






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 
� � Fast 4 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›

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

� Structured BASIC 
e FORTRAN IV 
e RATFOR (RATional FORtran) 
e 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 w ith 11 megabytes of hard›
disk storage gives you enormous 

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. 

[3 Cronaenaeo 
incorporated 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 � (415) 964-7400 

Tomorrow’s computers today 
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Foreground 
32 HOME IN ON THE RANGE! AN ULTRASONIC RANGING SYSTEM 

by Steve Ciarcia 
Combine automatic sonar ranging and infrared-light detection in a computer-controlled scanner. 

64 MICROGRAPH, PART 1: DEVELOPING AN INSTRUCTION SET FOR A 
RASTER-SCAN DISPLAY by E Grady Booch 
Micrograph is an intelligent, low-cost, color-graphics terminal that interfaces to any microcomputer 
and standard, unmodified color television receiver. 

126 GRAPHIC COLOR SLIDES, PART 1 by Alan W Grogono 
The first of this two-part article gives a series of useful subroutines for generating color images on a 
Compucolor II. 

148 THREE-DIMENSIONAL GRAPHICS FOR THE APPLE II by Dan Sokol and John 
Shepard 
With this popular computer, use a two-color scheme to generate three-dimensional figures. 

296 A GENERAL INTERPOLATING GRAPHICS PACKAGE FOR THE TRS-80 by D K 
Cohen and Devon Crowe 
Interpolate between points of a graphed function and three-dimensional figures. 

340 AN 8088 PROCESSOR FOR THE S-100 BUS, PART 3 
by Thomas Woodward Cantrell 
This monitor program takes advantage of some powerful software and architectural aspects of the 
8088 processor. 

Background 
22 THE FUTURE OF COMPUTER GRAPHICS by Bruce Eric Brown and Stephen �

Levine �
Take a look at the future of graphics hardware and applications. 

90 LANGUAGE CONTROL STRUCTURES FOR EASY ELECTRONIC VISUALIZA­
TION by Dr Thomas DeFanti 
Zgrass, a hybrid of language and hardware, can be used to solve graphic-display problems. 

180 A SIMPLIFIED THEORY OF VIDEO GRAPHICS, PART 1 
by Allen Watson Ill 
Part 1 covers the principles of television and computer-generated graphics. 

206 GETTING TO KNOW YOUR MONITOR by Ron Dalpiaz 
Meet the most frequently used human/computer interface - the video terminal. 

220 DIGITAL STORAGE OF IMAGES by Thomas Williams 
Theory and practice of digital-image capture and storage are explained in detail. 

244 MACHINE PROBLEM SOLVING, PART 3: THE ALPHA-BETA 
PROCEDURE by Peter Frey 
In the conclusion of this series, we discover how searching for information stored in tree structures �
can be made more efficient. �

361 ADD MACRO EXPANSION TO YOUR MICROCOMPUTER, PART 2 
by David C Brown �
Notes on implementation and options are presented in this final part. �
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MICROANGELO �
HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER 

by 

SCION 
CORPORATION 

RS-170 com­
posite or direct 
drive output 

Local or 
external sync 
generation 

4 or 5 Mhz 
ZSO micro­
processor 

60 hertz real­
time clock 

Slevel 
interrupt tie-in 

IEEE SlOO bus 
compatible 

Light pen 
interface 

Time multi­
plexed refresh · 

4K resident 
Screenware™ 
Pak I operating 
system 

32KRAM 
isolated from 
host address 
space 

High speed 
communica­
tions over 
parallel bus 
ports 

ScreenwareTM Pak I 

A 4K byte operating system resident in PROM 
on MicroAngelo!M Pak I 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 I. 

SCION Corporation 
8455-D Tyco Road 
Vienna, Va. 22180 
(703) 827-0888 

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 1 QP 

09-423 4311 







In addition to presenting data in a rapid, meaningful 
fashion, an important benefit of computer graphics is the 
ability to present images realistically. Plotting a 
topological surface, modeling DNA, creating an architec­
tural rendering, and simulating a pilot's view from the 
cockpit of an aircraft are all enhanced by presenting the 
image in a manner which gives the viewer a sense that the 
picture is not an illusion. To achieve greater realism, a 
prime factor is to provide the illusion of depth . Perspec­
tive, hidden-line removal, shading, and highlighting all 
provide depth cues to the viewer. This month's com­
puter-generated cover by Lance Williams of the New 
York Institute of Technology clearly illustrates the cur­
rent state of the art as applied to an artistic endeavor. The 
same techniques are available and can be employed when 
graphically representing numeric data. 

Three-Dimensional Graphics 
To provide the illusion of depth, a three-dimensional 

model can be defined. Establishing the viewer's geometric 
relationship to the model and following the rules of 
perspective, the model image is mathematically projected 
onto a two-dimensional viewing plane. Although pro­
viding good visual depth cues (eg: parallel lines appearing 
to meet at a point), there is no real illusion of depth; in 
other words, the model image is still "flat ." To correct 
this, the phenomenon of stereopsis (from the Greek, 
meaning "solid sight") can be employed. You may be 
familiar with the 1847 Brewster stereoscope. Here, the 
approach taken to give the illusion of depth was to 
photograph the same scene twice, having moved the 
camera about 6 em sideways between photos. The two 
images could then be viewed through a stereoscope that 
utilized a prism and lens system to alter the image paths 
to the eye, so that the two views seemed to originate from 
a common point. (The old-fashioned stereopticon and the 
modern View-Master are variations on this theme.) The 
observer's visual system fused the two images, giving the 
illusion of a three-dimensional image. 

Various computer-graphic techniques using the same 
principles have been developed. A common technique is 
to employ glasses with electro-optic shutter eyepieces to 
provide the image separation. With the electro-optic 
glasses, the cyclopic video display presents left- and 
right-perspective images in alternate frames, which are 
then synchronized with the electro-optic shutters. The 
left eye is presented with the left stereograph, while the 
right eye's view is blanked by the optical shutter; the im­
age and shutter swap for the right eye. The viewer's inter­
nal visual system fuses the image to give the appearance 
of depth. For an example of this, see 'The Future of Com­
puter Graphics," page 22. 

A different approach to providing left and right images 
to the visual system uses color to separate the images. 
Using a device called an anaglyph, the left view is 
presented in one color, and the right in a different color. 
Color filters control which eye sees what view. A pro­
gram for generating and viewing anaglyphs is presented 
in the article 'Three-Dimensional Graphics for the Apple 
II." (See page 148.) While the traditional colors employed 
are red and green, any two colors and corresponding 
filters could be used, because the illusion is based on the 
separation of the images, and has nothing to do with the 
particular colors. The phenomenon is as apparent to a 
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PASCAL/Z�- Q.E.D. �
Ithaca lntersystems PASCAL/Z is the most powerful CPJMTM 
compatible Z-80™ Pascal compiler ever ... and here's why: 

PASCAL/Z generates true Z-80 native code - ROMable 
and re-entrant - 5-10X faster than P-code interpreters; 
permits separate compilation; supports Direct File Access 
and variable length STRINGs; utilizes fast one-pass recursive 
descent organization; the macro-assembler generates 
relocatable object modules; and much, much more. 

Complete package includes compiler, macro-assembler, 
linker/loader and source for the full library on one disk; with 
free copy of Jensen/Wirth book and complete documenta­
tion. Only $395.00. 

IT’S DEMONSTRABLE! 
Don't just take our word for it. Ask for a demonstration of 
these features and more today at Computerland ® and other 
full-service computer stores. 

Ithaca lntersystems Inc., 1650 Hanshaw Road 
P.O. Box 91, Ithaca, N.Y. 14850. Phone (607) 257-0190 

Computerland is a registered trademark of Computerland Corporation. �
CP/M and Z-80 are trademarks of Digital Research Corp. and Zilog, Inc. respectively . �
PASCAL/Z and lnterSystems are trademarks of Ithaca lntersystems Inc. 

Micros for bigger ideas. �8 













picture from it. The subroutine approach excludes the 
possibility of treating graphical objects as variables 
within the language, or using them within statements and 
expressions. Some research work has been done which in­
cludes the concept of graphical objects and operators 
within a language structure. To date, there have been a 
number of different approaches to the problem of han­
dling graphical objects. Deeply intertwined in the prob­
lem is our fundamental lack of understanding of how to 
provide graphics support. Viewed from the perspective of 
a language, what fundamental primitives must be pro­
vided? What are the appropriate data types? How are ex­
pressions constructed? What operators need to be pro­
vided? The list of unknowns goes on and on. '1.anguage 
Control Structures for Easy Electronic Visualization," by 
Dr Tom DeFanti, addresses this area. (See page 90.) Some 
examples of other, experimental, graphics languages are 
given in references 2 and 5. SHAZAM (Smalltalk's 
sHaded imAge Zippy Animated Moviemaker) is an in­
teresting animated-movie language written in Smalltalk. 
(See reference 1.) In no way does this list exhaust the pro­
gress that has been made in graphics languages, but 
rather it reflects a small sampling of recent work. 

All the aspects of graphics we have discussed allow us 
to construct windows into universes, real or imaginary. 
Computer graphics is exciting because with this tool we 
can witness the unraveling of a DNA molecule, or the 
collision of galaxies. We can watch the structure of the 
universe as it expands from the moment of the theoretical 
big bang, or, reversing entropy, see it collapse into the 
primordial particle. We can plot a mathematical func­
tion, view an economic trend, or travel faster than light 
to where robotic insects populate metallic worlds. Best of 
all, we can make it all seem real, because we can see itf • 
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Articles Policy 
BYTE is continually seeking quality manuscripts written by indi­

viduals who are applying personal computer systems, designing 
such systems, or who have knowledge which will prove useful to 
our readers. For a more formal description of procedures and 
requirements, potential authors should send a large (9 by 12 inch, 
30.5 by 22.8 em), self-addressed envelope, with 28 cents US postage 
affixed, to BYTE Author's Guide, 70 Main St, Peterborough NH 
03458. 

Articles which are accepted are purchased with a rate of up to $50 
per magazine page, based on technical quality and suitability for 
BYTE's readership. Each month, the authors of the two leading 
articles in the reader poll (BYTE's Ongoing Monitor Box or 
"BOMB") are presented with bonus checks of $100 and $50. Unso­
licited materials should be accompanied by full name and address, 
as well as return postage. 
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We see it as a good �
way to get things done. �

Apple has built a great computer. We at CCS have 
built a great line of peripherals and components to expand 
the Apple. To do almost anything you want to get done 
with a computer. 

If you want to do business with an Apple, we've got 
tools to connect the Apple to standard business printers and 
terminals. Or to modems, for communications over tele­
phone lines, with other computers, even with other Apples. 

Ifyou want to apply your Apple to engineering, scien­
tific, or graphic projects, we've got tools for high-powered, 

high-speed math functions, and fast, high resolution graph­
ics. And tools to connect the Apple to lab test equipment 
like function generators or plotters. 

And we have tools to connect the Apple to the outside 
world, including A/D converters and interval timers with 
external interface. 

We make components for the S-100 bus, the PET, and 
the TRS-80, too. We built our products to deliver hard­
nosed value to the OEM, and to the inventor who knows the 
best, at prices that are unbeaten. 

To find out how much computer your Apple II can be, 
see things our way. Because for serious users with serious 
uses for the Apple, weve got the tools. 

