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OFTEN FIRST - ALWAYS THE BEST

When we introduced the 'S’ system last year we knew that we were ahead of the industry.

We didn’t realize just how far.

WE KNEW THE NEEDS—

When we began designing the S/09 computer, we
knew that the normal eight-bit microprocessor sys-
tem was not adequate for any but the smallest,
single user business applications. What was worse
there was little that could be done to expand the
capabilities of the system if the customer needed
it. There is nothing much worse to a business
customer than a ""dead end’’ system,

MEMORY IS THE KEY—

Obviously a business system shouid be able to
operate with multiple terminals if needed. It
should also be able to do a variety of jobs; not just
data processing, but also word processing and com-
puter aided instruction. With a system limited to
64K bytes of memory addresses such a system is
just not practical. The amount of user memory
available to each terminal is too small for useful
work.

HOW DO YOU GET IT—

The common solution to this problem is calied
bank switching. This process is similar to a selector
switch that turns on the bank of memory that you
want to work with. This, however, has a few pro-
blems. It is inefficient, therefore expensive, plus
being slow. It is also extremely clumsy when data
must be exchanged between two different pro-
grams. Besides with all this you still cannot use
more than 64K of memory for any one program.
So what is the alternative?

DO IT RIGHT—

The alternative is an address bus with more than
the normal 16 bits found on eight-bit microproces-
sors. By using 20 address bits you can, for instance,
address up to a million memory locations directly.

This way you have access to any part of memory at
any time without any intermediate processes. Pro-
gram interaction is now no problem at all.

SOFTWARE MUST MATCH—

So far we have a computer system with a large
memory capacity and the ability to operate with
many terminals, but this is not enough. You need
an operating system just as sophisticated as the

Sl

hardware to complete the job. It must be a multi-
tasking (therefore multiuser) operating system and
it must be fast if it is to be useful with multiter-
minal systems. UniF LEX® fills these requirements
and more. It also has multiple directories, log-in
and password features. UniFLEX® was patterned
after UNIX™™. which is one of the most highly re-
garded operating systems around.

PERIPHERALS TOO—

To complete the system we offer our smart ter-
minals, and a variety of disk systems. We have
everthing from a 390K byte floppy to a 40 Meg/
byte Winchester drive. All peripherals are compa-
tible and so you can start with a small single
terminal system and upgrade if necessary to a fully
expanded system—16 terminals, 768 bytes of RAM
memory and 96 Meg/bytes of disk storage.

GET THE WHOLE STORY—

iIf you are planning to install, or sell business
systems you should get our information package
on the most versatile and cost effective system on
the market, the S/09. You can get a 128K system
(less printer) for a little over $5,000.00.

*UNIX is a Trademark of Bell Laboralories.

SYSTEM SOFTWARE

Languages Operating Systems
Assembler FLEX™
BASIC UniFLEX
FORTRAN
Pascal
PILOT

Word Processing
Word Processing Editor

Data Processing Text Processor

General Ledger
Accounts Receivable
Accounts Payable

Payroli Utilities

Jobcost Debug Package
Inventory Sort-Merge
Mail List Diagnostics

*Supplied with over 40 ulilities

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

(5612) 344-0241
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Management Information Display

Ultrasonic heart sector scan

High-resolution display with alphanumerics

Get the professional color
display that has
BASIC/FORTRAN simplicity

LOW-PRICED, TOO

Here’s a color display that bhas
everything: professional-level resolution,
enormous color range, easy software,
NTSC conformance, and low price.

Basically, this new Cromemco Model
SD1* is a two-board interface that plugs
into any Cromemco computer.

The SDI then maps computer display
memory content onto a convenient color
monitor to give high-quality, high-
resolution displays (756 H x 482 V pixels).

When we say the SDI results in a high-
quality professional display, we mean you
can’t get higher resolution than this
system offers in an NTSC-conforming
display.

The resolution surpasses that of a color
TV picture.

BASIC/FORTRAN programming

Besides its high resolution and low
price, the new SDI lets you control with
optional Cromemco software packages
that use simple BASIC- and FORTRAN-
iike commands.

Pick any of 16 colors ({from a
4096-color palette) with instructions like
DEFCLR (c, R, G, B). Or obtain a circle of
specified size, location, and color with
XCIRC (x, y, 1, €).

*U.S. Pat. No. 4121283

Circle 1 on Inquiry card.

Model SDI High-Resolution Color
Graphics Interface

HIGH RESOLUTION

The SDI's high resolution gives a
professional-quality display that strictly
meets NTSC requirements. You get 756
pixels on every visible line of the NTSC
standard display of 482 image lines. Ver-
tical line spacing is 1 pixel.

To achieve the high-quality display, a
separate output signal is produced for
each of the three component colors (red,
green, blue). This yields a sharper image
than is possible using an NTSC-composite
video signal and color TV set. Full image
quality is readily realized with our high-
quality RGB Monitor or any conventional
red/green/blue monitor common in TV
work.

Z-ZH
("‘v![ll!rr.,fpfm.

Model SDI plugs into Z-2H 11-megabyte
hard disk computer or any Cromemco
computer

DISPLAY MEMORY

Along with the SDI we also’ offer an
optional fast and novel two-port memory
that gives independent high-speed access
to the computer memory. The two-port
memory stores one full display, permit-
ting fast computer operation even during
display.

CONTACT YOUR REP NOW

The Model SDI has been used in scien-
tific work, engineering, business, TV,
color graphics, and other areas. It's a
good example of how Cromemco keeps
computers in the field up to date, since it
turns any Cromemco computer into an
up-to-date color display computer.

The SDI has still more features that
you should be informed about. So contact
your Cromemco representative now and
see all that the SDI will do for you.

Cromemco

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400

Tomorrow's computers today
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" Z-2H
Compuerysten_

Here’s the state of the art
in low-cost hard-disk computers

11 MEGABYTES
OF
FAST HARD-DISK STORAGE

Yes, the Cromemco Model Z-2H
is in a class by itself in the computer
field.

These Z-2H features tell you why:

® 11 megabytes of hard-disk

storage

® 64 kilobytes of fast RAM

® Two dual-sided floppy disk

drives

® Z-80A type processor

® Fast4 MHz operation—150

nanosecond access time

® Fast hard-disk transfer rate of

5.6 megabits/second

® Low cost

And that's not all you get. Not
nearly.

BROAD
SOFTWARE SUPPORT

You also get Cromemco software
support—the broadest software sup-

Circle 1 on inquiry card.

port in the microcomputer field. Soft-
ware that Cromemco is known for.
Like this:

Structured BASIC

FORTRAN IV

RATFOR (RATional FORtran)
coBOL

Z-80 Macro Assembler

Word Processing System

Data Base Management

And more all the time,

FIELD PROVEN
The Z-2H is clearly in a class by it-
self. We introduced it last summer.
It's field proven. It's reliable.
And it’s rugged. Housed in a sturdy,
all-metal cabinet.

EASILY EXPANDABLE
As always with Cromemco, you get
expandability. The fast 64K RAM in
this Model Z-2H can be expanded to
512 kilobytes. That amount of RAM
combined with 11 megabytes of hard-
disk storage gives you enormous

Cromemco

computer power—the equal or even
beyond what much larger computers
sometimes offer.

What’s more, this computer gives
you a 12-slot card cage. That's to plug
in your special circuits as well as
additional RAM and interface cards.

This expandability is supported by
still more Cromemco value — the
Z-2H's heavy-duty power supply that
gives you 30A at 8V and 15A at =18V
to support plug-ins.

LOW COST — SEE IT NOW

The Z-2H is real. It's been in the
field for many months. It's proven
itself.

You should see the Z-2H now. Con-
tact a Cromemco representative and
arrange for a demo. Learn that Cro-
memco is a survey-winner for reli-
ability.

And learn that the Z-2H is under
$10K.

In the long run it always pays to
get the best.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400

Tomorrow’s computers today
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22 A BUILD-IT-YOURSELF MODEM FOR UNDER $50
by Steve Ciarcia

This originate-only modem will allow you to get started in intercomputer communica-
tion with minimal expense.

58 THE HARD-DISK EXPLOSION: HIGH-POWERED MASS
STORAGE FOR YOUR PERSONAL COMPUTER
by Tom Manuel

Thanks to new hard-disk technology, personal computer users can add millions of bytes
of mass storage to their systems at a reasonable cost.

