.-.%./.A.0.X.N,C.L.R?

This display indicates that the twos complement of 11001010 is
11111111111111111111111100110110e.

@

D) |Tnput data x (.B.D.H) [BIN] | (Value input specifi-
X — cation)

110000 g 0R0D0000P0000000PR00P00PERER 1 102AG | (Value input)
>|.B.D.H.+ —-.%./. A 0. X . N.C.L.AP.

w Wmmmmwmmmmm@mmw@mm@mmmmm@m (Shift left)

This display indicates that shifting 1100008 one bit to the left results in 1100000..

® .

(H) [HEX] wommmmsa (Hexadecimal mode)
>1.8 ./ . A.O.X.N.C.L.R?_

i) Input data X ( B.D.HJ [HEX |(Value input specifi-
X 7_ cation)

1 fExe] [HEXT 0@@00TF0 (Value input)

B I>I.BDH. -.%x./.A,0.X.N.C.L ., R?_

® [HEX ] wmmamMF (2-bit shift right)
® |>| .B.D.H. + %, /. A 0O/ X N.C.L.R?Pa.

This display indicates that shifting 1FCH two bits to the right resuits in 7FH.




e Base conversion

| EXAMPLE

Convert the hexadecimal value AF3C to its decimal and binary equivalents.

5 [DEC]_ @ |

> .B.D.H.+.-.%. /. A.0. X.N.C.L.R?P_

5 (H) FHEX] 00000000 {Hexadecimal mode)

| 5| .B.D.H.+.-.%./.A. 0. X.N.C,.L.R?_

5 M |InDut data x (.B.0.H) [HEX] INQwhmMSmdm

' X P cation)

| 3 [HEX] DOOOAFAC (Value input)

| BE3CE 5! .B.D.H.+.-.%./.A.0.X.N.C.L.R?_

! (D] [DEC! 448860 (Decimal mode)

. >1.B.B.H. +.-,.%./. A, 0 X .N.C.L.A7?_

5 ' mmmwwammwmammmmmm111mm1l1mm|(8inarymode)
>1.B.D.H.+.-.%./.A.0O.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 (=] while in the menu display produces an explanation of each command.

| : input data
B : binary mode
At this time (&), 2, and (T] can be used to scroll the display. Each press of pxg { (8]} 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.
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STRAIGHT LINE PASSING THROUGH
TWO POINTS

Determines the straight line y (y = ax + b) which passes through points P1 (x1, y1) and Pz (xz,
y2) on a plane.

P1(x1, y1)

y=ax+b

OPERATION
=ax+b ~- (x7. 1 =D
5510 ilgxmb? X y1] X2,y |

Determine the line which passes through points P1 (2,5) and P2 (6.4)

2 g 5 (¢ ’y=ax+b —= (x1.¥1T.{x2.y8] —|(P11ﬂput)
1= @ 7_
6 [l 4 [exe .y=ax+h -~ (x1.y1).(x2.vy8] (a value displayed fol-
' a =-B8.25 lowing Pz input)
(exg |y=ax+b ~= {xT.y171.{x2.vy27 |(bvaluedisplay)
h = §.5
(&) ’y=ax+b -— (x1T.y1) (x2.v2]) |(Redisplayofavalue)
a=-@.25
H":axng-— (x1.¥y1]1.(xE.v2} 'I(Fledisplayofbvalue)
Exel |y=ax+b ~= (x1.¥11. (x2.¥2] (Return to initial
xi= 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° <#<90°. The resulting angle unit
is determined by the current angle mode setting.

* The angle unit is specified as follows:

(@) : Degrees

4 (5] : Radians
fee (6] : Grads
y
N yi=ax+bh
- g
X
0
yz=cx+d
OPERATION
5520 ggséeéa] ~=~ y=ax+tb.y=cx+d
EXAMPLE : ]
Determine the angle of intersection (in DEG mode) for the straight lines y1 =?x+2 and
y2=3x+8.
17293 \éggéeé%} =< y=ax¥b-y=cx+d ‘(SllfgggOfeaCh”ﬂe’S
g |'§n5|3(59) TT y=ax+b.y=cx+d (fgg[g;ofintersection
Exg lAngle(e} -= ¥=ax+h.y=cx+d ‘(Hetumtoinitial
a= 0.6 7_ display)

Determine the angle of intersection (in DEG mode) for the straight lines y1=4x+5 and
ye=4x+7. T

~—- y=ax+b,y=cx+d (Entry of each line's

4 &g 4 |Angle{eJ
c= B ?P4_ slope)

Exg ‘Angle{e) —— y=gx+b.y=ocx+d |(lndicateslinesare
Parallel parallel)

[ rAngle(a) ~— ¥=ax+b.y=cx+d (Return to initial
a= 4 7. display}
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Determine the angle of intersection (in DEG mode) for the straight lines y1 —%x+3 and
yz= —2X+4.

~=- y=axt+b.y=cx+d . (Entry of each line’s

1(7] 2Bg[=) 2 [Angle(6)
c= P—2_ slope)
Exg Anglel(d) - v=ax+b.y=cx+d (Indicates angle of
) Right angle intersection is right
angle)
[Exg) |Angle(8) ~— y=ax+b.y=cx+d {Return 1o initial
a= @.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

~
P{x1, y1)

x

0 \
y=ax+bh

OPERATION
Distance -- y=ax+b.(x1.y1!

5530 [DIsieane |

EXAMPLE

Determine length D of a perpendicular line from point P (6, 4) to straight line y =5x+2.

5 [xe) 2 [exeg) |D|5tance —— y=ax+tb. . (x1.¥1) (Straight line’s slope

' x1=@ 7 and intercept)

6 Exd 4 [ |D|stanc < y=ax+b.(x1.y1) ‘(Dislance displayed

d = 6.491251784 when coordinates of P
are input)

B |Di5éa'n?ce ~— y¥=ax+bh, (Xx1.¥1) [(Heturntoinitialdisplay)

a= —

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 P+
(x1, y1). The angle unit is determined by the current angle mode setting.
* The angle unit is specified as follows:

(4] : Degrees

(8] : Radians

(6): Grads

y

PAX,Y)

Pilx,y)

OPERATION
5540 |;§~g)?:— {x-y) angleie) ‘

Determine the coordinates of point P2 (X,Y) for rotation & of 45 {(in DEG mode) from point
P1 (4, 8).

4 exe 8 g ‘(x.g)?-—— Tx.v].8nE1eld) ‘(Picoordinates)
8= -

45 e (XK. Y] -= (x.yl. aneglel(g) {X-coordinate dis-
X =-2,828427125 played when angle

input)

fxg ‘(x YI -- (x.y)J.-angle(g] |(Y-coordinatedisplayed)
Y 8.485281874

(&) ]{x Y] == (x.y)l.angiel(e] I(HedispiayofX-coordi-
X -2. 828427125 nate)

l(x Y] -- t(x.yl.anglef{g) {Redisplay of Y-coordi-
Y B. 485281374 nate)

=3 l(X “{1)?'—— (x.y).anglels) ](Fleturntoinilialdisplay)
X= -

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-
lowing values using () (or B9 ), and previous values can be viewed using (&
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CIRCLE PASSING THROUGH THREE POINTS

Determines the equation (x— a)*+ (y — b)*=1? for a circle passing through the points P1 (x1,
v1), P2 (x2, y2), P2 (x3, y3).

|
|
|
|
|
\ )
|
|

Pi{x1,v1)
Paixz,y2)
Palxs,y3)
0
OPERATION
5550 ‘g%;ce?_(x1-y1)-(xE-yEJ.(xS-yaJ
EXAMPLE

Determine the equation (x—a)?+ (y~b)®=r? for the circle which passes through points
Pi (3, 6), Pz (5, 4), P3 (6, 2).

3@]5@ |Dércée? (x1.y1).(x8.y2r. [x3,y3} |{Pococrdinate input)
X8= -
5 [xd 4 g lcércée? (x1.y1)].(x2. . yB].(x3.y3) |(P:coordinate input)
Xx3= -
6 2 Circie (x-ale2+(y-blé=re {a displayed following
g 2 g ‘? =-1.5 : Ps coordinate input)
Exg ‘Glrcle (x-a)2+(y~-bla=r2 \(bdisplay)
b =-8.5
ExE Circle (x-aJE+(y bhle=r2 |(rdisplay)
r = 7.805684165
|glrcé35 (x-aleg+({y-ble=re2 ‘(Redisplayofb) |
Clrcocle {x-ale+{y-hjie&=re (Redisplay of ) ]
& |r=79a56545 ‘ Pay 5
=T ‘Clrcle (x1.¥17H, {x8.vE2), {x3.¥3) |(Returntoinitial display) ]
x1= 8 P= :
i
1

Here, the equation for the circle become (x + 1.5 +{y + 0.5 =7. 9056941 52, _
The result is displayed in the sequence of a, b, r, and the dispiay can be scrolled to view ]
following values using (&) (or &8 ), and previous values using [£]. |
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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{x1y1)

OPERATION
5560 (ug |<x—SJ;+fy—b)e=re.(x1.yn J
a:

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.

—gje p = : : {Coordinates of
6 ks 26 H—i S)?f” bre=re. {x1.yT circle’s center point)
4 Exg J(x—a}E-f-(y—b]E:rE,[x‘|,-y'|] |(Circle‘sradius)
1= 0@ 7.
- g - a=rz. ; ) {Tangent line length
2695 kg m|gr},g{|(1y=bé r Cxd v display foilowing input
of point coordinates)
@ (x_g)‘a?+(y_b}g=rgl(x]|y]) |(HeturntoinilialdiSpray)
a= -

Here, the length of tangent line | is 3. . o
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

5570

Determines the equations for two lines y1=cx+d, ye=ex+f, and their points of tangency
P2 (x2, y2), P2 (x3, ya) from point Ps (x1, y1) to circle O represented by the equation (x - a)?

+{y—b)=r"

¥ yi=cx+d

yz=ex+i
/Pl(x1.y1) Pa(xa.y3)

3 x
OPERATION
5570 |é§—g)$i(y-—b)2=r2—(x'l'yH_ J

' EXAMPLE

Determine the equations for tangent lines and points of tangency from point P+ (1, 2) to a
circle centered on point O (4, 3) with a radius of 2.

228.

4 [exg 3 [exg {(x-aJB+(y-ble=r2.(x1.y1) {x. ¥ coordinates of
r= @ 7. circle's center point)

2 ‘ix—a)ﬂ-t-(y—b)E:rE-(x]-yl) l(CircIe‘sradius)
x1= @ "7-

1 [ 2 [exg |(xE YB).y=cx+d (x3.v3).vy=ex+f | (fangent point Pz x-
X2 = 2.310102051 coordinate displayed

following input of P:
X, y coordinates)

e ‘(xe.ye)'y=cx+d T (x3.v3).y=ex+f | (Display of tangent
y2 = 4. 269683846 point Pz y-coordinate)

(exg) ’(xE-yE)-y=cx+d T {XxB.y8) y=egxX+*T |(DisplayeﬂinewsI0pe)
¢c = 1.57897856887

fExg) PxE-yE)-y=cx‘+d T (X3.y3).y=ex+f ‘(Displayoflineyw
d = B.4202041029. intercept)

Exg |(xE-y2)-y=cx+d D (x3.y3} ., y=gx+f \(Displayoftangent
X3 = 3.2B8B8897849 point Ps x-coordinaie)
(x2.y2] . y=cx+d '@ {(x3.y3) y=ex+t (Display of tangent

Exd ‘yE! = 1.150308]54 |pointPay-coordinate)
(xB.y2).y=px+d ' (x3.¥y3). . y=ex+f Display of line y2 slope

Exd BT | (Bisplay of ine y2 slope)
(x2.yB)l.y=cx+td_* [(x3 y3).y=ex+f Display of Ii in-

e |f = 2.378786897 (Display of line yz in

tercept)




|(xE v2).y=cx+td (x3.y3).y=ex+f {Redisplay of line ye
e =-@. 3787958371 7 slope)
l(xe YyE).y=cX+d (x3.v3) . .y=ex+f t(Redisplayoflineyz
f = 2.3787858897 intercept)
fxd F X = ) + y-ble=ra.(x1.y1) {Return to initial display)
a= - .

Here, the two points of tangency are Pz (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 = —0.3797958971x + 2.379795897

The result is displayed in the sequence of x2, yz, ¢, d, x3, y3, e, f, and the display can be
scrolled to view following values using (Z] (or &) and previous values using (&].
Corresponding values of ¢ and e are omitted when the equations for the tangent lines are
parallel.

AREA OF A TRIANGLE

Determines the area (S) of a triangle using one of the three following formulas:

®S=%ah

@ S=ab-sin§ (The result depends on the currently specified angle unit.)

® S=/s{s—a)(s—b)(s—c) (s=%(a+b+c))

OPERATION
A (tri le)

5600 |]:r§ﬁ/2 ré?gﬁ-gine/e 8:fla.b.c) 1

EXAMPLE

Determine the area of triangle (a=10, h=>5).

1 iah/a a.base h:helgnt ‘
a= @ P_ :

10 [ 5 fbxg |ah/2 2. base h:heignt l(Tr_iangIe'sbaseand
Area = P5 height)

B [Area (triangie] (Return to menu
l‘ahs2 2:ab-sgi

ings2 3:fla.b.c) _|display)

Here, the area of the triangle is 25.
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Determine the area of triangle (2=10, b=>5, #=30 (DEG)).

2 lab-sine/E a‘b’side '
as P

10@]5@]30|ah-sine/2 a-b'side (Two sides and includ-
Area = 18.5 ed angle)

Exe |Area (triangle) (Return 1o menu
l:ah/82 2'ab-sines2 3:fla.b.c) |display)

Here, the area of the triangle is 12.5.

Determine the area of triangle (a=5, b=4, c=3).

3 ’F{sts—a}(s—b)(s—c))'s=(a+b+c:)/2 ‘
a= B 7.

5 4 9 3 9 y;(sts—aé(s—b)(s—c)l.S=(a+b+c)/2 1UW%SM%)
rea =

) LArea {trianegle) (Return to menu
l:ahs/2 @2'ab-sine/2 3:fla.b.c) |display)

Here, the area of the triangle is 6.

AREA OF A TRAPEZOID

Determines the area (S) of a trapezoid using the folloWing formula:

b
h
a
S=(a+h-1
OPERATION )
Ta+h I h/E R h heiant

5605 ag h/ a ase eisg ]
EXAMPLE

Determine the area of trapezoid (a=10, b=5, h=4).

10 [xg 5 [xg 4 Exg a.b base h:heignt |(Bases height

Exg

a.b.base h-height (Return to initial display)

Here, the area of the trapezoid is 30.




"AREA OF A PARALLELOGRAM

Determines the area (S) of a parallelogram using one of the two following formulas:

b h
8

a
('S =ah
@8 =ab-sind (The result depends on the currently specifisd angle mode.)
OPERATION

rea (parallefngram)
561 0 - |i ab-sine ]

Determine the area of parallelogram (a=10, h= 5).

1 ah a-base h:iheight
as =

10 &g 5 fexd 'ah a'base h height (Base and height)
Area = 5@ ' .
Area (parallelogram) {Return to inltial display)

fxd LT ah 2:ab-sing . —|

Here, the area of the parallelogram is 50.

Determine the area of parallelogram (a= 10, b=6, §=30 (DEG)).

2 ab-sing “e'b'side
|a= @_7. 7

10ed 6308 [ab-5i1ne a b side (Two sides and included
brea = 3@ Wangle)

(=g Area l(paralleiogram) {Return to menu -
blah ab-sine dispiay)

Here, the area of the parallelogram is 30.
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AREA OF A CIRCLE

Determines the area (S) of a circle using the following formula:

8 =nrr?

OPERATION

5615 |;|E='r-'2l3 o r-radius |
EXAMPLE

Determine the area of a circle with radius r=5.

|(Circle's radius)

5 [xg ‘nra r-radlius
Area = 78.538B1634
Ex “r;e rrradius

| (Return to initial display)

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:

1

\
®s=1
@8 =nrt = 360 (Angle unit = degrees)

OPERATION

Area (sector)
5620 1 1r/2 2 ' xr2d/360

Determine the area of sector (=6, r=28).

r-radius |(Arc’s length and radius}

{Return to initial display)

1 |Ir/E ticircular arec riradiljs—l
l= @ ?P_

6 g 8 g |Ir/E i c|rcular arc
Area =
Area (sector)

@ "I ir/s2 2. rxr28 /3602

Here, the area of the sector is 24.

Determine the area of sector (r-8 8 =30 (DEG)).

| (Radius and angle)

(Return to menu

2 ’:rré‘e 360 r-radius ¢ DEG ‘
= @ 7-

8 [Exg 30 [exg) ‘nraﬂ 360 r-radius @ ' DEG
Area = 16.75561808B82
Area [sector)

b |'I lr/82 2.xre8/360

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:

S=(Ir—r2sin (-Ilf)) % {Angle unit = radians)

OPERATION

5625 Hl argiln(l/r))/el "8rc i

EXAMPLE

Determine the area of segment {{=30, r=10).

30 g |(rr6 resin{f/r))/2 ‘radius |(Arc’slength)
I= _—

10 Exd iilr- résinii/ri1i/8 "radius |(Radius)
Area = 142.9439898

fxg | (ir-r2sin{1/r)}/2 Tarc (Return to initial display)
I= 3@ 7_ ‘

Here, the area of the segment is 142.9433996.




AREA OF AN ELLIPSE

Determines the area (8) of an ellipse using the following formula:

N
N

1 S=?1’ab
OPERATION
- ab a:b:radius

5630 |g= -

EXAMPLE

Determine the area of ellipse (a=4, b =8).

4 6 ab a:h:.radius (Radii)

&9 6 &g Hrea = 75.38822868 l

(Exd) za t14 . a:b:radius |(Hetum to initial display)

a= —

Here, the area of the ellipse is 75.398223689.
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 AREA OF A POLYGON

Determines the area (S) of a polygon using one of the following formulas: - Angle unit = DEG

@S =f{n,r) :nrztan%
&5 =f(n,R) =%ﬁR25inzT”
@S =f(n,1) =%n12cot% ' * cotx =1/tanx

* n indicates the number of sides in the polygon. This means that n=6 for a regular hexagon.

OPERATION

Aréa (polygon)
5635 |12n'r—-A 2. n.-R-A 3:n.1-A

Determine the area of regular hexagon {r=>5 (n=6)).

(Specifies hexagon
and radius of

inscribed circle)

{Return to menu

1 (Pnlygon nnumber ‘
n= @ ?_
6 5 Polygon (n=8B) r-inside
@ @ ‘Area = BB5.8B0254@38
Area (pofveon)
@E] ITIn-r-A 2:n.-BR-~A 3'n. |-A

display)

Here, the area of the regular hexagon is 86.60254038.

Determine the area of regular hexagon (R =6).

(Specifies hexagon
and radius of

Inscribed circle.)

2 ‘Polygnn n.number 1
n= @ 7_

6 [xg 6 g "Powgon n=6) R.outside
Area = 83.5307436]1

Ej Area (polygan)

1 ' n.r—-A 2:n.A-A 3'n.1-A

(Return to menu
display)

Here, the area of the regular hexagon is 93.53074361.




Determine the area of regular hexagon (I =4).

3 \F'nlygon nnumber
n= @ 7. ]

6 g 4 [xd |F'u|ygon (n=BJ] 1I.side (Specifies hexagon
Area = 41.58821938 . and one side)

(Exg) |Area lpolygaon) (Return to menu
1'n.r—-A 2'n

+R-A 3'n.1-A display)

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=fw=4n=r?

OPERATION
4anra r. di

5650 1r£ a 7 radius |

EXAMPLE '

Determine the surface area of sphere r=8.

8 xg ‘4“2 r-radius |(Radiu5)
Surface 8@4. 24771893

fexg ’ dnre r ' radius |(Relurn to initial display)
r= 8 7_ _

Here, the surface area of the sphere is 804.2477193.
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5Y5YeYe) SURFACE AREA OF A ZONE OF A SPHERE

Determines the surface area (S) of a zone of a sphere using the following formula:

S=1(r, h, a, b)=2xrh +#(a®+b?)
OPERATION
5655 ‘ﬁfr3+$(aa+bal h height ]

Determine the surface area of zone h=2, a=4, b=5, r=6 of a sphere.

2 g Exrhtr(az+be) a.b.r:radius T(Height)
a= @ ?_ 2rrh+

4 [ Enr3+;{a2+b2) a'b:r.radius ‘(Upperradius)

5 xg Barh+r{aég+be] a:b:r:radius {Lower radius)
!r= 0 7

6 pg L?nrh+n(ae+b21 a'b.r.radlus 'Wﬁmwmrmmm
Surface = 204.2@35225

g ﬁnrgi'g( a2+be) h-heisght I(Heturntoinitiaidisplay)

Here, the surface area of the zone is 204.2035225.




SURFACE AREA OF A SPHERICAL SECTOR

Determines the surface area (S) of a spherical sector using the following formula:

r : Radius
h : Height

§ =f(r.h} =2 nrh+ war (a=/h{2r—h))
OPERATION
5660 (us l?lrg+%fr-a=ﬂh(2r—h)) r-radlus

Determine the surface area of spherical sector (r=5, h=3).

5 [exg |ﬁnra+$ar.a=ﬂh(2r—h}) h:height J(F‘ﬂdius)

3 g |2xrn+nar.a=r(h42r-nn h-heisht J(Height)
Surface = 166.23@71@3 .

Exg Fxrg+$ar-a=F( hi{2r-hi] r:radius 1(Hemmloinitialdismay)
r= -

Here, 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:

TN
N A

h r : Radius
h : Height

S

S=f(r,h} =2 »rh+ 2 nr?

OPERATION
2rrh+2nre Criradius h-height

5665 (g 2 r TR 2 |

EXAMPLE

Determine the surface area of circular cylinder {r=6, h=10).

6 < lﬁfrg+$xr2 r-radius h.helght ,(RadiUS)

10 [x |2xrh+Ean r‘radius h-.height |(Height)
Surface = BR3. 18657B85

fexg |Exrg+$nre riradfus Hh:height |(Heturntoinitialdispiay)
r= -

Here, the surface area of the circular cylinder is 603.1857895,




Y:¥41] SURFACE AREA OF A -clncuLAh_cc_)NE‘i

Determines the surface area (S) of a circular cone using the following formula:

h
r : Radius
h : Height
T
S =f(r,h)=xr J(r?+h?) + zr?
OPERATION
rrS{r2+hel+nre r:-radius
5670 T
EXAMPLE
Determine the surface area of circular cone (r=6, h=10).
6 fxg |r’f£ mthE)“re h:height |(Hadius)
10 fxg l:rrf—(r2+h2}+nre h:height l(Height)
Surface = 332.91898432
=3 ;rrzré r$+ha J¥rxre r-radius |(Helurntoinitialdisplay)

Here, the surface area of the circular cone is 332.9190432.
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J-yds] 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:

T

h r : Upper radius
R: Lower radius
h : Height

R

S =f(r,R.,h) :]E'(R+I‘)JE2+ (R—r)2+ 7(R%+1?)

OPERATION
n(R+r)JJ(he+({R-r18J+rx(RE+rE)

5675  [r[RIT)7 |

EXAMPLE

Determine the surface area of the frustum of circular cone (r=4, R=86, h=10).

4 g |£(H$r%ﬂh2+(ﬂ-—r)2)+K(F|E+r2) l(Upperradius)

6 (g g(Rgr%J’_{hE+{H—r)E)+7c(HE+rE] |(Lowerradius).

10-BE 1n(H+rJF(hE+(H—r]E)+N(RE+FEJ ' |(Height)
Surface = 483.74368628

=T r(R¥T)[TRE+TR-F]2)+x(R2+r2] |(Returntoinitia!display)

Here, the surface area of the frustum of the circular cone is 483.7436629.




VOLUME OF A SPHERE

Determines the volume (V) of a sphere using the following formuia:

r : Radius

V=l =-Fnard

TN

OPERATION

5700 Ldzr;/g riradius

-

Determine the volume of sphere (r=86).

"l (Radius)

6 b drr3/3 rrradius
Volume = 8@4.7786842

Exg 4xrs/3 _ reradius
[r= 6 P_

(Return to initial display}

Here, the volume of the sphere is 904.7786842.
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KY{/;] voLUME OF THE ZONE OF A SPHE_RE_ |

Determines the volume (V) of the zone of a sphere using the following formula:

a : Lower radius
b : Upper radius

h : Height

V=f(a,b,h)="{ rh (3a” +3b* +h?)

OPERATION

5705 'ggtga$i3b2+hﬂl/6 a-b-radius |

EXAMPLE

Determine the volume of the zone of sphere (a=86, b=4, h=2).

6 9 |§h(8a$+3be+h21/a a:b.radius |(LowerradIUS)

4 g inhISaE+3bE+h2)/s h.height (Upper radius)
h= ?_

2 g |frh(BaE+8h2+hE)/6 hiheight W(Height)
Volume = 167 .551608°2

el |zh(ga$+5h2+h2)/8 a . b-radius |(Heturntoinitialdisplay)
a= -

Here, the volume of the zone of the sphere is 167.5516082,




¥al1] VOLUME OF A SPHERICAL sE_'ch_n_" -

Determines the volume (V) of a spherical sector using the following formula:

r : Radius
h : Height
V=f(r,h)= %nrzh
OPERATION
5710 |§:f;héf r-radius h:.helght 1
EXAMPLE

Determine the volume of spherical sector (r=6, h=2).

"height J(Radius)

J {Height)

6 (g I?xrﬂh/s r:radius B
h= P
2 . 2rreh/3 r.radius - h:height
== Wmlume = 158.7864474
2zr2h/3 riradius h
EE]. |r= 6 77—

‘helght {Return to initial display}

Here, the volume of the spherical sector is 150.7964474.
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eylinder using the following form




VOLUME OF A CIRCULAR CONE

Determines the volume (V) of a circular cone using the following formula:

h
r : ‘Radius
h : Height
1
V=f(r,h)=§?[r2h
OPERATION
5720 [ug E;ES/B_ riradius h:heignt \

Determine the volume of circular cone (r=5, h=10).

5 [xg Brag/g rrradius n:height—|(ﬂadius)

10 g Treh/3 r.-radius h:height—l(Heith)
Volume = PB1.7983878

[ExE Inrag/g r:radius h:hejeht l(Fleturntoinitialdisplay)
r= -

Here, the volume of the circular cone is 261 .7993878.
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VOLUME OF THE FRUSTUM OF
5725 A CIRCULAR CONE

Determines the volume (V} of the frustum of a circular cone using the following formula:

r
r : Upper radius
h R: Lower radius
h : Height

V=tf(r,R,h) =+ zh(r? +rR+R?)

OPERATION
h(rg+rR+R2) /3 rR:radius

5725 [ 0 5°E |

EXAMPLE

Determine the volume of the frustum of circular cone (r=4, R=86, h=10).

4 e Jgh(ée$rH+HE)/B r:R.:radjus {Upper radius)

6 b ||{lrh‘(.rE$rR+HE)/.’3 h:helght |(Lowerradiu51
= @A - .

10 g *hi{r2+rR+HE /3 hiheiegnt |(Height)
Volume = 7865.87013889

(6g) |nh(£2$rH+HE)/3 TR Tadius l(HeturntoinitiaIdisplay)
r= -

Here, the volume of the frustum of the circular cone is 795.8701389.

e i




VOLUME OF A WEDGE

Determines the volume (V) of a wedge using the following formula:

C

h
i a:b:c¢ : Sides
h : Height
a
V:f(a,b,c,h)=%bh(2a+c)
OPERATION
5730 (us) |bh(ga$c)/8 a'b'c.edge h: heisght I
a= -
EXAMPLE
Determine the volume of wedge (a=#6, b=8, c=4, h=5).
6 [ Eh(% $c)/8 a:b:c:edge h:height ‘(Onesidea).
8 (=g bh(ga$c)/6 a:b:c:edge h:height \(Onesideb)
c:
4 =3 |ED(§a$c)/E a'bhic:edse h'height [(Onesidec)
5 , bh{g2a+c) ‘h: edge h:heignt Height
& |VDIume = 18 8885687 |( g
g ‘bh(Ea+c)/Ei a:b:c.edge h:height l(HeturntoinitiaIdisplay)
a:

Here, the volume of the wedge is 106.6666667.
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9735

VOLUME OF A PYRAMID

Determines the volume {V) of a pyramid using the following formula:

(Base dimensions)

(Height)

a:b : Sides
h : Height
b
a
1
V=f(a,b,h):§abh
OPERATION
5735 iglzhs?_ a:b:edee h:height
EXAMPLE 7
Determine the volume of pyramid (a=4, b=5, h=86).
4 = 5 bx ﬁgnés? a.b:edee h:height
6 [exg Iabh/s a:b:edee h:height
Volume = 4@ :
[Exg) 1abh/3 a:b.edge h:hefaht
a= 4 T )

(Return to initial display)

Here, the volume of the pyramid is 40.




