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INTRODUCTORY NOTES

Welcome to the world of SHARP owners!

Few industries today can maich the rapid growth and technological advances being
made in the field of personal computing. Computers that just a shori time ago
would have filled a huge room, required a Ph.D. fo program, and cost thousands of
dollars, now fit in the palm of your hand, are easily programmed, and cost so little
that they are within reach of nearly everyone.

Your new SHARP PC-E500 was designed to bring you state-of-the-art technology.
It incorporates many advanced features:

Programmable function keys simplify mode selection: You can choose the
desired mode just by pressing the corresponding programmable function key on
the Main Menu.

» Function calculation: You can perform function calculations with the ease and
efficiency of a function computer.

« Statistical and Regression Calculations: You can perform single-variable statis-
tic calculations or linear regression calculations. Stored data calculation lets
you confirm or correct data entry.

- Matrix Calculations: You can compute simultaneous linear equations (with n un-
knowns), inverse matrix, determinant, and transposed matrix calcuiations.

» Engineer Software: The Engineer Software resident in the PC-E500 lets you
recall mathematical, scientific, engineering and statistical constanis, formulas,
data, and functions and do calculations using those constants and formulas.
The items you want can be easily recalled from menus.

You can also include a program you create as part of the Engineer Software
and aceess it later from a menu.

+ Algebraic Expression Reserve (AER) Memory: Formulas or constants you fre-
quently use can be stored in memory and conveniently recalled for repeated
use.

High-precision calculations with 20 significant digits: Double-precision calculation
capability makes the PC-E500 suitable for application software requiring high
computation accuracy.

Existing software resources are available: Software packages developed for our
previous pocket and portable computers are compatible with the PC-ES00.
Easy-to-use editing features: Large, single-function edit keys ((DEL], [ BS §, [ INS |}
for data correction or deletion make data editing easier. In addition, the AUTO,
RENUM, and DELETE commands simplify program editing.

Optional pocket disk drive (Model CE-140F): Enables you to write or read a pro-
gram or data quickly and easily, compared to tape recorders. You can also use
the COPY command for simple data backup. The CE-140F is battery powered.
RAM disks let you store programs and data just like a diskette:

Part of the internal memory can be used as a RAM disk, which lets you save
and load your programs and data just as you would using a diskette. An optional
RAM card, if installed in the PC-E500, gives you additional space for RAM disks,
data memory, and program memoty (see page 18).




» A serial /O interface: Allows direct computer-to-computer communication and
also attachment of the versatile CE-515P color plotter/printer.

Congratulations on entering an exciting and enjoyable new world. We are sure that
you will find this purchase one of the wisest you have ever made. The SHARP PC-
E500 is & powerful tool, designed to meet your specific mathematical, scientific, en-
gineering, business and personal computing needs. With the SHARP PC-E500 you
can begin NOW to provide the solutions for tomorrow!

NOTICE

« SHARP strongly recommends that separate permanent written records be kept
of all important data. Data may be lost or altered in virtually any electronic
memory product under certain circumstances. Therefore, Sharp assumes no
responsibility for data lost or otherwise rendered unusable whether as a result
of improper use, repairs, defect, battery replacement, use after the specified
battery life has expired, or any other cause.

« SHARP assumes no responsibility, directly or indirectly, for financial losses or
claims from third persons resulting from the use of this product and all of its
functions, such as the loss of or alteration of stored data, eic.

 The information provided in this manual is subject to change without nofice.
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USING THE PC-E500 FOR THE FIRST TIME
Installing Batteries

The PC-E500 uses two types of batteries: four AAA dry batteries to power the com-
puter itself, and a lithium battery for memory backup.

Install the four operating dry batteries and one memory backup lithium battery sup-
plied as follows:

Installing dry batteries
1. Remove the battery compartment lid
on the back of the PC-E500.

2. Insert the batteries properly with the
negative side first.

3. Be sure that the Memory Protect
Switch is in position A.

4, Replace the battery compartment lid.

Installing the lithium battery

1. Slide the lock on the back to the side
opposite to the LOCK position and
remove the RAM card slot cover.




2. Using a Philips screwdriver, remove
the screw retaining the battery com- @J
partment lid (turn over the PC-E500,
and the lid will drop off).

S /
3. Insert the supplied lithium battery, N

after wiping it with a dry cloth, with the
positive side facing up. When install-
ing, insert the edge of the battery
under the claw.

4. Replace the battery compartment lid
and secure it with the screw.

5. Replace the RAM card slot cover and
slide the lock to the LOCK position.

Resetting

Just after you have installed the batteries into the PC-E500, the internal status is in-

definite. You have to initialize the PC-E500 to make it ready for use:

1. While holding down the key, press the RESET button just beside the
key with a ball-point pen or any other appropriate device. Release the RESET
button before releasing the key.

Use only a bail-point pen or other
similar device to press the RESET but-
ton. Do not use a mechanical pencil
with its lead exposed or a device with
a sharp point, such as a sewing
needle.

Immediately after the RESET button has been pressed, the PC-E500 will display
either of the following displays, A or B. If any other display appears, perform the
above operation again.

The PC-E500 asks you te confirm that you wish to clear the memaory.

{Display A)
ST(MAIN) NEW CARD
PF1 ——— INITIALIZE
(Display B)
STIMAIN) .
ALL CLEAR 0K? (Y/N)




2. If display A appears, press the key. If display B appears, press the
key. The following Main Menu will be displayed. This display also shows that in-
ftialization is complete and the entire memory within the PC-E500 is cleared:

DEG
CAPS

| MAIN MENU

BASIC 1l CAL 1IMATRIXIL STAT 1L ENG 1

f

3. Press the key, and the system will display the following BASIC mode dis-
play:

DEG
AUN CAPS

Checking for Normal Computer Operation

To confirm that the PC-E500 is functioning normally, enter:

LF LR I[EJ[B | FREZ
(Zero key) 28609

if the display appears as shown above, the PC-E500 is functioning normally and is
in the Command Prompt mode.
The number “28600" indicates the memory capacity available for program or data.

Note:
if the PC-E500 fails to display as indicated in any of the steps above, read the
description of the relevant step again and retry cerrect operation for that step.



USING THIS MANUAL

We designed this manual to intraduce you to the capabilities and features of your
PC-E500 and to serve as a reference tool. It has been divided into five parts, each
of which introduces a particular aspect of the PC-E500. Although the manual is in-
tended ultimately as a reference, we suggest that you carefully read the introductory
chapters of Part 1 (hardware) and Part 2 (operation) before operation. The PC-
E500 is a powerful tool and has many valuable and time-saving functions that even
the seasoned computer buff will be pleased to discover!

Part 1: Hardware
The first chapter of Part 1 provides an introduction to the features of the
PC-ES00. Chapter 2 describes the basic handling of the computer, the
operation of keys, and the meanings of various display symbols. Both
Chapters 1 and 2 are essential reading. Subsequent chapter deal with
RAM card memory and peripheral devices (such as printers and disk
drives).

Part 2: Direct Input Operation
Part 2 is devoted to use of the PC-E500 as a calculator (scientific, statistic
and matrix) or “direct input” computer. Direct input refers to the inde-
pendent use of BASIC commands (that is, commands not within a BASIC
program).

Part 3: Program Operation
Part 3 introduces the BASIC programming language as implemented on
the PC-E500. Even if you have programmed in BASIC before, we hope
you will read this part thoroughly, since the BASIC language has many
dialects. This part also contains time-saving information in the form of
programming shortcuts and debugging techniques.

Part 4: Basic Reference
Part 4 is an alphabetic listing of the numeric functions and BASIC com-
mands used in programming the PC-E500. Many of these commands can
be used in the direct input modes of the PC-ES00.

Part 5: Appendices
Part 5 contains mainly reference material such as code tables, error mes-
sages and specifications. You will also find tips on how to keep your PC-
E500 in good condition.

This manual is not intended to be a self-teaching course in BASIC, the complete
description of which is beyond the scope of this manual. If you have never
programmed in BASIC, you should buy a separate book or attend a class on the
subject before frying to work through this manual.



To use the Engineer software refer to page 49. Follow the flowchart to use the ap-
propriate operation mode

Start
Simple or YES ! Repetitive YES
scientific cal- calculation?
culation? NO
NO
. Calculate with
Used for ex- Calculate expressions. Program a new
periments or |- with expres- | (Refer to page 149.) expression or per-
projects? sion or with form calculation
2 i 2
VES NO numbers? with a stored ex
pression?
Program a new
expression.
Calculate with =
v numbers. CAL (Refefl_’mﬂi
YES Perforn‘E {Refer to page 33.) page 117.)
regression
calculation?
NO Calculate with
stored expression.
{Refer to page 121.)
NG | Perform matrix
operation? BASIC
YES
RUN
1] MATRIX
Perform NO (Refer to page 138.)
statistical % PRO
calculation? (Refer 1o page
YES L 180.)
STAT
(Refer to page 123.)




The Protective Cover
Your computer is supplied with a cover to protect the operation panel when the com-

puter is not being used.

= When the computer is to be used, remove the protective cover from the com-
puter as shown below.

» When the computer is not being used, slide the protective cover over the opera-
tion panel, as shown below.

// N

—] | /

LL
LLLL
LLLL




PART 1

HARDWARE

The first chapters of Part 1 introduce the
features of the PC-E500*, describe the han-
dling of the computer, the operation of the
keys, and the meanings of the various dis-
play symbols. Subsequent chapters
describe the use of RAM cards and
paripheral devices (such as the disk drive,
the printer and the cassette tape recorder).

* The PC-E500 is hereafter referred to as
“the computer”.



The SHARP computer features a QWERTY-style keyboard layout that is similar to
conventional typewriters, a liquid crystal display (LCD) with adjustable contrast, a
RAM slot, and an 11-pin interface connector and a 15-pin serial /0 connecior for at-
taching various optional equipment.

The foliowing pages describe the individual parts of the computer to acquaint you
with their location and functions.

®
e r— =ﬁ
SHARP  rocker coMruER Fe-ESoo %@%m%g«@ﬁ?ﬁ;%ﬁf&
Fatchyp sin=1 __©
e o] o (5 ) (o
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@ | CA TAATRIX STAT j
[P I"FF‘2_1 e 2 e B

@—-@-E@IIIE@EI — =l s
o |EFpmErnemenn | E Bk
ENEHErEEEan |l EE S b
&) m--lmm-”“‘”"”‘ IR O EE

o

« The [0k ] and [OFF keys have been recessed into the keyboard so that they
are not pressed by mistake.

e Pressing the [0 key while holding the key will toggle the beep sound
for key entry. Setting the beeo while in the BASIC mode Is effective in other
operation modes.

1. Keyboard

With its typewriter-style layout and numeric keypad, the keyboard has 89 keys, in-
cluding a number of special-purpose keys.

2. LCD Screen

The display has four lines of 40 characters each. The contrast of the extra-large
characters is fully adjustable for comfortable viewing.

3. Programmable Function Keys
These keys are used to select operation modes, programs, BASIC statements, or
other user-assigned functions.

4. 11-Pin Connector
Use the 11-pin connector to link the computer directly to optional peripheral equip-
ment such as the disk drive (CE-140F), the cassette tape recorder and the
printer (CE-126F), or to the optional interface unit (CE-124).

8



5.

15-pin Serial /O Connector
Use the Serial /0 connector to link the computer directly to optional peripheral
equipment such as the color plotter/printer (CE-515P).

. LCD Contrast Dial

Adjust this dial to lighten or darken the screen to suit the viewing conditions.

. RESET Button

If the computer “hangs-up” for some reason during operation, the keyboard will

be inoperative. It may be impossible to use the power switch or key to res-
tart the computer. Press the RESET button to clear the memory and restore the
computer to the condition at power-on. Use this switch with caution as you rigsk
losing data and programs. See Appendix D for details on the use of this button.

f 1)
L =
o—{— T |
o [moy ’ aE

- | )
c I o 4

o

8. RAM Card Slot

10.

This slot houses an external RAM card which provides additional memory
workspace and supports RAM disks. RAM cards of different capacities can be in-
stalled here. See Chapter 3 for details on how to use RAM cards.

. Operating Battery Compartment

This compartment houses the four dry batteries required to power the computer.
See Chapter 2 for details on replacing batteries.

Backup Battery Compartment
This compartment houses one lithium battery required to backup the internal
memory.



Turning On

Press the key in the left-hand area of the computer keyboard. The computer
will be turned on in one of the following three modes depending on the last mode

selected:

1. If the computer was last turned off in the Main Menu, MATRIX, STAT, or ENG
mode, it enters the Main Menu when turned on.

QEG

CAPS

MAIN MENU
([BASIC 1l CAL IIMATRIXIL STAT 1LENG |

2. If the computer was last turned off in the RUN, PRO, or AER mode, it enters the

RUN mode when turned on.

-

RUN

DEG

CAPS

3. If the computer was last turned off in the CAL mode, it returns to the CAL mode

when turned on.

=

CAL

DEG

Note:

If the warning indicator appears in the upper right corner of the display, it indi-
cates that the battery has almost run out. Immediately save all stored program or
data to a cassette tape or other permanent storage medium, then replace the bat-

teries (see pages 14 and 25).

When the computer is turned on or off, you may see the display blacked out or ir-
relevant dots, line, or symbols appearing on it momentarily, but these are not un-

usual.
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Auto OFF

To preserve battery power, the computer automatically turns itself off if no key has
been pressed for about 11 minutes. However, the Auto OFF feature takes effect in
about one minute if the RESET message (see page 2) is currently being displayed.

Press the key to repower the computer if it has turned itself off.

The Auto OFF feature remains inactive when the computer is executing the INKEY$
or INPUT$ command. Howevet, it is active when the computer is executing the
INPUT command.

If the computer is left unused for a long period of time with the Auto OFF feature in-
active, battery power will eventually be consumed, causing any stored programs or
data o be lost.

Key Notation in this Manual

mew  ——[ 00 ] :  Turns the power on.
~t———[BREAK] : Interrupts the operation or calculation.

w ———MENU] : Displays the Main Menu.
—L—[SHIFT] + . Sets the computer in the CAL mode.

st ——|sin] : sinkey
— [ond 7[5 sin” key

When numerals, characters, or symbels printed on the keys or just above each key
are referred to in this manual, only the pertinent letters will appear, with key boxes
or the key omitted, as shown in the following example:

[S1[A1[A] "] P J— SHARP
[SHIFT] + | R 1 51— %45
The Difference between the [SHIFT| and [2nd F| Keys

The [SHIFT] and [2nd F| keys are functionally identical. The only difference is that
the key must be pressed and held down when you press any other key,
whereas the key allows you to press and then release it before you press
any other key. In this manual, the key is used in the description of calcula-
tions in the CAL mode and calculations of functions, whereas the key is
used for all other descriptions.

+ Where a space must be entered with the key, it Is Indicated by symbol —.
in this manual, for example:
"SHARP _EL-865._._WN-104"
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Keys may appear in their full boxed images in this manual, such as I?II, whenever
needed.

To discriminate the number zero from the capital letter “O,” the zero appears as
“D" on the PC-E500’s display. In the descriptions in this manual, the number zero
will also appear as “0” whenever it may be confusing.

The Display

DEGRAD HYP PAINT
BUSY DAL AUN PRO 2ndF CAPS E €Lkl

The computer has a four line 40-character dot-matrix liquid crystal display with a
status line above. Each character occupies a 5 x 7 dot matrix. The display shows
menu labels, key labels, and calculation processes.

In BASIC mode the display shows:

- The Prompt. This symbol appears when the computer is waiting for input

in the BASIC mode. As you type, the prompt disappears and is replaced
by the cursor.

The Cursor. This symbol tells you the location of the next character to be
typed in. As you begin typing, the cursor replaces the prompt. The cursor
can be positioned over particular characters when using the INSert and
DELete functions. The block cursor changes to an underline cursor when
not positioned over an existing character.

The status line consists of:

BUSY Displayed while the computer is executing a program or command.

DBL In BASIC modes, this tells you that double-precision calcuiation mode
has been specified, and that up to 20 digits can be used.

2ndF Displayed when the key is pressed and disappears with sub-
sequent key entry. Remember, the key must be released before
pressing any other key if that key's second function is to be used.

CAPS Indicates that the computer is in the CAPS Lock mode, in which all al-
phabetic characters are entered in uppercase. When this indicator is not
on the display, all alphabetic characters are entered in lowercase. The
key lets you select or deselect the CAPS Lock mode.

DEG Indicates that the Degree mode is selected for angular functions.

RAD Indicates that the Radian mode is selected for angular functions.

GRAD  Indicates that the Gradient mode is selected for angular functions.

12



HYP

RUN
PRO

PRINT

Note:

Displayed when the key is pressed, indicating that a hyperbolic
function has been selected. If are pressed, a phrase, 2ndF
HYP, comes on to indicate that an inverse hyperbolic function has been
selected.

Indicates that an ERROR has occurred.

Indicates that the operating batteries are low and should be replaced as
soon as possible.

Indicates that the computer is in the RUN mode.
Indicates that the computer is in the PROgramming mode.
Indicates the computer is ready to send daia to the printer in the RUN

mode. Press + keys to toggle on and off. (Only available
when the optional printer is connected.)

Japanes symbols “#7 " and “J'3CF " may appear faintly on the top right of the dis-
play. These symbols do not affect any function or operation of the computer.

For Display Exceeding 4 Lines

The display consists of 4 lines (40 character per line). Key entries or calcuiated
results are displayed from the top line of the display. If the characters to be dis-
played exceed 4 lines, the displayed contents will be moved up by 1 line (the first
displayed line will move off the top of the display).

Contrast Control

Contrast control

Turn the control in the direction of the
arrow for darker display, and tumn it the
opposite direction for lighter display.
Adjust it so that the display is easy to see.
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Battery Replacement

The computer uses two types of batteries - i.e. four Type-AAA dry batteries for
powering the computer itself, and a lithium battery for memory backup.

If the operating dry batteries are discharged when the CE-126P printer is used with
the computer, power will be supplied from the CE-126P, so the current drawn from
the operating batteries will be reduced.

Operating Battery Replacement Timing

If the indicator appears in the upper right corner of the display, it indicates that
the operating batteries are discharged. Immediately replace them with new ones. If
you continue to use the computer with the €21 warning on the display, the com-
puter will eventually turn off. After this, the computer cannot be turned on even if
you press the key.

If an optional peripheral device is connected to the computer, the computer power
may be supplied from the device. Note that, in this cass, the warning will
remain off even if the computer's operating batteries are discharged. Before use,
temporarily disconnect the peripheral device and check to make sure that the
warning does not appear on the display.

« While you are replacing the dry batteries, the memory is backed up by a lithium
battery. However, if you have purchased an optional peripheral device, we recom-
mend that you save the program and data from computer's internal memory to
the storage device.

Replacing Operating Batteries

If the dry batteries require replacement, follow the replacement procedure below. If
the procedure is not followed properly, the computer may remain inoperative or the
life of the memory backup battery may be shortened.

» Prepare the following types of batteries:
Operating battery: Four Type-AAA dry batieries
Memory backup battery: One lithium battery (CR2016)

—

. Press [ ON_| then |_OFF 1o turn the computer off.

2. If a RAM card is installed in the computer, remove it by referring io the descrip-
tions on page 18. If you replace the batteries with the RAM card left installed in
the computer, all the contents of the RAM card memory will be erased.

3. Remove the battery compartment lid.

Battery compariment lid é
<

Lock
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4. Slide the Memory Protect Switch to
position B.

Caution:

If you replace the batteries with the Memory Protect Switch left at position A, the
contents of the memory will be erased.

5. Remove the used batteries from the
compartment and insert the new bat-
teries into it, after wiping each battery
with a dry cloth. Insert the negative
side first.

Replace all four batteries at one time.

6. Press the RESET button. Do not
reinstall the RAM card at this point.

A\

5

YY)
00(\(‘

\$)

\o
\

RESET button

¢

| NO MEMORY

The message above will then appear and the computer will turn off in about 3

seconds. If no message or any other message appeared, press the RESET button
again.

Note:
No message will appear if the lock at the back is not in the LOCK position.
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7. Install the RAM card by referring to the description on page 18. After installing it,
be sure to slide the lock to the LOCK paosition. Otherwise, the computer will not
operate.

8. Slide the Memory Protect Switch back
to position A.

Note:
The computer will remain inoperative unless the Memory Protect Switch is set to

position A,
E\% /
Backup Battery Replacement Timing

The memory backup battery has a backup capacity of about 2 years at room
temperature {20°C/68°F). The contents of the memory remain intact for this duration
even when the operating batteries are discharged or are being replaced. Note, how-
ever, that the backup battery will discharge quickly if the operating batteries are left
discharged or are removed.

9. Replace the battery compartment lid.

Note:
The battery life may be shortened under harsh operating environments with, for ex-
ample, temperature extremes.

Replacing the Memory Backup Battery

When replacing the memory backup battery, check to make sure that the four dry
batteries for the computer are not low (no warning appears). If they are low,
first replace the four dry batteries before replacing the backup battery. If you
remove the backup battery when the dry batteries are low, the contents of the
memory may be lost.

Follow the replacement procedure below:

1. Press [ ON | then [_OFF ] to turn the
computer off.

2. Slide the lock at the back of the com-
puter 1o the side opposite to the LOCK
position and remove the RAM card
slot cover.

RAM card slot
cover
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3. If a RAM card is installed in the com-
puter, remove it.

4, Using a Philips screwdriver, remove
the screw retaining the battery com-
partment lid and remove the lid {turn
over the computer, and the lid will
drop off}.

5. Remove the used battery from the
compartment, and insert the new
lithium battery into it, after wiping it
with a dry cloth. Insett the baftery with
the positive side facing up. When in-
stalling, insert the edge of the battery
under the claw.

6. Replace the battery compartment lid and zecure it with the screw.
7. Reinstall the RAM card if you have removed it.
8. Replace the RAM card slot cover and slide the lock to the LOCK position.

Battery Handling Notes

Batteries, if misused, can explode or cause electrolyte leakage. Pay special atten-

tion to the following points:

1. Be sure to replace all four dry batteries at the same time.

2. Do not use new batteries with used batteries in the same unit.

3. Replacement batteries should be of the same type as those to be replaced.
Some types of batteries are rechargeable, while other types are not. Carefully
read the type description on the battery and choose the unrechargeable type.

4. Insert the batteries in the correct orienfations as indicated in the battery compart-
ments.

Caution:

+ Keep batteries out of the reach of children.

+ Remove used batteries from the compartment. Otherwise, the computer may be
damaged from electrolyte leakage.

» Do not throw batteries into a fire as this may result in an explosion.
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The computer has a standard 32K byte internal RAM for storing programs and data.
This is large enough for most programs and calculations, but can be expanded by
the addition of an optional RAM card in the slot on the underside of the computer.
RAM cards are available with capacities of 8K bytes to 64K bytes. All contain a
lithium battery to back up their contents even if removed from the computer, and so
can be used as a fast alternative to a disk drive or cassette tape. Each card can be
configured to store data or programs or both, and can be installed in or removed
from the computer at will (see MEM$ and FRE for configurations, and INIT for in-
itialization of the card).

Number of Files

RAM cards can be used to store either program or data files, or both. The number
of files that can be stored on any one card is limited by the size of the files and the
space automatically aliotted on each card for its directory. The following list gives
the maximum number of files (program and data) that can be stored on an initial-
ized RAM disk F.

Disk size No. of files
2K bytes 5
3 — 4K bytes 8
5 — 8K bytes 16
9 — 12K bytes 24
13 — 186K bytes 32
17 — 20K bytes 40
21 — 24K bytes 48
25 — 28K bytes 56
29K bytes or more 64

Installing or Replacing the RAM Card

« The RAM card, once installed, should not be removed except when it is to be
replaced with another RAM card or when its battery requires replacement.

« After you have installed a new RAM card or reinstalled a RAM card whose back-
up battery has been replaced, be sure to carry out the following initialization:
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First press the key to turn the computer on, and the following messages will
appear:

S2 (CARD) :NEW CARD

PF1 —= INITIALIZE
PF2 ——— DO NOT INITIALIZE

Press the key to ready the RAM card for use in the computer.

The following describes how 1o install or replace the RAM card:

1. Press | 0H ] then [ OFF ] to switch the computer off.

2. Open the RAM card slot by sliding the lock and remove the slot cover. If no
RAM card is in the slot, go to step 4.

]
(]

Lock

3. Slide the card mounting/removal latch in the direction of the arrow as shown in
the figure. This releases the RAM card from the tab so that it can be removed.

Card mounting/removal latch

4, Take the replacement RAM card out of its case and put the RAM card just
removed from the slot into the case.

SO
RAM card case s
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5. Insert the terminal end of the replacement RAM card as shown by the arrow.

Card mounting/
removal latch

Caution;

Never insert the opposite end
of the card as this may cause
short-circuit failure which can
lead to permanent damage to
the computer.

7. Replace and lock the slot cover.

Caution

The computer will not operate

unless the cover is locked.

If you forget this, lock the cover,
= switch the power off and then
switch it on again,

RAM Card

The three major purposes of the RAM card are:

1. To expand the computer's memory space.

2. To store programs for use as a program card (set up for RAM disk F).

3. To store programs and data for use as a program and data card (set up with
MEM$="52").

The program or data stored on the RAM card can be kept intact with the backup

baitery even after the RAM card is removed from the computer.

Note:
Carefully read the Operation Manual for the RAM card as well.
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Caution:

The RAM chips on the RAM card are sensitive to static charges. Static charges
build up in your body as you walk on a carpet. Before handling the RAM card,
touch a door knob or any other metal structure to discharge yourself. Never touch
the RAM card terminals under any citcumstance.

The table below gives the capacities of each of the optional RAM cards and its ap-
proximate battery life:

RAM card Capacity MEM$="52" Battery life MEM$="RB"
CE-212M 8K bytes 7725 bytes Approx. 15 months 36792 bytes
CE-2H16M 16K bytes 15917 bytes Approx. 14 months 44984 bytes
CE-2H32M 32K bytes 32301 byies Approx. 14 months 61368 bytes
CE-2H64M 64K bytes 65069 bytes Approx. 12 months 94136 bytes

Note 1. The capacities under "S2” in the table above indicate the capaciiies of the
user {program and data) areas available with MEM$="S2" configuration.

Note 2. Battery life indicates the time period over which a new battery can back up
the contents of the BRAM card {with the RAM card removed from the com-
puter).

Note 3. The capacities under “B” in the table above indicate the capacities of the
user (program and data) areas available with the computer’s internal
memory plus RAM card, with the configuration set to MEM$="B".

If RAM disks E and/or F are used, the user areas are reduced accordingly.

How To Use the RAM Card

Leaving Installed RAM Card Unused

If you wish to use only the computer's internal memory, leaving the installed RAM
card unused, use the following configuration:

MEM$="S1"

In this case, however, RAM disk F within the RAM card remains available.

Using Only the RAM Card

It you wish to use only the RAM card, leaving the computer's internal memory un-
used, use the following configuration:

MEM$="52"

In this case, RAM disk E and Algebraic Expression Reserve (AER) memory area
within the computer memory remain available. You can use the RAM card in
another PC-E500 only if you are not using RAM disk E or AER memory area within
the computer's memory. Programs and variables (including fixed variables) are
stored in the RAM card, whereas formulas and program function key designations
are stored in computer's internal memory.
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Using the RAM Card as Additional Memory Space

If you wish to use the RAM card as memory space additional to the computer’s in-
ternal memory, use the following configuration:

MEM$="B"

In this case, RAM disk F becomes unavailable, while RAM disk E remains avail-
able. Note that, before changing the configuration to MEM$="B,” the RAM card
must be cleared of all contents.

When you want more RAM disk capacity, it is recommended that you use RAM
disk F with MEM$="S1" configuration, rather than RAM disk E with MEM$="B" con-
figuration. MEM$="S1" configuration allows you to use the RAM card in another PC-
E500 or more than one RAM card just as you would use floppy disks.

When the RAM card is used as additional memory space, it is not usable in another

PC-E500, as it must always be used in conjunction with the computer's internal

memory. _

If you wish to expand memory space using the RAM card without clearing the pro-

gram or data currently stored in the computer’s internal memory, follow the steps

below to initialize only the RAM card (“S2” config.):

t. Tum the computer off, and install the RAM card.

2. While holding down the key, press the RESET bution, then release the
RESET button before releasing the key.

3. Either press the key to clear data from the RAM card (S2) or press
io initialize the RAM card.

4. Press the [_N_] key to tell the computer not to clear the program or data from
the computer’s internal memory (S1)*.

5. Enter: MEM$="B" in the RUN mode.

If you inadvertently press the key in step 4 above, all program or data
will be cleared from the computer's memory. It is strongly advised that you
save all programs or data to tape or another medium before performing the
above procedure.

Switching the Memory Configuration

The memory configuration can be switched between MEM$=“S1" and MEM$=+S2”
and between MEM$="31" and MEM$="B."

(Memory configuration switching)

HS1IJ IR “82”
I
“B"

Example:

To switch memory configuration from MEM$="S1” into MEM$="52":
Enter: MEM$=+S2"
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First specify the destination memory configuration, then press the key. With
“S1” configuration, only the computer’s internal memory is used, whereas “S2" con-
figuration lets the system use only the RAM card. Thus, you can use different
programs and/or data stored in different areas by switching memory configuration
between “31” and “S2."

When switching from MEM$="S2" to MEM$="B," first select MEM$="51" configura-
tion, press the RESET button to clear all data from the RAM card, and then select
MEM$=“B" configuration.

Supplement:

If you wish to replace the RAM card with one having a larger capacity when the

memory is configured with MEM$="B,” you have to temporarily switch configuration

from MEM$="B" to MEM$=“S1" before you replace the RAM card. Note that, in this

case, the contents stored with MEM$="B" configuration should not exceed the

capacity of the computer's internal memory. If this is exceeded, follow the steps

below:

1. Temporarily save the program and/or data to a cassette tape or pocket disk.

2. Erase the saved program and/or data from memory.

3. Enter: MEM$="51"

4. Turn the computer off, then replace the RAM card with the larger capacity, then
turn on again.

5. While holding down the key, press the RESET button, then release the
RESET buiton before releasing the key.

6. Either press the key to clear data from the RAM card (S2) or press
1o initialize the RAM card.

7. Press the [_N__| key to tell the computer not to clear the program or data from
the computer's internal memory (S1).

8. Enter: MEM$="B" in the RUN mode.

9. Reload the saved program and/or data from the cassette tape or pocket disk into
the computer.

23



The computer can be used with the following optional SHARP peripherals:

MODEL DESCRIPTION CONNECTOR
CE-140F Pocket Disk Drive 11-pin connector
CE-126P Printer/Cassette Interface 11-pin connector
CE-124 Cassette Interface 11-pin connector
CE-515P Color Plotter Printer via CE-516L

A brief description of each unit is given below. For detailed information, refer to the
individual operation manuals. See Chapter 3 for information on which RAM cards
can be used with the computer.

CE-140F Pocket Disk Drive

The CE-140F Pocket Disk Drive (2.5 inch micro-floppy disks), which connects direct-
ly to the 11-pin connector on the left side of the computer, is similar to the floppy
disk drives that are generally available for personal computers. It enables you to
write or read a program or data more quickly and easily than when using a cassette
recorder. In addition, it enables you to access a data storage location mere quickly
and 1o use the COPY statement for simpler data backup. The CE-140F is battery-
powered, making it truly portable.

Refer to the CE-140F Operation Manual supplied with the disk drive for instructions
for connection to the computer.

CE-126P Thermal Printer/Cassette Interface

The optional CE-126P Printer/Cassette Interface allows you to add a printer and io
connect a cassette recorder to your computer.

The CE-126P features:

24-character wide thermal printing.

Convenient paper feed and tear bar.

Simultaneous printing of calgulations, if desired.

Easy control of printer output from BASIC programs.

Built-in cassette interface with remote function.

Manual and program control of recorder for storing programs and data.
Dry battery operation for portability.

To connect the computer to the CE-126P, refer to the operation manual supplied
with the CE-126P.
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CE-515P Color Plotter/Printer (Color Printer)

The computer can be connected to the optional CE-515P Color Printer.
The CE-515P features:

» Color graphic printing.

* Printing of geometric shapes such as circles and squares.

» Character size selection.

+ Drawing line selection (e.g. solid ling, dotted line.)

CE-124 Cassette Interface

This device is required when interfacing the computer to a cassette recorder to
save and load programs fo tape (unless the built-in interface on the CE-126P
printer is used). It plugs into the 11-pin connector on the computer and into the
MICrophone and EARphone jack inputs of the recorder. Use a cassette recorder
that meets the following specifications:

ltem Requirements

1. Recorder Type Any standard cassette or micro-cassette recorder

2. Input Jack "MIC" mini input jack {never the “AUX" jack)

3. Input Impedance Low input jack impedance (200 — 1000 ohms)

4. Minimum Input Level Below 3 mV or —50 dB

5. Quiput Jack EXTernal, MONITOR, or EARphone mini output
jack, or equivalent

6. Output Impedance Below 10 ohms

7. Quiput Level Above 1V {maximum practical output above
100 mW)

8. Distortion Within 156% (range: 2 kHz to 4 kHz)

9. Wow and Flutter 0.3% maximum (WRMS)

10. Other Stable speed recorder motor

Using the Cassette Interface

Recording (saving) onto magnetic tape
See Tape Notes.

1. Switch off the REMOTE switch on the CE-126P.

2. Enter a program into the computer.

3. Load the tape in the recorder. Advance the tape to the position where you want
the program to be recorded, being careful to avoid the clear tape leader (non-
magnetic mylar material) and any programs previously recorded.

4. Connect the red plug on the interface to the MIC jack on the tape recorder, and
the black plug to the REM jack.

5. Switch on the REMOTE switch.
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6. Simultaneously press the RECORD and PLAY buttons on the tape recorder.

7. Enter recording instructions (CSAVE command, SAVE command), and press the
key to start execution as follows.
First, set the computer to RUN or PRO mode. Next, press the following keys:

CSAVE *“filename”
For example: CSAVE “AA”

The tape begins to rotate when you press the key, leaving about an 8-
second non-signal blank (beep tone is recorded). The filename and disk contents
are then recorded.

To output data, enter statements in the program as shown in the following ex-
ample:

100 OPEN “CAS:DATA” FOR OUTPUT AS #2
110 PRINT #2, AB,C$,D(5)
120 CLOSE #2

8. When recording is complete, the PROMPT symbol (>} will be displayed and the
tape recorder will automatically stop. Now you have your program on tape (it
also remains in the computer).

Use the tape counter on the recorder to locate programs on tape.

Verifying a Saved Program

After transferring a program to or from tape, you can verify that the program on
tape and the program in the computer are identical (and thus be sure that data is
correct before continuing programming or running programs) using the CLOAD?
cormmand.

1. Switch off the REMOTE switch.

2. Position the tape just before the file that you want to check.

3. Cannect the gray plug o the EARphone and the black plug to the REMote jack
sockets.

. Switch on the REMOTE switch.

. Press the PLAY button.

. Enter a CLOAD? command and start execution with the key. Do this as
follows: Set the computer to RUN or PRO mode. Enter the following key se-
quence:

oy A~

The filename you entered previously.

CLOAD? “AA”

The computer will automatically search for the specified filename and compare the
contents on tape with the contents in memory.

When the specified file name is found on the tape, an asterisk(X) is automatically
appended to the line typed in on the screen. This indicates that checking has
started.

The PROMPT symbol (>) is displayed if the programs are identical.

If the programs differ, execution will be interrupted and an error message displayed.
If this happens, try again.
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Loading from Magnetic Tape
See Tape Notes.

To load a program from magnetic tape into the computer, use the following proce-
dure:

1.
2.

3.

Switch off the REMOTE switch.

l.oad the tape in the tape recorder. Position the tape just before the portion to
be read out.

Connect the gray plug to the EARphone and the black plug to the REMote jack
sockets (if the recorder has no REMote socket, use the PAUSE bution to control
tape movement manually).

. Switch on the REMOTE switch.
. Press the PLAY button on the tape recorder (playback mode).

Set the VOLUME control between middle and maximum.
Set TONE to maximum treble.

. Enter transfer instructions (CLOAD command, LOAD command), and press the

key in the following manner:
Put the computer into RUN or PRO mode. Then press the following keys:

CLOAD *filename”
For example: CLOAD “AA”

The specified filename will be automatically searched for and its contents frans-
ferred to the computer.

Once the specified file is found on tape, loading begins. This is indicated by an
asterisk{Xx) that is automatically appended o the line typed in on the screen.

. When the program has been transferred, the computer will automatically stop the

tape and display the PROMPT {>) symbol.
If an error occurs, try loading again from the beginning. If an error occurs again,
repeat the process after adjusting the voiume up or down a little. If no error code

is displayed but the tape does not stop, something is wrong. Press the
key to stop the tape and try again.

Tape Notes

1.
2.
3. Using an AC adaptor for the CE-126PF interface can occasionally cause hum

4,

Always use the same tape recorder for checking or loading that was used for
saving the program. Using a different model may generate errors.
Use high quality cassette tapes only. Standard audio tapes should not be used.

which affects the recording signal. If this happens, switch to battery use.
When reusing an old tape for recording programs, erase all old programs on the
tape before recording.

Using the CE-126P Printer/Cassette Interface

Using the Printer

if you are using the computer for direct input calculations (in the RUN mode only),
you may use the CE-126P to simultaneously print your calculations. Press the
key and then the key (P<>NP) while in the RUN mode.
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Press the key at the end of a calculation. This prints the contents of the dis-
play on one line and the results on the next.
For example:

Input Paper

300/50 300/50

You may use the printer from within BASIC programs by using the LPRINT com-
mand (see the BASIC COMMAND DICTIONARY for details). Use LPRINT in the
same form as the PRINT command.

You may also list your programs on the printer with the LLIST command (see the
BASIC COMMAND DICTIONARY for details). If used without line numbers, LLIST
will list all program lines currently in memory in their numerical order by line num-
ber. A line number range may also be given with LLIST to limit the number of lines
that will be printed. When a program line is longer than 24 characters, two or more
lines may be used to print one program line. The second and succeeding lines will
be indented so that the line number will clearly identify each separate program line.

Notes:

= When the printer is exposed to strong external electrical noise, it may print num-
bers at random. If this happens, press the key to stop the printing. Switch
the CE-126P off, then on, and then press the [CsCE| key. Pressing the [TeGE] key
will return the printer to its normal condition.

» When not in use, switch off the CE-126P to prolong battery life.

Using the CE-515P Color Plotter/Printer

Connection of the optional CE-515P Color Printer to the computer allows you to ob-
tain hard-copy outputs of programs and calculation resulis as well as graphic prin-
touts in multiple colors. The CE-515P draws a chart or diagram with four different
color pens. The CE-515P requires a cable (CE-516L) for connection to the serial
IO interface.

Color Printer Notes

The BASIC commands used in the computer include various printer commands ap-
plicable to a colar dot printer or color plotier/printer, as well as the LLIST and
LPRINT commands for printing programs and calculation results.

All the values of graphics-related commands except the ratio specification with
CIRCLE are truncated to whole numbers when these commands are executed.
The CE-515P color plotter/printer can be used only when the serial input/output in-
terface of the computer is in the “OPEN" state. Therefore, be sure to execute the
OPEN command before executing a printer command to the plotter/printer.
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Drawing Range and Coordinates of Graphics

When printing data in graphic form with the CE-515P, you may use a printer func-
tion called scissoring, whereby that portion of a figure or diagram that falls on the
printing paper is actually drawn and that partion outside the printing papers is im-
aginarily drawn. This function is very convenient when you wish to draw only a part
of a figure, but it is easier for you to prepare a program for drawing the entire fig-
ure, or when you wish to draw a large diagram, by dividing it into parts according to
the size of the printing paper.

However, if your program is incorrect, the figure that is intended to be drawn on the
printing paper may be drawn in the imaginary area, so be sure to program correcily
when you use this function.

The directions and positions required for drawing a line in graphics printing are ex-
pressed by X and Y coordinates. With the X coordinate for herizontal direction, "
indicates the leftward direction and “+”, the rightward direction. With the Y coor-
dinate for vertical direction, “+" indicates the upward direction and “-", the
downward direction.

Refer to the operation manual supplied with the printer for detailed information.

Serial 1/0 Function

The computer is equipped with a serial /O interface. This interface function can be
used to connect the optional CE-515P color printer to the computer for graphic print-
ing in multiple colors and to allow data transfer between the computer and a per-
sonal computer.

Note:
Exercise care, since applying a voltage exceeding the allowable range of the com-
puter to the /O terminal may damage the internal parts.

Basic Information on Use of the Serial /O Interface

The circuit of the serial /O interface is usually closed. If closed, data from the serial
/0 terminal cannot be sent and received data cannot be read.

Therefare, you must open the circuit using the OPEN command. {An attempt to ex-
ecute this command when already open will result in an error.)

The I/O signals must be the same for both the computer and the connected host. If
the signals are different, the data cannot be read correctly and this will result in
data errors. The OPEN command can be used to set or modify the I/C conditions.
After the conditions for both sending and receiving are satisfied and the circuit is
opened, the following commands are used to perform data or program I/O:

LPRINT, LLIST, SAVE, LOAD, CHAIN, MERGE, INPUT$, PRINT#, INPUT#

To input or output a program (execute SAVE, LOAD, CHAIN or MERGE command),
the computer automatically executes the OPEN and CLOSE commands.

At the end of the data (or program) transfer, the circuit of the serial I/O interface is
closed. Although the CLOSE command is used to close the circuit, the circuit is
also closed when the program ends (such as when the END command is executed)
or when the RUN command is executed.
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When writing a program which uses the serial /0 interface, the circuit must be
opened, the I/O operation performed, and then the circuit must be closed as
described above.

Note:

The computer is not equipped with a timer function which would interrupt com-
munication with the connected equipment by measuring the waiting time for each
I/G command to the serial /0 interface.

Therefore, if the connected equipment is not ready to communicate (such as when
the power is off) while a command is being executed or if communication at the con-
nected equipment is interrupted, the computer cannot complete command execution.
If this is the case, press the key to stop command execution.
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PART 2

DIRECT INPUT
OPERATION

The PC-E500 allows direct input calcula-
tions in the CAL (calculator), MATRIX,
STAT (statistics), ENG (Engineer Software),
AER and RUN modes (as opposed to cal-
culations made as part of a program in
PRO mode). PART 2 of this Operation
Manual describes the use of these modes.

Since there is some overlapping of func-
tions between modes, PART 2 starts with
an overview of PC-E500 operation and
mode selection. PRO mode is then dis-
cussed in detail in PART 3.

*The PC-E500 is hereafter referred to as
“the computer”.
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Before starting to use your computer, you must decide which mode to use. The
computer has six operational modes.

BASIC mode: The BASIC mode is subdivided into RUN and PRO modes.
PRO mode: Allows you to write or correct a BASIC program.
RUN mode: Allows you fo execute a BASIC program, BASIC commands or
algebraic expressions (AER).
CAL mode: Allows you to use the computer as you would an ordinary cal-
culator.
MATRIX mode: Allows you to perform operations using matrices.
STAT maode: Allows you to do statistical and regression caleulations.
ENG mode: Allows you to use the Engineer Software.
AER mode: Allows you to write or correct algebraic expressions.

Selecting Modes

To display the Main Menu, press the [MENU] key. The Main Menu contains the
BASIC, CAL, MATRIX, STAT, and ENG mode options. You can choose any of
these modes by pressing the corresponding Programmable Function key

(CPFi ] - PR ). If you press the key on the Main Menu, an additional mode op-
tion, AER, appears, which you can select with the key.

You can also change your mode selection after you have already chosen one, as

follows:

« To enter the CAL mode, press [Wevt] while holding down [SHIFT].

» To enter the RUN mode, press the key (RUN indicator appears).

» Pressing the [BASIC] key in the RUN mode switches the computer to the PRO
mode (PRO indicator appears).

 To enter the AER mode, press the [BAS] key while holding down [SHIFT ] .

Notes:

* To enter the MATRIX or STAT mode, return to the Main Menu and select the ap-
propriate option.

« If you wish to change modes when executing the Engineer Software, press the
[BREAK | key before making any of the mode change operations described above.
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6. CAL MODE

You can use the computer as a 10-digit function calculator. To do this, you must
first set the computer in the CAL mode. Either press the + or select the
CAL mode with the key on the Main Menu (recall with the [MENU] key).

Notes:

. + means that you press the key while holding down the
[SHIFT] key. [2nd F|[cCAL ] also leads you to the same result.

» In the CAL mode, the results of calculations cannot be output to the printer.

Calculations

Now try some simple calculations. Press the following keys while watching the dis-
play:

Enter Display
123 123
123.
654 654.
=] 777.

Did you get the correct answer? If you didn’t, press the [CeCE] kay, and try the same
calculation again.

Now call up the value of pi ().

The symbol “r” is printed in brown above the key. The functions identified by
brown letters can be used by first pressing the brown key, and then pressing
the required function key.

Now press the keys.

ENGINEER SOFTVWWARE
ECIENTIFIC CORSTANTS AND FDRMULAS

-
o +rg ITL

@-@-E
-m-nmm

Yellow key—-- :I ﬂ @
T4
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Enter Display
3.141592654

What you see in the display is the value of .
Next, compute 10*. For this calculation, you should use the function 10%. This func-
tion is also identified in brown, so the key must be pressed.

Enter Display
4 10000.

(10* = 10000.)

An outline of some the major key functions:

* [cecE] (clear) (red key)

If this key is pressed immediately after numeric data is entered or the contents of
the memory are recalied, that data will be cleared. in any other case, operation of
the [c=CE] key will clear the operators and/or numeric data that have been entered.
The contents of the memory are not cleared with the [CeCE] key operation.

Enter Display

123 456 456.
0.
789 [ = | 912.

(123 + 789 = 912)
6 2 12.
[ScE] 0.
6 2 3.
5[=] 8.
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The [CoCE] key may also be used to clear an error.

Enter Display

Error symbol
!

5[=]0[=] )

[CecE]

* [rse] (display mode switch)

This key is used to switch the display mode for the result of a calculation from the
floating point decimal system (normal mode) to the fixed point decimal (FIX), scien-
tific notation {SCI), or engineering notation (ENG) system, or vice versa.

Enter Display
23 [Xx] 1000 [_= ]
23000
{Normal)
23000.000
(FIX)
FSE sSC
2.300E C4
{SCI1)
BE] NG
23.000E 03
(ENG)

* (specifies the number of decimal places)

This key is used to specify the number of decimal places when used in conjunction
with a numera! key. Turn the power switch off and then on again. Press [FSE | key
and the display will show “0. 000" (FIX mode).
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1. Specify 2 decimal places.

Enter
(endF|[TAB | [ 2 |
5(=18[=]

2. Specify 5 decimal places.

[2nd F][TAB ][ 5 |

* (specifies angular unit.)

Dispiay
Flx
C.00
Flix
0.63
Flx
0.62500

This key is used to specify the angular units for numeric data used in trigonometric
functions, inverse trigonometric functions, or coordinates conversion.

Enter

Display

DEG

{Degrees)

RAD

{Radians)

GRAD

{Grads)

DEG

(Degrees)



180° = = (rad) = 200° DEG: Degree [°]
RAD: Radian [rad]

m GRAD: Grad [g]

*CoJto[C9 1, [« 1.[Exp ], and [~ |

LExP_|: Used to enter a number in exponential form (the display shows “E" follow-
ing the number entered).

Enter Display
[CeCE] 4 3 4.E 03
{4 % 10%)
[=] 4000.
= ~4000.
+~ I Used to enter a negative number (or to reverse the sign from negative to
positive).
Enter Display
1.23 -1.23
5 —1.23E-05
{(—-1.23 x 1075
=] —0.0000123
- 0.0000123

Basic Operations

1. Addition, Subtraction
Enter the following:
12 [+ 456 = |32 [« 789 = 741 [+ |213[ =]
Answer: 286.5
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2. Multiplication, Division
a. Enter the following: 841 [Xx[ 586 [=/]12[ =
Answer: 41068.83333

b. Enter the following: 427 [ + 154 [Xx |32 [5~]7[ - |39 [Xx]2[ =
Answer: 595.8571429

Note that multiplication and division have priority over addition and subtraction. In
other words, multiplication and division will occur before addition and subtraction.

Constant Multiplication: The first number entered is a constant.
Enter: 3 5 =] Answer: 15
Enter: 10 [ =] Answer: 30

Gonstant Division:The number entered after the division sign is a constant
Enter: 15 3[_=] Answer: 5
Enter: 30 [ =] Answer: 10

Note:

the computer places some calculations in pending status depending on their priority
levels. Accordingly, in successive calculations the operator and numerical value of
the calculation last performed in the computer are handled as a calculation instruc-
tion and a constant for the next calculation, respectively.

a+hxcs= + be {Constant addition)
a+b+c= +C {Constant division)
a+bxc= % X {(Constant multiplication)
axb-c= - ¢ (Constant subtraction)

3. Memory Calculations
The independent memory can be accessed using the [XW], [RmM |, [ M+ keys .

Before starting a calculation, clear the memory by pressing [CecE] and [X=H] .
If a value other than 0 is stored into the memory, “[f]” will be displayed.

— Enter: 12 5
Answer: 17
To subtract, key in: 2+ |5 = |[+= |[ M+ |
Answer fo this equation: -7
Enter to recall memory: 10 is displayed.
Enter: 12 2 =]
Answer: 24 (Also takes place of 10 in memory)
Enter: 8 2
Answer: 4 [RM |: 28

—When subtracting a number from the memory, press the [ #- | and M+_| keys.

In CAL mode, 26 memories, specified with [ A _]through [ Z 1,are
available, as well as the memory specified with the key.

Pressing the [ A |keys assigns data to BASIC numeric variable A.
To read this data, press the [ A | keys.

Pressing the [_A_| keys in RUN maode is identical to pressing the
keys in CAL mode.
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Scientific Calculations

To perform trigonometric or inverse trigonometric functions, and coordinates conver-
sion, designate the angular unit for the calculation. The angular unit DEG, RAD, or
GRAD is specified using the keys.

1. Trigonometric Functions

Set the angular unit to DEG.

Calculate: sin 30° + cos 40° =

Enter the foliowing: 30 [sin |+ 40 [eos |[ = |
Answer: 1.266044443

Calculate: cos 0.25n

Set the angular unit to RAD.

Enter: 0.25 [Xx|[2nd F][ £ ] [_= }[cos |
Answer: 0.707106781

2. Inverse Trigonometric Functions
Calculate: sin™ 0.5
Set the angular unit to DEG.
Enter: 0.5 Answer: 30
Calculate: cos™ -1
Set the angular unit to RAD.
Enter: 1 [+~ |[20d F| [cos| To enter a negative number, press the key
after the number.
Answer: 3.141592654 (value of m)

The calculation results of the respective inverse trigonometric functions will be dis-
played within the following limits:

B=sin"x 8=tan" x 8 = cos'x

DEG: -90 = 0 = 90 [] DEG: 0 =8 = 180 []
RAD: -n/2 = 0 = /2 [rad] RAD: 0 = 0 = x [rad]
GRAD: —100 = 0 = 100 [g] GRAD: 0 = 6 = 200 [g]

3. Hyperbolic and Inverse Hyperbolic Functions
Calculate: sinh 4

Enter: 4 Csin | Answer: 27.2899172
Calculate: sinh™ 9
Enier: 9 [2nd F]{archyp | [ sin | Answer: 2.893443986

4. Power Functions
Calculate: 20°

Enter: 20 Answer: 400
Calculate: 3° and 3°

Enter: 3 3 =] Answer: 27
Enter: 3 4 =1 Answer: 81
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. Roots
Calculate: V25

Enter: 25 Answer. 5
Calculate: Cubic root of 27
Enter: 27 Answer: 3

Calculate: Fourth root of 81
Enter: 81 |2nd F|[Xvy]| 4| = Answer: 3

. Logarithmic Functions
Calculate: In 21, log 173
Natural Logarithms:

Enter: 21 [n | Answer: 3.044522438
Common Logarithms:
Enter: 173 Answer. 2.238046103

. Exponeniial Functions
Calculate: g*®**
Enter: 3.0445
Answer: 20.99952881 (21 as in Natural Logarithms above)
Calculate: 10%%%®
Enter: 2.238
Answer: 172.9816359 (173 as in Common Logarithms above)

. Reciprocals
Calculate: 1/6 + 1/7
Enter: 6 1/x|[+ 170X =] Answer: 0.309523809

. Factorial
Calculate: 69!

Enter: 69
Answer: 1.711224524E 98 (= 1.711224524 x 10%)

Note that the section on Errors deals with the calculation limits of the computer.

8!

{8 - 3\

Enter: 8 [2nd F] [ »l [ =] (18 =13 |[2md F][al][ =]
Answer: 336

Calculate: sPs =

. Percentage Calculations 45

Calculate: 45% of 2,780 (2,780 x W)

Enter: 2780 [Xx] 45 [2nd F] [x2][ = |
Answer: 1251

Calculate: 200 — 200 x %
Enter: 200 [ = |30 [2ad F [%2] [ = ]

Answer: 140
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11.

12,

Angle/Time Conversions
To convert an angle given in the sexagesimal system (degrees/minutes/seconds)
to its decimal equivalent, a value in degrees must be entered as an integer and
values in minutes and seconds as decimal fractions, respectively.
Convert 12°47'52" 1o its decimal equivalent.
Enter: 12.4752

Answer: 12.79777778

When converting an angle in decimal degrees to its sexagesimal equivalent
{degrees/minutes/seconds), the answer is broken down: integer part = degrees;
1st and 2nd decimal digits = minutes; 3rd and 4th digits = seconds; and the 5th
digit and up = fractions of seconds.
Convert 24.7256 to its sexagesimal equivalent (degrees/minutes/seconds)
Enter: 24.7256

Answer: 24.433216 or 24°43'32"

A racehorse has the track times of 2 minutes 25 seconds, 2 minutes 38 seconds,
and 2 minutes 22 seccnds. What is the average running time of the horse?

Enter: 0.0225 0.0238 0.0222 (=]
Answer 1: 0.123611111

Enter: 3=
Answer 2: 0.041203703

Enter:
Answer 3: 0.022833333 or the average time is 2 minutes 28 seconds

Coordinate Conversion
Converting rectangular coordinates to polar (x, y — r, 9)

r=v¥+y DEG:0=|6|=180

20 6) RAD: 0 =6 |=s=n
r 9=tan-‘ii GRAD: 0=} 0= 200
f X
Solveforx=6andy=4
Angular unit: DEG
Enter: 6 & |4 [2nd F|[+rd] Answer: 7.211102551 (r)
Enter: [ # ] Answer: 33.69006753 (8)
Calculate the magnitude and direction (phase) of vectori = 12 + j9
Enter: 12 ¢ |9 [2nd F}[~+rd] Answer: 15 (r)
Enter: [¢_] Answer: 36.86989765 (0)

Converting polar coordinates o rectangular (r, € — x, y)
Solve for P(14, n/3), r =14, 0 = =/3
Angular unit: RAD
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Enter: [2nd F][ & J[=-]|3 [ =_|[ #7114 & |[20d FI [+XV]

Answer: 7.000000002 (x) —f"
Enter: [ ¢ | )
Answer: 12.12435565 (y) In the above example, 6 = /3 is

entered first and is replaced with

r = 14 by pressing the [ # | key
after r is entered.

Use of Parentheses

The parentheses keys are needed to cluster together a series of operations when it
is necessary to override the priority system of algebra. When parentheses are in
use in the computer, “( )" will be displayed. Calculations in parentheses have
priority over other calculations. Parentheses in the CAL mode can be used up to 15
times in succession. The calculation within the innermost set of parentheses will be
performed first.

Calculate: 12 + 42 = (8 - 6)
Enter: 12 +« |42[= /][ (]18[ =161 1y [ =
Answer: 33

Calculate: 126 + {(3 + 4) x (3 — 1)}

Enter: 126 [~ JL (13 [+ 140 X (13 =1 [ [T 1=
Answer: 9
Note:

The [ _] key operation located just before the [ = | or key operation can be
omitted.