100 WHAT IS FORTH? A TUTORIAL INTRODUCTION
by John S James

Here is an overview of FORTH that lays the foundation for the other theme articles in
this BYTE.

150 BREAKFORTH INTO FORTH by A Richard Miller
and Jill Miller

If you can't imagine any personal use for FORTH, can you imagine a 96-line program
that plays a fast, animated game with sound on the TRS-807

164 FORTH EXTENSIBILITY: OR HOW TO WRITE A COM-
PILER IN TWENTY-FIVE WORDS OR LESS by Kim Harris

This tutorial explains the capability for defining new families of FORTH words,

210 CONSTRUCTION OF A FOURTH-GENERATION VIDEO
TERMINAL, PART 1 by Theron Wierenga

Part 1 of this article presents a new design using the 8275 controller and a dedicated
Z80 microprocessor.

Background

76 THE EVOLUTION OF FORTH, AN UNUSUAL
LANGUAGE by Charles H Moore

The inventor of the language recalls its design and how it evolved over a 10-year
period.

198 KHACHIYAN'S ALGORITHM, PART 1: A NEW SOLU-
TION TO LINEAR PROGRAMMING PROBLEMS
by G C Berresford, A M Rockett, and ] C Stevenson

Now you can study the algorithm that promised to revolutionize linear programming.

Nucleus
6 Editorial: Threads of a FORTH 94 BYTELINES

Tapestry 98 Selected FORTH Vendors

14 Letters 196 A FORTH Glossary

40 Product Review: The Ohio Scien- 226 Clubs and Newsletters
tific CA-15 Universal Telephone In- 230 Event Queue
terface 234 Ask BYTE

46 Product Review: The Heath H-89 248 What's New?
Computer 302 Unclassified Ads

72 Programming Quickies: Self- 303 BOMB, BOMB Results
Reproducing Programs 304 Reader Service
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ON THE COVER

This month’s cover by Robert Tinney shows a rocket-like needle
threading its way through granite cubes labeled:
DOUBLE , DUPLICATE , and + . The threaded path of the
needle is a representation of the process used in FORTH and other
threaded languages to create a new word (here, DOUBLE ) with
previously ‘defined words (here, DUPLICATE and + ).

Other aspects of this fascinating language are described in the
editorial, “Threads of a FORTH Tapestry,” and in the theme
articles for this issue.
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RS-170 com-
posite or direct
drive output

Local or
external sync =
generation

4 or 5 Mhz -~
Z80 micro- ~
processor

60 hertz real- #~
time clock

interrupt tie-in

[EEE S100 bus
compatible

Screenware™ Pak |

A 4K byte operating system resident in PROM
on MicroAngelo™ Pak [ emulates an 85 char-
acter by 40 line graphics terminal and provides
over 40 graphics commands. Provisions exist
for user-defined character sets and directly
callable user extensions to Screenware Pak 1.

SCION Corporation
8455-D Tyco Road
Vienna, Va. 22180

(703) 827-0888

MICROANCELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER

y
SCION

CORPORATION

Light pen
interface

Time multi-
plexed refresh

4K resident
Screenware™
Pak [ operating
system

32K RAM
isolated from
host address
space

High speed
communica-
tions over
parallel bus
ports

Host Resident Terminal Software

An interface software package that coordi-
nates input/output from the MicroAngelo™
graphics board, the MicroAngelo™ keyboard,
and your computer. The result is a flexible,
yet sophisticated graphics terminal.

European Distributor:
Micro Diversions UK Ltd.
17/19 Mesnes Street
Wigan, England WN1 1QP
09-423 4311
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You'll save money,

have fun, and learn

by building it yourself

— with easy-to-assemble
Heathkit Computers.
See all the newest in
home computers, video
terminals, floppy disk
systems, printers and
innovative software.

Send today
for your

FREE

Heathkit
Catalog

If coupon is missing, write
Heath Co., Dept. 334-682
Benton Harbor, M| 49022

e —
Send to: Heath Co., Dept. 334-682,
Benton Harbor, Mi 49022.

Send my free Heathkit Catalog now.
| am not currently receiving your
catalog.

Name _B
Address

City _ State

CL-728 Zip
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Threads of a FORTH Tapestry

Editor’'s Note: This month's editorial is by BYTE Editor Gregg Williams.
Gregg was responsible for the preparation of this month's special section

devoted to the FORTH language. Carl Helmers returns next month with
an editorial....CM

What do a portable heart monitor, the new Craig Language

Translator, a peach-sorting machine, and a movie called Battle
Beyond the Stars have in common? The answer is FORTH, a not-so-new
language as comfortable in industrial machinery as it is in a personal com-
puter. In fact, it was originally used by its inventor, Charles H Moore, to con-
trol the telescope and equipment at the Kitt Peak Observatory.

Although I have known about FORTH for about a year, it was only during
the preparation of this issue that I began to actively keep my ears open for
mention of this unusual language. I have uncovered a lot of information (and
some experience) about FORTH and its variations. The language is so unusual
that no single line of thought could give you a picture of what the language is
like. Instead, the following sections represent several threads from the rich
tapestry called FORTH.

FORTH in the Real World

No language I know of is as comfortable in real-world situations as FORTH.
Here are some examples of the breadth of applications that have been created
using FORTH:

@® Elicon Inc of Brea, California, is using FORTH software to drive the
same kind of computer-controlled cameras that were used to film the
sophisticated space-battle scenes in Star Wars. New World Productions of
Venice, California, is using this camera system to film the spaceship sequences
in the motion picture Battle Beyond the Stars. In a related development,
Magicam Inc (which devised a number of the special effects for the recent
movie Star Trek) is in the process of converting control of its master-slave
camera pair from an analog computer to a digital computer running FORTH
software. In the Magicam process, the master camera follows actors on a
special blue stage while the computer guides the slave camera across a detailed
model. Later, the two images are optically combined, producing the effect of
the actors actually being in the landscape depi¢ted on the model.

® Allen Test Products of Kalamazoo, Michigan, has developed an igni-
tion analyzer for use in service stations and automobile repair shops that
analyzes the behavior of automobile ignition systems and displays both
diagnostic and corrective information. Formerly, the voltage waveform from a
spark plug was displayed on an oscilloscope, after which a mechanic would
attempt repairs based on his interpretation of the waveforms.

® Atari Inc is using FORTH in two of its divisions and is rumored to be
contemplating other uses for the language. In its Coin-Operated Division,



“For reliable data storage,
you can’t beat Shugart’s

M - niﬂo 99 ™ Raymond Schhitzer, Owner—
l pp ® Computerland, San Francisco

“I sell systems my customers can depend have been installed. The Minifloppy looks that eliminates the need to search for your

on. Thats why most of the personal and small—but it stores a lot of data. 250 data serially as you must with a tape
small business computer systems sold here  kilobytes on one side, or up to 500 kilo- cassette unit.
feature Minifloppy disk drives. I know bytes in the double-sided model. That’s No matter what problem you’re
from experience I can rely on the about 50 pages of printed informationona  solving with your computer system, you
Minifloppy”’ single-sided Minidiskette, and twice that can rely on Shugart’s Minifloppy for data
Since 1976 Shugarts Minifloppy has  on the double-sided version. You’ll have storage. We’re known as the Headstrong
been used by more small computer system  plenty of storage capacity for your pro- company for good reason. We're
manufacturers than any other drive. In grams, letters, forms, or ledger entries. Headstrong about reliability, quality, and

fact, more than half-a-million Minifloppys ~ And you find your data fast, too, because value. Ask your dealer. He knows us.
the Minifloppy is a random access device

TM—Minifloppy is a trademark of Shugart Associates. f@ Shugal I

475 Oakmead Parkway, Sunnyvale, California 94086



which develops and markets the
stand-alone games found in pinball
arcades and restaurants, a 6502-based
development system employs
FORTH software to debug and test
arcade circuit boards. In addition,
Atari has developed its own custom
version of the language, called game-
FORTH, that is awaiting its first use
to replace machine code as the lan-
guage used to create arcade games.
Someday soon, you may play a coin-
operated game without knowing that
you are actually running a FORTH
program.

In the Consumer Group of Atari, a
version of FORTH that has been ex-
tended to allow manipulation of the
video screen and game peripherals
has been developed for the Atari 800
computer. Although no definite plans
have been made, Atari may market it
as an option for the Atari 800, or, like
the Coin-Operated Division, use it in
a “transparent” mode to implement
games and other programs.