Y40} VOLUME OF THE FRUSTUM OF A PYRAMID

Determines the volume (V) of the frustum of a pyramid using the following formula:
a

a:b : Upper sides
¢:d : Lower sides
d h : Height

C

V=f(a,b,c,d,h)= B (ab+cd+ fabed)

OPERATION
5740 (us] I';iag*%E*“abcd”/B i b'c.d . cdge |
EXAMPLE
Determine the volume of the frustum of pyramid (a=3, b=4, ¢=6, d=8, h=12).
3449 1301 S gd+f(abcd))/3 a'b.c:d:edes I(Twosidesofa&b)
6 ke 8 g ‘g( 3 $d+ﬂancd)) h:height '(Twosidesofc&d)
12 (=g h(ab+cd+!‘(abcd))/8 h:height {Height)
Volume = 36
[Exe) ‘h(ag+$d+r(abcd)1/8 a.b:c:d:edee 'I(Returntoinitialdisplay)
a= —

Here, the volume of the frustum of the pyramid is 336.
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VOLUME OF AN ELLIPSOID

Determines the volume (V) of an ellipsoid using the following formula:

z
- -

-~ bﬂ ~ .

s ; \

a4 1] L >

¢
/
s

V=£f(a*hee) :%xabc
OPERATION

5745 |47rabc/8

a.b:c.radius

a= @ 7
EXAMPLE

Determine the volume of ellipsoid (a=10, b=86, c=5).

10 9 Igfagcga g:h:c:radius ‘|(Hadiusa)

6 (g |4nabc/8 a.b:c:radjus (Radius b)
c= @ 7?_

5 [exg |4rrabc/3 a:b:c.radius (Radius c)
Volume = 1256.637061

Exg) ldna?c/g a.b:c:radius |(Heturntoinitialdisplay)
as= @ -

Here, the volume of the ellipsoid is 1256.637061.




INSCRIBED CIRCLE AND CIRCUMSCRIBED
CIRCLES OF A POLYGON

5750

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

Determine the radius of the inscribed circle and circumscribed circle and one side of a regular
pentagon with an area of 450.

n (r.R. 1) Alarea

>

no
Q<
-0
i

450 [ Ijgléggn 1r.R. 1} n:number "|(EnterareaA)
5 g Polygon (r.R,T) {Radius of inscribed
r:-inside = 11.12888B47 circle displayed when
the number of sides of
polygon is input)
B |quyg0n (r.R- 1] {Display of circum-
R'outside = 13.757289628 scribed circle radius)
Polygon (r-.R. 1) Display of one side of
Ed |I:side = 18B.172B7171 geng\ggn)
Exe |§5'558”?‘ reRo1) ATarea ](Returntoinitialdis‘play)

Here, the radius of the inscribed circle is 11.12988647, the radius of the circumscribed circle
is 13.76729626, and one side of the regular pentagon is 16.17267171.

. 253



254

'REGULAR POLYHEDRON

Determines four the following parameters for a regular polyhedron when one parameter is
input:

a : Length of one side
t : Radius of inscribed sphere
R : Radius of circumscribed sphere
S : Surface area
V : Volume
OPERATION
Select number of face
5760 [1:4f 2:6f 3.8f 4:12f¢ 5. 20@f
One of the following regular polyhederons can be selected from the menu illustrated above.
EXAMPLE

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?.

3 Select 1nput data ' (3 : 8f selection from
1.8 eir ‘R 4.8 5.V menu)

4 |8(octahedron) S:surface (4 : S selection from
S= P menu)

100 &= |8(octahedro nj 3.12e.6v |(Entryofsurfacearea
a:edge = 5,3728496509 displays length of one

side)

[exg) |B(octahedr0n) 3.12e.Bv (Radius of inscribed
r:inside = 2.183456688 circle display)

@ 'B(Octanedroﬂ) 3.12e . 6v (Radiusofcircum.
R:outside = 3.7889178428 scribed circle display)
Bloctahedron) "~ 3.12e.8v Vol i

B ’V:volume = 73.11522294 W(Mmed'sp'a”

}El(octaljedron) 3.12e .6V (Redisplay of radius of

. R:outside = 3.788178428 circumscribed circle)

@M |8(octahedron) §.12e.Bv VR%ENWOfWWmﬂ
Vivolume = 78.,11622284 ]

Select number o ace Return to menu

Exd b T T (

1:4f 2:6t 3:8f 4:121 5:20f |disply




Here, the foIIowihg data is calculated for the reguiar'octahedron:

Length of one side

Radius of inscribed circle
Radius of circumscribed circie
Surface area

Volume

Approximately 5.37cm
Approximately 2.19cm
Approximately 3.80cm
100cm?

Approximately 73.12cm?

Find 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 5cm.

(5 : 20f selection from
menu)

(1 : a selection from
menu)

(Entry of length of one
side displays radius of

inscribed circle)

(Radius of circum-
scribed circle display)

'(Surface area display)

J (Volume display)

3 lSeIect input data
1:4a 2. 3. 4.8 BV
1 |E@(icnsahedron) a:edege
a= Db 7_
2@(icosahedron) 3.30e.12v
5 &9 lr:insid = 3.77880@65
=D iE@(icosahedron) . 30e.12v
R:outside = 4, 755282581
) |Em(icosahedrnn) 3.30ke. 12v
S:surface = P1656.5@83528
ex) ’EB(icosahedrnn) 3.30e.18v
V.volume = B272.7118738
Exs |Se|ect number aof face
1:4f 2.8f 3:8f¢% 4:12f7 5: 2601

{Return to menu
display)

Here, the following data is calculated for the regular icosahedron:

Length of one side

Radius of inscribed circle
Radius of circumscribed circle
Surface area

Volume

5em

Approximately 3.78cm
Approximately 4.76cm
Approximately 216.51¢m?
Approximately 272.71cm?
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5800 ~ FACTORIZATION

Displays the following 23 factorized formulas:

1. a®?—b*>=(a+b){a—h)

2. al+b3={(atb) (a®Fab-+b?)

3. at—b*={a—b) (a+b) (a®+b?)

4. at+bi=(a?+ /2 ab+b?) (a®—+/2ab+b?)

5. a?t2ab+b?=(ath)?

6. a+3a?b+3ab?tbi=(ath)?

7. (at+b)iFdab={(aT b}?

8. a®+b24 ¢+ 2he+2cat2ab=(a+b+e)?

9. a*+a?b?+b?=(a®+ab-+b? {a®—ab+b?)

10. a®+b¥+c?—3abe=(a+b+ec) (a?+b*+c?>—bec—ca—ab)

11. (ac—bd) 2+ (ad+bc)?= (a2 +b?) (¢>+d2)

12. (ac+bd)2+ (ad—be)?= (a?+D?) {c2+d?)

13. fac+bd)2— (ad+bc)?=(a?—b?) (2—d?)

14. {ac—bd)2— (ad—be) %= (a®—b?) (c?—d?)

15. a?(b—c) +b2({c—a) +c?(a—b)=—(b—c) (c—a) (a—h)

16. (b—e)3+ (c—a)3+ (a—b)*=3({b—¢) {c—a) (a—Db)

17. at+b?+et—2b2c2—2¢c2a®—2a%h?= (a+b+c) (b—c—a) (c—a—b) (a—b—c)
18. x*4+ (a+b)x+ab={x+a) (x+b)

19. x3+(a+b+c)x2+ (be+catab)x+abe=(x+a) (x+b) (x+¢c)
20. a*—b?—c?—2he={(a+hb+c){a—b—c) '

21. (a+h+e) {bec+catab) —abe=(b+c}(c+a)(atb)

22. (a+b+e)3—(ad+b3+e?) =3(b+ec) (c+a) (at+h)

23. a*(b—c) +b3(c—a) +c*(a—b) =—(b—ec) (c—a) (a—b) (a+b+c)

OPERATION
2-pe 1
5800 (ug) 15(a+n)(a—b1 [ﬂ

(@) (or ) scrolls to the following formula, (1 to the previous formula, (&) to the first formula,

and [ to the last (23rd) formuja.

EXAMPLE

Display a desired factorized formula.

3] ‘aSiDS [E]‘(Formula2)
=(ath)ia2fab+b2)

EEE }a?igg?gbe [5]|(FormuI35)
={a

0CEE |83+b9+03—33bc TT@7 | (Formula 10)
=(a+b+clla2+he+c2-bc-ca-ab

& ((?ihgﬁzdab [7]i(Formula7)
=(af¥

Ia?;gg” o) []]|(Formu|a1)‘
= a-—-

|aB(b—c)+b3(c—a)+03(a—b) [ES]|(F0FmU|323)
=—(b-gllc-al)l{a-b){atb+tec)

DEE®E ‘x5+(a+b+c)xE+(bc+ca+ab)x+abc[191 (Formula 18}
=(x+allx+bilix+e)




- TRIGONOMETRIC FUNCTIONS

Displays the following 38 trigonometric equations:

1. sin®f+cos?d=1 91, cotd —l¥cosé
20— can? : 2 sind
2. l+tan®@=sec?d
3. l+cot?f=cosec? 22, cotg=cosec8+cot6‘
4. sin(ex ) =sina- cosﬁi_cosa- sinf 23, sin36=3sinf—4sin®d
5. cos{atf)=cosa :osﬁ+sma-smﬁ 24. cos3d=4cos*§—3cosh
__tanattanf 4 3
6. tan{et T+ tana- tanf? 95 tan3g="3 Ianﬂsta;argﬁ
7. cot(af‘l_"ﬁ’) 2;_%:;;20?; 26. 2sina:cosB=sin{a+ A +sin(a—7)

27, Zcosa'sinﬂ=sin(_a-!j;5’) —sin{a—A)
2B. Zcosa-cosf=cos(e+28) +cos (a— 2

8. sin28=2sinf*cosd
9. cos2f=cos’f—sin’d

10. cos28=1—2sin?@ 29. Zsinarsinfi=— (cos{a-+ ) —cos (2= )]

11. cos28=2cos26-1 ) 30. sina+sing= 25in(%£)- cos(g?—@)
2tané

12. tan2é= T—tanff 31. sinag—sinfl= ZCOS(%Q)-sin(a—E‘g)

.8 1—cos#
13. sy = = v 2 32. cosetcosfi= 2005(%§)' cos(a—;g)
g 1+ cosd .
14, cost=+ /lfcosd _
072 2 33. cosa—cosB= —Zsin(ﬂg)'sin(a—ﬁ)

2 2
8 1-—cosé
15, tand =+ / l-cosd
b tany 1+cosd 3. tan(45"t2) =sechxtang
8 _1—cosé
= + s
16. tang Sin 35, tan(45°ii)=1_smg
p s 2 cosd
17, #__ sin
7 tany 1+ cosé 36. tan(45ig)—cot(45°1g)
P .
. tangy = -
18 ang cosech —cot# 7. tan(45+5)—%+:azg
[ 1+cos
19, ecoto =4 / 2252 1+cot6
- 4
2 / 61 cos 38. cot(45°— @) = —cotd
8 _ __sin
20. cot 1= cosd
OPERATION
5810- |s1in29+cnsae R

(8] (or &) scrolls to the foliowing equation (@] to the previous equation, [&] to the first equa-
tion, and (=) to the last (38th) equation.

Dispiay a desired trigonometric equafion.

géggge : ['é] '(Equation 2)‘
@@ Ii?gégji%anﬁ)/(1¥tana.—tan“ [53|(Equatione)
ol ’ggggge-sineg [9]](Equation9)
BRIBE  eesletr e sing 57 | Equation 9
0 @ ,lgggégge [SJI(Equationa)
|5?Hg§.te?/(1—cote) [35]'(Equation38)
}E%neeﬂ:osee []-]J(Equationﬂ .




DIFFERENTIALS

Displays the following 38 differential equation:

1. y=c y‘=0 23, y=tanlx y’:]__—&_xz (|y|<§)
2. y=1" y=nx?!
3. y==x = 24. y=cot™lx y’=—1+%z (|y|<-2"5)
1 . 1
4., y== ¥=-3 — -1 o1 2
X lx 25. p=sec’lx Ly o | (0<y<mx2>1)
5. y=vx =
2‘/? 2. y=cosec'x y¥'= 12_1 (lyl(rg‘.rz)l)

6. y=a* y= a‘loga vz
7. y=¢* y=e* 27. y=sinhx 4 =coshx
8. y=e™ ¥ =ne™ 28. y—coshx ¥ =sinhx

1 29. y—tanhzx ¥ =sech®’r
9. y=logx S 30, y=cothx ' =—cosech’x
11, y=sinx ¥ =cosx 32. y=cosechx = —cosechi-cothr
12. y=cosx ¥=—sinx 1 1

33. y=sinh'x =
13. y=tanx ¥ =sectx “1:'1'2
14, y=cotx ¥ =—cosec’r %. y=cosh™lx y':ﬁ (>0, 22> 1)
15, y=secx ¥ =secr-tanx 1 ,
—_— -1 L.

16, y=cosecxr y =—coseci-cotx 35, y=tanh™'x =1z (r2<1)

17. y=sinax y =a-cosax 1

10, y==x* ¥ =x"(logx +1) 31. y=sechx ¥ =—sechz tanhx

, 36. y=coth lx y':lf (x?>1)
18, y=cosax Yy =—a-sinax
19. y=t '=g.sec? _ 1 1
y=tanar  y=a-seciar 37. y=sechlx y'=— ey (0<a<D
20. y=cotax ¥ =—a-cosec’ax 1
L i 1 38. y=cesech’'xr y=——F5=
21, y=sin"lz §'= T—22 (\b’|<'§£) x/ i+l
- . 1
22, y=cos lx VE S (0<y<n
OPERATION
5820 y =C [11
y' =0

\ {or B4 ) scrolls to the following equation, (£ to the previous equation, (<) to the first equa-
E tion, and [=) to the last (38th) equation.
|
i

Display a desired differential equation.

§ © |y =xn [E]|(Equation2)
‘ . y' =pxn-1
OOE»E®E y =ax { 8] | (Equation 6)
|y‘=aXIoga .
@@@1§,f§g?éx [12]}(Equation12)
(@ @& 'Iy =T0EX [SH(EquaﬂonQ)'
y' ' =1/X%
;:8 [ 1] |(Equation 1)
> y =cosechx [ 381 |{Equation 38
IE258 |Y'=—'|/(X~/-(XE+'|)J l )

¢

1 ,

! A
e B



INTEGRATION

Displays the following 34 integration equation:

1.fdr=x+C 19.
2. x!d.r~ 1€ (nt1%0) 20
3. [Lar=tegizi+c 21
4. x+adr—log\x+a|+€ 22.
5.f *dr=e*+C 23,
ne g L nx
6.fe dx—;e +C 24
7.fa‘a'x:a—:+C (a>0,a+1) 25.
N 26.
8. ja d'r_n-ioga_‘-c {a>0,a%1) v
9.flogxdx=x(logxfl)+c ’
28,

0. fre®dz=%5-(nz=1)+C
11. [sinxdr=—cosx+C

12, fsinqxdx= —%-cosax-t-c
13. |cos wdx=sinz+C

14. [cosardz= %°sin axr+C
15, ftan xdx=—logleosx |+C
16. { cot xdx=log!|sinz|+C

17. [sin’zdx= %x* %sian-I—C

fseczardx= ?1{- tan 2x-+C

. ﬁ:oseczaxdx: *%- cotax+C

1

.f"—dr log tan—+C

s1n.x

1, - X
fcosxd‘r_log tan(4 + 2 )+C

fe’"sin bxdx=nT]‘We"‘( nesinbx—brcosbx} +C

. fe"’cos bxdx:ﬁe”(n-cos bx+ b-sindx) +C

sin irdr=xsinlx+/1—2+C
cos™lxdr=zxcos ' x—v1— 2 +C
sinhxdx=coshx+C
coshxdr=sinhx+C

29, ftanhdx:log coshx+C

1.X

30. fﬁd}?—sm *+C (xl<a)
1 -1, x
31. fmdkatan Lic

ﬁdx:log(x+ veEta)+C
Va2 dx= - (/@ R+ atsin ) 1O

u. fPl—agdx— IOg(I +a)+c (x>a)

X+C

8. cosixdx:%"z+-li—sin2x+c
OPERATION
5830 N a

(@) (or g ) scrolls to the following equation, (@) to the previous equation, [ to the first equa-

tion, and (= . to the last (34th) equation.

Display a desired integration equation.

@

f oxn dx E_ (Equation 2)
‘=xn+1/(n+1)+c (n+]¢m)[ ﬂ
O3E® I E"; -[ij-é [53|(Equation6)
=grRXx/n
BEE / (I?gx dgch_C [g]](EquationQ)
=X OEX—
& @ Joax dx [7],(Equation7,)
=a*/loga+C ta>@.a+1)
f VY/(xe-a2)] dx {34]'(Equation34)
=t/B2a-logl({x-al/i{x+a}l+C {x>a)
J 1s70ag2+xe] dx [31 (Equation 31)
e BV R ke
J dx 77 | (Equation 1} -
= ‘ix+0 t ’
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5840

LAPLACE TRANSFORMATION

Displays the following 36 Laplace transformation equations:

z

®) | 5rho

O | iz

W | g

o | 5En

(12 Eﬁ?
1

W | 705+

1
19 Py

1
(17 Grm?

1
W Grme

© | G

1
W Form?

1
{1 —ﬁ_pZ(p_Fm)z
(p+m)?

1
) (p2+at)?

1
W\ Grm i

9 | =l
(p+m)(p+n)

F{p) f(t)
| 5 1
(2) }3—2 ¢
@ | 3 Loy =12,80)
W | -
® | sG5m La-em
1

) Rp— -
Eg(e +mi-—-1)
sing i
cosaf
%sin at
sinhaf
coshat
L ginhat
a
%(1 —cosat)

—al—a(at—sinat)
1
n—m

1
m—n

(e—mt — e—nt)

(meﬁml — ne—nz)

te—mt

Gt (r=1,2,3)

e ™ (1—mit)
La-a+mte™)

{ 2 +2€""’ e
e w md m?

({n—m)t+1l)e™

%g(sinat—at'cosat)‘




A A

F(p) f(t)
24 (pjj_%m 2asmat
, .
{25) Gg—_*%m zl—a(sinat-i-ar-cosaf)
(26) —a | tecosat
(p2+H2)2 Cosad
1 o,
@7 BEmi+n P Lsinnt
28 % e ™eosnt
29 p"la'* é%(sinhat—sinat)
30 p—tz—a; ﬁ(cosha t—cosat)
2
31 FQ_—E; ﬁ(sinhat“l'sinat)
3
32 FiLa" . % {coshaf+cosat)
33 F—_ﬁ Ei—gf-sinat'sinhat
3
(34) p'*%lfztla“ sinat-coshat—cosat+sinhat
6 | 5 (%;—x-) —1+2¢m
2 2
1 (p—m L g
(36) e (p-i-m) m m
OPERATION
5840 |l1=(_n)=1/n [Tﬂ

{or &8 ) scrolls to the following equation, (£] to the previous equation, (& to the first equa-
tion, and [=] to the last (36th) equation.

Display a desired Laplace transformation equation.

&) |§(D]—I/DE - 127 | (Equation 2

HEEEE®E |r;§§é? a/(petae) [71|(Equation7)‘

EARERED ||;(;gz= 1/{ptm) [4]|(Equa!ion4_)

Fipl=1/(p8lp+tm)) [ 61 | (Equation &)

B 1/me8-(g-mt4mt-1) |

=Y Flpi=1/D2-{{p-m)/{p+mJ]} {38]—|(Equaﬁ0ﬂ3ﬁ)
2/m-t-2/m-g-mt :
Flpl=pe/(p4-ad) {317 | (Equation 31)

©) ) 0] (o) (o] ’1/23 (slnhat+sinat) I

=) |I;‘(n)=1/n []]|(Equation1)




PERIODIC TABLE

* Periodic table of elements

Displays the periodic table of elements and atomic weight of selected elements.

1

Gas
H
1.00794 ¢
Metallic element Non-metallic elements | [
1 Aj2Z A etallic elemenis 3 Bl4 B|5 B|6 B|T7 B] 1000
3 [ 5 [} 7 g ] 10
Li Be B C N 0 F Ne
6.941 | 5.01218 10.81 | 12.011 | 14.0067 | 15,9994 |18.998403] 20.179
11 1z 13 14 15 1§ 17 18
Na Mg Al Si P 3 Cl Ar
s29r7l 2305 |3 A4 A5 A6 A7 A 8 T Bz B|2s.0s5:| 28.0855 |30.07376) 3206 | 35.453 | 30.048
19 20 21 22 23 24 25 % 27 28 29 30 31 32 33 34 ES 36
K Ca Sc Ti v Cr Mn Fe Co N Cu | Zn Ga Ge As Se Br Kr
100381 | 40.08 | +4.955% | 47.8E | 50,9415 | 51.996 | 54.9380( 56.847 |56.9392 | 58.03 | 63.54G | 65.08 | 69.72 72.50 |74.9218 | 78.96 | 79.904 | ¥3.80
37 38 39 40 41 42 13 14 15 6 47 48 49 50 51 52 53 54
Rb Sr zr Nb | Mo Tc Ru Rh | Pd Ag Cd In Sn Sh Te 1 Xe
uo. 3678 | B7.62 | #8.9050 | 9l.zz |s2.o064| u5.9s | (58} | 101.07 |102.6055] 10.42 |17 6682 112,41 | L14.82 | 118.68 | 12175 127.60 [126.9045| 131.29
55 56 57—T1 72 73 ] 75 76 77 78 79 [ 81 82 82 84 85 86
Cs Ba % Hf Ta W Re.| Os Ir Pt An Hg Tl Pb Bi Po At Rn
132,8054) 137.33 178249 |180.9479| 183.85 | 186.207 | 190.2 | 192.22 | 195.08 |196.9665) 200.53 | 204,383 | 207.2 |208.9804 (269) | (210) | (222]
A x Lanthanides elements
(2n |e2s0ese| *F % % Actinides elements
57 58 59 50 ] [ 63 [ 65 66 67 68 69 70 71
# La Ce Pr | Nd Pm | Sm Eu Gd Th Dy Ho Er Tm Yh Lu
136 Sl 14052 |140.9077| ved.24 | (145 | 150.36 | 151.95 | 157.25 |158.5254] 162,50 [164.8304 167,26 1168.9342] 173.04 | VT4.967
89 90 91 92 93 9g 95 [ 97 o8 99 100 101 102 103
#E | Ac Th Pa U Np FPre Am | Cm Bk Cf Es Fm Md No Ly
227.0278| 232.0381 | 23103591 235.0289 | 237.0482 | (244) {243) (247) {247) (251) (252) [257) [258] (259) [260)




* Atomic weight 1)

:J:,'"I::, Element Symbol Atomic weight
1 Hydrogen H 1.00794+7
2 Helium He 4.00260
3 Lithium Li 6.941
4 Beryllium Be 9.01218
5 Boron B 10.81
6 Carbon C 12.011
7 Nitrogen N 14.0067
8 Oxygen 0 15.9984
9 Fluorine F 18.998403

10 Neon Ne 20,179

11 Sodium Na - 22.98977
12 Magnesium Mg 24.305
13 Aluminium Al 26.98154
14 Silicon Si 28.0855
15 Phosphorus P 30.97376
16 Sulfur S 32.06

17 Chlorine Cl 35.453
13 Argon Ar 39.948
19 Potassium K 39.0983
20 Calcium Ca 40.08

21 Scandium Se 44,9559
22 Titanium Ti 47 .85

23 Vanadium vV 50.9415
24 Chromium Cr 51.996

25 Manganese Mn 54.9380
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* Atomic weight (2)

:an'ﬂfr Elernent Symbol Atomic weight
26 Iron Fe 55.847
27 Cobalt Co 58.9332
28 Nickel Ni 58.69
29 Copper Cu 63.546
30 Zine Zn 65.38
31 Gallium Ga 69.72
32 Germanium Ge 72.59
33 Arsenic As 74.9216
34 Selenium Se 78.9
35 Bromine Br 79.904
36 Krypton Kr 83.80
37 Rubidium Rb 85.467s
38 Strontium Sr 87.62
39 Yttrium Y 88.9059
40 Zirconium Zr 91.22
41 Niobium Nb 92.9064
42 Molybdenum Mo 95.94
43 Technetium Te (98)

44 Ruthenium Ru 101.07
45 Rhodium Rh 102.9055
46 Palladium Pd 106.42
47 Silver Ag 107.8682
48 Cadmium Cd 112.41
49 Indium In 114.82
50 Tin Sn 118.6¢
51 Antimony Sh 121.75
52 Tellurium Te 127 .60
53 Iodine I 126.9045
54 Xenon Xe 131.29
55 Caesium® Cs 132.9054
56 Barium Ba 137.33
57 Lanthanum La 138.9055
58 Cerium Ce 140.12 .
59 Praseodymium Pr 140.9077
60 Neodymium Nd 144 .24

61 Promethium Pm (145)

62 Samarium Sm 150. 36
63 Europium Eu 151.96
64 Gadolinium Gd ' 157.2s
65 Terbium Tb 158.9254

264




* Atomic weight (3)

:Jg,:g:, _Element Symbdl Atomic .weight
66 Dysprosium Dy 162.50
67 Holmium He 164.9304
68 Erbium Er 167.26
69 Thulium Tm 168.9342
70 Ytterbium Yb 173.04
71 Lutetium Lu 174,967
72 Hafnium Hf 178.49
73 Tantalum Ta 180.9479
74 Tungsten w 183.85
75 Rhenium Re 186.207
76 Osmium Os 190.2
77 Iridium Ir 192.22
78 Platinum Pt 195.0s
79 Gold Au 196.9665
80 Mercury Hg 200. 59
81 Thallium Tl 204.383
82 Lead Pb 207.2
83 Bismuth Bi 208.9804
84 Polonium Po (209)

85 Astatine At (210)

36 Radon Rn (222)

87 Francium Fr (223)

38 Radium Ra 226.0254

89 Actinium Ac 227.0278

90 Thorium Th 232.0381

91 Protactinium Pa 231.0359

92 Uranium U 238.0289

93 Neptunium Np 237.0482

94 Plutonium Pu (244)

95 Americium Am (243)

96 Curium Cm (247)

97 Berkelium Bk {247)

98 Californium Ct (251)

99 Einsteinium Es (252) -
Fermium Fm (257)
Mendelevium Md {258)
Nobelium No {259)
Lawrencium Lr (260)
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OPERATION
8 g 8
5900 |1:|1|a Pa Sa 4a Ba Ba 7a | I

Pressing (&) displays the following periodic element, while pressing (&) displays the previous
periodic element. Pressing (& disptays groups 1a~ 8, while =) displays groups 1b ~ 7b and
0. Pressing fxd enters input stand by, during which inputting a symboi of an element displays
its atomic weight. '

Display the periodic table at a specific location and display the atomic weight of silicon.

|2 lT_a Ea 3a 4a 5a 6a 7a B 8 8 I(#zperiodicelement)
Tl e
) la 28 32 4a 5a Ba 78 8 8 8 (#5 periodic element)
@ S5:-Hb 8r Y Zr Nb Mo T Ru Rh Pd ’
b 26 3b 4b 5b 6b 7b @ (Group 1b~7b and 0
S'Ag cd In Sn Sb Te | Xe with same period)
’ B:Lanthanoid: La Ce Pr Nd Pm Sm |(Lanthancid)
DoE | Eu Gd Tb Dy Ho Er Tm Yb Lu
£ |72Actinnld:Ac Th Pa U Np Pu Am |(Actinoid)
: Cm 8k Cf Es Fm Md No Lr
fxe) 'Innut the symbol . - |
Push [EXE] then return
Ilnput the symbol @ _ {Enter Si to display
Sl 'Si Sil-lcon 14({3-4b) 28.@8855 atomic weight of
: sllicon)
g |7:Act|noinAc Th Pa U Np Pu Am |(Hetumtoinitia|display)
Cm Bk Cf Es Fm Md No Lt




5910 ~ SCIENTIFIC CONSTANTS

Displays the following 22 scientific constants. Alphabet keys A~Z can be used to assign
disptayed values to numeric variables A through Z.

UNIT

NAME & SYMBOL VALUE i CGS
Faraday constant F | 9.648456 10° Cemol™! 10 emu*mol™!
Gravitational constant G | 6.6720 10710 md3esZekgl| 1078 omBg2eg!
Avogadro constant Na i 6.022045 108 mol™! 102 mol™!
Molar gas constant R [ 8.31441 Jemol™ K1 | 1067 ergemol ™tk
Rydberg constant Reo | 1.097373177 107 m! 105 em™!
Molar volume of ideal gas at s.t.p. | Vm | 22.41383 1073 m3emol™! 10% em®-mol™!
Bohr radius : ac | 5.2917706 1071 m 107° ¢em
Speed of light in vacuum c 1 299792458 m-s~! 10?2 eme+s!
Elementary charge e | 1.6021892 107 C 1720 emu
Gravitational acceleration g | 9.80665 m+s~? 102 cmes™2
Planck constant h | 6.626176 1073 Jug 107  erg+s
Beltzmann constant k | 1.380662 1078 J.K1 1671%  erg-K!
Electron rest mass me ; 9.109534 1073 kg 10728 o
Neutron rest mass mn | 1.6749543 10727 kg 10074 g
Proton rest mass mp | 1.6726485 1077 kg 10724 g
Atomic mass unit u | 1.6605655 10727 kg o724 ¢
Permittivity of vacuum €0 | 8.854187818 1072 Fem!
Permeability of vacuum #O | 12.5663706144 1 1077 Hem!
Bohr magneton gb | 9.274078 10724 J.T-1 10721 erg-G~!
Electron magnetic moment pe | 9.284832 10-# J.T! 10721 erg.G!
Proton magnetic moment wp | 1.4106171 10726 j.T-1 1073 erg-G! .
Stefan-Boitzmann’s constant g | 5.67032 1078 W-m 2K 10 %erge*s lem 2K

* The values of these scientific constants are based on JIS Z-8202-1978 (JIS =Japan Indus-
trial Standard).