California Computer Systems 
250 Caribbean Sunnyvale, CA 94086 (408) 734-5811 



The 
Future of 
Computer 
Graphics 

Bruce Eric Brown �
and �

Stephen Levine �
Lawrence Livermore National Laboratory �

University of California �
POB 808 

Livermore CA 94550 

Predicting the future can place one 
in a very precarious position. 
Although technology is moving for›
ward at such a pace that it is almost 
impossible to look a long way down 
the road, we do have a good idea of 
what the near-future trends will be. 
So here I will discuss where the trends 
in computer-generated graphics are 
headed. 

Computer graphics is the fastest›
growing segment of the computer in›
dustry. Although many existing com›
puters already have graphics 
capabilities, the future is even 
brighter. Since personal computer 
users will make up the largest percen›
tage of the computer graphics 
market, the standard color television 
receiver will be the most common 

Editor’s note: 
It was only 5 years ago when the first annual 
computer graphics show was held. The 
Philadelphia show was sponsored by SIC­
GRAPH (the Association for Computing 
Machinery's Special Interest Group on Com›
puter Graphics). At that time, the show at­
tracted ten vendors and a few hundred visitors. 
SIGGRAPH-80, which was held this summer in 
Seattle, brought to that city over 100 vendors, 
about 6000 visitors, and filled twenty-four 
times the space of SIGGRAPH-75. So you can 
surmise how the the computer graphics field 
will continue to grow.... SM 
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display device. Research is continual›
ly going on in video-generation 
techniques, and we can expect the 
quality of video images to improve 
dramatically. 

Also on the horizon is the use of 
networks. Best of all, the price of 
graphics systems should continue to 
fall, and as they do, the number of 
applications will increase drastically. 

Three Dimensions 
This is an exciting time for ex›

perimentation with computer 

graphics. Looking into our crystal 
video display, we can see many 
changes coming within the next few 
years. True three-dimensional 
displays will become common. 
Researchers will finally be able to see 
their models in three dimensions 
without the need of special glasses, 
stereo pairs, or by viewing two›
dimensional projections. 

Already in existence are integral 
hologram displays made from 
computer-generated images. (An ex›
ample is shown in photo 9.) The 



holograms are made by 
photographing 1080 computer›
generated images on 35mm film and 
transferring them to the hologram. In 
a few years it will be possible to 
generate these directly; we might 
even see a laser-driven, computer›
controlled, holographic-image output 
dt:vice. 

There are currently several 
methods in use for displaying three›
dimensional television images, but 
the most promising uses an interlaced 
television picture. The even scan lines 

5 �

display an image for viewing with the 
right eye and the odd scan lines have 
an image for the left eye. The screen is 
viewed through a pair of glasses 
whose lenses are made with PLZT 
(lead lanthanum zirconate titanate) 
ceramic. Voltage pulses synchronized 
with the display of the odd and even 
fields darken the left and right lenses 
alternately. As a result, the viewer 
sees a true three-dimensional image. 
Photo 10 is a composite view of a 
display showing the images for both 
the left and right eyes. 

Photo 1: A computer-generated com­
posite view of a DNA molecule using both 
ball-and-stick and space-filling models. 
Using keyboard control, the configuration 
of the model can be changed and it can be 
rotated in any direction. Such models are 
already assisting scientists in their 
research and will have an even bigger role 
in the coming years. Photo courtesy of 
Nelson Max, Lawrence Livermore Na­
tional Laboratory. 
Photo 2: Computer-generated art by Los 
Angeles artist David M. As you can see, 
computer graphics could revolutionize the 
world of art. 
Photo 3: A perspective view of a two­
dimensional array of numbers. Photo 
courtesy of Melvin L Prueitt, Los Alamos 
Scientific Laboratory. 
Photo 4: Census data plotted to show 
population changes. This is an example of 
the type of material which could be 
available on a computer network with 
wide-band capabilities, such as cable 
television . Courtesy of Edward Zimmer­
man, White House. 
Photo 5: A ground-level view of a 
computer-generated airport scene used in 
a real-time flight simulator. Photo 
courtesy of Marconi Radar Systems. 

Raster-Scan Displays 
Low-priced memory will also 

change the look of computer 
graphics. Up to the present, the 
market has been dominated by 
storage tubes and calligraphic (ie: 
stroke-writing) displays; however, 
raster-scan displays can be refreshed 
from a frame buffer of semiconductor 
memory. Therefore, in the coming 
years, we can expect the graphic›
terminal market to be dominated by 
raster-scan devices. The standard 
display will be a color television 
receiver connected as a mirco›
processor-controlled intelligent ter›
minal. The cost of some of these 
graphics terminals will be at or near 
the cost of a modern color television 
receiver. 

Raster-scan color television will 
probably be the graphics standard for 
the following reasons: 

� � The US video standard is well 
established. 

� � It has a large industry supporting 
it. 

� � The cost of developing another 
standard is prohibitive. 

� � The great numbers of personal 
computer users will help determine 
the trend. Why buy a color output 
monitor when you already have 
one or several available at home? 
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Hard and 
Fast... 

...Bulk Storage from 
Industrial Micro Systems 

THE NEW MODEL 16 
The new Industrial Micro Systems Model16 Hard Disk 
Subsystem is a "fixed-removable" high speed, bulk 
storage device providing from 32 megabytes (32 
million characters) to 96 megabytes of on-line storage 
for the Industrial Micro Systems·8000 or Series 5000 
microcomputer systems. The Model 16 includes a 
credenza enclosure that provides a quiet, strong and 
attractive package for office 
or industrial applications 
where large memory is 
required. The Model 16 also 
includes a fully buffered 
DMA S-100 bus controller for 
fast and easy interfacing. 

WINCHESTER 
TECHNOLOGY WITH 
BUILT-IN BACKUP 
The Model 16 includes a 16 
megabyte removable 
cartridge and a 16, 48, or 80 

megabyte fixed media that employs Winchester 3340 
technology. Files and programs may be copied 
between the fixed media and the removable cartridge 
for fast, easy backup and archival storage. 

FAST ACCESS 
The interface between the Model16 hard disk and the 

Industrial Micro Systems 
computer is provided by the 
Hard Disk Controller. The 
Hard Disk Controller utilizes 
Direct Memory Access (DMA) 
for fast data transfer with 
minimum processor interven­
tion. The maximum data 
transfer rate is 1.2 megabytes 
per second and the controller 
fully buffers the data, a 
sector at a time, to and from 
the disk. Available in 220 V, 
50 HZ Versions 

Now you don't have to look hard for fast computing power. Contact your Industrial Micro Systems Dealer today . 

INDUSTRIAL MICRO SYSTEMS �
Marketing Manufacturing 

628 N. Eckhoff, Orange, CA 92668 2800 Lockheed Way, Carson City, NV 89701 

(714) 978-6966 (702) 883-7611 

See us at Comdex '80 Nov. 18·21 , 1980 Las Vegas Convention Center. 



as many as seven filters and multiple 
passes are made on the film to create 
full-color images. Additive-color red, 

Photo 8: A problem in hydrodynamics 
illustrated through the use of computer 
graphics. The photo is part of a series 
illustrating a steel rod impacting a steel 
plate. Color changes represent areas of 
varying stress. In the future, such graphics 
will be widely used in education. Photo 
courtesy of Lawrence Livermore National 
Laboratory. 

Photo 9: Integral hologram of a molecule 
created by photographing 1080 computer­
generated images on 35mm film and then 
transferring them to a hologram. In the 
future computers will be able to generate 
holograms directly. Photo courtesy of 
Donald L Vickers, Lawrence Livermore 
National Laboratory. 
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green, and blue filters or subtractive­
color yellow, cyan, and magenta 
filters are used. In both systems, the 
seventh color is neutral for plotting 
black-and-white images. We can ex­
pect to see more of these recorders 
available in the near future, and some 
of the stripped-down models should 
be available at lower prices. 

Another group of devices which fit 
into this category of film output are 
COM (computer-output-on-micro­
film) devices. Many of those current­
ly available have graphic capability 
as well as variable intensity. At the 
present time, COM devices are main­
ly used for alphanumeric-fiche out­
put. Currently only black-and-white 
machines are available, although 
color-fiche machines are expected to 
be produced in the future. The most 
important consideration is the need 
for high-quality, large-format color 
images. The resolution of current 
COMs is about 32,000 by 32,000 pix­
els. Although higher resolution is 
theoretically possible, such devices 
will not be produced until a need for 
them is demonstrated. 

Laser recorders may soon capture a 
portion of the expanding graphics 
market. Since a laser beam has much 
more energy to deposit on film than a 
CRT (ie: video display) image, laser 
recorders will be much faster than ex­
isting methods. On a modern film 
recorder, one full-intensity pass at 
4000 by 4000 pixels takes about 1 
minute. To record the same amount 
of data, the laser requires 1 second or 
less. The energy of a laser beam is 
great enough that a split beam could 
record up to five copies at the same 
time. 

A current weak link in laser 
systems is the deflection systems. 
Although solid-state methods are be­
ing developed, rotating mirrors are 
used today. Another drawback with 
any system that uses film is that 
unless users have their own process­
ing facilities, film development takes 
at least 24 hours and.sometimes much 
longer. 

The Xerox 6500 color copier can be 
interfaced to a number of terminals 
for image-recording, or it can be con­
nected to computers for direct out­
put. Ink-jet plotters, printers with 
color ribbons, and flat bed-drum 
plotters with color pens are included 
in this class of output devices. Con­
tinued improvements in speed and 
color reproduction can be expected. 

The brightest future is for the video 

disk. Today, these devices can hold 
SO minutes (180,000 frames) of video 
per disk. Although the initial cost is 
high, the great number of frames 
available makes this device the ideal 
output and storage medium. 

Computers - The Future 
Although so far I've concentrated 

on graphics hardware, what about 
the future of the beast behind the 
display - the computer? 

It seems likely that within a few 
years the home computer user will 
have a choice of several 32-bit virtual 
machines with at least a million 
words of expandable, central mem­
ory, and 100 million words of disk 
space. This type of system will be 
ideal for a color-frame buffer system. 

Applications 
Since pictures are a very efficient 

means of communication, the future 
applications of computer graphics are 
virtually unlimited. Photo 6 is a 
photograph of computer-generated 
graphics used to train space-shuttle 
pilots. Within the next few years, 
games and simulations with graphics 
of nearly the same quality will be 
available to the personal computer 
user. The PLZT glasses described 
earlier will be used to provide three­
dimensional images for the would-be 
space-shuttle or 747 pilot. You can 
also expect the technology to be put 
to use in amusement parks. The 
Disneyland people have already used 
computer-generated graphics in some 
of their attractions and are continuing 
to develop them for future use. 

Networks 
There are a number of advantages 

to having your own, isolated per­
sonal computer, but connecting it to a 
network opens up a vast new world. 
Networks designed specifically for 
personal computer users, such as The 
Source, are already in existence. Un­
fortunately, the narrow bandwidth of 
conventional voice-grade telephone 
lines severely limits graphic 
capabilities. 

One future possibility is the use of 
cable television for networks with 
graphic capabilities. Cable is increas­
ingly available in all but the most 
rural areas and has wide bandwidth, 
portions of which are not used. Per­
sonal computer users could tap into 
this resource and use the extra band­
width for local communication nets. 

Another possibility is to have the 
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That’s the MEASUREMENT systems & con›
trols DMB Series of S-100 bus memory 
modules, fully compatible with ALPHA 
MICRO, CROMEMCO, NORTH STAR, MP/M, 
and most other S-1 00 systems. 