Decimal Places

The [2nd F| and [ 788 | keys are used to specify the number of decimal places in the
calculation result. The number of decimal places after the decimal point is specified
by a numeral key (__0__|-[ 9 ) pressed after the [2nd F| and [TAB] keys. In this
case, the display mode must be fixed decimal point (FIX), scientific notation (SC),
or engineer notation (ENG).

iznd F[TAB][ 0 | — Designates 0 decimal places. _

(The number is rounded to the nearest integer.)
l2nd F][TAB[[ 1 | — Designates 1 decimal place.

(The number is rounded to 1 decimal place.)
tznd F][TAB][ 9 ] — Designates 9 decimal place.

(The number is rounded to 9 decimal places.)

To clear the TAB setting (designation of the decimal places), turn the power switch
OFF then ON again. The display will now be in the normal display mode.
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Example:

[2nd FI[TAB][ 9
0.5 9[="] — 0.055555556 (FIX mode)
{The number is rounded to 9 decimal places)
FSE — 5.555555556E-02  (SCI mode)
(The mantissa is rounded to 9 decimal places.)
(2nd F][TAB|[ 3 | — 5.556E-02 (SCI mode)
(The mantissa is rounded {o 3 decimal places.)
[ FSE | — 55,556E-03 (ENG mode)
FSE — 0.055555555

This is held by the computer in the form of
5.55555555555 x 107, Rounding the 11th digit of
the mantissa results in 5.555555556 x 107 When
the display mode is changed to the floating decimal
point mode, the rounded part may not be displayed
as in this example.

This function can also be used for statistical or regression caiculations and for
matrix calculations.

Priority Levels

The computer is provided with a function that judges the priority levels of individual
calculations, which permiis keys to be operated according to a given mathematical
formula. The following shows the priority levels of individual calculations.

Level Operations

1. Functions such as sin, X%, %

2.5, "y

3. %, + (Calculations which are given the same priority level are executed in their
sequence of input.)

4, +, —

5. = M+

Example:
Key operation and sequence of calculations in 5 + 2 x sin 30 + 24 x 5 =
5[+ ]2[Xx]30sin |+ ]24[Xx]5[P7]3[ =]

_© @
@ ®

@

®

The numbers @ — ® indicate the sequence in which the calculations are carried out.
When calculations are executed in sequence from the higher priority level function,

a lower priority one must be set aside. The computer is provided with a memory
area for up to 3 pending operations for calculations without parentheses.

As the memory area can also be used for calculations including parentheses, cal-
culations can be performed according o a given mathematical formula, unless the
levels of parentheses and/or pending operations exceeds 8 in total.
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» Single-variable functions (x*, 1/x, n!, -DEG, —»D.MS, etc.) are calculated immedi-
ately after key operation without being stored in memory.

Calculation without Parentheses

Example:
1 2 =] 1 pending calculation
@
1+ J2[Xx13[ =] 2 pending calculations
o e
1 e ]2[Xx13 [ 4 =] 3 pending calculations
@ @ ©)

1L+ [2[Xx]|3[F J4[=/]5 After )" |is pressed, 3 calculations remain
@

@® ) pending. Pressing the key executes the
calculation of "y ™ highest in priority level and “x”

identical in priority level. After is pressed,
the other 2 calculations remain pending.

@

Calculation using Parentheses

Example:
i} 1+ J2{Xx]3 [ ][ (] 4 numerals and calculation instructions are left
“NC“DW“ ® o pending.
4 5
@
iy TLe 121 Xx]l ( I3[ -1 Pressing the 7] key executes the calculation
© @ ® of 3-4 = 5in the parentheses, leaving 2 cal-
culations pending.
4 5]
@

» Parentheses can be used if pending calculations do not exceed eight. However,
a maximum of 15 parentheses can be used in succession in a calculation.

Ex. ax(((b-cx({{(d+e})xf+g ...

LT

Up to 15 parentheses may be used in succession.
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Hex Conversion and Calculations
(GHEX] .

: Allows you to convert a decimal number into its hexadecimal
equivalent and, at the same time, sets the computer to the HEX
mode. (The display shows the symbol “HEX".)

[+DEC] : Allows you to convert a hexadecimal number info its decimal
equivalent and, at the same time, releases the computer from the HEX
mode. (Symbol “HEX" disappears from the display.}

Hexadecimal notation is one of the notation systems widely used in the computer
field. The radix for hex notation Is 16 and hex numbers consist of numerals 0
through 9 and uppercase letters A through F, which are used in place of numbers
10 through 15 of decimal notation.

(Hexadecimal) (Decimal)
A 10
{ {
F 15

Hex numbers A through F can be entered by first placing your computer in the HEX
mode (with #HEX] key), then pressing the respective keys.

The symbol “HEX" indicates that the numeric data shown in the display is a hex
number, and that you can perform any basic arithmetic operations on hex numbers.
To clear the HEX mode, operate . You cannot clear it with the [Ce6E] key.
1. Decimal to Hex Conversion

Example:
Convert decimal number 30 into its hexadecimal equivalent:

Enter Display
30 1E. HEX

To perform a new conversion, temporarily clear the HEX mode with .

Example:
Convert decimal number -2, into its hexadecimal equivalent:
Temporarily clear the HEX mode with [CeGE | [2nd F| [+DEC] .

Enter Display

2 FFFFFFFFFE. HEX
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« If you attempt decimal-to-hex conversion on a negative decimal number, the com-
puter internally performs “two’s complement” calculation and shows the result in
16's complement.

e The key may be used to reverse the sign of the numeric data now in the
display. If the sign of a positive hex number is reversed, the complement of the
positive number will be displayed.

Example:
Convert decimal number 123.4 ino its hexadecimal equivalent;

Enter Display

123.4 [FHEX] 7B. HEX

+ If a decimal number having a fractional part is converted into a hex number, the
fractional part of the decimal number is truncated and only its integer part is con-
verted into a hex number.

2. Hex to Decimal Conversion

Example:
Convert hex number 2BC into its decimal equivalent:

Enter Display
[cecE] PHEX] 2B C 700.

Example:
Convert hex number FFFFFFFF12 into its decimal equivalent:

Enter Display

[cecE] [*HEX] FFFFFFFF12 FFFFFFFF12. HEX
-238.
* If any of hex numbers FFFFFFFFFF to FDABF41C01 is converted into its
decimal equivalent, the corresponding decimal number will become negative.

3. Hexadecimal Calculations
Hexadecimal calculations can be done after your computer is set in the HEX
mode. Press [GeCE] and the symbol HEX will be displayed.
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Example:

Ad + BA =
Enter Display
Ad BA[ =] 15E. HEX
(350 in decimal}
Example:
8x3=
Enter Display
8 3= (12%11 dt!:En)a(l)
Example:
{12+ D) x B =
Enter Display
CeCEl[ (112 + ID[ ) | 155. HEX
E B Izl (341 in decimal)
Example:
43A — 3CB =
+) A38 — 2FB =
Total
Enter Display
43A - |3CB{ M+ | 6F. HEX
A38| - |2FB [ M+ | 73D. HEX
7AC. HEX

For hex calculations, you should note the following points:

¢ In hex calculations, the computer ignores all fractional parts. This means that the
decimal point key, [_+_], is meaningless during a hex calculation.

« If an intermediate result in successive hex calculations includes a fractional par,
an error will result.
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Example:
B 3 ... Error (Symbol “E” is displayed.)

If a fractional part is in the result of the final calculation, it will be tfruncated and only
the integer part of the result will be displayed.

Example:
B[=]3[=]..3 HEX

In the HEX mode, the key may be used to obtain a complement for the hex
number now on the display.

Example:
AB — FFFFFFFF55. HEX
— AB. HEX

» In the HEX mode, the function keys on the computer are not usable.

» When the computer is in the STAT or MATRIX mode, neither conversion be-
tween decimal and hex numbers nor a hex calculation is possible.

« When you wish conversion between decimal and hex numbers in the BASIC
mode, use the following assignment statements:
From decimal to hex: A$=HEX$ N
From hex to decimal: N=VAL (“&H"+A%) or N=&H4F3
“&H" is the prefix for hex numbers.
The allowable ranges of hex numbers are: 0= x =2540BE3FF and
FDABF41C01= x =FFFFFFFFFF.
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7. ENGINEER SOFTWARE
MODE

The Engineer Software for the computer aliows you o view or review the physical con-
stants or formulas listed in the Engineer Software List (see page 51) and do calcula-
tions using those constants or formulas.

Individual programs in the Engineer Software are arranged in an hierarchical tree
structure. Use the programmable function keys ( - ) to select a specific
program. To use the secondary functions ([_PF6 | —[PFi0 ]) of the programmable func-

tion keys, press the [ £ | key before pressing any of the to keys. (The
secondary functions are not accessed with the [SHIFT | key.)

(Hisrarchical structure)
Engineer Software

Mathematics Science ----------

=\

Integer Equations  ----------

AN

Prime GCM, LCM
factors

Operations for Program Selection

If you wish to use, for example, the CUBIC EQUATION program when you are using
the PRIME FACTORS program, first press the key once to return to the pre-
vious level in the tree structure, then use the appropriate programmable function
key to select the CUBIC EQUATION program. Thus you c¢an use the key to in-
terrupt the program now being executed and select another program.

The descriptions in this section assume that you are already in the Engineer Software
mode by pressing the [ENG] key on the main menu. Otherwise, first enter the
Engineer Software mode by pressing the key several times or [MENU][ PF5 |. If
the main menu is not displayed when the [MENU | key is pressed, press the key
once before pressing the [MENU] key.

If you make a typing error during numeric data entry, delete the wrong entry with the
[ C=GE | key, then enter the correct data.
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If you press only the key without entering any data, the computer will respond
in either of two ways:

(D Accepts the data now on the display.

@ Returns to the first prompt for the current program.

For more details, see the description for each program.

A value recalled from the physical constant table or periodic table may overflow the
display. You can shitt the overflown portion of the value into the display with the

L PF1 |—[Prs [ ¥ ][ ¢ ][], or [« Jkey. For more details, see the description of
the table.

Caution:

When the computer is in the Engineer Software mode, you may find the key in-
effective in turning the power off. In such an event, press the key before press-
ing the key.

Once you execute any of the Engineer Software programs, all values assigned to
BASIC variables will be cleared, with the exception of the array variable MD which
shares statistical (STAT) data with the GRAPH (DATA) program.

Some Engineer Software programs automatically change the angular unit (DEG, RAD,
GRAD,) of input data into radians (RAD) in the course of execution of a calculation.

Any Engineer Software program, when selected, is read into a free space in the
memory. If the free space is not sufficient for a particular program size, the computer
will display an error message, “Out of memory in Program”. if no space is available for
variables, the computer will then display another error message, “Answer not found”.
In such a case, delete unnecessary program lines or variables from memory to make
adequate free space. The “Answer not found” message will also appear if an overflow
occurs during calculation or if an illegal operation is attempted.

For fractions or square roots (¥ ) contained in formulas, the computer uses the follow-
ing display notations:

(e.g.) e tan26=% — tan 26=2tan 8/(1—1tan®4)
osin%Zi‘ 1—_02% —sin(8/2) =%/ ({1—cos 6)/2)

 Physical constants and solar/planetary constants appearing in this manual are subject to
change.
 The Engineer Software may not yield as much data accuracy as the user expects. Careful

ly check the accuracy you wish for calculation results and that of the data you use for the
calculation.
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Engineer Software List

Approximate size refers to the approximate number of bytes for a program. (Variables are ex-

cluded.)

Approximate

Program Name Size
{bytes)
INTEGER PRIME FACTORS _PF1 [PRIME] 2,300
PF1 [INT] GCM.&LCM. PF2 [GCMLCM] 2,100
CUBIC EQUATION PF1 [CUBIC] 3,500
NUMERICAL SOLUTION (NEWTON'S
Eggﬁzgﬁ']\'s METHOD) PF2 [NEWTON] 2,400
NUMERICAL SOLUTION (METHOD 2500
OF BISECTION) PF3 [BISECT] '
ROMBNE_II_:{é:S]METHOD 2 500
PF1 [INTGRL :
8 |DIFFERENTIAL & RUNGE-KUTTA METHOD
e INTEGRAL 2,600
<% |pF3[DI&INT] PF2 [DIFF]
25 LAGRANGE'S METHOD 5 200
e PE3 [INTPLT] ’
< FACTORIZATION PF1 [FACT] 4,500
CORMULAS TRIGONOMETRIC EUNCTION 5,400
PF4 [FORM] PF2 [TRIG]
INTEGRATION PF3 [INTFRM] 4,800
GREEK PF4 [GREEK] 2,700
GRAPH (FUNCTION) _PF1 [FUNG] 3,400
SE:[ZHF:&%H] GRAPH (DATA) PF2 [DATA] 4,200
AREA OF FIGURE PF3 [FIGURE] 5,300
SPECIAL FUNGTIONS
o1 [S FUNCT GAMMA FUNCTION PF1[GAMMA] | 2,300
PHYSICAL CONSTANT 5.200
PF1 [CONST]
PHYSICS METRIC CONVERSION 11200
PF1 [PHYS] PF2 [M-CONV] '
EQUATION OF MOTION 5200
W= PF3 [MOTION] ’
3 A p——— PERIODIC TABLE PFT [PERIOD] 9,400
B brsCHENT OUTER ELECTRON PF2 [ELECTR] | 9,800
FE STABLE ISOTOPE _PF3 [ISOTOP] 16,700
METEOROLOGY PF1 [METEO] 5,100
E’;E[T:A%ﬁﬁ]”% SOLAR/PLANETARY CONSTANTS 4000
PF2 [PLANET] '
BIOLOGY AMINO ACIDS FORMULAS 5700
PF4 [BIO] PF1 [AMINO] :
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Approximate
Program Name Size
(hytes)
COMPLEX NUMBER PF1[COMPLX]| 3,700
ELECTRICAL FORMULAS 2.200
4] ELECTRICAL PF2 [EE-FRM] ’
5 @ |ENGINEERING ELECTRIC & MAGNETIC FIELDS 3,900
i ] PF1 [ELEC] PF3 [ELEMAG] ’
Z . LAPLACE TRANSFORMATION 5.000
9 & PF4 [LAPLAC] ’
ul gﬁgmﬁ'\.’;’gﬁsﬁa MECHANICAL FORMULAS 5.900
PF1 [ME-FRM] ’
PF2 [MECH]
NORMAL DISTRIBUTION
o0 6,000
oF PF1 [NORMAL '
Gk |ooiREUTIONS  DISTRBUTION FF2 0 5,200
'1‘-; < PF1[DISTR] CHI-SQUARE DISTRIBUTION 6.300
= & PF3 [CHI] :
@ F DISTRIBUTION PF4 [F] 6,400
E
E E PF KEY LABEL EDITOR PF1 [EDITOR] 2,200
(T8
[~

Press[_# ]if necessary. When [INT] or [EQU)] is displayed, pressing [ £ _] will dis-
play {S-FUNC]. Pressing again will return to the previous display.
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#111 PRIME FACTORS

Description:
The PRIME FACTORS program factorizes an entered numerical value into its prime
factors. The allowable input number is an integer in the range of: 2 = number < 10'°.

Operation:
[PFt | [MATH] [PFL ] [INT] * PRIME FACTORS *
[pA_|[PRIME]

Base (2~8889999999)= ¢

(Entry prompt)

Example:
Faciorize 2200 into its prime factors:

2200 =] % PRIME FACTORS *

2200 = 273%572x%11

The answer is; 2200 = 2° x 5 x 11
To return to the entry prompt, press the key after you get the answer.

Note:
e If the input data is ouiside the allowable range, the computer will prompt for re-

entry. If you press only the key without entering any data, the computer will
execute factorization on the data which was last entered.

#112 G.C.M. & L.C.M.

Description:

The G.C.M. & L.C.M. program determines the greatest common measure (G.C.M.)
and least common multiple (L.C.M.) of two integers, a and b. The allowable input num-
bers are integers in the range of: 1 = number < 10™.

The program uses the general Euclidian algorithm for computation.

Operation:
[PFL_] [MATH] [P [IN # 6,0 M & L CM %
{GCML]CM] [INT] 5 {1~9999999099)= ¢

{Entry prompt}
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Example:
Determine the G.C.M. and L.C.M. of two integers, a=6 and b = 8;

6[«+—1]8 ¥ G, 0 M & L C M #
(i~090995940499) =

3 5]
b (1~9999899998) = g_

==
I on
ro
'

The answer is: G.CM.=2and LC.M. =24
Pressing the key after you get the answer returns the prompt for number “a”.

Note:
* If the entered number is outside the allowable range, the computer will prompt for

re-entry. If you press only the key without entering any number, the com-
puter will automatically enter the number “1".

121 CUBIC EQUATION

Description:

The CUBIC EQUATION program first prompts for entries of coefficients a, &, ¢ and d
for a cubic equation, @x’ + bx’ + cx + d = 0. It then determines the roots, «, B, and v,
that will let a(x — atj(x — B)(x —vy) = 0, using Cardano’s method.

If we assumex=y —%for the general form of the cubic equation, x* + @ + bx + ¢ = 0,
2

we obtain ¥’ + 3py + ¢ = 0. Since p =—%+% and g =% a3~%+c , We may salve the
equation, ¥’ + 3px + ¢ = 0, which contains no term of x2
Substituting x = u + v for the euqation above gives:

{ae+o )P 43plute)tqg=0

wt v+ uv+p)ut+e)tg=0
So we attempt to obtain values for u and v that will let * + v* + g = 0 and wv + p = 0.
u’ and v* are the two radicals of the quadratic equation, # + gt—p° = O:

w=g(~a +/TFDY) , v* = ¢ -/

Therefore if we assume that ¢° + 4p” = A, we obtain:
u= YU—q+/4d), Vi(—q+7a), o ,3/%(-g+ﬁ)
v=Vil-a=V2), @ Si—q-JT), o VI ¢—Ja)
So if we consider uv = —p, the solutions are:

_—1+/3i
VICTHT) + Vg =73) where &=—"-*"+
WY (=g T 4wV (= 77 o=t
@S —g It L (g -7 4)
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Operation:

[PFL | [MATH] [EQU]
[PF_| [CUBIC]

* CUBIC EQUATION
ax¥+bx*+cxtd=0
a= ¢

¥

Example:

Solve the cubic equation, x' - 82 + 22x - 20 = 0:

1 (Coefficient a is
entered.)

* CUBIC EQUATION
ax®+bx*+cx+d=0
b= ¢

*

—8{+—1]22 [«—d]-20
(Coefficients b, c and d
are entered.)

x—a) (x=g) (x=7)=0

~ Tt R m
Inn 1 —
[FE XSRS B
I +

The roots of the equation are 2 and 3 4 4.

(Prompt for coefficient a)

£ CUBIC EQUATION
axi+bxi+ox+d=0
a= ¢

¥

Notes:
»
»

Coefficient ¢ should not equal zero.
If only the key is pressed with no value entered for coefficientd, c ord, a

value of zero will be assumed in each case.

formed using double precision).

Roots are displayed with six significant digits each (internat calculations are per-

A triple root appears as
shown at right:

*
ala-e) =0
F=

CUBIC EQUATION =

A single real rootand a
repeated root appear as
shown at right:

* CUBIC EQUATION
a(x=e) {x=§)*=0
a=

A=

*

The computer performs internal

operations using double precision numbers. For an

exponential root, it identifies the exponential part of the solution with the letter “D.”

Example: o =-3.35D -25
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#122 NUMERICAL SOLUTION (NEWTON’S METHOD)

The NUMERICAL SOLUTION (NEWTON'S METHOD) pro-
gram determines the real value of x which causes the
value of a function fix) to equal zero (f{x) = 0), using HEY
Newton’s method.
The computer first prompts for entry of the following
parameters:
x: Initial value (temporary root, from which the real
root x is obtained.)

h: Interval on the x axis, f'(x) = L(—Lﬂ—l /x ) )

g: Convergence condition for solutron, calculation is
terminated if e x| x..; — x| is satisfied.
loop limit: Maximum repetition count

Notes:
» Use the letter "X” for the variable in the function f{x) you
enter. /
« |f the given initial value is inappropriate, the solution V/ \\i,
may not converge.

if the tangential fine at the initial
value x is parallel with the x axis,

« Alarger value of £ will cause a larger error in the solu-  the solution will not converge.
tion.
 Use avalue of e greater than 107, Since the computer
performs internal operations using 13-digit numbers, it
may fail to obtain the solution if the given value of £ is
too small.
» The angular unit will be set to RAD automatically.

Operation:

[PFL][MATH] [ Pr2 | [EQU] + NUMERICAL SCLUTICN (NEWTON'S METHOD)
[PF2 ] [NEWTON] flx)= %

Example:

With initial value x, assumed to be 1, determine the root of fix) = x’ — 8% + 22x — 20:

X[nd FI[A]3 |8 [ Xx] # NUMERICAL SOLUTION (NEWTON'S METHOD) *
x[d FI[ A 2| + |22 [Xx] flx)= X"3-8X"2+224X-20

X =120 [=—1] K0= 7%
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1 [=—=3] (Setxo=1.) + NUMERICAL SOLUTION (NEWTON'S METHOD) *
[«—](Set k= 0.00001.) % EU ERICAL SCLUTION (NEWTON'S METHOD) #*
[«—3]{Set £ = 0.000001.) * NUMERICAL SOLUTION (NEWTON'S METHOR) =
10 [«===3] (Calculation loops up * NUMERICAL SOLUTION (NEWTON'S METHOD) #

to 10 times.) flx)= X 3-8%X"2+22#X-20

[«—1] (Return to function entry |* NUMER!CAL SOLUTION (NEWTON'S METHOD) *
promptf) Y flx)= X"3-B#X"2+22%X-20 @

h= 0.00001 %

M
h=0.00001
e= 0.000001 %

h=0.00001
e= 0.000001
loop limlt= 30 %

K= 2

If you wish to solve the same equation using different conditions, just press the
key in response to the prompt above. The computer will then prompt you to enter an in-
itial value. In this way, you can determine other roots of the function, if any.

Notes:

If you wish to use the expression or value you last entered, just press the
key for sach prompt.

If e & | xa00 — % | I8 NOL satisfied or no solution was found after the calculation has
been repeated the number of times specified by the loop count, the computer will
terminate with “Answer not found” on the dispiay. Pressing the key at this
point will display the executed loop count and the value of X,. Pressing the
key a second time will return the function entry prompt.

If the value given for k is too small, an overflow may occur in the courge of internal
computation, in which case the computer terminates with “Answer not found” shown
on the display. If you press the key at this point, the function prompt, is dis-
played, with no loop count or value of X, displayed.
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%123 NUMERICAL SOLUTION (METHOD OF BISECTION)

The NUMERICAL SOLUTION (METHOD OF BISECTION)

program determines the real value of x that causes the iz
value of a function f{x) to equal zero (f{x) = 0), using the

method of bisection.

The computer first prompts for entry of the following fee)

parameters:
xg, x1: Initial values (the root that exists between x; and
1 is to be determined.) frzo
g: Convergence condition for solution; calculation is
terminated if e = | x,.; ~ x, | is satisfied.
loop limit: Maximum repetition count

Notes:

» Use the uppercase letter “X” for the variable in the function f{x) you enter.

 If the interval between xo and x, is equally divided by point x,, either f (x) - f (x2) or
F(x1) - F (x2) must be less than or equal to zero. Use initial values for x; and x; that
will meet these conditions.

« A larger value of & will cause a larger error in the solution.

e Use a value of e greater than 107*°. Since the computer performs internal opera-
tions using 13-digit numbers, it may fail to obtain the solution if the given value of &
is too small.

¢ The angular unit will be set to RAD automatically.

Operation:
[PFL] [MATH] [Pe2 ] [EQU] *NUMERICAL SCLUT ION(METHOD OF BISECTION)
Example:

With the initial values of x, and x; assumed to be 5 and 0 respectively, determine the
root of.the function, f{x) = x° — 8% + 22x — 20:

X[zndFl[A]3[ = |8[Xx] *NUMER | CAL SOLUTION{METHCD OF BISECTION)
Xzd F][A ]2+ |22 [Xx] Flx)= XN3-84XN2+224X-20

X[=J120[=—] x0= 7

5[«+—1] 0 [«—] *NUMER | CAL SOLUTION(METHOD OF BISECTION)
(Setxo = 5 and x = 0.) ¢= 0.000001 ©
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(Set & = 0.000001.)

(Calculation loops up to
40 times.)

(Return to function
prompt.)

+NUMER i CAL SOLUTION'(METHOD OF BISECTION)
e= 0.000001
locp limit= 40 ¢

*NUMER |CAL SOLUTICN(METHCD OF BISECTION)
flx)= X"3-8%X2+22%X-20

X= 2

*NUMER [CAL SOLUTION{METHCC OF BISECTION)
flx)= X"3-GxX"2+22%X-20 7

If you wish to solve the same equation using different conditions, just press the
key in response to the function prompt above. The computer will then prompt you to
enter new initial values. In this way, you can determine other roots of the equation, if

any.

Notes:

« If you wish to use the expression or value you last entered, just press the

key for each prompt.

o Ifez|x.:—x | is not satisfied after the calculation has been repeated the number
of times specified by the loop count, the computer will terminate with “Answer not
found" on the display. Pressing the key at this point will dispiay the executed
loop count and the value of X,. Pressing the key a second time will return to

the function prompt.
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%131 ROMBERG’S METHOD

The ROMBERG'S METHOD program integrates a function f{x)
over the interval [g, b], using Romberg’s method.

The computer first prompts for entry of the following parameters:
a, b: Integration interval ( [° ... &x)
g: Convergence condition for solution; calculation is
ter minated ife = | A,.,— A4, | is satistied. (4, is the nth ap-
proximation of the value of the integral.)
division limit: Maximum repetition count /

Notes:

-

» Use the leiter “X” for the variable in the function f{x) you enter.
= The program may yield incorrect results for some types of functions (see the next

page).

¢ A larger value of e will cause a larger error in the result.
 Use avalue of & greater than 10™. Since the computer performs internal opera-
tions using 13-digit numbers, it may fail to obtain the solution if the given value of ¢

is too small.

» The angular unit will be set to RAD automatically.

Operation:

[PF1_|[MATH] [DI&INT]
PF1_| [INTGRL]

Example:

a b

* ROMBERG'S METHOD
flx)= ¢

Integrate the function, £y = x* — 4x* — 2x + 20, over interval [0,8]:

X[nd E][ A ]3] = |4[Xx
XndFI[A 2] - ]2[Xx
X[+ J20[«—]

0[«—1]8(Seta=0and »=8)

+ ROMBERG'S METHOD
f(x%= X344 X2-2%X+20
a= g

* ROMBERG'S METHOD
fFix)= X™3-4aX2=-2%X+20
a= (
b= 8_

* ROMBERG'S METHOD
¢= 0.000001 ¢
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[«—] (Set & = 0.000001.) + ROMBERG'S METHOL
e= 0.000001
division |imit= 40 ¢

[«—1] (Calculations loops up to *+ ROMBERG'S METHOD +#
10time\(s.) Pep I XA3-48X"2-2%X+20 dx

Jdx= 437.333333

[-e=] {Return to function + ROMBERG'S METHOD #
prompt.) fx)= X"3-4xX"2-2%X+20 ¢

If you wish fo integrate the same function over a different interval, just press the
key in response to the function prompt above. The computer will then prompt
you to enter a new integration interval.

Notes:

s If you wish to use the expression or value you last entered, just press the
key for each prompt.

s Ifez=| AL — Al IS not satisfied after the calculation has been repeated the number
of times specified by the division count, the computer will terminate with “Answer
not found” shown on the display. Pressing the key at this point will display
the executed loop count and the value of A,. Pressing the key a second time
will return to the function prompt.

Hints on Interval Setting

The program may yield an incorrect integration result depending on the type of func-
tion being integrated or on the integration interval used. For the functions shown
below, use the conventions described:

1) Periodic or symmetric functions

These types of functions shouid be integrated
s over each period or symmetric section, and the
results for all the periods or sections involved
- should be added together later. For example, if
% an %‘“‘ you wish to integrate the function at left over the
interval [0, 4x], divide the interval into four sub-
intervals of {0, ], {x, 2x), [2r, 37, and [3rx, 4x],
integrate it over each of these sub-intervals,
and finally total the results of each integration.

2) Functions with peaks
If the integration interval in question includes a
ix) P peak as shown, the computer may yield an in-
7 /'% _ correct integration result. For such a function,
a cd b ! subdivide the interval at the leading and trailing

edges of the peak, and sum up the integration
results of all the intervals later.
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#132 RUNGE-KUTTA METHOD

'cli'he RUNGE-KUTTA METHOD program solves a first ordinary differential equation,

E = Puiy + Ow, using the Runge-Kutta method.

The program sequentially determines the value of y for a given value of x which is the
sum of xo and increment &, with (xo, yo) being initial values specified by the user. Up to
50 values of y can be obtained.

The computer first prompts for entry of the following parameter values:

xp: Initial value of x

yo: Initial value of y

h: Increment

Notes:
Use letters "X™ and “Y” for the variables of the equation you enter.
The angular unit will be set to RAD automatically.

Operation:
[PF1] [MATH] [PFa_ [DI&INT] *  RUNGE-KUTTA METHOD +
Crez] [DIFF] s T
Example: d .
Solve the ordinary differential equation, ?‘é =— 5’ » under the assumption that x = 0 and
yo = 10 (the solution is given in the form of 7 + y* = C):
[~ | X[=r] ¥ [«=—] *  RUNGE-KUTTA METHOD +
dy/dx= =X/Y
x0= 9
0[] (Setx=0.) *  RUNGE-KUTTA METHOD =
dy/dx= —X/Y
0= 0
y0=
10 [w= ] (Set yo = 10.} # RUNGE-KUTTA METHOD =
dy/dX— =X
h= 1 %
0.1 [«—d] (Seth=0.1.) *  RUNGE-KUTTA METHOD *
dyé:}ix: =X/Y
y(0) =10

y=10forx=0
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+ RUNGE-KUTTA METHOD =
dy/dx= =X/Y
y(0.1) = 9.999490938

y=9.0994 ... for x = 0.1

* RUNGE-KUTTA METHOD *
dy/dx= —X/Y
y(0.2) = 0.0079008

¥=19.9979 ... for x=0.2
The computer wili display values of y for each 0.1 increment of x each time you press
the key up io 50.

Notes:
» To recall the preceding value of y, press the (<] key.
» To return to the equation prompt, press the [ | key.
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%133 LAGRANGE’S METHOD

The LAGRANGE'S METHOD program generates the nth order polynominal that pas-
ses (n + 1) different points and determines the value of y for any value of x, using the
Lagrange interpolation method. From 2 to 200 data points may be entered.

Operation:
[PF1_ | [MATH] [PF3 | [DI&INT] * LAGRANGE'S METHOD +#
[Pra | [INTPLT] Number of data= 2 7
(Initial prompt)
Example:

Generate a polynominal that passes through the following four points and obtain the
value of y forx =2.3:

P4(=2, 13), P21, 4), Ps(3, 18), P4(4, 49)

4[] % |AGRANGE'S METHOD
(The number of data is 4.) Number of data= 4
x{(1)=0 ¢
2 [a—d] 13 [«—d] Number of data= 4
i x(1)= 0 -2
(Data for P, is set.) it 015
x(2)=0°
1 [a—d]4[a—[3 ][] x= 7
18— |4 [ e—1]49 [a—]

Getthe value of yforx=2.3:
2.3

x= 2.3
y= 7.367000004
= 7

y=7.367 . forx=23

Note:

e |f you press only the key without entering the value of x for interpolation, the
initial prompt will be displayed.
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#141 FACTORIZATION

The FACTORIZATION program displays any of the following 26 factorization formulas:

(1) a*—bi=(a+b){a—D)

{2) at+bi=(axDb)(a’Fab+b?)

3) a‘—b'=(a+Db) (a—Db) (a*+b?)

@) a'+bi= (@ 4+ Zabt by @ -1/ Zab+bY)

{B) ar—h'={(a—b){@a'+a"h+athi4...... + Dbt

(6) a*+hr=(a+hb) (@ !—a~?h4athi— ... +b>1)  (n: an odd number)
(7) a*+2ab4-bi=(aih)?

i8] a*+3a’b+4-3ab?xbhi=(aib)?

(9) (axb)?F4ab=(a¥Fh)?

1) a?+4Db24-c?+2bc+2cat2ab=(a+b+c)?

(1} a*+ab?+b*=(a*+ab+b?) (a®—ab+b?)

1% a®4-Db*d-c*—3abec=(a+b+c)(@2+bi+c2—~hec—ca—ab)

(19 (ac—hd)?+ (ad+be)?= (a®-+b?) (ct4d?%)

{14 (ac+bd)2+ (ad—be)2=(a?4-b2) (ct+d?)

15 (ac+bd)z— (ad +bec)?=(a*—b?) (c2—d?)

1 (ac—bd)z— (ad —be)?=(a®—b?) (cz—d?)

{17 a*b-c)+b*{c—a)+c*(@a-b)=—(b—c){c—a)(a—b)

1§ (b—c)*+ (c—a)*+ (a-b)*=3(b—c)(c—a) (a—b)

9 a'+bi+4+c'—2b2%?—2c%a®—2ab?={(a+b+c)(b—c—a)(c—a—b)(a-b—c)
@0 x*+(a+b)x+ab=(x+a)(x+hb)

@ acx®*+ (ad+bc)x+bd=(ax+b) (cx+d)

23 x4 (a+b+c)2?+ (be+catab)r+abe=(x+a) (x+b) (x+c)

03 a*—b*—c?—2bc=(a+b+c)(a—b—c)

P (a+b+c)(bct+catab)—abe=(b+c)(c+a)(at+b}

B (a+b+c)i—(@+b*+c?) =3(b+c) (c+a) (a+b)

68 a’(b—c) +b¥(c—a)+ci(a—b)=—(b—c) (c—a) (@a—D) @+b+c)
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Operation:

[PEC)[MATHI (PR I[FORM] | | . * FACTORIZATION
[PF][FACT] ' -
[ F ][ = JI[center][ = 1] & ]
¥ FACTORIZATION %
[‘] Gia +p" (n=odd)
={atb) (&' -a""totar tipt .. gpn )
[ ¥ ][ 4% 1I[center]! % 11 & ]

Use the following keys to recal! a specific formula:

[PF][¥] : Recalls the first formula.

Cprz | [2] : Recalls the formula which is five steps before the formula now
displayed (formula with the current number minus 5).

[CENTER] : Recalls the 13th {mid) formula.

=] : Recalls the formula which is five steps beyond the formula
now displayed (formula with the current number plus 5).

[Prs ] (4] : Recalls the 26th (last) formula.

¥ : Recalls the formula which immediately follows the formula now

displayed.

: Recalls the formula which immediately precedes the formula
now displayed.

Note:

o The[Pr2 |[PF4 || ¥ ] and[ t_]|keys continuously recall formulas while they are
pressed down.
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#142 TRIGONOMETRIC FUNCTION

The TRIGONOMETRIC FUNCTION program displays any of the following 49
trigonometric function formutas:

(1) sin%*4-cosifi=1
(2) 1+4tan20=sec?d
(3) 14cotif=cosec?
{4} sin{awxf) =sin a-cos i£cos a-sin
{5} cos(a+f) =cosa-cos ATsin a-5inf
tan a+tan f
(6] tan(ap) = T1Ftan a-tan §
_ cot a-cot fF1
() cot{axp)= cot fitcot o
(8) sin{a+f)-sin(e—g) =sin®a —sin?p
9) sin(a+pf)-sin{a—f) =cos?f—cos?a
i) cos(a+f)-cos{a—f5) =cos?e —sin?f
{15} cos(a-+f)-cos(a—pf)=cos?f—sina
120 sin{a+§)-cos(aFp)=sin ¢-cos a+sin f-cos f
13 sin{a+p) _tane-+tanf
sin{a—p) ~ tano—tan §
14 cos{a+f) _ l—tana-tanf
cos(a—p) ~ 1+tan a-tan j
15 sin2f=2sinf#-cosfd
(iff cos 2f=cos?l—sin®
(I cos28=1-—2sin2f
I8 cos28=2cos2f—1
_ 2tantd
09 tan 20~ g
i} T "cos 7
sing-==4,/ =27
W sing=zx /1
[ 1+cos ¥
—_—=, T P
£) cos 2 _\/ >
[id 1—cosé#
=
v tan 2 YV Ttcosd
g _1-cosf
Bty =
g _ . _sinf
o4 tans =i cos v
95 tan g =cogec f—cot &
4 14cosé
to=+
2 co 2 T—cosd
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b
30
1

(32
R
@4
]
(36
@7
38
(39
]
H

)

3
{4

(45}
8
4n
8

(49

0 sin §
cot BT T cos @
cot ﬁ_ LI:I— qoﬁ,q

2
cot% =cosec f4-cot 7

sin 30=—4sin* 43 sin &
cos 38=4 cos*¥l~3cos 7

) _ 3tan ¢—-tan
tan 3= "~ —uvp

sin a-cos ﬁ_-s_[_g_(“+ﬁ) -;—5111(:1 -6

cos a-sin p=Sitlat f) —sin(a—§)

cos a-cos = 08 (Eﬁ)_'.z"_cf’_s (a—5)

sin a-sin g=_08(a+f) Ecos(a_,g)

sin a+sin f=2 sm( ':H"E) cos(ié £
sin o —sin = 2cos( “+‘8) s1n< az_'ﬂ
cos a+cos f=2 COS(M)-cos(f_;_
Cos a—Cos f=—2 sin( a']_ﬁ) sm( ‘Iz
tan a+tan = _sin(a+f)

€Os w-cos §

sin{f+a)

cot a-tkcot f= 8in a+sin f

cos a+sin a=1/2 sin(45° +a)
cos a+sin a=1/7 cos{45° Fa)

tan(45° i%) =secf+tan §

o. 8\_ lising
tan(45 if)" cos &

A o 8
tan(45 ii)_cot(d,s +§)




Operation:

[PF_| [MATH] [PF4 | [FORM] * TRIGONCMETRIC FUNCTION =
[Pz | [TRIG] 1:8in®f+cos? =1
[ F J[ = J[CENTERII = 1l & |
[(PAa[¥ *  TRIGONOMETRIC FUNCTION *
¥l G:tan(exp)=(tanaztand)/(1F¥tanc-tang)
[ ¥ [ = JICENTERIL = I[ % ]
Use the following keys to recall a specific formula:
[P [¥] : Recalls the first formula.
[PF2 ][] . Recalls the formula which is five steps before the formula now

displayed (i.e. the formula with the current number minus 5).
[CENTER] : Recalls the 25th {mid) formuia.
[+ > Recalls the formula which is five steps beyond the formula
now displayed (i.e. the formula with the current number plus 5).
[PF5 | [4] : Recalls the 49th (last) formula.
: Recalls the formula which immediately follows the formula now

displayed.

: Recalls the formula which immediately precedes the formula
now displayed.

Note:

o The| Pr2 | [ PF4 ][ § | and [t ]keys continuously recall formulas while they are

pressed down.
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#143 INTEGRATION

The INTEGRATION program displays any of the following 42 integration formulas:

(1 de=x+c

rdx= ”+1 +C (n41%0)

dx=log|x|+C

i de=log|sxa|+C
erdx=e+C
e"*a’x— e'“+C
e dx=r—- +C {(a>0,ax1)

avcdy= - loga +C {a>0 a%1)

log zdz=zxz(log x—-1)+C

{1

{11 xevwdi= E (nx—1)+C

13

sin axdx=— 1 -cosax+C

{4

cos gdx=sin x+C

{18

cos axdx— —=gin ax+C

(16) an xdx= —log|cosx| +-C

ki

tan axdx=— log cosax+C

18 cot xdx=log|sinx|+C

cot axdx= 1 log sinax+C

{9

20

_ ax
sec ardx= log tan(4 +5 3 )-}-C
14 sinax
—sin ax) ¢

|
} 5
|
S
S
|
|
5
S
S
13 {sinsdr=-cossicC
S
S
|
je
S
je
|
|
S

20

sec axdx= log(

* “log" means natural logarithm {loge).

x*-log xdx—-- (log:ﬁ: e 1)+C (r%-1)

« All trigonometric functions are in radians.
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@2a
B3
{24
26)
i26)

on

@4
i

8n

33
34
(35
35
@7

S cosec ﬂxdx.:'i'log tan®* 10

2
__1 1+4-cos ax
‘ cosec axdx=—, log(l—éds a&)"’c
1,1
‘5 nirda= ,5—  sin 22+C
S costrdz= Lz Lgin 2x4-C
27"

se "axdr—f ‘tan ax+C
cosectaxdr= — l- ccot ax--C

—éi—ﬁ}dxflog tan—-{ C

1 %
Cosxdxmlog tzm(4 4——-)+C
ergin brda=— z-l bze“(az sin bx—b-cos bx) 4-C
emcos bxdx= zibae"*(n «cog bx+b-gin bx) +C
sin"lxdx=x sin~lx+7  1—x2 +C

cos~lxdr=x cos~'x—1 1—a% +C

cosh xdx=sinh x4-C

tanh xdx=log cosh x+C

_-Fdx sm‘ +C (Jx|<a)

log

a+x|+c

—tan‘1—+C
1/}2+ sdx=log{z+ 1/ x2+a%) +C
Va-2 di= (:qw-i-az sin~ Ia)4 c

jse
S
|
|
|
|
|
S
[ sinh #dx=cosh z+.C
|
|
|
)t
e
|
S
\

?l?—dx— ] log(x_| a)+C {(x>a)



Operation:

PF1_] [MATH] [_PFa_ | [FORM] ‘ + |NTEGRATION *
[PE | [INTFRM] 1:fdx=x4C
[ ¥ J[ =2 J[CENTERIl = 1[ & ]
[ PF4 ] ¥ INTEGRATION =
¥ 6:fe"*dx=1/n e" 4+
[ F J0L = JICENTERIL = [ &

Use the following keys to recall a specific formuta:

[PFL ] [¥] :
[Pr2 ] [2]

PF3 | [CENTER]
PFe | [¥]

[4]
[3]

[t]

Note:

Recalls the first formula.

: Recalls the formula which is five steps before the formula now

displayed (i.e. the formula with the current number minus 5).

: Recalls the 21st (mid) formula.
: Recalls the farmula which is five steps beyond the formula

now displayed (i.e. the formula with the current number plus 5).

: Recalls the 42nd (last) formula.
: Recalls the formula which immediately follows the formula now

displayed.

: Recalls the formula which immediately precedes the formula

now displayed.

e The[Pr2 |,[PF4 ][ ¥ | and[ t |keys continuously recall formulas while they are

pressed down.

*#144 GREEK

The GREEK program displays the following 24 Greek letters in both capital and small
letters, their pronounciations, and corresponding Roman characters:

A « Alpha (a)
B 3 Beta {h)
' vy Gamma (2)
4 8 Delta (d)
E ¢ Epsilon (&)
L L Zeta (z)
H n FEta (&
@ ¢ Theta {th)
I ¢ Tota {i)
K = Kappa (k)
A 1 Lambda {1}
M p Mu (mm)

N Nu {n)
E £ Xi {x)
G o Omicron )]
I = b {p)
P p Rhe (r}
2 o Sigma (s)
T 7z Tau ()
Y v Upsilon {(u}
¢ ¢ Phi (ph)
X z Chi (ch}
¥ ¢ DPsi {ps)
£ o Omega (8}
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Operation:

[PFT][MATH] [PEE][FORM] |, D i g
¢« Alpha {a) i B § Beta {h)
[GREEK] I v+ Gamma {g) VA d Delta (d)
E ¢« Epsiton (&) 1 2 ¢ Zeta {z)
P » Rho (r) v L s Sigma (s)
T r Tau (t) VT ow Upsilon (u)
O 4 Phi (ph) ' X x Ch (cm)
U ¢ Psi (ps) ' 0 « Omegza (0)
Note:

e The and keys continuously recall Greek letters in the forward and back-
ward directions while they are pressed down. Each operation of either key scrolls
the screen 3 lines upward or downward at a time.

%151 GRAPH (FUNCTION)

The GRAPH (FUNCTION) program plots the graph of an eniered function. Use the let-
ter "X” for the variable in the function you enter.

Operation:

[PFL | [MATH] [P ] [GRAPH] * GRAPH (FUNCTION) =
[FFL] [FUNC] Flo= 9

Example:
Plot the function, 1000%3IN X/X:
Make sure that DEG is selected as the angular unit. (Te change the angular unit, enter

the CAL or BASIC mode.)
1000 [Xx | SINX [=1X ¥ GRAPH (FUNCTION) =
[==2] (Enter function.) ;é’]‘az %OUO*S‘NX/X
90 [«—1] 1000 %  GRAPH (FUNCTION) =
(Plot the graph over the interval )f([;’l‘ ?; 5800*8 INX/X
| [90, 1000].) Xmax= 1000_
[«=—1] Xmin= 80
Xmax= 1000
Ymin=—3,788 %
Ymax= 11.1
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The computer determines the maximum (¥Yna:) and minimum (¥, values of fix) and
displays them. To be sure that the entire graph within the specified interval is dis-
played, set Ynin 10, for example, =5 and Ye to 15:

5 [t | 15 [ | Xmin= 90
Xmax= 1000
Ymin==5
Ymax= 15 |

{Graph is displayed.)
{Function prompt returns.)

Notes:

« If you wish to use the previous data or the expression now on the display without
entering new data or a new expression, just press the key.

* If you entered values such that Xmin 2 Xmax OF Ymin = ¥Ymas, the display will prompt for
re-entry.

* [f the entered values of Xiin, Xmax, ¥Ymin, and/or Ymax €xceed 5 digits including the
decimal point, they will overlap on the graph when displayed.

¢ While a graph is being plotted, an asterisk (x) appears to the left of “Yra’ The
asterisk disappears when plotting is complete. If the value of y is too large or too
small, the curve will not be visible on the display. Change the range of X or ¥ until
an adequate plotting range is obtained.

* To plot the graph, the interval between Xmin and Xrax is divided into small segments
and the value of y for each segment is computed. The values of ¥ma and ¥ are
displayed only if the value of y falls into the range of 10" to 107, If either value ex-
ceeds this range, it will be set to zero. In such a case, enter the values of ¥, and
Ymax that correspond to the range you wish to plot.

» If you accept the values of Ymin and ¥ that were computed from f(x}, a portion of
the graph may be lost due to rounding error or some other cause.

» The plotted graph may appear as a series of dots, since the spaces between ad-
jacent dots are not filled.
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#152 GRAPH (DATA)

The GRAPH (DATA) program plots entered data. It is convenient for viewing regres-
sion curves of input data. Statistical data entered in the STAT mode can also be
plotted using this program (at least two sets of data are required for plotting).

Note:
« |f data is already stored in the STAT mode, no additional data can be entered. First

delete the STAT data before you enter new data (the same applies to matrix MD in
the MATRIX mode).

Operation:
[PF_] [MATH] [prs_| [GRAPH] *  GRAPH (DATA) =
[Pr2 | [DATA] 1. Clear all data 2. Input data

3. Plot

{Menu)

1. Clear all data {for new data entry)
¢ When plotting stored data:
If two or more sets of STAT data are already stored and you wish 1o plot them,
this option need not be chosen. If you have inadvertently chosen this option, can-
cel it with [_N__|[«==—3]. The first and second sets of STAT data are assumed to
be x and y data, respectively.
« When no data is stored or you wish to plot other data:
In this case, be sure to choose this option. After pressing [«—], specify
the number of data pairs to be input.
2. Input data (for confirmation)
Choosing this option allows you to review or change siored data.
3. Plot (for execution)
Choosing this option plots the data.

Example:
Ploi the following five pairs of data:
(8.8, 25), (5.3, 3.5), (3.2, 2.5), (1.8, 6.9), (7.2, 12.5)

[T {*Clear all data” option is *  GRAPH (DATA} +
selscted.) ol
gar ok {y/n}

[ Y ] (Stored data is cleared.) %+ GRAPH (DATA)
Number of data= %
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5 [«—] (The number of data * GRAPH (DATA)
; 1. Clear all dats 2. Input data
sets to plot is 5.) 3 Plot
[ 2 ] (“Input data” option is *  GRAPH (DATA)
selected.) X(1=107%
8.8 |«—1125[«—1]5.3 [«—1]3.5[«—1] 3.2 [«—1] 2.5 [w= |
1.8 [mad | 6.9 [+—1] 7.2 [ 1] 12.5 =]
¥ GRAPH (DATA) *
1. Clear all data 2. Input data
3. Plot
["3 1{“Plot” option is selected.) | Xmin= 1.8 ¢
Xmax= §.8
Ymin= 2.5
Ymax= 25

The computer displays the maximum and minimum values of input data, which define
the horizontal and vertical scale inputs. To make plotting easier to see, increase the
limits, so that adequate marginal spaces are left above, belaw, and to each side of the
graph. Here, set: Xuin = 0, Xmax = 10, Ymia = 0, and ¥e, = 40.

O [ | 10 [t | O [—] imin: ?0
max=
0= Ymin= ( . '
Ymax= 40 . .
[«—1] (Returns to the menu.) % BRAPH (DATA) =
1, Clear alil data 2. Input data

Changing Stored Data

3.

Plot

In the following example, change the second point of data, (5.3, 3.5), to (5, 3):

2]

*

GRAPH (DATA}

3

X(1)=8.8 7
*  GRAPH (DATA) =
X(1)= 8.8
Y(1)= 25
X(2)=5.3 7%
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5[]

Notes:

X{1)= 8.8
Y(1)= 25
X(2)= 5.3 5
Y(2)=3.5 %
Y(1)= 25
X(2)=5.3 5
Y(2)= 3.5 3
X(3)=3.2 7

¥ GRAPH (DATA) =
1, Clear all data 2. Input data
3. Piot

» If you wish to accept the data now on the display, just press the key.

« When you no longer need to change data, you can return to the menu by pressing:

[Xx 1[-T1.

« The number of data points to plot, once specified, cannot be changed.

 |f values are entered such that Xmin > Xmax OF Ymin > Ymax, the computer will prompt for

re-entry.

» While the data is being plotted, an asterisk (x) appears to the left of “¥ray” The
asterisk disappears when plotting is complete.

75




#153 AREA OF FIGURE

The AREA OF FIGURE program calculates areas for triangles, parallelograms,
trapezoids, circles, sectors, circular segments, ellipses and regular polygons. The an-
gular unit will be set to DEG automatically.

Circular segment

e ol
(10)s=5 (or Psin())

This calculation is performed with the angular unit RAD.
After the calculation, the angular unit setting will return
to DEG.

Figure Formula
1) s=2
Triangle @) §= 2 ab sin 0
(3) S=Vs(s—-a)s-B)(5—0) where: s= d+g+c
4) S=ah
Parallelogram
{5) S=absinf
(a+b)
Trapezoid ®) S=""7—h \i \
Circle 7) S=mr? @
i
© S= %
Sector g
P S [
(9) S=nr 360
WV
!

Ellipse (11) 3 =nab
(12) S=F(n, Py =n tan * n = 5 for regular
1 " 2 pentagon
Regular palygon |(13)S=f(n R) =5 ni sinTE

2
(14) S=f(ﬂ,1)=%ncot%
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Operation:
[MATH] [GRAPH]
[FIGURE]

Example 1:

Determine the area of a trapezoid with upper length (b}, base {z), and height (#) given

by:
(103 [3]

(Specifies trapezoid.)

10 [t ] 7 [«—1] 5 [-—]

% AREA OF FIGURE #

pTriangle ah/2
Triangle {ab-sin §)/2
Triangle /(8(58-a)(8-b)(8~¢c))

# AREA OF FIGURE =
Parallelogram an
Parallelogram abesin ¢

pTrapezoid (atb)}-n/2
b a= ¢
f o\
VAR
b= a= 10
’ _E \ b= 7
’ h= 5
a | \ §= 42,5

The area of the trapezoid with a = 10, =7, and & = 5 is determined to be 42.5.

Example 2:

Determine the area of a regular polygon with given » and R:

[« i[> ][ ¢ |
{Specifies regular polygon.)

5[a—1]10 | w=—1]

The area of a regular polygon with n = 5 and R = 10 is determined to be 237.7641291.
The pointer » on the menu points to the formula now selected. You can select any for-

* AREA OF FIGURE %
Elllpse rab
Regular polygon f{n,r)
PRegutar polygon f{n,R)
n= 9
i
n= 5
. R= 10
"
5= 237.7641291

mula by shifting the pointer with the or[4_lkey (or the [ » ] or[ < ] key).
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Notes:

» Each operation of the [ $7] key shifts the pointer down a single line, while the [ 3]
key shifts it up a single line. Each operation of the [ » | key shifts the pointer down
3 lines, while the [« ] key shifts it up 3 lines.

e If you press the key when the pointer is beside a specific formula, the sys-
tem prompts you to enter parameters for that formula.

e Pressing the key after you get the answer returns the computer to the pre-
vious display.

#161 GAMMA FUNCTION

The GAMMA FUNCTION program determines the value of the gamma function [
within the range of 0 < x = 70. The result has 7 significant digits, with the 8th digit
rounded off.

The gamma function appears as shown at right:

Texy

ASRA

3

!

0 12 3 45 *
Operation:
[PF1] [MATH] ‘ ¥ GAMMA FUNCTION =
[ 1( P [S-FUNC] b eET0)=
[PF1_] [GAMMA]

(Entry prompt)
Example:
Determine the value of the gamma function for x = 3.2:
3.2 [==] *  GAMMA FUNCTION =
r(3.2)= 2.42397

Note:

» If you press only the key without entering the value of x, the entry prompt is
displayed.
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%211 PHYSICAL CONSTANT

The PHYSICAL CONSTANT program displays the following 47 physical constants:

Name and Symbol Value Unit

(1) Speed of light in vacuum ¢ 2. 99792458 X 10° m-s !

{2) Gravitational constant G 6.67259 % 1071 N-m#-kg?

(3) Gravitational acceleration ¢ 9, B0665 m-s"?

(4) Electron rest mass m. 9.1093807 x 10 ** kg

(5) Proton rest mass mp 1.6726231 % 10 % kg

{8) Neutron rest mass mn» 1.6749286% 10 %7 kg

(7) Muon rest mass m, 1.8835327 x 197 kg

{(8) Atomic mass unit « 1.6605402 X 30" % kg

(9) Electric charge e 1.60217733 % 1071 C
{10) Planck constant » 6.6260755 x 10" 4 I's
(11) Bolizmann constant # 1,380658 x 1072 J- K
(12} Magnetic permeability . 12.566370614 % 1077 Hm'
(13) Dielectric permittivity &, §.854187817x 10712 F'm™
(14) Electron charge to mass ratio e/me. 1.75881962 > 10" C-kg!
(15) Classical electron radius ~ 7e=¢%/dzme ec? 2.81794092 x 10715 m
(16) Fine structure constant a=e?/4reghc 7.29735308 X 103
(17) Quantum of circulation  k&/2m. 3.63694807 x 107¢ J-skg?
(18) Bohrradius a,=4megh?/mee? 5.20177249 x 1071} m
(19) Rydberg constant Re=e?/16a%a #c 1.0973731534 X 107 m!
(20) Flux quantum ’/2e 9 06783461 X101 Wh
(21) Bobhr magneton p,=eh/2m. 9.9740154 X 1021 J-T!
(22) Electron magnetic moment p. 9.9847701 X 10~24 1T
(23) Free electron g-factor 2pe/ps 9.002319304386
(24) Nuclear magneton g, =ef/2mp 5.0507866 % 10727 1T
{25) Proton magnetic moment up 1,41080761 % 107=" I.-T!
(26} Proton g-factor 2pp/py 5, 585604772
(27) Gyromagnetic ratio of proton 7, 9 67522128 X 10% P
(28) Neutron magnetic moment p» 96623707 X 10727 JoT !
(29) Muon magnetic moment ., 4.4904514 X 10 26 J-T!
{(30) Compton wavelength of the eleciron  Ac=h/m.c 2.42631058 % 10 1

m
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Name and Symbol Value Unit
(31) Compton wavelength of the proton Acp=h/mpc | 1.32141002 x 1015 m
(32) Stefan-Boltzmann constant o= r2k*/60#c* 5.67051x 1078 Wem™-K™
(33) Avogadro's constant N, 6.0221367 x 1923 mol™!
(34) Idealgas at STP V, 2.241410x1072 m?-mol™
(35) Gas constant R=~Nak 8.314510 J-mol~t K
(36) Faraday constant F=N,e 9.6485309 % 10! C-mol™!
(37) Josephson frequency-voltage ratio  22/4 4.8359767 x 1014 Hz-v!
(38) Quantum hole resistance Ry 25812.8056 Q
(39) Electron volt eV 1.60217733 X 10-1¢ J
(40) Astronomical unit Ay 1.49597870 % 101! m
(41) Parsec p¢ 3.0856776 X 10'6 m
(42) Seamile sea mile 1852 m
(43) Angstrom A 1x10710 m
(44) Knot knot 1852/3600 m-s™!
(458} Torr Torr 101325/760 Pa
(46} Standard atmospheric pressure  atm 101325 Pa
(47} Calorie cal 4.1868 ]
Operation:
[pr2 [ [SCI][PF1_] [PHYS] e *  PHYSICAL CONSTANT +
LPF1 J[CONST] = 2.00702458E+8 [m-s- ']
‘ *  PHYSICAL CONSTANT =

6 = 6§.87259E-11 [N-m?-kg-*]

These physical constants can be assigned to fixed variables (A - Z), so that they may

be available in the CAL or BASIC mode.