® FORTH is used in a portable
1802-based computer that aids in the
treatment of patients with infrequent
heart flutter. The device, small
enough to be worn comfortably by

the patient during his or her daily ac-
tivities, constantly updates a “snap-
shot" of the patient’s heart activity
every 7 seconds. In addition to re-
cording this information in real time,
the device analyzes the data for evi-
dence of a heart murmur. When a
murmur is detected, the device stores
the data containing the evidence and
signals the patient to return with the
device to the doctor's office for
analysis and diagnosis.

® In another medical applica-
tion, FORTH is the sole language
used in a computer at the Cedar-Sinai
Medical Center in Los Angeles, Cali-
fornia. Using FORTH, a Digital
Equipment Corporation PDP-11/60
simultaneously performs, among
others, the following tasks: manages
32 remote terminals; stores patient in-
formation from an optical reader into
a large data base; runs a statistical
package that analyzes the patient
data base in search of trends in the
physical makeup, treatment, and
results of similar patients; and
analyzes blood samples and heart
behavior in real time while a patient
is exercising on a treadmill machine.
Spencer SooHoo, in the pulmonary

A CREATION OF COMPUTER HEADWARE

WHAISTITE

(Wow! Howd All That
Stuft get In There?)

A sophisticated, self-indexing filing system—
flexible, infinitely useful and easy to use,
that adapts to your needs.

WHATSIT comes ready to run on your Apple, NorthStar, or
CP/M computer. See your dealer. .

.or write or call.

150‘1“)“1“‘

P.O. Box 14815 ® San Francisco, CA 94114 ¢ Tel: (415) 621-2106
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medicine section, is also developing a
portable 6800-based FORTH system
to be used for monitoring intensive-
care patients.

® A stripped-down version of
FORTH was used to create the hand-
held Craig M100 Language Trans-
lator under time, size, and other
design constraints. This same lan-
guage also runs the software inside
the translator unit. In a related pro-
duct, a hand-held ASCII terminal
manufactured by MSI Data Corpora-
tion of Costa Mesa, California, also
uses FORTH internally.

® In what must be the most in-
teresting FORTH application 1 have
encountered, a central California
fruit farming cooperative uses an
8080-based machine running FORTH
to adaptively sort and grade peaches.
Infrared sensors send information to
the computer on the coloring and
quality of pitted peach halves that
pass the sensors on a conveyer belt.
After analyzing this data, the FORTH
program causes flippers to knock the
peach halves into appropriately grad-
ed bins—extra fancy, fancy, etc. In
addition, the program keeps track of
the percentage of peaches in each bin
and changes its selection criteria to
maintain a certain fixed ratio among
the various grades of peaches.

® Last but not least, FORTH: is
used in several aerospace applica-
tions. A FORTH-like language called
IPS (running on an 1802-based
system) is orbiting Earth in an
amateur radio satellite called the
OSCAR Phase III. Avco Inc is using
another 1802-based system (again,
for the small size and power com-
sumption of the 1802 microprocessor)
to monitor temperature and take care
of ground-to-satellite and satellite-to-
ground telemetry in a military
satellite.

Who Should Try FORTH?

FORTH is an easy language: a high
school student, Arnold Schaeffer,
wrote an arcade-type game called
BREAKFORTH. (See “Breakforth in-
to FORTH,"” by A Richard Miller and
Judy Miller, on page 150.)

FORTH is a difficult language: it
easily beats APL as a “write-only
language”; you can write a program
in the language, but you can't easily
read what you've written.

Given these two valid extremes,
your initial reaction might be, “This
doesn’t make sense.” True, learning



At Intersystems,
‘dump” is an instruction.

Not a way of life.

[Or, when you're ready for IEEE S-100, will your
«computer be ready for you?)

We're about to be gadfhes again.

While everyone’s been busy
trying to convince you that large
buses housed in strong metal
boxes will guarantee versatility
and ward off obsolescence, we’ve
been busy with something better.
Solving the real problem with the
first line of computer products
built from the ground up to con-
form to the new IEEE 5-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
1™ And even if you don’t need the
full 24-bit address for up to 16
megabytes (!) of memory right
now, they’re something to think
about. Because of all the perform-

ance, flexibility and economy
they offer. Whether you're looking
at a new mainframe, expanding
your present one or upgrading
your system with an eye to the
future. (Series Il boards are com-
patible with most existing S-100
systems and all [EEE S-100 Stan-
dard cards as other manufacturers
get around to building them.)
Consider some of the fea-
tures: Reliable operation to 4MHz
and beyond. Full compatibility
with 8- and 16-bit CPUs, pe-
ripherals and other devices. Eight
levels of prioritized interrupts. Up
to 16 individually-addressable
DMA devices, with IEEE Standard
overlapped operation. User-selec-
table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that’s just for openers.
The best part is that all this
heady stuff is available now! In
our advanced processor—a full
IEEE Bus Master featuring Memory
Map™ addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

economical 2-serial, 4-parallel
Multiple 1/O board. 8-bit A/D-D/A
converter. Our Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete [EEE S-100 system. Available
separately, or all together in our
new DPS-1 Mainframe!

Whatever your needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We'll
tell you all about Series Il and the
new IEEE S-100 Bus we helped
pioneer. Because it doesn’t make
sense to buy yesterday’s products
when tomorrow’s are already here.

\| ™
lnnferSyysiemns
Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91,

Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346




FORTH takes some time; it's some-
what like learning a foreign language.
So far, my experiences with FORTH
remind me of my attempts at learning
a smattering of Russian; both lan-
guages are so different from any I've
seen before—French or Spanish,
BASIC cr FORTRAN—that I have to
mentally shift gears to work in the
new language.

You should give FORTH a try if
you are excited by what you see here.
Especially important in this respect
are the articles, “What is FORTH? A

Tutorial Introduction,” by John
James, and ” A FORTH Glossary,”
pages 100 and 186, respectively. Your
best bet is to get to a computer that
can run a version of FORTH; or, bet-
ter yet, get someone who knows the
language to demonstrate it to you.
My first experience with FORTH
was at the Fourth West Coast Com-
puter Faire in May 1979. A member
of the FORTH Interest Group was
demonstrating the language using an
Apple 11 and an Advent television
screen. First, he defined a word called
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COUNT, like this:

: COUNT 0 DO 1. LOOP ;
Then he said { 6 COUNT } (note:
the braces are not part of the expres-
sion; see the accompanying text box),
the computer replied with
{ 012345 OK }. Iwas instant-
ly hooked on learning more about
FORTH. What he had done closely
paralleled the iota function in APL,
and anything that even resembled
APL was going to get my full atten-
tion.

If you are at all dissatisfied with the
capabilities of your current com-
puter, or if you feel that there should
be more to computers than BASIC
and assembly language, you should
try FORTH. Once you get accus-
tomed to its peculiar syntax, you can
make it do nearly anything you want
it to. In fact, you can even make it
have features it did not previously
have. Assembly language is like this
to some extent, but FORTH is a
higher-level language with the same
abilities—only magnified. FORTH is
what I call a "homebrew” language;
its enthusiasts carry with themselves
the same look-how-this-works en-
thusiasm as do most hardware
hackers who build their own hard-
ware. If we ever have a homebrew
software issue, FORTH will certainly
be included.

FORTH is the ultimate software
hacker’s language because, like a bag
of components before a hardware
hacker, you can do anything you
want to with it. It can be argued that
assembly language is the ultimate
programming language; strictly
speaking, this is true, but it takes so
much more time to craft a piece of
software in assembly language that it
is practically ruled out in most cases.

However, this total freedom carries
with it complete responsibility. Since,
for example, the FORTH program
you write is free to use an array
subscript that is out of bounds, you
must be responsible enough to either
(a) put in error-checking routines
(you can take them out later), or (b)
build your program up from small
tested modules to assure that your
program will never execute an im-
proper subscript. If you would rather
have the language system do this kind
of work for you, stick to BASIC or

whatever you're running now.
Text continued on page 128
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Maybe we can
save you a call.

Many people have called with the
same questions about the A10.
We'll answer those and a few more here.

Q: Does the A1O have hardware handshaking?

A: Yes. The serial port accommodates 3 types—RTS.
CTS, and DCD. The parallel port handles ACK., ACK,
BSY,STB, and STB.