Definitely a winner, the DMB Series is avail›
able with Bank Select ( DMB6400) or without 
( DM6400) and utilizes industrial quality con›
struction, provides outstanding reliability, 
and is backed by dedicated customer service 
and a one year guarantee. 

The DMB6400 uses 1/0 port addressing for 
the bank select feature. A switch provides the 
ability to select any one of the 256 1/0 ports 
for addressing the memory banks. The mem›
ory is configured as four totally independent 
16K software selectable banks, with each 
bank addressable on any 16K boundary. 

Outstanding features such as those listed 
below make the DMB series the UNBEATABLE 
S-100 Memory. 

� � Four independent 16K software select›
able banks. 

� � Each bank is independently addressable 
on any 16K boundary. 

� �Switch selectable bank sizes - from 
16K to 64K in 16K increments. 

� � Eight banks (512K) per 1/0 port for each 
of the 256 ports. 

� �Z-80 4M Hz operation with no wait �
states using transparent refresh. �

� �On-board diagnostic LED’s. 
� � Low poWer - 8 watts maximum. 
� � Reliable, tested and burned-in memory. 
� � IEEE S-100 compatible timing. 
� � One year guarantee. 
� � Attractive Dealer & OEM Prices. 

See your nearest computer dealer, or contact 
us for the complete story on the UNBEAT›
ABLE S-100 Memory. 

A Division of MEASUREMENT systems &.. controls 867 North Main St./ Orange, Calif. 92668/ (714) 633-4460 
incorporated TWX/TELEX: 678 401 TAB lAIN 
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design to include automatic range 
detection. The new scanner system 
incorporating the Polaroid unit is 
shown in photo 1. More on this later. 

Polaroid Ultrasonic Ranging 
System 

The Polaroid Ultrasonic Ranging 

UJRASONIC O::SC-i'ERS 
RANGf-.IG KIT 
SYSTEM 

System Designer's Kit costs $125 
(This offer is good until December 31, 
1980. Photo 2 shows the Designer's 
Kit as received.), and is available 
from: 

Polaroid Corporation 
Ultrasonic Ranging Marketing 

Photo 2: Polaroid Ultrasonic Ranging System Designer's Kit, which includes ultrasonic 
sonar transducers, electronic circuitry, and a detailed specifications booklet. 

Department 465 E 
20 Ames St 
Cambridge MA 02139 
telephone (800) 225-1618 

Two primary components compose 
the ranging unit. They are the elec­
trostatic transducer (see photo 3) and 
the ultrasonic transceiver board (see 
photo 4). Together these components 
are capable of detecting the presence 
and distance of objects within a range 
of approximately 0 .9 feet (0.3 meters) 
to 35 feet (10.6 meters) with a resolu­
tion of ± 1.2 inches (± 30 mm, or 
0.29% of range). 

In operation, a pulse is transmitted 
toward a target, and the resulting 
echo is detected. The elapsed time 
between initial transmission and echo 
detection can be used to find the dis­
tance by taking this round-trip time 
and multiplying it by the speed of 
sound. For a transmitted pulse to 
leave the transducer, strike a target 2 
feet (0.61 meters) away, and return to 
the transducer, it requires 3.55 ms 
(1.78 ms per foot, or 5.84 ms per 
meter, during the round trip). 

Essential to system operation is the 
transducer (shown disassembled in 
photo 5). It acts as a speaker in the 
transmit mode and as an electrostatic 
microphone in the receive mode. The 
transducer is 1.5 inches (38.1 mm) in 
diameter and consists of a 0.003 inch 
(0.07 mm)-thick gold-plated foil 
stretched over a concentrically 

Photo 3: Close-up view of the Polaroid 
Ultrasonic Transducer. 
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Photo 4: Close-up of the ultrasonic circuit board, which contains custom analog and 
digital integrated circuits. 
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we cut taxes 7%, 
up the prime rate 
2% double defense 
spending, while 
eliminating Saturday 
mail delivery? 

T/MAKER helps me 
juggle the imponderables 
fast and gives me a national 
overview on my CRT screen. (Yuk!) 

T/MAKER can integrate numerical and 
text data, making analysis easy and 
then print out a document in hard copy 
for the clods on Capitol Hill. 

T /MAKER is a wonderful tool for data 
analysis. It is easy to set up calculations 
for rows and columns of tabular data, 
automatically perform the 
computations, review the results and 
then modify some of the data to see the 
impact on the over all results. Several 
days of manual work can be 
accomplished in minutes. 

T /MAKER is a full screen editor for wo 
processing which handles text up to 255 
characters wide. It includes features like 
text formatting and justification, text 
buffer for block moves and repeated 
inserts, global search and replace and 
commands for printing your letters, 
reports and documents. 

T/MAKER can perform an unlimited 
number of analysis and reporting tasks 
which integrate numerical and text 
processing. For example: 
� Financial Statements � Balance Sheets 
� Statistics � Growth & Projections � 
Profitability Reports � Revenues & 
Expenditures � Portfolio Analysis � Price 
Lists � Rate Structures � Inventory 
Valuation.. .. . and much, much more. 

T/MAKER requires a 48K CP/M system, 
a total of 240K bytes of disk storage, 
CBASIC-2, and a CRT computer 
terminal with cursor addressing and 
clear screen . 

T /MAKER system is $275.00 complete 
with documentation and quick›
reference card. 
Documentation alone is $25.00. 

LIFEBOAT 
ASSOCIATES 
1651 Third Ave. NY, NY 10028 

(212) 860-0300 
International Telex 220501 

T / MAKER is a trademark 
of P. Roizen 
CP/M is a trademark 
of Dig ita I Research 
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grooved aluminum plate. When the transducer. The acoustical signal­
metallic backplate is in proximity to strength lobe pattern, or acceptance 
the foil, it forms a capacitor. The foil angle, during operation is shown in 
is the moving element which converts figure 1. The graph indicates that the 
electrical energy into sound and the transducer is fairly directional. 
returning echo into electrical energy. When the unit is activated, the 

The diameter of the transducer de­ transducer emits a sound pulse. The 
termines the directionality of the crystal-controlled electrical pulse 

(la) 

2 
0 
!ij 
> 
iS 
aJ’ 
'C 

"’ 

10kHz 20 30 40 50 60 70 80 90 100 

TYPICAL TRANSMIT RESPONSE 

(lb) 

10kHz 20 30 40 50 60 70 80 90 100 

TYPICAL FREE -F IELD RECEIVE RESPONSE 

T YPICA L BEAM PATTERN �
AT 50 KHz �

Figure 1: Typical transmission frequency-response curoe (la), reception frequency­
response curoe (lb), and radial-beam pattern (lc) of the Polaroid ultrasonic transducer. 
The beam pattern was measured at 50 kHz, with dB values normalized to on-axis 
response. 
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Introducing the MT-32. Our new, brilliantly Available from Microtek 
or your nearest computer dealer. 

Memory Expansion Module �
for TRS-80.. . Three assembled and 

All you have �
to remember �
is to plug it in �
designed Printer/Memory expansion module 
for the TRS-80. This unit will add 16K or 32K 
of dynamic RAM to your basic 16K machine. 
The module also contains ci rcuitry to drive 

· Microtek's MT-80P dot matrix printer, or any 
other Centronics-compatible printer. 

No hardware modification to your TRS-80 is 
required. Just plug into your bus connector 
and you are ready to go. 

All Microtek products are covered by a one 
year warranty . 

*TRS-80 is a Registered Trademark of Tand y Cor p. 

tested configura­
tions are available: 

Without RAM 
(MT-32A @ $119.50) 

With 16K RAM 
(MT-328@ $159.50) 

With 32K RAM 
(MT-32C @ $199.50) 

MICROTEK!nc. 
9514 Chesapeake Drive 
San Diego, CA 92123 
Tel. (714) 278-0633 
Outside Calif . call toll free: 800-854-1081 
TWX 910-335-1269 
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SPECIALS 

NORTH STAR HORIZON: 

HRZ-2-32K-DD-ASM �� � ���� $2275 �
HRZ-2-32K-Q-ASM�������. $2675 �
NORTHWORD DQ����������� $ 295 
MAIL MANAGER ����������� $ 235 
INFO-MANAGER ����������� $ 365 
GENERAL LEGER ���������� $ 775 
ACC. REC. OR ACC. PAY �� $ 445 
WORD STAR �����������.�� $ 320 

COMMODORE (PET) : 

2001 32K��������������� $1090 
8032 (80 COLUMN SCREEN)$1599 
2040 DUAL DRIVE �������� $1090 
8050 DUAL DRIVE (1MEG).$1499 
2022 TRACTOR PRINTER ��� $ 749 

APPLE II PLUS CALL FOR PRICE 

ATARI 800 ���� � ����������� $ 799 

TI 99/4 CONSOLE&MONITOR �� $ 1190 

SPINWRITERS FROM NEC: 

5510 RO OR 5530 RO $2490 
5520 KSR SERIAL �������� $2790 

CENTRONICS: 

730 ���������.���������� $ 659 
737-1 (LETTER QUALITY) $ 849 

(WE CARRY THEIR COMPLETE LINE) 
PAPER TIGER 440G ��������� $ 990 

BASE II 800MST ����������� $ 649 

OTHER PRINTERS WE STOCK: 
ANADEX,COMPRINT,EATON.EPSON. 
TELETYPE,TI,ETC-CALL FOR PRICE 

DISPLAY TERMINALS 

HAZELTINE 1420 �������.�.� $ 949 
1500 ����������� $ 999 

(WE CARRY THEIR COMPLETE LINE) 
INTERTUBE II ��������..��� $ 775 

TELEVIDEO 914 ������������ $ 850 

MOST ITEMS IN STOCK. 
PRICES SUBJECT TO CHANGE 

MULTI-BUSINESS COHPUTER SYS. 
28 MARLBOROUGH STREET 
PORTLAND, CONN. 06480 

(203)342-2747 TWX 710-428-6345 
M-F 9-6 SAT.9:30-3:00 
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Photo 5: Expanded view of the Polaroid ultrasonic sonar transducer. Behind a 
honeycomb grill, a 0.003-inch (0.07 mm)-thick gold-coated foil stretches over a 
concentrically grooved aluminum plate. The retainer at left holds the parts in place. 

Photo 6: The EDB, which contains the electronic circuitry shown in figure 4. The three­
digit LED display is at the upper right. 

generated by the driver. circuit is a combination is used to overcome cer›
300 V high-frequency 1 ms "chirp" tain topographical characteristics of 
consisting of fifty-six pulses at four the area into which the signal is being 
carefully chosen frequencies: eight transmitted, where a single frequency 
cycles at 60kHz, eight cycles at might be cancelled and no echo 
57 kHz, sixteen cycles at 53 kHz, and would be received. 
twenty-four cycles at 50 kHz. This Text continued on page 42 
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· 

Photo 7: The prototype of the interface circuit of figure 5 has Photo 8: Close-up of the back side of the reflector and 
been attached to the EDB. The interface allows a computer to transducer of the scanner, showing the mounting apparatus. 
read the three-digit distance value. 

TI1ERE IS A BETTER 'fVAY: 
A.C.T.II fOI" tilE 8086/8088 ...OiliY $175. 