Example:
Assign the gravitational constant (G) to variable A:
STD +  PHYSICAL CONSTANT =

2. G
= 6.67259E-11
STORE (A-2) 7

[(N-m?-kg-¢]
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| ] x PHYSICAL CONSTANT #
G
= 6.67259E-11 IN-m?-kg-?1

The value 6.67259 x 107" is now assigned to variable A.

Notes:

» The [ ¥ ] key lets you scroll down through the chart, while the key lets you
scroll up through the chart. The [ | key skips two constants; the [« ] key skips
up two.

o The[ ¥ 1 [2_],[» ] and [« ]keys continuously recall physical constants while
they are pressed down.

s (44) knot and (45) Torr are given in the form of fractions in the chart. When they are
assigned to variables, the decimal values of the fractions are assigned.

« If a constant with more than 10 digits is assigned to a variable, the 11th digit is
rounded off before it is actually assigned.

» Since fixed variables with assigned constants are shared with BASIC programs,
they will be cleared when the RUN or CLEAR command is executed. They are aiso
cleared when another Engineer Software program is executed.
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#212 METRIC CONVERSION

The METRIC CONVERSION program converis the units of length, area, volume,
weight and snergy.

m in{inch) ft{foot) yd(yard)
m 1 39.3701 3.28084 1.09361
= | in 0.0254 1 (.0833333 0.0277778
% ft 0.3048 12 1 0.333333
% vd 0.9144 36 3 1
£ | mile 1609. 344 83360 5280 1760
S5 em 0.01 0.393701 0.0328084 0.0109361
A 1x10°10 3.93701 X 107¢ 3.28084 X 10710 1.09361% 10710
pc 3.0856776 X 10 | 1.214834357 X 108 | 1.01236145%10%7 | 3.37452788 x 1015
mile cm A pec(parsec)
m 0.000621371 100 1x1010 3.24077927 x 10717
| 1.57828 % 1075 2.54 254000000 8.231579346 X 10718
g: ft 0.000189394 30.48 2048000000 9.877895215 % 10-1#
%’ vd 0.000568182 91,14 4111000000 2. 963368564 x 10 17
_E mile 1 160934, 4 1609344 X 10W | 5.215528674 X 101
S| em 6.21371 X 1078 L 100000000 3.24077927 X 1071
A 6.21371x 10" 0.0C000001 1 3.24077927 x 1077
pc | 1.917350576 X 102 | 3.0856776 % 10 3.0856776 X 102° 1
Reading the table:

To convert from "meter” to “inch”, multiply by 39.3701.
Other conversions can be performed in a manner similar to the above operation.

m? alare} acre mile?
8| me 1 0.01 0.000247105 3.86102x 1077
s 2 100 1 0.0247105 3.86102 X 1073
2| acre 4046.86 40.4586 1 0.0015625
2| mile? 2589990 25899.9 640 1
cm? m? in®{inch} 2 (eitre} ft*{foot)
§ cm® 1 0.000001 0.0610237 0.001 3.53147 X 1075
A 1000000 1 £1023.7 1000 35.3147
R 16.3871 1.63871 X 10° 0.0163871 0000578704
E| e 1000 6.001 61,0237 1 0.0353147
[ 28316.8 0.0283168 1728 28.3168 1
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= I kg oz{ounee) 1b {(pound)
2 g 1 0.001 0.035274 0.00220462
..g kg 1000 1 35.274 2.20462
£ oz 28,3495 0. 0283485 1 0.0625
Y 453.59237 0.45359237 16 1
eV erg cm™! Hz
eV I 1.60218% 19 12 8065. 54 2.41799 % 10
o erg 6.24151 x 101 1 5.03411% 1073 1.50919 X 106
S em! 0.000123984 1, 98645 10 10 1 2.99792 % 11
jcj Hz 1.13567 x 10 18 6. G2608 X 10727 3.33564x 1071 1
E K 861738 %1070 1. 38066 x 10 1 (.695039 2.08367 x 101
57 ¢ 5.78838 X 10 ® 9.27402 % 10! 1.66864 X 1075 1399620
J/mol | 1.03643x10°% 1.66054 X 10717 0. 0835934 2506070000
lkcal/mol 0, 0433854 6.9511x 107 M 345.926 1.04905 X 1013
K G J/moi kecal/mol
eV 11604, 5 172760000 96485.3 23.0492
B erg 7.24292 x 101 1.07828 X 1020 6.02214 X 1016 143862 % 1013
2 em’ 1.43877 21419.5 11,9627 0.00285774
_fl:g Hz 4.75922 x 1071 7.14478 %1077 3.99031 X 10710 9.53241% 1071
; K 1 14887.4 8.31451 0.00198624
5 & 0.000067171 1 0.000558494 1.33¢18% 107
J/mol 0.120272 1790.53 1 0.000238889
keal/mol 503.463 7495250 4186.05 1
Operation:

[PF2 |ISCI] L_PF1 ] [PHYS]

[M-CONV]

*

METRIC CONVERSION

[LENGTH] [ AREA | [VOLUME] [WEIGHT] [ENERGY]

{Menu)

Choose the item for metric conversion from the menu with the - key.

Example 1:

Convert 12 meters to inches:

[LENGTH]

*
{LENGTH)

METRIC CONVERSION ¥

X= ¢
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Enter the data to convert.

; # METRIC CONVERSION #
12[=] (LENGTH) Xz 12
from ¢
[m 3L in J0 ft 10 yd 1 [milel
Enter the original unit for the data:
¥ METRIC CONVERSIGN
[PF ] [m] {LENGTH) X= 12
from [ m ] to %
m I in 10 ft 10 yd 1[0 mile ]
Enter the target unit: ETRTE TOTTERS TR
. % 3
[er2 ] [in] (LENGTH) X= 12
frem [ m | to [ in ]
12 472, 4412

The answer is 472.4412 inches.

Example 2:
Convert 10~ inch to angstroms (A):

When the last result of metric conversion for length is still on the display, press the
key, and you can continue metric conversion for another length.

METRIC CONVERSION
X= 7

*

l *
{LENGTH)
- H ¥
1[CEXP_| -8 [«—][PF2 ][in] (LENGTH!
from |
[ m 11

METRIC CONVERSION
X= 0, 001
in ] tg ¢
in [ ft

il vd

*

1

mite

]

Since angstrom (A) is not in the menu on the display, first recall it into the display
using the £ _] key, then choose angstroms using [ PF2_|:

.m A ¥ METRIC CONVERSION ¥
[+ 1L ]IA (LENGTH) X= 0. 007 .

from [ in ] to [ a ]

0. 001 264000

The answer is 254000 A.

Notes:

e If the result of metric conversion exceeds the range of 107 <X < 10', a mes-

sage, “Answer not found” will appear. Press the key, then enter appropriate

data for conversion.

e Ifthe key is pressed when the prompt “X = ?” is on the display, the computer

will return to the menu.
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#213 EQUATION OF MOTION

The EQUATION OF MOTION program displays the following 21 equations of motion

and energy formulas:

Name

Equation/Formula

(1) Linear motion with constant acceleration
(2) Newton's equation of motion
(3) Circular motion (1)
(4y Circular motion (2)
(5) Simple oscillation
{6) Hooke's law
{7) Spring oscillation
(8) Simple pendulum
{9) Coefficient of friction p
(10) Work
(11) Kepler's law (harmonic law)
(12) Universal gravitation
(13) Moment of inertia 1
{14) Angular momentum
{15) Law of conservation of momentum
(18) Potential energy
(17) Potential energy (among planets)
(18) Kinelic energy
{19) Kinetic energy (among planets)
(20} Elastic energy

(21) Mass-energy relation

r=uv,+at, a:%ﬁ-—, 5=, t+-%at2

F=ma

2z _ 2w 1
T= v w f

2w ] n g Myt
wJT—fo_-{r-, F=mra ==
x=y-5in o, V=rw-cos of, ¢=—wx
F=—kx

F k

a

TmT  m

%, T=2z]/%
_F__2& _ ]/L
= lx' T=2r g

a

F=uN

W=F-.s
Tz
PR Constant

F=G-MI G=6.67259 x 10~ [N -me/kg?)
I=mr, E:émz
J=Iw

my,+ MV, =my, + MV,

Ep=mgh
Up= _G]W:M
Ek:%mu2
Ek:%mrzmz
Ee= ékxz
E=mc?
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Operation:

PF3 | [MOTION]

<]

PE2 ] [SCI] [FEL] [PHYS] ¥ EQUATION OF MOTION =

1:v=vetat, a=av/at, s=vot4+1/2at?
[ F ][ = J[CENTERII =+ 1I &

*+ EQUATION OF MOTION #
6. F=—kx

. F ][ 2 J[CENTERIl % 1[ & ]

Use the following keys to recall a specific equation or formula:

Ezap

[CENTER]
=]

PF5 | []

o b B B

Note:

: Recalls the first formula.
: Recalls the formula which is five steps before the formula now

displayed {i.e. the formula with current number minus 5).

. Recalls the 11th (mid) formula.
: Recalls the formula which is five steps beyond the formula

now displayed {i.e. the formula with current number plus 5).

. Recalls the 21st (last) formula.
. Recalls the formula which just follows the formula now

displayed.

. Recalls the formula which just precedes the formula now

displayed.

e The[PF2 |[PF4 || ¥ | and[ ¢ |keys continuously recall formulas while they are

pressed down.
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221 PERIODIC TABLE

The PERIODIC TABLE program displays the periodic table of the elements or the
atomic weight by entering an atomic number:

(1) Periodic Table of the Elements

The number refers to the atomic number.

mm"”“’"’ 1A |24 13a [1A |0A|GA |7A 8 1R [2B 8B 4B 5B [6B |78 o
1 ! 2

H He

9 3 q n 0 7 8 9 10

Li | Be B|C|N|O|F/|Ne

g 11 12 13 11 15 16 17 18

2 | Na|Mg Al SI| P | S |ClAr

{ w20 | 21 | 22 |23 | 2a | a5 | 26 | 27 [ es | 29 | 30 | w1 | 32§ 33| 31 | 45 | 36
’ K|Ca|Se|Ti| V|Cr|Mn|TFe|Co|Ni|Cu|Zn|Ga|Ge|As!| Se | Br| Kr
a7 | 38 [ 30 [ a0 | 40 | 22 | 43 ) 44 | 45 | 46 | 47 | 48 | 48 | 50 [ 51 | 52 | 53 | 54
Rb|Sr| ¥ | Zr{Nb|Mo| Tc|Ru|Rh | Pd|Ag|Cd | In |Sn | Sh | Tel| I | Xe
6 55 | 56 (57~ 72 | 73 | 74 | 7B | 76 | 7T | 78 | o | &0 | 81 | w2 | 83 | 81 | 85 | 54
> Cs|Ba| 71/ Hf | Ta| W |[Re|Os | Ir { Pt |Au|Hg| TI [ Pb | Bi | Po | At | Rn

7 87 | 88 (B9~
Fr | Ra | 103

[$2]

N 57 58 59 GO 81 G2 G3 G4 415} {3 47 G8 69 70 71
*Lanthanides | [, | Ce | Pr [Nd | Pm|Sm| Eu |[Gd | Tk | Dy | Ho | Er | Tm{ Yh | Lu
" . &4 90 a1 92 a3 G4 95 98 a7 98 44 100 | 101 102 | 103
Actinides | A | Th | Pa| U |Np| PulAm|Cm|Bk| Cf | Es | Fm|Md | No | Lr

Operation:
Pr2 |{SCI] _PF2 | [CHEM] * PERIODIC TABLE &
[PFL ] [PERIOD] Display table...1 Atomic weight.,..2
{Menu)
1 12 2a 3a 4a 5a B6a 7a B B8 B 1b 2b 3b
11H
2.Li Be B
3:Na Mg Al

The rest of the above table can be displayed by pressing the [ » |, [« [ 3 _], and
keys. Pressing the key will return to the menu.

(2) Atomic Weight

This periodic table lists the atomic weights which were recommended by the Atomic
Weight Committee (1985) of IUPAC (International Union of Pure & Applied Chemistry)
by referring to C = 12. It applies to natural substances of the earth. The accuracy is
the last significant digit £7 for hydrogen, and the last significant digit +3 for other sub-
stances. Numbers given in brackets [ ] indicate the masses of the isotopes (with
known longest half-tives) of the relevant substances.
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= Atomic weight (1)

Atomic number Element Symbol Atomic weight
1 Hydrogen H 1.00794
2 Helizm He 4.002602
3 Lithium Li 6.941
4 Beryllium Be 9.012182
5 Boron B 10.811
6 Carbon C 12.011
7 Nitrogen N 14.00674
8 Oxygen 0] 15.9994
9 Fluorine F 18.9984032

10 Neon Ne 20.179

11 Sodium Na 22.689768
12 Magnesium Mg 24.3050
13 Aluminium Al 26.681539
14 Silicon Si 280855
i5 Phosphorus P 30.973762
16 Sulfur S 32.066

17 Chlorine Cl 35.4527
18 Argon Ar 39.948

19 Potassium K 39.0983
20 Calcium Ca 40.078

21 Scandium Sc 44.955910
22 Titanium Ti 47.88

23 Vanadium A\'% 50.9415
24 Chromium Cr 51.9961
25 Manganese Mn 54.93805
26 Iron Fe 55.847
27 Cobalt Co 58.93320
28 Nickel Ni 58.69

29 Copper Cu 63.546

30 Zinc Zn 65.39

31 Gallium Ga 69.723

32 Germanium Ge 72.61

33 Arsenic As 74.92159
34 Selenium Se 78.96

35 Bromine Br 79.904
36 Krypton Kr 83.80

37 Rubidium Rb 85.4678
38 Strontium Sr 87.62

39 Yttrium Y 88.90585
40 Zirconium Zr 91.224
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» Atomic weight (2)

Atomic number Element Symbol Atomic welght
41 Niobium Nb 92.90638
42 Molybdenum Mo 95.94
13 Technetinm Te [98]

44 Rutheninm Ru 101.07

45 Rhodium Rh 102.90550
46 Palladium Pd 106.42

47 Silver Ag 107.8682
48 Cadmium Cd 112411
49 Indium In 114.82

50 Tin Sn 118.710
51 Antimony Sb 121.75

52 Tellurium Te 127.60

53 Iodine I 126.90447
54 Xenon Xe 131.29

55 Caesium Cs 132.90543
56 Barium Ba 137.327
57 Lanthanum La 138.9055
58 Cerium Ce 140.113
59 Praseodymium Pr 14090765
60 Neodymium Nd 144.24

61 Promethium Pm [1451

62 Samarium Sm 150.36

63 Europium Eu 151.965
64 Gadolinium Gd 157.25

65 Terbium Tb 158.92534
66 Dysprosium Dy 162.50

67 Holmium Ho 164,93032
68 Erbium Er 167.26

69 Thulium Tm 168.93421
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 Tridium Ir 192.22

78 Platinum Pt 195.08

7% Gold Au 196.96654
80 Mercury Hg 200.59
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+ Atomic weight (3)

Atomic number Element Symbal Atomic weight

81 Thallium Tl 204.3833
82 Lead Pb 2072
83 Bismuth Bi 208.98037
84 Polonium Po [2091
85 Astatine At f210]
86 Radon Rn [222]
87 Francium, Fr [223]
88 Radium Ra [226]
89 Actinium Ac [227]
90 Thorium Th 232.0381
91 Protactinium Pa 231.03588
92 Uranium U 238.0289
93 Neptunium Np [237]
94 Plutonium Pu [244]
95 Americium Am [243]
96 Curium Cm [247]
97 Berkelium Bk [247]
o8 Californium Cf [251]
99 Einsteinium Es [252]

100 Fermium Fm [257]

101 Mendelevium Md [258]

102 Nobelium No [259]

103 Lawrencium Lr [260]

Operation:
* PERICOIC TABLE #
Display tabie,., 1 Atomic weight,,, 2
(Menu)
|I| #* PERIODIC TABLE «#
Atomic Symbol= ¢
{Eniry prompt}

Entering an atomnic symbol will display the information on that element,

Notes:
Pressing only on the entry prompt will be displayed from the hydrogen item.
Pressing [ ¥ ]or[t_] will scroll down or up one line.
Pressing [ » | or [ 4] will scroll down or up 10 lines.
Pressing will return to the menu.
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::222 OUTER ELECTRON

The OUTER ELECTRON program displays the following items by entering an atomic
symbol:

ground siate
atomic: Ground state of an atom
ionic: Ground state of anion
ionization voltage
1st: The 1st ionization potential (V)
2nd: The 2nd ionization potential (V)

The ionization potential is the energy per unit charge needed to remove an electron
from a given kind of atom to an Infinite distance and is usually expressed in volts.

Operation:
[PF2 ][SC'“ PF2 | [CHEM] ¥ OUTER ELECTRON
[ELECTR]

Atomic Symbol= %

{Entry prompt)

Entering an atomic symbol and then pressing will display the above items for
the atom.

Notes:

» Pressing only on the entry prompt will display the items from the hydrogen
(H) atom.

e Pressing[ ¥ |or will display the next or previous element.

» Pressing [ » | or [ =] will display the 10th element after or before the current ele-
ment.

» Pressing will return to the entry prompt.
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%223 STABLE ISOTOPE

The STABLE ISOTOPE program displays the following items by entering an atomic
symbol:

isotope: Isotope

mass: Mass

abundance: Abundance ratio

Operation:
[ PF2 |[SCI] [PE2 ] [CHEM] # STABLE ISOTOPE %
[P | [ISOTOP]

Atomic Symbol= ¢

(Entry prompt)

Entering the atomic symbol and then pressing will display the above items for
the atom sequentially.

Notes:

» Pressing only on the entry prompt will display the items from the hydrogen
(H) atom.

o Pressing[ ¥ Jor[ & |will scroll drown or up one line.

» Pressing [ » ] or [ <] will scroll down or up 10 lines.

+ Pressing will return to the entry prompt.
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%231 METEOROLOGY

The METEOROLOGY program converts the atmospheric pressure and wind speed.

£ atm mb mmllg
% alm 1 1013.25 760

;;.’ mh 0. 869232667 < 101 1 0.75
E mmllg 1.315780473a % 10 1,33 1

Reading the table:
To convert from “atm” to “mb”, multiply by 1013.25.
Other conversions can be performed with the same operation.

] m/s knot kim/day
21 mfs 1 1.944 BG.4

‘gn knot 5.144032921 x 107! 1 44.444.14.144
2 | km/day | 1.157407407 % 10°? 0.0225 1

The computer uses the Beaufort wind force table for conversion among m/s, knot, and
force (wind velocity class). For conversion between force and km/day, it uses a table
that correlates force with m/s.

Operation:
Pr2_ | [SCI][[PE3 | [EARTH] ¥ METEOROLOGY

oF atmospheric pressure __ . 1
[PF ] [METEO] wind veloclty R

{Menu)

Example:

Convert 960 mb to atm: ‘
[Il(selectsatmospheric # atmospheric pressure #*
pressure.)

Enter the source data (960):

960 [«—1] e g;oatmospheric pressure #

from ¢
[ atm 1 [ mb ]| mmHg ]

Specify the atmospheric pressure of the source data:

[mb] . g;oatmosphemc pressure #
frem | mb ] to ¢
[ atm ][ mb ]| mmHe ]
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Specify the units of converted data;

[atm]

* atmospheric pressure *
960
[ ]

X=
from mo

960

to [ atm ]

0. 9474483386

The answer is 0.947446336 atm.

Notes:

If the result of metric conversion exceeds the range of 107" < X < 10", a mes-

sage, “Answer not found” will appear. Press the key, then enter appropriate

data for conversion.

be displayed.

If the key is pressed while the prompt “X = ?” is on the display, the menu will

#232 SOLAR/PLANETARY CONSTANTS

The SOLAR/PLANETARY CONSTANTS program displays the contents of the follow-

ing table:
) Period of
Major ;
distance | Eccentricity | Equatorial %L;ﬁtc; Volume Mass H;;?itcl,?jn r:\irﬁﬂiiac:n
fror(l EL)ln a P radius km (earth=1) (earth=1) | (earth=1) (days) | P (tropical
years)
Sun — —_ 696000 | 28.01 |[1304000( 332945 | 2538 —
Mercury 0.3871( 0.2056 2439 0.38 0.056 0.055 58.65 0.2409
Venus 0.7233( 0.0068 6052 0.9 0.857 0.815 243.01 0.6152
Earth 1.0000 | 0.0167 6378 1.00 1.000 1.000 0.9973 1.0000
Mars 1.5237 | 0.0934 3397 0.38 0.151 0.107 1.0260 1.8809
Jupiter 5.20268] 0.0485 | 71398 2.37 1316 | 317.832 | 0.414 11.862
Saturn 9.5549¢ 0.0556 | 60000 0.95 745 95.16 0.444 | 29.458
Uranus 19.2184| 0.0463 | 25400 0.89 61 14.50 0.649 84.022
Neptune | 30.1104| 0.0090 | 24300 1.19 54 17.22 0.768 |164.774
Pluto 39.5399| 0.2490 20007 0.02?7 | 0.037 | 0.00237 | 6.387 |248.534
Moon —_ — 1738 0.17 | 0.0203 (0.012300| 27.3217 —
QOperation:
[SCI] [EARTH] ¥  SOLAR/PLANETARY CONSTANTS
[Prz | [PLANET] 0:Sun 1 'Mercury 2:Venus 3:Earth
4:Mars b:Jupiter 6:8aturn 7:Uranus
8:Neptune Q:Pluto M:Moon
(Initial menu)
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Display the constants for Venus:

v i | . {( Venus »)a= 0.7233 [AU] e= 0.0068

[ 2 ](Venus s selected.) radius= 5052 [km] gravity= (.01
yolume= 0,857 mass = (.81%
rotation= 243.01 [day] P= 0.6152 [year]

Notes:
» Pressing the key will return to the initial menu.

» Pressing the or key will display the items of the next or previous planet.

241 AMINO ACIDS FORMULAS

The AMINO ACIDS FORMULAS program displays the following major amino acid

chemical structure formulas:
1...Moncamino-monocarboxylic acid (neutral amino acid)
2...Monoamino-dicarboxylic acid (acidic amino acid)
3...Diamino-monocarboxylic acid (basic amino acid)

Abbreviation

3 letters 1 letter

. Abbreviation . .
Amino acid Amino acid
3 letters l 1 letter

Neutral amino acid Hydrophohic amino acid | Neutral amino acid
glycine Gly G serine
alanine Ala A threonine
valine Val A% cysteine
leucine Len L tyrosine
isoleucine Tie I asparagine
methionine Met M glutamine
preline Pro P
phenylalanine Phe F
tryptophane Trp W

Acidic amino acid Basic amino acid
aspartic acid Asp D lysine
glutamic acid Glu E arginine

histidine

Hydropholic amino acid
Ser
Thr
Cys
Tyr
Asn
Gln

O Z~<0-dw

Lys
Arg
His H

o R
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Operation:

[SCI] [BIO]
TAMINO]

Select the type of amino acid:

[ (Neutral amino acid is
selected.)

Notes:

¥ AMINO ACIDS FORMULAS =
1.--Monoamino—monocarboxylic acid

2-+-Monoaminc—dicarboxylic acid
3---Diamino-monocarboxylic acid

’ {Menu}
G (Gly) glycine

CH: (NHz) COOH
A (Ala} alanine

CHs CH {NHz ) COOH

¢ Pressing the [«=—1] key will return to the menu.

o Pressingthe[ ¥ Jo
* Pressing the| »]o

-—

-

t | key will scroll down or up four lines (one screen).
<_| key will scroll down or up 16 lines (four screens).
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311 COMPLEX NUMBER

The COMPLEX NUMBER program performs complex number calculations using the
following key operations:

Key Function

Stores the value into X (in the order of the real and imaginary parts).

Stores the value into ¥ (in the order of the real and imaginary parts).

X +Y = X: Performs addition and stores the result into X.

X - ¥ - X: Performs subtraction and stores the result into X.

XXY — X: Performs multiplication and stores the resultinto X.

X/Y = X: Performs division and stores the result into X.

X + M — M: Adds the value of X to the memory.

M — X: Recalls the value in memory and assigns it to X.

X — M: Stores the value of X into the memory.

X <+ ¥: Exchanges the values of X and Y.

vX = X: Calculates the square root of X and stores the result into X.

11X = X: Calculates the reciprocai of X and stores the result into X.

Bl Rl I S HEH AR AYE

XXX — X: Calculates the square of X and stores the result into X.

Absolute value of X — X ) Stores the absolute value of X (VXz > +X; )

Al tof X - ¥
2 rgument ol & — into X and the argument of X (tan™ ;{(—;) into Y
where X is the real part of X and X; the
imaginary pari of X.
Operation: # COMPLEX NUMBER
*
[ENG] [FFL] [ELEC] ve o
[COMPLX] = o
(O XY, =) M+ RM, xoM 1,4 %, 62 =y ) )
Example:
ForX =3+ 4iand ¥ = 6 + 8i, add Y to X, then square the result:
[X_1(Xis selected from the _*  COMPLEX NUMBER =
X{real) = 0 ¢
menu.)

(( XIY1+—*I!M+|HMIXAM|I:\'/_11/)(:)(2,_’)()’))
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3..4 ¥ COMPLEX NUMBER

X(real) = 3

X{image)= 0 4_

(O XY, +=%/ ,M+,RM, x=M, 1,/ /%, x2 ,=»xy))
¥ COMPLEX NUMBER %

X= 3 + 4i

Y= 0

COXLY b=k / M+, RM, xoM, bV 1 0, %2 ,oxy ) )

(Y _](¥is selected from the * COMPLEX NUMBER &
menu.) Y(real) =0 ?

CO XY ot ME BM, XML L/, 1 x X2 oy )

6 [«—] 9 [«T] A COMPLEX NUMBER =
Y= B + 9i
1 XoYod=%/ M+, BM, oM, 1,/ 1 x,x2,~xy))
[+ ] * COMPLEX NUMBER %
* X= 9 + 13|
Y= 6 + 9l
(XY =%/ M+, AM, oM, 1,7, 7%, %2 ,5xy))

You get (3 + 44) + (6 + 9i) = 9 + 13i. Now square the sum:

EZ *# COMPLEX NUMBER #
X= -88 + 284]
Y= 6 + 9i
COXL Y =5/, ME AN, =M, 1,/ 1 /%, %2 ,oxy )

The final answer is: (9 + 13{)° = —88 + 234i.
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%312 ELECTRICAL FORMULAS

The ELECTRICAL FORMULAS program displays the following 14 electrical formulas:

= R - R = B
Rl'—' Rs’ Rz— RB' Ra— R4
(7) Instantaneous value V=V,sin wt, I=I;sin ot

{alternating pressure and current)

Name Formuia
. - =9 g,
{1) Ohm's law V=IR (Ih— P K=p S)
(2) Direct-current power and Joules P=IV=I*R, W=IVi=Pi
1.7
(3) Conductance G= REV
{4) Kirchhoff's law XIn=0, YE;—XR:{:=0
{5) Delta — Y transformation (d-Y) R=R,+ R+ Ry
R.R R,R RsR
R,= —]lei }35:77,}2?,,3,, Rsz—;e—‘—

{8) Y — Delta transformation (Y =) R=R,R;+ R R+ R:R,

(8) Effective value (alternating current) I= 1—/1 °2— V= 1/192—
{8} Electric power (alternating current) P=Vi= —%Vu 7o
(10) Power factor (cos¢) P=VI.cosé
(11) Reactance X=al=2nfl, X=lr=ple
Ralor——L V v.=
{12} Impedance Z:l/R —]—(wL—w) » Vo=Z1,
(13) Natural frequency fu:ﬁ
. 1 @ 1,5
{14) Electric resonance fT_l_ELI = Constant
Operation:
[(Pr3_| [ENG] [PF1][ELEC] *+ ELECTRICAL FORMULAS =
:E[EEJ:HM] 1:¥=IR (1=Q/t, R=p+1/8)
[ 7 I[ = JICENTERI[ 3 J[ & ]
[ PF4 | # ELECTRICAL FORMULAS =
-[;] 6:(Y~4) B=R.R:4+R:sRs+R:R«.Ri=R/Rs,
R:=R/Rs .R:=R/R.
[ F ][ = JICENTER]l = [ & ]
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Use the following keys to recall a specific electrical formula:

LPFi_| [T] : Recalls the first formula.
[Pr2 | [2] : Recalls the formula which is five steps before the formula now
displayed (i.e. the formula with current number minus 5).
PF3_ | [CENTER] : Recalls the 7th (mid) formula.
PFA | [¥] : Recalls the formula which is five steps beyond the formula now
displayed (i.e. the formula with current number plus 5).
PF5 | [4] . Recalls the 14th (Jast) formula.
: Recalls the formula which just follows the formula now
displayed.
: Recalls the formula which just precedes the formula now
displayed.
Note:

e The[Prz [P | [ 3 | and[ t ]keys continuously recall formulas while they are
pressed down.
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%313 ELECTRIC & MAGNETIC FIELDS

The ELECTRIC & MAGNETIC FIELDS program displays the following 16 electric and

magnetic field formulas:

Name

Formula

(1)Maxwell's equations
{2)Coulomb's law (electric field)
(3)Electric field

(4)Electric capacitance C
{5)Elecirostatic energy
(6)Electron in electric field
(7)Coulomb’s law (magnetic field)
{8)Magnetic field H

(9)Magnetic field

(10)Magnetic flux density
{11)Lorentz force

(12)Electron in magnetic field
(18)Faraday’s law of electromagnetic induction
(14)Eleciromagnetic induction
(15)Mutual induction

{16)Self induction

rot H=i, rot B=— 0, div B=0, div D=p

F——_QLQQ :kUQIQa, ky=9x10°

T dgeyr® ¥?

E=-Z. F=QE, W=0QV

_1o
(4n)2

_omgm,  kgm,

T dnpgt T rt
I IN

H=y oo H=7

f kuz
H=In

F=p HI=1IBI

M

= e ol

v
F=QUB, f—@*ﬁ

ai,
at

41
ar

Vo=—M

Vi=—L L=

~,\§
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Operation:

[ PRI | ¥ ELECTRIC & MAGNETIC FIELDS %
{ETSJAE[ELEC] 1irotH=1, rotE=-2B/at, dIvB=0, divD=p
[ ¥ 1l 2 TJ[CeENTERI[ T ][ % ]
# ELECTRIC & MAGNETIC FIELDS &
[;] 6.a=QE/m, 1/2-myv?=zgVy
[ F 1{ 2 J[CENTER]I] T ][ &

Use the following keys to recall a specific electric or magnetic formula:

[*]
[=]

[CENTER]
=

[ PF5 [[¢]
(4]

Note:

: Recalls the first formula.
: Recalls the formula which is five steps before the formula now

displayed (i.e. the formula with current number minus 5).

: Recalls the 8th (mid) formula.
: Recalls the formula which is five steps beyond the formula now

displayed (i.e. the formula with current number plus 5).

: Recalls the 16th (last) formula.
: Recalls the formula which just follows the formula now

displayed.

. Recalls the formula which just precedes the formula now

displayed.

e The[Pr2 | { PF4 |, [ ¥ |, and [t | keys continuously recall formulas while they are

pressed down.
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#314 LAPLACE TRANSFORMATION

The LAPLACE TRANSFORMATION program displays the following 46 Laplace trans-
form formulas:

F(s) F
(1) i 1

@ 4 t

3 L T (=123
TIRAS b

5 iy A

e ezl o (>0
n 1 5(8)

8 s &)

(9) silmf onr

U G (e

I L (emmt—1)
19 ey sin at

{13 Szf e cos af

{4 Wlaz_ %fsin at

19  mog sinh at

ite) sz—iaf' cosh at

00 e -‘11 sinh at

(18 S—(sél;'éi) —3;2(1 —cos af)

19 s (A a) %(m‘—sin at)

B G g (=)




F(s) F®
—s— 1 —mi —nt

@ G G oy (e — memm)

1
% Gy teme
P S TP

(s+m)" G- e (n=1,2,3,-)
R e (1—mt)
1 1

{29) sErm)? i (1= (1 mt) e=mr)

1 ¢ 2 Z2e—me te—m
W wamye W o
I ((n—m)t+1yen
o8) 1‘”":0555:;; sin 6 sin (i +6)
29 ﬂj%%s{r}_ﬁ cos{wt-+0)
a0 NG ToL %(sin at—at-cos at)

i .

B iy 255 o

52 1,..
{32 e 55 (8in at +at-cos af)

Z2__ g2
33 (52_‘_—55)—2 t-cos at
(34 (5_1_—ml)gﬁz- };e‘"" sin nt
35) G—_ﬁ%—?ﬁ- e~": cos nt
I
5% (s—f’;g . s (n>0)
s t— ¢

N TG} SEMEE L (wsead)

1
(38) -I/S-ET'ZZ fo (at}
39 s4itz4 E%—; (sinh af —sin af)

s 1

0 gt -7 (cosh at—cos af)
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F(s) F
§% 1, .
{41) =gt 5 (sinh at+sin at)
5* 1
{9 S 5 (cosh at+cos af)
3 "qu'zfc'z_*_ 2}15 .5in af+sinh at
44) —s;i_qza- sin at-cosh af —cos at-sinh at
W 1)
0 (57 2t L
Operation: LAFLACE TRANSFCRMATION
# *
[PF3 ] [ENG] [PFL ] [ELEC] s
[PF4 | [LAPLAC] ?
[ F 10 = J[center][ %= I[ & ]
% LAPLACE TRANSFORMATION
[$] 8:[\("+1)I‘Sn+ﬂ
Lo {n>=1)
[ F 10 = JICENTER]] = ][ & |
Use the following keys io recall a specific transform formula:
%3 : Recalls the first formula.
[=] : Recalls the formula which is five steps before the formula now
displayed (i.e. the formula with current number minus 5).
[P | [CENTER] : Recalls the 23rd {mid) formula.
[PFa ][] : "Recalls the formula which is five steps beyond the formula now
displayed (i.e. the formula with current number plus 5).
[3] : Recalls the 46th (last} formula.
: Recalls the formula which just follows the formula now
displayed.
: Recalis the formula which just precedes the formula now
displayed.
Note:

o The[ P2 ], Pra ], [ ¥ |}, and [ £ | keys continuously recail formulas while they are

pressed down.
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#321 MECHANICAL FORMULAS

The MECHANICAL FORMULAS program displays the following 12 mechanical for-
muias and performs calculations with the entered value.

Name Formula Input value Output value
M : module (1) M=Dyz, Dy, Z, M
£ | D : driving gear pltch diameter | (2) D2 =DiZy2;  |DyZ,Z; D;
® | D2 : driven gear pitch diameter | (3} M =Pin P M
@ | Z1 1 number of driving gear teeth
@ |Zz : number of driven gear teeth
P : pitch
Bernoulli's theorem (4) V2 +Pip+gz |Py, Pap, 3
P : fluid pressure = Constant i, G, 27, 22
w [P : mass density of the fluid
S |v : fluid velocity
£ |z : vertical height
8 |g : acceleration of gravity
0
‘E 1 Equation of continuity {5} Avp = Constant |A4;, vy, pr, vz
8 A : cross section of tube Az, P2
&'ip : mass density of the fluid
_.g v : fluid velocity
T Reynclds number (6) R=LUN L Uv R
L : bore of tube
U : fluid velocity
v : kinematic viscosity
Enthalpy (7Y H=U +pV UnpVv H
U : internal energy
% p : fluid pressure
o V : volume
'§' Carnot's cycle (heat quantity) (8) M= (Qr—Q)0: | Q1 @ n
£ | Q : heat quantity
E n : thermal efficiency
" |camot's cycle {temperature) (9) n={(T,—T2)T1 |T1, T2 1
T : temperature
n : thermal efficiency
Young's modulus (10 E=Tie T, ¢ E
® T : stress
2 E : Young's modulus
.% € : elongation per unit length
‘,',,’ Shear stress {11} 1="P/A P, A T
® [P : shearload
8 |A : cross section
[1+]
= | Shear stress (12) v =Gy G,y T
G : modulug of rigidity
¥ : shear strain
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Operation:

[pra | [ENG] [PF2 | [MECH] x MECHANICAL FORMULAS =
[ME'FRM] Medule M( =912/ZJ=D2/22=P/71')
l 1

[ ¥ J[ = JICENTERIT * Ji & |

[Pral[¥] * MECHANICAL FORMULAS =«
Bernoulti's theorem

vi/24P/otgz=Constant
[ F 10 =2 JICENTERIL =+ 1l & ]

If you press the key when a formula is displayed, the computer enables calcula-
tion using that formula:

|I .. ¥2!2+P/p+gz:00nstant
1=

Pressing only the key at the data eniry prompt will return to the previous dis-
play for the formula.

Use the following keys to recall a specific mechanical formula:

[PF] [%] : Recalls the first formula.

[Pz |[2] . Recalls the formula which is three steps before the formula
now displayed (i.e. the formula with current number minus 3).

[Pra ] [CENTER] : Recalls the 6th (mid) formula.

PF4 | [¥F] : Recalis the formula which is three steps beyond the formula

now displayed (i.e. the formula with current number plus 3).

£ : Recalls the 12th (last) formula.

L3 ] : Recalls the formula which just follows the formula now
displayed.

. Recalls the formula which just precedes the formula now
displayed.

Note:

» The[Prz | [Pra ] [ ¥ ] and[ 1_] keys continuously recall formulas while they are
pressed down.

Reference:

¢ Details of Bernoulli's theorem:
With Bernoulli's theorem, we can determine the velocity of fluid at an arbitrary point
from the following formula if the pressures of the fluid at two points (P4, P2), its
heights (z1, z2), mass density of the fluid (p), acceleration of gravity (g), and velocity
of fiuid at point Py are given:

Vo= \[2(P‘—p—PE)~ +vi 2+ 2g(z - 2) where g =9.80665 m/s’ on the ground.

o Equation of continuity:
We can determine the velocity of fluid at an arbitrary point from the following equa-
tion of continuity if the cross sectional areas (As, Az) at two points, mass densities of
fluid (p1, p2), and the velocity (v1) of fluid at another point are given:
A vy py
Az p2

Vo =
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*#411 NORMAL DISTRIBUTION

The NORMAL DISTRIBUTION program determines point x from a given probability p
to the right of x or, in turn, the probability p to the right of x from a given point x. Both
input data and result are given to four significant
digits. The probability » must be given in the

rangeof 0 <p <1,

Operation:

[STAT] [DISTR]

INORMAL]

[C1_](N(p) is selected.)

0.05 [«—]

2 ]{N() is selected.)

1.645 [«—d|

Note:

E~]

[

xr

* NORMAL DISTARIBUTION

Nix)...2

%

(Menu)

o (0<p<1) = 0.05
x= 1.645
p{0<p<t) = @

> T O
Honoa
0O -
(=2 e
[y I N
o

¢ [f you press only the key at the prompt for x above, the disptay will return to

the menu.
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%412 t DISTRIBUTION

The t DISTRIBUTION program determines point x from a given degree of freedom » of
the t distribution and a given probability p to the right of x or, in turn, the probability p to
the right of x from a given degree of freedom » and a given point x. Both input data

and result are given to four significant digits. The
degree of freedom n must be an integer greater
than 2; probability p must be given in the range of
O<p<1.

i x
Operation:
[PF_|[STAT] [PF1_] [DISTR] # { DISTRIBUTION *#
[t] tinp) . .1 Hx) .. .2
{Menu)
1] (t{p} is selected.) n(2<nb = ?
10 [a=—] no{e<n)= 10
p [ 0<p<t) = 9
0.01 [==—1] no{edn) = 10
p {0<p<1) = £.01
x= 2.764
nlaln)= %
[« 2 10 [==] n= lo
{t{x) is selected.) L
—2.764 [«—1] n= 10
x= -2 .764
p= 0.88
n= 7
Note:

e [f you press only the key at the prompt for n above, the display will return to

the menu.
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*#413 CHI-SQUARE DISTRIBUTION

The CHI-SQUARE DISTRIBUTION program determines point x from a given degree
of freedom r of X* distribution and a given probability p to the right of x or, in turn, the

probability p to the right of x from a given degree
of freedom r and a given point x., Point x and the
probability p to the right of x must have 3 and 4
significant digits, respectively. The degree of
freedom n must be an integer greater than 2; prob-
ability p must be given in the range of 0 <p=1:
and x must be a non-negative number.

The calculation may take some time depending

on entry values.

Operation:
[PFa] [STAT] [PF]IDISTR] + CHI-SQUARE DISTRIBUTION #
[PF3 ] [CHI] p). 1 x)
{Menuy)
11 (X*(p) is selected.) h= 9
3 [—] n= 3
n [ 0<p<1) =
0.95 [—1] n= 3
p (0<p<i) = .85
x= 0,362
n= ?
[«—][2 3 [«—d] nfg
(X*(x) is selected.) = 9
. -4—1 n= 3
5518 x= 0.3518
= 0.85
n= 9

Note:

» If you press only the key at the prompt for » above, the display will return to

the menu.

110



#414 F DISTRIBUTION

The F DISTRIBUTION program lets you determine point x from given degrees of

freedom, ny and r,, of F distribution and a given probability p to the right of x or, in tum,

the probability p to the right of x from given
degrees of freedom, r; and #z, and a given point
x. Both input data and result are given to four sig-
nificant digits. The degrees of freedom, »n, and nz,
must be positive integers; probability p must be
given in the range of 0 < p = 1; and x must be a
non-negative number.

The calculation may take some time depending
on entered values.

Operation:
[PF4][STAT] [PF1][DISTR] * F DISTRIBUTION
i Flpi .. .1 Flx} ...
{Menu)
[1_1(F(p) is selected.) = °
5 [w— ] 10 [w==d | 1= 6
RE= 10
p [0<pct)= @
0.05-4—-1 ne= 10
p [ 0<p<t) = 0.05
x= 3,326
n1= ¢
[«—1][2_|5[==1]10 [«—] =
(F(x) is selected.) l 5—910
3.326 [«—1] n2=31g28
X= R
p= 0.04989
n1= ¢

Note:

e if you press only the key at the prompt for ry above, the dispiay will return to

the menu.
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*#51 PF KEY LABEL EDITOR

The PF KEY LABEL EDITOR program changes the menu labels to be displayed when
the - keys are pressed in the Engineer Software mode, or to designate a
new menu option (file names) to an undefined PF key template (e.g. [x. 25#] shown
below) and register it in a RAM disk.

For example, try the following key operations: r~Menu label
[SCh

]-SC | ENCE

[-[PHYS J[CHEM TTEARTH ][B!0  1[%.25% ]
Option names

If you wish to change an already defined option name, you have to create a file with
the same file extension within the RAM disk (see page 115).

The following describes how to define a new menu label and/or option name. Before
attempting the following operations, initialize RAM disk E by entering: INIT “E: 10K”
in the BASIC mode. Aiso, in the following example, suppose you have then
saved two sports and hobby programs using: SAVE “E: GOLF. 611” and SAVE “E:
GAME. 62#”,

Designating a New Menu Label or Option Name to PF Keys

Operation:

[PFs | [EDIT] [PFL] [EDITOR] +  PF KEY LABEL EDITOR =
APPEND o
MOD I FY L2

{Menu)

Let’s assign option name “HOBBY" to key template “.6##”, and “SPORTS/GAME" to
the menu label.

[ 1 ](APPEND is selected.)

FILE NAME= ¢
{EXAMPLE) E:KEY LABEL . 6:#

E: HOBBY. 6## [a—1] MENU LABEL= 2

(To enter a colon (:) or sharp (#), press before pressing the corresponding sym-
bal key.)
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Next, enter up to three lines of menu label. You can enter up to 30 characters for each

line.
SPORTS/GAME

MENU LABEL= ¢
LINE1 = SPORTS/GAME
LINEZ = _
EDIT
[EDITORJ[*.52% J[#.53% 1[%.54% J[* 55% |

(Press the key only at LINE 2 and LINE 3 prompts since you have only a single

line of menu label.)

Now verify what you've just registered:

[ ENGINEER SCFTWARE |
[HOBBY 1[#.72% |[+# B#% |

(% 0%¢ 1[# 0#2 )

You see that “HOBBY” is designated to the key template.
Next, designate option name “SPORTS" to template “.61#.”

[EDIT]
[EDITOR]

[T ] E:SPORTS.61# [==d]

x+ PF KEY LABEL EDITOR =

APPEND o
MOD § FY .2

MENU LABEL= ¢
LINET = _

Since, this time, nothing needs to be designated to the menu label, press the

key for each prompt:

|| [t || |

EDIT
[EDITOR] [*.52% 1[%.534 1[#.544 ]l%.55% ]

The Engineer Sofiware has now acquired the following hierarchical structure:

Leve! 1
1## (MATH)
2#i# (SCI)
3## (ENG)
43 (STAT)
5 (EDIT)
6## (HOBBY)

Engineer
Sofiware

Level 2 Level 3

61# (SPORTS)— 611 (GOLF)

[SPORTS / GAME] [ 62# (GAME)
The title given in brackets |
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Note:

 While factorization and other calculation programs are registered at Level 3, they
may be re-designated to Level 2 and then executed with key operations for Level 2
in much the same way as the EDITOR or GAME program. They may alse be re-
designated to Level 1 and then executed with key operations for Level 1.

Changing a Registered Menu Label
Operation:
Press the[_2 |key on the PF KEY LABEL EDITOR menu.

FILE NAME=?

(EXAMPLE) G:SCl.28% _

Now enter the name of the RAM file that contains the menu label you wish to change.
Here let's append “Let’s play” to the second line of the menu label *“SPORTS/GAME”
registered in RAM disk E:HOBBY.6#4#.

E:HOBBY.6## [=—J] MENU LABEL= SPORTS/GAME

LINEY =

(Press only since no change is made to the first line.)

L[capS] et [20d F] [T s LINE =
[ SPACE | play [ CAPS | [w—d] LINEZ = Let's play
LINE3 = _
-—-q—l
WHICH MEMCRY ¢
MAIN (E:) . .1 CARD (F:) ... 2

(Press only the key since no change is made to the third line either.)
To rewrite the changed menu label to RAM disk E, press the " 1_| key:
(1]

Now check to see if the menu label has been successfully changed:

(BREAK || € [[ PF1 |[HOBBY] SPORTS/GAME
Let's play

(SPORTS] [GAME  11%.63% 1[#.64% 1[% 65¢ ]

*

If you wish to rewrite the menu label to RAM disk F by pressing the ["2Z_ ] key, the
RAM card must be installed in the computer.
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Notes:

« |f a program is saved with file extension “611”, it is not executable if “6##" and “61#"
are not defined. Register appropriate characters using the APPEND registration op-
tion.

« The contents of the Engineer Software are not rewritable as they reside on ROM
{device name G). If you have changed the menu label for device G (specified with
G: SCI. 2##), it is registered to the RAM disk (see the “WHICH MEMORY?" prompt).

« |f the file name you input for registering a new menu label is not correct, the
registered menu label is not valid.

» |f the file name you input when changing a menu label is not correct, the computer
will return to the MENU LABEL prompt with “FILE ERROR" message appearing on
the display.

» If the file extension for the file name you enter is not adequate, the computer will
prompt for re-entry.

o To delete a menu label from the RAM disk, use KILL, a BASIC command.

How To Create an Engineer Software Program

Every Engineer Software program has a file extension of 000 to 999. User-created
programs with file extension 000 fo 999 can be included in the Engineer Software
programs. The Engineer Scoftware is supplied in ROM. If a program with the same file
extension exists in RAM disk E, the program in RAM disk E will be executed before
the one residing in ROM.

The order of priority is: RAM disk F > RAM disk E > ROM

By use of the order of priority, you can change the contents of an Engineer Software
PIVYI Al Ul USSIYTans @ prugian w e 0 Wik ai | UHdgHNgd e gxiension,

First create a program with the PRO mode of BASIC, then do the following operations.
These operations do not replace the contents of the ROM program. The ROM pro-
gram can be restored if the replacement program written in a RAM disk is deleted.
INIT “E: 10K” (not needed if already done)

SAVE “E: SHARP.1##”

SAVE “E: PC-E.611”

Now press the [MENY] keys to enter the Engineer Sofiware mode. The file name
“‘MATH" will then be replaced with “SHARP". This means that the systermn will sub-
sequently run the program “*SHARP” (with file extension “1##") in RAM disk E instead
of the program “MATH" (with the same file extensicn “1##") in ROM. To execute the
program “SHARP”, press the key.

Now let's look for the program with file extension “611". You will not be able to find
“‘PC-E” because “61#", the level just preceding “611", is not defined. Thus, you cannot
execute a program if the level preceding that program is not defined. Note this point
whenever writing a program.

For the procedure to designate a program to “61#”, see the description under
“PF Key Label Editor”.
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Hints on Program Creation

The Engineer Software uses special instructions and functions that are not included in
the BASIG instruction set:

A% = INKEY$&1
This statement returns the same code as the INKEY$ whenever a key is pressed.
However, if no key is pressed for approximately 11 minutes, the auto-power off fea-
fure is activated.
MERGE
The MERGE instruction can be used in programs as well, provided that the pro-
gram to be merged is written in intermediate code format and its line numbers are
greater than those of any internal program.
P6 = EVAL “-X/Y + SIN X~
This statement lets the system compute the expression enclosed in the double
quotes using the values assigned to variables X and Y, and assigns the result to
variable P6. Any Engineer Software program using input formula uses this state-
ment format.
The Engineer Software is supplied in ROM (device name G). The names of the pro-
gram files stored in ROM can be listed by typing: FI.“G:” [«=], as with the case
of RAM files. Also programs with a 3-digit file extension (excluding “#") can be read
out of the ROM and then siored into a RAM disk (see the FILES command).
When executing a statement such as CHR$&H83, symbols different from the char-
acter code chart, such as Greek letters, may be displayed. Perform the following
procedure:
. Enter: Fl. “G:" [«=]
. Load the file named "GREEK".
. Enter: RUN
. Press the key to interrupt the execution.
. Enter: CHR$&H83

‘T will be displayed.
. Press the ¥ keys.

Enter: CHR$&H83

“a" will be displayed. -
Pressing the + keys will display the previous character.

0y bW —

[=)]

If an Engineer Software program is manually loaded (LOAD) then run (RUN), the
MERGE instruction, if any, in the program merges a common subroutine. If the ex-
ecution of the program is temporarily suspended with the key and then
resumed, the system will attempt to merge again the common subroutine already
merged, which results in an error. In such a case, delete the MERGE instruction
from the program before executing it.

Reference:

The Engineer Software uses variables of two characters or more in length which begin
with letter P, Q, or R. For calculations using input formulas, it uses variables X and Y.
For data plotting, it also uses array variable MD.
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8. AER MODE

The Algebraic Expression Reserve (AER) mode is convenient for repetitive caicula-
tions. Calculations using algebraic expressions and constants can be programmed
in the AER mode to perform calculations on numbers or variables entered in the
RUN Mode. Cr, the algebraic expressions can be recalled from a BASIC program.
(Refer to the AER command in the BASIC COMMAND DICTIONARY .}

The stored expressions cannot be transferred to peripheral devices.

Programming and Recalling Expressions

Programming Expressions
(1) Mode setting
Display the AER key label on the main menu (by pressing the [MENU| and [ & |
keys) and press the key or the + keys.

01:TITLE® XXXXX bytes free £ AER #

01: Indicates the expression number (1 to 99). If 99 expressions
are already stored, the number “99", the title and expression
are displayed.

TITLE?: Indicates the title of the expression. If the expression is not
registered, “TITLE?" will be displayed.

XXXXX bytes free: Indicates the number of bytes left in the storage area. Pro-
gram and data areas are shared so that the number of bytes
left in the storage area will decrease as additional programs
are written. If the number exceeds 65535 byltes, “65535" will
be displayed.

(2) Title entry
Up to 20 characters can be entered as the expression’s title.
« Press the key only 1o enter no title.

(3y Entry format

Expressions can be entered in the following formats:

@ (parameter + expression):
F (parameter, parameter, ...) = expression

@ (expression) : expression only

« Single precision numericai variables can be used. Double precision numerical
variables, string variables, or array variables cannot be used. Also, double-
precision calculations cannot be performed. (Refer to page 173.)

 Function keys such as [_sin |, [cos | and [2nd F|[ &* | can be used.

» A comma (,) is required to separate the variables.
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* Itis convenient to store constants in format 2 to be used in direct input opera-
tions with the last answer function.

* The expression is stored by pressing the key at the end.

» When the memory is exceeded, “AER memory over” is displayed and the
computer enters the AER edit mode.

* Up to 80 characters or 80 bytes of an expression can be stored (8 bytes per

value, 2 bytes per function and 1 byte per other character including the

key). If this is exceeded, “AER convert error” will be displayed, and

the expression must be simplified.

(4) After expression entry, the expression number will be incremented by one, and
the computer displays the prompt for the next entry.

Example:

Enter the formula for the area of triangles.

B-C-sinA

Area S = 5

[SHIFT] + [ AER | AREA [«—T]

F (A B, C) =

BxCxSIN A/2

01: AREA sAER*
19

01: AREA sAER®
'F(A,B.C)=_

01:AREA *AER*
'F(A,B,C)=B=C*SIN A/2_

02:TITLE? XXXXX bytes free % AER*

Entry of the formula for the area of triangles is complete, and the computer displays

the prompt for the next entry.

Example:
Enter Planck’s constant.

PLANCK

02 ' PLANCK
&

*AER*
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6.626076E-34 02:PLANCK *AER*
16.626076E-34_

03:TITLE? XXXXX bytes free *AER=*

Recalling Expressions

(1) Pressing the key displays the currently stored titles and expressions se-
quentially.

(2) Pressing the + keys displays the currently stored titles and expres-
sions in reverse order.
» During expression entry, pressing the key cancels the current entry.

Example:
Recall the currently stored expressions.

SHIET] + [AER | 03:TITLE? XXXXX bytes free *AER#*
02:PLANCK *AER*

16.626076E-34

THiE 01:AREA *AER*
"FUA.B.C)=B*CHSIN A/2

Correcting and Deleting Expressions

Correcting Expressions
(1) To correct the entered expression before pressing the key, position the
cursor and correct with keys such as {DEL], [ INS §, [BS |.
(2) To correct an expression already stored, set the operation mode to AER, recall
the expression to be corrected with the key. Correct the entry as follows.
@ Title correction
Press the [ »_| key. The cursor moves to the first character of the expression
title. Position the cursor and correct the expression title. After the correction
is complete, press the key. If the title is not to be corrected, just press
the key.
@ Expression correction
Next, the expression is displayed with the cursor over the first character of
the expression. Position the cursor and correct the expression. After the cor-
rection is complete, press the key. If the expression is not to be cor-
rected, just press the key.
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Example:
Correct the No.2 expression title “PLLANCK” to “PLANCK CONSTANT".