Q: What equipment can be used with the A10?

A: A partial list of devices that have actually been tested
with the AIO includes: IDS 440 Paper Tiger, Centronics
779, Qume Sprint 5, NEC Spinwriter, Comprint, Heathkit
H14,1DS 125, 1DS 225, Hazeltine 1500, Lear Siegler
ADM-3,DTC 300. Al 841.

Q: Does the AIO work with Pascal?

A: Yes. The current AlO serial firmware works great
with Pascal. If you want to run the parallel port, or both
the serial and parallel ports with Pascal. order our
“Pascal Patcher Disk®’

Q: What kind of firmware option is available for

the paralle! interface?

A: Two PROM's that the user installs on the A1O card
in place of the Serial Firmware PROM's provide:
Variable margins, Variable page length, Variable
indentations, and Auto-line-feed on carriage
return.

Q: How do | interface my new printer to my Apple
using my AIO card?

A: Interconnection diagrams for many popular
printers and other devices are contained in the
A10 Manual. If your printer is not nientioned,
please contact SSM’s Technical Support Dept.
and they will help you with the proper
connections.

Q: | want to use my Apple as a dumb terminal
with a modem on a timesharing service like
The Source. Can 1 do that with the A10?
A: Yes. A “Dumb Terminal Routine” is listed
in the A1O Manual. It provides for full and
half duplex, and also checks for presence
of a carrier.
Q: What length cables are provided?
A: For the serial port, a 12 inch ribbon cable
with a DB-25 socket on the user end
is supplied. For the parallel port,a 72 inch
ribbon cable with an unterminated user
end is provided. Other cables are available
on special volume orders.

The AlO is just one of several boards
for the Apple that SSM will be introducing
over the next year. We are also
receptive to developing products to
meet special OEM requirements.
So please contact us if you have
a need and there is nothing available
1o meet it.

==

SSM Microcomputer Products
2190 Paragon Drive
San Jose, California 95131
(408) 946-7400







ht and the Apple.

high speed and low cost. No
wonder this drive is the most
popular on the market.

But now Apple goes one
better with the DOS Too! Kit.
A series of utility programs,
it gives you the freedom to
easily design 280hx192v
graphic displays in a palette

If you could talk to Thomas Edison,
he'd tell you what it was like to turn the
lights on in 1879. You could tell him about
some bright ideas of the 20th century...
particularly, a technological phenomenon
that can handle everything from solar heat
control to lighting your home via voice
command. The Apple personal computer.

Expand your own of living color...depending
inventiveness with the " your choice of Apple
system.

always-expandable Apple.

Take a look inside your local computer
store. There's a range of Apple systems
for you...whether you want expansion
capabilities of four or eight accessory
slots...or memory expandable to 64K
bytes or 128K bytes. With this kind of flexi-

Edison was first with the
movie camera and projector.
Now, with Apple’s DOS Tool
Kit, you can be first to work
wonders with colorful
creative animation.
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bility, the possibilities for creating your lmagme the
own computer system are endless.

W\Vant“:g l:ld(ri a);l A[tr(1> l; colrllversion broadeSt hne Edison had the first movie
board? Apple makes it happen. Want to of software camera...and zfipple has
plug into time sharing, news and elec- Pprograms ever. the DOS Iool Kit that takes

you into the colorful world

Apple’s broad line of ¢ 01i0p,

peripherals is equalled only

by the most extensive line of software
you'll find in the personal computing
world. Since more than 170 companies
offer software for the Apple family, you
can have one of the most impressive
program libraries ever.

When you write your own programs,
your Apple speaks creatively in BASIC,

With Apple, Edison could've written a
program to determine why some filaments
burned longer than others.

tronic mail services? Apple does it all.
Because Apple is the most popular per-
sonal computer with the least complicated
interface, over 100 companies supply
peripherals for the Apple family...includ-
ing an [EEE 488 bus for instant control.

—

Disk drives, a tool kit
and creativity in color.
Apple was one of the first to use
disk drives for increased performance

and application versatility. Today, our 54" 8
disk drive offers high density (143K bytes

Circle 7 on inquiry card.

Pascal, FORTRAN, PILOT and
6502 assembly language.
Use these languages to score
a sonata. Apple will play
back your musical master-
piece on its built-in speaker.
Edison listened to his
voice on a revolutionary
phonograph in the 1800s...
now you can listen to the
sounds of today with Apple’s
inventive family of personal
computers.

Where to find even
more illuminating
Apple experiences.

There’s always something
new being invented at Apple to
set your imagination soaring.
And there’s always an expert
to tell you all about it in
detail. Your Apple dealer. If you
already own an Apple, there’s
a whole future ahead to

challenge man, mind and machine.

If you're considering a personal com-
puter, stop by the computer store and
compare. Apple’s reliability, proven perfor-
mance and recognized technological leader-
ship will help you see the light. Don’t
let history pass you by. Visit your nearest
Apple dealer, or call 800-538-9696.

In California, 800-662-9238.

"clppleécompuuzr




Programming Knowledge
Is Not Enough

Isaac Newton explained it over 300
years ago. Introductory physics students
learn it less than three months into their
first course. Yet now it seems to be
treated as an argument over words,
rather than principles, in BYTE's Letters
column. | speak of the description of cir-
cular motion under the influence of

gravity, and in particular of Delmer
Hinrichs' recent contribution “Marsport
Forces Resurface” (January 1980 BYTE,
pages 16 and 17).

In the situation described, there is
only one force acting: gravity, given by
GMm/rt. The other relation Hinrichs
presents does not show how to calculate
another kind of force, but is simply a
statement of Newton's second law of
motion, namely, if any net force acts on

9O~ XvmMO

L N-§-
" T < 103

ITM~-COUV=200

Chrislin is First 11!
with deliveries of DEC’s Desk Top Computers. Available with
LSI 11/2 or LS| 11/23 CPU. Complete system totally enclosed

within VT100 Video Terminal. Price $4,500 with LS| 11/2 and
64K bytes or $8,995 with LS| 11/23 and 256K bytes.

NOW Available — PDP 11/23 with 256 KB Memory $8,900.

SPECIAL — LSI 11/2 and 32K x 16 Memory $1,095.

10 MEGA BYTE Cartridge Disk System with Controller, RT11

compatible $6,100.

1 MEGA BYTE RX02 Floppy Disc System $3045.

‘ Chrislin Industries, Inc.

Computer Products Division
31352 Via Colinas ® Westlake Village, CA 91361 ¢ 213-991-2254
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a body, an accelerated motion will be
observed. For circular motion, the ac-
celeration is equal to v?/r, and the force
giving rise to such motion, from
whatever physical source, is called a
centripetal force; ie: a force toward the
center of the circle, which is quite the
opposite of Mr Hinrichs' “centrifugal”
force (of which there is none in the
situation under discussion). The physics
here is thus simply to note that the
gravitational force acts centripetally, and
thus can be equated to m times the ac-
celeration, or ma.

It is unfortunate that many people
have not yet realized that programming,
once one is past the initial hurdles, is no
longer a self-sufficient discipline, but
must be viewed as a tool within the con-
text of some other discipline in order to
acquire real value. If the discipline is
economics, for example, the programmer
must be a reasonably accomplished
economist if one is to trust his results; if
the discipline is physics, then the physics
must be understood thoroughly, and not
just pulled out of some handbook; and
so on....

S Leslie Blatt

Professor of Physics

The Ohio State University
Van de Graaff
Accelerator Laboratory
1302 Kinnear Rd
Columbus OH 43212

More Marsport Commentary

In Delmer Hinrichs’ second letter in
the January 1980 BYTE, he continues to
miss the point about the nature of forces
in circular motion. (See “Marsport, Here
[ Come,” April 1979 BYTE, page 84.) As
he points out, the National Aeronautics
and Space Administration (NASA) ex-
plains circular orbits in terms of cen-
tripetal force and gravitational force,
while Mr Hinrichs says, “The attraction
of gravity is exactly balanced by the
centrifugal force at all times.” This is not
just a matter of “slightly different” ter-
minology. As can be confirmed with a
dictionary, a centripetal force is one
directed toward the center of motion,
but a centrifugal force is one directed
away from the center of motion. Thus
the terminology of Mr Hinrichs is in fact
opposite that of NASA.

Perhaps the confusion results from the
use of two names, centripetal and
gravitational, which suggests the ex-
istence of two forces. However, gravita-
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TRS-80* Computer Compatible . . .