A. C. T.ll (Assembly Coded Translator) is a cross-assembler that lets you develop 8086/8088 code on any CP/ M' based 
8080, 8085, or ZBO machine. Compare with competing software : A.C. T. II supports more Intel mnemonics and costs less, 

while delivering features such as assembly speeds greater than 1000 lines/ minute, macro support, a comprehensive set of 
pseudo-ops, absolute assemblies, system text file support, local procdefinition, code file format (standard Intel hex), and 
many more special features. 

A. C. T. II fits in 24K of RAM (including CP/M). Complete with manual (available separately for $20) and sample programs. 

A.C.T. IIS ALSO AVAILABLE . Develop 6502, 6800, 8080, 8085, and Z80 code on any 8080, 8085, or Z80 mach ine running 
under CP/M. Same fe ature s as A.C.T. II; $125 wilh manual (manual available separately for $15 ). 

SPECIAL COMBINATION PRICE: For a lim ited time, A.C.T. I and A.C.T.II are available for $225 including all manuals. 

PASCAL at a Basic Pl'iC£: $175 COil'lPI£1£ 
order- call 408-248-5543 
CP/M os a t r ad e m ar k of Dog ilal AeseatCh 
A.C.T. I an d A.C.T. II at e t oad ematks of So tctm 

CP/M compatible PASCAL/M includes features such as built-in error checking, console cursor 
controls, extensions chosen for campatibility with other popular PASCALs. complete random file and 
long integer (32 bill support, full Wirth implementation, all i/O totally compatible with CP/M file 

structure, optional updating service, full access to CP/M data files written in other languages and 
stored under CP/M, and much more. 

PASC AL/M fits in 56K of RAM (inc luding CP/M) and incl udes a90pagemanual (available 
sepa rately for $10). You may never go back to BASIC again! 

ow to order: All disks are shipped on single-s ided, single-densi ty, soft-sectored CP/ M compatible med ia. 
PASCAL / M: Specify Z80.8080. or Z80+ 9511 math chip version {all are $175). We acce pt UPS COD. Mastercard ® 
VISA®, personal checks(allowtime to clea r), and certified checks. Californians add sales tax. Add$IOoutsideUSA. 

P.O. BOX 32505 
SAN JOSE, CALIFORNIA 95152 
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Miao-Sci’s new disk drive family 
really makes your Apple shine. 

Both the A-40 and A-70 otTer 
extra performance plus the ability 
to read existing diskettes written 
on Apple Disk II systems. 

And ajumper selectable boot 
prom for 13 and 16 sector interger 
Basic or 8 sector Pascal comes 
standard. 

The Model A-40 actually costs 
a lot less than Apple Disk II drives. 
Yet it provides 40 tracks instead of 

35, along with up to 20K increase 
in capacity. Maybe an extra 20K isn’t 
anything to write home about, but 
the speed sure is-5 ms track to 
track vs. Apple’s 15 ms. 

The Model A-70, on the other 
hand, features twice the tracks and 
capacity ofthe Apple Disk II, but 
it costs only a few dollars more. 

The secret ofoutstanding per›
formance and reliability is a state›
of-the-art design incorporating a 
band positioner, instead ofa plastic 

cam, plus an improved media 
centering system. 

SPECIAL DISCOUNT. 
One A-40 plus controller is priced 

at only $495 and the second drive 
is just $395.You can save 
up to $200 per system over Apple II 
drive prices. 

And you can save even more if 
you act now. Contact us today for 
a special $50 introductory discount 
on your Micro-Sci A-40 or A-70 
system order. 

MICRO-SCI �

1405 E. CHAPMAN AVENUE • SUITE E • ORANGE, CALIFORNIA 92666 • 714/997-9260 
MICRO-SCI IS A DMSION OF STANDUN CONTROLS, INC. 

Apple and Apple II are registered trademarks ofAPPLE COMPUTERS INC., SAN jOSE, CALIFORNIA 







While theywere thinking�
haTdwaTeandsoftwaTe, �
we weTe thinking 

4
I.I . 

I 

S-100 SYSTEMS. From add-in memory boards 
to add-on hard disk. High performance S-100 
busboards. Single, dual and quad-density disk 
systems with up to 1.2 megabytes on a single 
floppy disk drive. 1/0 boards. All , with 
the Morrow Designs systems approach 
to hardware and software. 
COST EFFECTIVE SYSTEMS. 
Morrow Designs Discus M26 offers 
26 usable megabytes of memory for 
just $4,995. About $192 per mega›
byte. And, it’s a complete 
including a Shugart SA4008 
Winchester-type sealed-media 
hard disk, power supply, cables, 
and cabinet with fan. The single 
board controller supervises all 
data transfers, communicating 

16K SU PER RAM 
32K SU PER RAM 

16K MEMORY MASTER 
24K MEMORY MASTER 

MAIN 
MEMORY 

with the CPU through 3 1/0 ports (command , 
status, data). The controller can generate inter›
rupts at the completion of each command . A 
512-byte sector buffer is on-board. And the 

system is available for S-100 main›
frames. 
SYSTEMS FOR SYSTEMS. Whether 
you ’re building systems or trying to 
expand your present system at reason›
able costs, Morrow Designs offers 

complete, cost-effective subsystems. �
Modular systems that allow you �
to build your system your way. �
SOFTWARE FOR SYSTEMS. 
Morrow Designs backs each 
subsystem with high -quality, 
fully-tested software. INSTALL 
software allows you to attach 











The MODEL 800 MST is certainly pleasing to look at, but its true beauty lies beneath the surface. A glimpse at its 
features reveals why it is rapidly becoming the most sought after printer in the world .. . 

� � Four standard interfaces: 
RS-232 ( 15 baud rates) 
Centronics compatible parallel 
IEEE-488 
20ma current loop 

� � Six line densities: 64, 72, 80, 96, 120, 132 
� � 100 CPS at all. six densities 
� � Unidirectional or bidirectional printing 
� � Sixteen horizontal and ten vertical tabs 
� � Elongated characters in all six densities 
� � 1920 character buffer 
� � Uses either perforated or roll paper 
� � Fully adjustable tractors to 9lf2" 
� � Auto self-test 

� � Up to 10 character fonts 
Standa.rd 96 character ASCII 
User defined character font 
Provision for up to eight additional fonts 

� Dot resolution graphics in six densities • 
� � Variable line spacing control from 0 to 64 dots in 

half-dot increments 
� � Auto form-feed for any form length at any line 

spacing 
� Heavy-duty all aluminum chassis 
� � 11 Ovac or 220vac, 50/60Hz. 
� � 100 million character printhead 
� Measu•res only 15" wide, 3" high , and 11 " deep 
� Weighs only 15 lbs . 

but maybe its most attractive feature is the price .. .. . $699.00 . 

FULL., CAL. 92834 / [714l 992-4344 





NOW: AN ORIGINATE/ANSWER 103 �
FOR LESS THAN s200 �

• Switch-selectable originate/answer UDS technology now adds a Bell-compatible originate/answer 103 to the family of line-powered 
• FCC certified for direct-connect modems. No AC connection or power supply required; operating power comes directly from the phone 
• Fits under your phone ·· line . The unit fits underneath your desk phone. With the TALK/DATA switch in the TALK position, you 
• No AC required have an ordinary phone; move to DATA and you're in contact with the whole datacomm world at any 

. • Only $195 (quantity one) speed up to 300 bps. 
For details, contact: Universal Data Systems, 5000 Bradford Drive, Huntsville. AL 35805. Telephone 

205/837-81 00, TWX 810-726-2100 

"Confidence in Communications" 

Universal Data Systems 
Member 
IOCMA0\STRICT OFFIC6S: Summit, NJ. 201 /522-0025 • Blue Bell, PA. 215/643-2336 • Atlanta, 404/952-3463 • Chicago, 312/ 

441-7450 • Dallas, 214/385-0426 ·Santa Ana, 714/972-4619 • Sunnyvale, 408/738-0433 • Boston, 617/875-8868. 

Created by Oayner/Hall, Inc ., Winter Park, Flori da 
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32K or 64K (Double or Quad Density units 
available). Uses two Z-80 CPU’s. Commercial›
type terminal with 12" monitor. Dual double 
density minifloppies. Over 350 kilobytes of 
storage (twice that with quad density drives) . 
Two serial RS232 ports, i/0 ports standard . 
Expandable with optional S-100 S-100 inter›
face. Comes with CP/M� 2.2 operating sys ›
tem. MiniMicroMart includes BASIC inter›
preter and can supply a wide range of CP/M 
Development and Application software. 

w / 32K Double Density, List $2995 . $2685 
w/64K Double Density, List $3345 ... . . $2883 
w/64K Quad Density, List $3995 ...... $3595 
64K Special Quad Version ... . ..... . .. $3395 

INTERSVSTEMS 
formerly ITHACA AUDIO 

DPS-1, List $1795 

LIMITED TIME $1"1Drl* 
The new Series II CPU Board features a 4 MHz 
Z-80A CPU and a full-feature front panel. 20›
slot actively terminated motherboard, with 25 
amp power supply (50/60 Hz operation, incl. 
68 cfm fan). 
COMPLETE SYS TEM w ith InterSystem 64K . 
RA M, 1/ 0 Board w / priorit y interrupt and 
double density disk controller boa rd. Full 1-year 
warranty, List $3595 

ONLV$2895* 
Above less disk controller, $3195 .. . .. $2539* 
� Limited Time offer expires Sept. 15, 1980. 

HEWLETI-PACKARD 
HP-85A 

Desk-Top 
Computer 

Call 
for 

Price! 

F .O.B. shipping point. A ll prices subject to change crd all 
offers subject to withdrawal without notice. Advertised prices 
are for prepaid orders. Credit card and C.O.D. 2% higher. 
C.O.D . may require deposit. 

-WRITE FOR FREE CATALOG-

MiniMicroMart 
1618 James Street 

Syracuse, NY 13203 (3151 422-4467 
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Listing 1: A BASIC program that uses the interface circuit shown in figure 5 to read the 
three-digit distance value from the EDB and display the distance on the computer 
printer. A sample execution follows the BASIC-language statements. 

100 REM THIS PROGRA!’l ALLmvs A COMPUTER TO READ AND DISPLAY 
110 REI’! DISTANCE AS MEASURED BY THE POLAROID ULTRASONIC 
120 REM RANGING SYSTEM DEMONSTRATOR BOARD. RANGE .9 TO 35 FT. 
130 REM 
140 REt1 
150 GOSUB 250 
160 PRINT"DISTANCE TO TARGET IS ";S;" FEET" 
170 GOTO 150 
180 REM 
190 REM 
200 REM THIS ROUTINE SETS AND READS THE 3 DIGITS ON THE 
210 REM RANGING BOARD. 
220 REM IT IS A THREE STEP PROCESS: SET THE DIGIT; READ THE 
230 REM DIGIT VALUE; AND MASK OFF EVERYTHING EXCEPT THE 4 BIT 
240 REM CHARACTER. 
250 FOR T=O TO 2 
260 OUT 16,T 
270 S(T)=INP(16) 
280 S(T)=S(T) AND 15 
285 S= ( S ( 2) *10) + ( S ( 1) *1) + ( S ( 0) * .1) 
290 NEXT T 
300 RETURN 

RUN 

DISTANCE TO TARGET IS 3.3 FEET 
DISTANCE TO TARGET IS 3 .4 FEET 
DISTANCE TO TARGET IS 3.5 FEET 
DISTANCE TO TARGET IS 3.4 FEET 
DISTANCE TO TARGET IS 3.3 FEET 
DISTANCE T O TARGET IS 3.4 FEET 
DISTANCE TO TARGET IS 3 . 3 FEET 
DISTANCE TO TARGET IS 3.4 FEET 
DISTANCE TO TARGET IS 3.4 FEET 
DISTANCE TO TARGET IS 3.5 FEET 
DISTANCE TO TARGET IS 3.3 FEET 

Listing 2: A BASIC program that causes the scanner to make a 180° scanning sweep in 
twenty-five steps and prints the distance. measurements in the form of a bar graph. 
Figure 7a shows the output from the execution of this program on the system set up in 
the Circuit Cellar. 