OPERATION
= . 4 . K]
5910 (us) .F 9.648456x10 A£% mo ]

>constant ¢ Key

[1] r .
Pressing [Z]xd dispiays the following constant, while pressing (4] displays the previous cons-

tant. Pressing (&) displays in Sl 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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L

Display the molar volume of ideal gas at s.L.p. and assign the value to numerié;variablé V

in CGS units. Then display the Avogadro constant a

nd assign the value to numeric variable N.

EEHEHEE I\;m =po.413688%X1@-9 [m3-moi-)] {Molar volume of ideal
>gonstant ! key A-Z 7 {61 gas at s.t.p.}
; i : {Displayed in CGS unils)
v ’[V] =B2.413838x10-9 m3a mol] (Value assigned to
>constant @ key A-Z 7 [B] numeric variabie V)
& EE lTla =5. 022@45x1@23 [mol] (Avogadro constant)
>gonstant : key A-Z 7 [3]
N ITN] =B. 022045X31023 [mol 1] {Value assigned to
>pgonstant ! key A-Z2 7 [3] numaeric variable N)
Break (Exit currently speci-
E I fied ponstant) _
v Contents of variable V.
] ‘78.@2241383 L( o )
N Contents of variable N
W) & r 6. 3220@45E+23 ‘( )

* 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.




ELECTROLYTIC DISSOCIATION
CONSTANTS

Displays the following eight ionization equilibrium formulas:

IONIZATION EQUILIBRIUM
FORMULAS OF ACID

IONIZATION EQUILIBRIUM
CONSTANT ka (mol/l}

HCOOHZHCOO +H*
CH3;COOHZ2CHsCOO~+H*
CsHsCOOHZCeHsCOO~+HY
H:COs2H*+HCO3
CsHsOHZCsHsO~+H?*

1.77x10°*
1.75X1078
6.31X107°
4.,45x1077
1.00 %1077

IONIZATION EQUILIBRIUM
FORMULAS OF BASE

ELECTROLYTIC DISSOCIATION
CONSTANT kb (mol/l)

NH3z+H:02NH+*+0H~ 1.78x107%
CsHsN+H20Z2 CsHsNH™+OH~ 1.5x107°
CeHsNHz+ H20Z2CeHsNHs* +0H™ 3.8X10°10
OPERATION
HCOOH ~-~ HCOO- + H+
5920 Ka = 1.77%x1@-4 [mol/}] [1]

{or &g ) scrolls to the following formula, (8] fo the previous formula, (&) to the first formula,

and (=) to the last (8th) formula.

Display a desired ionization equilibrium formula.

£} |CH:—|CDOH ——~ CHaCOO- + H* |(Formula2)
Ka = 1.75X1@8-5 [mol/1] [21]
CsHsOH -- CegHsO- + H* (Formula 5)
DBE ll(a = 1.00x1@0-7 [mol/1] : [5]|
(=) }GSHENHE + Hz0 -- CesH:sNHa+ + DH- |(FormulaB)
Kb = 3.8x10-19 [mal/1] (8]
NHzs + Hz20 - NHat + OH- {Formula 6}
g *Kb = 1.78%x1@-5 [mol/1] 181 7
= HCOOH ~- HCOO- + H~* (Formula 1)
iKa = 1.77%x1@-4 [mol/1] [Hl
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MOTION AND ENERGY

Displays the following 20 scientific formulas:

NAME FORMULA

Uniformly accelerated motion v=wvotat, a =%, s=vot+ %at2
Newton’s equation of motion F=ma

. . —rr_2x_ 1
Circular motion (1) T= v e I

2

Circular motion (2) w:%:g,rf:%, Fzmm2=%
Simple harmonic oscillation I=resinewt, v=rw-coswt, g=—ws
Hooke’s law F=—kx
Spring oscillation a=F/m=—%x. T=2x / %
Simple pendulum a=FYm=—%w,T=2z/ é
Potential energy (spring) Ep=mgh
Elastic energy Ee= %k_rz
Kinetic energy | Ek= %mvz
Coefficient of friction F=uN
Work W=Fs
Keplet's law T?/r®=Constant
Universal gravitation F= G-MrTm, G=6.7xX1071(N-m?%/kg?)
Potential energy (interplanetary) Up=—-G Nll,m
Kinetic energy (interplanetary) Ek= %ﬂnrzwz
Moment of inertia I[=mr?, E=%{w2
Anguiar momentum R
Conservation of momentum mvi+tMVi=mvz+MV2

NOTE: Universal gravitational constant displayed as rounded value {see 5910 for details)

OPERATION
5930 VETTEETTY 3

(or Exg)) scrolls to the following formula, (& to the previous formula, (& to the first formula,
and (=] to the last (20th) formula.

']

tlon [
t+atears2
fi

no

celerated mo
Ay/at . s=vo




|

Display a desired scientific formula.

‘Il\zlewtun‘s equation of motion [g]|(Formula2)

=ma

IFEEE?S Taw [E]‘(Formulaﬁ)

=] |Conservati0n of momentum [2@]1(F0rmu|820)
mv +MVi1=mvea+MVe

& ® & ‘Kin'etic ENergy (pianet) [17][(F0rmula17)
Ek=1/2'mréuw2

®®msME 1(Fzgmf|c|ent of frictian [1E]|(Formuia12)

=) 'Unifnrmly accelerated motiaon [1]’(Formula1)
v=vg+tat a=av/at s=vot+ate/g
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WAVE MOTION

Displays the following 16 scientific formulas:

NAME

FORMULA

Wave
Velocity of transverse wave on a string
Interference

Stationary wave
Refraction of wave

Natural frequency
Velocity of sound
Doppler effect
Beat

Reflectivity of light

Critical angle

De Broglie wave

Quantum condition

Photeelectric effect
Freguency condition

v=%=f/\, y=a-sin2w (%*%)

=/

12—11=(2n+1)%, l2—l1=nA
]=n%, 1= (-1 (2%0)
n=siné/sing =v1/v2= A1/ Az

_1 /7T
f_21 P
v —331.5+0.61T

f=f0'—2
¥y—v2

f=h—f:  (h>f)
RO=(m_n2)2

ni+nz

sinf="2
nz
a=h
mv
nh

2xr=—=nd
mv

%mvzzhy—w

hy=Em—En (m>n)

Light wave A=c/v, ¢=2.,998x10%(m/s)
OPERATION

Wave [1]
5932 |V=1/T=fl y=a-sin2r{t/T-x/1]}

(@ (or @9 ) scrolls to the following formula, (£] to the previous formula, (<] to the first formula,

and (=) to the last (16th) formula.

Display a desired wave formula.

[2] | (Formula 2)

151 | (Formula 5)

7
p)

tian
/sing=vi/ve=i1/1¢e
wave

2.998%x1@68

[1B] | (Formula 16}
[m/s] |

wave [12 ]'] {Formula 12)

(&} Wave o
|V=/_(F/
EEE |Hefrac )
n=sing i
= Lieht v
|A=G/V e
E©® & de Broglie
A=h/my
Wave
= ‘V=1/T=fi

[ 17| (Formula 1)
y=a'singrlts/7T—-x/21} |




2934

AC & DC CIRCUITS

Displays the following 16 scientific formulas:

NAME FORMULA

Ohm's law V=IR (I=Q, R=2 '%)

. . s 1 l 1
Electric resistance (parallel, series) R=R:1+Ra, B _R1+ Rs
DC circuit V=E-IR
DC power and Joule heat P= IV I’R, W=IVt=Pt
Conductance G— B= ‘I]
Kirchhoff’s law 2xI=0, 2£V=90
Wheatstone bridge RoR1=R2zR3
Instantaneous value (AC voltage and current)| V=Vysinwt, I=Isinwt
Effective value JIO— —ﬂ
AC power P= VI—lVqu
Power factor P=VI:cos¢
Transformer hiVi=12V,, %=%

1 1
Reactance X=wlL=2rfL,, X= =3xiC
Impedance —s/ Rz+ (a,L___)z Vo=ZIo
Natural frequency (Natural oscillation} fo= - ,[_'
Electric oscillation % +§LI2 =Constant
OPERATION
Ohm's law [11]

5934 (usg) V=IR _ (1=Q/t, R=p-1/5)

{or xg ) scrolls to the foliowing formula, (£] to the previous formula, (&) to the first formula,

and [=] to the last (16th} formula.

Display a desired electrical formula. .

@) |F|esistance 121 | (Formula 2)
AR=R1+R2 - 1/R=1/RA1+1/Re ‘

FEEE |l§iirgghof£;3=tlaaw [Bll(Formulaﬁ)

= |E|ectric oscllation _ [18]](Formula16)
1/2:Q8/C+1/2-L128=Caonstant

£ Heactance [ 131 ] (Formula 13)

& @ |X=ML=EnfL X=1/uwC=1/2rnfC l ]

& & |P0wer factor : ['I'I]\(Formulaﬂ)
P=V]-:cos¢ .
Ohm's law [T1](Formula 1)

= ‘V=IH (1=Q/t R=e+1/8) J
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ELECTRIC AND MAGNETIC FIELDS

Displays the following 17 scientific formulas:

NAME

FORMULA

Coulomb's law (Electric field)
Electric field

Electrical capacity

Electrical capacity (parallel, series)

Dielectric constant eo (Relative dielectric constant -€)

Electrostatic energy

F= kquQz

v
E=4
Q=CV, C=¢

ko= 9 x10°(N-m?/C?)
, F=QE, W=QV

.S
°"d

_ 1_1_.1
C=Ci1+Cs C _C1+C2

D=&E, C=¢eCs
dav_ Loy
U= B QV= 3 CV

Electron in electrical field a:%E—, %m\rz:ev
Coulomb’s law (magnetic field) F=kol2, o= (ig; .
Magnetic field H H=y, H=j, H=nl
Magnetic figld F=wmlIH] =1IB1
Magnetic flux density Bzf,;n"“i=#0H
Lorentz farce F=QB, r _Q_B
Electron in magnetic field ‘%‘mvz—sz?jrz. = r —CSTB
Faraday’s law of induction V= —n%f—
Electromagnetic induction V=Ef=vBg, I= V]?{p‘
-Mutual induction Va= ~M%
Seit-induction v=-141

OPERATION

5936 (ug F2Ro B8 aa 8" Rol8siaS N imesbe]

(@ {or [ ) scrolls to the following formula, (&) to the previous formula, (&) to the first formu!a

and (=) to the last (17th) formula.
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Display a desired scientific (electric and magnetic field) formula.

EXAMPLE

275

_ e~ = W W
[4]] ™~ - had — -
g & &8 @© « o
=] =] = 3 3 3
E E E £ E E
—_ = e —_ — e
(=] o < (=] o (]
T (TR 91 [T [T Iy
_- = = = = =
— — — - — ——
o ™~ "~ m al] —
et — — — B — (I
e NPLN | .
11] ]
o oo —E
- — il
i3] [y —
y— Y- T Lm
n -
[} o= ——
— o — M
2| |- = - om
O+~ w @ m
nifai cE — O
=Z||ow [ Lud} W
— > [l m; ~—
2 wElc En (=
— o =l =
oul|lend||— cCofox> o
— | =\ |+~+~]||—m Bl -
— —llo< ool ~
W) m IN| | 0O || w
4] = o—i|len =)
—_ o cd||om|(~ o -
[ —-El|l—- P | EOC
(=N |~ Elfcm||o
oN|(ow(f+« 1 ||o - |{io>|]l—o
o= |wd|— 1 || wid||[—O| |3
— N [f— Nl l|l=X]|ol||jlon
1l @ W—}J L
L LLF [n = (@]

DOLE®
BEE®
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THERMODYNAMICS AND OTHERS

Displays the following 13 scientific formulas:

_ NAME FORMULA
Absolute temperature TCK)I=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(1+ﬁ)
) A T
Charles’ law Vo
Equation of state —nRT, R=8.31{J/K)
Law of partial pressures P=P;+P2+Pg+ .........
Pressure P= %nm?z
Internal energy U=%xm‘r2 N:%nRT
Specific heat —4U_3R ~4U o _5R
p C Y, 5 " Cp 4 +R 2

. _ L x _1_
Half life N=No 2) (x—T)
Mass-energy relation E=mc?
OPERATION

Absolute temperature [1]

5938 (ug) |Absolute temperaty

(T (or 28 ) scrolls to the following formula, (] to the previous formula, &) to the first formula,
and [ to the last (13th) formula.

Display a desired scientific (thermodynamic and others) formula.

|Heat Capacity T a7 | (Formula 2)

Q=CT=meT ‘

3 Charle's law [6] |(Formula 6)

© L2t ‘V/V0=T/T0 |

Mass—-enerey relation [ 137 |(Formula 13)
E=mge

BEE®mm ég&géaiggii?! Pressures [B]‘(FormulaS)
Eguation pf state [ 7] |(Formula 7)

o |F'V=nFlT . R=8.31 [J/K] J :

Absolute temperature [ 11 |{Formula 1)

& |T[“K]=t["G]+E7S 15 J




METRIC CONVERSIONS FOR LENGTH

Displays the following 30 conversion formulas. Pressing e stores the currently displayed
formula which then can be applied for calculation.

CONVERSION UNIT | CONVERSION FORMULA  |CONVERSION UNIT{ CONVERSION FORMULA
X {cm) X 0.01 (m} X (ft) 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] (yd] X 91.44 [cmj
£39.3701 in] 0.9144 (m)
3.28084 (1) . 36 (in)
1.09361 (yd) 3 (ft)
0.000621371  (mile] 0.000568182  [mile)
(in) X  2.54 [em) (mile] | X 160934.4 (em)
0.0254 (m) 1609.344 (m]}
0.0833333 (it) 63360 (in)
0.0277778 (yd] 5280 (£t)
0.0000157828 (mile) 1760 [yd]
OPERATION
Metric converslon (length) [11
5950 |x[cm] -- @.@1x[m]

(&] scrolls to the following formula, to the previous formula, to the first formula, and
=] to the last (30th) formula.
Pressing of g executes a conversion of the currently displayed units.

Display a desired conversion formula.

‘MBtI’lC conversion (leneth) [__E]|(F0fmu|32)

x[ecm] =-- @.383701x[in]

D3 ‘Metric conversion (length) [5]‘(F0fmu|35)‘
x[em] -~ @.000Q@B21371ximile]l

|Metr|c conversion (length) [30]|(F0rmula30)
x[mile]l] =—- 176@x[vd]

BERE |Metric conversTon (fength) (es] |(Formula 26)
x[milel -- 16@984.4x[cml .

=) |Metric conversjion (length) [1]|(F°'mU'31)
xfem] == @.@1x[m]
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Convert 110m and 300m to yards.

HEEE®EE
lMatrlc conversion (length) [9]1(':0“““'&9)
xfm] ——- 1.09361x[yd]

ED) x[m)7?— (Stores Formula ¢ in

] memory)

110 & XxX[mlI?11@ (110m = 120.2971
X[lydl= 1202.2871 yards)
Xlydl= 120.2871

& lx[m]'?_ I

300 [ |x{m]?3(3l3 {300m = 328.183
X[ydl= 328.883 yards)

* Once calculation Is complete, a different conversron can be selected by first pressmg 2
followed by the (ug 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

Displays the following 12 conversion formulas. Pressing [ stores the currently displayed
formula which then can be applied for calculation.

CONV.EFISION UNIT CONVERSION FORMULA CONVERSION UNIT CONVERSION FORMULA

X [m?] X 0.01 (a) X (acre] | X 4046.86 [m?)
0.000247105  (acre) 40.4686 (a)
0.000000386102 {mile?) 0.0015625 (mile?)

(a) 100 (m?) [mile?) 2589990 (m?)

0.0247105 (acre) 25899.9 (a)
0.0000386162  [mile?) 640 (acre)

OPERATION

Metric conversion (area) {11
5960 |x[mE] -~ @.@1x[a]

(&} scrolls to the following formula, (%] to the previous formula, (& to the first formula, and
=] to the last (12th) formula.
Pressing of [xg executes a conversion of the currently displayed units.

Display a desired conversion formula.

1) |Metric conversian l(area) [Eli(':""””'az)
x[m2] —-- B.Q2002471@5x[acrel

H®E |Metric conversion (afrfea) [ETI(FOfmU'a&
x[al] -~ D.@24710@6xlacrel

=) Iﬂatric—: conversion (area) [1E]|(F0fmula12)
x[mile2} -~ B4@xlacre]

N IMetric conversion (arega) [1@]’(F0rmula10)
x[mileg] ——- P588899@xIma]

=) IMetric conversian (ares] [13|(Formula1)
x[m2] -- B.@1x[al

EXAMPLE

Convert 300m? to acres.

3] |Metr||: conversion {area) [E]I(Formula2)-
x[maj - D.peRP471@5x[acre]

exg) XIme]?_ (Stores Formula 2 in
‘ memory and executes)

300 [ | ERNELL | (300m2 = 0.074 acres)

[acrel= P.P7413156

* Once calculation is complete, a different conversion can be selected by first pressing
followed by the key.
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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.

5970 METRIC CONVERSIONS FOR VOLUME

Displays the following 30 conversion formulas. Pressing (€ stores the currently displayed
formula which then can be applied for calculation.

CONVERSION UNIT CONVERSION FORMULA CONVERSION UNIT CONVERSION FORMULA

X cm® X 0.000001 (m?) ft? 28316.8 [em?]
.0610237 (in*) 0.0283168 (m?)
0.0000353147 [(ft?) 1728 (in®)
0.001 (n 28.3168 (1}
0.000264172  (gal(US}) 7.48052 (gal(US))
0.000219968 (gal(UK)) 6.22882 . (gal{UK))

m? 1000000 {em?) X I X 1000 (em?)
61023.7 (in?) 0.001 (m*)
35,3147 (£t3) 61.0237 (in3]
1000 (n 0.0353147 (f3)
264.172 (zal(US)) - 0.264172 (gal (US)]
219.968 {gal (UK)) 0.219968 (gal (UK))
in3 16.3871 (em?)
0.0000163871 [m?)
0.000578704  [fi3)
0.0163871 (n
0.00432900  ({gal(US))
0.00360464  (gal (UK))

OPERATION _

Metric conversion (volume) [11
5970 rx[cmﬂl -- 9.020@R@@1x[m3] .
(8] scrolls to the following formula, (£] to the previous formula, [&] to the first formula, and

(=} to the last (30th) formula.
Pressing of [ executes a conversion of the currently dlsplayed units.




Display a desired conversion formula.

) |Metr|c Conversion (vojume) [E]=|(F0fmu|a2)
x[lem3] -- @.@61@8237x[in3]

EEEHEGE 1Metric COnNveErsion (volume) [7]‘(F0rmu|a7)
x[m3)] -—- 100R@@@x[cmid]

=) lMatric Conversion (volume:! [ 427 |(Formula 30)
xigal {UK)] -—- ®.8232872x[eal {(UB)]

HEEE Metrlic conversion (volume) [ 38] |{Formula 26)
IX[EEI(UK]I -- P.00454609x%x[(m8] ‘

=] |Metrlc conversion (vojume) [1]‘(Formula1)
x[cm2] -- @2.000@8@1xIma]

EXAMPLE

Convert 1800cm? to gallons (US).

DE®E Metric conversion (volume) [5]1(1:0"““165)
xlem3] -~ Q.00B8P84172x[Eal (US])]

Exg xX[om3]17P. (Stores Formula 5 in
l memory and executes}

1800 [ | x[cm3]1?1800 l(18000m3=approxima-
X[legal{US)l= @.4755086 tely 0.48 gallons)

* Once calculation is complete, a different conversion can be selected by first pressing
followed by the [us] 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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1ef:{0)] METRIC CONVERSIONS FOR WEIGHT

Displays the following 12 conversion formulas. Pressing Exd stores the currently displayed
formula which then can be applied for calculation.

CONVERSION UNIT CONVERSION FORMULA CONVERSION UNIT CONVERSION FORMULA

X (g) X 0.001 [kg) X loz) | X 28.3495  [g)
0.0352740 [oz) 0.0283495 (ke)
0.00220462 (1b) -0.0625 (1b]

X (kg) 1000 [g) x (Ib) 45%.59237 (g)
35.2740 (oz) 0.45359237 (kg)
2.20462  [Ib) 16 (0z)

OPERATION

] Metric cunv sion (weight) [11]
5980 g | MEii'C cBMgEiNiRa
e

scrolls to the following formula, (%] to th
to the last (12th) formula.
Pressing of Exd executes a conversion of the currently displayed units.

Display a desired conversion formula.

previous formuia, (& to the first formula, and

(g |Metric conversion (weight) [E]|(F0rmul62)
x[eg]l -~ @.@35274@x[o0z]
Metrlic conversion {(weight) [ 81 | (Formula &)
JE®E |x[Kg] -- 2.204682x[1h]
=) |Metric conversion (weight) [1E‘]|(F0rmu]a12)
x[Ib)] -- 1B6x[oz]
EIERARED Metrlc conversion [(weight) {g}|(Formu]a9)
x[oz] -+ B.@6265x[Ib]
|Metrlc conversion {(weisht) E1]|(F°fmuia1)
XxX[gl -~ 2. d61x[Kgl
EXAMPLE
Convert 2.5kg to ounces.
T EE iMetrlc CONVErsign (Weight) [ 67 | {(Formula 5)
x[Keg]l -+ 385.28740x[0z] _
(Exe) x[Kgl7?_ {Stores Formula 5 in
| memory and executes)
2 *[Ke]?2.5 (2.5kg = 88,185 ounces)
()6 kd 1X[oz]= BB8. 185 |

* Once calculation is complete, a different conversion can be selected by first pressmg ey
followed by the (g 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
’ (NORMAL DISTRIBUTION)_

Determines upper probability for normal distribution with five significant digits using the fol-
lowing formula:

OPERATION
6210 (us |l).(lgp‘ear?urobabllity N(D.T2)

Determine the upper probability for normal distribution when x=1.53.

|Unner prohbability N{@.12)

X= @ 7_ .

1 53 Upper probabilliy N(@.12)

© = |I:l= Q.0630028 l

Exel IUpper probability N{@.12) |(Fleturntoinitialdisp]ay)
x= 1.53 7~

Here, the upper probability integral is 0.063008.
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UPPER PROBABILITY INTEGRALS
| (x2 DISTRIBUTION)

Determines upper probability for x? distribution with five significant digits using the follow-
ing formula:

2\ £ -] 2
oo 1 (J: )2 e'% dx? (v : degree of freedom)

2 — _ 1t
P =z p\z
P(x2. v}
P(x2, v}
0 %2
OPERATION
Upper probability Xg(xe,y)
6220 [UEmer B |
EXAMPLE
Determine the upper probability for x2 distribution when degree of freedom () =4, and x*=2.
4 [xg Upper probabilfty XE (X2, v) J(Degreeoffreedom)
Xx8= @ 7.
2 [xg Upper probability Xe(x2.v) ‘(Valueofxz)
Upper probabillty Xe(xg, v) (The upper probability
p= @.735676 integral is 0.73576.)
& H:"ﬁ r probabiiity x2lxe.v) |'(F|eturntoinitialdisplay)_




UPPER PROBABILITY INTEGRALS
(t DISTRIBUTION)

Determines upper probability for t distribution with five significant digits using the following
formufa:

Plx, ») {v: degree of freedom)

OPERATION
Upper probabillty tix.,v])

6230 HEY ’ |

EXAMPLE

Determine the upper probability for t distribution when degree of freedom (») = 2, and x = 2.92.

2 [exe] Uupgr?nrnbablllty tTx. v) (Degree of freedom)
= b —_

2292 Uprer probabl ity t(x.v) l(EntervalueOfX)
Upper probabl ity tix.v) {The upper probability
P= @.@85 integral is 0.05.)

[Ex€) Unngr probability tix.») 1(Relurntoinitialdisplay)
V= —_
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6240 UPPER PROBABILITY INTEGRALS
- (F DISTRIBUTION)

Determines upper probability for F distribution with five significant digits using the following
formula:

vz vz v1

1
Pz, u1, v2) :f°° vi? y2 2 ~x2 dx (v degree of freedom 1; »2: degree of freedom 2)
? ? x Y1 v2 v vz
B 2 9 (vz+vix) 3
¥

P(x. 1. v2)

0 X
OPERATION
u ili . R
6240 lvllngeg giohablllty Fix.vi.ve)
EXAMPLE

Determine the upper probahility for F distribution when degree of freedom 1 (»1) =5, degree
of freedom 2 (v2}=3 and x=9.01.

5 = Uunelr probability Flix.vi.ve) J(DGQFBSOHFGSGOF”U
ve = ?
3 [exg Upper probabilit Flx.v1.ve) J(DegreeoffreedomE)
= B 7T_ -
9] 01 g Upper probability F{Xx.v1.ve) |(Valueofx)
Upper probability F{x.vi.va) (The upper probability
= B.0520@286 integral is 0.050026.)
fexe) UDDEEr grobabl lity Fix. vi.vea) ](Returntoinitialdisplay)
v = _




UPPER CUMULATIVE FREQUENCY
(BINOMIAL DISTRIBUTION)

Determines upper cumulative frequency for binomial distribution with five significant digits
using the following formula:

n

B(z, n,p) =2 () P*(1-P)"¥

==

————————— T
I_ Q | n: maximum value of x
: : p: probability
! .
I x |

Q: Sum of frequencies produces past x
(cumulative frequency)

OPERATION
6310 [ug Egmglgfive freaquency Bix.n.pJ

Determine the upper cumulative frequency for binomial distribution when the maximum value
of x (n)=5, probability (p)=0.5 and x=4.

5 g Cumulative frequency B(x.n.P] (Maximum value of x)
= @ _ -

05 @& Cumulative frequency Blx.n.P) (Probability)
X= @ 7_

4 (o Cumulative frequency B(X.n.p) ’(Valueofx)
Eumulative freguency B{x.n.P) {The upper cumulative
b= @.18B75 frequency is 0.1875.)

=0 Iﬂ:mglgtive freauehcy B{(x.n.P) {(Return to initial display)
n= _— !
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UPPER CUMULATIVE FREQUENCY
- (POISSON DISTRIBUTION)

Determines upper cumulative frequency for Poisson distribution with five significant digits
using the following formula:

& _, Ay h i mean value
Pz, A)=2Xe*-==%
( ) ygx #! P : Sum of frequencies produces past x (cumulative frequency)

I P
'.'
| |
N I
0 1 2 « s+l X X+1 - -
L e
OPERATION
6320 (ug E‘:gmlgiive freauency P(xX.4)
EXAMPLE

Determine the upper cumulative frequency for Poisson distribution when mean value (A\) =2,
and x=4.

2 [Exg Cumalgtive frequency P{x.21) ‘(Meanvalue)
xX= -

4 [xg) Cumulative frequency P({x.4a) |(ValUBOfX)
Cumulatlve frequency P(Xx.al] (Yhe upper cumulative
p= _@.14288 frequency is 0.14288.)

(ex) Dumg!gt fve freguency Pix.a) *(F*etumtOiﬂitialdiSplaY)
A= -




UPPER CUMULATIVE FREQUENCY
(HYPERGEOMETRIC DISTRIBUTION)

Determines upper cumulative frequency for hypergeometric distribution with five significant
digits using the following formula:

H(x, #, M,N) :znjw# P : Sum of frequencies produces past x (cumulative frequency)
y=z ¥
S
| ]
1 1
‘_ 1 | i ) M |
¢ 1 I x x+1 nl
Lo e e — — — 1
OPERATION
Cumulative freaquency H(x.n.M.N)
6330 ne"g'8! B
EXAMPLE

Determine the upper cumulative frequency for hypergeometric distribution when N=3, M=2,
n=1, and x=1.

3 kg {Gum%llgtlve frequency H(x.n.M.N) ‘(ValueofN)
2 [exy Cum%llgtive freaquency H(x.n.M.N}J(ValueofM)
Nn= — .
1 [xg Gumglgtlve frequency H(x.n.M.N)J(Valueofn)
X= —_
1 (g Cumulative frequency H{x.n.M.N} J(Valueofx)
Cumulative frequency H{x.n.M.N) ‘(Theuppercumulative
p= Q.B6B67 frequency is 0.66667.)
Exd gumglgt fve frequency H{x.n.M.N) (Return to initial display)
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PERCENTAGE POINT NORMAL
DISTRIBUTION

Determines percentage point for normai distribution with five significant digits using the fol-
lowing formula:

2
x(p) : f xoo‘/—g—;e_ zdx=p (p: probability)

p
C x(p
OPERATION
Percentagse pmaoints N(B.12}
6410 ETgeRT
EXAMPLE
Determine the percentage point for normal distribution when p =0.05.
0 (=] 05 g Fercentage points N({@.1e} I(Probability)
tF‘ercentage paints N(B.12) (The percentage point is
x=_1.6449 1.6449.)
=) ‘EEFS?EEEEE points N{@.12) |(Returntoinitialdisplay)
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PERCENTAGE POINT
(x2 DISTRIBUTION)

Determines percentage point for x2 distribution with five significant digits using the follow-

ing formuia:
» : degree of freedom
2y2) 22 .
*ply) : j;;pﬁ‘g(%)z <e~% dr’=p I': gamma function
P probability
v=4
p
0 )
OPERATION
6420 Bgr?egfage points XE(x2,v)
EXAMPLE
Determine the percentage point for x2 distribution when degree of freedom (»)= 2, and prob-
ability p=0.5. :
2 =g };:rgegtage points XE{xe.v) |(Degreeoffreedom)
0[<)5 Percentaee points X&(x2, ») j(Probabilily)
] Percentage polnts X2 (xe.vr) ’(Thepercentagepointis
_ x2=_1.3863 7 1.3863)
=) Pe rgegtage points XE(x2.w) ](Heturntoinitialdisplay)
V= —
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PERCENTAGE POINT
(t DISTRIBUTION)

Determines percentage point for t distribution with five significant digits using the follow:ng
formula:

t2
tp(v) : ﬁ:o(1+7)_(”+1)/2 (v:degree offreedom)

dt=p
1 p : probability
/”B(z, 2)

‘Itp(V) — ‘ tp(V)
OPERATION
p t .
6430 lJErﬁ:e'r'_ltage points {x.v)
EXAMPLE

Determine the percentage point for t dlstrlbutlon when degree of freedom {(») =1, and proba-
bility (p)=0.05.