Quality is the real difference.
Low price is merely a dividend.

High quality.
Competitive pricing.
And a proven track record.

Three reasons why Percom is the industry’s
number one independent manufacturer of

mini-disk systems for microcomputers.
And if you're looking at
mini-disk drives, extra storage
capacity is an added
bonus.
In fact. you store
almost one fifth more
data on Percom
TFD-100" drives and
over two-and-one-fourth
times as much on
TFD-200'"™ drives.
Besides extra testing
and superior design. you get
free. with each system, a software
patch on minidiskette that not only
upgrades TRSDOS* for operation with
the newer 40- and 77-track drives. but
also deglitches version 2.1.
Available in 1-. 2- and 3-drive
configurations, Percom drives for the

TRS-80* computer start as low as $399.

The gift of speech

Called
Speak-2-Me-

..... - r_ 2'™ this clever
L interface
module makes

a Texas
Instruments’
Speak & Spellt the voice of your
computer — announcing, imploring,
commanding with expressions and
sentences created from the Speak &
Spelit vocabulary.

Speech is controlled either at the
keyboard or by your own Level Il
BASIC programs. Or by Percom

Speak-2-Me-2'™
is installed in the
battery
compartment of
your Speak &
Spellt, and power is
provided from an
ordinary calculator power
pak. Supplied with an
interconnecting cable,
operating software and a
comprehensive users manual,
Speak-2-Me-2' costs only
$69.95.

minidiskette word games }
(available soon). o )

the Separator:'"™ End “CRC
error. Track locked out!”

This plug-in
Sy St T; adapter
) virtually

= Y eliminates data

‘& read errors, a
W T problem that

plagues
TRS-80* computer systems. The
SEPARATOR'™ so called, is installed in
the Expansion Interface without
modifying the host system. When
installed, data and clock signals are
reliably separated during playback, an
essential function that the separator
circuitry of the host computer performs
very poorly. Price is only $29.95.

Note. Opening the Expansion Interface
may void the Tandy limited 90-day
warranty.

214)272-3421

PERCOM DATA COMPANY, INC.
211 N. KIRBY GARLAND, TEXAS 75042

" trademark of Percom Data Company. Inc.

0S-80' uses Level 1}
BASIC commands

With OS-80™ Level Il BASIC
commands are used for DOS and Disk
BASIC functions.

You extend the OS-80™ utility set
indefinitely with your own BASIC
disk-resident utilities.

OS-80™ resides in less than 7-Kbytes
of RAM.

The program is supplied on
minidiskette along with a simple file
manager, BASIC disk utilities and an
08-80" “Handbook” that you expand
and maintain.

All are helpful programming

examples.
Price, with instruction manual, $29.95.
-5 NEW! 0S-80™
\ Machine Language
- 5 SAVE /LOAD
* Utility. Only
e $14.95 on

minidiskette w/instructions.

Quality Percom products are available at Percom dealers nationwide.
Call Percom'’s toll-free order number, 1.800.-527-1592,
for the address of your nearest dealer or to order direct.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

PERGOM

trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.

+ wademark of Texas Instrumenis, Inc.
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5 MHz CPU Card

# Intel 8085A-2 microprocessor ll Hardware
floating point @ Performs calculations six times
faster than other CPUs @l On-board monitor in
PROM B 1K RAM scratch pad @l Keyboard or
RS232C terminal @ Variable clock frequency

PRICE—$850
(California residents add 6% sales tax)

Call or write Artec for details.
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ARTEC €LECTRONICS, INC.

605 Old County Rd., San Carlos, CA 94070
Telephone (415) 592-2740
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tional forces are centripetal; ie: directed
toward the center (of Mars in this case).
In other words, for circular orbits the
gravitational force and the centripetal
force are one and the same and cannot
balance one another.

You might then wonder why two
names and two formulas are used for the
same force. The answer is that the two
different formulas come from two
separate types of analysis, one indepen-
dent of motion, the other requiring mo-
tion. The formula for gravitational
force, F, = GMm/r?, comes from
measurements of forces between two
masses. The two masses might be or-
biting each other, in contact, on a colli-
sion course, or moving apart. The
gravitational-force formula works the
same in all of these cases. On the other
hand, the formula for centripetal force,
F, = mv"/r, comes from measurements
of forces needed to keep a single mass
moving in a circular path. These forces
can be of any type. Examples include
tension in a string, friction between a
car's tires and the road surface, elec-
tricity, magnetism, and gravity. The
centripetal force equation works the
same in all of these cases. Notice that
both of these formulas apply to circular
orbits and can be set equal because the
centripetal force is supplied by gravity.

As a high school physics teacher with
a Master’s degree in physics, | have
discussed this subject with over a dozen
physicists and hundreds of students. All
of the physicists and most of the
students would agree with what | have
written here.

Robert Reiland
RR 1
Portersville PA 16051

A Message About the Reminder

My article in the January 1980 BYTE
“A Computer-Generated Reminder
Message”’ (page 160) has prompted
several people to contact me, raising
various questions related to the article.

The data conversion routines caused
the most comment. They require a
BASIC processor which maintains at
least seven full decimal digits of preci-
sion; many do not. To determine if a
given BASIC maintains seven digits of
precision, enter “"PRINT 9999999”. If
""0999999” is printed, the BASIC main-
tains sufficient precision. References for
further study of data-processing
algorithms may be found in the follow-
ing articles:

Fliegel and Pan Fladen, “A Machine
Algorithm for Processing Calendar
Dates,” Communications of the

ACM (CACM), volume 11,
October, 1968.

Robertson, “Remark on Algorithm
398," Collected Algorithms from
CACM.

Stone, "Tableless Date Conversion,”
Algorithm 398, CACM, volume 13,
October, 1970.

Tantzen, “Conversions Between
Calendar Date and Julian Day
Number,” Algorithm 199, CACM,
volume 6, August, 1963.

The only known error in the January
article appears on page 172. The
reference to line 9500 should be deleted,
since the line was deleted from the pro-
gram listing.

Another area of questions concerned
the conversion of the program to other
disk BASICs. I have been asked about
TSC BASIC, North Star BASIC, and
other versions. The usual two areas of
concern are the required seven digits of
precision and disk input/output ([/0)
methods. Without reference to specific
implementations, Microsoft-like BASICs
should prove the easiest to convert.
Other implementations which do not use
FIELD statements are also convertible,
though with some increase in difficulty.

Edgar M Pass

Computer Systems Consultants Inc
1454 Latta Ln NW

Conyers GA 30207

Here's a Good Book on
Curve Fitting

In response to F R Ruckdeschel’s
appeal for a good, balanced reference
book on curve fitting (Letters, March
1980 BYTE, page 16), [ heartily recom-
mend Applied Linear Statistical Models
by John Neter and William Wasserman
(Richard Irwin & Sons, 1974).

This book features a unified approach
to both simple and multiple cases of
linear and polynomial regression tech-
niques, and through the use of indicator
variables, it also offers a regression ap-
proach to basic and multifactor analysis
of variance.

It is a good book for both beginners
and statisticians alike, since it starts out
at an introductory level, introduces
matrix theory early, and goes on to
show how matrix operations (v, 2rations
on two-dimensional arrays, which most
computer languages can handle) can be
applied to a large variety of statistical
analyses.

After I had struggled for years in the
seemingly muddy area of statistics, this
book has been instrumental for me in
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- Do more
than ever before-
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Heath makes the All-In-One Computer more versatile

Many satisfied customers know
Heath takes the risk out of buying a
balanced computer system. With the
Heathkit All-In-One Computer, you
get 16K Random Access Memory
(expandable to 48K), keyboard, video
terminal and floppy disk system —
together in one self-contained, com-
pact unit — for up to hundreds of
dollars lessthan comparable systems.

Heath now makes the All-In-One
Computer more versatile than ever!
The new Heathkit H77 Floppy Disk
System gives the All-In-One even
more data storage and recall capac-
ity. Combined. the All- In-One and
H77 Floppy Disk give you up to 300K

bytes of on-line data storage —
enough to hold entire files. You can
mount operating system and pro-
gram disks at the same time, to make
computing even faster.

You can run programs written in
MICROSOFT™ BASIC™ and As-
sembly Languages, and all current
software written for the popular
Heathkit H8 Computer.