100 REM THIS PROGRAM MAKES A 180 DEGREE SCAN AND RECORDS TH E 
110 REM DISTANCE TO SOLID OBJECTS EVERY 7.5 DEGREES. 
120 RE!•1 
13 0 REH STEPPER i’!OTOR CONTROLL ER 1\TTACH:::D ’ID PORT 18 
140 REM ULTRA SONIC RA NGING UNIT ATTACHED TO PORT 16 
150 RE!1 
160 REI-I 
170 DHl Z (25) �
180 OUT 18,1 :OUT 1 8,255 :REM PRESET STEPPER CONTROLLER �
190 REB �
200 RE!-1 CLOCKI�liSE SCAN �
210 REM BIT 2 IS SET HIGH AND BIT 0 IS TOGGLED �
220 FOR D=O TO 24 �
230 OUT 18,5 �
240 GOSUB 470 �
250 OUT 18,4 �
260 NEXT D �
2 70 RE!’l �
280 REH COUNTERCLOCKIHSE SC/\N �
290 REM BITS 1 AND 2 ARE HELD HIGH AND BIT ZERO IS TOGGLED �
300 FOR D=O TO 24 �
310 OUT 18,7 �
320 GOSUB 570 �
330 OUT 18,6 �
340 NEXT D �
350 REH �

Listing 2 continued on page 56 
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Listing 2 continued: MTI stocks 'em all 
360 RE!�l 
370 REN PLOT RANGES AS BAR GRAPH �
380 FOR D=O TO 24 �

for faster delivery. 
No hidden charges. Prices include delivery. 

VISA and MasterCard orders accepted. 

VIDEO TERMINALS �
VT100 DECscope ............................... $ 1750 �
VT132 DECscope ............................. ....�. 2295 �
ADM•3A (dumb terminal) ......... ........... � �
ADM-3A+ (dumb terminal) .................. � �
ADM-31 (2 page buffer) ....................... � �
ADM-42 (8 page buffer avai 1.) ......... ... .. � �
1410 (Hazeltine dumb terminal) ........... 825 �
1420 (dumb terminal) ..................... ...... 895 �
1421 (Consul 580 & ADM-3A camp.).... 895 �
1500 (dumb terminal) .... .. ........ ............. 1045 �
1510 (buffered) ..... .... .... ...... .................. 1145 �
1520 (buffered printer port) ................. 1395 �
1552 (VT-52 compatible) ..................... 1350 �

300 BAUD TELEPRINTERS �
LA34-DA DECwriter IV ....................... 1045 �
LA34-AA DECwriter IV ....................... 1295 �
Teletype 4310 ......... ............................ ... 1085 �
Teletype 4320 ...................................... 1225 �

Diablo 630 RO ..................................... 2295 �
Diablo 1640 RO ................................... 3085 �
Diablo 1640 KSR .............................. ... 3285 �
Diablo 1650 RO ................................... 3185 �
Diablo 1650 KSR ................................. 3385 �
Tl 743 (portable) ........ .... .... ...... ........... 1190 �
Tl 745 (portable/built -in coupler) ....... 1585 �
Tl 763 (portable/bubble memory) ... .... 2690 �
Tl 765 (port/bubble mem/b•i coupler) . 2895 �

600 BAUD TELEPRINTERS �
Tl 825 RO impact ................................ 1565 �
Tl 825 KSR impact .............................. 1645 �
Tl 825 RO Pkg. .................................... 1750 �
Tl 825 KSR Pkg ................................... 1895 �

1200 BAUD TELEPRINTERS �
LA120•AA DECwriter Ill (forms pkg.). 2245 �
LA 180 DECprinter I ............................. 2195 �
Tl 783 (portable) ................................. 1745 �
Tl 785 (port/built -in coupler) .............. 2395 �
Tl 787 (port/internal modem ) .............. 2845 �
Tl 810 RO impact ................................ 1800 �
Tl 810 RO Pkg ..................... .. ............... 2047 �
Tl 820 KSR impact ............ .. .... .. .......... 2057 �
Tl 820 KSR Pkg..... .............................. 2275 �
Tl 820 RO.. ............ ................ .............. 1895 �
Tl 820 RO Pkg... .... ......... .... ................. 2047 �

2400 BAUD 
Dataproducts M200 (2400 baud) .......... 2595 �
DATAPRODUCTS LINE PRINTERS �
B300 (300LPM band) ...... ..................... 5535 �
B600 (600LPM band) .... ...................... 6861 �
2230 (300LPM drum) .......................... 7723 �
2260 (600LPM drum) ............ ... .... ... .... 9614 �
2290 (900LPM drum) ......................... 12655 �

ACOUSTIC COUPLERS �
A/J A242•A (300 baud orig.) ............... �
A/J 247 (300 baud orig.) ... .................. �
A/J AD342 (300 baud orig./ans.) ..... .... �
A/J 1234 (Vadic compatible) ............... �
A/J 1245 (300/1200 Bell camp.) .... ...... �

MODEMS 
GDC 103A3 (300 baud Bell) ................ 
GDC 2025/T (1200 baud Bell).. ..... .... .. 
GDC 212-A (300/1200 baud Bell) .......... 
A/J 1256 (Vadic compatible) ............... 

242 �
315 �
395 �
895 �
695 �

395 �
565 �
850 �
825 �

CASSETTE STORAGE SYSTEMS �
Techtran 816 (store/forward) ................. .1050 �
Techtran 817 (store/for/speed up) ...... .. 1295 �
Techtran 818 (editing) ...... ... ... .............. 1795 �
Techtran 822 (dual) ............................. 2295 �
MFE 5000 (editing) .............................. 1495 �

FLOPPY DISK SYSTEMS �
Techtran 950 (store/forward) ............... 1395 �
Techtran 951 (editing) ......................... 1995 �

"'Please call for quote. 

390 FOR W=1 TO INT(Z(D)) �
400 PRINT"**"; �
410 NEXT lti �
420 PRINT" � II �

430 NEXT D �
440 GOTO 220 �
450 REH �
460 RE!-l �
470 REH STEP DELAY AND RANGE �
480 FOR T=O TO 2 �
490 OUT 16,T �
500 S(T)= INP(16) : S(T)= S(T) �
510 NEXT T �

SAflPLE ROUTI!1C 

AllD 15 �

520 Z(D)=(S(2)*10)+(S(1)*1)+(S(0)*.1) 
530 FOR Q=O TO 10 :NEXT Q 
540 RETURN 
550 REf•l 
560 REf�! 
570 FOR Q1=0 TO 100 :NEXT Q1 
580 RETUR!l 

Listing 3: A short BASIC program that demonstrates 
ultrasonic scanning device in a security system. 

100 REM THIS PROGRAM DEMONSTRATES HOW THE 
110 REM BOARD CAN BE USED AS AN INTRUSION 
120 REM �
130 REM �
140 A=1 :GOSUB 220 :REM TAKE FIRST �
150 GOSUB 330 �
160 A=2 :GOSUB 220 :REM TAKE SECOND �
170 IF ABS(X(1))-ABS(X(2))>=.3 THEN �
180 IF ABS(X(2))-ABS(X(1))>=.3 THEN �
190 GOTO 140 :REM CONTINUE SCAN �
200 REN �
210 RE!•1 �
220 FOR T=O TO 2 �
230 OUT 16,T �
240 S(T)=INP(16) :S(T)=S(T) AND 15 �
250 NEXT T �

one method for using the 

ULTRASONIC RANGING 
DETECTOR. 

DISTANCE READING 

DISTANCE READING �
GOTO 280 �
GOTO 280 �

260 X(A)=(S(2)*10)+(S(1)*1)+(S(0)*.1) 
270 RETURN 
280 PRINT" I GOT YOU IN MY SCANNER AT ";X(2) ;" FEET." 
290 REM AN ALARM ROUTINE WOULD BE PLACED HERE 
300 GOTO 140 
310 RE!1 
320 REt1 
330 REM SAMPLE RATE DELAY TIMER 
340 FOR Y=O TO 200 :NEXT Y 
350 RETURN 

RUN 

I GOT YOU IN MY SCANNER AT 11.4 FEET. 

Text continued from page 50: 
is held high, and bit 0 is toggled to �
produce each step. To drive the �
motor counterclockwise, bits 1 and 2 �
are held high, and bit 0 is toggled for �
each step. The new scanner can read �
the distance at each step. �

Listing 2 is a program that causes 
the scanner to make a 180 o scan and 
prints out the distance measurements 

in the form of a bar graph, demon›
strated here in figure 7a. 

To help you understand the mode 
of operation and value of the ranging 
device, I have also sketched the area 
of the Circuit Cellar where the mea›
surements were taken. (See figure 
7b.) 

The scanner (the red object in fig›
ure 7b) was placed on a tripod at a 
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When you pick a aisy. 
Pick Vista's V300 Printer. 

ViJta Compoler Company 

1 

There are Daisies!. .. And, There are Daisies!. .. But Vista has a Peach! 

The Vista V300 is exactly that, a "peach" of a daisy wheel printer both from the standpoint of price 
and performance. 

Think of it, a printer at nearly half the price (when compared to models even remotely competitive in 
quality) combined with the ultimate in reliability , print quality, and flexibility . 

Typical Comments: "Superb print quality!", "Highly reliable.", "Definitely letter quality... I can’t 
believe the price tag.", "Best use I’ve seen yet of LSI Technology." 

But judge for yourself- look at the V300 features and keep in mind this is a letter quality printer at 
dot matrix prices. 
� Tractor option available 
� Print Speed - 25 CPS (Optional 45 CPS for $2,195) 
� Print Wheel -Industry standard 96-character Daisy Wheel AND, Vista Has a Complete V100 Word Pro­(including the extended-life dual plastic wheels) 

cessing System for Only $4995! � Service - Prompt maintenance/service agreements avail›
able nationwide 
� Interface - Industry standard parallel • (RS232-C optional) The Vista V100 is a c omplete word pro cess ›
� Printable Columns - 136 

ing system that in c lu des : � Warranty - 90 days parts and labor, one year parts only 
� Proportional, bi-directional printing � Programmable VFU 
� Extensive self-test funct ions � Hardware and software � Exidy Sorcerer � Vista V300 Printer �

compatible � Computer. 4BK Full Character Daisy 
� V200E20 Disc Drive WheelVista does it again! Quality, Price and Perfor›

System, Double � Wordstar, CPM 1.4
mance with a peach of a daisy wheel printer. Density (Includes E Basic) 

� Sanyo Data Display � Can also be used for
IMMEDIATE DELIVERY Monitor Data Processing 
For Further Information 

Call Toll Free (800) 854-8017 

The Vista Computer Company 1401 Borchard Street � Santa Ana, California 92705 � 714/953-0523 
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Whenever the number of times that an action was to be 
executed (such as number of lines to be drawn in a given 
color) is exhausted, new random values for that quantity 
and for the number of times that the quantity should be 
used, are chosen. If a point attempts to walk off the 
screen, it is reflected back. 