Recall the title “PLANCK” by [ 02 PLANCK *AER*
pressing the key in the +6.626076E-34
AER mode.

[»]..[ > " (Press 7 times.) | 02:PLANCK_ *AER*

* Or press the +[ ]
key to move the cursor to the
column after the last charac-
ter of the title,

03:TITLE? XXXXX bytes free #AER*

Now the correction is complete and the computer displays the next expression
prompt.

Deleting expressions

Garry out the following procedure to delete an expression already stored.

(1) Recall the expression to be deleted with the key.

(2) Press the + [CeCE] Keys. ‘
“02:AER data clear OK? (Y/N)” will be displayed to confirm the deletion. “02” is
the expression title number of the expression to be deleted.

(3) Press the key to delete the expression or press the [_N_] key not to
delete it. If the [N | key is pressed, the computer returns to the display from
which the expression was recalled.

(For now, press the [ N_| key. The expression stored in “02” will be used in fu-
ture examples.)

Note:
When an expression is deleted, the deleted storage area is filled with the expres-
sion following the deleted expression, so some expression title numbers may

change. In BASIC programs, it may be necessary to change the specified number
in the AER command statement.
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Executing an Expression

Perform the execution in the RUN mode for the expression stored in the AER mode.

(1) Press the key to set the RUN mode.

(2) Press the key to recall expressions in forward order. Press the +
key to recall in reverse order.

{3) When the expression to be executed is recalled, press the key.

(4) If the desired expression is in the format (parameter + expression), the com-
puter displays the entry prompt for the parameter(s) specified in F () sequen-
tially. Press the key after each numerical data entry. If the desired ex-
pression is in the format (expression), the calculated result or constant will be
displayed.

o If the key is pressed without numerical data entry, the previously
entered data value will be used for the parameter or 0 if no value was
entered previously.

(5) After parameter entry is completed, the calculated result will be displayed.

Example:

Perform calculations using the stored expressions “PLANCK CONSTANT” and
“AREA”.

Set the RUN mode.

DEGREE [«—1]
[THTLE] 02 :PLANCK CONSTANT
'6.626076E-34
6.626076E-34
[TITLE ] [TITLE ] 01 . AREA
‘F(A,B,C)=B+C%*SIN A/2
A=?

Enter the value for angle A.

30 A=30_

a
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Enter the value for side B.
100

Enter the value for side C.

20 [«—]

900

The area for the triangle is 500.
Pressing the key will execute the same expression again.

Searching Expression Titles

In the RUN mode, expressions can be recalled by entering the whole or first few
characters of the title and pressing the key. After the recall, pressing the

key again will search for the same title starting from the one following the cur-
rently displayed expression.

* When the title cannot be found, “Title not found” is displayed.

Example:
Recall the expression with the title “AREA” by searching for the characters “AR"
AR 017 AREA

TF(A,B,C)=B*C%S|N A/2

Error Messages

(1) AER format error
@ The expression was entered in an incorrect format (parameter + expression).
® “)=" is missing after “F(”
* Press the [CeCE] key to enter a new title and expression.
* Press the [« ] or [»] key to display the expression, position the cursor,
and carrect it.
(2) AER memory over
Expressions cannot be entered since memory is full.
s Press the key to display the entry prompt.
» Press the { «t"] or [ | key to display the expression title.
* Delete unnecessary expressions.
(8) Title not found
The title searched for with the specified characters cannot be found.
(4) AER convert error
The size of the expression exceeds the capacity which can be stored {80 char-
acters or 80 bytes)
 Press the [ <] key to display the expression.
¢ Reduce the length of the expression.
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9. STAT MODE

The computer can perform statistical and regression calculations on one or two vari-
ables. With statistical calculations you can obtain mean values, standard deviations,
and other statistic quantities from sample data. Regression calculation determines the
coefficients of linear regression formulas or estimated values from sample data.
Sample data for statistical and regression calculations are stored to the single-
precision array variable MD.

Calculating Statistics

Statistical Calculations
Single-variable statistical calculation and two-variable statistical calculation (linear
regression) determines the following statistics:
(Single-variable statistical calculation determines the statistics ® to ® only.)
@ [#] Sample size of x
® [x] Sample meanx
® [Zx] Sum of samples x
@ [} Sum of squares of samples x
® [sx] Sample standard deviation with population parameter taken to be 1.
sx=N(E - mx )/ (n—1)
« This equation is used to estimate the standard deviation of a population
from sample data (x) extracted from that population.
® [ox] Population standard deviation with population parameter taken to be .
ox=NEF —nx )/n
o This equation lets you assume the entire population as sample data (x)
or determine the standard deviation of the sample data which is taken
to be a population.
@ [y] Sample meany
[Zy] Sum of sample y
® [5" Sum of squares of samples y
@® [sy] Sample standard deviation with population parameter taken to be n—1.
sy=N(Ey' —ny )/ (= 1)
@ [oy] Popuiation standard deviation of samples (y) with population parameter
taken to be n.
oy = NEy: —ny )/
@ [Zxy] Sum of products of samples x and y
For exponential, logarithmic, power and inverse regression calculations, transform the
respective regression calculation formula in the following table into a linear regression
formula. Then each statistic can be determined using the transformed values for X and
Y.
For two-variable statistical calculations, select the linear regression calculation.
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Type X Y Transformed formula
Linear X y No transformation
Exponential X Iny Y=ina+bx
Logarithmic in x y y=a-+bX
Power - Inx Iny Y=Ina+bX
Inverse 1/x y y=a+bX

Example of Single-Variable Statistical Calculations
When there is more than one set of independent, single-variable data, first enter all of
the data items, then calculate the statistics for each set of data.

Example:

Data sets A and B are composed of the following 20 data. From these data, determine
the mean, standard deviations, and other statistics.

No. data A data B No. data A data B
1 30 20 6 80 70
2 80 70 7 100 a0
3 50 60 8 60 50
4 80 70 a 40 60
5 80 70 10 a0 80
[MENU] {Main menu
( ) MA TN MENU
[BASIC 1 [ CAL 1 IMATRIX] [ STAT ] [ ENG ]
Select the STAT mode. STATISTICAL VAR|ABLE
[STAT] STAT:D(000,0.)

Enter the number of sets of data. Since there are two sets of data, enter “2",

2 [«

Enter data A and then data B.
30

[CANCEL]
001:¢1=

[ INS ] [BEL ][ FREQ ] [ QUIT |
001:d2=

[ INS TIDEL ]{ FREQ ] [ QUIT |
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20 | atraerd |
0l==—] 002:d1= ?
[ INS T[DEL 11 FREQ ] I QUIT ]
80 [w=] 70 [+—1] 50 [«—1]
60 [« | 004:dt= iy
' INS ] {DEL ][ FREQ ] [ QUIT ]

e When you come across a repeated value, you can enter them all using the

[FREQ] key. For example, you now encounter three consecutive “80°s” in set
A and three consecutive “70's"” B. You can enter thern by typing:

80[«—1]70[PF3 |3
FREQUENCY ( 3.)

[CANCEL]

« if the incorrect value is entered, press the [C+CE] key to clear. To cancel the [FREQ]
operation after the [FREQ] key is pressed, press the [CANCEL] key. In this
case, however, press the key to continue data entry.

[«—1]
007:d1= ?

[ INS ) [DEL ][ FREQ | [ QUIT |

Enter the remaining data in a similar mannet:

100 [«+—1]90 [-«—1]60 [« ] o
50 [« | 40 [+===] 60 [«+—1 011:d1= ®

90 [«—]80 [} [ INS 11DEL 1 [ FREQ ] [ QUIT ]

You have now completed all data entry. First determine siatistics for data set A.

| PF5 | |
LPfs J[QUIT] D (010,2)

[ NEW ] [ DATA 1 [ CALC |

Next, press the [CALC] key to select the calculation.

STATISTIC/REGRESSION ANALYSIS

[ STAT ] [ a+bx ]
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Press the [STAT] key to determine the statistics for data set A.
STAT

xe=d1_

[CANGEL]

“% «- d1_" asks if you wish to set the data in the first column as x. Press the key
since data set A is in the first column;

0.
(om0 X 1L I 103 T sx ]

Now, display the mean and sample standard deviation.

Lerz J[%] 69.
?ﬂ][i][ﬂx]{ﬂ}tz][sx]

Press the or key to display the sample size n or sum of samples Zx. The
population standard deviation ox is not displayed here. Press the key to display
the key label [Gx].

69.

BT ] o]
[P | 21.65640783

[ ox ]

The symbol “$" below STAT on the display indicates that information yet to be dis-
played exists and the [ £ | key can be used.

To perform statistical computation on data set B, press the key to initialize the
display and press the [CALC] key.

BREAK ][ PF3 |
STATISTIC/REGRESSION ANALYSIS
[ STAT 1[ atbx ]
[PF_|[STAT] STAT i
xedq_
(CANCEL]
Enter “2” since data set B is in the second column:
2 [«—] 0
[ 0 J0 x 10 ¥x ][ Zx IT ex |
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You can obtain statistics for data set B with the same keys used for data set A.

To make calculations more readable, you can use the Notation function described on
page 42.

To specify three decimal places for a calculation result, press the | FSE |[2nd F ][ TAS |
[ 3 |keys before pressing the [G4] key:

[ox]

18.000

Linear Regression Calculations

For two-variable statistical calculations, you can determine the following data using
linear regression calculations (y = a + bx):
@ Coefficient z=%—bpx
_Sxy
Srrx
3 Correlational coefficients
— Sxy
Y Sxx-Syu
where

b=

r

_(=Zx)?
n
Syt
n
Sry=3=xy _&JH_Z_L
® Estimated value  (x value estimated from y value)

_y—a
* b

{y value estimated from x value)
v'=atbx

Sxx=2x"

Syy=2y*-

@ Residual

2 (¥ —(atbx ))°*
n
Statistical and Regression Calculation Procedures
For statistical and regression calculations on the computer, you can enter data in
table form, as shown below:
d1 column d2column d3 column d4 column ...

1st row
2nd row
3rd row
4th row

The number of columns can be specified from 1 to 9. The number of rows need not be
specified; it is automatically incremented as you enter data. A section specified by a
specific row and column is called a cell.
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Statistical and regressional calculations are performed in the following sequence:
@ Setting up
Press the [STAT] key on the main menu.

[MENU] [ PFa_} STATISTICAL VARIABLE
STAT:D (OQO, 0.)

[CANCEL]

No. of rows L No. of columns

Now enter the number of columns from 1 10 9.
If a data table already exists in memory, the following kind of disptay will be shown.

D(010,2)
[ NEW 1 [ DATA ] [ CALC ]

If the [NEW] key is pressed, the number of columns is entered and the
key is pressed, the current data will be cleared and the data table is ready to receive
data.

@ Entering data
After you specify the number of columns, enter the data.

Use the following keys to enter data or correct the entered data. Press the
[QUIT] key to complete data entry.

Key Function

Stores the entered data into the cell currently on the display, and then displays
the cell on the right. When the rightmost cell is displayed, this key displays the
leftmost cell in the next row.

Clears the data on the display. Returns the “?” prompt for new data entry.

Clears data from the displayed cell. The cell becomes unregistered.

Displays the data of the cell on the right. If the rightmost cell is now on the dis-
play, this key displays the leftmost cell of the next row.

Displays the data of the cell on the left. If the leftmost cell is now on the display,
this key displays the rightmost cell of the previous row.

Displays the data of the row above, in the same column.

A m%@ i

Displays the data of the row below, in the same column.

[[>] |Displays the rightmost cell of the current row.

[ =] | Displays the leftmost cell of the current row.

Displays the top cell of the current column.

Displays the bottom cell of the current column.

[NEW] Enters the new data entry.

[DATA] Re-enters the data entry display. Data correction, addition and deletion can be
performed.

[INS] Inserts the specified number of rows before the current row. Pressing the [INS]
key will display the prompt for the number of rows to be inserted. Enter the
desired number. If the capacity is exceeded, an error will cccur and no further
insertion will be allowed.
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Key Function

{DEL] Deletes the specified number of rows from the displayed data. Pressing the
[DEL] key will display the prompt for the number of rows to be deleted begin-
ning with the current row. Enter the desired number. If the number exceeds the
number of the rows left, all the rows from the displayed data onwards will be
deleted. (An error will not occur.)

[FREQ] If the same value is repeated consecutively in rows, you can enter the data by
entering: (data for the rightmost cell) [FREQ] number of rows with the
same data .

If you have made a typing error, recall the incorrect data withthe [ ¢ | [ ¢ |, [ ],
or [ » ] key, type the correct data, then press the key.

+ The maximum allowable size of the data table is 9 columns by 256 rows.

The allowable range of entry data is 0 £ | data | < 1 x 10*. However, since the sum
of squares is available as an operation, an overflow error may occur if data greater
than 10°° is included in entry data.

Functions or formulas may also be entered as entry datasuch as: 20 %x 3 + 2=
and 30 . However, the or key operation cannot be
entered.

If you wish to change the value of a term in the formula before pressing ,
press the [€CE] key to display “?", then enter the replacement data.

If there are some test data that cannot be entered because of measurement errors
or other reasons, you may wish to exclude this data from the calculations. With this
calculator, data items can be excluded from a calculation if you identify them as un-
registered data. The row of data into which the unregistered data is placed will be ig-
nored for subsequent calculations.

» To identify data as unregistered data items, press the [CeCE] keys.

* Al data will be cleared if the number of rows is changed.

®) Select the statistics or linear regression calculation.
@ Specify the desired statistic or result of linear regression calculation.

Examples of Regression Calculation

Linear regression calculation

The following table lists the dates (April) on which migratory hirds fly through a certain
district, versus the average temperatures in March of the same district. From this table
determine the coefficients, « and b, of the linear regression line, y = a + bx, and correla-

tion coefficient r, and estimate the date of migration when the mean temperature in

March is 9.1°C.

Year 1 2 3 4 5 6 7 8

Mean temp. (x°C) 62170 |68 |87 7965|6182

Date of migration (yday} | 13 | 9 11 5 7 12 | 15 | 7
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Operation:

[MENU] [STAT]

STATISTICAL VARIABLE
STAT:D (000, 0.

[CANCELI

Enter “2" for the number of columns.

2 [«

[ INS

001 :d1=

] [ DEL | [ FREQ ] [ QUIT ]

6.2 [ad | 13 [«—] 7 [@—1 | O [«=—d | 6.8 [a—I ] 11 [«—1]8.7 [a=—] 5] w—]

7.9[«—1]7 {«—]6.5[+—] 12[«—2]6.1 [e—t] 15 [ ] 8.2 [t | 7 [+— |

008:d1= ?
[ INS ] [ DEL [ FREQ ] [ QUIT ]
(P65 ] [QUI
aum D (008, 2)
[ NEW 1 [ DATA ] [ CALC ]

Next press the [CALC] key to specify the STAT calculation submode.

STATISTIC/REGRESSION ANALYSIS

[ STAT ] [ a+bx ]

In this example, perform the linear regression calculation.

[FF2 [a + bs]

y=atbx
x+—d1_
y—d2
[CANCEL]

Since x and y are placed on columns d1 and d2, respectively, just press the

key twice.

Determine coefficients a and b, and correlation coefficient r.

le]

34.44851017
T 8 1]

x ]
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[pr3 b
2 -3.425018839

[ r 10 a 10 b J[ 8 10 « ]

-FF1 "
r 0. 060106837

[ ¢+ J1 e 10 b 11 8 1{ x ]

Next, estimate the value of y (date of migration) for x = 9.1 (mean temperature). Press
the key to display the key labe! [y'] and press the desired PF key.

9.1 pF [y
(=191 Pr 1Y) y= 3.281638734

[y o on 1L ox 10 ZxoobDOEx

The following statistics can be determined:

residual (Se), estimated value of x from value of y (x), sample size (n), sample mean of
x{(x), sum of x (£x), sum of squares of x (£4%), standard deviations of x (sx, ox),
sample mean of y (¥ ), sum of y {Zy), sum of squares of y (£y%), standard deviations of
y {sy, oy), sum of products of x and y (Exy)

Regressional Calculation Using Data Table
The following table shows the results of an experiment attempted twice under different
conditions. Perform regressional calculation on this data.

1st trial 2nd trial
No. dy (x) da (y) d3 (x) da {y)
1 1.0 15.5 1.5 241
2 25 28.0 3.0 38.0
3 50 43.2 7.0 69.5
4 10.0 90.0 8.0 71.3
5 20.0 158.0 10.0 290.7
Operation:
[MENU] [ PFA_|[STAT] STATISTICAL VARIABLE

STAT:D (000,0.)

[CANCEL]

If the data is already registered, press the [NEW] key. The above display will ap-

pear.
Enter “4” for the number of columns.
4_1—'
001:¢1= @
[ INS Y[ DEL ][ FREQ'! [ QUIT ]
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1 [=—1]15.5 [} 1.5[«—d]24.1 [«

2.5[=—]... _
.. 90.7 [=—1] 006:¢1= ?
[ INS 1[OEL 1 [ FREQ ] [ QUIT ]
[P ] [QUI
(@ D (005, 4)
[ NEW 1 [ DATA ] [ CALC ]

Next, press the [CALC] key and perform the regressional calculation on the data
of the 1st trial.
[PE3 J[ PF2 {a + bx] ysathx N
Xxe¢q_
yedd
{CANCEL]

Press the key twice since data x and y of the 1st trial are on columns d1 and
d2, respectively.

Determine coefficients ¢ and b, and residual Se:

[Eez ][] § 673727735

¢ 10 2 10 b 10 % 11 x ]
=
[Pea ] 12] 7 567048346

[ r 10 a 10 0o 10 8 1[0 x ]

Determine the residual Se and store it in memory A:

-Iﬂl Se
[E“A]:l 47.71196565

[ ¢ 10 a J0 b 10 S 1[ x |}

Perform the linear regression calculations on the data of the 2nd trial.

[BREAK] [ PF3_|[CALC] y=a+bx
[PF2 |[a + 2] sl

yed?2

[CANCEL]
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Specify columns d3 and d4 for data x and y, respectively:

3[==T4 y=atbx
x+d3
yodd_ _
[CANCEL]
0
[ ¢+ J[ a 10 b6 1[0 8 I[ «x ]
Determine coefficients a and b, and residual Se:
[pr2 |
g 1384591633
L r 10 a 1[0 b 11 82 11 «x |
IIEI b
g 7.605776892
[ ¢ 10 & Y0 o 11 8 11 « ]
-IHIS
[Sel 21,0863247
[ 0 10 2 10 v 11 8 1[ x 1
Recall the residual of the 1st triai and compare it with that of the 2nd trial:
[ReL [ A |
47 .711965H85
[ r 10 a 10 b 10 8 10 x ]

The residual is the sum of sguares of the differences between the y values and the es-
timated values y' and used to determine the calculation accuracy.

Note:
Fixed variables J to Z are used for normal calculation. To store the result, use the
key and specify the fixed variables A to |, or to store in memory.

Example:

Exponential regression calculation

From the data below, determine coefficients a and b of the equation y = a - *, and es-
timate the value of y when x = 12.

No. 1 2 3 4 5 6
x 2.0 7.0 9.2 4.3 5.1 8.0
0.6 4.2 8.3 1.2 2.7 541
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» Calculation procedure
Take the natural logarithm of both sides of the equation, y = a - €™
Iny=Ina+bx ... (1)
Subsiituting Y for In y and A for In a gives:
Y= A+ DX rirnnens (2)
Use this equation for caiculation.
When entering Y, use the natural logarithm of y {(since Y = In y).
To determine a, determine A and then calculate ¢ since A = In a (a = &%).

Operation:

PF | [STA STATISTICAL VARIABLE
(MENU]L PES J[STAT] STAT:D (000, 0.)

[CANCEL]

If the data is already registered, press the [NEW] key. The above display will ap-

pear.
Enter “2" for the number of columns.
p2 [
001:d1= ¢
[ INS 1 [DEL ] FREQ ! [ QUIT !

2[«—]06] I |[ed] 7 |a=ed |42 In ||w—d] 9.2 [w—]
8.3[ I |[«=—t]{4.3[«—]1.2 I |[«—1]5.1|ad|2.7] In |[a=d]
8[«=—]5.1"In_|[a—]

007:d1= ?
! INS ' [DEL ] { FREQ ] FoUIT |
[Prs j[QUI
[QUIT] D (006, 2)
[ NEW ! [ DATA 1 [ CALC ]

Next, press the [CALC] key to specify the calculation submode.

LPR ] STAT|STIC/REGRESSION ANALYSIS
[ STAT ][ a+bx ]
[FFZ ] [a + ba] y=a+b "
xeadl_
yed2
[CANCEL]
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Press the key twice since data x and y are on columns d1 and d2, respectively:

;

L - T A - T T A~ T-T U R

Determine coefficients, a and &, and the correlation coefficient, r:

PF2 2nd F|| &*
[rr2 ][] [zna E] €7 | 0.306304729

Cor o1t oe 10 b 10 Se 10 x
[PE8 ] (5] 0.363606102

v 1t oa 10 6 11 se 11 x |
[ PF1_|]
Ceer 10 0.982833978

([ r 101 & 101 b J[ 8 10l x |

Next, estimate the value of y when x = 12. Press the [ £ | key to display the key label
['] and press ihe desired PF key.

= {12 [PR_I[y'] [2nd F][e* ]

24 04811989

[y 30 0 10 x JL Zx 1[0 2]
{Estimated value of y: approx. 24.05)

s As well as exponential regression, logarithmic regression (y = a + b - Inx), power
regression (y = ax’ Jand inverse regression (y = a + b/x) can also be calculated in a
simitar manner. The following summarizes the data entry and operation procedures
for these regressional calculations:

E;g?:;?gsl ';:g?:;:?;f Power regression |Inverse regression
ng;yx"f sample | (asitis) Inx (=>0) Inx (=0) 1l (220)
Sgttgy“ sample | o (150) y (as It Is) Iny (y>0) y (as it is)
Coefficient a [a] _::El [[ci’i.l [a]
Coefficient b (5] (5] [8] 18]
. [Fw |meten S 1 (78]
Etimated b1* el

« Correlation coefficient and residual values corresponding to transformed X and Y.
* Press the [ £ | key if neccessary.
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Variable Storage

* Sample data will be stored in the same area as the single-precision array variable
MD (%, x) in BASIC mode. The first subscript will increase as data is entered and
the second subscript can be a value from 1 to 9 representing the number of
columns of data.

The data for statistical or regression calculation are stored into array variable
MD (n, m) as follows.

ch d» da e Om+1
oo [ MO @ O MD @ 1 | MD @ D MD (G m)
w2 | MD G © | MDD | MDA D MD (b m)
nitl MD (D) | MDD | MDD MD (n,m)

+ The statistical or regression results are autornatically stored into the fixed variables
Jto Z

zZ g X W v U T s R
Value n Zx Zxt | Exy Zy 2y sx ox

H|

0

Q P 0 N M L K J
v 0

Value sy cy r a b

If an error occurs, the variable contents do not change. The variable contents not cal-

culated will become 0 (zero).

« The variable contents are cleared by the execution of a BASIC statement (i.e. RUN,
CLEAR, NEW, ARUN, ERASE) or Engineer Software programs.

= Unregistered data ("?” on display) will be stored as ~-9.999999999F + 99.
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Errors and Error Messages in Statistical and
Regression Calculations

In statistical and regression calculations, many operations may be required and this
may cause some error due to truncation of numbers.

If an error oceurs during statistical or regression calculation, the fellowing error mes-
sages will be displayed, along with symbol “E”. To clear the error message, press

[CeCE].

Error message

Description

MEMORY OVER

» Memory overflow occurred during entry of a new table or ad-
dition of data.

» Result storage area has overflown in the course of regres-
sion calculation.

CALCULATICON ERROR

¢ An operation error has occurred during regression calcula-
tion.

IMPOSSIBLE » Regression calculation was performed with 1 column of the
CALCULATION matrix.
DATA ERROR » Aftempt has been made to enter a number greater than or
equal to 10%.
« Data contains a value illegal for statistical or regression cal-
culation.
0.rF » An operation error has occurred.
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The computer has a function to perform matrix operations or calculate determinant
values. A matrix is a rectangular array ax (i = 1, 2, ..., m; k=1, 2, ..., n} of a given set
of numbers (m x n elements) as shown below.

a [74 T R, a1n
[25-3] A28 cenursanns dzn
ami Am2 erecnnines Qmn

Such an array is expressed on this computer as matrix X, ¥, M, or MA to MZ. Each of
the numbers which form a matrix is called a matrix element. Matrix element a1 is ex-
pressed as X(1, 1}, ¥ (1, 1), M (1, 1) or MA (1, 1) to MZ (1, 1). The horizontal arrange-
ment of matrix elements is called a row while the vertical arrangement is called a
column. With the computer, 28 matrices X, Y, M, and MA to MZ can be defined. Each
matrix can be defined within a range of 1 to 256 both vertically {i.e. columns) and
horizontally (i.e. rows). However, the total matrix size is dependent upon the memory
capacity of the computer. Matrix data can be stored to the single-precision array vari-
ables X, Y, M, or MA - MZ. Matrix MD is assigned 1o the same array variabie as that to
which sample data for statistical or regression calculations is assigned.

Entry of Matrix Element

Press the [MATRIX] key on the main menu to select the MATRIX mode. In this
mode, you can enter the elements of a matrix for matrix operations, as well as have
the computer perferm operations on and display the matrix elements entered. The
keys and their functions used to enter and display matrix elements are as described
below:

Key Function

[x-DIM] Stores the number of rows and the number of columns for matrix X. Then
the computer waits for element entry for matrix X.

[X-DATA] The elements of matrix X can be entered. The number of rows and the
number of columns for matrix X must be stored first.

[¥-DIM] Stores the number of rows and the number of columns for matrix ¥. Then
the computer waits for the element entry for matrix ¥.

[r-DATA] The elemenis of matrix ¥ can be entered. The number of rows and the
number of columns for matrix ¥ must be stored first.

[CALC] Performs the matrix operation, The element endry far both matrices X and
¥ {or matrix X only) must be completed first.

Stores the matrix data and then the computer waits for the next data
entry.

> Shifts the cursor to the right by one column.

(When the cursor is at the rightmost column, the cursor moves to the
leftmost element of the following row.)
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Key Funection
[«] Shifts the cursor to the left by one column,
(When the cursor is at the leftmost column, the cursor moves to the
rightmost element of the preceding row.)
Shifts the cursor up by one row
{i.e. to the element immediately above the current element).
3] Shifts the cursor down by one row
(i.e., to the element immediately below the current element).
Displays the rightmost element of the current row.
[«] Displays the leftmost element of the current row.
Displays the top element of the current column.
Displays the bottorn element of the current column,

When you enter the respective elements of a matrix, you may use any of the keys that
you use in the CAL mode for the four arithmetic operations and scientific calculations.

Example:
Enter the following two matrices:

103 -5 2 583 3 2
X = Y =
8 2 23 -1 0 -8
Operation:
[menD] [ PF3_ ] [MATRIX] X0.0 T{0.0) M (0,0

In this manual, the display at

right is called the matrix menu. | |y 1y | (x-DATA] [¥~DIM } [¥=DATA] [ CALG ]

Enter the number of rows and the number of columns for matrix X.

X-DIM] ENTER DIMENSION
L X( 0-.0 Y(0,0 ¥,
[CANCEL]
2 3 ENTER DIMENSICN
=1 e, 34 Y. N0
[CANCEL]
M, 1= 0.
[ VIEW ] [QUIT T

After the size of matrix X is defined, the computer waits for the element data entry for
X(,1).

10[=/]3
=1 1.1 = 3.333333333

¢ VIEW ] [ QUIT )
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Y. 2= a.
[ VIEW | [ QUIT ]

Afier the element entry for X (1, 1), the computer waits for the next element entry for
X (1, 2).

5 -
X(t.2)= -5.
| VIEW ] rQuIT |
[«]2
X(1.8)= 2.
| VIEW ] [ QUIT |

Enter the rest of the elements of matrix X (to X (2, 3})).

-<—| 8__4—'
2 [ 23 [w—d] X (2.8) F{0.0) M.

[X-DIM ] [X-DATA] [Y-DIM ] [T-DATA]J [ CALC |

The entry of all the element data for matrix X is complete. Display the value of each
element.

[PFz ] [X-DATA] [PFL [VIEW] 3.333333333 -5 2
23

[ QUIT ]

The matrix elements are displayed in matrix format (up to 3 rows and 3 columns of the
matrix).
Return to the previous display.

QuI
[PF5 | [QUIT] (1.1 = 3.333333333

[ VIEW ] [ QUIT ]

Pressing the [QUIT] key again returns to the matrix menu.

X2.3) Y (0,0 ¥(0,0)

[X-DIM ] [X-DATA] [¥-DIM ] [¥-DATA]) [ CALC ]

Define the size of matrix Y in the same manner as you did for matrix X.

[ PR3 | [Y-DIM ENTER DIMENSION
[ ! X{2,3) Y{ ¢-.0 M(0.0)

{CANCEL]
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2 3 y(1.1s=

[ VIEW !

[ QUIT |

After the size of matrix ¥ is defined, the computer waits for the element entry for

Y (1, 1). Enter the rest of the elements of matrix Y.

5[+/]3[ = Ji=d]
3 [a=d] 2 [+=—]
1+ 1[«=10
8 [+ |[wd]

X, 3

it

¥(2.3) M0,0

[X-0IM } [X~DATA] [¥-DIM | [¥-DATA] [ CALC ]

Matrix Operations

Perform matrix operations. Press the [CALC]) key to display the mairix menu.

Y @.3) M (0.0

][ detX ] [SCALAR] [ Seex |

Yiz. 3

¥, 0

[ers | ¥(2.3)
[ x* 1 ¥
Determine the transpose matrix of X.
-m Xt
[x] X¥@3.2)
[ 1[0 x

1 [ detX 1 [SCALAR] [ SeeX ]

The symbol “&” below [[Iill on the display indicates that information yet to be dis-

played exists and the [ £ ] key can be used.

[Pi5 | [Seex] [PFi L [VIEW] 3.333333333 g
2 23
: [ QUIT |
Return to the previous display.
@2 ¥{2.3 ¥{0,0
[ X' 1 [ X ][ detX ] [SCALAR] [ SseX ]

Perform the transpose matrix operation to obtain the original matrix X.

-m Xl
(X7} (2,3

Lox

[ X1

Y{2,3) MO,0

7 [ detX ] [SCALAR] [ SeeX ]
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Press the key. The key label display will change.

[=]

X{2.,3) ¥(2,.3) ¥ (0,0

[ EQU ] [RESID ][ X2 |

The matrix operation performs these operations and arithmetic operations. The keys
and their functions are described below.

Key

Function

X

X7 = X: Performs the inverse matrix calculation of matrix X.
The result of this operation becomes new matrix X.

Note:

Ta perform this operation, matrix X must be a square matrix
(having the same number of rows as the number of columns).

x']

X'— Xx: Performs the transposition of matrix X, giving the transposed
matrix as the new matrix X,

[detx]

[ Xt — X (Display): Displays the value of the determinant of matrix X.
Note:
To perform this operation, matrix X must be a square matrix.

[SCALAR]

Performs the arithmetic operation with scalar,

[SeeX]

Displays the contents of matrix X.

[EQU]

Solves simultaneous linear equations with » unknowns.

[RESID]

Determines the residual.

x?]

X - X— X: Performs the squaring of matrix X.
Note:
To perform this operation, matrix X must be a square matrix.

X+ ¥— X: Performs addition. The result of adding matrix X to matrix ¥
becomes new matrix X.

Note: :

To perform addition, matrices X and ¥ must be equal to each ather in
both the number of rows and the number of columns.

X =Y— X: Performs subtraction.

The result of subtracting elements of matrix ¥ from the corresponding ele-
ments of matrix X becomes the corresponding efements of new matrix X.
Note:

To perform subtraction, matrices X and ¥ must be equal in both the num-
ber of rows and the number of columns.

Example:

DY

X - Y— X: Performs the multiplication of matrices X and Y.

Note:

To perform multiplication, the number of columns in matrix X must be
equal to the number of rows in matrix ¥,
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Key Function
Y. Y'S X Performs the multiplication of matrix X and inverse of
matrix ¥.
Note:
To perform this operation, the number of columns in matrix X must be
equal to the number of rows in matrix ¥ ~'. The matrix ¥ must be a
square matrix.
[+ ] X «3¥: Exchanges matrix X for matrix 7.
~X— X: Reverses the positive or negative sign of each element of matrix
X.
X+M X— M: Stores the value of matrix X in the memory location of matrix M
{while clearing the previous contents of matrix M).
Used for retaining the value of mairix X even after a matrix operation.
M— X: Recalls the memory contents of matrix M into matrix X
(while clearing the previous contents of mairix X.)
X + M— M: Adds the value of matrix X cumulatively to the memory con-
tents of matrix M.
Note:
To perform this operation, matrices X and M must be equal to each other
in both the number of rows and the number of columns.
(A ] X— MA: Stores matrix X into matrix MA
{ { (previous contents of MA are cleared).
] X— MZ: Stores matrix X into mairix MZ
(previous contents of MZ are cleared).
A MA— X Recalls matrix MA intc matrix X
( { (previous contents of matrix X are cleared).
(7] MZ— X: Recalls matrix MZ into matrix X
{previous contents of matrix X are cleared).
Note:

» Pressing the key during the execution of a matrix operation causes the cal-
culation to be suspended. At this point, the values of matrices before the execution
of the operation will be retained.

Example:
Perform X + ¥, using the values of the respective elements of matrices Xand ¥
entered (stored in memory) in the previous example.

i0/3 -6 2 5/3 3 2
Sl A R I
8 2 23 -1 0 -8

Operation:
Press the key to display the matrix menu if necessary.

X@2.3 Y{.3 M (0,0
A-DIM ] IX-DATA) [r-DIM 1 [Y-DATA! [ CALC ]

CALC
[P . Xe.3 ¥(2.3) 1@, 0

[ X' 7 { xt ]| detxX ] [SCALAR] [ SeeX ]
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Execute the [CALC] function to perform the desired operation. When the [CALC]
operation is executed, press the key if you wish to interrupt the operation.

X{2.3) Y(2.3) M(0,0)
[ X' J[ Xt ][ detX ][SCALAR][ SeeX ]
Recall the result.
[PE5 | [See
[ A] (1, = 5.
I VIEW | P QuUIT ]
5 -2 4
[PFL] [VIEW] 5 2 A
L QUIT |

Scalar Operations
The computer can perform scalar operations.

Example:

Perform X/26 — X, using the calculation result of matrix X in the previous example.

L

7 2 15
Display the previous display.
[ers ][ pFs | X(2,3) ¥Y(2,3) M(0.0)
[ X' J[ X' J[ detX J[SCALARI[ SeeX ]
[ PF4 ] [SCALAR
LR : SCALAR 0.
Pxx T Lksx " ][ X/ 11 k+Xx [ k=X ]
25 PF3 | [X/K
b X(2.3) ¥(2,3) ¥(0,0)
X' ][ X 1[ detX T[SCALAR][ SeeX ]
The operation is completed. Display the result:
[P | [PFL ] 0.2 -0.08 0.16
0.28 0.08 0.6
ToUIT ]
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In scalar operations, the following can be performed: {k: scalar)

Key Funetion
[kexx] k- X— X: Performs the multiplication of matrix X elements by scalar k.
[k ™) k- X' 5 X: Performs the multiplication of inverse matrix X ~' elements
by scalar k.
[x/k] X/k— X: Performs the division of matrix X elements by scalar k.
[k +X] k + X— X: Performs the addition of scalar k to matrix X elements.

Mathematically, such an operation does not exist. The addition of scalars
is one of the features unique to this computer.

[k—-X] k —X— X: Performs the subtraction of matrix X elements from scalar k.
Mathematically, such an operation does not exist. The subfraction from
scalars is another feature unique to this computer.

Example:

1 6 1 —4
2_[ ﬁ[ . }
3 - -1 3
Note:

« [f most of the elements of a matrix have the same value, exacute the [k + X] opera-
tion with all the matrix elements set to 0 and then correct only the value of each ele-
ment having a value other than k. This will simplify the entry of the matrix elements.

Examples of Matrix Operations

Solve the following simultanecus linear equations with three unknowns using matrix
operations.
2X+5y— z=-1
X— y+4z=12
3+2y+ z= 9

To solve simultaneous linear equations with r unknowns, Ax = y, this computer calcu-
lates A as matrix X and y as matrix ¥. The following operations are performed: X— M,
X~ . Y= X. The matrix X is stored into matrix M. {The previous contents of matrix M
will be cleared.) The inverse matrix of X is multiplied by the matrix ¥. The result will be
stored in the matrix X. Coefficients of the equations remain in matrix M.
Enter the following matrices:
2 5 - -1
X= [1 -1 4} Y={12]
3 2 1 9

Then perform the [EQU] function to solve the simultaneous linear equations.
Enter the matrix elements for X and ¥ according to the example above.

X{3.3) Y 3,1 #{0,0
[¥-DIM ] [x-DATA! [Y-DIM 1 [Y-DATA] [ CALC ]

ALC
LPEs J[CALCY ¥(3.,3) FE.n M (0.0}

X-v ]| xt 110 detX ] 'SCALAR] [ SeeX ]




3.3 Y. 1) H(0,0
[EQU 1 [RESID 1 { X2 ]

[EQU] =M. X-1 #¥~X

Push BREAK to Stop

Xas.n ¥ (3, 1) ¥ (3.3
[ X' J [ xt ][ detX ! [SCALAR] [ SeeX ]
Display the results.
[ PF5 [[See
[Seex] X(.n= 3.
[ VIEW ] [ QUIT ]
[PFL ] [VIEW] ?
2
[QUIT ]

Thus, the X, y, and z values in the equations are as follows:
x=3,y=-1,2=2

Note:

Matrix operations are based on the method of elimination in common use. However,
due to the nature of numerical calculations by any computer, an error may occur in the
calculation of a determinant or an inverse matrix due to truncation.

The [RESID] function evaluates the error in the solution determined with the [EQU]
function, stores to matrix X, the result of subtraction of matrix ¥ from the product of
matrix M(matrix X before soiving the simultaneous equation) and matrix X (solution ob-
tained from simultaneous equation). The [RESID] function clears the obtained solu-
tion. To obtain the solution, save the solution in another matrix, MA to MZ, by pressing
the key if it is needed.

146




Example:

3 1
To solve for the inverse matrix of { 1 1 /3]

This matrix is not a regular matrix and thus theoretically has no inverse matrix. With
any computer, however, the value 1/3 is input as “0.33...3" and thus an inverse matrix
exists, resulting in the following.

la 1}-1 [—33...3 1E+10]

1 0.33..3 1E+10 -3E+10

Results obtained by the computer may have & finite error as shown by this example.
Please note that verification by another method may be required depending on how
the matrix operations will be applied.

In the above example, when you obtain the determinant value by multiplying the

original mairix X by 3, you can confirm that the matrix X is not a regular matrix
because the determinent is 0 (|3 - X] = 0).

Note:

Because a matrix operation will not be completed by a single operation {(e.g. one-time
multiplication), it will take some fime to complete the operation. It will take
approximately 6 seconds to solve for the inverse matrix of a unit matrix consisting of
10 rows and 10 columns. This computation time varies depending on the values of
matrix elements.

Variable Storage

Matrices X, ¥, M, MA - MZ are stored in the same locations as the single-precision

array variables X (%, %), Y (k, X), M {X, %), and MA {k, X} - MZ (%, X} in BASIC. Thus, it

is possible to enter element values in BASIC and obtain the calculation result in the

MATRIX mode. Matrix operations are performed in the single-precision mode only.

Note the following when entering element values in BASIC:

(@ The matrix element X (i, k} corresponds to BASIC array X (i -1, k- 1) {i.e. X (1,
2) corresponds to array element X (0, 1)).

@ The matrix values can be cleared by the BASIC command RUN, CLEAR, NEW,
ARUN, or ERASE. :

Memory Capacity for Matrix Operation

s Memory for matrix operation are shared with BASIC programs. Unused memory
space (found by entering FREO in the BASIC mode) must be more than the
sum of the following to allow for intermediate calculations:

e [{No. of columns in X) x (No. of rows in X) x 7 + 10] bytes
+ [{No. of columns in used matrix) x (No. of rows in used matrix) x 7 + 10] bytes
+ [{No. of columns in intermediate matrix) % (No. of rows in intermediate matrix)

x 7 + 10] bytes

The intermediate matrix only exists during execution and is ¢leared after execution.
The intermediate matrix Is not needed for the [x+M], [ RM Jor [_$¢ | keys. When an in-
verse matrix is calculated or used for simultaneous linear equations, two inter-
mediate matrices are required as two calculations are performed.
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« When “MEMORY OVER?” is displayed, clear the variables or programs used in
BASIC to provide more free memory space for calculations.
For a matrix with many elements, install a RAM card with a larger memory capacity
to provide more free memory space. (See 3. RAM CARD.)

Example:
2 3 8 30
X= ¥ = ]
5 1 7 15

To perform X - Y — X, the number of bytes required is:
(2><2x|7+ 10)+(2x2><|7+ 10) + (2x2x 7 + 10) = 114 bytes

matrix X matrix ¥ intermediate matrix

Printihg a Matrix

To print the result of matrices (i.e. element values), create the following program and
run the program using the GOTO command (since the contents of matrices will be
cleared after execution using RUN ).

100: xMAT: INPUT "ROW="3lI

110: INPUT "COLUMN=";.

120: FOR1=0TOIH1

130: FORJ =0TO JJ-1

140: LPRINT "X(";l+1;", "J+1;m=":X{l, J)

150: NEXT J:NEXT I:LEND

To print a matrix ¥ or MC, change the variable X on line 140 fo Y or MC.
To print the matrix, enter GOTO *kMAT [«=}in the RUN mode.

Error Messages

If an error occurs during a matrix operation, one of the following error messages will
be displayed, along with symbol “E". Press the [C+CE] key to release the computer from
the error condition and the “E” symbol wilf go off and the display will return to the
matrix menu.

Error Message Cause of Error
IMPOSSIBLE « Matrices do not match in size.
CALCULATION Matrices do not match in size during addition, subtraction, or multi-

plication, or an attempt was made to determine the inverse matrix,
or fo perform the squaring of a matrix which is not a square matrix.
MEMORY OVER « |nsufficient memory

In an operation such as X— M or X— MA, memory space is insuffi
cient to store mairix M or MA, or no work area is available for arith
metic operation.

DIVISION BY ZERO |« 0 (zero) is used as divisor.

In an inverse matrix operation, an attempt was made to divide a
number by zero.

OVERFLOW » Overflow has occurred during an operation,

T

t
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11. RUN MODE

The RUN mode is a very versatile operation mode, which allows calculations and
operations available in the CAL, ENG, MATRIX, AER, and STAT modes, calcula-
tions using variables from those modes, and has the ability to run BASIC programs
written in the PRO mode.

Seleciing RUN Mode

Select the BASIC mode by pressing the keys. If PRO is displayed,
press the key to select the RUN mode. The prompt (=) tells you that the com-
puter is awaiting entry. The display should now look like this:

DEG
RUN CAPS

If you make an error during entry and get an error message, the simplest way to
clear the error is to press the [CsCE] key and reenter. If the computer “hangs up”
{you cannot get it to respond at all), press the RESET button while holding the
key (see Appendix D).

The prompt (>) tells you that the computer is awaiting entry. As you enter data the
prompt disappears and the cursor {_) moves o the right, indicating the next avail-
able location in the display.

Pressing the right [ » |, left [« |, up [_t_] and down keys moves the cursor.

Press the key to tell the computer that you have finished entering data and
1o signal the computer to perform the indicated operations. You must press the
key at the end of each line of entry or your calculations will not be
acted upon by the computer.

When performing numeric calculations, entries appear on the left of the display; the
resulis appear on the right.

-1234567891/10
—-123456789 .1
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Do not used dollar signs or commas when entering calculations. These characters
have special meanings in the BASIC programming language.

When using the [SHIFT] key to implement another key's second function, press and

hold the [SHIFT] key and then press the other key. The key may also be used,
as in the CAL mode.

When the key is used, the character actually produced is represented in the
following keystroke. For example pressing + will produce the “&” char-
acter. This is written [SHIFT] + [ & |.

Be sure to enter [CsCE] after each calculation (unless you are performing serial cal-
culations). [€+CE] erases the display and resets any error condition. It does not eras
anything stored in the computer memory. '

Recalling a formula after execution will cause a value such as “5E3" or “5E-3" to
be displayed as “5000” or “0.005". A vaiue such as “5.000” will be displayed as
“6”. It the value is outside the normal floating point display range, it will be dis-
played in scientific notation.

» Pressing the [0 | key while holding the key will toggle the beep sound
for key entry. Setting the beep while in the BASIC mode is effective for other
operation modes.

» The computer has an 8 byte input buffer to hold up to 8 key entries while a com-
putation is being performed.

» Pressing a number key while holding another number key will enter both values.
For an example, the computer will recognize the entry as “12” if you press the
[ 2 ]key while holding the [_1_| key.

» 8 bytes are used for a numeric value in single-precision mode while 13 bytes are

used in double-precision mode. [t is not always possible to store up to 254 char-

acters in one line.

Simple Calculations
The computer performs calculations in the RUN mode with 10-digit precision (un-

less set to the double-precision mode, which will be discussed later). Turn the
power on and set it to the RUN mode. Now try these simple examples.

Example:

2+3x4= 2+3%4

2+ 13 [Xx]4[«] 14

Example:

Sx(H6)+7= 2+3%4

5[Xx][ - [6[ + |7 [«] 14
52—-6+7 23
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In the RUN mode, the key must be pressed to obtain the calculated resuit in-
stead of the [ =_| key.

The display of the computer consists of 4 lines (40 characters per line). Key entries
and calculated resulis are displayed from the top line of the display. If the charac-
ters to be displayed exceed 4 lines, the displayed contents will be moved up by 1
line {the first line will move off the top of the display).

Compound Calculations and Parentheses

You can combine several operations into one step as in the CAL mode. For ex-
ample, you may enter:

675 + 6750/45000
Compound calculations, however, must be entered very carefully to avoid ambiguity.
When performing compound calculations, the computer has specific rules of expres-

sion evaluation and operator pricrity (see page 162). Use parentheses to clarify
your expressions:

(675 + 6750)/45000 or 675 + (6750/45000)

Recaliling Entries

Even after the computer has displayed the results of your calculation, you can verify
that the entry was made correcily, and edit it if necessary. To edit, use the leit
arrow [ | and right arrow [ ] keys.

Use the left arrow [t ] key to position the cursor after the last character.
Use the right arrow [ » | key to position the cursor over the first character.

Remember that the left and right arrows are also used to position the cursor. The
right and left arrows are very helpful in editing entries without having to retype the
entire expression.

300 6 300/6 -
Change this operation to 300/5.
Recall your last entry using the [«] key.
| 300/6
50
300/6_
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Because you recalled the expression using [<€], the cursor is positioned at the
end of the display. Use [ <] to move the cursor one space to the leit.

=1 300/6

50
300/6

Notice that after you move the cursor, it becomes a flashing block. Whenever you
position the curser over an existing character, it will flash.

Enter a 5 to replace the 6. An important point in replacing characters — once you
enter a new character over an existing character, the original is gone forever! You
cannot recall an expression that has been erased.

5 300/6
300/5

50
60

You can also insert or delete characters in an entry. Change the previous calcula-
tion to 3000/25.
Recall your entry using the [ | key.

> a0
300/
60

300/5

Because you recalled using the [ » | key, the flashing cursor is now over the first
character. To make the correction you must insert a zero. Using the [ ] key,
move the cursor until it is over a zero. When making an INSert, position the flash-
ing cursor over the character before which you wish to make the insertion.

50
300/5
80
300/5
[INs ] 50
300/5
60
300/5

Pressing the [ 18§ ] key changes the shape of the flashing cursor (), which points
to the location where your entry will be inserted. Enter the zero. Move the cursor
over the 5 and enter 2. Once the entry is corrected, display your new result.

OLp[im | |2 [ed] 300/5
3000/25

60
120

Pressing the [INS | key enters the insert mode and pressing the [ INS | key again
or the key exits the insert mode.

152



To DELete a character, use the key. Change the previous calculation to 3/5.

60
120

Recall your entry using [ » ].
[>] 30007256
3000/25

The flashing cursor is now positioned over the first character in the display. To cor-
rect this entry, eliminate the zeros. Using [ ], move the cursor to the first zero.
To delete a character, always position the curser over the character to be deleted.

60
[ 300025
120

300025

Now use the DELete key to delete the zeros and the two.

[DEL ][ DEL ][ DEL | [ » | [ DEL | 80
3000/25
120

3/5

Pressing the key deletes the character under the cursor and shifts all the fol-
lowing characters one space to the left. Since vou have no other changes o make,
complete the calculation by displaying the result.

3000/25
3/5

120
0.6

Note:

Pressing the key when the cursor is positioned over a character replaces the
character, leaving a blank space. DELete eliminates the character and the space it
occupied.

You can also use the key to delete errors. Note that pressing the key
moves the cursor back one position and deletes the character there, while pressing
the key deletes the character the cursor is positioned over.

Errors

Recalling your last entry is essential if you get an error message. Let us imagine
that, unintentionally, you typed this into the computer:

CeCEl 3 0 O[5/ [~ ] 5 [wd] 300//5

Syntax error
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“Syntax error” is the computer's way of saying, *l don’t know what you want me to

do here”. Press the [« ] or [ » | key to move the flashing cursor to where the error
occurred.

(=] (or [>1) 300//5

Syntax error
300//5

Use the key to correct this error.

300//5

Syntax error

300/5

60

If, upon recalling your entry after a syntax error, you find that you have omitted a
character, use the INSert sequence to insert it.

When using the computer as a calculator, the majority of errors you encounter will
be syntax errors. For a complete listing of error messages, see Appendix A.

Serial Calculations

The computer allows you to use the results of one calculation as part of the foliow-
ing calculation.

Example:
What is 15% of 300 X% 1507

[CeCE]3 0 0 [Xx] 15 0 [« 300%150

45000

In serial calculations it is not necessary to retype your previous results, but DO
NOT press the [CoCE] key between entries.

Xx].15 300#150
45000% 15

45000

Notice that as you type in the second calculation (X.15), the computer automatically
displays the result of your first calculation at the left of the screen and includes it in
the new calculation. In serial calculations the entry must begin with an operator. As
always, you end the entry with the key.

Note:

The and keys cannot be used in percent calculations in RUN mode. The
key should be used as a character only and the key is inoperative.
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Example:

45000 [Xx] 15 [BHIFT] + [T [«=—J] — Syntax error

300%150
45000
45000% .15
6750
To change the sign of the previous result, multiply by —1:
(Xx]|[ - |1 [«=] 45000% .15
6750
6750%—1
-8750

Using Variables in Calculations

The computer can store up to 26 simple numeric variables under the alphabetic
characters A to Z. if you are unfamiliar with the concept of variables, they are more
fully explained in Chapter 12. Variables are designated with an Assignment State-
ment;

As you press , the computer performs the calculation and displays the new
value of the variable. You can display the current value of any variable by entering
the alphabetic character it is stored under:

[cecE] C [«==T] ' C

Variables will retain their assigned values even if the computer is switched OFF or
undergoes an Auto OFF. Variables are lost only when:

+ You assign a new value to the same variable.

e You enter CLEAR {not the [CeCE] key).
+ You clear the computer using the RESET button.

There are certain limitations on the assignment of variables, and certain program-
ming procedures that cause them to be changed. See Chapter 12 for a discussion
of assignment. See Chapter 12 for a discussion of the use of variables in program-
ming.
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Single-Precision, Double-Precision

The largest number that the computer can handle in the single-precision made is
ten significant digits, with a two-digit exponent.

In the double-precision mode, it is increased to 20 significant digits, or
9.9999999999999999999 D 99 and 9.9999999999999999999 D 99 (the capital E
indicating the exponent, is replaced by a capital D in double-precision mode).

Selecting Double-Precision Mode
1. Enter RUN mode and press the [G+€E] key to clear the display.
2. Enter DEFDBL and press the key.

DBL is shown on the status line of the display, indicating that the computer is
now in the double-precision mode.

The exponent is indicated by a capital letter D in the double-precision mode, as
described in the previous section. However, you can still use either the E or D as a
character when entering the exponent in an expression. See page 173 for more
details.

Canceling Double-Precision Mode

1. In the RUN mode, press the [C+CE] key to clear the display.

2. Enter DEFSNG and press the key.
DBL is removed from the status line, indicating that the computer is now in the
single-precision mode.

The double-precision mode is automatically canceled if:

1. The computer is switched OFF.
2. The RUN, NEW or CLEAR command is executed.

Last Answer Feature

In a simple calculation, the result of the previous calculation can only be used in
continuous calculations as the first number.

Exampile:
3+ 4 3+4 7
5 i+4
7%5 ’
35
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However, the computer has a feature that lets you recall the result of the previous
calculation and use it in any location in the current calculation. This is called the
last answer feature. It allows the previous answer to be recalled any number of
times by pressing the key. If you entered the last example, press [LCE] then
and you will see “35” displayed.

Let's look at an example where a previous resulit is used twice in the current calcula-
tion. Note that in this example, the last answer changes and is updated with the cur-
rent answer each time is pressed.

Example:
Use the result (6.25) of the operation, 50 8, to compute
12 x 5/6.25 + 24 x 3/6.25 =

50 [=/] 8 =] 7%5
50,8 35
6.25
Last answer
12[Xx]|5[3s] ANS ) 35
50/8
6.20
12%¥56/6.25
Last answer recalled
[+ 124 [Xx]|3[=~1|_ANS 50,8 35
6.25
12%#5/6.25+24%3/6.25_
50/8
§.25
12%5/6 . 25+24%3/6.25
21.42
[GeCE] [ ANS ] 2412

Pressing causes the previous “last answer” to be replaced with the result of
the latest calculation. The last answer is not, however, cleared by pressing the
[CoCE] or [SHIFT] + [_CA_| keys but when the power is turned off.

The last answer cannot be recalled when the computer is not in the RUN mode.
The last answer is replaced when a program is executed.
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Maximum Calculation Length

The length of the calculation that can be entered is limited to 254 key strokes
before the key is pressed. If you try to exceed this limit, the cursor will start
flashing to show that further input is invalid. If this happens, break down the calcula-
tion into two or more steps.

Eight byles are used for each numeric value in single-precision mode, so that it is
not always passible to enter 254 keystrokes. (13 bytes per numeric value in double-
precision mode.)

Scientific Calculations

The computer has a wide range of numeric functions for use in scientific calcula-
tions. PART 4 contains an alphabetical listing of these functions. Note that the nota-
tion of the functions in BASIC may differ from conventional mathematical notations.

All scientific functions may be entered in the RUN mode either by pressing the ap-
propriate function key or entering the BASIC command.

The computer also enables specification of angular units in degrees, radians or
gradient using the DEGREE, RADIAN or GRAD commands.

Angular unit Command Description

Degrees DEGREE Represents a right angle as 90[9.
Radians RADIAN Represents a right angle as n/2jrad].
Grads GRAD Represents a right angle as 100[g].

For practice, use these instructions to specify angular units when required in the fol-
lowing calculation examples:

Example: sin 30 =

Operation:
DEGREE (Specifies “degree” for angular unit.)
SIN30 glEﬁggE
or
[sin] 30 6.5
Example: tan /4 =
Operation:
RADIAN (Specifies “radian” for angular unit.)
TAN[ (C|PI[=]4 ] RAD AN 0.5
TAN(PL1/4)
1
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Example: cos™(-0.5) =
Operation:

DEGREE (Specifies “degree” for angular unit.)