Heath User‘s Group (HUG) will share
with you a library of over 500 pro-
grams to make your computer serve
you in ways you never imagined.
There’s no better way to learn about
computer systems —and save money
~ than by building one yourself.

Concise, easy-to-follow Heathkit
assembly manuals show you the
way. from start to finish. And a na-
tionwide network of service centers
protects your computer investment.

Join the Heathkit computer family
today —and pocket the savings!

For complete details on Heathkit
computer systems, as well as nearly
400 other electronic kits for your
home, work or pleasure, send today
for your free, value-packed Heathkit
catalog. Or pick up your copy at the
nearest Heathkit Electronic Center.

Heathkit

SEND FOR FREE CATALOG | VISIT YOUR HEATHKIT STORE
gy

Write to: HEATH COMPANY,
DEPARTMENT 334-684,
BENTON HARBOR, MI 43022 W

In the U.S. and Canada, visit your

nearby Heathkit Electronic Center where

Hemhxil products are alsodisplayed,

sold and serviced. See the white pages of

Eour phone book. In the U.S.. Heathkit
lectronic Centers are units of

Veritechnology Electronics Corporation. CP-184



Now for CRTs, TRS-80 Model Il and Sorcerer!

VEDIT CPM
Visual Editor

You Customize The Fastest Editor For
Word Processing, C-Basic, Fortran, Assembler.

Features:

Screen oriented editor with status
line. In visual mode the screen
continuously displays the region of
the file being edited and a cursor.
Changes are made by moving the
cursor to any place in the file and
?/pin in new text or hitting a
unction key. These changes are
immediately reflected on the screen
and become the changes to the file.

Full array of cursor movements
with single key movement to begin
and end of lines, tab positions.

Function keys for character
delete, line delete and allowing line
splitting and concatenating.

Very easy to use text move in
visual mode with a text register.

Flexible command mode allows
global search and substitute, repe-
titive editing operations, text move.

Blocks of text are readily copied
from one file to another. Files may
be merged on input, split on output
and other extensive file handling.

Keeps up with the fastest typists!

Extensive manual with sections
for both the beginning and experi-
enced user. (Our users say it is the
clearest, best manual available).

Special Features:

Disk buffering can automatically
perform Read/Write for files larger
than available main memory.

Tabs settable to any positions.
Tab key inserts tab character or
spaces to next tab position.

Display of clearly marked contin-
uation lines for text lines longer
than the screen.

You Customize It:

To Your screen size (even 40 or
70 lines), screen address and
keyboard layout.

ursor type, blinking, reverse
video.

Default Tab positions and various
parameters.

Scrolling methods.

Its ideal for diverse hardware,
kezboards and applications.

or OEMs too.

Compatible: CP/M systems with
most memory mapped displays,
including VDM, SSM, VIO, Matrox.
CRT terminals, H19, VT100,
Hazeltines, etc. Also for Sorcerer
and TRS-80 Model .

CP/M 18 8 nademars of Drgetal Resesrch Corp
TRS-80 13 » frademark bt Tandy Corporation

The Changes You Make on the Screen
Become the Changes in the File.

Compare with the other screen oriented editors. Some have most of VEDIT's
features, fewer have the special features, but none are customizable like
VEDIT. And don't be misled by our lower price! Write or call for more
information and discover why VEDIT allows you to edit faster and easier than
any other editor. (Even users with other screen oriented editors and word
processors tell us they prefer VEDIT!)

Ordering: Specify your video board, CRT terminal type or microcomputer,
the 8080/280 or 280 code version and disk format desired.

Need a Fast and Reliable 24 X 80 Video Board

Then you want the S-100 PIICEON V-100. Its I/Q mapped, doesn’t take up
memory space, yet runs at full processor speed. Full character set with lower
case descenders. Fully assembled and tested by PIICEON, the company
known by OEMs for reliability. Its the ideal companion to VEDIT.

Standard Package: For CRTs, Sorcerer, Model i, Piiceon ... ... .. $110
Memory Mapped Package: For Memory mapped displays . .. ... .. $100
Manual: Price refunded with software purchase . ... ............ $ 15
PIICEON V-100: 24 X 80 Video display board, 1 Year Warranty . . . . . $445

PICKLES & TROUT CP/M: Super CP/M 2.2 for the TRS-80 MOD Il . . $185
VISA and MASTER CHARGE Welcome. Dealer Inquires Invited.

CompuView Products Inc.

1531 JONES DRIVE ANN ARBOR, MICHIGAN 48105
CALL ANYTIME: (313) 996-1299
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clearing the water. And for the ex-
perimentally minded computerist, this
text winds up with a comprehensive sec-
tion on experimental design.

Richard Shide
918 4 Ave S
Fargo ND 58103

Getting Into a Metric Gear

As an avid cyclist, [ was glad to see
the Programming Quickie in the March
1980 BYTE (“Gear-Ratio Calculation for
Bicycle Derailleurs,” page 68), but as an
ardent proponent of “metrication” 1 was
sorry to see that, contrary to your stated
policy, you did not include a metric
equivalent. Metric countries use a more
rational and intuitively meaningful
measure of the gear ratio than our silly
system does; they simply measure how
far the bicycle will travel in one com-
plete turn of the pedals. The following
program (listing 1) should serve to make
the principle clear.

Listing 1.
PROGRAM GEARS;
CONST Pl = 3.14159;
VAR
DIAMETER,
CIRCUMFERENCE,
DEVELOPMENT,
CHAINWHEEL, SPROCKET: REAL;
BEGIN WRITE (WHEEL DIAMETER IN
METERS: °);
READ (DIAMETER);
CIRCUMFERENCE : =PI * DIAMETER;
REPEAT WRITE (TEETH ON CHAIN
WHEEL: ');
READLN (CHAINWHEEL);
WRITE ('TEETH ON SPROCKET: °):
READLN (SPROCKET);
DEVELOPMENT : = (CHAINWHEEL /
SPROCKET) * DIAMETER;
WRITELN (‘DEVELOPMENT: °,
DEVELOPMENT: 4:2. * METERS.")
UNTIL EOF
END.

David A Mundie
104 Oakhurst Cir
Charlottesville VA 22903

Beware of Handshakes

If any BYTE readers are thinking
about installing a dot-matrix printer in
their microcomputer system, I have a
friendly warning to pass on: pay close
attention to your manufacturer’s recom-
mendations, or know the risk you're
taking if you ignore them.

For example, North Star Computers,
Inc recommends that owners connect the
Anadex DP-8000 to the parallel interface
of its Horizon computer. But comparing
printer specifications, I chose to save a
few bucks by building a Heath H-14 line
printer for the Horizon's serial interface.

I saved some money: the printer kit
cost $625 plus shipping, plus an addi-
tional $82.98 at the Heathkit Electronic

Circie 13 on inquiry card. e



Mountain Hardware makes
more peripherals for
the Apple Computer

Intelligent Home Controller for lights and
. appliances. Real-time schedules and
e " energy conservation. Complete applications

home energy cost control. No wiring required.

software package. Home security with random
scheduler. Power usage accounting package for

than Anybody.

and . ..
a place to put them

-/

a———

Real-time and date information. Interrupts
permit Foreground/Background operation of
two programs simultaneously. Battery back-up.
Crystal-controlled for *+ .001% accuracy. Onboard
ROM for easy access from BASICs. Supports
PASCAL. Time from one millisecond to one year.

i

Input/Output Speech Digitizer. Permits talking programs. /0 capability
E W, allows interactive programs with speech-prompted inputs. Use output for

cr i speech directed activities in business systems. announcements in a control-

room, or sound effects in entertainment programs. Easy to use because input

as well as output is under user control with special software operating system.

Program your own EPROMs. Create your own firmware.
Programs 2K, 2716 5V EPROMs. Disk software package
provides easy EPROM programming. EPROMs are verified
after BURN. RUN your programs from on-board socket or
install them on ROMPLUS+.

More power for your system through firmware. Six sockets
accept 2716 EPROMs or ROM equivalents. Six or any com-
bination can be used at once. Scratch-pad RAM and two TTL
connectors. Special 2K ROMs available for powerful system
enhancement: Keyboard Filter ROM—COPYROM—Others
coming soon.

Sophistication previously available only on

experimental mini and mainframe com-

puter synthesizers. Digital instrumental

\ music Synthesizer system. 16 voices in
stereo Instrument definitions simulate the

\ sound of real instruments—and more. Fully
programmable wavetforms. Envelope Con-

- trol. Composition system—sheet music

input using standard music notation.
Chords and multi-part scoring up to 16
voices. A true instrument that anyone with
R an Apple can play.