1 [ Pergegtage points tix.v) |(Degreeoffreedom)
p= -
0 (] 05 [ Percentage points tix.v} (Probability)
|Percentage points t(x.v} (The percentage point is
x= 6.3137 6.3137)
[Ex |F'e rg:entag points t(x.v) |(Fieiurntoinitialdisp[ay)
¥ = 7




PERCENTAGE POINT
(F DISTRIBUTION)

6440

\ Determines percentage point for F distribution with five significant digits using the fo!lowing
formula:

v : degree of freedom 1

woowm n
oo v1Zp2f FZ--1

FP(VL vz) ! FpB(§,[”§2) (UZ+UIF) n-;vzdF:p

vz : degree of freedom 2

p : probability
P
0 Fp(Vy, V)
OPERATION
6440 (us) Percgntage noints Flx. v vel |

Determine the percentage point for F distribution when degree of freedom 1 (1) =2, degree
of freedom 2 (»2)=3 and probability (p)=0.05.

2 [exg) Perc$ntage points Fix.vi.ve) I(Degreeoffreedomﬂ
Vo= P

3 g Pergentage points F{X.vi.va) |(Degreeoffreedom2)
A= =

0[] 05 &g Percentage points F{x.v).ve) |(Probability)
Percentage points Fix.v1.ve) (The percentage point is
x= 8.5521 9.5521.)

(%8 _ |Pern§nftpage points Fix.v1.ve) (Return to initial display)
Y1 =




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+logex * cos(2my)
y=+—2+logex * sin(27y)
N(0,1%)

OPERATION
6450

Generate a series of hormal random numbers.

2. 6103300096 '

B ’ 0.6103300096
©@.5713331954
=) | .5712331954
-1.68B84304086
) |-1.aaaaeamas
@.542p575429




EXPONENTIAL RANDOM NUMBERS

Generates random numbers contained in the exponential distribution E (A, t). This unit cre-
ates random numbers in accordance with exponential distribution using uniform random

numbers,
=1
t—/1 Inx
1__
05T (» : mean value}
0 1 Z 5 L
OPERATION
El(a,1t)
6460 [ETT] |
EXAMPLE
Generate a series of exponential random numbers when the mean value (\)=3.
3 [Exg |E(A .t ) _ - . |(Meanvalue)
A= 1 ?_
Exd E{r, 1t} i
2.1164873821
BT ' @.1164873801 |
P.7074508817
| D.70745@08817 |
@.62824268839

* To return to the mean value input display, first press @ to terminate the library. Next,
press [ug 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 items CNT n
Sum of data SUMX @3«
Sum of squares of data SUMX2 : Xx?
Mean of data MEANX : Zx/#n

2__ 2

Population standard deviation of data SDXN [ xon / %

Sample standard deviation of data SDX  :zxen / —”zx(z_ (%I)z
nin—

OPERATION

Statistics [x]
6500 >In.Del . Clear.Lisgst . T-score.P 7?_

The menu illustrated above is displayed for single variable statistical calculations. The fol-
lowing six items can be selected from this menu:

1. | : Data input (does not clear data afready present in memory)

2. D: Data deletion (deletes erroneous or unnecessary data)

3. C: Data clear

4. L : 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. (I (or ) scrolls to the following data item, (4] to the previous data item,
and or (=] terminate statistic display.

5. T: Calculates deviation value of cbtained 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, 88, 62, 80, 78

Cc Statistics [x1 (Data clear)
clear data {YZ/N) 7

Y Statistics [ X1 (Data clear confir-
>ln.Dei.Clear.Ligt.T-score.P 7. |mation)

| Igput data [(x} [EXE] :menu | (Data input)
X?_




98 [xd 88 [xg) 62 ) 90 [xd 78 g

[EXE] :menu |{Input of each score)

H

[ x
r

] (Return to-menu
List.T-score.P “_ |display

-

>

(Statistic display
showing number of

—_
m

data and sum)

‘ {Sum of sguares)

- | |war
m(|d

| (Mean)

> |» N0

Al
o Jf o

(Population standard
deviation)

Z| [ZZ||Z>|| >

3| |~ nffr

(Sample standard
deviation)

— |=o||mw||eon]| (ol |—

W [roo)| [wol||(oh—
0| (03N (MO~ [~

o |m
~NINf
o) ||
&) o
mo| (o
o |m

-

ea

— ||
-

] _ (Return te menu
List. display)

_'

TR E B A

—
—| |-
m||@
—||—

|0 ][5 x| [= ] |rm] e

@m|—w|laa

—
<

-score. P "7_
(Deviation value)

—

ol of|me||>x x> |>=Z|s= S| [Dw||l
w
—

= 0} [= 0 [V ||| == o||{mwm
| | |—| OO0 ([om||mc||jcc

4
[+
&
0g e+

] (Data for calculation of
= deviation value to be

displayed)

[ x

]

B B

[ x
r

(Return to menu

] .
List . T—-score.P 7?_ |display)

Here, the deviation value of the 88 score is 53.9.
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SINGLE VARIABLE STATISTICS FLOWCHART

{ Library start )

{1] Data input

[}

Data input

YES
NG

[D]Data delstion|
Y

B

Data input to

YES
e only?
be deleted
NO
@ Data clear Process {E
selection
® Data clear
Statistic
.
display | First statistic 7~ Statistic |\ S
set ! @Iay /
B ['Next statistic
display
Next statistic
display
@_‘ Previgus
*  statistic
display
Deviation value
. _._-—-—'_-—-_-_—.
calculation YES
) y input B¢ only?
Deviation
value
display
e
[B]Printer output| Statistic
output to printer
NN




LINEAR RE

GRESSION ANALYSIS

Performs linear regression analysis on n data groups (x, y) and calculates the stafistics listed
below. Also determines the following on the regression line:

(y=a+Dbx)

* Estimated value of x in relation to y (EOX)
¢ Estimated value of y in relation to x (EQY)

STATISTIC TABLE

Number of data items CNT in
Sum of x data SUMX 3«
Sum of y data SUMY : 2y
Sum of squares of x data SUMX? : 2142
Sum of squares of y data - SUMY2 : X1y?
Sum of products of x and y data SUMXY : 2lxy
Mean of x data MEANX : 2x/#n
Mean of y data MEANY : Xy/#
Population standard deviation of x data | SDXN : ron / @w
Population standard deviation of y data | SDYN yen / W
Sample standard deviation of x data SDX L xon-1 %
Sample standard deviation of y data SDY L yon-1 %
Linear regression constant term LRA v a Eym—:'zx
Linear regression coefficient LRB tb %ﬁ%}%ﬁ%
Correlation coefficient COR !~ n2iay—2ix-3y
V(nZ— (B (a2’ (Zy)?)
OPERATION -
6510 BN RTHE R

The menu illustrated above is dispiayed for linear regression calculations. The following seven

items can be selected from this menu:
1. 1 : Data input

2. D: Data deletion (deletes erroneous or unnecessary data)

3. C: Data clear
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4. L. Statistic display -
Displays 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. () (or Exd ) scrolls to the following data item, [£] to the previous data item,
and [& or [) terminates 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 five sets of height/weight, and display statistics. Also estimate the weight

for a person whose height is 170cm.

1 2 3 4 5
Height x) | 160 | 158 | 175 | 163 | 172
Weight (y) 43 45 60 46 58
C |Hegrassfun analysis [y=a+bx] |(DataCleaf)
clear data (Y/N) 7
Y |Hegrasstnn analysis [y=a+bx] |(Dat_aCleaTCOI‘lfir~
>ln.Del.Clear.List.eoX.geoY.P ?_ [mation)
| Input data {(x.y]) [EXE] imenu |(Datainput)
X P L ¥T
160 5 ||n|:|ut data (x.y) [EXE] :menu |(xinpuf
X7P160 . -
43 [exg ||nnut data (x.vy) [TEXE] :menu |(yinPUt)
X7 -y
158 (g 45 g 175 (&g 60 [ 163 [xe) 46 (x5 172 [exe) 58 [xe)
|Igput data (x.y) 2 [EXE] :menu _(Reﬂt‘)ainiﬂgx.ydata
X7 Ly inpu
EZ] |Hegresslun analysis [y=a+bx] |{Return to menu
>In.Del.Cleaif.Llist.eoX.goY.P 7_ |display)
L CNT i = 5 (Statistic display
|SUMX TIX = gpP8g showing number of
data and sum of x
data)
Exg) SUMX 11X = 828 (Sum of y data)
SUMY Iy = 252
(Exg] |SUMY iy = 26P {Sum of squares of x
SUMXZ2 Iixe = 1378342 data)
fxd |5UMXE ‘ix2 = 137342 {Sum of squares of y
SUMY2 PIy@ = 128854 data)
) sSuMyz2 tIiye = 12954 {Sum of products of x
SUMXY LEIXY = 41984 and y data)
Exd SUMXY :Ixy = 41864 {Mean of x data)
MEANX :Ix/n = 1B5.8B
Ex MEANX ::1x/n = 165.8 (Mean of y data)
MEANX :3iy/n = 5@.4
Ed MEANY CEy/n = 5@.4 |(Population‘standard
SDXN 'Xxfn = B.711184684 deviation of x data)
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Here, these data produce the line y = —120.7886323 + 1.03374778x. Also, input of a height
of 170cm results in an estimated weight of 54.9kg.
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LOGARITHMIC REGRESSION ANALYSIS
- (y=a+blnx)

performs logarithmic regression analysis on n data groups (x, y) and calculates the statistics
jsted 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 (EOQY)

STATISTIC TABLE

Number of data items CNT )

Sum of x data logarithmic values | SUMLNX : 2/nx |Z{l=x)

Sum of y data SUMY 2y

Sum of squares of x data .

logarithmic values SUMLNX2 : Xinz? |Znn?
Sum of squares of y data SUMY?2 DI L

Sum of products of x data .
logarithmic values and of y data | SUMLNXY [ 2lnxy |Z{(n2)-y}

Mean of x data logarithmic values | MEANLNX : S ax/n |2 (Inz)/n

Mean of y data MEANY Xy n

" Gats logarthmic vauss | SDLNXN : ngon | /2EAD'- (Bl

!I-;’c:ipattﬂaation standard deviation of SDYN  yon ,/W

kb CT N W

?%rgge standard deviation of SpY : yont n.z::;ﬂn— ‘(?)y)z

Regression constant term RA la E%zl”

Regression coefficient RB i b z%gi;‘i)ﬂ: (22[?: I)Zz 4

Correlation coefficient COR lr ﬁ;?j&;ﬁ;;&gﬂh(zwz)
OPERATION )
6520 RN RN

The menu illustrated above s displayed for logarithmic regression calculations. The foliow-
ing seven items can be selected from this menu: '

1. 1 : Data input

2. D: Data deletion (deletes erroneous or unnecessary data)

3. C: Data clear




4. 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 [ } scrolls to. the following data item, (&) to the
previous data item, and (&) or {2) terminates statistic display.

5. X: Calculates x value for y on logarithm curve.

6. Y: Calculates y value for x on logarithm curve.

7. P: Outpuis all statistics to printer.

Enter the following measured data for microbes, perform logarithmic regression, and dis-
play the statistics. Also estimate the number of microbes with a temperature of 18 degrees
using the logarithm curve obtained.

1 2 3 T4 5
Temperature (x}| 5° 12° 20° 27° 36°

Microbes (y) 680 1100 1300 | 1440 | 1600
Resression analysis [vy=a+blnx] (Data clear)
clear data (Y/7N) 7P

Y 'Flegression analysis [y=a+blinx] (Data clear confir-
>In.Del . Clear.List. eoX.e0Y.P 7_ | maton)

| |Igput data (x.y) [EXE] imenu | (Datainput)
X7 ;

5 g |Inﬂut data (x.y] {EXE] :menu ’(xinput)
X755 LY P_

680 [ |lgnut data {x. y) [EXE] ‘menu J(yinput)
X P

12 [+ 1100 [ex2 20 xg 1 0@27@1440@36@1600@]

’!nput data (x.yvy) [EXE] :menu |{Remaining x, y data
XP_ y7 input)
@] IHegressiun analysis [y=a+binx] (Return to menu
>In.Del .Cltear.List.eoX.eoY.P %_ |display)
L ‘GNT n = B (Statistic dispiay
SUMInx Einx = 13.96843264 showing number of
data and sum of x
data logarithmic
) . values)
Exg SUMinx ::ihx = 13.56043264 (Sum of y data)
SUMY sy = 61280
(Exg SUMY sy = B120 (Sum of squares of x
’SUMInXEIEIan= 41 .44361194 data logarithmic
values)
exe) ’suwnnxe Slhxe= 41.443617194 {Sum of squares of y
SUMYZ2 Iy2 = 7996000 data)
[Exg) SUMYE :zye = 7886000 (Sum of products of x
SUMIXY: Zinxy= T18E2Q@1.9082P44 data legarithmic
values and y data)
) SUMINXY:xinxy = 1820).99244 (Mean of x data
MEANIRX : Zinx/n= 2.793886528 logarithmic values)
[exg] ’MEANInX:EInx/n= 2.78983886528 {(Mean of y data)
MEANY :'3y/n = 1224 _
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(Population_standard
deviation of x data

logarithmic valugs)

(Population standard
deviation of y data)

{Sample standard
deviation of x data

logarithmic values)

(Sample standard
deviation of y data}

{Regression constant
term)

{Regression coefficient}

| (Correlation coefficient)

(Return to menu
display)

| (Estimation of y)

{Estimated value for y
following input of 18

degrees)

EE) ‘MEANY TTy/n = 1224
SDIRXN :Inxen = @-6884924784¢2
@E] sphXN InXxen = B.6949247842
SDYN L ¥on = 317 .8B427284
[Exe) SDYN T ¥on = 317 .842728B4
SDInX CInxen-1= @.7769495284
@ SDInX ‘Inxon-1= B.77658495284
sSDY . ¥on-1 = 8_55.3589734
EE) SOY 'yon-1 = 355 _ 3588734
RA ‘a =—-52.6258304656
Exe |F|A 8 =_5P.62523048
RB ‘b = 456.935247 -
Exg |HB b = 45B.935247
COR s = @.999R337873
(Exe) |Hegresslon analysis [y=a+binx]
>In.Del.Clear.List . eoX.e0Y.P 7_
Y |Est|mation of ¥ {y=a+blinx]
X7
18 [x *Estimation of,y [y=a+blinx]
X718 ¥= 12B8.087503
Estimation of ¥y [y=a+blinxi}
ET lx?_
Regression analysls [y=a+blnx]
B >h.0el.Clear.List . eoX.eoY.P 7.

{Return to menu
display)

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.




EXPONENTIAL REGRESSION ANALYSIS

(y= ab”\x)

Performs exponential regression analysis on n data groups {x, y) and calculates the statis-
tics listed below. Also determines the following on the exponential curve:

¢ Estimated value of x in relation to y (EOX)
e Estimated value of y in relation to x (EOY)

STATISTIC TABLE

Number of data items CNT L n

Sum of x data SUMX 1 2x

Sum of y data logarithmic values | SUMLNY : Xiny Z(iny)

Sum of squares of x data SUMX2 T3

Sum of squares of y data .

logarithmic values SUMLNY2 [ Xing® | ZUny*

Sum of products of x data and .

y data logarithmic values SUMXLNY © >xlny

Mean of x data MEANX 2x/n

Mean of y data logarithmic values| MEANLNY : 2l /ny/=

Population standard deviation of . A — (D)t

x data SDXN L xan e
Population standard deviation of . 2D (Uny)i— (3 Iny)t

y data logarithmic values SDLNYN  © lnyon / nZ

Sample standard deviation of SDX ' xon1 / nExt— (3x)?

X data n{n—1)

Sample standard deviation of SDLNY  : lngon—i / nnUny)?— (Xlng)®

y data logarithmic values r(n—1)
Regression constant term RA -a EXP (M;:_E&)
Regression coefficient RB i b EXP(WE:E; jz__z(g;__?zlny)

. .. . nizlny—Dx Tiny
Correlation coefficient COR 7 SZ T (D s ng) = (Zing)?
OPERATION
Regression analysis '[y-ab"x]

6530 |>In.Del.Clear.Llst eoX.eo0¥Y . P 7.

The menu illustrated above is displayed for exponential regression calculations. The follow-
ing seven items can be selected from this menu: :

1. | : Data input

2. D: Data deletion (deletes erroneous or unnecessary data)
3. C: Data clear




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. (3] (or xe ) scrolls to the following data item, [§) 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: Quiputs 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.

306

1 2 3 4 5
Customers (x) 115 124 130 138 142
Sa““'s’c“(s“’mer W | 40 | 416 | 430 | 460 | 465
C |Hegressiun analysis [vy=ab~x] (Data clear)
clear data (Y/N)
Y IHegression analysis [y=ab~x] |(Dal_aclear00nfir-
>In.0el.Clear.List.eaX.ea¥.P 7_ |maton)
I ‘Innut data {(Xx.v) [EXE] imenu I(Dafaiﬂput)
X?_ :y'? .
115 g Llnput data (x.v) [EXE] . menu |{xinput)
X?7115 yP_
40 [ ’!gnut data (x.y) [EXE] menu l(yinpUt)
Xr_ Ly
124 (g 41.6 bxd 130 xd 43 [ex] 138 Exg 46 g 142 g 46.5 [
|InDut data (x.y] [EXE) .menu |(Remaining x, y data
XP . A input)
Egressio analysis [y=ab~x] (Return to menu
>In.Del.Clear . List.eoX.eaY . P 7. |display
L |CNT n = B {Statistic display
SUMX Ix = 549 Jshowing number of
data and sum of
X data)
(exg) |SUMX TIX = 6549 (Sum of y data
SUMInY tIlny = 18.84627345 logarithmic values)
[Exg) |SUMInY "INy = 18.B4B27345 (Sum of squares of
SUMX2 13y = B47@9 X data)
[exg |5UMXE TIXe = B47@89 {(Sum of squares of
SUMIhY2 :ilnye = 71.@053@8778 y data logarithmic
values)
=5 SUMNYZ ‘fnve = 771.@53@7/8 (Sum of products of
SUMXInY _:rxlny = 2449.@18314 x data and y data
logarithmic values)
(g |SUMXInY "Ixiny = 2449 .016314 (Mean of x data)
MEANX Ix/n = 129.8




(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
deviation of y data

logarithmic values)

{Regression constant
term)

J {(Regression coefficient)

| (Correlation coefficient)

{Return.to menu
display)

| (Estimation of'y)

(Estimated value for y
following input of 150

customers)

{Return to menu

Exe ]MEANX tIx/n = 129.8
MEANINY :ZIby/n= 3.7B882654688
[Exg) iMEANMY tihy/n= 3,768254688
SDXN I Xan = 89.B6B8297475
[exg) }SDXN L Xoen = 8,68297475
SDInYN ‘hvyen = 5.774B40647E-Q2
&9 |SD!nYN "myon = 5.7/A640B47E-0¢E
SDX iXena = 1@.8B2589488
Exg |SDX TXona = 10.B82583488
SDinY nyena= B.456244516E-B2
[] ISDMY ‘hyon-= B,456244516E-02
AA 1 a = 2@0.13177821
=) iHA i a = 20.1317721
RB ‘b = 1.985826238
Ej |HB ' b = 1.0@5926239
COR L r = @.99@78468423
=5 ‘Hegression analysis [y=abrx]
>|n.0Del.Clear.List.eoX.e0Y.P ?_
Y (Estimation af ¥y [y¥y=abrx]
X7
150 [ |Estimat|on of,.y [y=ab”x]
Xx715@ y= 48.843@1552
(ex2} Estimation 0f vy [y=ab~x] |
X7
[Exg Aegression analysis [y=ab~x]
In.Del.Clear.List.eoX.eoY.P ?_

display)

Here, these data produce the curve y=20.1317721 x 1 .005926239%, Also, input of a total
of 150 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 to x (EQY)

STATISTIC TABLE

Number of data items CNT in

Sum of x data logarithmic values SUMLNX I ¥nx

Sum of y data logarithmic values SUMLNY 3 ny

Sum of squares of x data SUMLNX 2 PRzt | i)t
logarithmic values

Sum of squares of y data SUMLNY?2 (2ing? | S iagn?

logarithmic values
Sum of products of x data

logarithmic values and y data SUMLNXLNY : Dinainy | 2 nz-ing)
logarithmic values

Mean of x data logarithmic values | MEANLNX  : $lnx/n

Mean of y data logarithmic values | MEANLNY  : S/ay/»n

Population standard deviation of . 22 (fnx)?— (Rnx)?
X data logarithmic values SDLNXN “inxon / Py

Population standard deviation of . n2{lny}*— (Biny)®
y data logarithmic values SDLNYN Inyan / w?

Sample standard deviation of

/ n2 (Inx)?— (X nx)?

x data logarithmic values SDLNX Cinzawn- n{n—1)

e A Ve =

Regression constant term RA - E%M

Regression coefficient RB b ”E:t%”ui:il‘)';_%gfngf’w

Cormelation coefficient COR e | T TR T
OPERATION

Reegression analysis [y=ax*bl
6540 [us EEERNS |

. gar.List.eoX.eo¥Y.P 7_

The menu illustrated above is displayed for power regression calculations. The following seven
items can be selected from this menu:

1. | : Data input

2. D: Data deletion (deletes erroneous or unnecessary data)

3. C: Data clear




4. 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 logarithmic 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 coefficient.
| {or exg ) scrolls to the following data item, (&) to the previous data item, and
? or (=] terminate statistic display.
5. X: Calculates x value for y on power curve.
6. Y: Calculates y value for x on power curve.
7. P: Outputs all statistics to printer.

Enter the following data for the characteristics of voltage and current for a semiconductor,

perform power regression, and display the statistics. Also produce an estimated value for
current at 40V.

1 2 3 4. 5
Voltage (x) 10 15 20 25 30
Current (y} 13 22 H 38 43
lHegressmn analysls [y=ax"b]—|(DataCieaf)
j clear data (Y/N) 7
Y |Ftegre sion analysis [v=ax~b] |(Data clear confir-
% >In.Del.Clear.List,.eoX.eoY.P P?_ |mation)
i | ||nput data {x.y) [EXE] menu |(Datainput)
X7 - y7
0 input data (x.vy) . [EXE] :menu {x input)
1 @ 'x?H?J L YP - J
1 Input data (x.vy) [EXE]l :menu {y input)
3k9 JX’?— Ty I
15 &g 22 &g 20 b 31 [xd 25 [xd 38 B 30 B3 43 g
|lnuut data (x.y) [EXE]:menﬂ(ﬁemalnlngxydata
X Y7 input)
[exg) Reeression analysis [v=ax~b] {Return to menu
>In.Del.Clear.List.egX.eoY.P 7._ |display)
L CNT ‘N = B (Statistic display
SUMIhX  :3ihx- = 14.B2644077 |3h?wingdnumbe;of
ata and sum o
x data logarithmic
values)
G ISUMInX "tlhx = 14.62644077 (Sum of y data
SUMinY ‘Ziny = 16.48876529 logarithmic values)
Exd ISUMInY Tiny = 16.4B8B/B529 (Sum of squares of
SUMRX2 :Zhx2 = A3.5381516886 ia?géi)mga”lhm’c
Exd ’summxe ‘Ihx2 = 43.539151086 (Sum of squares of
SUMNY2 :Ziny2 = 55,30443616 ga?jéz)bga"thmlc
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(Exe) SUMINnY2 Trinye = 55 30443618 (Sum of products of
SUMhXinY:Inxhy= 49.@E554@72 X data logarithmic
values and y data
logarithmic values)
Exd SUMNXINY:Znxny= 45. 06554678 {(Mean of x data
MEANIDX :Znx/n= 2,9P5P88B155 logarithmic values)
[exg) MEANINX Inx/n= 2.85E25PBBI155 (Mean of y data
MEANINY :Ilny/n= 5.2897753@58 logarithmic values)
(i MEANRY Ilny/n= 3.887,/53058 ](Population standard
SDInXN :Inxen = @,3B796883282 déviation of x data
logarithmic values)
Exd SONXN “hxon - @.387/96B3282 (Population standard
SDIhYN ‘n¥yen = @.43884315@3 deviation of y data
logarithmic values)
[ SDnYN ‘Inyon = @.43084315@3 —’(Samp,lestandard
SDhhX ‘Inxeona= @.4837617775 ~ | deviation of x data
logarithmic values)
(Exg SOnX ‘nxena="@.4337617775 (Sample standard
s0InY ‘nyon1= @.481808@893 deviation of y data
logarithmic values)
Exg SDinY hyen.= @.4878050893 (Regression constant
RA Y| = 1.068436811 term)
g le i a = 1.@69436811 l(Regression coefficient)
RB ] = 1.1P4376878 '
{Exg RB b = 1.1843768978 |(Correlation coefficient)
COR L = ©0.89842455045
[Exe) [Hegressiun analyslis [y=ax~b]l |(Retumn to menu
>In.Del.Clear. List.eoX.eoY.P 7_ display}
Y Estimation of v [v=ax~b] I(Estimationofy)
X7
40 fxg Estimation of,y [y=ax~b]J ’(Estimaledvaluefory
X740 -¥= B2.8685293 following input of 40
volts
‘Es_timatinn of v [y=ax+b] )
X7 )
(exg Reegression analysis [y=ax~t] |(Returnto menu
>In.Del.Clear.List.eaX.eoY.P 7_ display)

Here, these data produce the power curve y=1.069436811 x x-104376978 Also, input of 40
volts results in an estimated current of 62.9mA.




REGRESSION ANALYSIS FLOWCHART (6510, 6520, 6530, 6540)

( Library start )

(DData input —— | YES
] Data input Exd only?
NG
D ]
(D) Data del\ete Data input to Ex8 only? YES
be deleted
NO
Data clear Process ®
selection
o Data clear
Statistic
h
© display | First statistic 7~ Statistic | [E=2
set ) \display /
g Next statistic
> display
&) [Next statistic]
display
[ [~ Previous
—®™  statistic
display
EQX -
() calculation
y input
EOQY ]
calculation
Iy X input
[P]Printer output| statistic
output to printer
N N
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MEAN INTERVAL ESTIMATION
(FOR KNOWN VARIANCE)

Performs estimation of the confidence interval of p in normal distribution N {z, ¢2 ; where
g . unknown, ¢2 ; known).
CALCULATIONS

When an n-size sample (x1, x2---xn} is taken from normal distribution N {(z, ¢3), the following
confidence interval {1— ) of confidence level for x is obtained:

MNormal distribution curve
p : population mean

g2 population variance
X : sample mean

« ¢ significance level
1—a: confidence level

N[n

(g ()
OPERATION

6610 ‘I}Ir(‘p.gﬂ) a<pg<h c2:knawn

pu new data (Y/N)] 7

The display appearé as indicated above once the library is activated. At this time, sither 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 using previcusly stored data, interval estimation when data are
known.

my

‘Input data {x) ) '
>Input,Delete.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 (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 kxd ) 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 interval estimation display (same as when N is pressed in
the first step above).
(2) N
N{g.02) a<g<b c2.known interval estimation
®] |£= P7_ fﬂisplay) e

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.

s n=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, delste, or reinput data as required.

* Number of data input (following above) matches value of n: Press &g

The table below shows the number of customers at a store over a 5-day period. Using this
data, perform interval estimation for the number of customers with a confidence level of 99%.
The population standard deviation of the customers is previously known to be 120.3.

1 2 3 4 5
NUMBER OF :
CUSTOMERS 580 430 612 488 581
|N(u-crE) a<u<hb cEIkNnown
input new data (Y/N) 7 :
‘Innut data (X) ‘(Seleclnewdatainput.)
>lnput.Delete.Clear.List,.End ?._
1Input data (x] l(Select data clear.)
clear data (Y/N)7?
input data {x) {Data cleared.)
© ‘>|nnut.Delete.CIear.List.End T ‘
3 }lgput data [x) (EXE] :menu ‘(Seiectdatainput.)
X7P—
580 g |Ignut data (x} [EXE] ‘menu I(Enterﬁrstdataitem.)
X? e
430 B¢ 612 xJ 498 g 591 g ]
|Innut data (x) [EXE] .menu |(Enter remaining data
X7_ items.)
&g |Innut data (x) - 1(H6turntomenu.)
>|Input.Delete.Ciear . List . End P
(E) N{g.c€J a<ug<b g2 Known (Select End to proceed
|n= 5 7. to interval estimation.)
N{pg.02) a<pg<h g2:known (Press &g after checking
b E= i 542. ?E : number of data items.)
(Exg) N{z.c€)] a<u<h FE KROWN (Press [ after checking
' o= — mean.)

313



120.3 &g Confidence level (1—-gz)[%] {Press 3 after inputting
1—-e= 95 7_ population standard
deviation.)
99 [xg N{g.oc2) - 88 % (Enter confidence level
403 .6 < p < B8BEA.8B to display mean confi-
dence interval.)
g \N'(#sﬁei a<p<b CcE.known \
n= —

Here, it is determined that the mean for number of customers px with a confidence level of
99%0 is 403.6 <p<680.8.