ACS[-]0.5 <]

Example:log5 +In5 =
Operation:
LOGS5 LN5

Exampie: e** =
Operation:
EXP(J2[+«13[1 1]

Example: V4° + 6" =

Operation:
[CeE] SQR[ (14 [¥ 13
[+ 16 214 ) |[«]
Example:

DEGREE
ACS-0.5
120
ASC-0.5
120
LOG5+LNG
2.308407917
LOG5+LNB
2.308407917
EXP(2+3)
148.4131581
SCQR(4A3+6A4)

36.87817783

Convert 30 deg. 30 min. in sexagesimal notation into decimal notation.

Operation:
DEG30.30

Example:

SQR(4A3+6A4)
DEG30.30

36.87817783
30.5

{30.5 DEGREE)

Convert 30.755 deg. in decimal notation to sexagesimal notation.

Operation:
DMS330.755

DEG30.30
DMS30.755

30.%
30.4518

(30 DEG. 45 MIN. 18 SEC.)
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Example:
Conversion from rectangular into polar coordinates: Determine the polar coor-
dinates (r, 8) for the point P(3, 8} in rectangular coordinates:

Operation:
DEGREE (Specifies “degrees” for angular unit.)
POL[L ( 138 ) |{w=d] 30.4518
DEGREE
POL(3.8)
8.544003745
Z [ad] POL(3.8)
; 8.544003745
69.44395478

s The value of 8 is stored in variable Z, and the value of r in variable Y.

Example:
Conversion from polar into rectangular coordinates: Determine the rectangular coor-
dinates (x, y) for the point P(12, 4xn/5) in polar coordinates.

Operation:

[CecE | RADIAN (Specifies “radians” for angular unit.)

AECLLIT 2, L] REOL1D, (4/5e51)

jé}lslxml L) Il | -6.708203933

7 [=—] ZECHZ.M/S*PI)) g 708203933
7.053423028

o The values of y and x are stored in variables Z and Y, respectively.

Note:
For coordinate conversion, the conversion results are stored in variables Z and Y.
Therefore, the previocus contents of Z and Y will be cleared.

Example:
Convert the hexadecimal number CF8 to its decimal equivalent.
Operation:

[CecE] 2 F][ & JHC F 8 &HCF8
3320

“&H" represents a hexadecimal value.
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— Reference —

Expressions composed of relational operators (=, >, <, > =, < =, <>} can take on
the values listed in the following table:

X and y represent numetic values.

. -1 ifx =y - -1 fxzy
- 0 ifx gy B 0 ifx<y
- -1 ifx >y <~ 1 ifx =y
0 fx=y B 0 ifx>y
-1 ifx < -1 i o
< nx sV << > 1 !fx?‘:y <= N ,,)
ifx =y 0 ifx=y means ‘' #

« [f, for example, “A = numeric value” or “B = formula” is used in a logical equa-
tion, the computer will not treat it as a logical equation but as an assignment
statement for variables. When using an equal (=) sign for logical equation, use it
in the form of “numetric value = A” or “formula = B”, with the exception of condi-
tional expressions used in IF statements.

Direct Calculation Feature

in the manual calculations described up to now, the key has always been
used to terminate a formula and obtain the calculation result of the formula. How-
ever, you can directly operate the functions of the computer with the desired func-
tion key (without operating the key) when the objective numeric data is in
the display.

Example:
Determine sin 30° and 8!.
Operation:

DEGREE [«+—1] SIN3O
[CeCE] 3 O [sin | 0.5

Operation:

[CeCE} 8 [2nd F][ 2l ] FACT 8

40320

Example:

% , first check the result of % , then determine tan™

Operation:

For tan™

o

DEGREE 5/12

: 5 4.166666667E-01
Sl )12 lat]lend Flltan’] | 0y 4 466666667E-01
2261986405
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It should be noted, however, that this “direct” calculation mede is not available for
functions requiring the entry of more than one numeric value (binominal functions)
such as power, root, or coordinate conversion.
The direct calculation feature is not effective for formulas:
{e.g.) [CeCE]5 4— 54

— 5x4L0G

If no data is on the display, pressing a function key will display the corresponding
BASIC command.

The direct calculation feature is effective only for numeric values. Therefore, if
hexadecimal numbers A to F are entered for hex to decimal conversion, the direct
calcuiation feature will remain inoperative. In such a case, perform an ordinary
manual calculation using the key.

Priority in Direct Input Calculations

You can enter formulas in the exact order in which they are written, including paren-
theses or functions. The order of priority in calculation and treaiment of intermediate
results will be taken care of by the computer.

The internal order of priority in manual calculation is as follows:
. Recalling variables or Pi

. Function {sin, cos, etc.)

. Power (), root (ROT)

. Sign (+, )

. Multiplication or division (X, /)

. Addition or subtraction (+, -}

- Comparigon of magnitude (>, > =, <, < =, <>, =)

. Logical AND, OR, XOR

QO ~NorU AW —

Note:

» if parentheses are used in a formula, the operation given within the parentheses
has the highest priority.

e Composite functions are operated from right to left (sin cos™! 0.6}.

2
« Chained power (3* or 3 A 4 A 2) is operated from right o left.
« For items 3) and 4) above, the last entry has higher priority.
(e.9) -2 A4 ——(2%
3A—2 —3°

Printing for Direct Input Calculations
The calculation steps and results can be printed if the optional printer is connected
and switched on, and the + keys are pressed (Print mode). Note that

calculations made in the CAL mode cannot be printed out.

if a printout is not desired, either switch off the printer, or press + again
(Non-Print mode).
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Calculation Errors

The following types of errors occur in ordinary calculators, pocket computers, and
personal computers:

Errors due to Least Significant Digit Processing

Usually, the maximum number of digits that can be calculated in a computer is
fixed. For example, 4/3 results in 1.33333333333--.. In a computer with a maximum
of B digits, the 8 digits are significant digits; other least significant digits are either
truncated or rounded.

Example:
Computer with 10 significant digits
10 significant digits
4 3 — 1.33333333333...
Truncated, rounded

Therefore the calculated result differs from the true value by the amount truncated
or rounded. (This difference is the error.)

in the computer, a 12-digit caiculated result is obtained {or a 24-digit result in
double-precision mode). This result is rounded and specially processed to minimize
error in the displayed value.

Example in single-precision mode: 4/3 x 3

4[+=/13[Xx]3[==—2]| > 4 Calculated in succession
4[+=/]3 [«—] - 1.333333333} .
3 [e—] — 3.999999999 Caleulated independently

When calculated in succession, the result of 4/3 is obtained internally in 12 digits
and is used for calculation and then rounded.

When calculated independently, the displayed value {10 digits) is used for the cal-
culation.

Example in double-precision mode: 4/3 x 3

4[+/]3 [ Xx] 3 [l — 43 Calculated in sugcession
4[%,153 <] — 1.3333333333333333333# .
3 [e—] — 3.9999999999999900g90¢ |  Calculated independently

When calculated in succession, the result of 4/3 is obtained internally in 24 digits
and is used for calculation and then rounded.

When calculated independently, the displayed value (20 digits) is used for the cal-
culation.
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Errors due to Function Determining Algorithms

The computer uses a variety of algorithms to calculate the values of functions, such
as power and trigonometric functions. When calculations use such functions, an ad-
ditional source of error is introduced. This error factor increases the more functions
are used in the calculation. The actual error for each function varies according to
the values used and is greatest around singularities and inflection points {(e.g., when
an angle approaches 90 degrees, the tangent approaches infinity).
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PART 3

PROGRAM
OPERATION

Part 3 is devoted to the use of the BASIC
programming language as implemented on
the PC-E500*. We begin with a discussion
of programming concepts in general, and
then move on to0 more specific application
of those concepts to the PC-E500. Part 3
ends with some suggestions for shortcuts in
programming, and for tracing bugs in your
program.

PRO (program) mode and RUN mode
(which was discussed in detail in PART 2)
are described in this section.

*The PC-E500 is hereafter referred to as
“the computer”.
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This tells the computer that the contents of variable B$ are alphabetic, or string
data. To illustrate this, enter the following:

BSHIFT] + [ $ ] =[SHIFT] + RA2%P |
" IBYTE[SHFT]+[ "] 59=BYTE" 9711793866
8

The string BYTE is now stored in the variable B$. To make sure of this, press the
[CeCE]| key and enter the following:

B [SAIFT] + [ §_|[=—d] B3
BYTE

The contents of character strings or character variables are displayed from the left
edge of the next line.

Variables handled by the computer are divided into the following:

Variables

Numeric variables:
Fixed numeric variables (A to Z)
Simple numeric variables (AB, C1, etc.)
Numeric array variables

String variables:
Simple string variables (A$, BB$, C2§, etc.)
String array variables

Numeric variables are further divided into single-precision and double-precision vari-
ables. These will be discussed later.

Fixed Numeric Variables

The first type, fixed numeric variables, are always used by the computer for storing
numerical data. They can be thought of as pre-allocated variables. In other words,
no matter how much memory your program uses, you will always have at least 26
variables to choose from to store numerical data in. Fixed memory locations are
eight bytes long.

Simple Variables

Simple variable names are specified by alphanumeric characters, such as AB, BS,
C88%. Unlike fixed varlables, simple variables have no dedicated storage area in
memory. The area for simple variables is automatically set aside (within the pro-
gram and data area) when a simple variable is first used.

Since separate memory areas are defined for simple numeric variables and simple

string variables even if they have the same name, variables such as AB, AB$ and
AB#, for example, may be used at the same time.
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While alphanumeric characters are usable for simple variable names, the first char-
acter of a variable name must always be a letter. Up to 40 characters may be
used to define a variable name.

Notes:

1. Variable names must not begin with a BASIC command (e.g. PRINTOUT,
ONPRINT), but may contain BASIC commands if desired (e.g. APRINT,
BONPRINT).

2. Each simple string variable can hold up to 254 characters or symbols.

Array Variables

Sometimes, it is useful to deal with numbers as an organized group, such as a list
of scores or a tax table. In BASIC these groups are called arrays. Arrays can be
one-dimensional, like a list, iwo-dimensicnal, like a table, or multi-dimensional up to
120 dimensions.

Use the DIM (short for dimension) statement to define an array. Arrays must always
be declared before they are used (unlike the single-value variables we have been
using). The form for the DIMension statement Is:

DIM array-variable-name {size)
where:

array-variable-name is a variable that conforms to the normai rules for
numeric or array variable names previously discussed.

size is the number of storage locations. Note that when you specify a number
for the size, you get one more location than you specified.

Examples of legal numeric and string DiMension statements are:

DIM X(5) — X (0), X (1), X (2), X (3), X (4), X (5)
DIM AA(24)

DIM QUITES(0)

DIM X$(5)

DIM AA$(24)

DIM QUITE5$(0)

‘The first statement creates an array X with 6 storage locations. The second state-
ment creaies an array AA with 25 locations. The third statement creates an array
with one location and is actually illogical since (for numbers at least) it is the same
as declaring a single-value numeric variable.

it is important to know that an array-variable X and a variable X are separate and

distinct to the computer. The former denotes a series of numeric storage locations,
and the latter denotes a single and different location.
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Now that you know how to create arrays, you might be wondering how we refer to
each storage location. Since the entire group has only one name, the way in which
we refer to a single location (called an “element’) is to follow the group name with a
number in parentheses. This number is called a “subscript”. For example, to store
the number 8 in the fifth element of our array X (declared previously) we would
write:

X(4) = 8

If the use of 4 is puzzling, remember that the numbering of elements begins at zero
and continues through to the number of elements declared in the DIM statement.

The real power of arrays lies in the ability to use an expression or a variable names
as a subscript.

The n-dimensional array is declared by the statement:
DIM array-variable-name (size 1, size 2, ..., size n)

where:
size n specifies the number of elements in the nth dimension of the array.
Note that when you specify the number of elements, you get one more ele-
ment than indicated by the specification.

The following diagram illustrates the storage locations that result from the declara-

tion DIM T(2, 3) and the subscripts (now composed of two numbers) that pertain to
each location:

calumn 0 column 1 column 2 calumn 3
row 0 T (0, 0) T{O, 1) T {0, 2) T (0, 3)
row 1 T, 0 T, T(1,2 T({,3)
row 2 T (2,0 TN T (2, 2) T(2,3)

Note:
Two-dimensional arrays can rapidly use up storage space. For example, an array
with 25 rows and 35 columns uses 875 storage locations!

An n-dimensional array has n indices into the array.
For example, DIM Z%(3,3,3,4) generates a 4-dimensional array with 320 elements.

The following table shows the number of bytes used to define each variable and the
number used by each program statement.
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Variable type Number of bytes used

Variable name Data
—— . . . (Length of variable
Single-precision numeric variable hame + 4) bytes 7 bytes
Double-precision numeric variable (Length of variable 12 bytes

name + 4) bytes

The number of stored
string {array) data
{bytes)

{Length of variable

String (array) variable hame -+ 8) bytes

Element Line number Statement & function

Number of bytes

used 3 bytes 2 bytes 1 byte

Double-Precision Variabies
Existing single-precision variables can be converted to double-precision variables by
appending a sharp mark (#). For example:

A#, AB#, X#(10), Y#(2,3) and X1#(5,6).

Double-precision variables have 20 significant digits and a 2 digit exponent from
—99 o 96.

Note:
Single-character variables to which the sharp mark is appended (e.g. A#) are not
fixed numeric variables, but are treated as double-precision simple numeric vari-
ables.

The following types of variables are stored in separate memory areas:

A and A#
AB and AB#
X{10) and X#(10)

Variables can be specified as single-precision (10-significant-digit) variables by ap-
pending an exclamation mark (), or as double-precision (20-significant-digit) vari-
ables by the sharp mark (#). However, the computer makes it possible to treat any
numeric variable as a single- or double-precision variable by the DEFSNG (define
single) and DEFDBL (define double) statements. This is especially useful if your pro-
gram contains numerous double-precision variables.
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Storing Values in Double-Precision Variables
1. Using Declarative Signs (! and #)

AB! (or AB) = 1234567891234567891234 — 1.234567891 x 10*

The value is stored using 10 significant digits in the single-precision variable AB!
(or AB).

AB# = 1234567891234567891234 — 1.2345678912345678912 x 10*

The value is stored using 20 significant digits in the double-precision variable
AB#.

2. Using Declarative Signs and Declarative Statements (DEFSNG and DEFDBL)

These are two BASIC commands used as variable definition statements. See
Chapter 13 for a description of programming.

10: DEFDBL B,D

20: DIM B(2)

25: Di=123

30: DIM B!(2)

40: B(0)=9876543217876D5

50: BI{0)=B(0)

60: PRINT B(0): WAIT: PRINT B{(0),D
70: DEFSNG B,D

80: WAIT 0: PRINT B#(0): PRINT B(0), D

[20] B is stored in memory as a double-precision array variable (without the
DEFDBL statement in line 10, line 20 should read DIM B#(2)).

[30] Blis stored in memory as a single-precision array variable.

[50] When the contenis of a double-precision variable are stored under a single-
precision variable, the number of significant digits is limited to 10.

If we run the program, line 60 will produce the following display:

RUN RUN

9.87654E+1é

987654321787600000

At line 80, the display will be:

| 0

887654321787600000
9.87654E+17 123
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Mixing Double- and Single-Precision Values
If a calculation includes double-precision variables, the computer will automatically
select double-precision mode where necessary.

Double-precision mode is automatically selected in the following cases:

Calculations are executed on values using 11 or more significant digits:
Ex. 1234567891234 x 5
The letter D is used in formulas to specify an exponent:
Ex. TAN 7.43D05
Values are identified using the sharp mark (#):
Ex. 4#/7
Double-precision variables are used:
Ex. AB# + BC
The DEFDBL statement is used:
Ex. In RUN mode, enter DEFDEL. DBL is shown on the status line of the dis-

play.
nnnnnn —— [ necnoi
>
5 9 QESDBL
5,550b00050005500550560-01

If the calculation formula contains a mixture of single- and double-precision values,
each individual calcuiation within the formula is executed according to the degree of
precision valid at that time,

Example:
x5 + A8/7
Single-precision Double-precision

Double-precision calculation

If double-precision vaiues are converted to single-precision variables, the double-
precision value is rounded to 10 significant digits.

Example:

fesCE|AB[SHIFT] +[ & [ = | | AB3=b#/0_

5[SHFT]+] & [[=*/]9

ABz=5%/9

=1 5.5555555555555555556D-01
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AB[ = |AB[SHFT]+[ # | AB#=5£/9
5.55555555555655655560—-01

AB=AB%#
5.555556566E-01

If a double-precision value is used in conjunction with a function of which the argu-
ment is single-precision, functional calculations are performed after the double-
precision value is rounded off to a 10-digit value.

The following functions are performed in single-precision mode only: DECI, HEX,
POL, REC

Program and Data Files

Programs and data files are fundamental in the use of your computer. A wide
choice of media for storing program and data files is available.

Part of the computer’s infernal memory can be used as RAM disk (E:), and is the
most readily available storage device. External RAM cards may also be used as a
RAM disk (F:), as you may use floppy disks in other computers. However, RAM
cards are so compact that several can be carried in your shirt pocket. Using RAM
cards, your computer becomes one of the most powerful pocket computers on the
market.

SHARP’s pocket disk drive (CE-140F) is another fast and convenient storage
mechanism expanding the flexibility of your computer system. Standard 2.5-inch
micro-floppy disks are used. Finally, a low-cost but relatively slow alternative is a
cassette tape recorder.

Filenames

When saved to a storage medium such as RAM disk E in the iniernal RAM, RAM
disk F in the external RAM card, cassetite tape, pocket disk, or serial /O device, a
file must be given a name. This name is used to load program files intc computer
memory, or to access data files on the medium. The filename may be any name up
to 8 characters long and include the following characters:

A —Z! a—2z, 0 _91 #! $| %r &r ’r (r)s {: }s AT @: Space

Extension

A file extension is an additional way of identifying the type of file (e.g., BASIC pro-
gram file or text file). The extension consists of three characters added to the end
of the filename and separated from it by a period. The extension is specified when
the file is saved.
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BASIC programs are automnatically given the extension .BAS when saved using the
SAVE command. When relcaded into memory using the LOAD command, you do
not need to specify the .BAS extension.

When the FILES or LFILES commands are used to list the files on a device, BASIC
programs will appear with the .BAS extension unless some other extension has
been specified by the user when the file was saved. The .BAS extension must al-
ways be specified when using the COPY command.

Device Name

Since files can be stored on tape, disk, internal RAM, or external RAM card, the
device must also be specified. The device name must be followed by a colon (3).
The following are the device names used on the computer.

X: Pocket disk drive

E: RAM disk E (internal RAM)

F: RAM disk F (external RAM card)
CAS: Cassette tape

COM: Serial 1/Q device

The complete file descriptor thus consists of the device namae, filename, and exten-
sion:

d: filename.ext

File Numbers

File numbers are used with certain commands (e.g., OPEN, INPUT# and PRINT#)
to read data from or write data to files.

File numbers can be specified with #1 - #255. The number of file numbers which
can be used simultaneously is limited as follows:

Device name Max. number
Pocket disk drive 6
RAM disk E
RAM disk F Total of 2
Cassette tape 1
Serial /O 1

To save or load program files using the SAVE or LOAD command, the ahove num-
ber is decreased by 1 since one file number is used automatically for each device.
Since file numbers are not used in the CSAVE or CLOAD command, program files
can be saved to or loaded from tape using the CSAVE or CLOAD command even if
another tape file is currently open.

All files are closed before executing the LOAD or MERGE command.
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Data Files

There are two types of data file; sequential data files and random access data files.
The computer supports sequential data files only. Data is written to a sequential file
as a series of ASCII characters stored one item after another (sequentially) in the
order sent. The data is read back sequentially when later accessed.

Expressions

An expression is some combination of variables, constants, and operators that can
be evaluated to a single value. The calculations that you entered previously were ex-
amples of expressions. Expressions are an intrinsic part of BASIC programs. For ex-
ample, an expression might be a formula that computes an answer to some equa-
tion, a test to determine the relationship between two quantities, or a means to for-
mat a set of strings.

Numeric Operators

The computer has five numeric operators. These are the arithmetic operators that
you used when exploring the use of the computer as a calculator in Chapter 6:

+ Addition

— Subtraction
* Multiplication
/  Division

~ Power

A numeric expression is constructed in the same way that you entered compound
calculator operations. Numeric expressions can contain any meaningful combination
of numeric constants, numeric variables, and the numeric operators:

(AXkB)a2
A(2,3) + A(3,4) +5.0-C
(A/B) x (C + D)

String Expressions

String expressions are similar to numeric expressions except that there is only one
string operator — concatenation (+). This is the same symbol used for addition.
When used with a pair of strings, the + attaches the second string to the end of the
first string and makes one longer string. You should take care in making more com-
plex string concatenations and other string operations because the work space avail-
able for string calculations is limited to 254 characters.

Note:

String quantities and numeric quantities cannot be combined in the same expres-
sion unless one of the functions that convert a string value into a numeric value or
vice versa is used:
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“15" + 10 is illegal
“18" + “10™ is “1510", not “25"

Relational Expressions

A relational expression compares two expressions and determines whether the
stated relationship is {rue or false. The relational operators are:

Greater than

Greater than or Equal to
Equal to

Not equal to
Less than or Equal to
Less than

vy v
n

v

AA A
I

The following are valid relational expressicns:

A<B
C12)>=5
D{3) <> 8

If A was egual to 10, B equal to 12, C(1,2) equal to 6, and D(3) equal to 9, all of
these refational expressions would be true.

Character strings can also be compared in relational expressions. The two strings
are compared character by character according 1o their ASCH value starting at the
first character (see Appendix B). if one string is shorter than the other, a 0 or NULL
will be used for any missing positions. All of the following relational expressions are
frue:

“ABCDEF" = “ABCDEF"
“ABCDEF" < > “ABCDE"
“ABCDEF” > "ABCDE"

Relational expressions evaluate to true or false. The computer represents true by a

—1; false is represented by a 0.

Logical Expressions
Logical operations use the Boclean algebra functions AND, -OR, XOR and NOT 1o

build connections between relational expressions. The logical operations in a single
expression are evaluated after arithmetic and relational operations.

In this way, logical operators can be used to make program decisions based on mui-
tiple conditions using the IF ... THEN statement.
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Example:
IF A< =32 AND B > = 90 THEN 150

This statement causes execution to jump to line number 150 if the value of the
numeric variable A is less than or equal to 32 and at the same time, the value of
numetic variable B is greater than or equal to 90.

IF X<>13ORY =0 THEN 50

This statement causes execution to jump to line 50 unless variable X has the value
13, or if variable Y is equal to 0.

In a logical operation involving two numbers in the range —-32768 to +32767, the
two numbers are converied into 16-bit binary integers (in two's complement form)

and the logical connection is then evaluated for each corresponding pair of bits in
the two numbers.

The results returned by the logical operators for these bit evaluations are listed here:

AND OR XOR NOT
X Y [XANDY X Y |XORY X ¥ XXORY X NOT X
11 1 1 1 1 11 0 1 0
10 0 1 0 1 10 1 0 1
g 1 o 01 1 0 1 1
g 0 0 0 0 0 o0 0 0

After each bit pair has returned the corresponding result (a 1 or a 0) according to

the above tables, the resuiting 16-bit binary number is converted back to a decimal
value. This number is the result of the logical operation.

Example:

41 AND 27 —» 41 = 101001

equals 27 = 011011 AND

9 « 001001

41 OR 27 — 41 = 101001 OR

aquals 27 = 011011

59 « 111011

41 XOR 27 —» 41 = 101001

equals 27 = 911011 XOR

50 +« 110010

NOT 3 - 3 = 0000000000000011
equals NOT
—4 {two’s complement — 111t111111111100

form)
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NOT X can generally be calculated by the equation NOT X = —(X+1).

Parentheses and Operator Precedence

When evaluating complex expressions, the computer follows a predefined set of
priorities that determine the sequence in which operators are evaluated. This can
be quite significant:

5 + 2 % 3 could be

5+2=7 or 2X3=6
7x3=21 6+5=11

The exact rules of “operator precedence” are given on page 162,
To avoid having to remember all these rules and to make your program more
precise, always use parentheses to determine the sequence of evaluation. The

above example is clarified by writing either:

(5+2)%3ordb+(2x%x3)
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In the previous chapter, we examined some of the concepts and terms of the
BASIC programming language. In this chapter, you will use these elements 1o cre-
ate programs. Let us remind you, however, that this is not a manual on how to pro-
gram in BASIC. What this chapter will do is familiarize you with the use of BASIC
an your computer.

Programs

A program consists of a set of instructions to the computer. Remember that the
computer is only a machine. It will perform the exact operations that you specify.
You, the programmer, are responsible for issuing the correct instructions.

BASIC Statements

The computer interprets instructions according to a predetermined format. This for-
mat is called a statement. You must always enter BASIC statements in the same
pattern, Statements must start with a line number:

10: INPUT A
20: PRINT AxA
30: END

Line Numbers

Each line of a program must have a unique line number — any integer between 1
and 65279. Line numbers are the reference for the computer. They teli the com-
puter the order in which to run the program, and can be used to tell the computer
at which line to start. You need not enter lines in sequential order (although if you
are a beginning programmer, it is probably less confusing for you to do so). The
computer aiways begins execution with the lowest line number and moves sequen-
tially through the lines of program in ascending order.

You can use the AUTO command to automatically insert line numbers for you.
Each time you press the key, a new line number, with the correct increment,
will be automatically inserted. See the BASIC COMMAND DICTIONARY for a full
description of this useful function.

It's wise to allow increments of several numbers in your line numbering (10, 20,
30, ... 10, 30, 50, etc.). This enables you to insert additional lines if necessary.
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If you use the same line number, the old line with that number is deleted when you
enter the new line.

Labelled Programs

Often you will want to store several different programs in the memory at one time.
(Remember that each must have unigue line numbers). Normally, to start a program
with a RUN or GOTQ command, you need to remember the beginning line number
of each program. However, there is an easier way. You can label each program
with alphanumeric characters and run the program.

Label the first line of each program that you want to reference. The label consists
of a letter and up to 19 alphanumeric characters with X in front of it or in quotes, fol-
lowed by a colon:

10: xA: PRINT "FIRST"
20: END

80: "B": PRINT "SECOND"
90: END

Although both xlabel and “label” forms may be used, Xlabel is recommended, since
it executes more quickly and is more visible in the program listing.

BASIC Commands

All BASIC statements must contain commands. They tell the computer what action
to perform. A command is contained with a program, and as such is not acted upon
immediately.

Some statements require or aliow an operand:

10: DATA "HELLO"
20: READ B$

30: PRINT B$

40: END

Operands provide information to the computer telling it what data the command will
act upon. Some commands require operands, while with other commands they are
optional. Certain commands do not allow operands. (See the BASIC COMMAND
DICTIONARY for BASIC commands and their uses.)

Note:

Commands, functions and variables entered in lowercase characters will be con-
varted to uppercase characters.
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Direct Commands

Direct commands are instructions to the computer that are entered outside of a pro-
gram. They instruct the computer to perform some immediate action or set modes
that affect how your programs are executed.

Direct commands have immediate effect — as soon as you complete entering direct
commands (by pressing the key), the command will be executed. Direct com-
mands are not preceded by a line number.

RUN
NEW
RADIAN

Modes

You will remember that you can set the computer in the CAL or RUN mode when
using it as a calculator.

The RUN mode is also used to execute the programs you create.
The PROgram mode is used to enter and edit your programs.

Beginning to Program

After all your practice in using the computer as a calculator, you are probably quite
at home with the keyboard. From now on, when we show an entry, we will not
show every keystroke. Remember to use the key to access characters above
the keys and to end every line by pressing the key.

Now you are ready to program!
To enter program statements into the computer, the computer must first be place in
the PRO (program) mode using the key. The following display will appear:

PRO

Enter the NEW command.

MEW
>

The NEW command clears the memory of all existing programs and data. The

prompt appears after you press the key, indicating that the computer is await-
ing input.

182




Example 1 — Entering and Running a Program
Make sure the computer is in the PRO mode and enter the following program:

10PRINT NEW
[saFT]+ [ |HELLO 10 PRINT "HELLD" _
[SHIFT] + ]

Notice that the computer automatically inserts the colon between the number and
the command when you press the key.

Check that the statement is in the correct format and then change the mode to
RUN by pressing the key.

[GEJ R UN AUN
HELLO
>

Since this is the only line of the program, the computer will exit the program and
return to the BASIC prompt * > ™.

Example 2 — Editing a Program

Suppose you wanted to change the message that your program was displaying.
That is, you wanted to edit your program. With a single line program you could just
retype the entry, but as you develop more complex programs, editing becomes a
very important component of your programming. Let's edit the program you have
just written.

Are you still in the RUN mode? If so, switch back to the PRO mode.

You need to recall your program in order to edit it. Use the up arrow key to
recall your program. If your program was completely executed, the [t | key wil
recall the last line of the program. If there was an error in the program, or if you
used the key to stop execution, the key will recall the line in which the
error or break occurred. To make changes in your program, use the key to
move up in your program (recall the previous line) and the [ ¥ | key to move down
in your program (display the next line}. If held down, the or key will scroll
vertically (up or down} through your program.

Remember that to move the cursor within the program line you use the [» | (right
arrow) and (=] (left arrow) keys.

Pressing the [SHIFT] + [ » ] keys will position the cursor after the rightmost character
of a line.

Pressing the + =] keys will position the cursor over the leftmost character
of a line.
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Using the [ ] key, position the cursor over the first character you wish to change:

10:PRINT "HELLC®

10 1> ][»]
(> 10|

U

10 PRINT “HELLO"

Notice that the cursor is now in the flashing block form, indicating that it is on top of
an existing character. Enter:

GOODBYE[SHI] +[ ]
[SHIFT] + [T ]

10 PRINT "GOODBYE"|_

Remember to press the key at the end of the line. Change to the RUN mode.

RUN 10:PRINT "G0C0BYE" |

GOODBYE
Syatax error In 10

The error message indicates the type of error, and the line number in which the
error ocourred.

Press the [CeCE] key to clear the error condition.

And return to the PRO mode. You must be in the PRO mode to make changes in a
program. Using {or [47]). recall the line in which the error occurred.

(1] (or [3]) 10 PRINT ‘GOODBYE!

The flashing cursor is positioned over the problem area. You learned, that when
entering string constants in BASIC, all characters must be contained within quota-
tion marks. Use the DELete key to eliminate the “I",

DEL 10 PRINT "GOOCBYE"_
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Now let's put the | in the correct location. When editing programs, DELete and

INSert are used in exactly the same way as they are in editing calculations. Using
=], position the cursor on top of the character that will be the first character fol-
lowing the insertion.

(=] 10 PRINT "GOODBYE®

Press the INSert key. A “ " will indicate where the new data will be entered:

(s ] 10 PRINT "GOODBYE"

Enter the !. The display looks like this:

[SHIFT] + [ ] 10 PRINT "GOODBYE!”

Remember to press the key so the correction will be entered info the pro-
gram.

Notes:

1. If you wish to DELete an entire line from your program, just enter the line num-
ber and the original line will be eliminated. The DELETE command can be used
to delete more than one line at a time,

2. In the PRO mode, if keys are pressed when the cursor is not displayed, their cor-
responding characters are usually displayed from the leftmost column of the dis-
play. However, if the or [« key is pressed when the cursor is displayed,
successive key entries are displayed starting from the cursor position.

Example 3 — Using Variables in Programming

If you are unfamiliar with the use of numeric and string variables in BASIC, reread
the appropriate sections in Chapter 12.

Using variables in programming allows more sophisticated use of the computer’s
ahilities.

Remember, you assign simple numeric variables using any letter from A to Z:

A=5
To assign string variables you also use a letter, followed by a dollar sign.

A% = "TOTAL"
The values assigned to a variable can change during the execution of a program,
taking on the values entered or computed during the program. One way to assign a

variable is to use the INPUT command. In the following program, the value of A$
will change in response to the data typed in answer to the inquiry “WORD?".
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Enter this program:

10: INPUT "WORD?";A$

20: B=LEN(A$)

30: PRINT "THE WORD (";A$;") HAS"
40: PRINT B;" LETTERS"

50: END

The second new element in this program is the use of the END statement to signal
the completion of a program. END tells the computer that the program is com-
pleted. It is always good programming practice to use an END statement.

As your programs get more complex you may wish to review them before you begin
execution. To look at your program, use the LIST command. LIST, which can only
be used in the PRO mode, displays programs beginning with the lowest line number.

Try listing this program:

(] | 10 INPUT "WORD?" :A$

LIS T =] 20:B=LEN {A$)

30:PRINT “THE WORD (“;AS;") HAS®
40:PRINT B:;" LETTERS"

Use the and [ ¥ ] keys to move through your program until you have reviewed
the entire program. After checking your program, change to the RUN mode and run

it:
CeCE] R U N [«—1] RUN
WORD?_

HELP RUN
WORDYHELF_

[—] WORDYHELP
<] THE WORD (HELP) HAS

4 LETTERS
>

This is the end of your program. Of course you may begin it again by entering
RUN. However, this program would be a bit more entertaining if it presented more
than one opportunity for input. We will now modify the program so it will keep run-
ning without entering RUN after each answer.
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Return to the PRO mode and use the or [ ¥ ] key {or LIST) to reach line 50,
or enter:

LIS TS50 =] 50 :END

You may enter 50 to delete the entire line or use the key to position the cur-
sor over the E in END. Change line 50 so that it reads:

50: GOTO 10
Now RUN the modified program.

The GOTO statement causes the program to loop (keep repeating the same opera-
tion). Since you put ne limit on the locp it will keep going forever {an “infinite” loop).
To stop this program press the key.

When you have stopped a program using the key, you can restart it using
the GONT command. CGONT stands for CONTinue. With the CONT command the
program will restart on the line that was being executed when the key was
pressed.

Example 4 — More Compiex Programming
The following program cormputes N factorial (NY. The program begins with 1 and
computes N! up to the limit that you enter. Enter this program:

100: F =1: WAIT 118
110: INPUT "LIMIT?";L
120: FORN=1TOL
130: F = PN

140: PRINT N,F

150: NEXT N

160: END

Several new features are contained in this program. The WAIT command in 100
comtrols the time that displays are held before the program centinues. The numbers
and their factorials are displayed as they are computed. The time they appear on
the display is set by the WAIT staiement to approximately 2 seconds.

Notice that there are two statements in line 100 separated by a colon {:}. You may
put as many statements as you wish on one line (separating each by a colon} up to
a maximum of 254 characters including the key. Multiple-statement lines can
make a program hard to read and modify, so it is good programming practice to
use them only where the statements are very simple or there is some special
reason to want the statements on one line.
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In this program we have used the FOR command in line 120 and the NEXT com-
mand in line 150 to create a loop. In Example 3 you created an “infinite” loop that
kept repeating the statements inside the toop until you pressed the key. With
this FOR...NEXT loop, the computer adds 1 o N each time execution reaches the
NEXT command. It then tests to see if N is larger that the limit L. If N is less than
or equal to L, execution returns ta the top of the loop and the statements are ex-
ecuted again. If N is greater than L, execution continues to line 160 and the pro-
gram stops.

You may use any fixed numeric variable or single-precision simple numeric variable
in & FOR...NEXT loop, you do not have to start counting at 1 and you can incre-
ment any amount at each step. See the BASIC COMMAND DICTIONARY for
details.

We have labeled this program with line numbers starting with 100. Labeling
programs with different line numbers allows you to have several programs in

memory at one time. To RUN this program instead of the one at line 10, change to
the RUN mode and enter:

[CecE]
RUN100

You could also give the program a name using a label and start the program with
RUN xlabel.

Notes on the PRINT command:
If more than four lines must be displayed, the first lines will scroll up off the dislay,
and cannot be recalled. Use the PAUSE or WAIT command in the program to dis-

play data more slowly, or use the printer. (Refer to the PAUSE, WAIT or LPRINT
cammand.)

The WAIT command applies to every PRINT command. Break long PRINT com-
mands into a number of shorter commands if the display scrolls too quickly.

Example:
100 PRINT A, B, ..., P
!

100 PRINT A, B, ..., H: PRINT §, J, ..., P

Since the WAIT command is not supported by many personal computers, a wait
loop such as FOR J=1 TO 500:NEXT J can also be used to extend the display time.

Storing Programs in Memory

You will remember that settings and functions remain in the computer even after it
is turned off. Programs also remain in memory when you turn off the computer, or it

undergoes an Auto OFF. Even if you use the [BREAK] , [C+CE] or [SHIFT] + [ CA_| keys,
the programs will remain.
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Programs are lost from memory only when you:

» Enter NEW before beginning programming in the PRO mode.

« [nitialize the computer using the RESET button.

» Create a new program using the SAME LINE NUMBERS as a program already
in memory.

Data Files

Following are some programming examples which use data file storage.

Creating a Sequential File
Program 1 is a short program that creates a sequential file, DATA, from information
you input on the keyboard.

Program 1 — Creating a Sequential File

10: DiM DES$(1)

20: OPEN "E:DATA" FOR OUTPUT AS #20
30: CLS

40: INPUT "NAME: ";NA$

50: IF NA$ = "DONE" THEN 100

60: INPUT "DEPARTMENT: ";DE&(1)
70: INPUT "DATE HIRED: ";Hi$

80: PRINT #20,NAS;",";DES(1);",";HI$
a0: GOTO 30
100: CLOSE #20
110: END

Before execution, enter: INIT "E:10K" to allocate storage space in the RAM
disk E.

RUN

NAME: SAMUEL GOLDWYN
DEPARTMENT: AUDIO/VISUAL AIDS
DATE HIRED: 01/12/72
NAME: MARVIN HARRIS
DEPARTMENT: RESEARCH
DATE HIRED: 12/03/65
NAME: DEXTER HORTON
DEPARTMENT: ACCOUNTING
DATE HIRED: 04/27/81

NAME: DONE
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Reading Data from a Sequential File

Now look at Program 2. It accesses the file DATA that was created in Program 1
and displays the name of everyone hired in 1981.

Program 2 — Accessing a Sequential File

10: DIM DE$(1)

20: OPEN “E:DATA" FOR INPUT AS #20

30: INPUT #20,NA$,DE$(1),HI$

40: IF RIGHT$(HI$,2)="81" THEN PRINT NA$
50: GOTO 30

RUN

DEXTER HORTON
Input past end in 30

Program 2 reads, sequentially, every item in the file, and prints the names of
employees hired in 1981. When all the data has been read, line 30 causes an
ERROR. Te aveid this error, use the EOF function, which tests for the end-of-file.
The revised program looks like this:

10: DIM DES$(1)

20: OPEN "E:DATA" FOR INPUT AS #21

25: IF EOF(21) THEN 60

30: INPUT #21,NA$,DES(1),HI$

40: IF RIGHT$(HI$,2)="81" THEN PRINT NA$
50: GOTO 25

60: CLOSE #21

70: END

As shown by these programs, the following steps are required to create a sequen-
tial file and access the data in it

1. OPEN the file for CUTPUT.

2. Write data to the file using the PRINT# statement.

3. CLOSE the file and reopen it in INPUT mode to read the data.

4. Use the INPUT# statement to read data from the file into the program.

Adding Data to a Sequential File

If you have an existing data file and want to add more data to the end of it, you can-
not simply open the file in the OUTPUT mode and start writing data. As soon as

you open a sequential file in the OUTPUT mode, you destroy its current contents.

Instead, use the APPEND mode. If the file does not already exist, the OPEN state-
ment will work exactly as it would if the OUTPUT mode had been specified.

The following procedure can be used to add data to an existing file called “FOLKS".
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Program 3 — Adding Data to a Sequential File

110: DIM AD$(0)

120: OPEN "E:FOLKS" FOR APPEND AS #22
130: REM ADD NEW ENTRIES TO FILE

140: CLS

150: INPUT "NAME?";NA$

160: IF NA$ = "00" THEN 230: REM 00 EXITS INPUT LOOP
170: INPUT "ADDRESS?":AD$(0)

180: INPUT "BIRTHDAY?";BI$

190: PRINT #22,NA$

200: PRINT #22,AD$(0)

210: PRINT #22,BI$

220: GOTO 140

230: CLOSE #22

Input 00 in answer to the question NAME? in fine 150 to cause the program to
jump out of the input loop in line 160. The REM statement can be used to write
programming notes to yourself.

This brief introduction to programming should serve 1o illustrate the exciting program-
ming possibilities of your new computer.

Programmable Function Keys

Programmable function keys ( [ PF1_| — ) can also be used to write or run
programs as well as to specify the operation mode on the Main Menu and for statis-
tical or matrix operations.

The following commands are allocated for each PF key when the RESET buiton is
pressed.

[p] fpr2] PR3} [ PF4] [ PFs |
Primary "RUN LiIST CONT SAVE LOAD
Secondary INPUT PRINT GOTC GOSUB RETURN

The assigned command key labels for the PF key will alternately appear or disap-
pear at the bottom line of the display by pressing the + keys.

Pressing the [ $ | key will display the primary and secondary command key labels
alternately. Pressing a PF key only while the secondary command key labels are
displayed will implement the secondary command. When the command key labels
are not displayed, pressing a PF key will implement the primary command. Press
the PF key while holding the key to implement the secondary command.
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Program Execution

More than one program can be stored in this computer if the memory capacity is
not exceeded. Execute the second or subsequent program using one of the follow-
ing:

1. the RUN command: RUN line number [«—1]

2. the GOTO command: GOTO line number

Execution begins from the specified line number. If a label such as %AB is entered
in the program, the program can be executed by entering RUNXAB [«—].

The following lists the differences between the variables and status when a program
is executed using the GOTO and RUN commands.

Execution using RUN Execution using GOTO

¢ Clears the WAIT setting. + Hetains the WAIT setiing.

s Clears the USING format, + Retains the USING format.

+ Clears array and simple variables. » Hetains array and simple variables.

= Clears double-precision operation mode » Retains double-precision operation mode
and variable specifications. and variable specifications.

» Initializes the DATA statement for the » Does not initialize the DATA statement
READ statement. for the READ statement.

» Clears the PRINT=LPRINT setling. » Hetains the PRINT=LPRINT setting.

» Closes all the files * Does not close all the files.

« Clears the position set by LOCATE or = Retains the position set by LOCATE or
GCURSOR. GCURSOR.

» Clears the error trap function. + Retains the error trap function,

» Clears ERN and ERL variables. + Retains ERN and ERL variables.

Note:

When the program is executed using the RUN command, the variables for data are
cleared. (Fixed variables are retained.} To retain the data, execute using the GOTO
command.

Since strings such as RUN and INPUT can be assigned to the programmable func-
tion key, it is possible to assign a statement such as RUNxAB o a PF key.
A program with the label XAB can then easily be executed by pressing a PF key.
Refer to the KEY command for PF key assignment.
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14. DEBUGGING

After entering a new BASIC program, it often does not work the first time. Even if
you are simply entering a program that you know is correct, such as those provided
in this manual, it is common to make at least one typing error. it may also contain
at least one logic error as well.

Foliowing are some general hints on how to find and correct your errors.
You run your program and get an error message:

1. Go back to the PRO mode and use the or key to recall the line with
the error. The cursor will be positioned at the place in the line where the com-
puter became confused.

2. If you cannot find an obvious syntax error, the problem may lie with the values
that are being used. For example, CHR$(A) will produce a space if A has a
vaiue of 1. Check the values of the variables in either the RUN or PRO mode by
entering the name of the variable and pressing the key.

You run the program and don't get an error message, but the program doesn't do
what you expect.

1. Check through the program line by line using LIST and the and keys
to see if you have entered the program correctly. 1t is surprising how many errors
can be corrected by just taking another look at the program.

2. Think about each line as you go through the program as if you were the com-
puter. Take sample values and try to apply the operation in each line to see if
you get the result that you expecied.

3. Insert one or more extra PRINT statements in your program io display key
values and key locations. Use these to isolate the parts of the program that are
working correctly and the location of the error. This approach is also useful for
determining which parts of a program have been executed. You can also use
STOP to temporarily halt execution at critical peints so that several variables can
be examined.

4. Use TRON (Trace ON} and TROFF (Trace OFF), either as direct commands or
within the program to trace the flow of the program through individual lines. Stop
to examine the contents of critical variables at crucial points. This is a very slow
way to find a problem, but it is sometimes the only way.

No matter how careful you are, eventually you will create a program that does not

do quite what you expect it to. To isolate the problem, BASIC has a special method
of executing programs known as the “Trace” mode.
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TRON (Trace ONj) starts Trace mode. The TRON instruction may be issued as a
direct command (in RUN mode) or it may be embedded within a program. Used as
a direct command, TRON informs the computer that tracing is required during the
execution of all subsequent programs. The programs to be traced are then started
in a normal manner, with a GOTO or RUN command.

If TRON is used as a statement, it will initiate the Trace mode only when the line
containing it is executed. If, for some reason, that line is never reached, Trace
mode will remain inactive.

Debugging Procedures

1. Set the computer 1o RUN mode.

2. Enter TRON to specify the trace mode.

3. Enter RUN to execute the program. The fine number will be displayed at
above right of the display for about 0.5 second after each line is executed.

4. Press the key when the desired line number is displayed. The break mes-
sage is displayed and execution is interrupted. Press the key to display the
last statement executed. To resume execution, press the [SHIFT] + keys or
enter CONT [«—]. However, if execution is interrupted during data entry using
the INPUT command, just press the key as for usual program continuation.

5. Press the key to move to the line to be checked. Holding the key will
execute the program step by step. Releasing the key will stop program execution.

6. Continue the trace procedure and check if the program is executing properly by
confirming program execution order and variable contents after each line is ex-
ecuted. If the program is not executing properly, correct the logic.

7. After debugging, enter TROFF to exit the trace mode.

Example:
10 INPUT "A=")A,"B=";B
20 C=Ax2
30 D=Bx3
40 PRINT "C=";C;" D="D
50 END
Run the program.
RUN mode
TRON >
BHUata entry) Q; Execute INPUT command
9 [«—1] (Data entry)
C=16 D=27 Execute PRINT command
> End of execution

{prompt is displayed)
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The executed line number will be displayed at the right top for about 0.5 second.

When execution is interrupted with the key, recall the variables manually and
check that the values are as expected. Pressing the key will execute one state-
ment at a time and entering CONT will execute the statements continuously.

Note:
The trace mode will remain in effect unless TROFF is entered, the +
keys are pressed, or the power is turned off.

To debug by interrupting program execution:

Perform one of the following:

e Press the key during program execution.

» Press the key in the trace mode.

» Enier the STOP command at the location to be stopped.

The Break message will be displayed and execution will be interrupted.
Then

1. Check the variable contents manually.
2. Press the key to execute subsequent statements line by line.

Press the + ¥ _] keys or enter CONT to return to previous opera-
tion.

« A program interrupted by the key or the STOP command can be ex-
ecuted line by line by pressing the key. Trace messages will be displayed
at each step.
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PART 4

BASIC REFERENCE

Part 4 contains alphabetical listings of all
the BASIC commands supported by the
PC-E500* and can be used as a ready ref-
erence.

The first section contains an alphabetical
listing of numeric functions and pseudovari-
ables.

The second section is an alphabetical listing
of all other BASIC commands.

* The PC-E500 is hereatter referred to as
“the computer”.
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The computer has a wide range of built-in functions for scientific, mathematical and
statistical calculations. They are listed below alphabetically. All the functions listed
below can be used as part of calculations when using the computer in RUN mode.
They may also be used as BASIC commands within programs.

For trigonometric functions, entries can be made in degrees, radians or as a
gradient value, as appropriate:

DEGREE:  Set the computer to degree entry mode by typing DEGFIEE (the status
line on the display shows DEG), this is the default mode.

RADIAN: Set the computer to radian entry mode by typing RADIAN (the status
line on the display shows RAD).

GRADIENT: Set the computer to gradient entry mode by typing in GRAD (the
status line on the display shows GRAD).

These three modes (DEG, RAD, and GRAD) can also be set from within a pro-
gram. Once one mode is set, all eniries for trigonometric funciions must be in the
units set (degrees, radians, or gradient values) until the mode is changed either
manually or from within a program. The mode setting is preserved even when the
power is turned off. The examples given below are all for direct entry of the func-
tions entered in degrees.

Functions marked D can be used in both double-precision and single-precision
modes. Functions marked $ can be used only in single-precision mode, where
double-precision arguments are first converted fo a single-precision value and then
used in calculations.

Most functions can also be implemented by pressing the corresponding function
key. Functions marked (%) have no corresponding key and must be entered through
the keyboard.
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*ABS

x|

Function: Absolute value D
Remarks: Returns the absolute value of the numeric argument. The absolute

\1re(1)lue is the magnitude of the number irrespective of its sign. ABS-10 is
Example: ABS —10 10
ACS cos 'x
Function: Inverse or arc cosine D
Remarks: Returns the arc cosine of the numeric argument. The arc consine is the

angle whose cosine is egual to the argument. The vaiue returned

depends on the mode (DEG, RAD or GRAD).
Example: DEGREE

ACS 0.5 120
AHC cosh™'x
Function: Inverse hyperbolic cosine 3]
Remarks: Returns the inverse hyperbolic cosine of the numeric argument.
Example: AHC 10 2.993222846
AHS sinh™'x
Function: Inverse hyperbolic sine D
Remarks: Returns the inverse hyperbolic sine of the numeric argument.

Example: AHS 27.3 4.000369154
AHT tanh™'x
Function: Inverse hyperbolic tangent D

Remarks: Returns the inverse hyperbolic tangent of the numeric argument.
Example: AHT 0.7 8.673005277E-01
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ASN

sin'x
Function: Inverse or arc sine D
Remarks: Returns the arc sine of the numeric argument. The arc sine is the angle
whose sine is equal to the argument. The value returned depends on
the mode (DEG, RAD or GRAD).
Example: DEGREE
ASN 0.5 30
ATN tan"'x
Function: Inverse or arc tangent D
Remarks: Returns the arc tangent of the numeric argument. The value returned
depends on the mode (DEG, RAD or GRAD).
Example: DEGREE
ATN 1 45
COS cosXx
Function: Cosine D
Remarks: Returns the cosine of the angle argument. The value returned depends
on the mode (DEG, RAD or GRAD).
Example: DEGREE
CO8 120 -0.5
*CUB -
Function: Cube D
Remarks: Returns the cube of the argument.

Example: CUB 3 27
CUR -
Function: Cube root D

Remarks: Returns the cube root of the argument.
Example: CUR 125 5
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DECI

Function: Hexadecimal to decimal conversion S
Remarks: Converts a hexadecimal vaiue to its decimal equivalent.

Example; DECI F82 [«—1] 3970
DEG dd°mm’ss” — ddd.dddd?
Function: Deg/min/sec to decimal conversion D

Remarks: Converts an angle argument in DMS (Degrees, Minutes, Seconds) for-
mat to DEG (Decimal Degrees) format. In DMS format the integer por-
iion of the number represents degrees, the first and second digits after
the decimal point represent minutes, the third and fourth digits after the
decimal point represent seconds, and any further digits represent frac-
tional seconds.

Example: DEG 30.5230 (30°52'30") 30.875
DMS ddd.dddd® — dd°mm’ss”
Function: Decimal to deg/min/sec conversion D

Remarks: Converts an angle argument in DEG format to DMS format (see DEG).
Example: DMS 124.8055 124.48198 (124°4819"8)
EXP .
Function: Exponential function D

Remarks: Returns the value of e (2.718281828... the base of natural logarithms)
raised to the value of the numeric argument.

The corresponding function key is [e¥ |.

Exampie: EXP 1.2 3.320116923
FACT n!
Function: Factorial n D

Remarks: Returns the factorial of the argument.

Example: FACT 7 5040
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HCS

cosh x
Function: Hyperbolic cosine D
Remarks: Returns the hyperbolic cosine of the numeric argument.
Example: HCS 3 10.067662
HEX
Function: Decimal to hexadecimal conversion S
Remarks: Converts a decimal value to its hexadecimal equivalent,

Example: HEX 7820 1E8C
HSN sinh x
Function: Hyperbolic sine D

Remarks: Returns the hyperbolic sine of the numeric argumenit.

Example: HSN 4 27.2899172
HTN tanh x
Function: Hyperbolic tangent D

Remarks: Returns the hyperbolic tangent of the numeric argument.

Example: HTN 0.9 7.162978702E-01

*INT

Function: Integer D

Remarks: Returns the integer portion of the argument. The integer portion of Pl is
3.

Example: INT 1.9 -2
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LN

log.x

Function:

Remarks:

Natural or Naperian logarithm D

Returns the logarithm to the base e (2.718281828 ...) of the numeric ar-
gument.

Example: LN 2 6.931471806E-01
LOG log:ex
Function: Common logarithm D

Remarks: Returns the logarithm to the base 10 of the numeric argument.

Exampie: LOG 1000 3
*NCR C=n¥ri{n—r)!
Function: Combination D

Remarks: Enter the values as NCR(n,r).

Example: NCR (6,3) 20
*NPR nPr=nl{n-r)!
Function: Permutation D
Remarks: Enter the values as NPR(n,r).

Example: NPR (6,3) 120
Pl n
Function: Pl D

Remarks: Pl is a numeric pseudovariable that has the value of n. Use of Pl is

Example:

identical to use of the key. The value of Pl has 10-digit accuracy
in single-precision (DEFSNG) mode, and 20-digit accuracy in double-
precision (DEFDBL) mode.

DEFDBL
Pl 3.1415926535897932385#
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POL

(x,y) - (1,0)
Function: Rectangular to Polar coordinate conversion s
Remarks: Converts numeric arguments of rectangular coordinates to their polar
coordinate equivalents.
The first argument indicates the distance from the y-axis and the
second the distance from the x-axis. The values converted indicate the
distance from the origin and the angle in the polar coordinates, and are
assigned to the fixed variables Y and Z respectively. The angle
depends on the mode (DEG, RAD, or GRAD).
Example: DEGREE
POL (8,6) 10 {r = 10)
Z 36.86989765
(6 = 36.99
A V"
Function: x" power D
Remarks: Retumns the x" power of the numeric argument. Enter as y ~ x.
Example: 425 32
RCP 1/x
Function: Reciprocal D
Remarks: Retumns the reciprocal of the numeric argument.

Function: RCP 4 0.25
REC (r8) — (x,y)
Function: Polar to rectangular coordinate conversion S

Remarks: Converts numeric arguments of polar coordinates to their rectangular
coordinate equivalents.
The first argument indicates the distance from the origin and the second
argument the angle. The angle depends on the mode (DEG, RAD or
GRAD). The converted values indicate the distances from the y-axis
and the x-axis, and are assigned to the fixed variables Y and Z, respec-
tively.

Example: DEGREE
REC (12,30) 10.39230485 (x = 10.4)
z 6 {y = 6)
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*RND

Function: Random number D
Remarks: See RND and RANDOMIZE in the BASIC COMMAND DICTIONARY.

ROT Ny
Function: x" root D
Remarks: Returns the x™ root of the argument y. Enter as yROTx.

Example: 7776 ROT 5 6

*SGN
Function: Sign of argument D
Remarks: Returns a value based on the sign of the argument.

if x > 0, the function returns 1.
if x < 0, the function returns —1.
If x = 0, the function returns 0.

SIN sin ¥
Function: Sine D
Remarks: Reiurns the sine of the angle argument. The value returned depends on

the mode (DEG, RAD or GRAD).
Example: DEGREE [«=—d]
SIN 30 0.5

SQR WX
Functlion: Square root D
Remarks: Returns the square roof of the argument.

Example: SQR 3 1.732050808
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SQU

X
Function: Square D
Remarks: Returns the square of the argument.

Example: SQU 4 16
TAN tan x
Function: Tangent D
Remarks: Returns the tangent of the angle argument. The value retumed depends

on the mode (DEG, RAD or GRAD).
Example: DEGREE

TAN 45 1
TEN 10°
Function: Antilogarithm D
Remarks: Returns the value of 10 (the base of the common log) raised to the

Example:

value of the numeric argument.