The designs in the accompanying photographs are 
formed by 150 lines. The program was coded so that 
when the 151st line is added, the first line is deleted, and 
so on. This is done by a routine that keeps track of each 

line segment currently on the screen. When the table con­
tains 150 lines, this routine erases the oldest line segment 
before adding a new one. (This effect can be noted in 
photos 1 and 2.) Interesting effects can be obtained by 
using different algorithms to choose the new line to be 
added at each iteration. For example, an interesting effect 
is obtained with just 10 lines on the screen and choosing 
random endpoints for each new line (essentially a visual 
image of white noise). • 
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Micrograph �
Part 1: .Developing an �

Instruction Set for a Raster-Scan Display �

Simply stated, computer graphics 
is the technique of visual communica›
tion from computer to man. (See 
reference 14.) Interactive computer 
graphics is an important subset of this 
broad field and relates to computer›
generated displays that can interact 
with a user in real or near-real time. 
Interactive graphics started with at›
tempts to use the CRT (cathode-ray 
tube) as a computer output device. 
(See reference 12). The Whirlwind I in 
1950 and Sketchpad in 1963 are ex›
amples of early attempts at interac›
tive computer-graphics systems. 
Since that time, two distinct classes of 
CRT-based devices have been 
developed for use in interactive 
graphics: calligraphic (or vector) 
devices and raster-scan (as in a televi›
sion receiver) devices. 

The area of vector graphics "has 
for several years been sufficiently 
mature to justify efforts at standardi›
zation within it." (See reference 8.) A 
large body of information is available 
on the design of such systems. (See 
reference 13.) However, the same is 

About the Author 
E Grady Booch is currently a computer 

systems design engineer with the Air 
Force Space and Missile Test Center. He is 
involved with the development of a high­
resolution color-graphics system for 
tracking missile launches. Grady received 
his bachelor of science and master of 
science degrees in computer science from 
the United States Air Force Academy and 
the University of California, Santa Bar­
bara, respectively. 
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E Grady Booch �
4314 Drunvood Dr �

Colorado Springs CO 80907 �

not necessarily true of raster-scan 
devices. Until recently, raster-scan 
technology has not been economical›
ly feasible. Decreasing hardware 
costs, especially for memory, have 
facilitated the trend toward raster›
scan displays. (See reference 3.) The 
emergence of raster-scan displays has 
a side benefit, namely that "raster›
scan technology is the only 
economical way to achieve color in 
full-sized displays." (See reference 4.) 

For the microcomputer user, this 
means that he can add moderate›
resolution color graphics to a system 
at an affordable price, using raster›
scan technology. The benefits of col›
or graphics for the personal computer 
are obvious: not only are color 
displays dazzling and eye-catching, 
but more important, they add a 
new dimension for communicating 
with a computer. Microcomputers 
with color-graphics capabilities have 
been available for some time, such as 
the Apple II and the Compucolor. 
Within the past year, however, 
Motorola and AMI (American 

Micrograph Features: 
� 64 by 64, 128 by 128, and 256 by 
192 pixel resolutions are available. 
� Up to eight different colors are 
displayed at one time. 
� It contains a single-board pro­
cessor, based on Zilog Z80 pro­
cessor and Motorola MC6847 
Video Display Generator. 
� Construction cost: about $275 . 

Microsystems Incorprated) have 
released a LSI (large-scale integration) 
chip, called a video-display 
generator, which performs all the 
video functions necessary to produce 
a color-graphics and alphanumerics 
display on a standard, unmodified 
color television. As a result, low-cost 
color-graphics displays are now 
possible for the personal computer 
user. 

This three-part article presents the 
theory, design, and construction of a 
low-cost, color-graphics display pro›
cessor called Micrograph, which is 
based on the Motorola MC6847 
video-display generator. (See photo 
1.) Essential characteristics of 
Micrograph are described in the text 
box. In the remainder of this article, I 
will review the characteristics of in›
teractive computer-graphics systems, 
followed by an overview of the 
Micrograph design. Subsequent ar›
ticles will concern the hardware con›
struction details for Micrograph and 
the software necessary to control the 
system. 

e High-level graphics primitives 
support. 
� Both graphics and alphanumer­
ics are supported. 
� It interfaces to a host microcom­
puter via three 8-bit input/output 
ports (status, input, and output) 
and by radio-frequency or video 
entry to a standard, unmodified 
color television. 
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unlocks PASCALS �

A unique 
reference for all PASCALS 

Finally a PASCAL book 
for everyone 

MAIL TO: SYBEX 
DEPT. 811 
2344 SIXTH STREET 
BERKELEY, CA 94710 
PHONE ORDERS: 415/848-8233 

THE PASCAL 
HANDBOOK 

by Jacques Tiberghien 
300 pp 150 illustr. Ref 320 
7" x 9" ISBN 0-89588-053-9 $14.95 

A completely new approach to 
PASCAL. Every PASCAL sym­
bol, reserved word, identifier 
and operation is described in 
alphabetical order. Each entry 
includes definition, syntactic 
diagram and semantic descrip­
tion, implementation, varia­
tions and program examples. 
Easy to use, comprehensive 
and concise, this unique hand­
book is indispensable to all 
PASCAL users. Covers most 
versions of PASCAL including 
Jensen and Wirth (Standard 
and CDC Version), H-P 1000, 
OMSI (DEC), PASCAL/Z, ISO 
and UCSD PASCAL. 

INTRODUCTION TO PASCAL 
(INCLUDING UCSD PASCAL) 
by Rodnay Zaks 
320 pp 100 illustr. Ref P310 
7" x 9" ISBN 0-89588-050-4 $12.95 

A simple, step-by-step guide to the elegant lan­
guage of PASCAL. The logical format, clear 
explanations of each concept, symbol and oper­
ation, and the progressive exercises at the end 
of each chapter will have everyone-beginners, 
students and professionals-writing effective 
programs in a short time. This first volume in 
the SYBEX PASCAL series covers Standard 
PASCAL as well as UCSD PASCAL, the most 
widely used version on small computers. 

PLEASE SEND ME 

0 FIFTY BASIC EXERCISES $12.95 0 INSIDE BASIC GAMES $13.95 

0 INTRODUCTION TO PASCAL $12.95 0 THE PASCAL HANDBOOK $14.95 
NAME ____________________________________________________ 

ADDRESS ------------------------------------------------­
CITY_________________________ STATE___________ ZIP_________ 

PLUS D $1.50/book UPS or D 75¢/book 4th class mail (CA add tax) 

TOTAL AMT. ENCLOSED OR CHARGE MY 0 VISA 0 MC 0 AM. EX. 
CARD # EXP. DATE 
SIGNATURE ________________________________________________ 

0 PLEASE SEND ME YOUR FREE CATALOG 



NO FRILLS! �
NO GIMMICKS! �

JUST GREAT �

DISCOUNTS �
MAIL ORDER ONLY 

ATARI 800 
Personal Computer �

System ..... S79900 �

NORTHSTAR 
Horizon 1132K ... .. . ... 234900 
Horizon II Quad .... . .. 279900 
Horizon 1164 K. . . . . . . 299900 
Horizon Quad 64K ..... 339900 

TELEVIDEO 
912 .. . .. . . 74900 
920 . ...... . . . . . 79900 

HAZELTINE 
1420.... . . . .. 79500 
1500 . . .. . .. .. .. 84900 
1510 . . . . . . ... 104900 
1520 .. . . . . . .. . 122900 

OKIDATA 
Microline 80 ... . . .... . .69900 

SOROC Technology 
IQ 120. ...... .69900 
IQ 140. .. . .. .. 99900 

CROMEMCO 
System 3 .... .. 569500 

Z2H . . . . . . 799500 

INTERTEC 
Superbrain 32K . ... .. .. 249500 
Superbrain 64K . . ... .. 279500 

DECwriter IV 
LA34 ....... . .. 97900 

TEXAS INSTRUMENT 
810 Multi Copy 

Impact Printer .. 149900 
We’ll meat or beat any advertised prices! 

Mos t Items 1n stock lor 1mmed1ate del1very. 
Factory sealed canons. Full manulacture(s guarantee. 

DATA DISCOUNT CENTER 
Box 100 135•53 Nor1hern Blvd ., Flushing, N.Y. 11354 �
V1 sa � Master Char ge � NY S. residents add Sales Tax �

Sh1p p1n g F 0 B. N.V �

Phone Orders Call 212-465-6609 
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display allows the user to concentrate 
upon producing images rather than 
concerning himself with the 
mechanics of the implementation. 

Before examining the primitives for 
a color raster-scan display, it is im›
portant that you understand two very 
critical abstractions. First, it is 
necessary that the user visualize the 
display processor as manipulating a 
two-dimensional Cartesian surface, 
with the origin of the space at some 
predefined location (usually the 
center, or lower left-hand corner) on 
the •display surface. There may or 
may not be a direct mapping of pixel 
data in the display-processor memory 
to this surface: the actual implemen›
tation should be invisible to the user. 

From the previous section, we 
know that the display processor 
doesn’t need to be concerned with 
identification of objects that are 
displayed in this space, but rather we 

RED 

BLUE 

DIGITAL I ANA LOG �
CONVERTERS �

Figure 4: Color-look-up table. Using this scheme, a 4-bit value from the frame buffer 
(shown in figure 3) can select one of sixteen predefined colors. In this example, each col­
or is composed of various intensities of red, green, and blue. Other systems may specify 
colors by indicating values for intensity, hue, and saturation. 

adaptable to a display-list struc›
ture, since display lists are a well›
established form of control for 
display processors and hence per›
mit straightforward integration 
with generalized graphics-support 
software in the host processor. 

Graphics Primitives 
As explained previously, we know 

that raster-scan and calligraphic 
displays are architecturally different. 
However, our third requirement in›
dicates that both classes of displays 
must at least appear identical to the 
user. Therefore, our graphics 
primitives become an abstraction for 
the control of a raster-scan display. 
We must design a set of primitives in›
dependent of the actual architecture 
of the display. Just as with the 
benefits of using a high-level pro›
gramming language, the use of 
abstractions in controlling a graphics 
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For years many small business system buyers 
thought that in order to get "real" performance 
and enough storage to be a "real" business system 
they would have to sacrifice the family jewels. 

But with the introduction of the Smoke Signal 
Chieftain series office computers a lot of people's 
minds have been changed. 

Because we designed the highly reliable 
Chieftain small business system with the most 
innovative combination of performance and effi­
ciency around. 

At your fingertips there are 64,000 characters 
of random access memory and you can address 
anywhere from 740,000 characters to 2 million 
characters with Smoke Signals's new double den­
sity controller. For larger concerns, there's a 20M 
byte hard disk available. 

At a time when other small computer manu­
facturers tell you "you're on your own", Smoke 
Signal offers an abundance of easy-to-use software 
programs such as order entry, inventory control. 

accounts receivable. invoice entry, payroll, word 
processing and much, much more. There's BASIC. 
COBOL and FORTRAN- even a multi-user BOS 
(Business Operating System) that allows for 
numerous users simultaneously. 

Chieftain systems 
starting at under $200.00 
per month display per­
formance on par with sys­
tems costing twice to 
three times as much. 