MEAN INTERVAL ESTIMATION FLOWCHART (FOR KNOWN VARIANCE)

{ Library start )

K7

@tdma ’ Menu 1
@

Process

; Menu 2
selection

End [E]

[ Data I
input Yes

Data input ﬂm/
I R : T

Number of data (n)
display and input

(D) Data ]
delete Yes

Input of data

. only? -
,_,.L’j to be deleted Egonly

Sample mean (%) '

|display and input No

Population stan-

dard deviation
display and inpu}]

Data
clear Process

Confidence level | (1 —g) [T Statistic

¥
Data clear 'i

display and input display | First statistic
display

Confid?nce )
interval -
: Statistic
il display
e Next statistic Statistic No
display - presant?
Yes
© Next statistic
display
® Previous statistic
display
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MEAN INTERVAL ESTIMATION
~ (FOR UNKNOWN VARIANCE)

Performs estimation of the confidence interval of » in normal distribution N (g, o® ; where
¢ unknown, &2 1 unknown).

CALCULATIONS
When an n-size sample {x1, x2---xn) is taken from normal distribution N {(u, ¢9),

x—t(2,n*1)«/ <!1<x+t(2, n—1}.J -
is obtamed in accordance with degree of freedom (n—1) of the t-distribution.

¢ © population mean
o2 population variance
: significance level

: sample mean

. unbiased variance
—a : confidence level

o

X
" t-distribution of degree of v
freedom (n—1) ]

_2(x—n)*
n—1

OPERATION
{g.028) a<pg<h
6620 l inp ug nea data (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 following procedures:

Y : New data input followed by interval estimation, additional data input, data edit, statis-

tic check.
N : Interval estimation using previcusly stored data, interval estimation by inputting each
value,
ny
In ut data (x) ’
>input.Delete.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.

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 ) ) 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 interval estimation display (same as when N is pressed in
the first step above).

(2) N

N) Nlg.,oc2) a<pg<hb (Interval estimation
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 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.

e Number of data input (following above) matches value of n: Press .

The table below shows the number of customers over a 5-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{g.o2) a<p<b
input new data LYZN)Y 7

Input data (x) {Select new data Input.)
>|nnut.Delete.G|ear.Listhnd 7

| hput data (x) {Select data clear.)
clear data (Y/N] ?

lInDLIt data (x) ‘(Dalacleared.)
>lnput.Delete.Clear.List End 7?_

M *Iguut data {x) [EXE]:menu W(Selectdatainput.)
%P

245 [xe |Igput data (x) [EXE] .menu |(Enterfir5tdﬁtaitem-)
X7

366 [ 271 [ 493 g 306
,Innut data (x) [EXE]l :menu |({Enter remaining data
X7 = items.)

Exe |Input data (x) I(Heturntomenu)
>lnput.Delete.Clear.List . End 7_

(E) Nlyg.c2) a<u<hb {Select End to proceed
|n= 5 7_ |to interval estimation.}

[Exe) N{g.oc2) a<g<b {Press &= after checking
‘i= 3se.a ?_ . ) ]numberofdala iterns.)

(ixg) \N(,u.crE) a<u<b |(Press@aﬂerchecking
V= _973B.7 7?_ mean.}




[Exg) Confidence level (1-a)(%] (Press &g after checking
1-e¢e= 85 7. unbiased variance.)

exe N{¢. . c2) 95 % (Confidence level of
..... . 95% is already set, so

= confidence interval is
N[Eq :'E!(.T7)< 2 ?54%6917 : displayed after (= is
pressed.)

Exg N(z.c2) a<u<b ]

n= 5 7?_

Here; it is determined that the mean for number of customers p. with a confidence level of
95% is 213.7 < n<458.7.

MEAN INTERVAL ESTIMATION FLOWCHART {(FOR UNKNOWN VARIANCE)

( Library start )

New data
input Menu 1
1

L))

Process Menu 2

selection

End (& ]Data
input /T Yes
Data input ﬂm/
No
Number of data (n)

display and input

[@]Data //—]
deiete Input of data Yes

g only?
to be deleted \JY/
() No
[C]Data
Unbiased clear Pracess
variacne display [( V) selection
and input ’

Confidence level {1 —q) (L) Statistic

Sample mean
display and input

¥
Data clear |—

display and input display | First statistic
display

Cunﬁdlence
interval . B
! Statistic
display display
&g Next statistic - Statistic No
display present?
Yes
2] Next statistic
display
£ Previous statistic
display
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VARIANCE INTERVAL ESTIMATION

Performs estimation of the confidence interval of ¢2 in normal distribution N (1, 02 ; where
¢ unknown, ¢® : unknown).

CALCULATIONS
When an n-size sample (x1, x2--- xn) is taken from normal distribution N (s, ¢?), the confi-
dence interval of the confidence level (1—a) of o2 is obtained by
S Y P
#lgn 1) g )
in accordance with x* distribution of the degree of freedom (n—1).

u : population mean
¢?: population variance
« @ significance level

S : sum of squares
1~a ¢ confidence level

x2 distribution curve
of degree of freedom S=3"(x—x)?
(h—1)

o

a
2

(=]

215 n—1) 224, n—1)

OPERATION
N{pg.g8) <g2<h
6630 |in'l|:I|ufcr ne\.Eal.' 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 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
tnput data {x) :
>lnput, elete.Clear List.End P_

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 of squares,
mean, population standard deviation, sample standard deviation),
(8] {or B8 ) 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 interval estimation display {(same as when N is pressed in
the first step above).

{2) N

(N) N{g.o2) a<g2<h (Interval estimation

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 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 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 :

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.

Press [,

1 2 3 4 5
NUMBER OF
PINS 102 99 100 103 101
|N(ﬂ.crE] a<vce<hb
input new data (Y/N) 7
‘|nput data (X} |(Selectnewdalainput.)
>Input.Delete.Clear.List.End 7?_
‘Innut data (x} |(Selectdatac|ear.)
clear data (Y/N} 7
‘I.nnut data (%! - _|(Datacleared.)
>lnput.Delete.Ctear.List . End 7. )
M 'Iguut data (x. [EXE] ‘menu I(Selectdatainpm-)
x —_ .
102 [xg Lgput data (x) [EXE] :menu '|(Enterfirstdataitem.)
99 g 100 <& 103 B8 101 [
‘Input data (x) IEXE] :menu |(Enter rémaining data
X7P— items.)
ET ’Inuut data (x! , |(Returntomenu.)
>lnput.Delete.Clear.List . End 7?_
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(E] N {p.0c2)] a<oB<h (Select End to proceed
n= 5 7_ to interval estimation.}
xs N{e.cE) a<cE<b (Press & after checking
5= 18 ?_ - number of data items.)
B Confidence level {1-a)[%] (Press [ after checking
1-a= 895 - sum of squares.)
99 Exg N{uw.o2] g9g % (Enter confidence level
[ ..... value to display confi-
t N{z.c2) = % ‘ dence interval.)
P.B678289 < e2 < 48.3]
Exe

rt\!(p.ae) a<oe<h l
n= 5 7.

Here, it is determined that the variance of the number of pins o® with a confidence level of
99%, is 0.6729 < ¢?<48.31.

VARIANCE INTERVAL ESTIMATION FLOWCHART

Library starn

U

New data
input Menu 1
1
®
Process Menu 2
selection
End
nd (E) [ Data -
input Yes
Data input W
o No
Number of data |(,)
digplay and input
[D]Data v
detete " | es
d Input of data Exg only?
fo be deleted
Sum of squares N
4]

display and input

Confidence level | {1 —a)

display and input

[C)Data W
~_clear Process
selection

(L) Statistic
display

=

Data clear

l,__

Confidence
interval
display

First statistic
display

Statistic =iz
display
feg) Next statistic Statistic No
“display present?
' Yes
5] Next statistic
display
3 Previous statistic
display
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STANDARD DEVIATION INTERVAL
6640 ESTIMATION

Performs estimation of the confidence interval of o in normal distribution N (x, ¢2 ; where
g unknown, o2 : unknown).

CALCULATIONS

When an n-size sample (x4, X2 --- Xn) is taken from normal distribution N (i, 0%), the confi-
dence interval of the confidence level (1 —«} of o2 is obtained by

/ S S
— <o <
X2 {5 m—1) 7 j {1 —5n—1)

in accordance with the x* distribution of the degree of freedom (n—1).

» : population mean
g?: population variance
a : significance level

S : sum of squares
1-« : confidence level

S=3Z{(x—x)?

x2 distribution curve of degree
of freedom (n—1})

Qe

OPERATION _
Nip.o2) a<e<b
6640 |ingug new gata (Y/N)] ?

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 of previously stored data, interval estimation by inputting each value.

(1 v

Input data (x)
>lnput.Delete.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.

1 (nput) : 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 previcusly 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 Exg ) 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 interval estimation display (same as when N is pressed in
the first step above).
{2) N
N{g.c2}) a<e<h (Interval estimation
& tn = i 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.

sn=0:
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:

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 99% confidence level for the sample standard deviation of the content volume.

Interval estimation cannot be performed, so this should be corrected to the required

Press .

1 2 3 4 5

VOLUME 1.20 1.08 115 | 1.22 1.17
|N(# ’lcTE) a<g<|€ (Y/N) 7 I
input new dats

‘lnput data (x) )(Selectnewdatainput.)
>lnput.Delete.Clear.List,End ?_

||nput data (xJ \(Selectdataclear.)
clear data [Y/N] ?

||nput data (x) ‘(Datacleared.)
>lnput.Delete.Clear.List . End 7_

N |Ignut data (x] [EXE] menu ‘(Se!eddataiﬂput-)
A7

1.20 [xg | Igpu data (x] [EXE] . menu |(Enterfirstdataitem.)
X7

1.08 [xg 1.15 [xg 1.22 Exg 1.17 fxg
‘Ignut data (x) TEXE] ‘menu |_(tEnter)remaining data
X? items,

(exe) |Input data (x! |(Heturntomenu.)
>lnput.Delete.Clear.List.End 7?_

(E] N{g.o8) a<a<b (Select End to proceed
’n= 5 ?_ |to interval estimation})

g Nl{g.oc8) a<e<h (Press (24 after checking
|S= 2.01172 7 _ number of data items.)

Exg ’Cunfidance Tevel (T-all%] ‘(PreSSEIafterchecking
I-a= 85 7_ sum of squares.)




99@.

EE]

(Enter confidence level
value to display confi-

‘ dence interval.)

iN(u-oE) 99 %
lN(u.aE) 39 %
@.@280B8B < ¢ < @.238
[ﬂ(ﬂ.oe) a<o<b

n= 5 7_

Here, it is determined that the sample standard deviation of the volume of the cans’ contents
o with a confidence level of 99% is 0.02808 < ¢< 0.238.

STANDARD DEVIATION INTERVAL‘ESTIMATION FLOWCHART

( Library start )

New data
input

M_enu 1

®

A

Number of data
{display and input

L

Sum of squares

display and input

Caonfidence fevel
display and input

Confidence
interval
display

Yes

Exgonly?
\JNQ/

Process Menu 2
selection
End (€] (1)Data
input
Data input
(n)
(] Data
delete Input of data
to be deleted
(s)

Yes

[ex€] only?
T

(1-a)

display

[C]Data
clear Process
selection

(L) Statistic

First statistic
display

Statistic

e

display

Mext statistic

Data clear |——
El=
Next statistic Statistic No
display - present?
Yes

- display

Previous statistic

display
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VARIANCE RATIO INTERVAL ESTIMATION

Performs estimation of the confidence interval of
(11, ¢1?) and N (2, ¢2°), where pu1, 012, p2 and 022 are all unknown.

CALCULATIONS
When ni-size sample x1 (x11, X1z-

for the two normal distributions N

-- X1} i8 taken from normal distribution N {(x1, 013, and

nz-size sample xz2 (x21 X2z --- X2n2) is taken from normal distribution N {x2, ¢2%), the confidence

V2
Vi

Vo | 1

Vi F(z,nz 1,m—1) 2<

F(z,m —1)

in accordance with the F distribution of the degrees of freedom (n1—1, n2—1).

o m, uz © population means
Eeﬂggﬁﬂfi ::urr\'fze_c;f)degree of oi?, o221 popuiation variances
' o : significance level
V1, Vz : unbiased variances
1-« : confidence level
a a
2 2
_Z(x—x)?
O F(1- 2, m—1,m2-1) F(5,m—1,n2—1) V=="
OPERATION
6650 |N(,tt1.cr1E).N(,ua.creE) a<gag2/g12<p
input new data x1 (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 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.

1y

Y In ut data (x1)

>lnput.Delete.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.




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 (Listy : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
{or B9 ) scrolis to the following data item, (& to the previous item, and (&)
or [2) 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 xim.

2 N

) N{w1,012) . Nlpa.oge2) a<geg/g128<b
input new data xa {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 xznz, while the data input being queried on the original display is for
data items x1: through Xine.

(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 Xana.

(2-2) N

N (
@ A1

=

1.0612) , N{pge.oce22) a<ge8/0g18<h {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: 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 (exel,

When B is pressed, a display similar to that above is produced for x2 (x21 ~xzne} data
items. After confirmation and/or corrections as described in (2-2), press [x to continue.

The table below shows the measured diameters of ten randomly selected ball bearings. The
factory producing the ball bearings uses two separate production lines (A and B}, so five
random samples were taken from each line. Using this data, perform interval estimation with
95% confidence level for the variance ratio of the diameters.

1 2 3 4 5
1,01 1.00 | 1.0% 1.02 | 1.00
B| 1.00 | 0.99 1.04 1.00 | 098

DIAMETER
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|N(#1.G1E)‘N(ﬂe.aeE) a<oze2/018<p |

input new data x1 {(Y/N) 7 J

‘Innut data [(x1) (Select new x data
>Inpput.Delete.Clear.List . End ?_ |input)

C Input data (x1) (Select data clear.)

lclear data [Y/N) 7 1

Y Input data (x1) l(Datacleared.)

. |>|nput.Delete.CIear.List.End T_

M0 ‘!ngut data (x1} [EXE] ‘menu I(Selectdatainput.)

_ X1 7o

1.01 g fnput data (x17 [EXE] menu | (Enter first data item
X1 7P for line A.)

1.00 Exg 1.01 2 1.02 (€ 1.00 9
Input data (x1) {EXE] menu | (Enter remaining data
X17_ items.)

Exd ||nput data (X1} }(Hetumtomenu-)
>Input Delete.Clear.List.End ?_

(E) |N(,u1.cr1E].N(p2.023) a<cegs/og12<b |(Select End to clear xs
input new data xs [Y/N) ? data menu.)

‘Innut data (xz) {Select new xz data
>Input.Delete.Clear. . List End 7_ input.)

‘In_nut data (xe) ' (Selact data clear.)
clear data [Y/N) 7

l Input dats (xez) (Data cleared.)
>Input.Delete.Clear.List , End 7_

1 |Ingut data (xe) [EXE] :menu I(Selectdatainput.)
Xea?_

1.00 [ |Input data (x=z) [EXE] .menu l(Enterfirstdalaitem
xe?. for line B.)

0.99 kg 1.01 =g 1.00 B 0.98 ¢
Input data (x2) [EXE] :menu {Enter remaining data
X227 .. | items.)

kg ‘Input data (xz) ‘(Heturntomenu.)
>Input.Defete.Clear.List.End P_
N({g1.012) N{ge.ce22) a<ge2/c12<h (Select End to clear xz
ni= 5§ 7_ data menu.}

[exe] NTz1.0128)].N{gze.o22) a<ez2/012<p | (Presskdafierchecking
Vi= 2.00007 ?_ number of data items

nt.)

[Exg) IN(pI g12) Nipgper.c22) a<cee/c12<Dh }(Press@aﬂerchecking
ne= § 7_ unbiased variance V:.)

(exe) N{s1.01287.N(gea.028) a<oezi/o12<b |(Pressbdafterchecking
Ve @.Q0013 7_ number of data items

nz.)

Exd Confidence level (1-a)(%] {Press [xd after checking
1-e= 85 7?_ unbiased variance Vz.)

xg] N{a1.018) . N{ue . cae) g5 % {Enter confidence level.
..... _ Since 95% is already
|th1.me;,mpe.aee) 35 % f‘”’press@"
.1934 < eee/0328 < 17.84

&g [N(MLME).N(JIE.UEE) a<aEE/U|E<b"|
ni= 5 7?2

Here, it is determined ghat the variance ratio between the two lines with a confidence level
of 95% is 0.1934<0—22 <17.84.
1




VARIANCE RATIOIINTEFIVAL ESTIMATION FLOWCHART

( Library start )

Menu 1

input

s(11)

b
J

Number of data
digplay and input

\r

display and input

¥

Number of data
display and input

r

display and input

\r

input

Confidence
interval display

.

1 Menu 2 ] Data input
New x1 data Y Process o . _ YES
H selaction [ Data input t w L
(N) End(E] NO
r [O]Data delste
YES
Input of data | . Iy? -
New x2 data T to be deleted @W/
(€)Data clear NO
Process N] |
selction T
(CStatistic display Data clear
First statistic
() , | dieplay
Statistic ==
display /
Unbiased vari
nhiased variance Vl) jE]; N?XI Statisuc sta‘lsuc
display present?
&) Noxt statistic YES
Is *
(122) play
[ previous -~
statistic display|’
Unbiased variance (Vo)
Menu 3¢ mgaﬂ&_____
Process . YES
selection r Data input - xg) only? -
Confidence level |4 _ oy \(
[@)Data delete .
Input of data _/\YES
J to be deleted - Edonty?
End (E]
[€]Data clear NO
Process
[xg selection T ht
[} Statistic display Dala clear
First statistic
™ display
Statistic [E=
display / »
_iE:]_ Next statistic Statistic
display present?,
_@_J_ Next statistic YES
. display -
L) Previous
—*|statistic display -
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6660 MEAN DIFFERENCE INTERVAL ESTIMATION

Performs estimation of the confidence interval u1-p2 for two equal distributions N (¢1, 0% and
N (g2, ¢, where u1, p2 and o? are all unknown.

CALCULATIONS

When ni-size sample x1 (X1s, X1z --- X1ny) is taken from normal distribution N (u1, ¢%), and
nz2-size sample x2 (x21, X2z --- X2n2) is taken from normal distribution N (z2, ¢°), the confidence
intervai of the confidence level (1 —«a) of x1-p2 is obtained by

S1+8
m_ll_—m_z'g) < #1—,&2<>‘n—i2+t(%,m +nz—2)

1
fi—YZ*t(%,nl +n2—2) ‘/(;11"'5) (

1 1., S1+5:
) ‘\/(H-i_ﬁ) G+ —2

in accordance with t-distribution of the degree of freedom (n1+nz2—2).

t-distribution curve of degree of
freedom {n1+nz—2)

w1, gz : population means

o2 : population variance
(same for both populations)
o : significance level

1—a : confidence level
¥1, Xz : sample means

‘% S1, S2: sums of squares
5=Z(x~x)?
—t(%,m-i—nz—'z) 0 x(%,m*l*nz—Z)
OPERATION
N(g1.02) ,N{ge.o28) a<piri—pa<h
6660 lingut new data x1_ (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 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

Input data (x1) .
>input.Delete.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).

L (Listy : 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 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 Xim.
2 N

Migy.o2) N{g
®] [In ut new da

The display appears as iliustrated 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 xzne, while the data input being queried on the original display is for
data items x1: through Xini.

(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 xzna.

(2-2) N

(N Nigr.oB2i Nlga.o2} a<g1—pe<h (Number of data
ni= 5 P display)

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of x1 (x11~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 (Y] above) and value of n differ : Confirm that some data
have not been omiitted 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 fxd.

When g is pressed, a display similar to that above is produced for x2 (xes~xanz) data
items. 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 (1) | week2 | 55 62 60 61 58
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lN(w.aE).N(pa.ae) a<gl-g2<b |
input new data x1 [Y/N) 7
||nput data (X1 J(Selectnewmdata
>Input.Delete.Clear. List.End ?_ [input)
(€] ‘Innut data (x1) J(Selectdataclear.)
clear data _[Y/NI17?
|Innut data (x1) |(Datac]eared.)
>lnput.Delete. . Clear.List . End 7_
1) |In$ut data (x1) [EXE] ‘menu |(Seleclda!ainput-)
X17._
53 g ‘1nput data (X1} [EXE] :menu | (Enter first data item
X17_ for week 1.}
59 [xg 56 =2 60 (=g 54 [xg
\Innut data (x1]) [EXE] .menu | (Enter remaining data
X17._ items.}
Exg ’Innut data (X1) ‘(Returntomenu.)
>Input . Delete.Clear.List.End 7?_
(E} ‘N[p].g’E]'N(ﬂEIUE) a<pgi1—-pe<b (Select End to clear xi1
input new data xe {(Y/N) 7 data menu.)
Llnnut data (xe2) (Select new x» data
>lnput.,.Delete.Clear.List.End 7?_ input.)
Input data (xe) (Select data clear.)
© ‘clear data (Y/N}? |
Y Input data {xe) _|(Datac|eared.)
|>Inuut.Delete.Clear.List.End 7
(M ‘Ingut data (xe) [EXE] :menu ‘(Selectdatainput.)
X2?_
55 [xg ‘Innut data (xa) (Enter first data item
Xe7_ for week 2.)
62 (=2 60 B 61 Bxd 58 [od
llnput data ([(xea) (Enter remaining data
X2?. items.)
[exg) ‘Input data (xe) |(Fletumtomenu.)
>lnput . Delete.Clear.List.End 7_
(E] N{x1 . 02) .N{pe.c8) a<pgi-ue<b {Select End to clear xz
ni= 5 7. data menu.)
(exe) N{g1l.028) Nlpge.c2) a<pi-ga<hb {Press b5 after checking
X1= bE.4 7_ number of data items
n.)
(Exg) 1N(,u1 g2) Nipe.,o2) a<pi—-pe<h \(Press@]aﬂerchecking
Si= 37.2 7. . i data mean X:.)
[exeg) N{g1.02) Nipge.oc2) a<pi—-ga<b {Press [og) after checking
na= B 7. sum of squares S1.)
[Exe] ‘N(,ﬁ” g2) . N(pgpe.a2) a<pir=-ga<h {Press [ after checking
xe= 59.2 7_ number of data items
na.)
Nipgr.oc2) N{lpgz.o2) a<pur—pa<h |(PressEﬁ]aﬂerchecking
& |Se= 30.8 7_ data mean Xz.)
8] lcnnfide‘nce Tevel (1-a]l%] L(Press@aﬂerchecking
1—ae= 85 P_ sum of squares Se.)
D) N{ oo T . N{geg.,o2] g5 | {Enter confidence level.
..... Since 95% is already
set, press 2}
|N(,ui.aE).N(.uE.ae) 895 %
-7.882 < api-pa < 1.452
(Exe] |N(y1.crE).N(,u2.02] a<pg1-p2<b l
ni= 5 ?_

Here, it is determined that the difference in means p1-p2 between the two weeks with a con-
fidence level of 85% is —7.052 <pi1—-p2<1.452




MEAN DIFFERENCE INTERVAL ESTIMATION FLOWCHART

]

Library start

Menu 1 ¢

New x1 data k.

input

o]

Menu 2

Process

selection

End(E)

A

4

New x2 data

input

-
|

Number of data
display and input

(1)

F

Data mean
display and input

¥

Data sum of
squares display
and input

Number of data
display and input

i

k

Data mean

(%2)

display and input

Data sum of
squares display
and input

%

Sz)

Confidence levet
input

\T

r

Confidence
interval display,

B\

5

[ Data input
™ Datainput & only? YES
NOC
[2]Data delete
la delete
YES
Input of data |
T to be deleted g onty?
{€]Data clear NG
Process 1]
selction T
(] Statistic display Data clear

First statistic
gisplay

Statistic =
display
i{zi Next statistic Statistic
display present?
(&) Next statistic | YES
display gl
@ Previous
statistic display|
Menu 3 ¢* mnaw___
Process  \ . YES
selection 3™ Datainput € oniy?
NO
[D]Data delete
Input of data YES
T to be deteted Egonly?
End(E)
[CiData clear NO
Process
selection j
[E) Statistic display Data clear
_ | First statistic
™| display
Statistic ==

display

Next statistic
display

Mext statistic
display

Statistic
present?

Bl I8 1B

Previous
statistic display

YES
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6670 RATIO INTERVAL ESTIMATION

Performs estimation of the confidence interval p for binomial distribution B(1, p).

CALCULATIONS

When n-size sample (1, x2 --- Xn} is taken from binomial distribution B (1, p), the confidence
interval of the confidence level (1—«) of p is obtained by

3x (1) 1 (é(l—z—"))q <%+u(ﬂ) a(Zx(-2x)

n 2/¥Ynin n 2/¥YV n\in n

in accordance with an approximation of the standard normal distribution N (0, 1?).

Normal distribution curve

« : significance level

p : probability
1—a : confidence level

(%) o W(3)
OPERATION
6670 g  BlT,Ph @<Pch

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.

IBH.nJ a<p<h 1

n=_8 ?_ _

1000 [ ||§|(1 .8]?a<p<b ‘(simgul'etgt)alnumberof
X = - )

12 [Exg |Gunfiden|::e fevel {(1-a21[%] (Enter number of
1-¢= 85 P_ : defects.)

99 [xg |E!(1 P 99 % l(Enter confidence
@.223131 < p < @.02B87 level.)
B(i.p}: a<p<b

xd |n= 1000 ?_ ‘

Here, it is determined that the defect rate p for the bolts with a confidence level of 99% is
0.003131 <p<0.02087.




RATIO DIFFERENCE INTERVAL
6680 ESTIMATION

Performs estimation of the confidence interval p1-pz2 for two binomial distributions B (1, p1)
and B (1, p2).

CALCULATIONS

When ni-size sample X1 (1, X1z - X1m) is taken from binomial distribution B (1, p1), and n2-
size sample x2 (21, X22 -+ X2nz) is taken from binomial distribution B (1, p2), the confidence
interval of the confidence level (1 — ) of p1—pz is obtained by

(- 3) ofg) S B0 T0) < Pro ) <mome (-3

o onz 2 n o\ n nz \ n2 ni nz

ra(g)fh (Ba-20) +5 (Bra-3b)

in accordance with an approximation of the standard normal distribution N (0, 1%),

Normal distribution curve N (0, 12)

p1, p2 : probabilities
o : significance level

1—u : confidence level

OPERATION
6680 (g [BT1 51 BUT pe] a<p1-pa<b

The table below shows a comparison of the number of defects for a factory for two consecu-
tive months. Using this data, perform interval estimation with 95% confidence level for the
difference in the rates of defect.

Finished products |Number of defects

MONTH 1 1500 23
MONTH 2 1200 15
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18(1.1:1).8(1.1:2) a<pi—-pa<bt '

ni1= @ 7.

1500 [xg B(1.p1).B(T1.p2)] a<pi-pa<h {Input finished products
IXi1= @ 7. for MONTH 1.)

23 [xe ’B(l.m).B(l.ne) a<p1-pe<b {Input number of defects
na= @ ‘°_ for MONTH 1.}

1200 [xg B{1.P1).B(1.R2) a<pi-pe<b {Input finished products
txe= @ 7?_ for MONTH 2.)

15 &g |Cunf|dence Tevel (1-«)i{%] {Input number of defects
1-a= 895 ?_ for MONTH 2.)
B(1.p1).B(1.pe) g5 % (l:fnierconfiqencelevel.

e J—G.DBBEEB < p1-p2 < B.B11B8B Since 95% is already

set, press [d.)

Exg |E!(1.|:1).B(1.Da) a<pi-pz<b

ni= 15@@0 ?._

Here, it is determined that the difference in prbbabilities p1-pz between the two months with
a confidence level of 95% is —0.006009 <p1-p2<0.01168.




671 0 'POPULATION MEAN TEST
(TWO-SIDED) : FOR KNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (u, ¢ ; where n : unknown, 42 :
known).

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 normal distribution as shown in the illustra-
tion when: _

Hypothesis to be tested (Null hypothesis) Ho : p=uo

Alternative hypothesis © H1 o op=po

The test is performed using

X— o
= >u($)
M
o o . population mean
Normal distribution curve . .
o2 : population variance
o : population standard deviation
X : sample mean
a a a . significance level
2 2
0
(%) (%)
OPERATION

T t Ho:g=u Hiip+po
6710 !iﬁgut new Ea!tia L(]Y/N) P J

The display appears as illustrated above once the library is activated. At this time, either
Y or N shouid 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

) .

ta (x
glete.Clear.List.End 7.

I'n
>

The menu display illustrated above appears when (Y)is pressed. One of the following character
keys is then pressed to perform the corresponding function.
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| (Input) : Data input (for input or addition of daia). -

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 operations).

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) : Advancestothe test display (same as when N is pressed in the first step above).
(2) N
N W;git@ - Ho:p=pe Hiip#+po J(Tesidisplay)

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 measured speed of five new football 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 is 11.4 seconds, with a standard deviation of 1.30.