TEN 3 1000
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Calculation Ranges

Numerical Calculations:
For a calculation involving x, the number x must be within one of the ranges below:

—1x100<xs—1x 1079 for negative x
10799=<x<10'% for positive x
X=0

The value of x displayed is limited by the number of digits which fit on the display
screen.

Functions:

Function Range of x
sinx DEG: |[x{<1x10'®  Single-precision
?;r?: |[x|<1x102®  Double-precision

RAD: |x|<%§x101“ Single-precision

T 20 . isi
| |<180>< 1028 Double-precision
GRAD: |x \<1§@x 101¢  Single-precision
|% {<%x 1022 Doubie-precision

Also, for tan x only: {n=integer)

DEG: ix|#80(2n-1)

RAD: |x|#5(2n-1)

GRAD: |x|£109(2n-1)
sin~1x
cos— % —1=x=t
tan—'x |x|<1x 10100
sinhx —227.9559242 = x = 230.2585092 Single-precision
coshx —227.05502420641052271 < x < 230.2585092994045684¢ Double-precision
tanhx
sinh~'x Ix|<1x105%
cosh™Tx T=x<ix 1050
tanh~1x Jx|<1
inx —90 100
log x 110~ x<1x10
o —1x10"80<x<230.2585@92 Single-precision

—1 %1070 <x=<230.25650929940456840 Double-precision
10* -1 x1Q00<x<100
¥x jx|<1x1p1®
- |x|<1x 1010 x+0
x2 | Ix[=1x10%
VX P=x<1x1poe

int @<=n=69 (n=integer)

DMS— DEG 120
DEG_DMms | IXI<1x10
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Function

Range of x

yx

(yx=1 @x‘\ugy}

wheny>0, —1x10'"%<xlogy<100
wheny=0, x>0 1
wheny<@, [ X=integer ore= odd integer (x # @)

and —1x10"%<xlog |y|<100

Iy wheny>0, —1 x1@’@°<1;logy<1@@,x#@
Yogy wheny=0, x>0
(*{‘/7=1@x ) wheny<0, I’ X or%mus’r be non-zero integer,
and —1 ><101°°<%Iog ly|<100

DECI— HEX |x|=9999999999 , x=integer

HEX— DECI <x=2B40BE3FF (xinhexadecimal)
FDABF41C®1=x<FFFFFFFFFF

X,y—r0 (x2+y2)< 1% 10100 [ 1=V xT+y?
%<T X 19100 8=tan“%

ro—xy r<1x1912 Xx=rcosf
|rsing|<1x1pi00 y=rsing
|rcos@!<1x1@1%®

nPr A=srsn<iQieo n.rintegers

nCr Q=rsn<1Qe0 n,r integers

whenn—r<r, n—r=69
when n—rzr |, r<69

+ The following functions are single-precision functions only. Befora using them, double-
precision values are converted to single-precision values:
DECI, HEX, POL, REC
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16. BASIC COMMAND
DICTIONARY

The following pages contain an alphabetic listing of the BASIC commands that you
can use on the computer.

For simplicity, the following conventions have been adopted in compiling this diction-
ary:

expression Indicates a numeric value, numerical variable or a formula includ-
ing numeric values and numerical variables.

variable Indicates a numerical variable or string variable including array
variables.
“string” Indicates a character string enclosed in quotation marks.

string variable  Indicates a string variable or string array variable.

*iakel Indicates *xlabel.
(Although both *label and “label” forms may be used with this
computer, *xlabel is recommended. XAEB and “"AB" are different
labels.)

d: Indicates a divice name.
The following are device names used on the computer:
X Pocket disk drive
E: RAM disk E (internal RAM)
F: RAM disk F (external RAM card)
CAS3: Casselte tape
COM: Serial /O device

[ ] The parameter in square brackeis is opiional. The brackets them-
selves are not part of the command entry.

() Used to enclose parameter values in certain commands. They
should be eniered as part of the command.

Used to enclose string parameter values in certain commands.

{g} A or B can be selected.
P Program execution is possible.
D Direct input operation is possible.
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Abbreviation Most of the commands can be abbreviated.
The shortest abbreviation allowed is given in this manual.
Example:
Abbreviation: P. (for PRINT)
The following abbreviations are also valid:
PR. PRI. PRIN.
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AER o

FORMAT: AER number [(expression, expression, ...)]

-

Abbreviation: AE.
See Also:

PURPOSE:
Executes the algebraic expression{s) that were stored in the AER mode.

REMARKS:
AER transfers the algebraic expressions stored in AER mode into a BASIC program.

Specify the number designating the algebraic expression, and the computer will
recall the expression and run it. An error occurs if an undesignated number is
specified.

The number of parameters specified in the command depends on the stored expres-
sion.

An error occurs if the number of parameters does not maich the number of vari-
ables used in the stored expression.

if an expression, F(X)=SIN X + COS X, is designated by the number 2 in AER
mode, the statement AER 2(90) will make the computer execute the expression
sin 90 + cos 90.

If a constant is designated by the number 3, the statement Z=AER 3 will cause the
computer to read the constant and assign it to variable Z. In this case no parameter
need be specified.

If an expression, F(X,Y)=X x LOG Y, is designated by number 5, the statement
Z=AER 5(10,100) + 3 causes the computer to execute 10 x LOG 100+3 and assign
2310 Z.

Defined variables may be used as parameters.

Example: A=10:AAZ=100:2=AER 5(A,AAZ}+3

Notes:

1. If an expression stored in AER mode is deleted, the number given in the AER
statement may have to be changed.

2. Only single-precision numeric variables can be used in the expressions stored in
AER mode. String variables or double-precision numeric variables cannot be
used.

3. When using single-precision numeric variables other than fixed variables in the
expression to be stored in the AER mode, for example, when F(AA)=SIN AA+8
is designated by number 4, store an arbitrary value to AA {e.g. AA=0:B=AER
4(2)) and then execute the AER statement.
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ARUN -

FORMAT: ARUN line number
#label

Abbreviation: AR.
See Also: AUTOGOTO, RUN

PURPOSE:

Sets the computer to start a program automatically when turned on and RUN mode
is specified.

REMARKS:

Include ARUN as the first program statement (in the first line of the program) to
start the program as soon as the computer is turned on. This has the same effect
as if a RUN command had been entered from the keyboard.

{If the power is turned off in the RUN, PRO or AER mode, the computer will be in
the RUN mode when the power is tumed on again.)

Pressing the key in the Main Menu, CAL or AER mode to specify the RUN
mode will execute the program automatically.

Xlabel must be the first statement of a line within the program, and must consist of
alphanumeric characters or symbols,

Turning the power on aiter it has been turned off by the Auto OFF function will not
execute the program automatically.

ARUN is similar to AUTOGOTO except that all variables and arrays other than fixed
variables are cleared before program execution.

EXAMPLE:

5: ARUN

10: CLS:WAIT 100
20: PRINT "WELCOME TO THE WORLD OF"
30: PRINT "THE COMPUTER"
40: PRINT "YOU HAVE",FREO;" BYTES FREE"
50: END

The program runs automatically when the power is turned on.
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ASC D

FORMAT: “string”
ASC {string variabie}

Abbreviation: A.
See Also: CHR$

PURPOSE:
Returns the character code for the first character in the specified string.

REMARKS:

Specify the string as the contents of a string variable in the form X$ or as an actual
string enclosed in quotes, “XXXX". Only the character code of the first character in
the string is returned. See Appendix B for character code tables.

EXAMPLE:

10: INPUT "ENTER A CHARACTER "A$
20: N = ASC A%

30: PRINT "THE CHARACTER CODE IS N
40: GOTO 10

[10] The user presses a key o enter a character.

[20] ASC finds the cods number for the character.

[30] The answer is displayed.

[40] Repeats until the user halts the program by pressing the key.
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AUTO b

FORMAT: AUTO [[starting line number]j,increment]]

Abbreviation:
See Also:

PURPOSE:
Provides automatic insertion of program line numbers in the PRO mode.

REMARKS:

Valid only as direct input in the PRO mode.

Starting line number and incremental value may be specified.

I not specified, the computer automatically sets the first line number to 10 and the
increment to 10. However, if the AUTO command has been previously set to other
values, those values are used.

An error is generated if the starting line number exceeds 65279.

When the mode is changed from PRO to RUN and then back to PRO mode, enter-

ing AUTO assumes the previously set increment and resumes line number-
ing from the most recently generated line number.

Pressing the [CecE] or key while a line number is dispiayed will have the
same effect.

Pressing the [SHIFT [+ CA | keys, turning the power off and then on, or entering an
operation mode other than PRO or RUN will exit the AUTO mode.

EXAMPLE:

AUTQ 10 Starting line number is 10, followed by 20, 30, ...
AUTO 200,20 Starting line number is 200, followed by 220, 240, ...
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AUTOGOTO

FORMAT: AUTOGOTO line number
*|abel

Abbreviation: Al.
See Also: ARUN, GOTO

PURPOSE:
Starts a program automatically when the computer is turned on and in the RUN
mode.

REMARKS:

Include AUTOGOTO in the first line of a program (the first statement) to start the
program when the computer is turned on and is in the RUN mode. This functions
as if a GOTO command had been entered from the keyboard. AUTOGOTO is
similar to ARUN but does not clear all variables and arrays before starting the pro-
gram. (If the power is turned off in the RUN, PRO or AER mode, the computer will
be in the RUN mode when the power is turned on again.)

Pressing the key in the Main Menu, CAL or AER mode to specify the RUN
mode will execute the program automatically.

Turning the power on after It has been turned off by the Auto OFF function will not
execute the program automatically.

xlabel must be the first statement of a line within the program, and must consist of
alphanumeric characters or symbols.

EXAMPLE:
10: AUTOGOTO 60

The program starts at line 60 when the computer is turned on.
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BASIC

FORMAT: BASIC

Abbreviation: BA.
See Also: TEXT

PURPOSE:
Clears the text mode.

REMARKS:
Valid only as direct input in the PRO mode.

Executing this command clears the Text mode and returns the mode to BASIC. As
the mode returns to BASIC, the prompt symbol changes from “<” to “>". Changing
from the Text mode to the BASIC mode usually changes the text held in the com-
puter memory o a program (internal code).

All lowercase letters other than those in character strings enclosed in guotation
marks (* ”) or following a REM (’ )} statement are automatically converted to upper-
case letters.

Abbreviations such as “P.” and “l.” are not converted to their respective commands.
(To do so, move the cursor to the line and press the key.) Because of the
characteristics of the BASIC function, commands and formats included in the text
but not found in the computer will not be executed.

During program conversion, “x” is displayed at the bottom right of the display. Ap-
proximately 600 bytes are required for work area to convert a program.

If a converted line is too long, an error will oceur.

If a password has been set, executing the BASIC command results in an error.
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BEEP

=

FORMAT: BEEP number [ ,[tone][.duration] |

Abbreviation: B.
See Also:

PURPOSE:

Generates beeps of the specified tone and duration through the computer’s internat
speaker.

REMARKS:

Number specifies the number of times the beep will sound. Specify a positive value
or expression up to 65535.

Tone specifies the frequency of the beep in the range of 255 to 0. As the value of
the tone parameter is increased, the frequency is reduced.

Duration specifies the duration of the beep in the range of 0 to 655635. The beep
duration setting varies with the tone parameter. A given duration value will give a
relatively longer beep at lower frequencies.

lf the duration is omitted, a default value of 583 is set.
If the tone is omitted, a default value of 12 is set.

If the duration and tone are omitted, the frequency of the beep is set 1o ap-
proximately 4 KHz.

Press the key to stop a beep.
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The chart below gives details on combinations of parameters:

Note | No. Fr;gl.elzlncy FreAgL:E:cy TOE?‘;:TCE Tone |Nate || No. Fre:sszlncy Frgglt.:—cl-;:cy TO'?;?}HCG Tone
do| 3 261.6 261.8 0.08 222 (do | 27 | 10465 1040.7 | —0.56 39
do#|| 4 277.2 277.7 0.18 208 |do#| 28 | 1108.7 1113.0 0.39 35
re || 5 293.7 294.3 0.20 195 re [ 29| 11747 1174.3 | -0.03 32
re# || 6 311.1 311.4 010 183 jre# |30 | 12445 | 12427 | —0.14 29
mi || 7 329.6 329.0 -9.18 1721 mi || 31| 13185 1318.6 0.08 26
fa | 8 349.2 348.8 -0.11 161 | fa [ 32 | 1396.9 1406.6 8.69 23
fa# || 9 370.0 371.0 .27 150 {fa# | 33 | 1480.0 1471.2 | —0.60 21
so || 10 352.0 3914 | -0.20 141 | so | 34 | 1568.0 1580.2 0.77 18
so# | 11 415.3 414.2 ~9.27 132 |so# || 35 | 1661.2 1662.3 0.07 16
la 12| 440.0 439.9 -0.02 123 | 1a |36 | 1760.0 175634 | —0.38 14
la# || 13 466.2 465.5 ~@.15 1156 |la# | 37 | 1864.7 1855.1 | —0.52 12
ti |14 493.9 4942 0.06 107 | ti || 38 | 1975.5 1969.2 | —0.32 10
do | 15 523.3 5224 | —-0.17 190 | do || 39 | 2093.0 2098.4 0.26 8
do#| 16 554.4 5541 ~0.85 23
re |17 | 587.3 589.9 0.44 86
re# | 18 622.3 624 .4 0.34 80
mi || 19 659.3 656.4 -0.44 75
fa | 20 698.5 699.4 0.13 89
fa# || 21 740.0 7399 | —-p.@1 64
50 || 22 784.0 785.3 0.17 59
s0+# || 23 830.6 825.8 —-0.58 55
la || 24 880.0 882.8 0.32 5@
la# || 25 932.3 934.3 8.21 46
ti | 26 987.8 9922 0.44 42
MIN. 230.6 Hz (255) frequency (Hz) = 256000/(90+4n)

MAX. 2844.4 Hz (0)

EXAMPLE:

:FORI=1T0O3
: FORJ=5TO25STEP 5
: BEEP ,J,150
: NEXT J

: NEXT |

: END

beep duration {us) = specified duration/(frequency x 10%

where n: tone parameter

[10] The outer loop changes the number of beeps from 1 to 3.
[20] The inner loop changes the tone,
[30] The BEEP statement is executed 15 timas.
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CHAIN i

FORMAT: 1.CHAIN

2. CHAIN “d: filename’T, {E?;bgfmbe’}]

d: X, E, F, CAS, COM

Abbreviation: CHA.
See Also: LOAD, MERGE

PURPOSE:
Loads and starts, from within one program, another program that has been stored
on the specified device.

REMARKS:

To use CHAIN, the specified program must be present on the specified device. The
currently running program is cleared from memory at the point where a CHAIN com-
mand is encountered and the specified program is loaded and started. Entering the
CHAIN statement at the end of each program will continue tc load programs auto-
matically. An error will occur if the program becomes tob large for the program area
as a result of programs loaded by the CHAIN command.

Format 1 is for use only with tape and loads the first stored program from tape and
starts it from the lowest line number in the program. The effect is the same as
having entered CLOAD (or LOAD) and RUN in the RUN mode.

Format 2 searches the specified device for the program indicated by “filename”,
loads it, and starts it at the specified line number or *label, or the lowest line num-
ber if omitted.

A program stored fo tape with the CSAVE command cannot be loaded with the
CHAIN command. Store the program with the SAVE command.

Note:
A file is automatically opened when executing the CHAIN command. If the device
name is specified as CAS or COM, files for its device must be closed.

EXAMPLE:
CHAIN "X:PRO1", 100

Searches the disk for a program named PRO1, loads it and begins execution with line number 100.
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CHR$

FORMAT: CHRS$ expression

Abbreviation: CH.
See Also: ASC

PURPOSE:
Returns the character that corresponds to the numeric character code of the
parameter.

REMARKS:
See Appendix B for a chart of character codes and their relationship to characters,
8.9., CHRS 65 is "A".

A hexadecimal number can be specified with “&H” in front of the character code
(eg. A% = CHR$ &H5A)

A value greater than 255 generates an error.

EXAMPLE:

10: AAS=""

20: INPUT "CODE=";A:CLS
30: AAS=AAS$+-CHRS$A

40: LOCATE 7,1:PRINT AA$
50: GOTO 20

Displays the characters represenied by the codes entered in line 20.
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CIRCLE o

FORMAT: CIRCLE (expression 1, expression 2), expression 3
[,expression 4][,expression 5][,expression 6]
[,expression 7][,expression 8][,expression 9]

Abbreviation: CL
See Also: PAINT, COLOR, GRAPH

PURPOSE:
Draws a circle.

REMARKS:
This command is effective only in the Graphics mode and is used to draw a circle,
arc, sector, or ellipse with a solid line.

Expressions 1 and 2 are used to specify coordinates X and Y, respectively, at the
center of a circle. The values of expressions 1 and 2 must be within the range of
—-999 to 999.

Expression 3 is used to specify the radius of a circle. The value of expression 3
must be within the range of 1 to 485 (1 = expression 3 = 498).

Expression 4 is used to specify the color of the line. The value of expression 4 may
be specified within the range of 0 to 3. (See COLOR for colors specified by the
respective values.) If expression 4 is omitted, the previous value (i.e., the color
previously specified) is assumed.

Expressions 5 and 6 are used to specify the stariing angle and ending angle,
respectively, of an arc or sector. The respective values of expressions 5 and 6 must
be within the range of —2047 to 2047. If the value is 0, the positive x-axis is used
as the starting angle. If a positive value is given, the counterclockwise direction is
specified. If a negative value is given, the clockwise direction is specified. The
default value of expression 5 is 0 degrees, and that of expression 6 is 360 degrees.

Expression 7 is used to specify the following ratio:

ry (radius in Y—axis direction)
r, (radius in X-axis direction)

Ratio =

if the value of expression 7 is 1, a circle is drawn. [f the given value is other than 1,
an ellipse is drawn. The default value of expression 7 is 1.

Expression 8 is used to specify a pitch angle. The printer starts drawing a circle
farc or sector) or ellipse by dividing it in units of pitch angle from the starting angle
to the ending angle. The value of expression 8 must be within the range of 1 to
2047. The default value of expression 8 is 1.
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Expression 9 is used to specify an arc or a sector. If the value of expression 9 is 0,
an arc is drawn. If the value given is 1, a sector is drawn. The default value of ex-
pression 9 is Q.

0=arc 1 = seclor

Note:
The respective values of expressions 5, 6, and 8 are given units of degrees ir-
respective of the specified angular mode.

EXAMPLES:

5. OPEN

10: GRAPH

20: CIRCLE {240, —100),100,0,0,360,1/2,10,0

30: LTEXT Ratio = 0.5

: T i
gg: EE%IN These two commands return the printer to

the Text mode and move the print head

back 1o its leftmost position.

5. OPEN
10; GRAPH
20: CIRCLE (240,~100),100,0,90,450,1,120,0 Pitch angle = 120°
30: CIRCLE (240,-100),100,3,-90,270,1,120,0 Pi R
40: LTEXT itch angle = 120
50; LPRINT
60: END

The figure is actually printed in color.

222



CLEAR

FORMAT: CLEAR [variable 1, variable 2, ..., variable n]

Abbreviation: CL.
See Also: DIM, ERASE

PURPOSE:

Erases variables that have been used in the program and resets all preallocated
variables to zero or null.

REMARKS:

CLEAR recovers memory space used to store simple numeric variables, and array
variables secured using the DIM statement. Also use CLEAR at the beginning of a
program to clear space occupied by variables from previously run programs if
several programs are in memory.

Do not use the CLEAR command within a FOR...NEXT loop.
Use the ERASE command to clear specific array variables.
EXAMPLE:

10: A = 5: DIM G{5)
20: CLEAR

20} Frees up the spaces assigned to G } and resets A o zero.
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CLOAD o

FORMAT: 1. CLOAD “filename”
2. CLOAD

Abbreviation: CLO.
See Also: CLOAD?, CSAVE

PURPOSE:
Loads a program saved on tape.

REMARKS:
Valid only as direct input in the PRO or RUN mode.

Format 1 clears the memory of an existing program, searches the tape for the pro-
gram indicated by “filename”, and loads the program.

Format 2 clears the memory and loads the first program stored on tape, starting at
the current position.

During execution, k" is displayed at the bottom right after the file name is dis-
played. After execution, “x” disappears and the prompt (>) is displayed. When sear-
ching for a file name, “x” is not displayed. The same applies to the CLOAD? com-
mand.

If the specified file name is not found, the computer continues to search far the file
name even after the end of the tape has been reached. Press the key to
stop searching for the file name. The same applies to the CLOAD?, CHAIN,
MERGE, and INPUT commands.

It an error occurs during execution of the CLOAD command, the program being
loaded is invalid.

Only programs stored using the CSAVE command can be loaded using the CLOAD
command.

See tape operation in the section describing peripherals.

EXAMPLE:
CLOAD?
CLOAD "PRO3"™"

* Loads the first program found on the tape.
** Searches the tape for the program "PRO3" and loads it.
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CLOAD? b

FORMAT: 1.CLOAD? “filename”
2. CLOAD?

Abbreviation: CLO.?
See Also: CLOAD, CSAVE

PURPOSE:
Compares a program saved on tape with one stored in memory.

REMARKS:
Valid only as direct input in the PRO or RUN mode

To verify that a program was saved correctly, rewind the tape to the beginning of
the program and use the CLOAD? command.

Format 1 searches the tape for the program indicated by “filename” and then com-
pares it to the program stored in memory.

Format 2 compares the program stored in memory with the first program stored on
the tape, starting at the current tape position.

When the tape program does not match with the one stored in memory, an error
will occur. During execution, “x" is displayed at the botitom right after the file name
is displayed. After execution, “«" disappears and the prompt (>) is displayed.

Note:

When loading a program created with another computer and siored on tape, the pro-
gram is converted to PC-E500 code. In such a case, the CLOAD? command cannot
be executed.

See tape operation in the section describing peripherals.
EXAMPLE:

CLOAD?*

CLOAD?"PRO3"™*

* Compares the first program found on the tape with the one in memory.
** Searches the tape for the program "PRC3" and compares it 1o the one in memory.
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CLOSE

FORMAT: CLOSE [# file number, # file number, ...]

Abbreviation: CLOS.
See Also: OPEN

PURPOSE:
Closes a file or files on the currently accessed device.

REMARKS:

This command closes files with the specified file numbers. If no file number is
specified, all files are closed. The file numbers are then released for use with other
files.

All files are closed in the following cases:

An END or RUN command is executed.

The power is turned off.

The computer is changed to an operation mode other than PRO or RUN.

The program is written or read (by the LOAD, CLOAD, or MERGE command).

EXAMPLE:
CLOSE #2, #5, #21

Closes files #2, #5, and #21.
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CLS

FORMAT: CLS

Abbreviation:
See Also: |LOCATE

PURPOSE:
Clears the display.

REMARKS:
Clears the display and resets the display start position to (0,0).

EXAMPLE:

10:
. INPUT A%

: FORB=0TO 39
: CLS

: LOCATE B, 1

: PRINT A$

: NEXT B

: CLS

: END

WAIT 20

This program displays the entry while moving it from left to right on the display. Each time the
FOR...NEXT loop of lines 30-70 is executed, the display is cleared with the CLS command, the display
start position is shifted with the LOCATE command, and the contents of A§ are displayed with the
PRINT command. By writing and clearing in this manner, the display can be mads to appear to move.
(Delete line 40 and run the program. Note the difference.}
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COLOR :

FORMAT: COLOR expression

=)

Abbreviation: COL.
See Also: LLINE, RLINE, CIRGLE, PAINT

PURPOSE:
Specifies the color of characters or lines to be printed by the CE-515P.

REMARKS:

Four different colors can be specified by giving 0 to 3 as the value of the expres-
sion.

0 ... Black
1 ... Blue
2 ... Green
3 ... Red

CONSOLE :

FORMAT: CONSOLE [expression]

Abbreviation: CONS.
See Also: QPEN, LPRINT, LLIST

PURPOSE:
Sets the number of columns per line for sending data.

REMARKS:

This command sets the number of columns per line for data sent from the serial /O
interface (terminal) using the LPRINT or LLIST command.

The computer sends an end code (CR, LF, or CR+LF) after sending the preset line
of data.

Valid values of the expression are integers in the range of 1 to 160.

For expression values from 1 to 7 inclusive, the number of columns is set to 7. If
the value of the expression exceeds 160, 160 columns per line will be set. An error
results if the value is 0 or negative.

I an expression is not specified, the command is ignored and the number of
columns previously set is retained.

The number of columns is set to 39 when the batieries are replaced or when the
RESET button is pressed while holding the key.
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CONT b

FORMAT: CONT

Abbreviation: C.
See Also: STOP

PURPOSE:
Continues a program that has been temporarily halted.

REMARKS:
Valid only as direct input in the RUN mode.

Enter CONT to continue running a program that has been stopped with the STOP
command. Enter CONT at the prompt to continue a program that has been halted
using the key. CONT can also be used to continue a program interrupted by
PRINT or GPRINT. (See WAIT command.)

EXAMPLE:
CONT

Coniinues an interrupted program.
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COPY >

FORMAT: COPY “d1filename 1” TO “[d2:filename 2" [,A]
di: X, E, F, CAS, COM
d2: X, Y, E, F, CAS, COM

Abbreviation: COP.
See Also:

PURPOSE:

Copies the contents of a file from one storage device (disk, etc.) to another storage
device.

REMARKS:

Copies the contents of the file with filename 1 within the device with d1 to another
fite with filename 2 within the device with d2. The following shows a cross reference
for device names usable for devices 1 and 2:

d2
X E F CAS COM Y
X 0 s o x x o
E o o 0 O O
df F O o O O 0
CAS X O O P O
COM X @) O O X

(O Usable x: Not usable
An error occurs if the same name is given for d1 and d2 and filenames 1 and 2.

If “,A” is specified, the system regards filename 1 as an ASGII file and code “1AH”
as an EQF (end of file) code.

If CAS or COM is given for d2, the destination file becomes an ASCII file. If CAS or
COM is given for d1, the source file must be an ASCII file, If d2 is omitted, the
same device as d1 is assumed.

An error occurs if filename 1 is not given. If filename 2 already exists, it will be over-
written.

COPY “Fzxx” TO “Xx.x" copies all files in RAM disk F to a disk. COPY “X=x.x" TO
“F.%" copies all files on either surface (A or B) of a disk to RAM disk F.

Notes:

1. Whenever making a copy, note the differences in the capacities among pocket
disks and RAM disks.

2. You cannot copy the contents of RAM disk F to another RAM disk F.
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If X is given for d1 and Y for d2, you can copy files from one disk to another using
a single disk drive.

For example, COPY “X:x.x" TO “Y=xx" copies all files from one disk to another disk
in the same drive. The system will ask you “INSERT DESTINATION DISK OK?"
and “INSERT SOURCE DISK OK?". After inserting the requested disk in response
to each prompt, press the key. Repeat these operations until the system
returns to the BASIC prompt, >

The extension can be omitted if it is blank.
Notes:
1. An error occurs if the device with d2 or the file with filename 2 is write-protected

(see SET command).
2 The wildcard cannot be used for device name “CAS” or "COM".
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CROTATE b

FORMAT: CROTATE expression

Abbreviation: CR.
See Also:

PURPOSE:

Specifies the crientation and printing direction of characters to be printed by the CE-
515P.

REMARKS:
This command is effective only when the printer is in the graphics mode. By chang-

ing the value of the expression, you may change the printing direction and orienta-
tion of characters to be printed.

If you give a value in the range of 0 to 3 to the expression, one of the following
four orientations and printing directions of characters is specified, causing the
printer to print in the direction indicated by the arrow.

When the LTEXT command is executed, the orientation and printing direction of
characters to be printed automatically returns to normal, as it does when the value
0 is given.

EXAMPLE:

5: OPEN

10: GRAPH

20: GLCURSOR (200, —30)
30: FORZ=0TOS3
40: CROTATE Z

50: LPRINT “PABCD"
60; NEXT Z

70: LTEXT

80: LPRINT

80: END
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CSAVE o

FORMAT: 1. CSAVE “filename”
2. CSAVE
3. CSAVE “ilename”, “password”
4. CSAVE, *password”

Abbreviation: CS.
See Also: CLOAD, CLOAD?, PASS

PURPOSE:
Saves a program io tape.

REMARKS:

Format 1 writes all program lines in memory to the tape and assigns the indicated
filename.

Eormat 2 writes all program lines in memary to the tape with no filename.

Format 3 writes all program lines in memory to the tape and assigns them the indi-
cated filename and password.

Format 4 writes ali program lines in memory to the tape without a filename and as-
signs the indicated password.

Programs saved with a password may be loaded by anyone, but only someone who
knows the password can list or modify them. {See PASS command.)

if a program in memory is write-protected, the CSAVE command is ignored.

Avoid writing different programs with the same file name onto the same side (side A
or B) of a tape. This may cause the wrong program to be read. It is recommended
that the number on the tape counter is recorded when writing a program onto tape.
Wild cards {%,?) and the period for the file exiension cannot be used.

See tape operation in the section describing peripherals.

EXAMPLE:
CSAVE "PROS", "SECRET"

Saves all programs in memoary to tape under the name "PRO3", protected with the word “SECRET".
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CSIZE ;

FORMAT: CSIZE expression

Abbreviation: CSl.
See Also:

PURPQOSE:;
Specifies the size of characters to be printed.

REMARKS:
The size of characters to be printed can be specified by giving a value within the
range 1 to 15.

The value “1” is the minimum size of characters; the size of characters specified by
2, 3, 4, ... wili be two, three, four, ... times the minimum character size, as will be
the character pitch and line spacing.

Note:
When the printer power is turned on, the printer is set to print characters at CSIZE
2.

EXAMPLE:

CSIZE 1
Character size: 0.8 mm (W) x 1.2 mm (H) (4 x 6 steps)
Character pitch: 1.2 mm (6 steps)
Line spacing: 2.4 mm (12 steps)
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DATA "

FOBMAT: DATA list of values

Abbreviation: DA.
See Also: READ, RESTORE

PURPOSE:
Provides values for use by READ.

REMARKS:

When assigning initial values to an array, It is convenient to list the values in a
DATA statement and use a READ statement in a FOR...NEXT loop to load the
values Into the array. When the first READ is executed, the first value in the first
DATA statement is returned. Succeeding READs use succeeding values in the se-
quential order in which they appear in the program, regardless of how many values
are listed in each DATA statement or how many DATA statements are used.

A DATA statement may contain any numeric or string values, separated by com-
mas. Enclose string values in quotes. Spaces at ihe beginning or end of a siring
should be included in the quotes.

DATA statements have no effect if encountered in the course of regular execution
of the program, so they can be inserted wherever appropriate. Many programmers
include them after the READ that uses them. !f desired, the values in a DATA siale-
ment can be read a second time using the RESTORE statement.

EXAMPLE:

10: DIM B(10)

20: WAIT 128

30: FOR1=1TO 10

40: READ B(l)

50: PRINT B{l)

60: NEXT |

70: DATA 10,20,30,40,50,60
80: DATA 70,80,20,100

90: END

[i0l Sets up an array.
[40] Loads the values from the DATA statement so that B{1) will be 10,B(2) will be 20,B(3) will be 30,
etc.
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DEFDBL 5

FORMAT: 1.DEFDBL character range
2. DEFDBL

Abbreviation: DEF.
See Also: DEFSNG

PURPOQSE:
Defines variable(s) with single-character names as having double precision ac-
curacy or specifies “double-precision™ mode calculations.

REMARKS:
In format 1, the variables in the “character range” are designated as double
precision. “character range" can be specified as follows:

e DEFDBL C-F

where variables, C, D, E and F are designated as double precision, or
« DEFDBL E,F,Z,H-J

where variables E, F, Z, H, | and J are designated as double precision.

Variable names followed by the single-precision type declaration character {!) are
given type priority over variable names declared by the DEFDBL statement. For ex-
ample, variables E and F in the statement

DEFDBL E,F

will be treated as double-precision variables, but E! and F! will be treated as single-
precision variables. Variables not declared as double- or single-precision will be
treated as single-precision variables.

[n format 2, all subsequent calculations are carried out to double precision. The
DBL mark is shown on the screen in this mode. The double-precision mode is can-
celed by the following:

The DEFSNG statement is executed

The computer is turned off

The RUN or NEW command is executed

A program is loaded (except by the CHAIN command)

When using the DIM statement to establish the number of elements allowed in a
numeric array, the DEFDBL statement must be used first if those elements are to
be treated as double-precision variables:

DEFDBL A
DIM A(3,2)
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In the example below, the elements will be treated as single-precision variables:

DIM A(3,2)
DEFDBL A

DEFSNG b

FORMAT: 1. DEFSNG character range
2. DEFSNG

Abbreviation: DEFS.
See Also: DEFDBL

PURPOSE:
Defines variable(s) with single-character names as having single precision accuracy
or cancels double-precision mode specified by DEFDBL.

REMARKS:
In format 1, the variables in the “character range” are designated as single-
precision. “Character range” can be specified as foliows:

« DEFSNG C-F

where variables C, D, E and F are designated as single-precision, or
+ DEFSNG E,F,Z,H-J

where variables E, F, Z, H, | and J are designated as single-precision.

Variable names followed by double-precision type deciaration characters (#) are
given type priority over variable names declared by the DEFSNG statement. For ex-
ample, variables E and F in the statement

DEFSNG E,F

will be treated as single-precision variables, but variables E# and F# as double-
precision variables. Variables not declared as double- or single-precision are treated
as single-precision variables.

In format 2, all subsequent calculations are carried out with single precision. The
DBL mark on the screen is canceled in this mode.
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DEGREE 0

FORMAT: DEGREE

Abbreviation: DE.
See Also: GRAD, RADIAN

PURPOSE:
Changes the form of angular values to decimal degrees.

REMARKS:

The computer has three forms for representing angular values — decimal degrees,
radians and gradient. These forms are used in specifying the arguments to the SIN
CQOS, and TAN functions and in returning the results from the ASN, ACS, and ATN
functions.

The DEGREE function changes the form of all angular values to decimal degree
form until GRAD or RADIAN is used. The DMS and DEG functions can be used to
convert angles from decimal degree form to degree, minute, second form and vice
versa.

EXAMPLE:
10: DEGREE
20: X = ASN 1
30: PRINT X

[20] X now has a value of 90; i.e., 90 degrees, the arc sine of 1.
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DELETE b

FORMAT: 1.DELETE line number
2. DELETE line number {_}

3. DELETE line number {"} line number
4. DELETE {H} line number

Abbreviation: DEL.
See Also: NEW, PASS

PURPOSE:
Deletes specified program lines in memory.

REMARKS:
Valid only as direct input in the PRO mode.

Format 1 deletes only the specified program line. Format 2 deletes program lines
from the line number gpecified up to the highest program line in memory. Format 3
deletes all program lines between the first specified line number (lower value) and
the second specified line number {higher value). Format 4 deleies program lines
from the lowest line number in memory up to the specified line number.

Using DELETE in the RUN mode generates an error. If a password has been used,
the command is not executed and the prompt is displayed. Only the digits 0-8 can
be in the line numbers. Specifying a line that does not exist generates an error.
Specifying a start line number that is greater than the end line number also
generates an error,

if the first and second line numbers are omitted, an error will oceur.

To delete the whole program, use the NEW command.

EXAMPLE:
DELETE 150*
DELETE 200,**
DELETE 50-150***
DELETE ,35****

* Deletes line 150 only.

** Deletes from line 200 to the highest line number.
“* Daletes all lines between and including line 50 and line 150.
** Peletes from the lowest line number up to line 35.
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DIM 0

FORMAT: DIM variable name 1 (size 1[, size 2, size 3, )
[, variable name 2 (size 1 [, size 2, size 3, ...])]

Abbreviation: D.
See Also: ERASE, CLEAR, RUN

PURPOSE:
Reserves space for numeric and string array variables.

REMARKS:
DIM must be used to reserve space for an array variable. The size of an array is
the number of elements in that array.

The variable name consists of a letter and up to 39 alphanumeric characters. For
string variables, “$” is attached to the end of the variable name. Numeric variables
may be either single-precision or double-precision variables. Even though two vari-
ables may have the same name (one single-, one double-precision), they will be
recognized as two different variables.

Size 1, size 2 are called the “subscripts”, and specify the number of elements in the
nth dimension of the array. An array with one subscript is called a one-dimensional
array, with two subscripts, it is called a two-dimensional array and an array with n
subscripts is called an n-dimensional array.

Example:
DIM B(3):
one-dimensional array B( ) reserves 4 array elements B(0), B(1), B(2) and
B(3)
DIM XA$%(2,3}):
two-dimensional string array XA$( ) reserves 12 array elements XAS(0,0),
XA5(0,1), ..., XA$(2,2), XA$(2,3)

Integers 0-65534 can be used as subscripts, but an error may occur if a variable
with the specified size cannot be reserved because of limits in the memory size and
conditions of use.

An error will occur if a string array variable exceeds 64K bytes.

If the subscripts include a decimal point, only the integer part will be recognized
(and the fractional part will be ignored).

Example:
X(2.3) recognized as X(2)
Y(0.25) recognized as Y(0)

The subscript may be declared by a numeric variable or expression:
10: INPUT A,B
20: DIM X{A}, Y#({B-1,AxB)
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More than one array can be declared using one DIM statement.

Example:
DIM V(5), K$(4,3), XB$(5)

If an array has been defined, it cannot be defined again. For example, both DIM
X{5) and DIM X(3,4) cannot be defined since the variable names are the same.
However, DIM X!(5) and DIM X#(3,4) can be defined since one is a single-precision
variable and the other is a double-precision variable.

When a program is executed using the RUN or ARUN command, allocated array
variables are cleared, but they are not cleared using the GOTO statement. Thus,
when a program is to be executed again using the GOTO statement, an error will
occur if a DIM statement attempts to reallocate space for an existing array variable.
Either GOTO a line following the DIM statement, or add an ERASE statement and
redefine the array.

Example:
50: ERASE X: DIM X(3,4)

Numerical array and string array variables are recognized as different arrays; thus,
the arrays Z( ) and Z$( ) can be defined simultaneously.

The DIM statement cannot be used within a FOR..NEXT Inop.
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DSKF D

FORMAT: 1.DSKF (d))
d: X,E, F
2. DSKF (n)
n: 1 for disk, 3 for RAM disk E, 4 for RAM disk F

Abbreviation: DS.
See Also:

PURPOSE:
Returns the amount of free space on a pocket disk or RAM disk E or F.

REMARKS:
DSKF returns the size of the free disk area in bytes.

The pocket disk is used in blocks of 512 bytes; the RAM disk is used in blocks of
256 bytes.

To store a program formatted in intermediate code, an additional 20 bytes are re-
quired for control area. Thus, a 500 byte program will require 1,024 bytes on a pock-
et disk, or 768 bytes on RAM disk E or F.

EXAMPLE:
DSKF(1)

Retumns the free space on the pocket disk.

242



END

FORMAT: END

Abbreviation: E.
See Also:

PURPOSE:
Signals the end of a program.

REMARKS:

The program will be terminated when the END statement is executed. Statements
after the END statement in the same line cannot be executed. All opened files are
closed.

EXAMPLE:

10: PRINT "HELLO"
20: END

30: PRINT "GOODBYE"
40: END

With these programs in memory, RUN 10 orints HEILLO, but not GOODBYE. RUN 30 prints GOODRBYE.
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EOF 5

FORMAT: EOF (file number)

Abbreviation: EO.
See Also:

PURPOSE:
Determines if the end of a sequential file has been reached.

REMARKS:
The EQF function checks if all data in a sequential file (with the specified file num-
ber) has been read.

If all data has been read, EOF returns —1 (true) as its function value. If not, EOF
returns O (false). For the device name COM, EOF returns —1 (true) if the 10-charac-
ter buffer is empty and 0 (false) if not.

An error occurs if a file with the specified number has not been opened for input.

Example:
IF EQF(21) THEN CLOSE #21

File #21 is closed if all data in that file has been read.

EXAMPLE:

10: OPEN "X:A" FOR OUTPUT AS #2
20: PRINT #2, 123,456,789

30: CLOSE

40: OPEN "X:A" FOR INPUT AS #2
50: INPUT #2,A,B

60: X = EOF (2)

70: INPUT #2,C

80: Y = EOF (2)

90: CLOSE:END

[B0] Not all data has been read in this line. X = 0.
[70] All data has been read. Y = —1.
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ERASE b

FORMAT: ERASE array 1 [, array 2, ... array nj

Abbreviation: ER.
See Also: CLEAR, DIM

PURPOSE:
Erases specified arrays.

REMARKS:

Array elements cannot be erased individually; the whole array is cleared and its
memory area is freed. To re-define an array size, first ERASE it and then re-specify
it in a DIM statement.

Double-precision array variables can be specified. The contents of double-precision
variables specified using the DEFDBL command are erased, but the DEFDBL mode
is not.

Do not use the ERASE command within a FOR...NEXT loop.

EXAMPLE:
10: DIM AA(10)

200: ERASE AA
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ERL

FORMAT: ERL

Abbreviation:
See Also: ERN, ON ERROR GOTO

PURPOSE:
Returns the line number at which an error occurred during program execution.

REMARKS:

The ERL function is used with the ERN function and the ON ERROR GOTO state-
ment in error processing routines to control program flow when an error occurs. A
line number is only set in ERL if the error occurred during program execution,

ERL will be cleared when

(1) a RUN statement is executed
(2) the power is turned off

(3) a program is loaded.

EXAMPLE:
See ERN.
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ERN

)

FORMAT: ERN

Abbreviation:
See Also: ERL, ON ERROR GOTO

PURPOSE:
Returns the error code number of the execution error.

REMARKS:
The ERN function is used with the ERL function and the ON ERROR GOTO state-
ment in error processing routines to control program fiow when an error occurs.

See Appendix A for a list of error messages.

ERN wili be cleared when

(1)} a RUN statement is executed
{2) the power is turned off

(38) a program is loaded.

EXAMPLE:

10:
20:
30:

ON ERROR GOTO 100:WAIT
FORN=1TO 20
READ A

: PRINT A

: NEXT N

: END

: IF ERL = 30 AND ERN = 53 THEN PRINT "YOU HAVE NO DATA"
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FILES b

FORMAT: FILES [“[d:][filename]”]
d X, EF

Abbreviation: Fl.
See Also: LFILES, SET

PURPOSE:
Displays names and attributes of specified file(s) on RAM disk or pocket disk.

REMARKS:
FILES displays the filename, the filename extension (.BAS or other extension}, and
“P" (write-protection) attribute (see SET command).

If no device name is specified, the last device name used will be assumed. If no
filename is specified, all files on the specified device will be displayed. If neither
device nor filename is specified, all files on the last device used will be displayed.
To display a series of filenames, use an ambiguous filename. (See below.) To dis-
play a single filename, specify only that filename and its extension.

For RAM files, the number of bytes used is also displayed. (See the SAVE and
SET commands.)

A maximum of four filenames will be displayed at one time, and an = mark will ap-
pear to the left of the filenames. Scroll through the files by pressing the and
keys to move the => mark up or down, respectively.

Press + to move to the bottom of the previous page, and +
to move to the top of the next page. Pressing [ L |[«—]or[_ L [[_ Y |when
the => mark is next to a desired filename allows the file to be loaded into memory.
Pressing [ K_|[«=I]or[_K ][ Y ]Kkills (deletes) the file where the = mark is lo-
cated. Once a file has been deleted, it cannot be recovered, so use this option with
care. To avoid loading or kKilling a file, press any key other than or
when the OK? prompt appears.

Specify an ambiguous filename to list directory information on groups of files with
commen name forms. There are two wildcard characters available for this purpose.
The asterisk "x” stands for any number of characters (including none) in the
filename. The question mark “?” stands for a single character in a filename. The fol-
lowing are examples of the use of wildcard characters:

File specification Files listed
TEST? TEST, TESTS, TEST1, TESTA
T?29T TEST, TEXT, TORT, TXYT
S?MPLE SIMPLE, SAMPLE, S2MPLE
A??9?7? ABCDEF, APPEND, A12345
Rx RATES, R1, RETURNS, RAND2, R

248



If the [GeCE], [BREAK], or [SHIFT] + keys are pressed, or if the last filename is
being displayed and the key is pressed, the entry prompt “>" is displayed,
and the computer waits for the next command.

FILES has no effect if the specified files do not exist on the specified device.

EXAMPLE:
FILES"X:"

Lists all files on pocket disk drive X: on the screen.
FILES"E:DATA"

Displays information about the file DATA on RAM disk E.
FILES"F:??71"

Lists all files on RAM disk F that have 4-letter names ending in 1.
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FOR...NEXT i

FORMAT: o |iixed numeric variable _
single-precision simple numeric variable[ ~

expression 1 TO expression 2 [STEP expression 3]

fixed numeric variable
NEXT HSinQ|e—precisi0n simple numeric variable}:|

Abbreviation: F. N, STE.
See Also:

PURPOSE:
[n combination with NEXT, repeats a serles of operations a specified number of
fimes.

REMARKS:

FOR and NEXT are used in pairs to enclose a group of statements that are to be
repeated. If the variable following NEXT is omitted, the variable following FOR is as-
sumed. The first time this group of statements is executed the loop variable (the
variable named immediately following FOR) is assigned its initial value (expression

1).

When execution reaches the NEXT statement, the loop variable is increased by the
STEP value (expression 3) and then this value is tested against the final value {ex-
pression 2}. If the value of the loop variable is less than or equa! to the final value,
the enclosed group of statements is exscuted again, starting with the statement fol-
lowing FOR. If expression 3 for step size is omitted, the increment becomes 1. If
the value of the loop variable is greater than the final value, execution continues
with the statement that immediately follows NEXT. Because the comparison is
made at the end, the statements within a FOR...NEXT pair are always executed at
least once.

When the increment is zero, FOR...NEXT will continue in an infinite loop.

The loop variable may be used within the group of statements, for example as an
index to an array, but care should be taken in changing the value of the loop vari-
able.

Write programs so that the program flow does not jump out of a FOR...NEXT loop
before the counter reaches the final value. To exit a loop before it has been

repeated the specified number of times, set the loop variable higher than the final
value.
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The group of statements enclosed by a FOR...NEXT pair can include another pair
of FOR...NEXT statements that use a different loop variable as long as the
enclosed pair is completely enclosed; i.e., if a FOR statement is included in the
group, the matching NEXT must also be included. FOR...NEXT pairs may be
“nested” up to six levels deep. lllegally jumping out of an inner loop will generate an
error, a nesting error. See Appendix F.

An error results if a double-precision variable is specified as the numeric variable.
Double-precision initial values, final values, and increments are treated as single-
precision values.

Do not use the CLEAR, DIM or ERASE command within a FOR...NEXT loop.

FRE b

FORMAT: 1.FREOC

2. FRE 1
Abbreviation: FR.
See Also:
PURPOSE:

Returns the free space available in the program and data area in byles.

REMARKS:
FRE returns the byte count of the free space (not occupied by program, array vari-
ables, or simple variables) in the program and data area of memory.

To speed up execution, the computer reserves a certain fixed number of bytes for
each string variable even though a shorter string may be assigned to the variable.
Thus, the size of the free space is not affected by the lengths of strings assigned to
string variables. It is, however, possible to eliminate idle space in each variable to
increase free space.

Format 1 returns the free space by eliminating idle space in each string variable, so
its execution may take a little more time.

Format 2 returns the free space without eliminating idle space in string variables. It
is useful for determining the approximate amount of free space.

The value of free space returned by format 1 may not maich that returned by for-
mat 2.
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GCURSOR "

FORMAT: GCURSOR (expression 1, expression 2).

Abbreviation: GC.
See Also: LOCATE, GPRINT

PURPOSE:
Specifies the starting point of dot graphics display.

REMARKS:
GCURSOR specifies the display starting point for the dot pattern to be displayed by
the GPRINT command.

The screen consists of 240 columns of 32 rows of dots, which can be addressed by
column numbers 0 to 232 and row numbers 0 to 31. Any dot on the screen can
therefore be addressed as a starting point by specifying the column number with ex-
pression 1 and the row number with expression 2.

0 o~ 239

31

EXAMPLE:
5: CLS
10; GCURSOR {(115,20)
20: GPRINT "1824458F452418"

This program prints the following dot pattern near the center of the screen {the display starting point indi-
cated by the shaded box s not displayed):

I T N I |
|

4
! I

Display starting point (115,20)
Note:
The values of expressions 1 and 2 may range from 32768 to 32767. It should be
noted, however, that if the value of expression 1 is outside the range of 0 to 239 or
that of expression 2 is outside the range of 0 to 31, the display starting point will be-
come a virtuat point which is outside the screen boundaries.
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Location (0,7) is automatically assumed as the display starting point if the RUN com-
mand is executed or [SHIFT]+[_CA |is pressed.

If a program is started with GOTO, only the row number specified by this command
is maintained, with the column number automatically reset to zero.

g

GLCURSOR D

FORMAT: GLCURSOR (expression 1, expression 2)

Abbreviation: GL.
See Also:

PURPOSE:
Moves the pen.

REMARKS:

LCURSOR is effective only in the Graphics mode and is used to move the pen in
the X or Y direction trom the ongin. The pen moves w the coordinates specified by
expression 1 (X coordinate) and expression 2 (Y coordinate). The value of each ex-
pression must be within the range of ~889 to 989. The minimum amount of move-
ment (a value of 1) is 0.2 mm in either direction.

+Y 1
GLCURSOR (60,40}
- / Moves the pen to the point

1 (X =80,Y =40).
I

40 ;
|

—X 0 oy
Crigin 60
=Y

Note:

Moving the pen in the +Y direction means that the paper must be fed in the reverse
direction.

Refer to the operation manual of the printer for the scissoring area.

EXAMPLE:

10: GRAPH

20: GLCURSOR (60,40) Moves the pen to the point
(X = 60, Y = 40).
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GOSUB...RETURN "

FORMAT: line number
GOsuUB {*Iabel }
{

RETURN

Abbreviation: GOS. RE.
See Also: GOTO, ON..GOSUB

PURPOSE:
Diverts program execution to a BASIC subroutine.

REMARKS:
When you wish to execute the same group of statements several times in the

course of a program, it is convenient to use the BASIC capability for subroutines
using GOSUB and RETURN,

The group of statements is included in the program at some location where they
are not reached in the normal sequence of execution. A common location is follow-
ing the END statement that marks the end of the main program.

At each location in the main body of the program where a subroutine is to be ex-
ecuted, include a GOSUB statement with a line number or Xlabel that indicates the
starting line number of the subroutine. The last line of each subroutine must be a
RETURN.

When GOSUB is executed, the computer transfers control to the indicated line num-
ber or xlabel and processes the statements until a RETURN is reached. Conirol is
then transferred back to the statement following the GOSUB.

Subroutines may be “nested” up to 36 levels deep. (See Appendix F.)

Since there is an ON...GOSUB structure for choosing different subroutines at given
locations in the program, the expression in a GOSUB statement usually consists of
just the desired line number or xlabel.

EXAMPLE:

10: GOSUB 100
20: END

100: PRINT "HELLO"
110: RETURN

When run, this program prints HELLO once.
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GOTO b

FORMAT: ~~7q {Iine number}

*|abel

Abbreviation: G.
See Also: GOSUB, ON...GOTO, RUN

PURPOSE:
Transfers program control to a specified line number or xlabel.

REMARKS:

GOTO transfers control from one location in a BASIC program to another location.
Unlike GOSUB, GOTO does not “remember” the location from which the transfer oc-
curred.

Usually, a program is executed sequentially from the smallest line number. How-
ever, execution can be transferred to the line with the given line number or xlabel.
Program execution can be started from the specified line by specifying a GOTO
statement as direct input in the RUN mode. The transfer destination is specified by
entering the line number or xlabel after the GOTO command.

Example:
GOTO 40 Jumps to line 40
GOTO xAB  Jumps fo the line with label xXAB

if the specified line number or Xlabel does not exist, an error occurs.
If two or more identical ¥labels are included in a program, program execution trans-
fers to the line with the lower line number.

EXAMPLE:

10: INPUT AS

20: IF A% ="Y" GOTO 50
30: PRINT "NO"

40: GOTO 60

50: PRINT "YES"

60: END

This program prints “YES” if a “Y" is entered and prints “NO” if anything else is entered.
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GPRINT D

FORMAT:

1. GPRINT “string”
2. GPRINT expression [; expression; expression: o]
3. GPRINT

Abbreviation: GP.
See Also: GCURSOR, PRINT

PURPOSE:
Displays the specified dot pattern.

REMARKS:
The GPRINT command displays the specified dot pattern. Each column of bit image
data is represented by 8 vertical dots.

In format 1, the 8-dot pattern is divided into a lower group of 4 dots and an upper
group of 4 dots. Each group of dots is then represented by a hexadecimal number.
The string is enclosed by “ .

Hexadecimal Dat Hexadecima! Dot Hexadecimal Dot Hexadecimal Dot
number pattern number pattern number pattern number pattern

1 B 5 H 9 E D i

2 E 6 i A E E i

GPRINT "00 QO Q0 O

—— —— ——

L]
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Each pair of hexadecimal numbers
represents one vertical dot pattem
(of 8 dots). The first number
represents the lower 4 dots, the
second number represents the
upper 4 dots.




Example:

T T 7T 11 Represents the upper 4-dot pattern ]
GPRINT 1l 02812FD122810" [ Upper 4 dots
tobol

Lt Represents the lower 4-dot pattern |

Lower 4 dots

GPRINT 16;40;18:253;18;40;16 produces the same dot pattern.
Specify a semicolon (;) at the end of the string to automatically move the cursor to
the next position.

In format 2, the vertical 8-dot pattern is specified using a hexadecimal or decimal
value. A “weight” is assigned to each dot in the vertical 8-dot pattern, as shown
below.

-— 1
-— 2

-— 4

Weight of each dot

Weight of each dot
(hexadecimal)

{decimal)

-~ 8
-

- 20

[TTI1 1]

-— 40 -~ &4

Ij“— I : 1 w128

Specify the dot pattern with a numeric value equal to the sum of the “weights” of
the dots to be displayed. The value may be any number between 0 and 255.

in format 3, the previously specified and displayed pattern is displayed without
modification. :

The dot pattern specified in the GPRINT command wili be displayed beginning with
the 8 dots on and above the display starting point specified by the GCURSOR com-
mand.

Note:

If the GPRINT command is terminated with ©; *, a subsequent GPRINT command
takes effect from the next cursor position {the “; " concatenates the commands). If
the GPRINT command is terminated with “: " or by pressing [«— |, the horizontal
position returns to 0.
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EXAMPLE:

10: AAS = "102812FD122810"
20: GCURSOR (60,20)

30: GPRINT AAS;AAS:AAS

8 dots

The 8 dots above and including the
display starting point (60,20) specified
by the GCURSOR command are used
to display the first value given In
GPRINT.

GRAD

o

FORMAT: GRAD

Abbreviation: GR.
See Also: DEGREE, RADIAN

PURPOSE:
Changes the form of angular values to gradient form.

REMARKS:

The computer has three forms for representing angular values: decimal degrees,
radians, and gradient. These forms are used in specifying the arguments to the
SIN, COS, and TAN functions and in returning the results form the ASN, ACS, and
ATN functions.

The GRAD function changes the form for all angular vaiues to gradient form until
DEGREE or RADIAN is used. Gradient form represents angular measurement in
terms of percent gradient, i.e., a 45° angle is a 50 percent gradient.

EXAMPLE:

10: GRAD

20: X = ASN 1

30: PRINT X

X now has a value of 100, i.e., a 100 gradient, the arc sine of 1.
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GRAPH b

FORMAT: GRAPH

o

Abbreviation: GRAP.
See Also: LTEXT

PURPOSE:
Sets the printer in the Graphics mode.

REMARKS:

GRAPH switches the printer from the Texi mode to the Graphics mode for drawing
a graph.