16 channels analog to digitalinput. 16
2 v channels digital to analog output.
o® Eight bit resolution. Super-fast 8y

.- »
s <Th sec. conversion time. Monitor and
C - output to the real world. All on one

card.

gMountain Hardware

e

By popular demand! Eight more slots for your
Apple. Attractive sturdy enclosure. Its own heavy
duty power supply. Easy to use. Address cards
in Expansion Chassis the same way as in your
Apple. Only one additional command to specify
in Apple or in Expansion Chassis. Compatible with
all Apple peripherals.

MOUNTAIN HARDWARE has the most compre-
hensive fine of Apple peripherals availabie.
Anywere. From anybody. We know the Apple
inside and out and are committed to providing
the most innovative and unique products to
expand and enhance its capabilities and use.
After all, we were the first company to make an
Apple peripheral—except Appte Computer.

The message is simple. If you have an Apple, you
need to know MOUNTAIN HARDWARE.

Available at Apple Dealers worldwide.

Mountain Hardware

Leadership in Computer Peripherals
A Division of Mountain Computer, Inc.
300 Harvey West Bivd.

Santa Cruz, CA 95060 (408) 429-8600

MORE PERIPHERALS? Send me information.
NAME = =

ADDRESS

CITY -

Apple is a trademark of Apple Computer Inc.




Center in Seattle when the H-14 flunked
its initial power-on tests. The service
personnel replaced two defective CMOS
(complementary metal-oxide semicon-
ductor) integrated circuits and repaired
three open-foil breaks in the 5 V supply
at no charge, but they detected er-
roneous installation of seven transistors.
(Considering the obvious textual errors
in the documentation, which would you
believe—the text or the pictorials? |
guessed wrong and followed the pic-
torial: customer error!)

My H-14 printer tested perfectly at
4800 bps (bits per second) under HDOS
in Seattle. 1t went ape at 4800 bps on
the Horizon after [ got it home, A quick
phone call to my friendly Horizon dealer
divulged the fact that North Star DOS
does not test for handshaking signals!
(The Heath manual advises to run no
faster than 110 bps without hand-
shaking.)

So now | have a 110 bps line printer
dawdling along, while the 4 MHz Z80A
and | are twiddling our respective
thumbs! Does anybody out there want
to trade an in-warranty Anadex DP-8000
printer for an in-warranty Heath H-14
plus some extra cash?

John R Dye
4807 Fifteenth Ave SE
Lacey WA 98503

Specialized Business Program

As a charter subscriber to BYTE, 1
quite often see references by many of

| your software reviewers and article

writers to the lack of good software
available for microcomputers in the
business field. I thought, to give some
perspective, that [ would tell BYTE
readers about the Electric Log. It is
highly specialized and useful in no field
other than the operation of a television
station; therefore it is directed to a very
small group of very small businesses
(less than 8000 in the entire US).

The point I would like to make is this:
since there is an adequate supply of
standard business packages available, the
opportunity in business software lies in
the specialized application field. These
will never be marketed in magazines
outside the trade, never by computer
companies, and never with any great
publicity. There is more of this done
than you realize, and this may be the
undercurrent that stimulates small
business to invest in microcomputers.

Pete Charlton
The Management
POB 111

Aledo TX 76008

Figure 1.

16 RESISTORS
IN SERIES

Pass the Pi

Emory Sprenkle remarked in his letter
(February 1980 BYTE, page 16) that
1/(113/355) is a good rational approx-
imation of 7, and is easily remembered.
In fact, 355/113 is the best rational frac-
tion approximation to 7 having no more
than three digits in the numerator.

1 was reminded of the following prob-
lem which appeared a few years ago in
American Mathematical Monthly:

What is the smallest number of
perfect 1-ohm resistors needed to

20  August 1980 © BYTE Publications Inc

create a network with an equivalent
resistance of = ohms, + 10 ~* ohms?

This problem leads one to discover how
positive rational fractions may be
presented as continued fractions. The
solution shown in figure 1 includes three
resistors in series with a network con-
sisting of sixteen series-connected
resistors in parallel with seven parallel-
connected resistors, making twenty-six
in all.

W Lloyd Milligan
8604 Maywood Dr
Columbia SC 29209 B
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Shipped with CE/M 2.0

Industrial quality components

for S-100 system builders, from
California Computer Systems.

, the controller reads
and writes IBM-standard single density.
Automatically determines disk density —
single or double. Supports PerSci auto eject,

plus fast-seek for voice coil systems.

2810280 CPU Board. Capable CPU for S-100
Systems operates at 2 or 4MHz, is fully Altair/
Imsai compatible. Z-80 monitor is available
separately. Includes auto addressing to
4K boundaries, plus a serial port for serial
devices, including terminals and printers.
Supports both front-panel operation and
power-on memory jump, plus wait-state gen-
eration for slower memories. Compatible with
proposed IEEE S-100 standards.

2032A 32K Static RAM. Fast static memory
operates without wait states at a full 4MHz.
Supports full and partial bank select, for
expansion beyond 64K. Addressable in 8K
blocks at 8K boundaries. Address and data
lines are fully buffered, and there are no
DMA restrictions.

2016 16K Static RAM. Fully buffered board
features 2114 static RAMs for +5v operation.
Bank select available by bank port or bank
byte, for system expansion beyond 64K.
Addressable in 4K blocks at 4K boundaries.
LED indicators for board selection and
bank selection. Available in 200, 300, or 450
nsec versions. All versions support 4MHz
operation with no wait states.

2200A Mainframe. Rock solid, heavy gauge
cabinet includes 12-slot, actively terminated
S-100 motherboeard, fan, and power supply.
Power supply features 105, 115, or 125 volt
AC input power; provides +8vDC at 20 amps,
+16v DC at 4 amps. Available in five colors.
Includes convenient, front mounted, lighted
reset switch.

2501A Mother Board. 12 slots, actively
terminated, with all S-100 connectors included.
Distributed power line bypass, low induc-
tance interconnect —extremely low bus noise.

Profotype Boards. Four high quality prototype
boards: Solder Tail, Extender/Terminator,
Wire Wrap, and Etch.

P2802AA 6502 CPU. Stand-alone CPU
generates fully S-100 compatible [/0 signals;
executes 6502 machine language. Operates at
2MHz; capable of DMA operation.

Available nationally.

California Computer Systems industrial
quality S-100 products are available at over
250 computer retailers. Volume customers
should contact the marketing department at
CESY

CCS. Industrial standards.




the S-100

T T

“k mass pmducé S-100
pmducts to deliver industrial
quality, at industrial prices.

You systems builders who need top quality, full
featured, workhorse S-100 building blocks at the most
competitive prices now have a source. California
Computer Systems.

TR RY A -

EXE)

Industrial quality means top grade materials, com-
ponents, and assembly, plus complete testing for absolute
reliability.

Industrial quality means solid designs, a full
complement of the important features you require, and
a product line that delivers performance.

Industrial pricing comes from mass production. We
buy at the right prices, and build in quantity, using
state-of-the-art facilities and techniques. Including
complete burn-in, for full performance right off the shelf.

Our industrial point of view means you get higher
performance, greater reliability, and lower prices. If these
are features you would like to see in your S-100 system,
see things our way.

Because for serious users with serious uses for
the S-100, these are the industrial standards.

California Computer Systems
250 Caribbean Sunnyvale, CA 94086 (408)734-5811
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A Build-It-Yourself Modem
for Under $50

1 receive many personal-computer
club newsletters. Some of the larger
clubs around the country have put me
on their mailing lists to keep me
informed of what's going on in their
area. One | recently received was
significant because it demonstrated
the tremendous advancements in per-
sonal computing in a very subtle
way.

It was not the content of this
newsletter that was important. It con-
tained the usual new business, old

Steve Ciarcia
POB 582
Glastonbury CT 06033

business, and other information. The
significant point was the preparation
of the document itself.