1 2 3 4 5
TIME 12.3 11.6 10.8 12.8 11.4

|Test Ho:ze=#0 H1:@pg=+p0 \
input new data (Y/N} ?-
Ilnput data (x) (Select new data input.)
i (>lnnut.De|ete.CIear.List.End 'P._J
© nput data (X! J(Select data clear.)
clear data (Y/NI 7
Y Input data {x) (Data cleared.)
[>1nput.DeIete.GIear.List.End ‘?__J
(] [Igput data (x) [EXE] menu | (Select data input.)
A7
12.3 [ ngut data (x) FEXE]  menu | (Enter first data item.)
X?—
11.6@10.9@12.8@]11.4@]
anut data (x) [EXE} menu (Enter remaining data
' XT_ items.)
[Ex8) Input data [(x) '(Returntomenu.)
>Input.Delete.Clearr.List.End -
(E) Test Ho:pg=pgc H1 . p=+ao ] (Select End to proceed
4o= @ P to test.)
11.4 =g 'Ic’rzslta - Ho:g=gxa0 H1:,u74=.u0 J(Entermean.)
1.30 [ Test Ho:pu=pco H1:;M=pu (Enter population stan-
= 5 - dard deviation.)
Test Ho:g=u0D Hy:p+po (Press [ after checking
d [x= 11.8 7_ J number of data.)
Sienificance leve! ol%] (Press 3 after checking
&g = 5 ?Pu J data mean.)

|
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T

(Enter significance level.
5% is already set, so

simply press =)

|'(Display test result.)

Test Ho:p=po0 H1:,u¥,,o

|Test Ho:upu=go0 Hi:p=po0
@.B888 £ 1.9B6 Accenpt

Test Ho:pg=po Hiia+po |
go= 11.4 "7_

Here, it is determined that the speeds of the new players meet the team standards. In this
example, the number of data items was limited to five for ease of understanding. In actual
tests, a small number of data may cause erroneous results (standard: n=50).

POPULATION MEAN TEST FLOWCHART (TWO-SIDED FOR KNOWN VARIANCE)

( Library start )

@:;data | Menu 1

]
L3
Process Menu 2
selection
End
© {1 Data T
input Yes
Data input ﬂ‘ly?/
e No
dPopiJIationdmean
isplay and input
Py e 20) @Dalta
delete ""/‘T Yes
Input of data [exe) only?
R S to be defsted v
Population stan- No
dard deviation
display and input | (¢ )
[€)Data @
clear Process
selection
Number of data
display and input (n) Data clear I_
[} Statistic
display | First statistic
e — display
Data mean
display and input ()
Statistic ==
display
I
-'_-_-.-_.- .
Significance level = Next statistic Statistic No
display and input ) display present?
o T
Yes
2] Next statistic
display
Test result
display K1) Previous statistic
display

)
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671 1 POPULATION MEAN TEST
(RIGHT SIDED) : FOR KNOWN VARIANCE

Performs hypothesis testing of p in normal distribution N (x, ¢2 ; where p : unknown, o2 :
known).

CALCULATIONS

An n-size sample (x1, x2-- Xn) is taken from normal distribution N {, ¢2). At this time, the
critical region is established on the right side of the normal distribution as shown in the illus-
trationr when:

Hypothesis to be tested (Null hypothesis) Ho: p=po

Alternative hypothesis Hi:p>po

The test is performed using
X—uo

>ula)
Jn
Normal distribution curve po o population mean
o2 : population variance
o : population standard deviation
X . sample mean
a «  significance level
0 ule)
OPERATION
6711 |T st Ho: . p=po Hi:u>uno0
input 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 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

da

ut t )
put.De

In a (X
>in lete.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.

e A




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 (Listy : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
(8] (or xd ) scrolls to the following data item, () to the previous item, and [&
or =] exits the statistic display and returns to the menu.

E (End) : Advancesto the testdisplay (same as when N is pressed in the first step above).
(2) N

Test Ho:pg=yno Hr:u>po0 .
W | pgao= @ TF_ r=U oz (Test display)

The display appears as illustrated above when the (N] key is pressed. From this point, various
statistical values are entered for the test.

A factory is considering replacing 50 obsolete machines with newer models. Management
claims, however, that the capacity of the new machines are the same as those currently in
use. The data included in the table below are the results of tests performed on five units
of the new machines. Using these results, determine whether or not the capacity of the new
machines is equal to the existing machines by performing a test on the data with a significance
level of 5%. The capacity of the exiting machines is 432 units/hour, with a standard devia-
tion of 15.

UNITS/HOUR | 475 501 483 432 487

|Test Ho:up=go Hi:e>pro |

input new data {(Y/NJ) T

’Innut data {x) r(SeIectnewdatainput.)
>Input.Delete.Clear. . List.End 7?.

Input data (x) —[(Seiecl data clear.)
clear data (Y/N) 7

Y Input data (x) {Data cleared.)

‘>lnnut.Delete.CIBar.Llst.End T_

0 Ignut data (x) [EXE] :menu ](Selemdaf&inpm-)
X7_

475 ||nuut data (X [EXE] . menu |(Enter first data item.)
X7

501 (=g 483 g 492 (o] 487 &xg _

' ‘Input data (x) [EXE]:menu |{Enter remaining data
%7 items.) :

[Exg) |innut data (x) i {(Return to menuw.)
> nput. Delete.Clear . List.End ?_

(E] ITest Ho:pg=g0 HI1:g>go0 ‘(SelectEnd.)
fo= @ 7

432 & !Test Ho . g=ga H1.pg>po0 —I(Enlermean.)
g= B P_

15 Test Ho . g=g0 H1:z> (Enter population stan-

= lnz 5 - s goun dard deviation.)
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B &6 6

‘Iest Ho:p=go Hi:pg>po {Press g after checking
X= 487 .8 7_ number of data.)
Sienificance level a(%] |(Press@]afterchecking
e= b - - ) data mean.)

Test Ho:pg=po Hi:pg>po0 (Enter significance level.
I 8.82888 > 1.6845 : Redect 5% is already set, so

simply press [2g.)

|TBSt Ho ! p=po Hi:p>no0 |

po= 432 P_

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: nz50).

POPULATION MEAN TEST FLOWCHART (RIGHT SIDED FOR KNOWN VARIANCE)

( Library start }

5
lam
]
Process Menu 2
selection
End
E [ Data T
input Yes
Data input @‘;Y’-’/
t : No
dPopflationdmean
isplay and input
Py il () [D)Data
delste Yes
Input of data g only?
to be deleted \]/
Population stan- Ne
dard deviation
display and input {c)
[€]Data ®
clear Process
selection
Number of data
display and input ) Data clear
n
(L} Statistic
display | First statistic
display
Data mean
display and input (%)
x
Statistic =]
display
.
- [exd " Next statistic Statistic No
Significance lavel i
IE';" T inoot display present?
(a)
Yes
2] Next stafistic
display
Test result
display &3] Previous statistic
display
iExe)




’t

1

_POPULATION MEAN TEST
" (LEFT SIDED) : FOR KNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (g, &2
known).

CALCULATIONS

An n-size sample (x1, x2 -+ xn) is taken from normal distribution N (x, ¢2). At this time, the

critical region is established on the left side of the normal distribution as shown in the illus-
tration when:

Hypothesis to be tested (Null hypothesis) Ho : pu=puo
Alternative hypothesis Hi:p<po
P
The test is performed using
i_—g#L< — ula)
M
Normal distribution curve #o i population mean
¢% : population variance
a : population standard deviation
X : sample mean
a « : significance leve|
—ula)
OPERATION
iTest Ho:p=yuo Hi!'pg<po j
6712 input new data (Y/N} #_ .

The display appears as illustrated above once the library is activated. At this time, either
Y or N shouid 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

Input data
’;input.Del

X))
e.Clear.List.End 7_

~~—

e

The menu display illustrated above appears when (Y]is pressed. One of the following character
keys is then pressed to perform the corresponding function.

: where x : unknown, o2 :
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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 (ior display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
{or B9 ) scrolls to the following data itemn, to the previous item, and [&)
or [=] exits the statistic display and returns to the menu.

E (End} : Advances io the testdisplay (same as when N is pressed in the first step above).
(2 N
) H’gztm o Ho:xg=po Hi1:pg<po (Test display)

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 resuits 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 of 7.6.

1 2 3 4 5

SEa‘gﬁE'S-)’FE 1229 | 1201 | 1234 | 1225 | 1247

|Test Ho:ug=#0 H1:#<pgo |

input new data (Y/N)] 7?_

’Innut data |x] ‘(Seleclnewdatainput.)
>input.PDelete . Clear.List.End 7_

© |InDut data (x) \(Select data clear.)
clear data (Y/N) ?

Y Input data {x) (Data cleared.)

’>Innut.Delete.GIear.List.End ?_ l

M |Igput data [x] [EXE] menu I(Selectdatainput.)
XP o

1229 (&g Lignut data {x) [EXE] :menu |(Enlerﬁrstdatailem.)
X P

1201 (=g 1234 [ 1225 1247 (=g
llnnut data (Xx) [EXE] :menu | (Enler remaining data
X?P_ iterns.}

Exg Tnput data (x) l(Returntomenu.)
>lnput.Delete.Clear.List,.End 7_

(E] lTest Ho:g=uo Hi:p<gpo |(SelectEnd.)
po= B 7T_ :

1234 ¢ Test Ho:g=pgo Hi:u<po (Enter population
g= @ ?_ mean.)

7.6 [xE Test Ho . g=pgo0 Hi:ug<po (Enter population
n= 5 ?_ : standard deviation.)

[Exe) ’Test Ho:p=pa H1:pg<po ‘(Press@]aﬂerchecking
X= 1227.2 7T_ number of data.)




CT Sienificance l[evel al%] (Press bxd) after checking
| o= - data mean.)
i (g Test Ho:p=go0 Hi1.a<po ‘ {Enter significance level,
I T (PR 5% is already set, 50
| simply press =4.)
‘ |Test Ho:u=po Hiip<po !(Disp]aytestresuit.)
| -2.9@1 < 1.845 : ReJect
‘ exg) lTest Ho:x=p0 H1:p<pao [
| go= 1234 7.

Here, it is determined that it cannot be said that the service life of the cheaper lights is identical
to that of the existing lights. The cheaper lights have shorter lives. In this example, the number
of data items was limited to five for ease of understanding. In actual tests, lower number

of data may cause erroneous results (standard: n=50).

POPULATION MEAN TEST FLOWCHART (LEFT SIDED FOR KNOWN VARIANCE)

( Library start )

New data ’
@t ' Menu 1

N

End (B}

Process

; Menu 2
selection

I

Populaticn mean
display and input
(0}

t
rﬁ)ﬁl—a.t-i;n stan-
dard deviation

display and input | (&)

Number of data
display and input )
n

_.——-—-'_'_-_.—.—._.

Data mean
display and input

L

Significance level
display and input
(a)
Test resuit
display

Exl

(DData

I S
input

Data input

Yes

[@)Data
lete = |
delete Input of data

10 be deleted

No

Yes

g only?
\NQ/

®

[ClData
clear Process
selection

¥
Data ¢lear
(L) Statistic
display | First statistic
display
Statistic =[S
display _
=) Next statistic Statistic No
display present?
: Yes
2] Next statistic
display
® Previous stalistic
display
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POPULATION MEAN TEST
(TWO-SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (i, ¢2 ; where u : unknown, o2 :
unknown).

CALCULATIONS

An n-size sample (x1, x2 -+ Xn) is taken from normal distribution N (x, ¢?). At this time, criti-
cal regions are established on both sides of 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 : u=puo

Alternative hypothesis Hi:p=po

The test is performed using

X—uo a
ﬁ >t{(3rn—1)
n
t-distribution of degree of freedom (n—1)
w0 : population mean
V : unbiased variance
Ea % X : sample mean
« : significance level
e o 0 o )2
t(2,n 1 t(2.n 1} V:Z(x x)
n—1
OPERATION

Test Ho:u=po Hi!g+pao
6720 Jinnut new da%a#(Y/N) 'g_”

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 ihput, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

My

Input [ X .
>lnput ete.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 (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).
(8] (or 4 ) 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

T t . Ho:p=p0o H1:p+po . . :
™ ‘ pgz 2 7_ O a=4 HEH (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.

[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 5.3 6.2 6.0 5.8 55

[1750t new'gata’ (y M) 5-"° |
inpu new data -
Input data (x) {Select new data input.)
|>|nput.De|ete.GIear.List.End P J
C fnput data (x) {Select data clear.)
|clear data (Y/N) 7 ‘
Input data (x) (Data cleared.)
|>ln|:|ut.Delete.claar.List.End _ |
M |Ignut data (x) fEXE) :menu |-(Selectdatainput-)
X7T_
5.3 g !Ignut data (x) - [EXEJ.menu |(Enlerfirstdataitem.)
XP_
6.2 € 6.0 [ 5.8 [xg 5.5 Ex
‘Ignut data [(x} [EXE] menu gérggr)remaining data
X7 .
Input data [(x) (Retum to menu.)
& l>|nput.Delete.Glear.List.End ?_J -
(E] "!'E#S'c0 s Ho!p=uo Hi:p+pao |(SelectEnd.)
o= -
5.4 [Exg Tesé - Ho:u=p0 Hi: gz=ga0 (Enter mean.)
n= - .
Exd |1’Bsé e JHei=aa HI TR ﬁrﬁbsa?fégl;eckmg
X= . — .
Ty = e (Press B4 after chacking
b |6555_133 Qf_'” we  Hriareo data mean.)
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Exd

Here, the test results can be said to be equivalent.

{Press [24 after checking
unbiased variance.)

(Enter significance level.
5% is already set, so

simply press [x.)

1 (Display test result.)

‘[Bignificance level «l%]
= -
LTest Hotpg=po Hilpg#po
Test Ho:u=unD H1:p*po
2.207 £ 2.776 Accept 7
(Test Ho.up=p0o Hi:ipg+po |
go= -

POPULATION MEAN TEST FLOWCHART (TWO-SIDED FOR UNKNWON VARIANCE)

U

Library start

New data

2

input Menu 1
|}
o
Process Menu 2
selection
End (E) Mbata
input . Yes
Data input ﬂ‘m’/
A No
Popglationd mezan
- ]
ispiay ETI input (#D) @Data _______,_.-—-—""‘|
delete Yes
Input of data e only?
1o be deleted \/
glurrrlber of data No
isplay and input
(n)
[C)Data o
clear Process
selection
Data mean Y
display and input | , _ Data clear
(z)
(L] Statistic
display | First statistic
display
Unbiased variancey
display and input )
Statistic ==
display
g Next statistic Statistic No
Significance lavel i 0]
digplay and input display present?
Ha)
Yes .
ea] Next statistic
display
Test result
display 0] Previous statistic
display
[ZE] -
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POPULATION MEAN TEST
(RIGHT SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (s, ¢® ; where p : unknown, ¢® :
unknown).

CALCULATIONS

An n-size sample (x1, x2 - Xn) is taken from normal distribution N (s, o). 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 : p=po
Alternative hypothesis Hi:p>po

The test is perforn'ied using

X—no

_ X 40 : po : population mean
Vv >t(a,n—1) V : unbiased variance
n X : sample mean
« : significance level
t-distribution of degree of freedom {n— 1} 3
v =2x—%)*

n—1

a

0 t(e,n—1)
OPERATION

T t Ho:pg= Hi:
6721 llﬁgut new ga%a#?Y/N} éiﬂu

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 fol]owed by test, additional data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

M Yy

)

input [ x
>lnput ete.Clear.List.End_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).
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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 test display (same as when N is pressed in the first step above).
2 N
] . Iggt@ o Ho:wp=po Hripg>po (Test display)

The display appears as iflustrated above when the [N] 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 level of 5%.

JAN FEB | MAR | APR | MAY
EXPENDITURES | 724 62.3 58.4 55.4 64.8

|Test Ho:g=#go0 Hiig>ao0
input new data (Y/N} ?_
l Input data (x) (Select new data input.)
>Input.Delete.Clear.List.End 7_
l Input data (x) {Select data clear.)
clear data (Y/N) 7
‘ Input data (x) (Data cleared.}
>lnput.Delete.Clear.LIst. End 7?_
D ‘ lgput data (x) [EXE] ‘menu |(Se|ectda(ainput.)
X7
72.4 [exe J lgnut dats (x) [EXET “menu |(Enter first data item.)
X7
62.3 g 58.4 g 55.4 = 64.8 [
|Innut data (x) [EXE]:menu [(Enter remaining data
X7 items.)
(Exe) 1Innut data (x) 1mmmnmnmmj
>Input.Delete.Clear . List.End P_
(E] |Test Ho:u=p0o Hi:.:p>po0 |(39[BCtE“d-)
go= @ 7_
54.3 [&xe |Test Ho:u=p0 H1:up>ao0 (Enter poputation
n= 5 7. : mean.)
Exg Test Ho:g=po Hi:pg>po {Press [x after checking
X=_BE2.B6 "P_ _ |number of data.)
Test Ho:g=p0 Hr:pg>po0 (Press [xe) after checking
B ‘V= 42 . B@B 7. data mean.) '
B 'Slgnlficance level al[%] (Press (2 after checking
le= 5 Po unbiased variance) ‘.
Test Ho:p=po Hi:pg>po0 (Enter significance level.
g |Test e s —IS% is already set, s0
simply press E.)
P’est Ho:s=go HI p>zro |(Displaytest result.)
2.864 > 2. 132 . Redect
Exe Test Ho:pe=po Hi:.:a>po0
;ﬂﬂ= 54.3 7_




|
|
|

Here, it can be said that automobile expenses have increased.

POPULATION MEAN TEST FLOWCHART (RIGHT SIDED FOR UNKNOWN VARIANCE)

( Library stast }

t
@:tda a ) Menu 1
@ 1
Process Menu 2
selection
(]Data o
input
Data input
L

Population mean
display and input

Number of data
display and input

Data mean
display and input

1

Unbiased variance|
display and input

(V)

|

Significance level
display and input

Test result
display

g

{a)

B

Yes

No

[B)Cata ]
delete Input of data
to be deleted

Yes

g only?
-

E]

[€)Data
clear Process
selection

(D) Statistic
display

First statistic
display

Statistic

Ddta clear

I___

display

B
fd Next statistic Statistic No
display present?
Yes
& Next statistic
display
& Previous statistic

display
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6722 POPULATION MEAN TEST
(LEFT SIDED) : FOR UNKNOWN VARIANCE

Performs hypothesis testing of x in normal distribution N (, ¢® ; ¢ : unknown, o2 : unknown).

CALCULATIONS

An n-size sample (x1, x2--- Xn) is taken from normal distribution N (g, ¢?). 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 (h—1) as shown in the illustration when:
Hypothesis to be tested (Null hypothesis) Ho : p=go '

Alternative hypothesis Hi:p<po

The test is performed using

ET e Ha ,nan—1)
i
4’ n
t-distribution of degree of freedom (n—1}
uo : population mean
V : unbiased variance
X : sample mean
a : significance level
o
V — z (x — i) 2
—t{a,n—1) 0 _ ~Th—1

OPERATION
T t Ho:e= Hi:
6722 [iggut new 3a‘t1a“(l‘|’/N1) %im

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 1 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

Input data (x)
>input.Delete.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.

I (nput) : Data input (for input or addition of data).

D (Delete) : Data delete (for deletion of erronecus 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 to the test display (same as when N is pressed in the first step above).

(2) N

™ Hgitm o Ho:g=po Hi1Ipg<go {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
Test Ho:pg=po0 Hi:a<po 1
input new data (Y/N) ?_

nput data (x) |(Select new data input.)
>lnput.Delete.Clear.List.End 7_

Tnput data {x) I(Select data clear.)
clear data (Y/N) 7

|InDut data [x) . J(Datacleared.)
>Input.Delete.Clegar.List . End 7_

M Pgnut data (x) [EXE] :menu I(Selectdatainput.)
X7

16 [ ‘Input data (x) TEXE] menu | (Enter first data item.)
X7

14 B 11 B 12 g 7
llnnut data (x) TEXE] . .menu | (Enter remaining data
XP - iterns.}

(Exe) ||nuut data (x) (Return to menu.)
>lnput . Delete.Clear.List.End ?_

(E) |Test Ho:g=go Hi.pg<po0 1(39|BCtEﬂd-)
pa= @ 7_

23 (&g Test Ho:zg=g0o H1:p<go {Enter population
n= 5 T_ mean.)

5] Test Ho:ug=po Hi1:p<po (Press [e after checking
|Y= 12 7. number of data.)

[Exe) Test Ho:g=g0 Hi1:p<po (Press [ after checking
V= 11.5 7_ data mean.) -

fexg) ISignificance level aol%] (Press &4 after checking
e= 5 P_ unbiased variance.)
Test Ho:pg=po0 Hi:p<po (Enter significance

= | ----- Jlevel.)
|Test Ho:p=po Hi:ip<po I(Displaytestresult.)
-7.858 < 3.747 . Redect

fexel Test Ho:pg=pgo Hi:p<po
po= 23 7.

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 start }

@Jtdata ’ Menu 1
1
)]
Process Menu 2
selection
End () [@}Data e
input
Data input
S—

No

Population mean
display and input

(0} [@Data //,-\
delete Input of data |—

to be deleted

[Exg only?
T

Number of data
display and input

Yes

Yes

(n})
[€]Data
clear Process
selection
Data mean -
display and input |
(%)
(C) Statistic
display © First statistic
digplay
Unbiased \éariance
display and input
Y W

Statistic

Data clear

I,__

display

Significance level
display and input

(a)

Test result
display

B

Next statistic

display

Statistic
present?

Yes

MNext statistic

display

Previous statistic

display

No
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POPULATION VARIANCE TEST
6730 (TWO-SIDED)

Performs hypothesis testing of ¢2 in normal distribution N (i, 0@ ; where g : unknown, ¢2 :
unknown).

CALCULATIONS

An n-size sample (x1, xz --- Xn} is taken from normal distribution N (, o). 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 : ¢2=00?

Alternative hypothesis Hi : o?=00®
The test is performed using .
S - or D>y (4 n —1)
x2 distribution of degree of freedom (n—1)
oo : population variance
S : sum of squares
« : significance level
& a
2 2
5=3(x—%x)%
0 x?(1—5,n—1) X (g, n=1)
OPERATION

Test Ho:c2=g0o2 H1:¢2+*¢g082
6730 Input 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 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.

M Y

)

' |ln ut d (X _
>lnpu ete.Clear.List.End 7_

atsa
t.Del

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 aiso 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).
(8] (or Exg ) scrolls to the following data item, (] to the previous item, and (&

or (2] 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
(N) Tes E Ho:e¢28=g02 H1:gB8%g¢gpoe (Test display)

FakE 7

The display appears as illustrated above when the (N] 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 equvalent to past scores with a significance level of 1%.

354

3 4 5 i

i 1 2 .
] i
| POINTS | 183 | 174 | 191 | 168 | 171 :
i ;
I
|Test Ho:!ec2=0cp28 Hi:o2+0p2 |
input new data [Y/N)! ?_ :
Ilnput data (x) |(Selectnewdatainput.) 5
>lnput.Delete.Clear,.LIst.End 7_ i
input data (x)J (Select data clear.)
clear data (Y/N) 7
Input daia (x) } (Data cleared.) ]
A |>Input.Delete.CIear.List.End 7o ] ?
) Ilgnut data (x) [EXE] menu 1(Selectdatainput-)
X7
183 [ )I(,r_rl‘put data [x) [(EXE] . menu |(Enter first data item.}
; 172 (2 191 g 168 g 171 (x5
Input data (x) [EXE] :menu |(Enter remaining data
XPa items.}
fexg |InDut data (X7 —|(Heturntomenu.)
>Input Delete.Clear..List.End 7_
(E] Test Ho:oc2=¢n2 Hi1:g28%ggé |(SelectEnd.)
g08= @ 7_
70 fxg Test Ho ¢8=go2 H1.c02+g08 (Enter population
n=§5 ?_ ‘ variance.)
[Exe) ITest Ho:02=c08 Hi.cEB*goE2 (Press [xd after checking
5=_357.828 7_ number of data.)
) Sienificance level zl[%1] {Press [exd after checking
a= 5 7P. sum of squares.)
1 [exg ITest Ho:eg28=¢g02 Hi:6E+c¢o2 i(Entersignifica\nr.:e
..... ] evel.)
| 5.183 £ 14.886 I(Display test resuit.)
5.103 > @.207 Accept
Test Ho:o8=¢02 H1:062+pg02
= |auE= 70 7 . —I

Here, the variance of this year's scores is equivalent to last year’s scores.




POPULATION VARIANCE TEST FLOWCHART ({TWO-SIDED)

( Library start )

: New data
@t ) Menu 1
o]

Process Menu 2
selection
: i End [& [1)Data -
i : input Yes
. Data ianIt &@)r«;m/
| .—-—-—"—"'L—'_._._- No
- Population
' variance display
: and input (@02) [B]Data -
! delete Yes
; Input of data g only?
: to be deleted \'/
r-—"—'_'_”—.—-—._. N
o

Number of data
display and input
{n)

: ] (©)Data o)
f clear Process
: selection

Sum of squares
disptay and input (S) !———1 Data clear lﬁ

]

| (L] Statistic

! display | First statistic
display

1 Significance leve

! display and input (@) =g
: Statistic
§ display
; Test resuit =5 Next statistic Stag_isﬁcv No
: display display present? _
; Yes
| 3 Next statistic
i display

K| Previous statistic
display
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POPULATION VARIANCE TEST
- (RIGHT SIDED)

Performs hypothesis testing of ¢2 in normal distribution N (p, 02 ; where x : unknown, o2 :
unknown).

CALCULATIONS

An n-size sample (1, x2 - xn) is taken from normal distribution N (x, ¢2). 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 10 be tested (Null hypothesis) Ho : ¢2=g0?

Alternative hypothesis Hi : 62> 002

The test is performed using

S 2o —
o >x%(e,n—1)
x? distribution of degree of freedom (n—1) oo? : populatidn variance
S : sum of squares
a : significance level
S=3(x—x)?
&
0 x#{e,n—1)
OPERATION
Test Ho:g8=¢g02 Hi:02>0082
6731 |lnput 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 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

)

MM | (X ' -
ete.Clear.List.End ?_

nput data
Input.Del

|
>

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 (Listy . : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
(@ (or 29 ) scrolls to the following data item, {£] to the previous item, and (&)
or 2] 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:oB=c¢0& Hi1:cE>c0¢8 (Test display)

co28= @ 7_

The display appears as illustrated above when the (N] 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 blades. 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 | 1041 9.8 10.2 9.7 9.8

Tests et von e 7702 |

input new data -

|Input data (X |(Selectnewdatainput.)
>lnput.Delete.Clear,List.End 7.

|Innut data (X |(Select data clear.)
clear data (Y/N) 7

|Innut data (x) |(Datacleared.)
>lnput.Delete.Clear , List . End 7_

0 ||gnut data (x) {EXE] menu |(Selectdatainput.)
XP—

10.1 g |Ignut data (x) [EXE] . menu |(E"teffif3tdataitem-)
X7

9.8 x5 10.2 B¢ 9.7 = 9.8 g
|Igput data {x) [EXE]:menu _(Fl‘lier)remaining data
Xr— items.

Exg |Input data (X (Return to menu.)
>lnput.Delete,.Clear.List.End ?_

E) Test Ho  vB=g02 H1:cE>co08 |(SelectEnd.)
co2= @ 7.

0.015 [=g ITest Ho . c2=¢08 Hi:c02>0082 {Enter population
n=5 ?_ . .variance.}

(Exg] |Test Ho :c2=c02 Hi1.:08>c08 (Press Ex after checking
5= @.188 7. _ number of data.)

[exe |Signiflcanca level al%] {Press [ after checking
e= 5 7. sum of squares.)

19 |TF-’5'E Ho:v2=g02 H1!cB>c02 (Enter significance
..... level.)
Test Ho:oc2=¢028 Hi:c2>c082 Display test It.
[T88%'ss . §87 887 " Acchnt | (Display test result)

B Test Ho:c2=v¢0*" Hi:028>008% |
go22= P.B15 7P

Here, it is determined that the performance of both companies’ blades are equivalent.
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POPULATION VARIANCE TEST FLOWCHART (RIGHT SIDED)

{ Library start )
New data
input I Menu 1
1
1]
Process Menu 2
selection
End () (T3 Data )
input ] 0 Yes
Data input | \E}OV
L.— No
Population
variance display
snd s 7 J o mose
Input of data Exg oniy?
to be deleted \/ |
Number of data ' No i
display and input
(r) [€]Data ®
clear Process
selection
|
Sum of squares i
dil;gllay agd input (s) -—-17 Data clear Ii !
D) Statistic |
display | First statistic :
display ;
Signiﬁcanc;eilevel
display and input (@) !
Statistic E=
display :
i
Test result T Next statistic Statistic No
display display present?
Yes
be (3] Next statistic
' display
G Previous statistic
display
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POPULATION VARIANCE TEST
(LEFT SIDED)

Performs hypothesis testing of ¢2 in normal distribution N (g, ¢ ; where p : unknown, o2 :
unknown).

CALCULATIONS

An n-size sample (x1, x2 --- xn) is taken from normal distribution N (, ¢®). At this time, a crit-
ical region is established on the left 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 to be tested (Null hypothesss) Ho : o2=00?

Alternative hypothesis Hi : o?<a0?

The test is performed using
<x¥*(1—an—1)

ao?
x2 distribution of degree of freedom (n—1) | o : Population variance
S : sum of squares
a : significance level
S=3(x—x)?
a
0|x%(1—a,n—1)
OPERATION

6732 |T 5t Ho: g2 ($iN]H'1?iUE<auE

input new data

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

¥] Inpu d

i X))
>|lnput.

ata |
Delete.Ctear.List , End 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 (lnput) : 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 &8 ) scrolls to the following data item, (] to the previous item, and
"or (2] 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
(N] ' |Test Ho:c2=002 H1. cg8<go@ J(Testdisplay)
ro8= @ T_

The display appears as iHustrated above when the (N] key is pressed. From this point, vari-

ous parameters are entered for the test.