The printer is automaticaily released from the Graphics mode and returns to the
Text mode after the execution of the LLIST command.

To print characters in the Graphics mode, LPRINT is used in either of the following
twao formats:

(1) LPRINT “P character string”

@ LprINT “P"{+} string variable

Notes:

1. If you interrupt printer operation by pressing the key while the printer is
drawing a figure in the Graphics mode, be sure to enter:

LPRINT
If you fail to do this, subsequent commands to the printer may be executed incor-
rectly.
2. To return the print head to its leftmost position, enter:

LTEXT

LPRINT
In this case the printer will be released from the Graphics mode.
3. When any of the printer-related commands effective only in the Graphics mode
(CIRCLE, CROTATE, GLCURSOR, etc.) are used in the Text mode, the printer
will print characters according to the character code.

EXAMPLE:

5. OPEN

10: GRAPH 5

20: GLCURSOR (200,-30}

30: LPRINT "PABCDEF" ABCDEF
40: LTEXT

50: LPRINT

B60: END
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HEX$

FORMAT: HEXS$ expression

Abbreviation: H.
See Also:

PURPOSE:
Converts a decimal number into its hexadecimal character string equivalent.

REMARKS:
The value of the expression must be in the range of ~9999999999 to 9999999999,
The resulting hexadecimal character string will be up to 10 digits long.

EXAMPLE:
C$ = HEX$12 + HEX$15

C$ is assigned the character string "CF".
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IF...THEN...ELSE

FORMAT: line number line number
IF condition THEN < +label [ELSE ;*label ]
statement statement

Abbreviation: IF T. EL.
See Also: AND, OR, NOT, XOR

PURPOSE:
Conditionally executes a statement at the time the program is run.

REMARKS:

When the condition of the IF statement is true, the stafement following THEN is ex-
ecuted; if it is false, the statement following ELSE is executed. When the ELSE
statement is omitted and the condition is false, the statement following THEN is
skipped.

If THEN or ELSE is followed by a GOTO statement, either THEN or GOTO may be
omitted (ELSE statement must be inciuded).

Example 1:

iF A< THEN C=A%B:GOTO 50
If A is smaller than 5, then assign the product, AxB, to C and go to line 50.

Example 2:
IF B=C+1 GOTO 60 ELSE 100
or
IF B=C+1 THEN 60 ELSE 100
i B equals C+1, then go to line 80; otherwise go to line 100.

The condition (e.g. A<5) of the IF statement can be any relational expression as
listed beiow:

Relational expression Description
OO = xx Equal to
OO0 » xx Greater than
OO0 »=%xx No less than
OO0 < xx Less than
OO <=xx No greater than
QO <> xx Not equal to

Note: O O and x x represent expressions (5%4, A, 8, efe.).
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More than one relational expression can be linked with the logical operators “x” or
“+". For example:

[F (A>5)x(B>1) THEN ....
If A is greater than 5 and B is greater than 1, the statement following THEN is ex-
ecuted. Logical operator “AND” may be used in place of “.

IF (A>5)+(B>1) THEN ....
If A is greater than 5 or B is greater than 1, the statement following THEN is ex-
ecuted. Logical operator “OR” may be used in place of “+".

Using Character Strings in Relational Expressions

The magnitudes of character strings can be compared when used in a relational ex-
pression of an IF...THEN...ELSE statement. The magnitudes of character codes are
compared. For example, characters A, B, and C have codes 65, 66, and 67, respec-
tively. So A is smaller than B, and B is smaller than C.

EXAMPLE:

10: INPUT"CONTINUE?";A$

20: IF A$="YES" THEN 10

30: IF A$="NCO" GOTO 60

40: PRINT "YES OR NO, PLEASE"
50: GOTO 10

Note:
Whenever a variable name is to be followed by a statement, be sure to insert a
space between them, for example:
100 IF A=B.__THEN 200

A space is needed.
Pay special attention to this when you use the IF, FOR, ON...GOTO, or
ON...GOSUB command.
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INIT

FORMAT: 1.INIT “d:?K"
d:EF
2. INIT “d:”
d: X, E, F

Abbreviation: NI
See Also:

PURPOSE:
Initializes a disk (RAM or pocket disk).

REMARKS:
Format 1 specifies the data file areas on RAM disks E and F. The data file area
lets you use programs and data as if they were stored in external storage.

Specify the size (?) of the data file area in kilobytes. The allowable size for RAM
disk E is 2 to 27. For RAM disk F, the allowable size is 2 to (RAM card capacity
minus 1).

For example, an area size of 2 to 31 can be specified for a 32K-byte RAM card.
Note, however, that these nominal sizes may not be available depending on the
size of system area or variable area used.

When this command is executed, the sysiem asks if you are sure you want to
delete the existing contents of the RAM disk. I yes, press . If no, press

[ H_].When[ N _]is pressed, the contents of the RAM disk file area are not af-
fected.

When initializing RAM disk F, the RAM card must be installed and formatted (see 3.
RAM CARD).

If “DK” is specified in format 1, the command clears the file area and cancels area
definition.

If RAM disk E or F is specified as the device name in format 2, the same size as
the current RAM disk area is initialized.

The pocket disks are double-sided. To initialize the reverse side, turn it over, insert
it into the drive, and type INIT “X:" again.

Notes:

1. When you wish to use a RAM card as RAM disk F, the card must first be for-
matted before executing the INIT command. (See 3. RAM CARD)

2. When using a new pocket disk for the first time, initialize it with the INTT com-
mand.

3. When the size of the current disk area is to be changed, its contents must be
cleared.
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INKEY$ ]

FORMAT: INKEY$

Abbreviation: INK.
See Also:

PURPOSE:

Gives the specified variable the value of the key pressed while the INKEY$ function
is executed.

REMARKS:

INKEY$ is used to respond to the pressing of individual keys without waiting for the
key to end the entry.

See the foilowing table for a list of applicable keys and the characters that are
returned.

The INKEY$ command reads the [SHIFT| or key if it is pressed. Thus, it is un-
able to read the function or symbol key that is pressed following either of these
keys.

EXAMPLE:
5: CLS: WAIT 60
10: IF INKEY$< =" " THEN 10
15: A$=INKEY$
20: B=ASC A$
30: IF B=0 THEN 10
40: IF B ...

Lines 40 and beyond contain tests for the key and the actions to be taken (for example: 60: PRINT B).
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INKEY$ Character Code Table

High) 1 2 3 4 5 8 9 F

Low

0 SHIFT | SPACE| © P PFi

1 2ndF | hyp 1 A Q In PF2

2 C-CE 2 B R log PF3

3 I FSE 3 C S PF4

4 T ANS 4 D T PF5

5 i) CAPS 5 E U —HEX| sin

6 RCL | CTRL 6 F v cos

7 STO | BS 7 G W 1/% tan

8 BASIC ( 8 H X 'S

9 MENU ) 9 I Y

A OFF | +/— X J z

B INS + : K —DEG

c DEL s L

3] ] - = M

E > & . N ¥

F - EXP +/ 0

s The key functions as a Braeak key.
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INPUT "

FORMAT: 1.INPUT variable [,variable]
2. INPUT “prompt string”, variable [ [“prompt string”], variable]
3. INPUT “prompt string”; variable | [“prompt string"}; variable]

Abbreviation: |.
See Also: INPUT#, INKEY$, READ, LOCATE

PURPOSE:
Allows entry of one or more values from the keyboard.

REMARKS:

When you want to enter different values each time a program is run, use INPUT to
enter these values from the keyboard.

Format 1 displays symbol “?” to prompt data entry. If data is entered and the
key is pressed at this prompt, the system assigns the data to the variable and
resumes program execution.

If more than one variable is specified, the data prompt is repeated the correspond-
ing nurnber of times.

During data prompt, format 2 displays the character string enclosed by double
quotes (“ ") as entry guidance. The guidance disappears when data is entered.

Format 3 also displays entry guidance during data prompt, but the entered data ap-
pears following the entry guidance, which does not disappear.

Formats 1, 2, and 3 may be concurrently used in one INPUT statement: |
INPUT “A=";A,B,“C=7".C

The type of the variables given in the INPUT statement must match the type of
input data. Assign string data to string variables, and numerical data to numerical
variables. If “ABC” is entered in response to a numerical entry prompt, the value as-
signed to variable ABC is assigned. This allows you to enter such value as SIN30.

If the start position is specified using the LOCATE statement before excecuting the
INPUT statement, the prompt string or ? will be displayed at the specified location.

EXAMPLE:

10: INPUT A

20: INPUT "A="A

30: INPUT "A="A

40: INPUT "X=7"X,"Y=2"Y

[10] Puts a question mark at the left margin.

[20] Displays “A=" and waits for data to be entered.

{30] Displays "A=". When data is entered, "A=" disappears and the data is displayed starting at the left
margin.

[40] Displays "X=?" and waits for the first entry. After is pressed, "Y=?"is displayed at the leit
margin.
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INPUTS

(v

FORMAT: 1.INPUT$ (character count)
2. INPUT$ (character count, # file number)

Abbreviation: 1.%
See Also: INPUT#, OPEN, PRINT#

PURPOSE:
Allows input of a character string with the specified number of characters from the
keyboard or a file.

REMARKS:

Format 1 is used to enter a character string with the gh 2n number of characters
from the keyboard. Execution automatically proceeds fo the next statement after a
string has been entered.

The (carriage return) key is also counted as one character.
When entering a string from the keyboard, the OPEN command need not be ex-
ecuted.

Format 2 reads a character string with the given number of characiers from the file
with the given file number. An error occurs if the specified file has not been opened.
The INPUT$ command is valid only for a file which has been opened in the INPUT
mode.

Numerals are treated as characters when read.

Since the INPUT$ command reads the specified number of characters, the data
stored in the file must have the proper format readable by the INPUT$ command.

Note: The INPUT$ command cannot be used for pocket disk files (X:).
EXAMPLE:

100: A$=INPUTS (5, #5)

110: AB$=INPUTS$(20, #5)

This program reads 5 characters Into variable A$ and then 20 characiers into variable AB$ via buffer
No.5.
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Values returned by INPUT$ (from keyboard):
Bylte 1 '
el B[ 1] 2

CTRLF

* SPACE

CTRL A|CTRL Q

Y

6

SHIFT M
(G

CTRL B|CTAL R
INS "
CTRL C|CTRL §

CTRL OjCTRC T

CTRL E|CTRL T

CTRL FICTRCV

CYRL G|CTRL W

CTAC H[CTAL X
B8

CTHL T[CTRLY

CTRL J[CTRLC £

oo INa|lg| N~ o

CTRAL K|CTRL =

Nl—|—/T|mj | |(a|Oo|T|o

CTAL T
cceEl W <
CTRL M
S 4] = | =
CTRL N

1 . > i

Ll /190 o | DEL

* O0H indiicates the beginning of a 2-byte code.

The key operations listed in the following table cause INPUTS to return the following codes in
the 2nd byte following 00H:

3

ZZ|IC | AlC|—zlomimo|lo|lal»|e |~
Y=l NI x ([ El<icldolDio!lo|o
O el el B VI [ PO - I IPC O [P [P [ SN e

CTRL O

Moo W@|r oo~ o o soin=g

Byte 2
Hlgh
v @[ 1 213 /4|5 |8|7|8lalAalB C|D|E|F
iR CIR ==
g % O% - |sat RCL *Re R
; OTRLICTAL | o [STolan SHIET[CTAL e
v 5N
SATFET R -
2 NS e O TR | cos oos™| ==y | S
7 oT - -
3 DA |G TETRL T o ten| ot [S0
HIFT CT. ; inA-
4 lorF SHAE G- | CTRL FSE| sinh | TAB| sinf | 2L
0 Le2 | FSE
TRC | CTAC -
5 IBasic AER eheiol pra | C L ~HEX|cosh SDEC |eosh | I
AL
B8 [venu caL GEnD | B | OTAC ~DEG| tanh | »OMS [kann~ | STHE
o
> TR oI n or CTRC
3 SHIFT] CTAC GTAC o0 0 CTA
SHIFT CTRL CTRL CTRL
9 CAPS CAPS 0APS 8 1z —r8 1
A GTAC : ST CTRL
* M
IF
8 SHIET e STAL ExP . eI
SHTFT| CTRL [CTRLCTR N P
C CA 7y e e S| ¥ I i
D SH_!JFTSH\‘FT CLHL CT‘RL CTRL /S s CIAL
T
E | 2 [ore[FETEET O [CTRCTTRL PY: % CTRL
F CTRL SHIFT CTAL [CTRL Ty SHIFT CTRL
QFF i | +/— 3/=

» Press the key given in the lower row in each box while holding down the or
key.

The key returns the same code as the key.

{ + retumns the same code as {SHIFT| + )
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Note:
Key operations that return 2-byte codes return 2 bytes no matter whether
INPUT$(1) or INPUT$(2) is specified.

EXAMPLE:

10 Z§=INPUT$(1)

20: PRINT HEX$ ASC Z$
30: GOTO 10
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INPUT# :

FORMAT: INPUT# file number, variable, variable, ..., variable

o

Abbreviation: |.#
See Also: OPEN, PRINT#

PURPOSE:
Reads items from sequential files on disk (RAM or pocket disk).

REMARKS:

The file number is the number given to the file when opened for input with the
OPEN statement. The file number must be a number specified in an OPEN state-
ment. If the device name is specified as COM in the OPEN statement, it is not
necessary to open for input with the OPEN statement.

Specify variables as follows:

+ Fixed variables (A, X, etc.)

» Simple variables (CD, EF$, A#, BS$, etc.)
» Array elements (B(10), C$(5,5), etc.)

Note:
Variable names with # at the end are double-precision variables.

An error occurs if the file contains less data than the number of specified variables.
If the file contains more data, the rest of the data is ignored.

The data and variables must be of the same type (e.g., numeric values must be as-
signed to numeric variables, single-precision values to single-precision variables,
double-precision values to double-precision variables, eic.)

Use a comma (.}, space (&H20), CR (&HOD), LF (&HOA} or CR + LF as a delimiter
when data are read into numeric variables. Spaces preceding data are ignored.

Use a comma (,), CR, LF or CR + LF as a delimiter to read data into character vari-
ables. Spaces preceding data are ignored. If a double quotation mark appears at
the beginning of data, data is read up to the next double quotation mark. A comma
in a character string enclosed by double quotation marks is assumed not to be a
delimiter.
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EXAMPLE:

120:

: Ap = "AB" + CHR$ 34 + "CDE" + CHR$ 34

- B$ = CHR$ 34 + "CD,EF" + CHR$ 34

: PRINT A$

: PRINT B$

- OPEN "X:ABC.DAT" FOR QUTPUT AS #2
© PRINT #2,A%;",";B$

: CLOSE

: OPEN "X:ABC.DAT" FOR INPUT AS #2

1 INPUT #2, C$, D$

: PRINT C$

: PRINT D$

CLOSE:END

Execution
RUN AB*CDE"

“CD,EF"
AB'CDE"
CD,EF
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KEY b

FORMAT: KEY key number, character string

Abbreviation: KE.
See Also: KEY$

PURPOSE:
Designates a character string to a programmable function key.

REMARKS:

KEY assigns a command or control string to the function key with the given key
number (KEY6-KEY10 are selected by pressing - while holding down
the key).

Key numbers must be in the range of 1 to 10 for to [PFin], respectively. Up to
31 characters or control characters can be used in the character string.

Use the GCHR$ command for any characters that cannot be entered from the key-
board.

Characters CHR$&H80 to CHR$&HIF and &HEO to &HFF should not be assigned
to function keys.

EXAMPLE:
KEY1,"R.100"+CHR$13

This statement assigns R.100 (RUN 100 [«=—1]) to the key.
KEYB,"GXAB"+CHR$13

This statement assigns G.xAB (GOTO xAB [S=1]) to the [P | key.
Thus, you can execute a statement just by pressing the function key to which the statement string is as-
signed, if you include the key in the string,
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KEY$

FORMAT: KEY$ key number

Abbreviation: KE.%
See Also: KEY

PURPOSE:
Returns the character string assigned to a programmable function key.

REMARKS:

KEY$ returns the character string assigned to the key with the given key number
(KEY8-KEY10 are selected by pressing - while holding down the
key). Sirings can also be returned to string variables.

EXAMPLE:
If string “ABC™" is designated io KEY 3, KEY$ 3 displays ABC. A$=KEY$ 3 assigns
string “ABC" to string variable A$.
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KILL

FORMAT: KILL “d:filename”
d: X,E, F

Abbreviation: K.
See Also: SAVE, SET

PURPOSE:
Deletes a file on disk (RAM or pocket disk).

REMARKS:
Specify the device (d:) and filename. The extension may be omitted i it is blank.

When file names are displayed using the FILES command, files can be deleted by

specifying the file with the or [t ]key and pressing the [_K | and [=—1]
keys.

An error occurs if the specified file does not exist, or is open.
An error occurs if the file attribute is “P”.
Change the attribute to “_" using the SET command to delete a file.

EXAMPLE:
KILL "X:PRO1.BAS"

Deletes the file PRO1.BAS on pocket disk.
KILL "E:PRO1.BAS"

Deletes the file PRO1.BAS on RAM disk E.
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LEFT$

o

FORMAT: LEFT$(“string”,expression})

Abbreviation: LEF.
See Also: MID$, RIGHTS

PURPOSE:
Returns the specified number of characters from the left end of a given string.

REMARKS:
LEFT$ retumns the number of characters specified by the expression from the left
end of the given string.

For example, if A$=ABCD”, LEFT${A$,3} returns the leftmost 3 characters, “ABC”".

EXAMPLE:

10: X$="SHARP"

20: FOR N=1 TO 5

30: LET S$=LEFTS(X$,N)
40; PRINT S$

50: NEXT N

RUN

5

SH
SHA
SHAR
SHARP
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LEN b

FORMAT: LEN “string”

Abbreviation:
See Also:

PURPOSE:
Returns the number of characters in a string.

REMARKS:
The number of characters in the string includes any blanks or non-printable charac-
ters such as control codes or carriage returns.

EXAMPLE:

10: INPUT "ENTER A WORD":A$

20: N=LEN A$

30: PRINT "THE WORD LENGTH IS™:N
40: END

RUN
ENTER A WORD GHERRY
THE WORD LENGTH IS 6

[10] Prompts for a word. In this example, the user enters “CHERRY".
[20] Finds the length of the word.
[30] Prints out the answer.
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LET o

FORMAT: 1.LET numeric variable = expression
2. LET string variable = string

Abbreviation: |.E.
See Also:

PURPOSE:
Used to assign a value to a variable.

REMARKS:

LET assigns the value of the expression to the designated variable. The type of the
expression must maich that of the variable; i.e. only numeric expressions can be as-
signed to numeric variables and only string expressions can be assigned to string
variables.

The LET command may be omitted in all LET statements.

EXAMPLE:

10: 1=10

20: A=bxi

30: X$=STR% A

40; |F | >=10 THEN LET Y$=X%+".00"

[10] Assigns the value 10 1o L

[20] Assigns the value 50 o A.
[30] Assigns the value 50 1o X$.
[40] Assigns the value 50.00 to Y§.
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LF

FORMAT: 1.LF
2. LF expression

Abbreviation:
See Also:

PURPQOSE:
This command is used to advance the printing paper (CE-515P).

REMARKS:
LF is effective only in the Text mode.

[n format 1, the printer advances the paper by ane line.
In format 2, the printer advances the paper by the specified number of lines.

The value of the expression must be within the range of —-999 to 999,

If the value of the expression is a positive value, the paper is advanced in the for-
ward direction. If a negative value is given, the paper is advanced in the reverse
direction.

Note:

The line spacing when LF is executed will be the same as that specified by CSIZE.
EXAMPLE:

LF10 Advances the paper 10 lines,
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LFILES b

FORMAT: LFILES ['[d] [filename]"]
d: X,E, F

Abbreviation: LF.
See Also: FILES

PURPOSE:
Prints out the names and attributes of the specified file(s) stored on disk.

REMARKS:

When the device name is omitted, the one given in the last file statement is as-
sumed. For example, if the last file statement is FILES“E:", RAM disk E is assumed
as the device.

Specify a particular filename to print out the name and attributes of that file only.
Do not include a filename if you want to print out the names and attributes of all
files on disk.

A filename must always be followed by a file extension. Printout appears as
sfilaname.ext attribute.” (See the SAVE and SET commands.)

Wildcards (x and ?) can be used to specify filenames.

EXAMPLE:
LFILES Prints all the files within ihe device given in the last file command.
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LINE >

FORMAT: LINE [(expression 1, expression 2)] — {expression 3, expression 4)

S , B
[, )F(l ] [.expression 5] [’{BF}]

Abbreviation: LIN.
See Also: GCURSOR, PSET

PURPOSE:
Used to draw a line between two specified points.

REMARKS:
LINE is used to draw a line from the coordinates specified by (expression 1, expres-
sion 2) to the coordinates specified by (expression 3, expression 4).

Example:

LINE(0,0) - (239,31)

This statement draws a diagonal line from the upper left corner to lower right corner
of the screen.

The values of expressions 1 through 4 should be within the range of —32768 to
32767. To specify points within the screen, use the following range of values:

Expressions 1 and 3: 0 to 239
Expressions 2 and 4: 0 to 31

No error occurs if coordinates outside the screen are specified, provided that the
values of the expressions are within the range of —32768 to 32767. In this case
only the portion of the line within the range of the screen will appear.

(Expression 1, expression 2) may be omitted. If omitted, a line is drawn from the
origin (0, 0) or from the point specified by (expression 3, expression 4} used in g
previous LINE statement.

Example:

5: CLS

10: LINE (10,0) — (239,16)
20: WAIT:LINE — (100,31)

Note:

Since the screen is made up of a matrix of dots, a diagonal line may appear as a
staircase, and curves may not appear as complete curves.
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Options S, R, and X are used to set, reset, or reverse the specified line on the

screen. .

S: Draws a line while activating the corresponding dots on the screen (set).

R: Draws a line while deactivating the corresponding dots on the screen (reset).
This option is useful to draw a line in reverse video or to erase an existing line.

X: Draws a line, activating the corresponding dots if they are inactive, or deactivat-
ing the corresponding dots if they are already active (reverse).

The default parameter is S.

Expression 5 is used to specify the type of line by a value from 0 to 65535. For ex-
ample, if the value of expression 5 is 26214 (&H6666), the following line is drawn:

SR ER L NE S

16 dois The same dot pattern appears repeatedly to draw a dotted line.

Binary representation of 26214 (&H6666) is:
0110011001100110

If you compare this bit pattern with the dot pattern above, you will notice that the
dots corresponding to “one” bits are activated while those corresponding to “zero”
bits are not. Thus, the type of line is determined by the binary 16-bit pattern of the
value of expression 5. If the value is zero, no line appears; and if it is 65535
(&HFFFF), a solid line is drawn. A solid line Is also drawn if expression 5 is omitted.

If option R is specified, the dots corresponding to “one” bits are deactivated on the
screen; if option X is specified, the status of the dots corresponding to “one” bits
are reversed.

Options B and BF are used to draw a rectangle whose opposite corners are
specified by (expression 1, expression 2) and (expression 3, expression 4).
Option B is used to draw a line rectangle.

Option BF is used to draw a solid rectangle.

EXAMPLE:

10: CLS : WAIT D

20: AAS = "102812FD122810"

30; GCURSOR (64,20)

40: GPRINT AA$:AA$;AAS

50: LINE(24,0)-(124,31),&HF18F,B
60: LINE(34,3)-(114,28),X,BF

70: GOTO 60
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LIST

FORMAT: 1.LIST
2. LIST line number
3. LIST =label

Abbreviation: L.
See Also: LLIST, PASS

PURPOSE:
Displays a program.

REMARKS:
Valid only as direct input in the PRO mode.

In format 1, the program is displayed from its first line until the display is full,

In format 2, the program is displayed from the specified line number until the dis-
play is full. Use the key to advance to the next line in the list. If the line for
the specified number does not exist, the program will be displayed from the line
with the next largest number that does exist.

In format 3, the program is displayed from the line with the specified label until the
display is full.

If a password has been set, the LIST command is ignored.
An error will oceur if a xlabel is specified which does not exist'in the program or a
line number is specified which is past the last line number in program.

EXAMPLE:
LIST 100

Displays line number 100,
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LLINE :

FORMAT: LLINE [(expression 1, expression 2)] — (expression 3, expression 4)
[.expression 5] [,expression 6] [,B]

Abbreviation: LLIN.
See Also: RLINE, PAINT, COLOR

PURPOSE:
Used to draw a line between two specified points (CE-515F).

REMARKS:

LLINE is effective only in the Graphics mode and is used to draw a line from the
coordinates specified by (expression 1, expression 2) to the coordinates specified
by {expression 3, expression 4).

(Expression 1, expressien 2) may be omitted. If omitted, a line is drawn from the
current pen position to the coordinates specified by {expression 3, expression 4).

Expression 5 is used to specify one of the following types of lines by giving a value
(0 to 15) to the expression. The default value of expression 5 is 0.

Expression 6 is used to specify the color of the line to be drawn. The value of ex-
pression 6 may be within the range of 0 to 3. (Refer fo the COLOR command for
the color specified by each value.)

Expression 6 may be omitted. If omitted, the previous value is assumed.
If B is specified at the end of the LLINE command, a rectangle is drawn using coor-
dinates specified by (expression 1, expression 2) and (expression 3, expression 4)

as the end points its diagonal.

Example:
LLINE (10,20)—(200,-20},2,0,B

Note:
(Expression 1, expression 2) cannot be omitted when drawing a rectangle.
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EXAMPLE:
5: OPEN
10: GRAPH:RANDOMIZE
20: GLCURSOR (240, —120)
25: SORGN
30: FOR J=0 TO 340 STEP 20
40: A=107 xCOS J
50: B=107 %SIN J
60: R=RND 4-1 \

;g ll(ILEI)I\(I’II% 50’0)_(A'B)’0'H This figure is actually printed in color.

90: LTEXT
100: LPRINT
110;: END

[20] Moves the pen to near the center of the paper and designates it as the origin of coordinates for
drawing figure.

[60] Random number 0 to 3 is assigned to R.

[70] Color is specified by the value of R,

[90-100] The printer refurns to the Text mode and moves the print head to its leftmast position.

Specification When Drawing Lines Continuously
LLINE in the following format allows the printer to draw lines continuously.

LLINE (expression 1, expression 2) — (expression 3, expression 4)
— {expression 5, expression 6) — (expression 7, expression 8)
—~ (expression 9, expression 10) — {expression 11, expression 12),
exprassion 13, expression 14

In the above format, a line connecting the point specified by (expression 1, expres-
sion 2) to the point specified by (expression 3, expression 4), and a line connecting
the point specified by (expression 3, expression 4) to the point specified by (expres-
sion 5, expression 6), etc. can be drawn continuously. A maximum of six coordinate
pairs can be specified.
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LLIST b

FORMAT: 1.LLIST
o LLIST {line number} =]

*label
3. LLIST [line number 1],[line number 2]

Abbreviation: LL.
See Also: LIST, PASS, OPEN, CONSOLE

PURPOSE:
Prints out a program on the optional printer.

REMARKS:
Valid only as direct input in the PRO or RUN mode.

When the serial /O interface has been opened using the OPEN command, the
LLIST command outputs the program to the serial /O interface terminal.

To return the program print command to the printer (CE-126P), execute the CLOSE
command.

Format 1 prints or sends all of the programs in memory.

Format 2 prints or sends only the program line for which the number ot iabel is
specified.

Format 3 prints or sends the statements from line number 1 through line number 2.
There must be at least two lines between the numbers,

Either line number 1 or line number 2 may be omitted. If line number 1 is omitted,
the program listing is printed from its first line through line number 2. If line number
2 is omitted, the program listing is printed from line number 1 through the end of
the program.

If the line with the line number given in format 2 does not exist or the lines with line
numbers 1 and 2 given in format 3 do not exist, the nearest larger numbers are as-
sumed.

If a password has been set, the LLIST command is ignored.

The number of print columns per line is set by the CONSOLE command. If set to

23 columns or less, executing the LLIST command results in an error. Use the
OPEN command to specify delimiter codes.
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EXAMPLE:
LLIST 100, 200

Prints program listing between line numbers 100 and 200.

LLIST ,200

Prints program listing from the first line through line 200.

LLIST 100,

Prints program listing from line 100 through the last line.
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LOAD 0

FORMAT: LOAD [“d:filename”[,R] ]
d: X, E, F, CAS, COM

Abbreviation: LOA.
See Also: SAVE, CHAIN, MERGE, LOAD?

PURPOSE:
Loads a BASIC program.

REMARKS:

LOAD loads a program with the specified filename. An error occurs if the program
area is exceeded as a result of loading of a program. In such a case, clear un-
necessary variables from the data area.

If program filenames have been displayed with the FILES command, the desired
program can be simply loaded by first choosing it with the or key, then
entering [—].

If all options are omitted, the program is loaded through the serial /O port.
The file extension may be omitted only if it is “.BAS"
When the device name (d:) is CAS or COM, only ASCIi code data is valic.

if a load error occurs, a program written in intermediate format will not be loaded at
all, but a program written in ASCII format is loaded to the line just before the line
where the error occurred.

Specify “,R” to run the program as soon as it is loaded.

While a program is being loaded, all files are closed, and all values or variables
specified for the USING, ON ERROR GOTO, WAIT, LOCATE, ERL, and ERN com-
mands are cleared.

Up to 256 bytes of program code can be loaded at a time. An error occurs if no
delimiter is encountered before loaded data exceeds 256 bytes.

When a serial /O device is used for loading, delimiters and the end-of-file code
may be set with the OPEN command. (if no end-of-file code was received, use the
key to siop loading.}

When a delimiter is received, the computer translates the loaded data into a inter-
mediate format. An error occurs if a single line exceeds 256 bytes or the first char-
acter of a line is not a numerical character (line number).
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LOAD? b

FORMAT: LOAD? [“dfilename”)
d: X, E, F, CAS, COM

Abbreviation: LQOA.?
See Also: LOAD, CLOAD?

PURPOSE:
Compares a program saved on a device with one stored in memory.

REMARKS:
LOAD? compares the program with the given filename with the one in memory. An
error occurs if a mismatch was found during comparison,

if all options are omitted, LOAD? compares the program read from the serial /O
port with the one in memory.

The file extension may be omitted only if it is “.BAS".

When the device name (d:) is CAS or COM, only ASCII format data is valid.

Up to 256 bytes of program code can be loaded at a time. An error occurs if no
delimiter is encountered before loaded data exceeds 256 bytes.

When a serial I/O device is used for loading, delimiters and the end-of-file code
may be set with the OPEN command. (If no end-of-life cade was received, use the

key to stop loading.)
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LOC

FORMAT: 1.OC file number

o

Abbreviation:
See Also: OFEN

PURPOSE:
Returns the current pointer position {logical) in a file.

REMARKS:

The LOC command returns the number of records read or written since the file with
the specified number was opened. One record is 256 bytes long. If the device
name is COM (communication), LOG returns the number of data bytes stored in the
10-character (20-byte) buffer.

An error occurs if a file with the specified number has not been opened.

EXAMPLE:

10: OPEN "CFILEO1" FOR INPUT AS #2
20: {F EQF(2) THEN 50

30; INPUT #2,N

40: GOTO 20

50: M=LOG(2)

80: PRINT "THE FILE HAS";M;"RECORDS"
70: CLOSE #2

80: END
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LOCATE D

FORMAT: 1. LOCATE [expression 1] [,expression 2]
2. LOCATE

Abbraviation: LO.
See Also: CLS, INPUT, PRINT, PAUSE, GCURSOR

PURPOSE:
Specifigs the display start position in column units.

REMARKS:
Specifies the display start position in units of a character position for the contents
displayed by the PRINT command, PAUSE command, etc.

The display position is specified as follows using format 1.

Horizontal position (specified by expression 1)
O '] 2 3 4 ............................................................ 38 39

W =0

1 Vertical position (specified by expression 2}

A position on the display is specified by its horizontal and vertical positions. Expres-
sion 1 specifies the horizontal position, and expression 2 specifies the vertical posi-
tion. The range of expression 1 is 0 to 39, and the range of expression 2 is ¢ to 3.

An error occurs if the expressions are not specified within these ranges.

When expression 1 or expression 2 is omitted, the current position is assumed.
When a comma (,} or semi-colon (;) is not placed at the end of the statement (e.g.
PRINT "ABC”), the start position for the next display command moves to the
horizontal position of the next line.

Example:

10: CLS

20: LOCATE 2,1: PRINT "ABCDE"
30: LOCATE ,2: PRINT 123"

ABCDE
123

Format 2 clears the display start position.

Using the LOCATE command aliows text to be written to any part of the display
without affecting existing text except where characters are directly overwritten. Use
the CLS command to clear the whole display.

If the number of characters exceed the limits of the display, the display is scroiled
to show all the characters, even if the display start position was specified with the
LOCATE command.
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LOF

FORMAT: LOF file number

Abbreviation:
See Also: OPEN

PURPOSE:
Returns the size of the specified file.

REMARKS:

The LOF command returns the size of a file with the specified file number. The ac-
tual size of the file is displayed in bytes.

If the device name is COM (communication), this command returns the byte count
remaining in the 10-character (20-byte) buffer.

An error will oceur if the specified file is not open.

Pocket disks are used in units of 512 bytes, RAM disks E and F in units of 256
bytes; the total size of all files will not be equal to the total used pocket or RAM
disk area {number of byies).

EXAMPLE:

10: OPEN "X:FILEO1" FOR INPUT AS #2

20: N=LOF(2)

30: PRINT "FILEO1 FILE SIZE IN BYTES IS ";N
40: CLOSE #2

50: END

[16] Opens the file FILEO1 for input.
[20-30] Firds the size of the fils and prints out the value,
{40} Closes the file.
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LPRINT >

FORMAT: 1. LPRINT {expression} { {expressionH (]
string string

expression| [, |expression| | ..
2. LPRINT {string H’ {string H 1

. ». |&xpression| | [,| [expression ,
3. LPRINT USING “format”; {strin g } H} {string H H}]
4. LPRINT

Qo

Abbreviation: |P.
See Also: PRINT, USING, OPEN, CONSOLE

PURPOSE:
Qutputs given data to the printer.

REMARKS:

When the serial I/O interface is opened with the OPEN command, the LPRINT com-
mand outputs the program to the serial I/Q interface terminal. To return the printing
command to the CE-126P Printer, execute the CLOSE command.

When printing characters in Graphics mode, see the GRAPH command.

When a comma (,) or semicolon (;) is placed at the end of the statement, the next
LPRINT command in the program will print its data directly after the data printed by
the first LPRINT.

If a single item is specified using format 1 for the CE-126P Printer, numerical
values are printed from the right margin of the paper; strings from the left.

For output to the CE-515P Printer or the serial IO terminal, both numerical values
and strings are printed from the left margin.

Results of double-precision calculations longer than 24 digits or strings exceeding
24 characters or those exceeding the number of columns specified by the GON-
SOLE command are automatically wrapped round to the next line when printed.

Separate expressions or strings using commas () to divide the 24 columns of each
printer line into 12-column areas, Single-precision numerical values or strings are
printed in each of these areas; numerical calculations are printed from the right mar-
gin of each 12-column area, strings from the left. However, in Double-Precision
mode, single-precision values are printed using the same number of columns as
double-precision values. Strings longer than 12 characters are printed from the ieft
margin of the first area and extend into the second area: for numerical values
longer than 12 digits, the extra part of the mantissa is truncated when printed.

Format 2 prints out data in succession from the left margin.

When a semicolon (;) is placed at the end of the statement, the next LPRINT com-

mand in the program will print its data in succession to the data printed by the first

LPRINT. When a serial 10 device is used, a delimiter code is transferred each time
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data with the number of columns specified by the CONSOLE command is output.

Format 3 prints out data in the exact format specified in the statement. Either a
comma (,) or semicolon (;) may be used as a separator.
For the format for USING, see the USING command.

Format 4 prints only delimiter codes. If the preceding LPRINT statement is ter-
minated with a semicolon (;) with unprinted data left in the buffer, format 4 prints
that data.

EXAMPLE:
LPRINT AB#,A,B
LPRINT AB#:A;B;Z%

LTEXT

FORMAT: LTEXT

Abbreviation: LT.
See Also: GRAPH

PURPOSE:
Sets the Text mode (CE-515P).

REMARKS:
LTEXT is used 1o select the printer to the Text mode for printing aiphabetic and
numeric characters.

Note:

The printer is automatically put in the Text mode when LLIST is executed. Be sure
to set the operation mode with either GRAPH or LTEXT after an Auto OFF, and
each time the power switch of either the computer or the printer is turned on.

EXAMPLE:
LTEXT Sets the Text mede.
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MDF D

FORMAT: 1. MDF (expression)
2. MDF {expression, threshold number)

Abbreviation: WMD.
See Also: USING

PURPOSE:
Rounds up the value of an expression.

REMARKS:
The MDF function rounds the value of an expression to the number of decimal
places specified by the USING command.

MDF is effective only when the number of decimai places is specified for a value by
the USING command.

Format 1 uses the standard default threshold number of 4. This means that if the
first digit of the truncated part is more than 4, one is carried to the non-truncated
part. This threshold number can be specified using format 2.

EXAMPLE:

10: USING "#it# st
20: A = MDF (5/9)
30: PRINT A

40: USING

50: PRINT A, 5/9
60: END

Display

RUN 0.556
0.556 5.55555E-01
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MEMS$ b

FORMAT: MEM$

L=

Abbreviation: ME.
See Also

PURPOSE:
Indicates RAM card configuration.

REMARKS:

The returned character indicates the memory access condition. “S1” means that the
external RAM card is not being used. "S2” means that only the external RAM card
is being used. “B" means that the RAM card is being used as an extention of the in-
ternal memory space.

Refer to “3. RAM CARD” for more details.
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MERGE o

FORMAT: MERGE ‘[d] filename”
d: X, E, F, CAS, COM

Abbreviation: MER.
See Also: LOAD, CHAIN

PURPOSE:
Loads a program file from the specified device and merges it with a program in
memory.

REMARKS:

MERGE retains the program in memery and then loads the specified program.

The program fite to be merged must have ASCII format (see the SAVE command).
Note:

When a program in intermediate format is loaded, an abnormal condition may occur.

It the line numbers overlap, the lines of the specified file replace the lines of the pro-
gram in memory.

If the device name is omitted, the device name used in the last file command is as-
sumed. For example, if the last file command is FILES'E:”, RAM disk E is assumed
as the device name.

An error occurs if the program overflows the program area as a result of a MERGE
command. Clear unnecessary variables, then try MERGE again.

EXAMPLE:

Program in memary Program to be merged (ASCH format)

10: INPUT A, B 10: INPUT A B, C

15: PRINT A, B 20 8=(A+B+C)2

20. C=3SQR{(AxA +BxB) 30: AREA = SQR (Sx (S - A)x (S~ B) % (S - C))
25: PRINT C 40: PRINT AREA _
30: END 50: END

Program after merge

10: INPUT A, B, C

15: PRINT A, B

20: 5=(A+B+C)y2

25: PRINT C

30: AREA = SQR (S (S- A) x{S~B) % (S - C))
40: PRINT AREA

50; END

The contents of lines 10, 20, and 30 are replaced with those of the same lines of the loaded
program.
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MID$ b

FORMAT: MID$(string,N,M)

o

Abbreviation: M.
See Also: LEFT$, RIGHTS$

PURPOSE:
Returns a string of M characters from inside a string starting from the Nth character
in the string.

REMARKS:

If N is greater than the number of characters in the string, a null string is returned.
If N is less than 1, an error occurs. M must be in the range of 0 to 254 and N in
the range of 1 to 254. Fractions will be rounded down.

EXAMPLE:

10: Z$="ABCDEFG"

20: LET Y$= MID$(Z$.3,4)
30: PRINT Y$

Display

AUN CDEF
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NAME o

FORMAT: NAME “d:old filename” AS “new fllename”
d X, E F

Abbreviation: NA.
See Also:

PURPQOSE:
Renames files on RAM or pocket disks.

REMARKS:
The NAME command renames the disk file "old filename” as “new filename™ on the
RAM disk (E: or F:) or pocket (X:) disk.

An error occurs if “old filename” does not exist, or a file with “new filename” already
exists. An error occurs if "old filename” is protected with the “P” (write-protection)
function. An error occurs if “old filename” is open.

The extension can he omitted if it is blank.

EXAMPLE:
NAME "E:CLDNAM" AS "E:NEWNAM"

Names file QLDNAM on the RAM disk E as NEWNAM.
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NEW

FORMAT: NEW

Abbreviation:
See Also: CLEAR, PASS

PURPOSE:
Clears existing programs and data.

REMARKS:

The NEW command clears all programs and data that are currently in memory.
(Programs with passwords cannot be cleared.)

The contents of the AER memories are retained.

EXAMPLE:
NEW
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ON ERROR GOTO

FORMAT:
*|abel

2. ON ERROR GOTO 0

1. ON ERROR GOTO {Iine number}

Abbreviation: Q. ERR. G.
See Also: ERN, ERL, RESUME

PURPOSE:
Sets up an error trapping routine.

REMARKS:

When the error trap function is enabled, control is transferred to the error routine if
an error is detected. An error message is not displayed.

Within an error routine, control can be branched depending on the value of ERN
and ERL. The routine is terminated by the RESUME command.

Format 2 clears declaration of error trapping. Declaration of error trapping is also
cleared in any of the following cases:

(1) RUN command is executed.

(2) Computer is turned off.

(8) A program is loaded.

(4) + is pressed.
The program stops executing if an error occurs within an error routine,

EXAMPLE:
See ERN.
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ON...GOSUB "

: (i ;
FORMAT: ON expression GOSUB il;?:bgﬂnber 1} ) {i?:bgt"glber 2} yoen

Abbreviation: ©. GOS.
See Also: GOSUB, GOTO, ON...GOTO

PURPOSE:
Executes one of a set of subroutines, depending on the value of a control expres-
sion.

REMARKS:

When ON...GOSUB is executed, the expression between ON and GOSUB Is
evaluated and reduced 1o an integer. If the value of the integer is 1, control is trans-
forred to line number 1 or xlabel 1 in the list, as in a normal GOSUB. If the expres-
sion is 2, control is transferred to line number 2 or *label 2 in the list, and so forth.

Note:
Be sure to place a space just before the GOSUB command. Otherwise it may be
regarded as a variable.

If the expression is zero, negative, or larger than the number of line numbers
provided in the list, no subroutine is executed and execution proceeds with the next
statement or line of the program.

An error ocours if the value of the expression is -32769 or less or 32768 or more.
Use commas (,) fo separate line numbers or xlabels in the list.

EXAMPLE:
10; INPUT A
20: ON A GOSUB 100,200,300
30: END
100: PRINT "FIRST"
110; RETURN
200: PRINT "SECOND"
210: RETURN
300: PRINT "THIRD"
310: RETURN

An eniry of 1 displays "FIRST"; 2 displays “SECOND™ 3 displays “THIRD". Any other entry does not
produce any display.
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ON...GOTO

FORMAT: ON expression GOTO {Elr;ebglu;nber 1} , {E{;ebgluglber 2} -

Abbreviation: 0. G.
See Also: GOSUB, GOTO, ON...GOSUB

PURPOSE:
Transfers control to one of a set of locations, depending on the value of a control
expression.

REMARKS:

When ON...GOTO is executed the expression between ON and GOTO is evaluated
and reduced to an integer. If the value of the integer is 1, control is transferred to
line number 1 or Xlabel 1 in the list. If the expression is 2, control is transferred to
line number 2 or xlabel 2 in the list, and so forth.

Note:

Be sure to place a space just before the GOTO command. Otherwise it may be
regarded as a variable.

If the expression Is zero, negative, or larger than the number of line numbers
provided in the list, execution proceeds with the next statement or line of the pro-
gram.

An error occurs if the value of the expression is —32769 or less or 32768 or more.
Use commas (,) to separate line numbers or xlabels in the list.

EXAMPLE:

10: INPUT A

20: ON A GOTO 100,200,300
30: GOTO 200

100: PRINT "FIRST"
110: GOTO 200
200: PRINT "SECOND"
210: GOTO 900
300: PRINT "THIRD"
310: GOTO 900
900: END

An entry of 1 displays “FIRST"; 2 displays “SECOND”; 3 displays “THIRD". Any other entry does not
produce any display.
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OPEN :

FORMAT: 1. OPEN "d:filename” FOR mode AS # file number
d: X, E, F, CAS
2. OPEN *“baud rate, parity, word iength, stop bit, type of code, delimiter,
end-of-file code, XON, shift code " AS # file number
3. OPEN

Abbreviation: OP.
See Also: CLOSE, OPENS

PURPOSE:

Format 1 opens the file specified by “d:filename” for use with the specified file num-
ber. Subsequent input/output to the file is accomplished by referring to the file num-
ber.

Formats 2 and 3 allow data to be transferred through the serial /O interface (COM).

REMARKS:
The file number must be from 1 1o 255,

A total of 6 file number contro! areas for a disk and a total of 2 for other devices
are allocated. Up to 6 disk files and up to 2 files for other devices can be opened
simultaneously. However, only one file can be opened for devices CAS and COM.

Note:
When executing the SAVE, LOAD, CHAIN or MERGE statement, the computer
opens one file automatically.

In format 1, “mode” specifies the method of access to the file, as follows:

INPUT Specifies sequential input from an existing file.
QUTPUT Specifies sequential ouiput to a device or file.
APPEND Specifies addition to a sequential file.

if OUTPUT is specified using an existing filename, that file is erased before the
new one is created.

An error occurs when using the APPEND or INPUT mode if the specified file does
not exist.

An error occurs when using the APPEND or OUTPUT mode if the specified file has
the “P" attribute set (write-protection: see SET command).

An error occurs if an attempt is made to open a file which has already been
opened, or allocaie a file number which has already been allocated.
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Example:

For pocket disks
OPEN "X:PRO1" FOR OUTPUT AS #3
Creates a new file on the disk named PRO1 with file number 3.

For RAM disk E
OPEN "E:PRO1" FOR OUTPUT AS #21
Creates a new file on the RAM disk E named PRO1 with file number 21.

In format 2, the following parameters can be selected:
Baud Rate: 300, 600, 1200, 2400, 4800, 9600
Specifies the modulation rate (transfer rate).
(1 baud = 1 bit/sec)
Parity: N, E, O
Specifies the type of parity.
N: No parity bit is transmitted nor received.
E: Specifies even parity.
O: Specifies odd parity.
Word Length: 7, 8
Specifies how many bits to be transmitted or received per character.
Number of Stop Bits: 1, 2
Type of Code: A
Always specify A, since the computer can send/receive only ASCII codes.
Delimiter: C, F, L
Specifies the type of delimiter to indicate the end of data, end of a program line,
atc.
C: Specifies the CR (carriage return) code.
F: Specifies the LF (line feed) code.
L: Specifies the CR code + LF code.
End-of-file Code: &HOD-&HFF
Specifies the end-of-file code used to indicate the end of the program, etc.
(May be required when using the SAVE or LOAD commands.)
XON: N, X
Specifies communication conirol using XON and XOFF.
N: Specifies no control using XON and XOFF.
X: Specifies control using XON and XOFF.
Shift code: S, N
When the word length is specified as 7 characters, the SO, Sl switching enables
transfer of characters whose codes are 128 or greater.
S: Specifies to switch SO and SI
N: Specifies not to switch SO and SI
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Example:
OPEN *COM:1200,N,8,1,A,C,&H1AN,5" AS #22
1200 ..... Baud rate {1200 baud)

N........... Parity {none}

L= S Word length (8 bits)

1 ere-n.... Number of stop bits (1 bit)
A......... Type of code (ASCII)
C........... Delimiter (CR code)
&H1A.... End-of-file code (&H1A)
N........... XON (none)

5......... Shift code {Yes)

The device name "COM:” can be omitted.

The conditions in the example above are set after the batteries have been replaced
or after the RESET button is pressed.

Any condition specified in the OPEN command can be omitied. If omitted, the cur-
rent condition remains unchanged.

OPEN *,,,2"
Only the number of stop bits is changed.

In format 3, all conditions set previously are retained. This format enables data to
be transferred through the 1/ interface. File number 1 is always used.

OPENS$ 0

FORMAT: OPENS$

Abbreviation: OP.%
See Also: OPEN

PURPOSE:
Obtains the currently set /O conditions.

REMARKS:
The currently set /O conditions are obtained as a character string.

EXAMPLE:

OPEN$
1200, N, 8, 1, A, C, &H1A, N, S
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PAINT b

FORMAT: PAINT expression 1 [, expression 2]

Abbreviation: PAl.
See Also: LLINE, RLINE, COLOR

PURPOSE:
Used to hatch the inside of a rectangle.

REMARKS:
PAINT is effective only in the Graphics mode.

For rectangles which are drawn using the LLINE or RLINE command with option B,
values 0 to 10 may be specified for expression 1.

|

N

Expression 2 is used to specify the color of hatching. The value of expression 2
must be within the range 0 to 3. (Refer to the COLOR command for the color
specified by each value.)

Repeated use of the PAINT command together with the LLINE command allows the
printer to draw a special pattern as shown in the example.

EXAMPLE:
LLINE(0,0)-(200,~200),0,0,B
PAINT 5,0 mmagia
PAINT 8,0 H
) | i
e
HHHHHE
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PASS

FORMAT: PASS “character string”

Abbreviation: PA.
See Also: CSAVE, SAVE, CLOAD, LOAD, DELETE, LIST, NEW, RENUM

PURPOSE:
Sets and cancels passwords.

REMARKS:

Passwords are used to protect programs from listing or editing by unauthorized
users. A password consists of a character string that is no more than 8 characters
long. The 8 characters must be alphanumeric characters or symbols. The character
string cannot be a null siring.

Once a PASS command has been given, the programs in memory are protected. A
program protected by a password cannot be examined or modified in memory. It
cannot be saved 1o tape or disk, or listed with LIST or LLIST. Nor is it possible 1o
add or delete program lines. The only way to remove this protection is to execute
ancther PASS command with the same password.

i a password is set in the program to be loaded, that password is also set within
the computer. if nof, no password is set within the computer.

If PASS is executed when no program is in the computer, an error occurs and no
password is set.

A password-protected program is protected against the NEW or DELETE command
as well.

Press immediately after the password.
Writing characters or symbols after the password results in an error and the
password cannot be canceled.

Example:
PASS "ABCDEFG"A = 123 — An error ocecurs.

EXAMPLE:
PASS “SECRET"

Establishes the password "SECRET" for the program in memory.

307



PAUSE 0

FORMAT: | 1, \sE {expression} [ {expressionﬂ n
string string

2 PAUSE {expression} [; {expression}] (1

string string

‘ . |expression| | [,| |expression .
3. PAUSE USING “format™ {String }H} {Smng H HH
4. PAUSE

Abbreviation: PAL.
See Also:; PRINT

PURPOSE:
Briefly shows information on the display.

REMARKS:

PAUSE is used to display prompt information, results of calculations, etc. The opera-
tion of PAUSE is identical to PRINT, except that after PAUSE the computer waits
for a preset interval of about .85 seconds and then continues execution of the pro-
gram.

This command is provided to ensure compatibility with other PC models. It is recom-
mended that you replace it with the PRINT command wherever possible,

For the format with the USING command, see the USING command.
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POINT -

FORMAT: POINT (expression 1, expression 2)

[

Abbreviation: POL.
See Also: GCURSOR, PSET, PRESET

PURPOSE:
Returns the status of a specified dot.

REMARKS:

POINT returns 1 if the dot specified by coordinates {expression 1, expression 2) is
set, and returns zero if it is cleared. If the specified dot is outside the display boun-
daries, the command returns 1.

The values of expressions 1 and 2 may be within the range of —32768 to 32767. A
dot within the display boundaries is addressed only if the value of expression 1is 0
to 239 and that of expression 2 is 0 1o 31.

EXAMPLE:
10: CLS : WAIT 5:A =75
20: LINE {50, D) - {50, 31) Draws iwo vertical lines.
30: LINE (100, D) - (100, 31)
40: PSET (A, 16) Sets a dot between the two lines.
50: B = POINT (A + 1,16} Tests whether the dot on the right side of the active dot is
active or not.
60: IF B THEN 150 if it is set, go to line 150.
70: PSET (A + 1,1B) If it is cleared, set it.
80: PRESET (A, 16) Inactivates the dot which was first set.
90: A=A +1 Increments the coordinate to address the next dot position.
100: GOTO 50 Returns to line 50.
150: B = POINT (A - 1,16) Tests whether the dot on the left side of the active dot Is
active or not.
160 IF B THEN 50 If it is set, go to line 50.
170: PSET (A -1, 1B) if it is cleared, set it.
180: PRESET (A,16) Clears the dot which was first sel.
190: A=A-1 Decrements the coordinate to address the preceding dot position.
200: GOTO 150 Go 1o line 150.

Executing this program causes a dot to move back and forth between the two vertical fines.
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PRESET D

FORMAT: PRESET (expression 1, expression 2)

Abbreviation: PRE.
See Also: PSET, GCURSOR, POINT

PURPOSE:
Clears (resets) a dot at the specified coordinates on the display.

REMARKS:
PRESET clears the dot at the specified {expression 1, expression 2).

The values of expressions 1 and 2 may be within the range of —32768 to 32767. A
dot within the display boundaries is addressed only if the value of expression 1 is 0
to 239 and that of expression 2 is 0 to 31,

EXAMPLE:

10: CLS

20: LINE (20, 0) - (130, 31), BF

30: FOR X = -25 TO 25 STEP 0.5

40: Y = ~1 x SQR ABS (25 X 25 -X % X)
50: PRESET (X + 75, Y + 31)

60: NEXT X

70: WAIT : GPRINT

Executing this program draws a half circle within a solid rectangule.
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PRINT 5

FORMAT: expression expression
1. PRINT {string }[,{Smng H[,]

expression| | . |expression| | .
2. PRINT {string H'{String H [

; .. |expression| | |,| |expression ,
3. PRINT USING “format”; {string }H} {string H |:{H

4. PRINT

Abbreviation: P.
See Also: LPRINT, PAUSE, USING, WAIT, LOCATE

PURPOSE:
Displays information.

REMARKS:
PRINT displays prompt information, results of calculations, etc.

If the start position is specified by the LOCATE statement, the data will be dis-
played from the specified location.

If a comma (,) or semicolon (;) is at the end of the statement, the contents will be
displayed continuously.

Format 1 displays as follows:

1) For a single item to be displayed:
If the expression is numeric, the value is shown from the right margin of the dis-
play. If it is a string, it is shown from the left margin of the display.

10: PRINT 1234
20: PRINT "ABCD"

1234 |
ABCD |

2) For two or more items to be displayed (specified with commas):
Single-precision values are displayed in groups of 13 columns, while double-
precision values are displayed in 40 columns. Numeric values are displayed from
the right margin, and strings from the left margin.
In double-precision mode, one value is displayed on each line, single-precision
numeric values are displayed in the same format as the double-precision numeric
values.
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10: A = 1234: B# = 5#/9: C$ = "ABCDE":WAIT 200
20: CL3: PRINT "A="A

30: CLS: PRINT A,C$,B#

40: CLS: PRINT A,B#,C$

AUN A= 1234
1234ABCDE
5.5555555555555555556D-01
1234 5.5555555555
555555556D-01ABCDE

If a single-precision value exceeds 12 digits (when the decimal fraction in the ex-
ponential display Is 7 digits or more), the least significant digits are truncated. When
a character string exceeds 12 columns, only the first 12 characters (from the left)
are displayed.

Format 2 cisplays the data continuously from the left margin of the display.

10; A = 1234:B# = 5#/9:C$ = "ABCDE"
20: PRINT "A="A

30: PRINT "EFGH";B#;C$:A

RUN A= 1234

EFGH 5.5555555555555555556D-01 ABCDE 123
4

>

Format 3 displays the data by following the specified format.

Refer to the USING command for USING format. Commas (,) and semicolons ;)
will be treated as usual. A USING statement can be used only once in one PRINT
statement.