According to an editorial, this
publication has an editor/publisher
and four columnists spread across the
state. Each columnist prepares his
textual material on his own personal
computer, using a word-processing
program. He then telephones the
editor’s computer and down-loads the
text to it. The editor, using his com-
puter, combines the four individual

Photo 1: The prototype modem circuit of figure 1 was assembled on the blue perforated
circuit board as shown. It was then installed under the top cover of a COMM-80 I/0O-
expansion unit, shown at left. The COMM-80 was described in the June Circuit Cellar.
(See “1/0O Expansion for the TRS-80, Part 2: Serial Ports,” June 1980 BYTE, page 42.)
The COMM-80 and this modem are sufficient to turn a Radio Shack TRS-80, or a com-
puter that uses a similar bidirectional bus, into a timesharing terminal. The modem can
be used on any computer.
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columns, along with his work, and
lays out the complete newsletter.
Finally, the editor telephones the
print shop and transmits the entire
newsletter for typesetting and print-
ing.

The significant point is that all the
communication is between computers
and is conducted over the telephone
lines.

Transmitting and receiving data
using the telphone is not a difficult
task if you have the correct equip-
ment. Virtually any microcomputer
can be configured for this activity. To
communicate properly, the system
must be a serial terminal or emulate
one and be attached to the phone
lines through a modem.

A “terminal” describes any equip-
ment with hardware and software
designed to facilitate serial data com-
munication with prescribed data rates
and protocol. My June 1980 article on
the COMM-80 was such a hardware
package. (See “I/O Expansion for the
TRS-80" June 1980 BYTE, pages 42
thru 62.) With the COMM-80 attach-
ed and using the communication soft-
ware provided, the TRS-80 computer
emulates a terminal. Any other com-
puter system calling itself a
“terminal” and using the same data
rates and protocol would be able to
communicate with it. This includes
all users of The Source and MicroNet
timesharing services.

A modem is the device that allows
the computer to be connected to a
telephone.

The problems associated with con-
necting your computer to a telephone



There are two
sides to our story.

Side One

The DISCUS 2+2 Quad - Density Hardware

Now you can use your
S-100 system to tackie big
jobs. Because the DISCUS™
2+2 Quad-Density Disk
System puts 1.2 megabytes of
fast-access memory on your
side for just $1545.00 complete. il

With the DISCUS™ 2+2 System,
complete means complete.

You get a full-size (IBM-
compatible 8"} double-sided/
double-density disk drive,

factory mounted in a cabinet with
power supply, fully-buffered S-100
single-board controller, and inter-
connecting cables. All fully
assembled, system-tested and
fully warranteed.
You get the speed and
efficiency of 1.2 megabyte-
per-diskette memory. ..
and you get it for 0.13¢
per byte.

Side Two

The DISCUS 2+2 Quad -Density Software

1.2 megabyte quad-density hard-
ware is only one side of the story.
The DISCUS™ 242 System price
includes all the fully-interfaced,
high-performance software you
need to take full advantage of your
quad capacity.

The system includes our exclusive
BASIC-V™ virtual disk BASIC, which . we think you'll take sides with
allows you to address your quad- . W DIScus™t 2+2.
density diskettes as easily as main memory. The If your dealer doesn’t carry THINKER TOYS

development tool available.
Micro-Soft BASIC 5.1 and Micro-
Soft FORTRAN are available as
options. Both run under CP/M* 2.1.
Check out the full system price of
DISCUS™ 2+2 Quad against any
other floppy disk system at your
local computer store. At $1545.00,

operating system you get is the widely accepted products, write MORROW DESIGNS Inc., 5221
CP/M* 2.1. And you get our powerful DISK-ATE Central, Richmond, CA 94804. Or call (415)524-2101
text editor/assembler; The most advanced software 9-5 weekdays (Pacific Time).

MORROW DESIGNS/ Thinker Toys-

*CP/M is a trademark of Digital Research. : e
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Photo 2: Comparison of two generations of modems. At right is an early model made
by Anderson-Jacobson, shown with the covers open. The old modem uses discrete
semiconductor components and toroidal inductors. On the left is an example of a cur-
rent model of modem: a Novation Cat acoustic-coupled modem, which is popular with
home-computer hobbyists,

Photo 3: First of a series of photos (3 thru 9) showing how you can easily contruct an
acoustic-coupler pickup. My design for the pickup uses such “exotic” materials as a hot-
water pipe foam insulation, a pair of 2-inch, 8-ohm dynamic speakers, a foam-backed
dinner placemat, rubber cement, and adhesive tape.

Step 1 of the process (shown here) is to cut a wedge-shaped piece from the insulating
foam. The foam I used had an inside diameter of 1% inches with a Y%-inch wall, giving an
outside diameter of about 2% inches. The high side of the wedge should have a height of
about 1 inch, the low side about ¥, inch.

Next, cut and trim a rectangular piece of foam measuring ¥, by ¥ by 3% inches. This is
used to help fit the speaker snugly into the hole in the wedge-shaped piece previously
cut.

Solder the electrical connections to the speaker before proceeding to apply rubber-
cement to the rectangular foam piece and wrap it around the voice coil of the speaker.
Hold it in place until the cement sets.
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are not unlike those associated with
the cassette data-storage system on a
personal computer. Like the
telephone, the cassette recorder is
incompatible with digital data and
has a very narrow bandwidth (a few
thousand hertz). Since all personal
computers accommodate cassette
data storage, there is obviously a
reasonable solution.

Rather than using digital voltage
levels, as in a direct-wired com-
munication link, audio-frequency
tones are recorded instead. In most
systems, one tone of a given fre-
quency signifies a logic 0 and. a tone
of a different frequency signifies a
logic 1. When we change or shift the
tones to correspond with the logic
input, we are performing frequency-
shift-keyed (FSK) modulation. When
we play back the tape into the com-
puter, a demodulator distinguishes
the tones and separates them back
into 1s and Os.

How Does a Modem Work?

Terminal-to-terminal communica-
tion is more complex than a simple
cassette system even though it
employs similar techniques. Trans-
mission over the two-wire phone
system from one terminal, called the
originating terminal, to another,
called the answering terminal, uses
FSK tones. The major distinction is
that terminals, unlike cassette
recorders, can operate in full-duplex
mode and communicate in both direc-
tions over the same pair of wires.
Rather than using a single pair of
tones, which would be confusing if
both terminals tried to transmit at the
same time, a modem uses two sets of
tones.

One set of tones (1070 Hz and 1270
Hz) is used by the originating ter-
minal and another (2025 Hz and 2225
Hz) is used by the answering ter-
minal. If your computer were con-
nected to a timesharing computer,
your computer would be the
originating system and all your data
would be sent with FSK tones of 1070
Hz and 1270 Hz for logic 0 and 1,
respectively. The timesharing com-
puter would answer you with 2025
Hz (logic 0) and 2225 Hz (logic 1) FSK
data.

Almost universally, if you are dial-
ing up a large computer network, you
are the originating terminal. An
originate-only modem, which is all

Text continued on page 28
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The trouble with video terminals today
is that most of the low-cost models just don't
have the performance to handle your tough
applications. And the few that do are usually
not compatible with your existing system. But
now, Intertec has resolved this age old
dilemma with the introduction of its new
Emulator™ Video Terminal.

The $895* Emulator™ performs exactly
as you command. With the depression of just
a few keys, Emulator users can select
terminal control codes of any one of four
popular video terminals. The Lear-Siegler
ADM-3A. The Soroc 1Q-120. The DEC VT-
52. Or the Hazeltine 1500. Incredible! It's like
having four terminals for the price of one.

But, best of all, not only does the
Emulator replace these terminals, it outper-
forms them by offering enhanced user-
oriented features. Features that those other
terminals just don't have - at any price.

Standard Emulator™ features include: a
sharp, crisp 12" non-glare screen with a full
24 line by 80 column display. Twin RS232C
serial ports - one for the host computer and
one for your printer. Four separate cursor
control keys. A separate 18 key numeric pad.
Keyboard selectable baud rates and operating
modes. And, a host of visual attributes.

No matter which dumb or smart terminal
you're using today, don't buy another until you
check out our new Emulator™. You'll get the

ING

performance of four terminals for the price of
one. And you'll probably save hundreds of
dollars over the price you paid for your last
terminal. Plus, you'll get unparalleled relia-
bility, nationwide service and quick delivery.
Callf or write us today for all the details.
Intertec terminals are distributed worldwide
and may be available in your area now.

INTERTEC

BAVAY
25 SYSIEMS.

2300 Broad River Rd, Columbia, SC 29210
(803) 798-9100 TWX: 810-666-2115

. NIETEC DAIA SYIBVS _
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