A company has purchased a 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%.

1 2 3 4 5
WEIGHT (g) | 70.0 69.9 701 70.1 69.8
|Test Ho:c2=co08 H1.c08<dp2 |
input new data (Y/N) -
input data (x) (Select new data input.)
. >Input.Delete.Clear.List,End ?_
l Input data (x) '(Select data clear.)
clear data (Y/N]) ?
Input data (x) J(Data cleared.)
>Input.Delete. Clear.List . End ?_
J l ignut data (x) [EXE] : MENU | (Select data input.}
X7
70.0 [ ;nnut data (x) [EXE]:MENU |,(Enlerfirst data item.}
69.9 g 70.1 =g 70.1 bxg 69.8 [bxg
fnput data (x) [EXE]:MENU|(Enter remaining data
X7 items.)
(exe) ||nput data (x] |(Returntomenu.)
>lnput.Delefe.Clear,List.End 7_
{E) |Test Ho:e¢2=002 Hi:ag8<gpo? (Select End.)
go2= B 7
0.1 [ |Test Ho:o8=go2 H1:028<g0¢8 |(Enterp0pulation
n= 56 7_ variance.)
[Exg |Test Ho:e¢2=go08 Hi:¢28<god (Press [&d after checking
5= 2.068 7. number of data.)
(ZE) |Significance level al[%] {Press [ after checking
e= 5 7_ . sum of squares.) -
Test Ho:e2=0g082 Hr:g8<go2 (Enter significance
e I ..... level.}
’Test Ho:.o2=¢02 Hr . eg8<oggc2 {Disptay test result.}
.68 = @.8971 Accept )
Test Mo :c2=cp2 Hy:c628<o02
B |002= .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)

' i ( Library start }

] i

|

| @tdma Menu 1

|

B

! 1

11

; i

; ‘ Process Menu 2

i selection

I End [E) (Mbata

i input Yes

Data input ﬂ‘ﬂy?/
L] No

mi‘on
variance display

. : and input [O)Data
; 7 (o) delets Input of data ves

[exg only?
to be deleted \FY/
No
[C)Data
clear Process oy
selection

Sum of squares
display and input (S) -—*l Data clear

(T Statistic
display | First statistic

k

Number of data
display and input )
n

N

}

display
Significance level
dispfay and input (a)
@ Statistic E=
display
Test rasult Ed Next statistic Statistic No
display display present?
=) Yes
£ Next statistic
display
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VARIANCE RATIO TEST
- (TWO-SIDED)

Performs test of hypotheses 01?2 and o¢2? in two normal distributions N (u1, 012 ; where p1 :
unknown, ¢12 : unknown) and N (u2, 02 ; where p2 : unknown, ¢22 : unknown).

CALCULATIONS

An ni-size sample (x11, Xi2 - X1n) is taken from normal distribution N (xt, 1% and an nz sam-
ple (a1, X2z --- Xenz) from normal distribution N (x2, ¢27). 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 : 012 = g2?
Alternative hypothesis Hi : 028 =022

The test is performed using

Vi<Vz: Vz >F (z,nz 1m—1) 4
Vi>Vs: xl >F (2 LA™ 1,n2—1) ;
F distribution of degrees of freedom {n1—1, n2—1)
w1 ¢ population mean 1
#2 : population mean 2 .
o2 ; population variance 1 !
a a a22: population variance 2 :
2 2 Vi : unbiased variance 1
V2 : unbiased variance 2
— o . significance level
' OF(I—%,m—l,nz—l) F(—g—,m—l,nz—l) * g \p :
V=E(x—x)
n—1
OPERATION
Test Ho:c18=¢22 Hi:c128+¢g2a2
6740 |Enput new data 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: Test of previously stored data, test by inputting each value..

(1 Y

d

a X1) ‘
D

ta |
glete.Clear.List.End %_

'In ot
lnput

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 of squares,
mean, population standard deviation, sample standard deviation). _
(&] {or Exd ) 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 Holc18=¢e2 Hi c1e+gad

input new data xz (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 xa: 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 xzne.

22) N

[N] Te
fil

[

t Ho!ec128=ga8 Hite18+¢22 | (Number of data
S 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: ~x1n1) data currently stored in memory.

*ni=0: Test cannot be performed, so this shouid be corrected to the reuvired 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
tagether 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 3.

When kg is pressed, a display similar to that above is produced for x2 (x21~ xan2) data
items. After confirmation and/or corrections as described in (2-2), press 4 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%, '

1 2 3 4 5
LINE A 37.2 38.1 39.9 37.5 36.1
LINE B 36.1 35.2 377 | 356 |. —

25552 H].‘O‘]E#G’EE—'
X1 (Y/N) 7?_

oo
|-

V||
—23J|[(3m
oo m

= I g | e
mx||+ g

1
a
1

e |
- allo
Co | @
r+Z
—m
@

] (Select new data input.}
Cltear. List.End ?_
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© !I'nnut data (x1) (Select data clear.)
citear data LY/N) 7
Jlnnut data (x1) {Data cleared.)
>lnput.Delete.Clear. List.End ?_
M Iingut data (x1) TEXE] ‘menu I(Selectdatainput.)
X177
37.2 e Input data {x1) [EXE] . menu {Enter first data item for
X17- - LINE A.)
38.1 xg 39.9 (=g 37.5 [ 36.1 (¢
unnut data (x1) [EXE] ‘menu |(Enter remaining data
X117 itams.)
Exg Llnnut data (X1) —I(netummmenu.)
>input . Delete.Clear.List.End ?_
(E] iTest Ho . ¢128=g22 H) .g128+g2¢2 |(Select End)
input new data x2 (Y/N) '?_ )
Input data {xa) (Select new data input.)
>lnput.Delete.Clear.List.End ?_
|!nput data (xz2) |(Select data clear.)
clear datsa (Y/N) 7
|ln|:|ut data (xeg) (Data cleared.)
>Input.Delete.Clear.List.End ?_
M |In$ut data (x2) [EXE]} . menu I(Selectdatainput.)
Xe?o
36.1 [ |Input data (xe) [EXE] :menu |(Enterfirstdataitem for
X27?_ LINE B.)
35.2 [xg 37.7 {xg 35.6 =g
|[nnut data (xa) [EXE]:menu |(Enter remaining data
Xe?_ iterms.)
Exg |InDut data (xe) {Return to menu.)
>lnput.Delete.Clear.List.End 7_
@ |TBBt Ho:eiE28=pgp®8 H1 . g18+fg¢gp2 (SelectEnd.)
ni= 65 7P_
Exg ‘Test Ho  c18=¢22 Hi1 c12+ce¢E J(Press@aﬂerchecking
Vi= 1.858 - _ number of LINE A data.)
e ‘Test Ho:¢128=¢28 H1.c18+c28 |(Press@safterchecking
ne= 4 7. unbiased variance of
LINE A data.}
(Exg) Test D.012=¢22 Hi1.c12+c22 |(Pressiafterchecking
Ve=s 1. EDSBSSSSS P |numberoleNEBdata.)
[Exg) Siegnificance level o[%] —I(Press@aﬂerchecking
a= 5 P_ unbiased variance of
LINE B data.)
(Exe] Test Ho 12=gge Hi1:o012+¢g22 |{Entersignificance level.
..... 5% is already set, so
simply press [exi.)
‘Test Ho:oc128=¢gz 8 H1:¢018%x¢ge2 I(Display'testresult.)
1.6827 £ 16,1 Accept
Test Ho:e¢128=¢z2 Hi:¢12+¢e8
kel |n1= 5 ?_ 1

Here, it is determined that the variance for the output of both lines are equivalent.




VARIANCE RATIO TEST FLOWCHART (TWO-SIDED)

{ Library start )

L —

|

Mumber of data [,
display and input (1)

.

Unbiased variance1
display ard input (1)

Number of data
display and input

Unbiased vartance2

display and input (VZ)

Significance level
display and input

(o)

r

Tesl result
display

(&=

Menu 2 [MData input
Process . YES
selection Data input only? -
End(E) NO
[D)Data delete
Input of data - o YES -
F | to be deleted £ only?
(C)Data ctear NO
Process 1] -
selction T
(C}Statistic. display Data clear

First statistic
display

Statistic

display /

=6

b Next statistic

selection /

(B]Data delete
Input of data

End [E]

YES

Statistic NO
display present?
SF Next statisti YES
stic
™ display
Previous
™ statistic display -
Menu 3 4% [MData input
Process
3™ Datainput [ only?

L to be deteted Exonly? -
(€)Data clear NO
Process (1) -
selection 7
(D) Statistic display Data clear
o] First statistic
display
Statistic =3 -
display
iE]; Next statistic Statistic
display present?
_@_ Next statistic ol TES
display
_@_ Pravious -
statistic display o
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VARIANCE RATIO TEST
(RIGHT SIDED)

Performs hypotheses testing of ¢12 and o022 in two normal distributions N {1, 12 ; where
pt : unknown, ¢1? @ unknown) and N (g2, 022 ; where u2 : unknown, o2% : unknown).

CALCULATIONS

An ni-size sample (X1, X1z -+ X1m) is taken from normal distribution N (g1, ¢13) and an nz sam-
ple (xa2i, xez--- X2nz} from normal distribution N (u2, 028). 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) Ho : ¢12= 022
Alternative hypothesis Hi: 012> 022

The test is performed using

31 >F(a,ni—1,m2—1) _
w1 & population mean 1

sz @ population mean 2
&2 population variance 1
a22: population variance 2
V1 : unbiased variance 1
Vz : unbiased variance 2
o : significance level

F distribution of degrees of freedom {n1—1, n2—1)

. yoZ=®?
n—1
0 F(a,n—1,n:-1)
OPERATION
Test Ho:oc18=¢22  Hi:g128>¢g22
6741 ’I put new data 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: Test of previously stored data, test by inputting each value.

(1) y

X1)

In ut d {
pu ete Clear.List . End 7?_

ata
>1ln t.Del

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).




'
|
|
i
1
i
i

L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
(& (or g } scroils to the following data item, (£] to the previous item, and (&
. or (2] 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
LT |TBBt Ho:oc18=¢22 Hi:c12>¢22

input new data xe (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
operations. 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 xini.

{2-1) Y
Same result as that produced by pressing (¥) in step (1) above. Note, however, that the data
being entered or corrected here is x2: through Xane.

@2) N

t Ho:ci12=g22 Hi:c18>c022 |(Numberof data
5 n_ display)

nwm

(N] Te
ni

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of x1 (11 ~x1m) data currently stored in memory.

en1=0: Test cannot be performed, so the required data 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.

* Number of data input (following (¥} above) matches value of n: Press [,

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 number of cusiomers at a restaurant before and after recent
remodeling. Use the data to determine whether or not the number of customers has been
stahbilized by the renovation with a significance level of 5%.

1 2 3 4 5

BEFORE
NUMBER OF | REmopELING | 114 120 78 151 63
CUSTOMERS anec?name 27 | 120 8 ” —
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|Test Ho:o18=0¢E Hi :c18>a0z8
input new data (Y/N) 7.
|Innut data (x1) |(Selectnewdatainpul.)
>lnput.Delete . Clegar, List.End ?_
llnput data (x7) |(Se|ectdataclear.)
clear data (YN} 7
|Input data [Xx1) §|(Dalacleared.)
>Input.Oelete.Clear.Llist.End 7
M Llngut data (x1) [EXE] . menu |{Select data input)
X177
114 <2 Input data (x1) [EXE] . .menu |{Enter first data item
X1 P for BEFORE
REMODELING.)
120 g 78 B8 151 ) 63 B8
||!‘|Dut data {(x1) [EXE] .menu |(Enterremainingdata
X1Pa items.)
fExg) tnput data (xi) (Return to menu.)
‘>Input.Delete.GIear.Llst.End .
B |Test Ho'ci18=ga2 H):g12>022 |(SelectEnd})
input new data xe [(Y/N) 7?_
‘Innut data (xz2) (Select new data
>Ilnput Delete.Clear.List.End 7?_ |input)
© |Input data (xg2!} ' {Select data clear.)
clear data (Y/N) 7
fnput data (xa} (Data cleared.)
K2 |>innut.Delete.CIear.List.End _
M) llngut data [xa) [EXE]:menu—|(SeleCtdatainput-)
xa’?_
127 [ |Input data (xa] TEXETl ‘menu |[(Enter first data item
Xav. tor AFTER
REMODELING.}
120 [xg 138 28 141 g
Jlnnut data (xe) {EXE] :menu |(Enter remaining data
XePo itemns.)
Exe Ilnuut data. (xz) : |(Hetumt0meﬂw)
>tnput.Delete.Clear.List . End P
(E] |Test Ho.c128=¢22 Hi:c128>028 1(SelectEnd)
) ni1= 5 7 ;
(Exg) Test Ho.oc18=¢28 Hi:c12>022 |(PressEdafterchecking !
Vi= 1288.7 9_ number of BEFORE :
REMODELING data.)
=) Test Ho:o18=¢gz2 Hi:0128>g22 |(Pressidafterchecking
pe= 4 7_ unbiased variance of
BEFORE REMODEL-
ING data.)
Exg Test Hoig128=g22 Hi:c12>cae |(Presskaafterchecking
Ve= 85 7T_ number of AFTER
REMODELING data.)
ZE) Siegniflcance level al%] (Press g after checking
a= 5 9_ ‘ unbiased variance of
AFTER REMODELING
data.)
(exg) Test Ho ‘g128=g28 Hi .oc128>ce2 |(Entersignificance level.
..... 5% is already set, so
- simply press [&g.)
|TBSt Ho:c18=¢g22 Hi.c18>g2R .(DiSP]thQStresun-)
12.83 > 9.117 ReJect
Exg) |Test Ho.oc18=¢28 Hi:.c18>g28 I
nt= 8 P_

Here, it is determined that the number of customers has not been affected by the remodeling.



VARIANCE RATIO TEST FLOWCHART (RIGHT SIDED)
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VARIANCE RATIO TEST
(LEFT SIDED)

Performs hypotheses testing of 012 and ¢22 in two normal distributions N (i1, ¢12; where u1:
unknown, ¢12 : unknown) and N (2, 022; where g2 : unknown, ¢22 : unknown).

CALCULATIONS

An ni-size sample (X1, X1z2---X1m) is taken from normal distribution N {x1, #1%) and an nz sam-
ple (x2i, x2»---xzn2) 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) Ho : g12=02?
Alternative hypothesis Hi: o12<o2?

The test is performed using

Vi
Ve

<F{i—a,n—1,n2—1) Or vz

v, >Fla,nz—1,m—1}

F distribution of degrees of freedom (ns—1, nz—1)
w1 : population mean 1
u 2 . population mean 2
2 ;. population variance 1
g22 | population variance 2
a V1 : unbiased variance 1
Vz : unbiased variance 2
« : significance level

VzE(x—i)z

n—1

OlF(1—a,m—1,n2—1)

OPERATION
est Ho: E=gpk Hiig18<pget
6742 | nput new gag xg LY/ZN) 'g_ i

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.

M Y

—
[=

Inp at )
> n ut.De .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 (Clear) : Data clear (for deletion of previcusly 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 @39 scrolls to the following data item, (£ to the previous item, and &)
or 3] exits the statistic display and returns to the menu.

E (End) : Advancesto the test display (same as when N is pressed in the first step above}.
(2) N
(N] Test Ho'e¢18=geg8 Hi:0128<g28

input new data xa (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
operations. The difference, however, is that the question concerning new data input here
is for data items x2: through xenz, while the data input being queried on the original display
is for data items x1: through x1ns.

(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 xan.

(22) N

display}

{N] rrests 2 Ho:o12=¢228 Ht:c12<gzg | {Numberofdata
ni= -

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of x1 (x11~xin1) data currently stored in memory.

*ni=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 .
When &g is pressed, a display similar to that above is produced for x2 (x21~x2n2) data
items. After confirmation andfor 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 —

T0128<022 |

I (Select new data input)

an
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c Tnout data (K17 (Select data clear)
clear data {Y/N) 7
Y ||nnut data (x1] |(Datacleared)
>Input. . Delete.Clear.List.End 7?_
| lngut data {(x1) [EXE] ‘menu |(Selectdatainput)
X17_
251 [pg }!ngut data {x1) [EXET :menu giggeélf}rg}rd:;aitemfor
X17_
238 [exg 261 [Exg 220 [xg 243 [exg
|Inn_ut data (x1) [EXE] .menu |(Enter remaining data
X17_  itemns)
5T ||nnut data [x1) |(Returntomenu)
>Input Deiete.Clear,.List.End 7_
E |Test Ho:c12=¢c28 H1:012<gg2 | (SelectEnd)
Input new data x= (Y/N) 7~
Y ||.nput data (xe) (Select new data input)
. >lnput.Delete.Clear.List . End 7_
C Input data (xg) ‘(Selectdataclear)
clear data {(Y/N} 7
Y |Input data (xz2) 1(Datacleare_d)
>Iinput.Delete.Clear.List.End 9.
| Ingut data (xa) [EXE] :menu h(Select-datainput)
Xa?_
241 [px llngut data {xz) [EXE] . menu giggégré!rdg;aitamfor
XxXe?_
268 [Bg 224 [ 230 £
'|nput data (xa) [EXE] ‘menu |(Enter remaining data
Xero itemns)
T llnput data (xa) |(Heturntomenu)
>Ilnput. Delete.Clear.List.End ?-
E |Test5 Ho:.oc128=¢228 Ht: c1E8<gz@ 1(SelectEnd)
ni=
: E= 2 : B < g | (Press g after checking
= |3?2t235.3Hg_“ 7E Hioon 7e |d1u;'n§)erofPF\ODUCTA
ala
[exg) |TE!5'£4 - Ho:c18=¢z2 Hi:.c12<geé (Prg_ss@daﬂe.rcheckifng
na= _ unbiased variance o
. PRODUCT A data)
(Exg Fest Ho . c128=g22 Hi:c1E8<ce? | (PressBdafterchecking
Ve= 378.5833333 7_ gum;aerofPHODUCTB
ata
& [§legifloance Tevel «T%1 ey e 8
o= _—
PRODUCT B data)
[Exg Test Ho:c12=c¢22 Hi1.018<cz2@ g%?t?rsi?nifgancuet[evel.
..... 0 is already set, so
simply press Exj)
|Test Hpo:.c128=¢gz2 Hi:c18<¢g22 |(Displaytestresult)
P.6188 > p.1517 . Accenpt
[Exg) Test Ho:c12=¢g8 Hi:s18<pz2e
|n1= 5 P l

Here, it is determined that the number of customers has remained the same since the product

change.




{ Library start }

VARIANCE RATIO TEST FLOWCHART (LEFT SIDED)

Menu 1 ¢ Menu 2 (D Data input
New x1 data } (0 Process _ . YES
i selection (> Data input Ed only?
= End(E) NO
N (D)Data delete
la delete
YES
New x2 data 5 nput of data | e &3 only? »
input to be deleted \/
® | {T)Data clear NO
Process ) N
- selction IE T
{C) Statistic dispfay Data clear
— ] First statistic
Number of gata ((p,) display
display and input
Statistic === -
display
Unbiased variance1 —
diplay ang imput | ¥ E yii;}as;tansuc Sptr?atsiztrin?'?
_,L’ _[E_J_ Next statistic _|YES
Number of dala § .y display
display and inputp ™"
Previous N
/‘L_‘ —™statistic disptay
Unbiased variance2 [(/ -
digp;:i'ea:dariﬁgut (V2 Menu 3 §* T)Data input
tainput
Process | YES
_’_L—- ser-'ljeclion Data input =w -
Significance level
display and input (a} (D)Data delete NO
Input of data 5 YES -
i T to be deleted Bdonly?
Test result End (E) NO
display (©)Data clear
Process L] o
g selection T
[DStatistic display Data clear
First statistic
1 display
Statistic == ~
display /
:B; Next statistic Statistic
display prasent?
_l% MNext statistic YES
display.
_@ Previous -
statistic display
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MEAN DIFFERENCE TEST
(TWO-SIDED)

Performs hypotheses testing of u1 and 2 in two normal distributions N (1, o2; where pu1 :
unknown, o2 : unknown) and N (n2, o2 ; where p2 : unknown, o2 unknown).

CALCULATIONS

An ni1-size sample (x11, X1z---X1n1) is taken from normal distribution N (1, ¢ and an nz sam-
ple (xz:, X2z---X2nz) from normal distribution N (12, 0%). 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 @ pispe
The test is performed using
[0 %2 | >t (2, naitnz—2)
J 1+L) (Sl+.sz) 2
(;; nz ni+nz2—2

t-distribution of degree of freedom (n1+ nz—2)
w1 1 popufation mean 1 u2 : population mean 2

X1 : sample mean 1 Xz : sample mean 2
S1: sum of squares 1 S2: sum of squares 2
5" % o2 ; population variance « : significance level
‘ =3(x—%)2
—t(%,lm-{'m_z) 0 t(%,[n1+n2—2) §=Z(x—x%)
OPERATION
Test Ho!pi1=pa2 Hi:p1+pa
6750 |inuut new data 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: Test of previously stored data, test by inputting each value.

(1 Y

ta

Input a (x1)
2 L>|nnut.Delate.CIear.List.End 'P_T

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 of squares,
mean, population standard deviation, sample standard deviation).
(or B9 ) scrolis 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 H = Hi.: +
® lnput new gaﬁé #: (Y}N%”'Pu2

The display appears as illustrated above when the (W] 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 xzne, while the data input being queried on the original display is for
data items xi+ through Xim.

(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 xzqe.

(2-2) N

(N} Te
ni

t Ho:pg1=pa Hi:p1#+pe {Number of data
5 T_ display)

It m

The display appears as illustrated above when the (N] key is pressed. The value indicated
for n shows the number of x1 (X11~X1n) 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 (Y) above) matches value of n : Press (.

When B is pressed, a display similar to that above is produced for x2 (xa: ~x2r2) data
items. After confirmation andfor corrections as described in (2-2), press [eg to continue.

The following data represent the results 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

=p28 Hi:pel#+pe I
%1 [Y/ZN)Y 7P

) (Select new data input)
Clear.List.End %_ I
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'Pnnut data (x1) l(SeIectdatacIear)
clear data (Y/N) 7
Y |Input data (x1] {Data cleared)
>lnput.Delete.Clear.List.End 7_
I Llngut data (x1) [EXE] :menu ’(Selecldatainput)
X117 _ '
850 I - (Enter first data item for
exe) |x1'DPEt data (x1] IEXE] :menu EACTORY /)
847 [xd 855 [xd 843 9 852 g
ilnnut data (x1) [EXE] :menu l(Enlerremainingdata
X179 items)
[Exg ‘Inuut data (X1 J(Returntomenu)
>Input. Delete.Clear.List.End ?_
E |Test Ho pi=gz HI pgi+z3 {Select End)
Input new data xz (Y/N) 7_
Y ||n|:|ut data (xeg) {Select new data input)
>lnput.Delete.Clear.List.End 7_
c |!r|nut data (x2] (Select data clear)
clear datsa (Y/N) 7
Y llnput data (xz) {Data cleared)
>lnput.Delete.Clear.Lisf.End ?_
! l!ngut data (xe2) [EXE] ‘menu |(Selectdatainput)
X2Pa
853 : (Enter first data item for
xg Hggﬂt data (xe| EXET menu | e
844 [ 850 [xg 854 [ 844 g
|InDut data (xe) IEXE] :menu |{(Enter remaining data
Xe?_ items)
Exg) |Input data (xe| (Return to menu)
>lnput.Delete.Clear.List.End 7_
E |Test Ho:gi=g2 Hi1.pl1+pe I(SelectEnd)
ni1= B 7.
[exe) Test Ho: g1=ge2 Hi .p1+%pe {Press [ after checking
X1= 848.4 7_ number of FACTORY A
data)
Test Ho'pg1=ype2 Hr:p1+p2 (Press [ after checking
= si= 85.2 7. " T | Gata mean of FAGTORY
A data)
(Exe) Test Ho gi=g2 Hi . p1+ge (Press B3 after checking
ne= B 7 sum of squares of
FACTORY A data)
Test Ho:pt1= : ¥ (Press [ after checking
= l?e= 848 7. ! s Hriunepe number of FACTORY B
data)
(T Test Ho:pi1=ge Hi:pr1%pe (Press bx after checking
Sz= 82 7_ data mean of FACTORY
B data)
Exe) Significance 1evel al%] {Press ) after checking
a= § T_ sum of squares of
FACTORY B data)
g Test Ho!pir1=pge Hiipgi+gpea (Enter significance level.
..... 5% is already set, s0
simply press <)
r f g1=g2 Hil.pi1+=pe '(Display test result)
@.1344 £ 2.308 . Accept
[ex) Test Ho:p1=peg Hi:pr1+pe l
ni= 5 7?_

Here, it is determined that the quality of goods manufactures at the two factories is equivalent.




MEAN DIFFERENCE TEST FLOWCHART (TWO-SIDED)

{ Library start }

Menu 1y Menu 2 (T)Data input
New x1 data / Process - . YES
selection 3= Data input & only? -
(N End(E NO
r" (D)Data delete
New xz data Input of data > ) YES -
input 4 | to be deleted @HIV/
m|. (C)Data clear NO
Process (N -
o selction I
[T Statistic display Data clear
o | First statistic
Number of dat ispl
gyl G dsplay
Statistic Gl .
display /
Medap display (1) &) — .
and input el cl\i.l.ex} statistic Statistic NO
isplay present?
/L—— _li}l_ Next statistic _|YES
Sum of squares s1) display
display and input [+~1
) prov
revious
_'l statistic display -
dN_un';ber o!dd_ata " (n: M 3
isplay and inpuf enu ' 3
(1]Data input
fainput
Process . YES
selection / i Data input [exg only?
Mean display (%2
and input NO
[D)Data delete
Input of data YES
] to be deleted Bgonly? o
Sum of squares o, End
display and input B [EData clear NO
Process | -
IS selection -
Significance lavel (o) L e— |
display input [L)Statistic display Data clear
| First statistic
7| display
g_esil result
isplay
Statistic <= _
display / o
- -
f@ Next statistic Statistic
display present?
L)l Next statistic YES
display o

|| Previous

statistic display
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MEAN DIFFERENCE TEST (RIGHT SIDED)

Performs hypotheses testing of p1 and u2 in two normal distributions N (u1, ¢2; where g1 .
unknown, ¢2: unknown) and N (g2, ¢®; where pz: unknown o?: unknown)

CALCULATIONS

An ni-size sample (x1:, X1z---X1m) is taken from normal distribution N (1, ¢®) and an nz sam-
ple (x2i, Xe=--X2nz) 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) Ho : p1=p2
Alternative hypothesis Hi:pi>pe

The test is performed using

Kl —x2

[1 Si-+Ss )
n1+n2-—2

>t (e, n1+ne—2)

t-distribution of degree of freedom (n1+4 nz—2)

w1 : population mean 1 pz 1 population mean 2
X1: sample mean 1 %z : sample mean 2
S1: sum of squares 1 Se: sum of squares 2
¢? : population variance « : significance level

- S=3(x—x)¢
] (o,n1+n2—2)
OPERATION
Test Ho 1= Hi: >ue
6751 |input new da‘éa ﬁf {_Y}Nﬁ“'?f

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, additicnal data input, data edit, statistic check.
N: Test of previously stored data, test by inputting each value.

M Y

X1)

Input da { -
pu gte.Clear.List.End ?_

ta
>1n t.Del

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).

L (List) : Statistic display (for display of number of data items, sum, sum of squares,
mean, population standard deviation, sample standard deviation).
(8] (or Exg ) 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 testdisplay (same as when N is pressed in the first step above).
2) N

Test Ha:g1= Hi:agi>
u riﬁgut new ga%é #: (Y}N';”?f.e J

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 xzne, while the data input being queried on the original display is for
data items x11 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 X2nz.

(2-2) N

t Ho:p1=g2 Hiigi1>pe {Number of data

(N] Te
N 5 7_ display) -

I w

The display appears as illustrated above when the (H] key is pressed. The value indicated
for n shows the number of x1 (x1:~x1m) data currently stored in memory.

*n1=0: Test cannot be performed, so this shouid 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 (Y] above) matches value of n :  Press [exd.