So call (213) 889-9340 
for your nearest autho­
rized Smoke Signal dealer- he'll be glad to 
demonstrate the Chieftain's high reliability and 
ease of operation. For dealers only, circle 45 

All other inquiries, circle 44 

SMDIB SIDNIL fit BRDIDCISTRI �
:J l :J:J6 Via Colinas. Westl ake Villag e. Ca lifornia 91361. (21 3) 889·9:l40 



can be represented as: an option allows the user to execute RET 
his own predefined routines, which 

VEC T,M,C,(–)X,(–)Y 

where: 

T = type (Short or Long move›�
ment) �
M = mode (Relative or Absolute �
endpoints) �
C = color �
X = X position or offset (with a �
sign in the relative mode) �
Y = Y position or offset (with a �
sign in the relative mode) �

For example, the primitive: 

VEC L,A,15,255,180 

draws a vector (with the color coded 
15) from the current X,Y position to 
the pixel (255,180). 

We must have an instruction that 
allows us to call a subroutine. Such a 
primitive is essential to support object 
instancing. Furthermore, since we 
assume the existence of an intelligent 
target display processor, we must ex›
pand our primitive to permit a call to 
a display-processor subroutine. Such 

can possibly decrease the image›
generation time and reduce some of 
the processing burden from the host 
for often-used routines. Clearly, this 
option is not essential, but it does 
allow the user to exploit the full 
capabilities of the display processor. 
Mnemonically, our call primitive (ie: 
primitive instruction to call a 
subroutine) can be represented as: 

CALL T,N 

where: 

T = type of subroutine (Processor 
or Graphics) 
N name or number of 
subroutine 

For example, the primitive: 

CALL G7 

calls the grapics subroutine number 7. 
Along with the call primitive, we 

obviously must have a primitive 
which allows us to return from a 
subroutine. Our return primitive in›
struction can be represented as: 

Text is often an element of a 
. display and therefore warrants its 
own primitive. It is important to 
realize that text usually occurs as a 
string of symbols rather than a single 
symbol. Therefore, we must include 
an option to display a number of con›
tiguous symbols. Furthermore, in 
terms of the symbols themselves, we 
may wish to use either a standard 
alphanumeric font or a user-defined 
font. Therefore, we assume the 
availability of a programmable sym›
bol generator. As will be explained, 
the user may define his own set of 
symbols and then display a string of 
symbols by using the symbol 
primitive, passing it the codes for the 
appropriate symbols. Mnemonically, 
our symbol primitive can be 
represented as: 

SYM N,So .. S.-� 

where: 

N = number of symbols in the 
string 
s. = symbol code 

R21/0
S-100 ROM, 

RAM & 1/0
BOARD 

ECT's R21/0 is an S-100 Bus 1/0 Board with 3 Serial 
110 Ports (UART's), 1 Parallel 1/0 Port, 4 Status Ports, 
2K of ROM with the 8080 Apple Monitor Program and 
2K of Static RAM. 

$295.00 

Building Blocks for 
Microcomputer Systems, 
Dedicated Controllers 
and Test 'Equipment. 

RM-10 
S-100 
RACK MOUNT 
CARD CAGE 

ECT's RM-1 0 is a rack mount 10 slot Card Cage with 
Power Supply, consisting of an ECT-100 rack mount 
Card Cage (19"W x 12.25"H x 8"0), the MB-10 Mother 
Board (with ground plane and termination) all 10 
connectors and guides and the PS-15A Power Supply 
(15A @ 8V, 1.5A @ :–: 16V). $295.00 

Specializing in Quality Mi• 
TM Industrial • Educational • S•

ELT ELECliiONiirCDNiiiiiL ncnNowGY·;;;1) 686-8080 
763 Ramsey Ave., HillSide, NJ 07205 
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NOW CLEANING YOUR OWN �
DISKE IIEHEADS COULD SAVE �

YOU A$40 SERVICE CALL. �
AND AlDT MORE. �

The recording heads on your 
diskette drives may be dirty­
and that can cause you a lot of 
grief. There's the serviceman 
you have to call when the 
machine doesn't perform . (You 
know how much service calls 
cost these days!) There's 
machine down-time . Idle data 
entry clerks. All the other delays 
a cranky machine can cause. 

And that service call might 
not even be necessary. 

3M solves the problem �
in seconds-and leaves �

your heads �
"Computer Room Clean�: �
The Scotch® head-cleaning 

diskette kit lets you clean the 
read-write heads on your 
8" or 5%'' diskette drives. In just 
30 seconds, without any 
disassembly, mess or bother, 
the heads can be completely 
cleansed of dirt, dust, magnetic 
oxides-all the things that can 
get into your machines every 
day. And foul them up . 

Just saturate the special 
white cleaning pad in its jacket 
with the cleaning solution. Then 
insert the jacket into the disk­
ette drive and turn it on. Your 
machine does the rest. The 

heads are microscopically cleaned 
without wear, without abrasion. 

This 3M head-cleaning 
diskette kit has been evaluated 
and approved by major diskette 
drive manufacturers. It's the 
best possible way to clean your 
heads without service calls or 
machine teardowns. 

At only $1 per cleaning›
it’s the best insurance you 

can get. 
This fast-cleaning new Scotch 

kit comes with everything 
you need (including special 
fluid , applicator tip, cleaning 
diskettes) to handle up to 
30 cleanings . That's only about 
a dollar a cleaning . 

With the Scotch head-clean­
ing diskette kit, you could save 
yourself a lot more than just a 
service call. So try this remark­
able kit today. For the name of 

the dealer nearest you, call toll 
free: 800-328-1300. 
(In Minnesota, call collect: 
612-736-9625.) Ask for the 
Data Recording Products 
Division.

A Scotch cleaning diskette shown 
before use, and after 15 cleanings 
of recording heads. 
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Buy By Mail �
and Save! �

INTERTEC SuperBrainfi 32K . $2495 
64K RAM , List $3345 .. . ...... $2695 
64K Quad , List $3995 .. .. ... . . $3395 

NORTH STAR Horizon Ifi 
16K D. D. Kit ............... . $1259 
32K D.O. Kit ............. . .. $1579 
32K Assembled, List $2695 .. . . $2149 

Horizon 2 32K DO, Assm ., $3095$2439 
32K QD , Assm., List $3595 .... $2859 

CROMEMCO Z-2, List $995 . .. $ 829 
System 2, 64K, List $3990 ... .. $3179 
Svstem 3, 64K, List $6990 .. . .. $5479 

ATARIfi 400. List $630 . . . . . . . $ 489 
800, List $1080 . .. . . . .... . ... $ 839 

Tl-99/4, List $1150 ............ $ 985 

DISK SYSTEMS 
THINKER TOYSfi Discus 20 . $ 939 

Dual Discus 20 ............ .. $1559 
Discus 2 +2, List $1549 ... .... $1288 

PRINTERS &TERMINALS �
PAPER TIGER IDS-440 ....... $ 849 �
with Graphics OPtion ..... .... $ 949 �

CENTRONICS 730-1, List $995 . $ 639 �
737, List $995 . . . . . . . . . . . . . . $ 849 �

T .l. 810 ..................... $1575 �

INTERTUBE II. List $995 .. .. .. $ 729 
PERKIN-ELMER Bantam 550 .. $ 789 
TELEVIDEO 912C .. . .... . ... . . $n9 

920C ................ ....... $ 839 

HAZELTINE 1420 . .. .... . . ... $ 839 
1500 ... .. ....... .. ...... .. . $ 879 

SO ROC 120 . . . . . . . . . . . . . . . . . $ 745 

FLOPPY DISKS SPECIAL 
5Y."Boxof10 ONLY$29.95 

(specify TRS-80, North Star, SuperBrain, etc.) 

Most items in stock for immediate delivery. Factory sealed cartons. 
w/full factory warranty. NYS residents add appropriate sales tax. 
Prices do not include shipping. VISA and Master Charge add 3%. 
C.O.D. orders require 25% deposit. Prices subject to change without 
notice. 

Computers �
Wholesale �
P.O. Box 144 Camillus, NY 13031 

(3151472-2582 

loads all parameters for the color 
memories at the indexed color code of 
2. The hue, intensity, and saturation 
are loaded at this address with the 
data 5, 7, and 2, respectively. 

In order to exploit the full 
capabilities of the frame buffer, we 
must have some method to access in›
dividual elements of the buffer. And 
we must have the capability of 
loading all or portions of the frame 
buffer in order to support selective 
filling and erasing. If we do not pro›
vide this function, it becomes very 
difficult to produce solid colored or 
shaded images, which is one of the 
important advantages of a raster-scan 
display. Furthermore, if we allow the 
host to directly load individual 
elements of the frame buffer, we can 
produce a full frame that implements 
algorithms such as depth queuing and 
shading that cannot be performed 
otherwise by the display processor at 
the pixel level. Thus it is apparent 
that we do need some sort of load›
pixel primitive. In order to increase 
the utility of this primitive, however, 
we must introduce the concept of the 
viewport. 

Through the graphics-display 
registers, we can define a rectangular 
area on the display by a pair of X,Y 
coordinates (the left and right X 
boundary and the top and bottom Y 
boundary). Thus, rather than loading 
the full screen, we can reference the 
area bounded by a viewport. This 
feature permits us to load areas of the 
display or even to mask portions of 
the display. To further increase the 
generality of this primitive, we must 
also permit loading a single pixel. 
This feature allows us to change the 
color of the point we are currently at. 
We could do the same with the MOV 
primitive, but this instruction would 
be shorter. Finally, we can define our 
load-pixel primitive as: 

LPIX R,Co..C. 

where: 

R reference (Full frame, �
Viewport, or X, Y) �
C; = color data �

Along with this primitive, we must 
add that a predefined order of filling 
the pixels must be maintained, such 
as left to right, bottom to top. For ex›
ample, the primitive: 

LPIX F,O,O,O,O... 

loads the entire display with a single 
color 0. 

The next primitives we need do not 
actually produce an image, but sup›
port the previous primitives. First, 
since we have assumed the existence 
of graphics-display registers, we must . 
allow the host to load the registers 
with a value. In this work, we do not 
specify the types or numbers of 
graphics-display registers, since they 
may vary from system to system. 
However, certain registers will be 
consistent, such as vector type and 
current • X and Y position . 
Mnemonically, our load-register 
primitive can be represented as: 

LREG, N,V 

where: 

N = register name or number 
V = value to be loaded 

For example, the primitive: 

LREG X,4096 

loads the X register with the value 
4096. 

Since some of these registers con›
tain status information, it is impor›
tant that the host be able to read back 
the value in the register. For example, 
if the display processor supports a 
light pen, it may be necessary for the 
host to read back the X and Y posi›
tion coordinates. Mnemonically, our 
read-register-primitive can be 
represented as: 

RREGN 

where: 

N = register name or number 

For example, the primitive: 

RREG Y 

reads the contents of the Y register 
and returns the value to the host. 

Since we have assumed the ex›
istence of subroutines, there must be 
some way of loading subroutines in 
the display-processor memory: thus 
we need a load-subroutine primitive. 
We obviously need the parameters of 

Text continued on page 276 
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WordProTM 
Word Processing Software �

Turn your Commodore CBM/PET computer �
into a highly sophisticated word processing system �

Everyone expected it would happen 
sooner or later... with WordPro it 
already has! Now all the marvelous 
benefits of an advanced stand-alone 
wordprocessor are available with the 
WordPro series of software and the 
systems they create. 

If you've already been shopping for 
software in the crowded word­
processing marketplace, you've 
probably determined the features 
you really want. You'll find 
WordPro has them, and more. 