Example: PRINT USING “&8&88&8&&&""ANSWER=";:PRINT USING "“#### ##":5/9
Format 4 displays the previously displayed value as is. (Usually, it is used together
with the WAIT command to retain the current display.)

10: CLS

20: FOR A=0 TO 159
30: PRINT CHR$ (A+32);
40: NEXT A

50; WAIT: PRINT

The characters displayed between lines 20 and 40 will remain on the display at fine 50, (An infinite inter-
val is set.)

PRINT — LPRINT setting
The computer can switch all PRINT commands to function as LPRINT commands.
Connect the printer before executing the following statement:
Setting: PRINT=LPRINT
Resetting: PRINT=PRINT
Resetting can also be performed by:
1} executing the RUN command

2) pressing the + keys
3) turning the power off and then on.

Since the RUN command resets the setting, run the program using the GOTO com-
mand.
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PRINT# 5

FORMAT:  boiNT# file number, {expfession} H} {expression}] HH
string ;[ 1string ,

Abbreviation: P.#
See Also: OPEN, INPUT#

o

PURPOSE:
Writes values of specified variables into a specified file.

REMARKS:

PRINT# is valid only for a file opened for OUTPUT or APPEND with the OPEN com-
mand. The file number is the number given to the file when opened.

The mode does not need to be specified when the device name is COM {(com-
munication).

When an array variable (one or two dimensions) has been specified in the form of
“array name({x)”, the entire array is written to the file. lts elements are written in the
order of, for example, C$(0,0), C${0,1), C$(0,2)....C$(1,0).....C$(5,5).

If is recommended that the FOR...NEXT statement be used for writing array- vari-
able data.

When the respective elements of the array are specified, they must be specified in
the form of “B(7)", “C$(5,6)", etc.

When a character or string element is used, it must not be specified using a
comma {,) or semicolon (;):

PRINT#2,"ABC”

PRINT#2,A%
If PRINT#2,“ABC" A$ is executed, no data delimiter is written and “ABGC” and A$
cannot be distinguished.

A numeric value is recorded in such a form that the sign (space when it is positive),

numeric character string, and space appear in that form. The recording format is

shown below:

(1) When a comma or semicolon does not follow the data, CR(&HOD) and
LF(&H0A) are provided.

Example:
PRINT #2, —1.2 —T1].T2] lcR[LF|
PRINT #2, “ABC” | A|B |G |CR]LF|
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(2) When a comma follows the data, 20 bytes are occupied. A numeric value is
right justified and a character string is left justified.
Example:

PRINT #2, —1.2,3

LD~ T-Tel T2 T T3] [oAA

k————— 20 bytes .
PRINT #2, “ABC”, “DEF”

(AlBlc] ~  To[E[FIcAlLA
l*—ﬁ 20 bytes b~|

When the character string exceeds 20 bytes, the excess part is written to the next
20-byte area. The maximum size is 254 bytes. However, it is 80 bytes when the
device is a pocket disk.

(3) When a semicolon follows the data, it is stored without spaces.

Example:

PRINT #2, - 1.2;3 |
=[] T2 [ Ta[ TcA]Lr]

PRINT #2, "ABC";"DEF”

[[A|BIC|D]E[F|CR]LF]

In this case, character strings “ABC" and "DEF" are not read separately.

When character strings are recorded with commas or semicolons, they must be
read with the INPUT$ command by specifying the exact format in which they were
recorded. However, the INPUT$ command is not usable for disks.

EXAMPLE:

10: OPEN "E:DATA” FOR QUTPUT AS #2
20: FORJ=0 TON

30: FORK=0 TO M

40: PRINT #2,C$(J, K)

50: NEXT K:NEXT J:CLOSE
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PSET

FORMAT: 1.PSET (expression 1, expression 2)
2. PSET (expression 1, expression 2) ,X

Abbreviation: PS.
See Also: PRESET, GCURSOR, POINT

PURPOSE:
Sets or clears a dot at the specified coordinates on the display.

REMARKS:

Format 1 sets the dot at the coordinates (expression 1, expression 2}).

Format 2 clears the specified dot if it is set, and sets it if it is cleared.

The values of expressions 1 and 2 may be within the range of 32768 to 32767. A
dot on the display is addressed only if the value of expression 1 is 0 to 239 and
that of expression 2 is 0 to 31.

EXAMPLE:

10: CLS :DEGREE

20: FOR A=0 TO 600 STEP 3
30: B= -1 % SIN A

40: Y=INT (B x16)+16

50: X=INT (A/4)

60: PSET (X,Y)

70: NEXT A

80: WAIT:GPRINT
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RADIAN - 0

FORMAT: RADIAN

Abbreviation: RAD.
See Also: DEGREE, GRAD

PURPOSE:
Changes the form of angular values to radians.

REMARKS:

The computer has three forms for representing angular values — degrees, radians,
and gradient. These forms are used in specifying the arguments to the SIN, COS
and TAN functions and in returning the results from the ASN, ACS, and ATN func-
tions.

The RADIAN function changes the form of all angular values to radian form until DE-
GREE or GRAD is used. Radian form represents angles in terms of the length of
the arc with respect to the radius, i.e., 360° is 2x radians, since the circumference
of a circle is 2x times the radius.

EXAMPLE:
10: RADIAN
20: X =ASN 1
30: PRINT X

X now has a value of 1.570796327 ar /2, the arc sine of 1.
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RANDOMIZE D

FORMAT: RANDOMIZE

Abbreviation: RA.
See Also: RND

PURPOSE:
Resets the seed for random number generation.

REMARKS:

When random numbers are generated using the RND function, the computer begins
with a predetermined “seed” or starting number. RANDOMIZE resets this seed to a
new randomly determined value.

The starting seed will be the same each time the computer is turned on, so the se-
guence of random numbers generated with RND is the same each time, unless the
seed is changed. This is very convenient during the deveiopment of a program be-
cause it means that the behavior of the program should be the same each time it is
run, even though it includes a RND function. When you want the numbers to be
truly random, the RANDOMIZE statement can be used to make the seed itself ran-
dom.

EXAMPLE:
10: RANDOMIZE
20: X=RND 10

When run from line 20, the value of X is based on the standard seed. When run from line 10, a new
seed is used.
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READ i

FORMAT: READ variable, variable, ..., variable

Abbreviation: REA.
See Also: DATA, RESTORE

PURPOSE:
Reads values from a DATA statement and assigns them to variables.

REMARKS:

When assigning initial values to an array, it is convenient to list the values in a
DATA statement and use a READ statement in a FOR...NEXT loop to load the
values into the array. When the first READ is executed, the first value in the first
DATA statement is returned. Succeeding READs use suceceeding values in the
order in which they appear in the program, regardless of how many values are
listed in each DATA statement or how many DATA statements are used.

If desired, the values in a DATA statement can be read a second time using the
RESTORE statement.

Note:

The type of data must match the type of variables (numerical or string) to which it is
to be assigned.

EXAMPLE:

10: DIM B{10)

20: WAIT 60

30: FORI=1TO 10

40: READ B (l)

50: PRINT B(I)x2;

60: NEXT |

70: DATA 10, 20, 30, 40, 50, 60
80: DATA 70, 80, 90, 100
90: READ C, D, E$, F$
100: PRINT C,D.E$,F$
110: DATA 3,5,G=,H=
120: END

[10] Set up an array.
[40] Loads the valuss from the first DATA statements into B( ). B(1) is 10, B(2) is 20, B(3) is 30, etc.
[80] Loads the values from the final DATA statement. C is 3, D is 5, E$ is G=, F$ is H=.
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REM(’)

FOBMAT: REM remark or 'remark

Abbreviation:
See Also:

PURPOSE:
Includes comments in a program.

REMARKS:

It is often useful to inciude explanatory comments in a program. These can provide
titles, names of authors, dates of last modification, usage notes, reminders about
algorithms, etc. These comments are included using the REM (or apostrophe ()
statement.

The REM () statement has no effect on program execution and can be included
anywhere in the program. Everything following REM ('} in that line is treated as a
comment.

EXAMPLE:

10: * THIS LINE HAS NO EFFE
100: REM THIS LINE HAS NO E

CT
FFECT EITHER.
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RENUM b

FORMAT: RENUM [new line number] [, [oid line number] [,increment])

Abbreviation: REN.
See Also: DELETE, LIST

PURPOSE:
Renumbers the lines of a program.

REMARKS:
Valid only as direct input in the PRO mode.

The line numbers are changed from old line numbers to new line numbers with the
specified increment. If the new line number is not specified, the lines are renum-
bered starting with line 10. If the increment is not specified, the lines are renum-
bered with an increment of 10. RENUM updates referenced line numbers in
GOTO, ON...GOTO, GOSUB, ON...GOSUB, RESTORE, and (iF)...THEN state-
ments.

An error occurs if line numbers are given as a variable (GOTO A) or numerical ex-
pression (GOTO 2 50). If an error occurs, renumbering is not carried out. If a
line number is given by a variable or expression, temporarily make it a remark
(REM), and correct it after executing the RENUM command. It is recommended that
you replace such commands with ON...GOTO commands, etc.

If a line number exceeds 65279, an error is generated. If a specified old line num-
ber does not exist, an error is generated. Changing the execution order generates
an error. If a password has been used, an error occurs.

If the display shows “k”, pressing the key will interrupt renumbering. A dis-
play of "xx” indicates that renumbering cannot be interrupted. Error generation or
use of the key leaves the program unchanged.

EXAMPLE:

10: INPUT "CONTINUE™A$

20: IF A$ = "YES" THEN 10

30: IF A = "NO" THEN 60

40: PRINT "ENTER YES OR NO PLEASE!"
50: GOTO 10

60: END

RENUM 100, 10, 5

100: INPUT "CONTINUE";A$

105: IF A% = "YES" THEN 100

110: IF A$ = "NO" THEN 125

115: PRINT "ENTER YES OR NO PLEASE!"
120: GOTO 100

125: END
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RESTORE

FORMAT: 1. RESTORE line number
#abel

2. RESTORE

Abbreviation: RES.
See Also: DATA, READ

PURPOSE:

Rereads values in a DATA statement or changes the order in which these values
are read.

REMARKS:

in the regular use of READ the computer begins reading with the first value in a
DATA statement and proceeds sequentially through the remaining values. Format 1
resets the pointer to the first value of the DATA statement whose line number is
equal to the specified line number or xlabel. Format 2 resets the pointer to the first
value of the first DATA statement, so that it can be read again.

EXAMPLE:

10: DIM B(10)

20: WAIT 32

30: FOR |1 =1TO 10
40: RESTORE

50: READ B(h}

60: PRINT B(h)xl;
70: NEXT I

80: DATA 20

90: END

[10] Sets up an array.
[50} Assigns the value 20 to each of the elements of B( ).
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RESUME "

FORMAT: 1. RESUME
2. RESUME NEXT

line number
3. RESUME {*Iabel }

Abbreviation: RESU.
See Also: ON ERROR GOTO

PURPOSE:
Resumes program execution at the end of an error handling routine.

REMARKS:

RESUME resumes program execution after completing an error handling routine to
which control was passed by the ON ERROR GOTO command. This command
validifies the ON ERROR GOTO command again. If control is returned to the main
program by any other command (GOTO, etc.), execution will be aborted if an error
subsequently occurs.

The error handling routine lets you take the necessary action to prevent recurrence
of the same error.

Control is returned depending on the format:

(1) Format 1 returns control to the statement which caused the error. If an error oc-
curs again in the same statement, the error handling routine is executed again.

{2) Format 2 returns control to the statement following the error statement.

(3) Format 3 returns control to the specified line.

EXAMPLE;
10: ON ERROR GOTO 100

20: INPUT A, B
30: PRINT A/B

100: RESUME 20

If zero is assigned to variable B or an overflow ocours from A/B, confrol returns to the input routine on
line 20 and prompts for correct data entry.
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RIGHT$

v

FORMAT: RIGHT$(string,N)

Abbreviation: Rl
See Also: LEFTS$, MID$

PURPOSE:
Returns N characters from the right end of a string.

REMARKS:
Fractions will be truncated. If N is less than 1, a null string is returned. If N is

greater than the number of characters in the string, the whole string is returned.

EXAMPLE:
5: WAIT 60
10: XX$ = "SHARP COMPUTER"
20: FORN=1TO 14
30: SS§ = RIGHTS(XX$N)
40: PRIN1 B5%
50: NEXT N
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RLINE b

FORMAT: RLINE (expression 1, expression 2)—(expression 3, expression 4)
[, expression 5][, expression 6][, B]

Abbreviation: BRL.
See Also: LLINE, PAINT, COLOR

PURPOSE:
Used to draw a line between the two points specified by relative coordinates.

REMARKS:
Valid only in the Graphics mode.

RLINE differs from LLINE in that LLINE takes the origin of coordinates specified by
SORGN as a reference and specifies the location of each point by coordinates rela-
tive to that origin, whereas RLINE takes the current position of the pen as the origin
of coordinates and specifies the location of the next point relative to that origin.

The format is the same as LLINE, except that {expression 1,exp'ression 2) cannot
be omitted. (See LLINE command.)

EXAMPLE:

5: OPEN

10: GRAPH

20: FORA=1TO5

30: RLINE {0,0) — (40,~30)
40: RLINE (0,0) — (40,30)
50: NEXT A

60: LTEXT

70: LPRINT

80: END

AN NN\
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RND -

FORMAT: RND numeric expression

[w)

Abbreviation: RN.
See Also: RANDOMIZE

PURPOSE:
Generates a random number.

REMARKS:

If the value of the expression is less than 1 but greater than or equal to zero, the
random number is less than 1 and greater than zero. If the expression is an integer
greater than or equal to 1, the result is a random number greater than or equal fo 1
and less than or equal to the expression. If the expression is greater than or equal
to 1 and not an integer, the resuli is a random number greater than or equal to 1
and less than or equal to the smallest integer that is larger than the expression. (In
this case, the generation of the random number changes depending on the value of
the decimal portion of the argument.) If the expression is negative, the previously
set numeric expression is used o generate the random number.

------------- Result ------------

Argument Lower Bound Upper Bound
5 o< <1
2 1 2
2.5 1 3

The same sequence of random numbers is normally generated because the same
“seed” is used each time the computer is turned on. To randomize the seed, see
the RANDOMIZE command.
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RUN

FORMAT: 1.RUN
2 RUN {Iine number} =

*label

Abbreviation: R.
See Also: GOTO, ARUN

PURPOSE:
Executes a program in memory.

REMARKS:
Format 1 executes a program beginning with the lowest numbered statement in

memary,
Format 2 executes a program beginning with the specified line number.
An error occurs if the specified line number or xlabel was not found.

If two or more identical labels exist in a program, the one with a smaller line num-
ber is executed.

EXAMPLE:
RUN 100

Executes the program starting from line 100.
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SAVE .

FORMAT: SAVE [*d:filename” [,A]]
d: X, E, F, CAS, COM

o

Abbreviation: SA.
See Also: LOAD, DSKF, MERGE, CSAVE, FILES

PURPOSE:
Saves the basic program to the specified device.

REMARKS:
The SAVE statement names a BASIC program in memory and then writes it to the
specified file.

A file name is the name given to a program or a set of data. The desired file can
be readily retrieved by the computer if it is given a file name.
A filename may consist of up to eight alphanumeric characters or symbols.

If all options are omitted, COM (communication) is assumed for the device name.

If the A option is specified, the file is saved in ASCII format, otherwise it is saved in
intermediate code format. When the device name is CAS or COM, the file is saved
in ASCIi format even if the A option is not specified.

If no extension is specified, .BAS is assumed. The extension can consist of up to
three characters.

An existing file will be erased if the same filename is specified, but an error occurs
if the existing file has the “P” {write-protect) attribute set (see SET command).
An error occurs if the program in memory is made secret.

For the number of recordable files (including data files), see “3. RAM CARD".
For the remaining capacity of a disk or RAM disk E or F, see the DSKF command.

EXAMPLE:
SAVE "E:PRO1Y, A

Saves the program as an ASCII file with the name "PRO1" on RAM disk E.
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SET

FORMAT “pr
o SET “ddfilename”

d: X, E F

? |k n
La—

Abbreviation: SE.
See Also: SAVE

PURPOSE:
Assigns or removes file protection.

REMARKS:
The contents of a file cannot be inadvertently deleted or rewritten if “P" is specified.

To clear the protection, specify a space {(“_"). Once protection has been removed,
the file can be deleted or written to freely.

Wildcards (x or ?) can be used for filename specification, but the extension must
not be omitted. For example, the .BAS exiension must be specified.

An error occurs if the SET command is used with a file that is open.

Note:

A disk can be write-protected by sliding its write-protect tab (see the Operation
Manual for the CE-140F).

EXAMPLE:
SET "X:PAYRUN.BAS","P"

Protects the program "PAYRUN.BAS” on packet disk from being written to, erased, or renamed.

328



SORGN

FORMAT: SORGN

Abbreviation: SO.
See Aiso: GLCURSOR, LLINE, RLINE

PURPOSE:
Changes the origin of coordinates for drawing with the pen.

REMARKS:

SORGN is effective only in the Graphics mode and is used to specify the current
position of the pen as the new origin of coordinates.

When drawing a figure, it may not be easy for the printer to do so if the origin of
coordinates is located at the left side of the paper. Move the pen to the desired
position on the paper by executing GLCURSOR and then specify that position as
the origin of coordinates with SORGN.

This will enable the figure to be drawn with the current position of the pen taken as
a reference point.

EXAMPLE:
10: GRAPH
20: GLCURSOR (80, 40)
30: SORGN

Specifies the current position (X=60, Y=40) of the pen as the new origin of coordinates.
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STOP i

FORMAT: STOP

Abbreviation: S.
See Also: CONT

PURPOSE:
Halts execution of a program for diagnostic purposes.

REMARKS:

When STOP is encountered in program execution, execution halts and a message
such as “Break in 200" is displayed where 200 is the number of the line centaining
the STOP. STOP is used during the development of a program to check the flow of
the program or to examine the state of variables. Execution may be restarted with

the CONT command or + keys. Pressing the key executes the pro-
gram statement-by-statement.

EXAMPLE:
10: STOP

Causes “Break in 10" to appear on the display.
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STR$

L=

FORMAT: STR$ expression

Abbreviation: STR.
See Also: VAL

PURPOSE:
Converts numeric data into string data.

REMARKS:

The STR$ function changes numeric data to a string. The string will be composed
of the same digits as the original number. The STR$ function has the opposite ef-
fect of the VAL funciion.

If the numeric data is negative, the string will be preceded by a minus (=) sign.

When a numerical value is converted into a character string using the STR$ com-
mand, the first character is the sign (space for +) e.g. B$="_.12.34084".

EXAMPLE:

110: N=Nx%3

120: A$=STR$ N

130: B$=LEFT$ (A$,3)
140: M=VAL B$

[110] Program performs caicuiaiions on numeric variable N.

[120] The numeric variable N is converted to the string variable A$. String variables are easier to
manipulate than numerics. [n this example, suppose that the first 3 digits of the number are
required. Having converted the number to a string, we can use any of the string manipulation
commands: LEFT$, RIGHTS, MID$.

[130] Stores only the first 3 digits (characters) of the number into string variable B%.

[14D] The first 3 digits are reconverted into a numeric variable for processing by the program as a
number.
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TEXT b

FORMAT: TEXT

Abbreviation: TE.
See Also: BASIC

PURPOSE:
Sets the Text mode.

REMARKS:
Valid only as direct input in the PRO mode.

The text function is used when entering a program written for a higher-level per-
sonal computer. The program entered using the computer can be sent to the host
through the serial I/O interface.

Executing the TEXT command sets the Text mode. In the Text mode, a number cor-
responding to the line number, and then information corresponding 1o program comn-
mands or data is entered. Press the key to write the entries to the program/
data area.

The written contents are not converted to commands (internal codes), as they are

in the BASIC mode. The text is stored as it is (as characters and/or numbers) in
character codes. The text is arranged in the order of the numbers corresponding to
the line number at the beginning of each line. (Line number editing functian.)

The text written in the Text mode is stored as it is. Therefore, command abbrevia-
tions in BASIC (such as I. for INPUT) are displayed and stored as such.

It & program is stored in the internal code of the computer with the text mode set, it
is converted to character code.

During program conversion, “xx" is displayed at the right end of the display unit.

The prompt symbol is “<” in the Text mode. (It s usually “>".)
If a password has been set, an error oceurs when the TEXT command is executed.
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TROFF

FORMAT: TROFF

Abbreviation: TROF.
See Also: TRON

PURPOSE:
Cancels trace (TRON} mode.

REMARKS:
Execution of TROFF restores normal execution of the program.

EXAMPLE:
See TRON.

TRON

FORMAT: TRON

Abbreviation: TR.
See Also: TROFF

PURPOSE:
Starts the trace mode.

REMARKS:

The trace mode provides assistance in debugging programs. When the trace mode
is on, the line number of each statement is displayed after each statement is ex-
ecuted. To stop trace execution, press the key or execute the STOP com-
mand. After trace execution is stopped, the computer waits for the down arrow key
to be pressed before moving on to the next statement. The trace mode continues
until TROFF is executed, or the + keys are pressed.

EXAMPLE:

10: TRON
20: FORI=1TO3
30: NEXT |
40: TROFF

When run, this program displays the line numbers 10, 20, 30, 30, and 30.
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USING ;

FORMAT: 1. USING format string
2. USING

o

Abbreviation: .
See Aiso: LPRINT, PAUSE, PRINT

PURPOSE:
Controls the format of displayed or printed output.

REMARKS:

USING can be used by itself or as a clause within a PRINT, LPRINT, or PAUSE
statement. When the USING command is used in a PRINT, LPRINT, or PAUSE
statement, it is valid only for the values or strings output by that statement. If it is
used independently (on an independent line), it is valid for all the subsequent
PRINT or LPRINT commands. USING establishes a specified format for output that
is used for all output that follows until changed by another USING.

#. Right justified numeric field character.
Length of integer field: 2 to 21 (including sign)
If a value is shorter than the specified numeric field, the extra portion of the
field is filled with spaces.
If a numeric field with a length of 22 or more digits is specified, it is regarded to
be 21 digits long.
Length of decimal field: 0 to 20 (0 to 19 for exponential numbers)
If a value is shorter than the specified field, zeros appear in the extra portion of
the field. If the former is fonger than the latter, the extra digits are truncated.

.+ Decimal point (delimiter for integer and decimal parts)

.+ Used as a 3-digit separator in numeric fields.
To separate every 3 digits of integer field with commas (,), place a comma in or
at the end of the integer field.

1 Used o indicate that numbers should be displayed in scientific notation.
With this notation, the length of the mantissa field is always 2 (1 digit and the
sign), without regard to the specified length of the integer field. If the given
tength of the decimal field is 19 or more digits, the length of the decimal field of
the mantissa is also 19 digits.

&: Left justified alphanumeric field
If a string is shorter than the specified field, spaces appear in the extra portion
of the field. If the former is longer than the latter, the extra characters are
dropped.

{1} USING"##"
Prints the sign and 2 integer digits.
{2) USING“g#.” ‘
Prints the sign, 2 integer digits, and a decimal point,
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(3) USING“#it#.##"
Prints the sign, 2 integer digits, a decimal point, and 2 decimal places.

{4) USING"“#Ht ##t."
Prints the sign, 4 integer digits, a 3-digit separator (,) and a decimal point.
For numerical data, 3-digit separator (,) is counted as a digit. So if you want io
print a number *-1,234,567.", you have to use ten field characters (#), such as
USING" sittHt#HE ..

(5) USING“#i#.##""
Prints numerical data in exponential form with up to 2 decimal places.
Spaces for 1 integer digit and the sign are automatically reserved for the mantis-
sa, and for 2 integer digits, the capital E or D, and the sign for the exponent.
Note: * and comma (,) may not be used concurrently.

(6) USING"&&8&8&&&"
Prints a string of 6 characters.

(7) USING"###&88&8"
Prints a string adjacent to a numeric value.

(8) USING
Format 2 clears formatting.

Formatting is also cleared by executing the RUN command, pressing
+ [ CA_], or turning the computer off and then on.

EXAMFPLE:
10: B==10:C=10.7703
20: PRINT USING "&&&4##" : "B="; B ; "._C=";: PRINT USING "s###.##"; C

Note:
The USING command is not valid for manual calculations. It must always be used
in the PRINT or LPRINT statement.

Supplement:
A program which simultaneously outputs numerical and string characters written for
other computers should be modified as follows:

PRINT USING “####.4#" ; H ; “(m)”

\
PRINT USING “####.##" ; H ;0 PRINT “(m)”
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VAL

FORMAT: VAL string

Abbreviation: V.
See Also: STR$

PURPOSE:
Converts a string of numeric characters into a decimal value.

REMARKS:

The VAL function converts a character string, which may include the hex number
designator (&H), numbers (0-9), a sign (+, -}, and exponential symbols (E or D),
into a numeric value.

if the string is in decimal notation, it must be composed of the characters 0 to 9,

with an optional decimal point and sign. In this form, VAL is the opposite of the
STR$ function.

If illegal characters are included, conversion is performed up to the first occurrence
of an illegal character.

Control codes (&HO00 to &H1F) cannot be used.

EXAMPLE:

A=VAL"-120" Assigns —120 to variable A.
B=VAL"3.2x4="Assigns 3.2 to variable B.
C=VAL"&H84" Assigns 100 to variable C.
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WAIT

FORMAT: 1. WAIT expression
2. WAIT

Abbreviation: W.
See Aiso: PRINT, GPRINT

PURPOSE:
Controls the length of time that displayed information is shown before program ex-
ecution continues.

REMARKS:
Format 1 specifies the time in which execution of the PRINT command halts. The
program temporarily halts for the specified time interval, then automatically restaris.

The value of the expression may be set to any value from 0 to 65535. A value of 1
as the expression corresponds to an interval of approx. 1/59 sec. The power on
default for the value of the expression is zero.

The WAIT command is valid for all the PRINT or GPRINT commands used in the
program. To set an infinite interval, use format 2.

Note:
The WAIT command is not available on personal computers in general. On PCs,

the FOR...NEXT statement is used for wait time contro! as follows:
50: FOR J=1 TO 500:NEXT J

EXAMPLE:
10: WAIT 59

Causes PRINT to wait about 1 second.
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APPENDIX A
ERROR MESSAGES

When an error occurs, one of the error messages listed below will be displayed.
For errors which occur during program execution, the error message is followed by
the line number in which the error occurred. The error number and the line number
are stored into the variables ERN and ERL, respectively.

For errors which occur during direct input operation, the values of the variables
ERN and ERL do not change.

Error message El\ll’roor Meaning

Syntax error 10 Invalid expressions or statements have been
used.

Direct command error 11 An atternpt was made to execute a command
which is illegal in direct input operation. An
aftempt was made to execute a command which
is illegal in program execution.

Mode error 12 The mode for PRO or RUN was selected
incorrectly.

The mode selection in the OPEN statement was
incorrect.

Can't cantinue 13 The CONT statement was executed lllegally.

Program not exist 14 An attempt was made to designate a password
to a program which does not exist.

Overflow 20 The calculated result exceeds the calculation
range.

Division by Zero 21 An attempt was made to divide by zero.

lliegal function call 22 illegal operation was attempted.

Duplicate Definition 30 An aftempt was made to declare an array
variable name which is already declared.

Array specified without DIM 31 The array variable name was specified without
the DIM statement.

Subscript out of range 3z Array was addressed illegally (array subscript
exceeds the size of the array specified in the
DiM statement)

Data out of range 33 The specified value exceeds the allowable range.

Undefined line 40 The specified line number or label does not exist.

llegal line number 41 The line number was specified illegally.

Bad line number 44 The ending line number was specified with a
number less than the starting line number in a

7 statement such as LLIST or DELETE.

GOSUB or FOR nesting ex- 50 The levels of nesting in the GOSUB or FOR

ceeded statement exceeds the allowable range.

RETURN without GOSUR 51 An attempt was made to execute the RETURN
statement without calling the subroutine.

NEXT without FOR 52 The FOR statement is missing for the NEXT
statement.
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Error

Error message No. Meaning

Out of data 53 The DATA statement is missing for the READ
statement.

Buffer space exceeded 54 The size of the BASIC interpreter exceeds the
available work area.

String too long 55 The length of the entered string exceeds 254
bytes.

Line buffer overflow 56 The line exceeds 254 bytes.

RESUME without error 57 An attempt was made to execute the RESUME
statement during non-error processing.

Out of memery 60 The size of program or variable exceeds the
memory capacity.

Can't print in specified format 70 Characters cannot be printed in the format
specified in the USING statement.

USING format error 71 The format specified in the USING statement is
illegal.

IYQ error 72 IO device error.

Too many files open 73 The number of files to be opened exceeds the
fimit.

NAME error 74 The file name specified in the NAME statement
is illegal.

Bad drive name 75 The specified drive name is illegal.

File write protected 76 The file is write protected.

Disk full 77 No further memory storage available on the disk,
or the number of files excesds the limit.

Tape read error 80 An error occurred while reading data from the
cassette tape recorder.

Verify error 82 Error in data verification.

Printer error 84 Printer error (The printer was turned off while
printing, etc.)

Flle not open 85 | The file has not been opened.

File already open B6 The file has aiready been opened.

Input past end 87 An attempt was made to read data past the end

‘ of file.

Type mismatch 90 The type of the specified data does not match.

Pasaword mismatch 92 An invalid password was entered.

invisible program 93 An attempt was made to write to a protected
program.

File not found 94 The specified file does not exist.

Bad file name 95 The specified file name is illegal.
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APPENDIX B
CHARACTER CODE CHART

The character code chart shows the characters and their character codes used by
the CHR$ and ASC commands. Each character code consists of 2 hex characters
{or 8 binary bits). The most significant hex character (4 bits) is shown along the top
of the chart and the least significant hex character (4 bits) is shown down the left
side of the chart. If no character is shown, it is an illegal character on the computer.
This character set is similar to the IBM PC character set.

For example, the character “A” is hex 41 or decimal 65 or binary 31000001. The
character “P” is decimal 80 or hex 50 or binary 01010000.

The character codes are represented as follows:

Examples:

Code for x

Hexadecimal &H2A

Decimal 42 (32 + 10)
Code for P

Hexadecimal &H50

Decimal 80

Notes:

* To print characters on the CE-515P, refer to the Character Code Table in the GE-
515P Operation Manual and specify the character code.

» The characters for codes &H00-&H1F can be displayed only when assigned to
the programmable function keys using the KEY command. (Do not assign the
special characters for codes &H80-&HSF or &HEQ-&HFF to the programmabhle
function keys.)

» The characters for codes &H07-&HOD and &H1C-&H1F can be displayed only
when the PRINT CHR$ statement is executed.

» When printing on the CE-126P, the codes &H00-&H1F and &H7F-&HEF are
spaces.

IBM is a registered trademark of International Business Machines Corporation.
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APPENDIX C

KEY FUNCTIONS IN BASIC

[SHIFT]

[SHIFT] + [ GA ]

[mENU]

[SHIFT] + [AER |

[SHIFT] + [ AL |
[0 ]-[8 ]
[cTRL]+[ 0 ]
[eTRL] + (2]
[ohL]+[E |

Use to turn the power on when the power has been turned
off by the Auto OFF function.

Pressing this key during program execution functions as a
key and causes program execution to be interrupted.
When pressed during direct input operation, execution of
BEEP or CLOAD is interrupted.

The yellow keys marked “SHIFT” and “2nd F* must be
pressed (and held for “SHIFT”) to use a key’s second func-
tion (indicated immediately above the key).

&
e.g.: [SHIFT] + — & is entered.
&
( Ly1)

*» Use to clear the contents of the entry and the display.
* Use to reset after an error.

Not only clears the display contents, but resets the com-
puter to its initial state,

* Resets the WAIT timer.

Resets the display format. (USING format)

Resets the TRON state (TROFF).

Resets PRINT=LPRINT.

Resets the error condition.

Use to display the Main Menu.

Use to change the operational submode selection from
RUN to PRO or from PRO to RUN.

Use to select the Algebraic Expression Reserve (AER)
mode.

Use to select the CAL mode.

Use to recall the stored algebraic expressions.
Numeric keys

Use to toggle the beep sound for key entry.
Use to toggle the PF key label display.

Use to delete the text from the current cursor position to the
end of the line.
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feml+ [ v ]

[SHiFT] + [A ]

[SHIFT] + | <
[SHIFT] + [ > |

[ShiFT] + [ 7]

5]

(sHFT] + [ : ]

]

(]
[SHET] + [ ]
[ShiFT] -+ [« ]

s ]

DEL

Use to delete the whole line on which the current cursor is
located.

For control combinations, press and hold the key, and
then the second key.

Use for power calculations.
Use to specify scientific notation for numerical data in
USING statements.

Use when entering logical operations in IF statements.
Use to specify relational expressions.

+ Use to enter a question mark.
« Use to specify the CLOAD? command.

Use to provide mulii-display (two or more values displayed
at a time).
Use to separate commands and variables.

Use to separate more than one statement defined on a
single line.

Use to provide multi-dipslay (two or more values displayed
at a time).
Use as 3-digit separator in the USING statement.

Shifts the cursor to the right.

s Executes playback instructions.
s Call the cursor if not displayed while the contents are dis-

played.
Clears an error in direct input operation.

« Shifts the cursor to the left.
« Otherwise the same as the key.

Shifts the cursor to the end of the current row or entry data
if the cursor is on the screen.

Shifts the cursor to the beginning of the current row or of
the entry data if the cursor is on the screen.

Toggles the insert mode on and off.
Deletes the character at the cursor position.

Deletes the character to the left of the cursor.
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Enters a program line into the computer.

¢ Use when writing programs.
* Requests manual calculation or direct execution of a com-

SHIFT| + °

.

[sHFT] + ]
[SHIFT] + [#7]

[SHIFT] + [ 5~
[SRIFT] + [_& "]

mand statement by the computer.

Use to restart a program temporarily stopped by an INPUT
command.

Use to set print and non-print mode when an optional
printer is connected.

Toggles the uppercase mode and the GAPS symbal in the
display.

When the CAPS symbol is displayed, uppercase letters are
entered. If is pressed, the CAPS symbol disappears

and lowercase characters are entered.

Use to specify the beginning and end of strings and labels.

Use with USING statement to define a numeric field.
Use to specify the PRINT# or INPUT# statement.

Use when assigning character variables.
Use with the USING statement, to define character string

fields.
Use to indicate a hexadecimal value.

The (3 ] and keys have the following functions, depending on the mode, as
well as the state of the computer, as listed in the following table:
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Mode State 3] 1]
Program being ex- Not functional
ecuted
Interrupted by the Execute the next line and Hold down to display pro-
STOP command or | stop. Press +[ ] gram line being executed
RUN | the key to execute subsequent or already executed.
lines continuousiy.
Error condition Not functional Hold down fo display error-
during program ex- producing line
ecution
(When the mode is changed to PRO mode and program lines are not displayed)
Program is tem- Display the fine interrupted. | Same as left.
porarily interrupted
Error condition To display the line with Same as left
PRO error.
Other condition To display the first line. To display the last line.
(When the program lines are displayed)
To display the next pro- To display the preceding
gram line. program line.
Note:

« If no key is entered in the key entry request mode for approximately 11 minutes,
the power is automatically turned off (Auto OFF function.)
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APPENDIX D
TROUBLESHOOTING

This appendix provides you with some hints on what to do when your computer
does not do what you expect it to. You should iry each of the following suggestions,
one at a time, until you have corrected the problem.

1. If the display is too light or too dark,

¢ adjust the contrast control.

2. If the power does not come on (nothing is displayed),

* the batteries may be exhausted. Replace the batteries.

* the memory protect switch may be set to position B. Check that the switch is
set 10 position A.

» the RAM slot cover lock might not be set to the LOCK position. Check that the
lock is set to the LOCK position.

3. If the power does not turn off,

e the computer is running a program using a command which takes a long time,
such as BEEP, CSAVE or CLOAD. Press the key to interrupt program
execution and then the key.

If the power is still not turned off, perform the following operation 4.
4. If the computer does not operate properly,

* a peripheral device may have been connected or disconnected while the
power was on, or there may have been an error during program execution, or
the computer may have been subjected io strong electrical noise or shocks
during use.

Perform one of the following operations.

{1} Reset (retaining the memory contents)

Press the RESET buiton with a ball-point pen or any other appropriate
device and then the keys. If the computer still operates improper-
ly after clearing the error condition with this operation, there may be an error
in programs or data entered. Follow (2) below, pressing the key to
clear the memory contents.

A

<
s -
’océ’ Use only a ball-point pen or similar
RESET button < device to press the RESET bution,

Do not use a mechanical pencil with
its lead exposed or a device with a
sharp point, such as a sewing needie.

(2) All Reset (clearing all the memory cantents)
Press the RESET button while hoiding the key.
Release the RESET button before releasing the key.
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» When using the computer only:

ST (MAIN):
ALL CLEAR OK? (Y/N)

If the key is pressed, all the memory is cleared.
If the [_N_] key is pressed, the memory contents remain intact.

+ When the RAM card is installed:
S2(CARD}:
ALL CLEAR OK? (Y/N)

The display prompts for RAM card initialization. Press the key to initial-
ize the RAM card. Then the display prompts for computer initialization. Press
the key 1o initialize the computer.

If the RAM card is installed and MEM$="B" is used, the message using the
computer only will be displayed. Press the key to initialize the com-
puter and the RAM card. Press the [_N_] key not to initialize them.

The Auto OFF function will take effect in approximately one minute for the
above displays.
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APPENDIX E
SIGNALS USED IN THE SERIAL 1/0 INTERFACE

The computer is equipped with a 15-pin connector for the serial I/O interface. The
pins used and their signals are described below.

. _r— | e T s T e |
! ] ight side vie
, ,—‘I 9 Right side view

Pin 15 Pin 1

Pin Connections Used

Pin Name Symbol 10 Function
1 Frame Ground FG — | Protective chassis ground
2 Send Data SD Out | Outputs a DC data signal
3 Receive Dajia RD In Inputs a DC data signal
4 Request to Send RS Qut | HIGH: Sends carrier
5 Clear to Send Cs In | HIGH: Transmission enabled
7 Signal Ground 8G — | Reference 0 voltage for all signals
8 Data Carrier Detect CD In HIGH: Carrier signal received
10 VC — | Power supply
11 Receive Ready RR Qut | HIGH: Receive enabled
13 VG — | Power supply
14 | Data Terminal Ready ER Out | HIGH: Local terminal ready
Notes:

1. HIGH: VC voltage level; LOW: SG voltage level

2. The computer uses CMOS components. Application of voltages exceeding the al-
lowable range, i.e., voitage level between SG and VC, may damage the com-
puter.
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APPENDIX F

SPECIFICATIONS

Model:

Processor:

PC-E500 Pocket Computer
8-bit CMOS CPU

Programming language: BASIC

System ROM:

Memory capacity:

Stack:

Operators:

Numetic precision:

Editing features:

Memory protection:

Interface capability:

256 K bytes

System internal 3.8K bytes approx.
Fixed variable area 312 bytes
Program/data area 28600 bytes

Total: 145 bytes

( Subroutine: 4 bytes/stack )
FOR-NEXT: 21 bytes/stack

Addition, subtraction, multiplication, division, trigonometric
and inverse trigonometric functions, logarithmic and ex-
ponential functions, angle conversion, square and square
root, power, sign, absolute, integer, coordinate conversion,
pi, etc.

10 digits {(mantissa) + 2 digits (exponent)
single-precision mode

20 digits {mantissa) + 2 digits (exponent}
double-precision mode

in the CAL, MATRIX and STAT modes, only the single-
precision mode can be used.

Cursor left and right, line up and down, character insert,
character delete

Batitery backup

11 pin (for cassette interface, disk, printer, etc.)

Serial input/output features:

Standards:

Baud rates:

Parity bits:

Data bits:

Stop bit:
Connectors used:
Output signal level:
Interfacing signals:

Start-stop transmission (asynchronous) system
Half/full duplex

300, 600, 1200, 2400, 4800, 9600 baud (bps)
Even, odd, or no parity

7 or 8 bits

1 or 2 bits

15-pin connector (for external equipment)
CMOS level (4 to 6 volts)

Inputs: RD, CS, CD

Outputs: SD, RS, RR, ER

Others: SG, FG, VC
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Display:

Keys:

Power supply:

Power consumption:

Operating temperature:

Dirmensions:

Weight:

Accessories:

Options:

4-line, 40-column liquid crystal display with 5 x 7 dot
matrix.

89 keys

Alphabetic, numeric, special symbols, and functions
Numeric keypad

Programmable function keys

For computer operation:

6.0 Vdc Type-AAA dry cell battery (RO3) x 4
For memory backup:

3.0 Vde Lithium battery (CR2016) x 1

0.07 W at 6.0 Vdc

Approximately 70 hours of continuous operation under nor-
mal conditions (based on 10 minutes of operation or pro-
gram execution and 50 minutes of display per hour at a
temperature of 20°C/68°F). The operating time may vary
slightly depending on usage and the type of battery used.

0° - 40°C (32° — 104°F)

200(W) x 100(D) x 14(H) mm
7-7/8"(W) x 3-15/16"(D) x 9/16"(H)

250 g (0.55 Ib.) (with batteries)

Hard cover, four dry batteries, one lithium battery, and
Operation Manual.

Plug-in RAM cards 8KB (CE-212M), 16KB (CE-2H16M)
32KB(CE-2H32M), 64KB (CE-2H64M)

Printer/Cassette Interface (CE-126P)

Printer (CE-515P)

Pocket Disk Drive (CE-140F)

Others
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APPENDIX G
USING PROGRAMS FROM OTHER SHARP COMPUTERS

Programs written for the following SHARP PC series computers can be run on the
PC-E500 computer with slight modifications:

PC-1475, PC-1401, PC-1402, PC-1403(H), PC-1450, PC-1460, PC-1425, PC-1360

The PC-E500's WAIT command has an initial default value of zero. This means that
the display will not be temporarily frozen when the PRINT command is executed. If
you wish to display more than three lines at a time, insert a WAIT command in the
transplanted program to temporarily freeze the display (see “WAIT Command”).
Since the PC-E500 has 40 display columns, the transplanted program may require
modifications to fit the PC-E500’s display width. Programs containing commands or
characters not defined on the PC-E500 also require modification.

+ Memory Capacity
A program written for another computer requires a different amount of memory
on the PC-E500.

» Variable Names
The PC-E500 allows you to use up to 40 characters for a variable name,
whereas existing models allow only up to 2 characters.

» User-Defined Keys
The PC-E500 has no user-definable keys for program execution . Use program-
mable function keys or enter GOTOxlabel [«—1]. Use xlabel rather than “label”
in the GOTO statement.

e Line Numbers
Variables or expressions cannot be used for line numbers specified in the
GOTO, GOSUB, RESTORE, or THEN statement.

+ Tape Recorder
When loading another computer's program into the PC-E500, use the following
command:
CLOAD@"filename" or CLOAD@[<—1]
If the filename is omitted, the program first encountered after the tape is started
is loaded. The PC-E500 automatically translates loaded program codes into PC-
E500 program codes as it reads each line. An error occurs if a translated pro-
gram line exceeds 255 bytes. An error also occurs if the size of the loaded pro-
gram is too large for the PC-E500’s program area. If this happens, clear unneces-
sary variables from the program area, then reload the same program. For code
translation, a work area of approx. 600 bytes is required in addition to the pro-
gram space.
When inputting/outputting data from/to another computer, the OPEN command
must be executed.
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Example:

20 PRINT #F,G —» 10 OPEN "CAS:" FOR QUTPUT AS #1
20 PRINT #1,F,.G
30 CLOSE #1

Array Variables

1. If array A( ) is used in another computer's program without being declared
with a DIM statement, declaration of the array is required at the beginning of
the program. Fixed variable space is not shared with array variable A().

2. If the number of characters is declared for a string array, delete that declara-
tion.

Example:
DIM AB$(30)x40 — DIM AB$(30)
The PC-E500 stores up to 254 characters.

Miscellaneous
1. For logical operations, the PC-E500 returns value —1 for true, and 0 for false.
2. It is not allowed fo use expressions in the DATA statement, such as DATA

SIN 30+2, CHR$66. Use the statement in the form of, for example, DATA 2.5,
B.
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APPENDIX H
CARE OF THE PC-E500

To ensure trouble-free operation of your computer, note the following:

Always handle the computer carefully, as the liquid crystal display is made of
glass.

Keep the computer away from extreme temperature changes, moisture, and dust.
During warm weather, vehicles left in direct sunlight are subject to high tempera-
ture buildup. Prolonged exposure to high temperature may damage your com-
puter.

Use only a soft, dry cloth to clean the computer. Do not use solvents, water, or
wet cloths.

To avoid battery leakage, remove the batteries when the computer wiil not be in
use for an extended period of time.

1f the computer is subjected to strong static eleciricity or external noise, it may
“hang up” (all keys become inoperative). If this happens, press the RESET but-
ton. (See TROUBLESHOOTING.)

Keep this manual for future reference.
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COMMAND INDEX

General Commands

AER ..o 211

ARUN L. 212
ASC e 213
AUTO L. 214
AUTOGOTO ..o, 215
BASIC ... 216
BEEP ..o 217
CHRS .o, 220
CLEAR ..o 223
CLS e 227
CONT o, 229
DATA e 235
DEFDBL ...t 236
DEFSNG ..ot e, 237
DEGREE ..., 238
DELETE ..ot e 239
DIM e, 240
END e 243
ERASE ..., 245
ERL .o, 248
ERAN e e 247
FOR..NEXT oot 250
FRE oottt 251

GCURSOR .......... Tevreeser e, 252
GOSUB...RETURN ........ccereermnne. 254
GOTO et 255
GPRINT e, 256
GRAD ..o 258
HEXS oot 260
IF..THEN...ELSE .....cccovtrrrrmmnn. 261

INKEY$ ... 264
INPUT e 266
INPUTS ..o, 267
KEY ot e 272
KEYS .o 273
LEFTS e 275
LEN e 276
LET e e 277
LINE oot 280
LIST e 282
LOGATE ...t 290
MDF e 284
MEMS ..o 295
MID$ .ot 297
NEW .o, 299

ONLL.GOSUB ..., 301
ONL..GOTO oo, 302
PASS e se e 307
PAUSE ..o veees 308
POINT o v e 309
PRESET ...ooeeveeveerecvreeeseevenvesssensnns 310
PRINT et en e 311
POET e escere e s es e 315
RADIAN <o veevee e 316
RANDOMIZE .......ooiiivreeeeeeennn, 317
READ ..t e s s, 318
BEM (") o re e, 319
BENUM oo 320
RESTORE ....ovivieeeeeeeveeennn 321
RESUME .......cooviemreciee e eerenes 322
RIGHTS e ee e, 323
BND .o eeeeeeevsee s ree s 325
BUN Lt seee e 326
BTOP et cseserereserveerseens 330
STRE e ver e e s 331
TEXT et 332
TROFF e eevee s e 333
TRON e r e 333
USING .o 334
WAL e a e s, 336
WAIT e ee e, 337
Printer Commands

CIRCLE ... eeeveeeeeeevaien e 221
CLOSE e evesea e o 226
COLOR ..ot eee s 228
CONSOLE .....ooovteeeeeeeeeeeeeserieaan, 228
CROTATE ceeeeeeeeeeveeeeean, 232
CSIZE ..ot vesrcv e eseeeneans., 234
GLCURSOR ...oveeeereeiecveeeereeeesrenes 253
GRAPH .. eeeee e, 259
N 278
LFILES e ceee e, 279
LLINE oot ra s ee s 283
LLIST s eeee 285
LPRINT L. vcereeest e e sessnes 292
LTEXT et eee e 293
OPEN e e 303
PAINT v e e e e e e 306
RLINE oo ve e e 324
SORGN e eseie 329



Disk Commands

CHAIN e 219
CLOSE ..ot 2286
COPY e rrtceramnm e e 230
DSKF e eeettesrernie e 242
EOF s iririmesesrrenensan e esinaneneans 244
FILES .eioevinerrrererensenaeesecnsnnarassseans 248
INIT eeeereecrervmreesveeerenar e scesamenssnnans 263
INPUT$ (Not for pocket disk) ......... 267
INPUTH oo saninesenns 270
KILL oo eerremrerniesmre s ercciressmssressnans 274
LFILES oo eeeertscrrnee e 279
171 5 TP 287
LOADT ovivrceeceremenernmnensessmenscnessans 288
LOG oo e emrer s s 289
0] U 201
MERGE ...ooovrirrenrer e ssnssarssreenes 206
NAME ..o vereerresen s snssresaeens 298
OPEN ...ooereeercrerereeisesnessssansinnes 303
2= {1 - T 313
SAVE it srenr s 327
SET o 328
Cassette Tape Recorder Commands
CHAIN Lttt 219
CLOAD ..o rcercrenrenenscsssasrenninnens 224
CLOAD? oot eesrenem e ssssinseanens 225
CLOSE et rereseee e ssisiieses 226
COPY et rmesse e rsesr e iiins 230
CSAVE .. 233
EOF ot renesecenee s snsnasnneesas 244
INPUTS v iere e rsmrsrerne s 267
INPUTH oo ier e s 270
115671 0 TN 287
LOAD? icticererrecerriesssassssisssssssnsssaes 288
MERGE ..coooveecrinrmmrememecsinrenerses s 296
L] =] = N O 303
PRINTH ...ccovererrcereiesrrncessressesnans 313
SAVE ... s 327
Serial I'0 Commands

CHAIN oo remree e ermeneeesssar e eeens 219
CLOSE .o rcennesmenssaniaeesanes 226
COPY ceeecitrvrarie s 230
EOF ..o emne e etinaees 244
INPUTS e rmerensesisisinssaennes 267
INPUTH ...coierrmrermrieninneccssnmresmssienn 270
LOAD coccivrrerere e e e canants s ensens 287
LOADT evicereevererre e semresrneenssisnanins 288
LOC o eiciersreeeresensmscessasnssssansasnes 289

] R 206
OPEN .ooeerrrnctstmnsn e 303
0] 2] = T 305
PRINTH .oceeremreemcieiccisnnissnessmneeens 313
SAVE e 327



INDEX

A

AER mode 32, 117

All reset 2, 348

Amino acids formulas 95
Area of figure 76

Array variables 169
Afmospheric pressure 93
Auto OFF 11

B

BASIC
commands 181
concepis and terms 166
mode 32
program operation 165
statements 180

Basic cperations 37

BATT indicator 13

Batteries
handling 17
operating 9

memory backup 9
replacement 14
BUSY indicator 12

C

CAL mode 10, 32, 33

Calculations
double-precision 156
errors 163
hexadecimal 46
length 158
matrix 138
ranges 207
regression 127
scientific 39, 158
serial 154
single-precision 156
statistical 123

CAPS indicator 12

Care of computer 355

Cassette recorder
interface 24, 25
specifications 25
use 25

Character codes 342
Chi-square distribution 110
Color plotter/printer 25
use 28
Complex numbers 97
Configuration of memory 21
Connector
11-pin 8
15-pin 9
Constants
physical 79
planstary 94
string 166
solar 94
Contrast 13
Conversions
angle/time 41, 159
hexadecimal/decimal 45
metric 82
polarfrectangular 41, 180
Cubic equation 54
Cursor 12

D
Data files 174, 189
Data table 131
DBL indicator 12
Debugging 193
Decimal places 35, 42
DEFDBL 171
DEFSNG 171
DEG indicator 12
Degree 158
Device name 175
Devices, peripheral 24
Differential equations &2
Digits, number of 35
Direct command 182
Direct input 31
Direct calculation 161
Display 8, 12
Display mode 35
Distribution

chi-square 110

F 111




normal 108

t 109
Double-precision 156
Double-precision mode 156
Double-precision variables 171

E
E indicator 13
Editor, PF key label 112
Electric & magnetic fields 101
Electrical formulas 99
Electron, outer 91
Elements, periodic fable 87
ENG mode 32
Engineer software 32, 49

list 51

program creation 115
Equation of motion 85
Error messages 122, 137, 153, 340
Errors 153, 163 - .
Expressions 176

AER mode 117

deleting 119

entry 117

logical 177

recalling 119, 121

relational 177

searching 122

string 176

title 117
Extensions, of file names 174

F
F distribution 111
Factorization 65
Features i
Figure, area 76
Filenames 174
File numbers 175
Files
data 176, 189
pumber of 175
program 174
First-order differential equations 62
Fixed variables 168
Formulas
amino acids 95
glectric & magnetic fields 101
electrical 99

integration 69
Lapiace transforms 103
mechanical 106
trigonometric 67

Free memory (FRE) 3

G
Gamma function 78
GRAD indicator 12
Gradient 158
Graph
data 73
function 71
Greatest common measure 53
Greek alphabet 70

H

Hardware B8

Hexadecimal numbers 166
conversion 45
calculations 46

HYP indicator 13

|
/O interface signals 350
Initializing

memory 2

RAM cards 19
Integration 60
Integration formulas 69
Isotope, stable 92

K

Key functions 344
Key label editor 112
Keyboard 8

L
Labels 181
Lagrange's method 64
Last answer recall 156
Laplace transformation 103
LCD screen 8, 12

contrast dial 9, 13
Least common mulliple 53
Line numbers 180
Linear equation solution 145
Logical operators 177



M
Magnetic fields 101
Main menu 10
MATRIX mode 32, 138
Matrix

calculations 141

entry 138

errars 148

printing 148

scalar aperations 144
Mechanical formulas 108
Memory

available 3

calculations using 38

configuration 22
Menu labels 112
Meteorology 93
Method of bisection 58
Metric conversion 82
Motion, equations of 85

N
Names
device 175
file 174
Newton’s method 56
Normal distribution 108
Numeric operators 37
Numerical integration 60
Numerical solution
Bisection 58
Newton’s method 56

o)
Operation modes 32
selection 32
Operator precedence 43, 162, 179
Operators
logical 177
matrix 142
numeric 37
relational 161, 177
Quter electron 91

P

Parentheses 42, 44, 179
Periodic table 87
Peripheral devices 24
Physical constanis 79

Planetary constants 94
Plot

data 73

function 71
Flotter/printer 25

use 28
Pocket disk drive 24
Polynomial, Lagrange 64
Precedence 43, 162, 179
Prime factors 53
PRINT indicator 13
Printer/cassette interface 24

use 27
Printing, direct input 162
Priority levels 43, 162, 179
PRO mode 32

indicator 13
Program

entering 182

execution 192

files 174

from other computers 353

listing 183, 186

storing 188
Pragrammable function keys 8, 49, 191

label editor 112
Programming 180, 182
Prompt 12
Protective cover 6

R
RAD indicator 12
Radians 158
RAM card 18
capacities 21
configuration 22
installing 18
number of files 18
slot 9
use 21
RAM disk files 174
Relational operators 161, 177
Resetting
All reset 2, 348
button 9
memoary reset 2
Romberg's method 60
RUN mode 10, 32, 149
calculations in 150



indicator 13 simple string 168

selection 149 storage 136, 147
Runge-Kutta method 62 string array 168, 169
using in calculations 155
s
Scientific calculations 39, 158 w
Scigntific notation 35 Wind speed 93

Second function key 11
Sequential file 189
Serial calculations 154
Serial /O 29
Shift key 11
Simultaneous linear equations 145
Single-precision 156
Single-precision mode 156
Single-precision variables 171
Single variable statistics 124
Solar constants 94
Specifications 351
Stable isotope 92
STAT mode 32, 123
Statistics
calculations 123
data entry 124, 128
errors 137
FREQ key 125
regression 127, 131
single-variable 124
Status fine 12
Storing programs 188
T
t disiribution 109
Tape
recorder interface 25
recording 25
Trace mode 193
Trigonometric calculations 39, 158
Trigonometric formulas 67
Troubleshooting 348
Turning ON 10

v

Variables 167
double-precision 171
fixed numeric 168
nurmeric array 168, 169
in programs 185
single-precision 171
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