When [ed is pressed, a display similar to that above is produced for xa (x21~ xan:) data
items. After confirmation andfor corrections as described in (2-2), press [ 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
A | 890 880 920 870 900
B | 850 840 |. 870 855 860

TIME
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< O =<

|
890 [

880 (g 920 =g 870

-<O-<m@

850 Ex

840 [xg 870 Exg 85

E B B ® B @ @™CF

ZE]

|Test Ho:.:p1=g2 Hi.p1>pe |
input new data x1 [(Y/N) ?_
Llnput data (x1) |(Seiect new data input)
>lnput.Delete.Clear.LIist.End 7?_
l Input data (x1] |(Select data clear)
clear data (Y/N]) 7
1Input data (x1t) |(Datacleared)
>lnput.Delete.Clear.List . End 7_
}Ingut data (x1) [EXET :menu |(Select data input)
X17_
Input data (x1] [EXE7? menu |{Enterfirstdataitem for
X17_ LIGHT BULB A)
(Exg 900 [xg
1Input data (%11 [EXE] :menu |(Enter remaining data
X179 items)
|Input data (x1) (Return to menuy}
>lnput.Delete.Clear,.List,End ?_
WTest Ho:p1=pe Hi:pt>pe W(SelectEnd)
input new data x2 (Y/N) 7
||nput data (x2} ] ‘(Selectnewdatainput)
>lnput.Delete.Clear.List.End 7_
.Input data (xz} t(Select data clear)
clear data (Y/N) 7
!Input data (xz) . ‘(Datacleared)
>lnput.Delete.Clear.List . End 7_
llngut data (xz2) [EXE]:menu I(SeleCtdatainput)
xXe%_ -
Input data {xe) [EXE] :menu |(En!erfirStdataitemf0r
Xe?_ LIGHT BULB B}
5 (g 860 (=
‘Inuut data (xe) [EXE] .menu |(Enter remaining data
XePa. iterns)
‘Inuut data {xe) ’(Returntomenu)
>lnput . Delete.Clesar, . List.End ?_
jTest Ho:p1=pe Hiipgt>pe ‘(SelectEnd)
ni= b ?_ ) :
‘Iest Ho:g1=pe Hi:pgi>pe ](PFESS@aﬂerchecking
x1= 882 P_ Rugnli'e)rofLIGHTBULB
ata
(8820 49 HOTHITHE HrianiuE ata o of Ll
1= —
BULB A data)
[, Forre Froie |
= LIGHT BULB A data)
'Iest g1=p2 Hi:pr1>pe {Press [ after checking
Xxe= BBSE 7_ Eu&nbe{oleGHTBULB
ata
|828%5pg pno # TH2 HTikTowE | Seta woan of LiGHT
g= -
BULB B data)
Siggi;icance level oal[%] (Press@aﬁerrchefcking
o= _ sSum oOr squares o
LIGHT BULB B data)
Test Ho:g1=p2 Hiip1>pe {Enter significance level.
..... . 5% is already set, so
simply press Ex)
|Test Ho:  upi1=g2 Hi:pgi>zea (Display test resutt)
3.719 > 1.88 Redect :
|Test Ho wi=pge Hi:p1>pe
ni1= &5 7_

Here, it is determined that the service life of LIGHT BULB A is longer than that of LIGHT

BULB B.




MEAN DIFFERENCE TEST FLOWCHART (RIGHT SIDED)

( Library start )

Menu 1 ¢

New xi1 data 3
input

Menu 2

Process

(I Data input

selection

End(E)

3™ Data input

New x2 data

S Sy
Number of dala

display and input nl)

Mean display

and input )

Sum of squares

display and input §1)

Number of data

display and input J72

P"""_-—-.-__-—-._-._

Mean display =
and input (%2)

-______,_._..—-——'—'

Sum of squares 57)
display and input

B

Significance laval
display input (a)

Tast result
display

[D)Data delete

Input of data
4 | to be deleted

¥

[C]Data clear

Process
sealction

[L]Statistic display
First statistic
display

Statistic

YE.
[Ex¢) oniy? S
NO
Y
- [exg) only? ES
NO

]
I
Data clear

==

display

]

Next statistic.
display

vle)

Next statistic

Statistic
present?

YES

display

{E

Previous

statistic display

Menu 3 J*

First statistic
display

[DDaE_iEElgl_____.
Process . . YES
selection I Datainput W >
NO
[D)Data delete
Input of data YES _
T to be deleted Eonly? >
End (€]
[€]Data clear NO
Process {N) . N
selection @ T bl
(D) Statistic display Data clear

statistic display

Statistic = R
display / B
_Ei Next statistic Statistic
display presant?
2 N g YES
oxt statistic
™ display =
[ Previous -
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3¥4<Y4d MEAN DIFFERENCE TEST (LEFT SIDED)

Performs hypotheses testing of gt and g2 in two normal distributions N {u1, o®; where u1:
unknown, ¢2: unknown) and N (u2, 02; where p2: unknown, ¢*: unknown)

CALCULATIONS

An n1-size sample (x11, X12---X1n1) is taken from normal distribution N (1, 62 and an nz2 sam-
ple (xa1, x2e---x2nz} from normal distribution N {(u2, 02). At this time, the critical region is
established on the left of the t-distribution in accordance with the t-distribution of the degree
of freedom (n1 +nz—2) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p1=p2
Alternative hypothesis Ht :pi<pe

The test is performed using

X1—x2

/ (i+nig)(n?i:2iz2 )

<—t{a*ni+nz—2)

t-distribution of degree of freedom (n1 + nz2—2)

w1 : population mean 1 pz : population mean 2
X1 : sample mean 1 Xz : sample mean 2
S1: sum of squares 1 Sz: sum of squares 2
o2 : population variance o : significance level

S=3(x—x)?

—t{e,m+n2—2) |0

OPERATION
Test Ho: = Hi: <
6752 ‘innut new ga%é ¥? (Y}Nﬁ”‘Pfe

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

a (x1) .
lete.Clear.List.End 7_

| t t
>lnput.De

Tnu da

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 of squares,
mean, population standard deviation, sample standard deviation).
(& (or &9 } scrolls to the following data item, () to the previous item, and (=)
or [] exits the statistic display and returns to the menu.

E (End) : Advances io the test display (same as when N is pressed in the first step above).
{(2) N

: Test Ho : = H 1 <pe
(N] linput new da#é i: (Y/NI)”'?E 1

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 xan., while the data input being queried on the original display is for
data items x1: through xtn:,

@21y

Same result as that produced by pressing (¥] in step (1) above. Note, however, that the data
being entered or corrected here is xz: through xzn..

(2-2) N

M) Te
i

t Ho:p1=pe Hi:ipr<pe (Number of data
5 ?_ display)

IF m

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.

*n1=0: Test 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.

* Number of data input (following (Y) above) matches value of n : Press .

When B4 is pressed, a display similar to that above is produced for xe (%21 ~x2n2) data
items. After confirmation and/or corrections as described in (2-2), press fx 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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| (Select new data input)

{Select data clear)

(Data cleared)

I (Select data input)

(Enter first data item for
SAMPLE A)

(Enter remaining data
items)

| {Return to menu)

] (Select End)

| (Select new data input)

‘I (Select data clear)

(Data cleared)

| (Select data inpuf)

{Enter first data item for
SAMPLE B)

(Enter remaining data
items})

{Return to menu)

| (Select End)

(Press [=d after checking
number of SAMPLE A

data)

(Press [ex after checking
data mean of SAMPLE

A data)

(Press (x after checking
sum of squares of

SAMPLE A data)

(Press (e after checking
number of SAMPLE B

data)

’ (Press [exg after checking
data mean of SAMPLE

B data)

= | {Press [ext) after checking
sum of squares of

SAMPLE B data)

| (Enter significance level)

| (Display test result)

|Test Ho i egl=pe Hi pg1<pe |
input new data x1' (Y/N) 7_
Y ||nnut data (x1) _
>lnput.Delete.Clear.List.End 7.
C llnput data (x1)
clear data {Y/N) 7
Y Input data (x1)
>lnput. Delete.Clear.List.End ?_
I Linnut data (x1) [EXE]l:menu
X17_
18 g - |Ingut data (x1] [EXE] menu
X17_
20 [ex2 17 ) 19 g 18 [
|Input data (x1) [EXE]:menu
X17-
g Input data (x1) )
>input Delete.Clear.List.End 7.
E |Test Ho pgi1=p2 Hi:ipi1<pe
input new data xa2 {Y/N) 7_
Y |Innut data (xe)
>Input.Delete.Clear.List.End 7_
C ||nput data (xe)
clear data (Y/N) 7
Y LL?DUt data {xe)
>lnput.Delete.Clear.List.End 7_
| lnput data (xz2) [EXE] :menu
xev?_
25 (e 1n$ut data (xe) TEXE] .menu
xX27_
24 ] 22 g 26 28 24 g
Ilnnut data (xe) [EXE]:menu
Xa®?_
(exg] ‘innut data (xe)
>Input.Delete.Clear.List.End 7_
E ’Test Ho:pi1=p2 Hi:ig1<ge
ni= 5 ?_
Ex) |lest pi=pge Hiipg1<pge
X1= 18.47_
Test Ho!pr1=pue Hi:p1<p2
= L51= 5.27-
Exg |Test Ho:s1=p2 Hi1.p1<pe
na= 5 ?._.
[Exg Test Ho'pgi1=p2 Hi:pgi<ge
{x2= 24.2 7
Test Ho:a1=pe Hi:pr1<pe
E] |Se= 8.87._ )
E5) Sienificance level aol[%]
g= B 7
1 [xg Test Ho:p1=pa Hi:pi1<pe
|Test Ho:pwi1=ge Hi:pi1<pe
-8.932 <-2.88986 Redect
Test Ho:pi=yue Hi:ugr1<pne
B |n1= 5 7. : '

Here, it is determined that the strength SAMPLE B is greater than that of SAMPLE A.




MEAN DIFFERENCE TEST FLOWCHART (LEFT SIDED)

U

Library start

Menu 1 ¢

New xi data
input

Menu 2

Process
salection

(M) Data input

End(E)

™ Data input

New x2 data

input

a(if), (40)

|
Y

Number of data
display and input

ny)

Mean display
and input

)

\r

Sum of squares
display and input

Si))

\r

Number of data
display and input

\r

Mean display
and input

Sum of squares

display and input

Significance level (o )

display input

nz

(S2)

Test result
display

&9

{D)Data delete

Input of data
% | to be deleted

[Exg only? YES
NO

YES
e only?
NO

[E)Data clear

Process
selction

(L) Statistic display

First statistic
display

L]
T
Data clear

(==

Statistic

display }

MNext statistic
display

Next statistic

Statistic
present?

YES

display

Previous

IO IR T

statistic display

Menu 3 [*

Process

selection

[I]Dafjﬂit__———’

] Data input

[D)Data delete

YES
=W
NO
YES

? -
L 10 be deleted Edonly?
End (E)
[E)Data clear NO
Process (]
selection E -
(D) Statistic display Data clear

First statistic
display

Statistic

==

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 H1i: p=po

The test is performed using

| Zx—npo | >u(a)

v npo(l—rpo)

Normal distribution curve

po : population ratio
o : significance level

nony
™osy

OPERATION
6760 [  [552%g o "°TPTPT HrieEe
EXAMPLE

The crossbreeding of a certain type of bean shouid result in a ratio of 3:1 of yellow beans
to green. An actual sample reveals 310 yellow beans within a total of 400. Determine whether
or not this is equivalent to the 3:1 ratio noted above with a significance level of 5%.

(HINT: Test the hypothesis H:p=%)

0.75 [exg ' Test He:p=po Hi:p=+po | {Enter probability}
n= @ 7.

400 € Test Ho  p=po_ H1.p=po ] {Enter number of data
ix= 9@ 7 items)

310 ¢ Sienificance [evel al%] {Enter number of yellow
a= 5 7. beans)

Exg | Test Ho:p=po Hi:.p+po {Enter significance level.
..... 5% is already set, so

simply press =g )
Test Ho.p=pao H1:p*po I(Displaytestresult)
1.166 = 1.86 . Accept ‘

Exe ITESt Ho '‘p=po HI1 p+po (Return to original

po= @.75 ?_ display)

Here, it is determined that the sample mixture is equivalent to the 3:1 ratio.



RATIO TEST (RIGHT SIDED)

Performs test of hypothesis of population p ratio in binomial distribution B (1, p).

CALCULATIONS

An n-size sample (xs, 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, 1?) as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p=po
Alternative hypothesis H1 : p>po

The test is performed using

Zx—npo

— > ul(a).
» npo(l—po)

Normal distribution curve

pe : population ratio
« : significance level

0 ula)

OPERATION
T t p= ;
6761 |D§2 0 7 Ho.p=po H1i1;pB>pO

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 [xg Test Ho:p=pao H1:p>po (Enter probability)
n=@ %
2000 Exd Test Ho:p=po Hi:p>po — | (Enter number of data
Ix= @ 7 items)
80 [ lSignificance Tevel al%] (Enter number of
0= 5 7o ‘ responses)
(xe) Test Ho 'n=po H1.p>po (Enter significance lev-
..... el. 5% is already set,
50 simply press [ )
|Test Ho:p=po Hi:p>po 1(Displaytestresult)
4.287 > 1.845 : Redect - ’
EXE] ITeSt Ho :p=po H1 p>po J(Beturntooriginal
po= B@.@25 7. display)

Here, it is determined that the 4-color mailing was more effective than those in the past.
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6762 - - RATIO TEST (LEFT 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 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
Alternative hypothesis Hi: p<po

The test is performed using

2 x—npo

Y npo(l—rpo)

< —pla)
Normal distribution curve

po : population ratio
« : significance level

(=]

—ufa)

OPERATION
6762 Iggﬁt@ o Ho:p=po Hi:p<po

[EXAMPLE

A factory had a defect rate of 2.5% of products. After improvements in the process, a total
ot 18 defective products were detected in 1,000 items. Determine whether or not the
improvements have caused the defect rate to decrease with a significance ievel of 1%.

0.025 | Test - Ho.p=po H1:p<po 1 {Enter probability)
n= 0 -

1000 [Exg Test Ho:s=pc Hi: p<po (Enter number of data
IX= B 7_ vltems)

18 [xg SieEnificance level o[%] (Enter number of defec-
e= B 7P tive items)

1 (&g [Test Ho:p=po Hi:p<po |(Enlersignificancelevel)
|Test Ho:p=pa H1:p<po ’(Displaytestresult)
-1.418 > 2.3286 . Accept

Exe |Test Ho:p=po H1i1:p<po (Return to original
po= @.@P25 ?._ A display) '

Here, it is determined that the improvements have not produced a decrease in the defect rate.




SY@AV] 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 {x1:, X1z--X1m) is taken from bihomial distribution B (1, p1) and an ne
sample (x2i, x2z---Xenz) 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 : pi=p2

Alternative hypothesis Hi: pi=p2

The test is performed using

Zx1_ Zxe
n1 n2

m : sample ratio 1
p= : sample ratio 2

/ p(1—p) (%1+l) a : significance level

nz

[p=2x1+2xz]

n: +nz

> ( o ) Normal distribution curve
2

1IN

@
2

OPERATION

_
6770 re
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
|TBSt Ho:p1 =pe Hi :p1 +=pe
ni1= @ °?_
400 [xg ITBSt Ho:pi=p2 Hi.pi1+pz —I(Enternumberofmales)
Ix1= @ 7?_
260 [ |Test Ho:pi1=p2 Hi1:pi1*pez (Entér number of males
ne= @ 7. : | answering LIKE)
300 [ |TBst Ho:pi1=pe Hi:pi1+pea (Enter number of
Ixe= @ 7_ females)
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350

(Enter number of
females answering

LIKE)

(Enter significance lev-
el. 5% is already set,

so simply press g )

| (Display test result)

180 (= ‘[BTeniiicance level al%]
e= 5 P_
Exg Test Ho:p1=pa2 Hi1:p1+pe
|Test Ho .p1=o2 Hi1.pi1+pe
1.3566 £ 1.98 : Accept
Test Ho:pi1=p= Hi.pi1+pe
e |n1= ae —

(Return to initial display)

Here, it is determined that there is no difference in the opinions of males and females.



67718 RATI_O.DIFFERENCE TEST (RIGHT 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, X12--:X1n1) is taken from binomial distribution B (1, p1) and an nz
sample (X2, X22---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: p1=p2

Alternative hypothesis Hi: pi>pe

The test is performed using

2x_Zxy
ni nz
>ula) Normal distribution cu
/p(l— p)(n%_’-nlz) ietributt ve p1 : sample ratio 1
pz : sample ratio 2
[p =;X1_+2E] a : significance level
n1 +n2
a
0 ula)
OPERATION
Test Ho: = R >
6771 |n1=m?_np1 pe Hi:pi1>pe
EXAMPLE

The following 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
Test Ho ! p1 =pe H1 I p1 >pe
ni= @ 7_ .
600 fxg Test Ho:pi=pz Hi.pi>pe (Enter number of
Ix1= B 7_ samples from

FACTORY A)
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15 [xg |Test Ho:pi1=pe Hi:pi>pe (Enter number of
nge= @ 7. _ defects) -
400 &9 Test Ho:p1=pe Hi:pi>pe (Enter number of
IXxe= @ 7?_ samples from
‘ _ FACTORY B)
5 [exg Sienijlcance level a[%] {Enter number of
e= B 7 defects)
Exd Test Ho :pi1=pe Hi.pi>pe {Enter significance lev-
..... ) el. 5% is already set,
so simply press &= )
1Test Ho:pi=pa2 Hi:pi1>psa (Display test result)
1.383 £ 1.845 '@ Accept
Exg) Test Ho :pi=pe Hi.:p1>pe (Return to initial disptay)
ni1= 660 ?_

Here, it is determined that there is no difference in the defect rate for the two factories.
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Y&#A RATIO DIFFERENCE TEST (LEFT SIDED)

Performs hypotheses testing of p1 and pz in two binomial distributions B (1, pr)and B (1, p2).

CALCULATIONS

An ni-size sample (x11, X1z--x1m) is taken from binomial distribution B (1, p1) and an n2
sample (X, X2:---Xznz) 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, 12} as shown in the illustration when:

Hypothesis to be tested (Null hypothesis) Ho : p1=p2

Alternative hypothesis Hi: p1<pe
The test is performed using
2X1_ 2x2
ni nz Normal distribution curve
>ula) p1: sample ratio 1
/p (1—p )(l-l-l) pz : sample ratio 2
1 ngz

o : significance level

n1+nz

[p=§lxi+2x2]

ula) 4]
OPERATION
6772 [ug mgtm a Ho:pi=pe Hi:pi1<pe
EXAMPLE

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 ! p1=pz H1 Tp1<pa - I
no o= @ 7_

220 [xg Test Ho:pi=pz Hil:.pi1<pe (Enter number of data
ix1= @ ?-. from AREA A)
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(Enter number of
KNOWSs) -

“(Enter _numbér of data

-from AREA B)

(Enter number of .
KNOWs)

(Enter significance lev-
el. 5% is already set,

so simply press [ )

| ({Display test result)

130 & |Test Ho:pi1=pe H1:n1.<na
ne= @ ?_ _

240 g Test Ho:pi=pa2 Hi.p1<pe
Ixe= @ 7_°

160 [ |?lggi;'cance Tevel al%]

exg) ITest Ho:pi=pas H1:p1<pe
|Test Ho:pi=pe Hi:pi1<pz
-1.688 <-1.645 : Redect
Test Ho:pi1=pe Hi:pi1<pe

& |n1= 220 P

| (Return to initial display}

Here, it is determined that the recognition rate in AREA B is greater than that in AREA A.



__PART 12

APPENDICES

12-1 CHARACTER CODE TABLE

=]

Q

R

s

T

U

\'

X

Y

z

¥

[93]

~~

(v [17] [33] [49] [65] [81] [97] [118] [128] [145] 161

3
[a7] [19] [35] [51] [67 [83] [oet [115] [ra1

8
(8| [74] [401 [56! [72] [88] [to4] [120] [136

- =2 — o o -+ uy w0 = [==] L= r) =) —
L & 3 & = = = S & A & = &
m \ H +H o =N
X = w m - i © N N W
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w [ =1 o o’ b uwy (1= P 0 (=1 o — o [l -+ w)
q| 22 = bl I e = e s = = ™~ ™~ phs = =
% i - e e e e s e B m =
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* Nothing is output for character codes for a character or function is not specified {indicated by a blank cell in the table).

* Control codes are indicated by parentheses and are not displayed.
* Values in the lower right corner of each cell indicate the decimal value of the corresponding character code.

* Characters which cannot be input directly can be displayed using the CHR$ function.
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NOTE:

The special characters in the character code table below only appear on the dispiay and
are not printed out by the printer. When a LLIST or LPRINT command is executed, they are
substituted by the differently shaped printer characters corresponding to the respective charac-
ter codes. Refer to the pocket computer and printer character code tables and compare them
for further details.

Character Code Table

Special characters

High-order digit —

- O 16 32 48 64 80 96 112 128 /144 160 176 192|208 |224 240
2 = o | 1 |2|3|4|s|6|7|8|l9|Aa|BIC|D|E|F
g oo wi|0|e|P| " |p|Alo|=|—9]=|E®
g 111 var |1 AjQlelals (], AN ST
S o2j2|lum | o |w|2B|R[blr /| T[T V|[HA®)|EF
3la sl3lcls|e|s| lsls [21=7[FID| B
4l a |z s|alo|T|a|t|®a]. |T|r|7v|D|B
515 (e %|5(e|lule|ul@s |- |x|+|2|@F
66| (19 sl6|Flvie|v|@ie|z|2|=|2|C)5
717 o 7le|wle|lwl@lr |2 |F|R|3|@EE
8|8| s (|8|H|X|n|{x}als|<|2]|%|v|®| e
glal em ylelt|y|ilvlalel|o|sl/| 0|+
1WA wo * Jlz| z@d-"::nf\v@:
1| B wow + |kl k[ 1fe]-|x|¥|e|oj@®|o
12|c| @ (¢>):<L¥|:,a'ﬁv=79@/
(o] @i [ (= ]=|=[M]) [n]1 |@x]2]|z]|~]> |0V
14| E| (27 (ﬁ)_>NAn'—1at'ﬂi"@//
15| F| €D (&) |/|e|lol_]|o ¢®wvvo®//

* 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 “L"
CAL mode: CHR$ (132) [xd or CHRS (&H84) g
BASIC mode: PRINT CHR$ (132) &g or PRINT CHR$ (&H84) [xd
* The hatched parts in the table (hexadecimal FC ~ FF (decimal 252 ~255)) are used
internally and therefore not defined.



12-2 ERROR MESSAGE TABLE

Error

code| EFFOr message Meaning Correction
1 | OM error a) Insufficient memory or system| a) Shorten program and check
overflow. array dimensioning.
b) Erroneous CLEAR statement | b} Check CLEAR statement value.
specification. ¢} Use RAM expansion pack.
2 | 8N 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 formuia into smaller sub-
formulas
5 | BV error a) 1/O buffer overflow. 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 IO device not ready for Check connection and power switch
input/output. of /O device.
7 | RW error Error generated in /O device Check HO device.
operation.
8 | 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-l 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 allowable
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

statermnent.

b) lliegal command used in
direct mode or program
mode.

¢) llegal command used in CAL
mode. 7

d) Attempt to use undeclared
array.

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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Error

Meaning

code| Error message Correction
18 | UL error a) Branch destination line num- | a) Check line numbers,
ber does not exist.
b) Input of statement without b} Always use line numbers in
tine number in BASIC editing BASIC editing mode.
mode.

19 | TM error a) Mismatch of variable type and| Check for illegal numeric assign-

contents. ment to string variables or string
b) Mismatch of READ statement | assignment to 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 data 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 of FOR and
NEXT statements.

25 | GS error Mismatch of GOSUB and Check for matching of GOSUB and
RETURN statements. RETURN statements.

28 | OP error a) Attempt to access unopened | a) Execute OPEN statement.

fite.
b) Attempt to open already b) CLOSE file and then reopen.
opened file.

29 | AM error Attempt to use output-related Ensure proper use of input-related
command for device opened for | and output-related commands.
input or vice versa.

30 | FR error Framing error detected by Check RS-232C connection and
RS-232C port. data transmission method.

31 | PO error Parity error or over run error a) Check RS-232C connection and

detected by RS-232C port.
Erroneous read from
the casseite tape recorder.

data transmission method.

b) Adjust the playback volume of
the tape recorder.

c) Attempt using the phase which
is opposite’the current setting.

d) Clean the head of the tape -
recorder.




12-3 COMMAND/FUNCTION TABLE

COMMANDS
PASS ON GOTO BEEP
NEW (ALL) ON GOSUB 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
GOSUB 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 PI MID$
ASN LN FACT RIGHT$
ACS SQR NPR LEFTS
ATN CUR NCR LEN
HYPSIN ABS POL &H
HYPCOS SGN REC HEX$
HYPTAN INT CHR$ DEG
HYPASN FIX ASC DMS$
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12-4 RESERVED WORD LIST

A ABS FIFACT TION TROFF
ACS Fi1X QOPEN TRON
ALL FOR OR
AND FRAC ouT MVAC
ANGLE FRE VAL
AS (FIPASS VALF
ASC @eosus PBGET VAR
ASN GOTO PBLOAD VERIFY
ATN PEEK

HHEXS Pl WWR | TEH

(B)JBEEP HYP POKE

POL ®XOR

TICALC MIF PRINT
CHRS$ INKEYS$ PUT
CLEAR INPUT
CLOSE INT RIRANSH
CLS , READ
CcOSs ®KEY REC
CSR REM
CUR OLEFTS RESTORE

LEN RESUME
LET RETURN

DIDATA LIST RIGHTS
DEF LLIST RND
DEFM LN ROUND
DEFSEG LOAD RUN
DEG LOCATE
DIM LOG (E)SAVE
DMS $ LPRINT SET

SGN

EEDIT ™MMID SIN
ELSE MID$ SQR
END MOD STEP
EOF MODE STOP
ERASE STR$
ERL MNCR
ERR NEW @TAB
ERROR NEXT TAN
EXP NOT THEN

NPR T0 .




SPECIFICATIONS

Model:
FX-850P/FX-880P

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:
Trigonometricfinverse trigonometric functions (angle units: degrees, radians, grads),
logarithmic/exponential functions, square roots, cube roots, powers, hyperbolic/inverse
hyperbolic functions, conversion to integer, deietion of integer portion, absolute values,
signs, coordinate conversions, factoriats, 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( ), INKEY$, INPUTS, LEFTS, LEN( ), MID$( ), RIGHT${ ), STR$( ),

TAB( ), VAL( ), VALF( )

Other functions:
EOF( ), ERL, ERR, PEEK( )

Cazlculation range:

+1 x 107 ~ +9.999999999 x 10%® and 0. internal operation uses 12-digit mantissa.

Program system:
Stored system

Program language:
BASIC

RAM capacity:
EX-850P: Standard 8KB, expandable up to 40KB (Including 3KB in system area}.
FX-880P: Standard 32KB, expandable up to 64KB (Including 3KB in system area).

Number of program areas:
Maximum 10 (PO through P8)

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

401




402

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. 90 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 condltlon 2.

Memory protection battery:
Approx. 2 years (with main batteries installed)

Auto power-off:
Approximately 6 minutes

Ambient temperature range:

0°C to 40°C (32°F to 104°F)
Dimensions:

11.6 (H) x 193 (W) x 78 (D) mm

(1/27 (H) x 75/8” (W) x 3" (D})
Weight:

1979 (6.20z) including batteries.

Accessory:
Hard case



BASIC COMMAND INDEX

A
BH oo 155
ABS « o 137
ANGLE . ... o oieeiee e 129
ASC .o 147
ASNIACSIATN ..o 131
B
BEEP ..\ cveeeaeaeenn 117
c
CHRS ..o 146
CLEAR ....ooii e 89
CLOSE . . eeeieeeaeann 162
CLS .« ottt 115
CUR ... 136
D
DATA ..ot 108
DEFSEG. ... onenieieeeeanns 125
DEG ... eeieiieeaeeieenn 156
L 121
DMSS .. veeeeee e 157
E
0] 1 P 03
END ..ot 96
EOF e 166
ERASE . ...t oeeeeinienns 122
ERL . oveeeeeeeneanen 128
ERR . vt eee e 128
EXP oo 134
F
FACT « e ieeeeeeaaeen 142
FIX . e 139
FOR~NEXT....\ovieeeeeiennnn, 104
FRAC ... wotteeeeeeeeeenen 140
FRE « o eoneeeeeeeeieenn 91
G
GOSUB .. .oveeaeeeaeeaaennn 99
GOTO e 98
H
1= RSP 154
HYPASN/HYPACS/HYPATN.. . ... .. 133
HYPSIN/HYPCOS/HYPTAN ... .. .. 132

1
IF ~THEN ~ELSE/ :
IF~GOTO~ELSE...........103
INKEYS. .. oo e e ciie e 119
INPUT . . e 118
INPUT# oo oot . 164
INPUTS ..o ee et 120, 165
INT o e 139
L
[ = = PP 153
LEN .. 154
LET . e 107
LIST [ALL]............ N 92
LIST# oot oo e 170
LLIST ettt e e e e e 158
LLIST# oo e 171
LOAD, LOAD ALL............... 168
LOAD# - oo e et 172
0 07-Y | 114
LOGILN . e 135
LPRINT . . e ees 159
M
MIDS . . e 151
N
NCR .ot e 143
NEW [ALL]. ... ovveeianeaiannns 89
NEWZ oo 170
] =] = S 143
0
ON ERROR GOTO.............. 126
ON GOSUB......ocviieeiaennns 102
ON GOTO . ..o 101
(o)== [ 161
p
PASS .ot 88
PEEK . oottt e 123
Pl o 142
POKE ..\ e i i 124
=T E 144
PRINT . ... 111
PRINT# . o oooeeeeeeee e ciennns 163
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R
RAN oo 141
READ . ..., 109
READ# ..o 173
BEC .. oovt e 145
REM (). oo, 106
RESTORE ......... T 110
RESTORE# ........ocvvnn... 174
RESUME .. .....oooveennnnnn, 127
RETURN ..., 100
RIGHTS ..o 152
ROUND ..., 140
RUN . .o 94
s
SAVE, SAVE ALL............... 167
SAVE# .« ooeoee e 171
SET oot e 116
SGN ... 138
SINJCOS/TAN . ... 130
SQR .. 136
STOP ..ot 97
STRS oottt 148
T
TAB . oo 113
TROFF . oot 95
TRON ..o 95
v
VAL, .ot 149
VALF © oo 150
VARLIST ...ttt 93
VERIFY oo, 169
w
WRITE# ..o, 175
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