And if you haven't begun to shop 
yet, we urge you to compare, 
because only by comparison will 
you fully appreciate how complete 
and sophisticated W ordPro 
software really is. 

WORDPRO GIVES YOU 
THREE LEVELS TO CHOOSE 
FROM 

WORDPRO SOFTWARE IS 
LOADED WITH THE 
LATEST INNOVATIONS 
Sophisticated systems programmed 
with leading edge word processing 
features, W ordPro is a series of 
programs designed specifically for 
use with the Commodore 
CBM/ PET computers, peripherals 
and compatible typewriter quality 
printers. 

WHAT MAKES WORDPRO 
THE BEST? 
Our research has shown that while 
many wordprocessing packages 
have comparable features to 
WordPro, none can surpass 
Wordpro's EASE OF USE AND 
FLEXIBILITY. Wordpro operators 
need not be familiar with computer 
commands or functions. W ordPro is 
easy to Jearn for anyone with 
ordinary typing skills. 

WORDPRO 4 has it all! With this 
program, you will have everything 
you could want from a 
word processor ... and then some. 
WordPro 4 includes every feature 
found on WordPro 3, but with the 
added advantage of an 80-column 
display screen. The 80-column 
display simplifies text editing and 
makes entering text in columnar 
formats effortless. And with a few 
simple keystrokes, you'll be able to 
visualize on the screen exactly how 
your document will look prior to 
printing it out. WordPro 4 is 
designed for use with the 
Commodore CBM 8032 computer, 
CBM Dual Disk Drives, and a 
properly interfaced printer. 

WORDPRO 1 is ideal for 
hobbyists, students and 
organizations who can benefit from 
the advantages of a basic 
wordprocessor without the program 
refinements of a comercially 
oriented system. W ordPro l is 
recommended for use with the 
CBM/ PET 8/ l6K, C2N cassette 
and interfaced printer. 

WORDPRO 3 converts the 
CBM / 2001 32K computer into a 
highly sophisticated 40-column 
screen wordprocessor. This program 
incorporates the advanced features 
considered important to effective 
wordprocessing, including nearly 
every entering, editing, memory and 
printing feature available today. 
WordPro 3 is recommended for use 
with CBM/ PET 32K (40-column) 
computer, CBM Dual Disk Drive, 
and a properly interfaced printer. 

Professional Software -1nc. �
166 Crescent Rd., Needham, MA 02194 

(617) 444-5224 �
�wordPro Dealer Inquires Invited* �
WordPro was developed by Steve Punter of Pro-Micro Software Ltd., and Is marketed exclusively by �
Professional Software Inc_ �

WordPro Is a registered trademark of Professional Software Inc. CBM Is a registered trademark of 
Commodore Business Machines. 
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red LED. The 1N4454 serves to disconnect the two-cell 
nickel-cadmium (nicad) battery from U1 during power 
outages, so that the only load on the battery is the LED. 
Use of a relay to actuate the battery-to-LED circuit is the 
best method, because it closes the circuit with nearly zero 
resistance, while consuming no power in the process. The 
two-cell nicad, a General Electric DS25D, is a rather 
small unit made for printed-circuit board mounting and 
thus fits in easily. This tiny battery will light the red LED 
for several hours when fully charged. 

When AC power returns, DC is quickly restored to 
energize K1 and to charge the battery via IC1, the 
regulator. IC1 is a voltage regulator, but it also has 
current-limit capability. The 10-ohm resistor between 
pins 1 and 8 of the regulator causes charge current to be 
limited to 20 rnA, even if the battery is nearly discharged. 
As the battery charges and its terminal voltage ap­
proaches the regulated voltage output to which IC1 is set, 
current drops below 20 rnA and tapers off in the 
"constant-voltage" charge mode. 

Meanwhile, the SCR remains nonconducting, which 
allows current to flow via the 360-ohm and 10 k-ohm 
resistors to the base of Q1, forward-biasing this transistor 
and lighting the yellow LED. Thus the yellow LED in­
dicates that power has failed and returned. The red LED 
has, of course, been extinguished with the energizing of 
Kl. 

The final step in the sequence is when the person who 
uses this line-failure detector notices that the yellow LED 
is lit, and resets SW2. This act causes SCR1 to conduct, 
diverting current from the base of Q1, extinguishing the 
yellow LED and lighting the green LED. 

Since it takes between 1.5 and 1.8 V to light an LED, I 
chose a battery consisiting of two nicad cells in series. 
This gives a battery voltage of 2.4 V, which is adequate 
to light LEOs of all colors, using series dropping resistors. 
Since the battery is charged in series with a 1N4454, the 
voltage-regulator output should be set (by means of the 
5 k-ohm variable resistor) to between +2.9 and +3.1 V. 
This accounts for the series forward-voltage drop in the 
1N4454. Note that an RCA-CA3085 is used as a 
regulator. An LM305H (National Semiconductor) will 
not substitute for this integrated circuit since it's not 
made to regulate below +4.5 V. The older National 
LM300H would work, however. 

K1 can be any small relay having a coil voltage from 4 
to 8 V DC, with a set of normally closed contacts. The 
series resistor is adjusted to drop the unregulated +8 V 
of the DC supply to the desired voltage of the relay coil. 
In my own case, a small relay (from an old radiosonde 
transmitter) which had a 400-ohm coil and which closed 
reliably on + 4 V was used. A 390-ohm resistor was then 
used to drop the + 8 V supply to the coil voltage of 
+4 v .• 

Technical Forum is a feature intended as an interactive 
dialog on the technology of personal computing. The subject 
matter is open-ended, and the intent is to foster discussion 
and communication among readers of BYTE. We ask that all 
correspondents supply their full names and addresses to be 
printed with their commentaries. We also ask that cor­
respondents supply their telephone numbers, which will not 
be printed. 





Language Control Structures �
for Easy Electronic Visualization �

Control structures are the 
\ program- flow manipulation features 

of the language that you use to beat 
your computer into submission. 
BASICs control structures are em›
bodied in the RUN, GOTO, GOSUB, 
and RETURN keywords and a few 
functions, certainly an impoverished 
set. Highly structured languages like 
Pascal are rigidly limited to the con›
trol structure of subroutines. Lowly 
structured approaches like assembly 
language are necessary to implement 

la 

Dr Thomas DeFanti �
Electronic Visualization Laboratory �

University of Illinois at Chicago Circle �
POB 4348 

Chicago IL 60680 

higher-level languages and real-time 
systems, because the lack of enforced 
structure allows an infinite variety of 
control structures to be used at a cost 
of great human effort. The execution›
speed gain in using assembly 
language is more due to the efficient 
building of customized tables and 
linked lists than to efficiency in add›
ing, subtracting, multiplying, and 
dividing numbers. 

Assembler coding is by no means 
easy. Note the word "easy": it’s 

lb 

important because in one sense it 
means "accessible." In this case, it’s 
your access to complex electronic 
visualizations. 

Electronic visualizations are impor›
tant because producing and 
manipulating images, especially 
animated ones, is a truly mul tidimen›
sional task which reflects our real›
world interactions much more than 
maintaining an accurate laundry list 
or printing payroll checks. Producing 
them demands a lot from software, 

Photos la and lb: Sample output from the GRASS/Image Processor. Photo la was made by Guenther Tetz, and photo lb by Dan 
Sandin and the author. 
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THE DAWN OF �
AGE 

The 2nd GeneratioriM is here! �
MEASUREMENT systems & controls proudly 

introduces its new and exciting "2nd Generation" 
family of S-100* compatible products. Each has 
been specifically designed for use with 
multi-user and network 
operating systems such 
as MP/M, CP/NET, and 
OASIS. Every product is 
fully tested and burned›
in, comes with a 1 year 
guarantee, and offers 
you features not 
currently available from 
any other source. 

ZBO PROCESSOR 
BOARD - The most 
powerful CPU board available today. Outstanding 
features include 4MHz operation, high-speed serial 
and parallel 1/0 utilizing DMA or programmed 
control, eight vectored priority interrupts, and a 
real time clock. 

MULTI•USER SERIAL 110 BOARD - For use in 
expanded systems requiring up to eight additional 
serial 1/0 ports. Features include : 16 maskable 

"All products meet the new IEEE standards. 

Systems Group �

vectored priority interrupts, RS-232C interfaces 
with full handshake, asynchronous or synchronous 
operation with asynchronous baud rates to 19,200. 

Available in four or eight channel versions. 

DOUBLE DENSITY 
FLOPPY DISK 

CONTROLLER BOARD ›
controls up to four 51/.!›

inch or 8-inch disk drives 
using IBM soft sectored 

formats. It features 1 K 
of on-board buffering, 
DMA controlled data 

transfers and the per›
formance character›
istics of the superior 

NEC 765 chip. 

64K BANK SELECTABLE MEMORY BOARD›
Features include 1/0 port addressing for bank 

select with 256 switch selectable 1/0 ports for the 
memory bank addressing. The memory is 

configured as four totally independent 16K 
software-selectable banks, with each bank 

addressable on any 16K boundary. 

"Attractive Dealer & OEM Prices" �
See your nearest computer dealer, or �
contact us for the complete story on �

The 2nd Generation. �

867 North Main St. I Orange, Calif. 92668 
A Di vision of MEASUREMENT systems &.. controls (714) 633-4460 TWX I TELEX: 678 401 TAB IRIN 
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FDR SIDEWAYS �
BALLYDID VIDED �

2c 

Photos 2a, 2b, and 2c: Sample output from the first Zgrass system, with a resolution of 
160 by 102 pixels, with 2 bits per pixel. Photo 2a was made by Copper Giloth , and 
photos 2b and 2c by Nola Donato. 

has been in development for ten 
years. 

Zgrass started out as GRASS 
(Graphics Symbiosis System), a 
language designed to bring the 
immense complexity of a Digital 
Equipment Corporation PDP-11/45 
and as Vector General 3DR Display 
system within the grasp of artists and 
educators at Ohio State University. It 
has high levels of interaction, 
parallelism, priority, and tree­
structured manipulations of vector­
defined objects. Photos from this 
system can be seen in "About the 
Cover. . . And Some More of the 
Same," in the October 1977 BYTE, 
page 22. 

GRASS depends on $120,000 of 
equipment to run - rather expensive 
for a single-user system - but it is 
one of the first highly developed non­
FORTRAN interactive graphics 
systems for use by artists. 

In 1973, Dan Sandin, inventor of 
the Image Processor, brought color 
television usage to our computer 
graphics work at the University of Il­
linois at Chicago Circle. Dan and I 
develofed most of the ideas about 
contro structures presented here. 
Photos 1a and 1b show some output 
from the GRASS/Image Processor 
system. 

Generating a complete program­
ming language with parsers, com­
pilers, and graphics takes a lot of 
human effort. More than ten person­
years of programming were devoted 
to GRASS, aided by generous sup­
port from the National Science Foun­
dation, National Endowment for the 
Arts, and others. 

GRASS is totally oriented toward 
real-time generation and control of 
images for the simple reason that 
television cannot easily be slowed 
down for long and/ or time-lapse ex­
posures as can be done with film. The 
control structures for GRASS were 
developed ad hoc and became in­
creasingly idiosyncratic . Nola 
Donato, a postgraduate student of 
mine, decided to teach me how to 
generalize many of the programming­
language concepts. The result was 
GRASS3, which later became Zgrass. 

In 1977, I was led to Jeff 
Frederiksen at Dave Nutting 
Associates, who was developing a 
deluxe home computer for Bally Cor­
poration using the custom integrated 
circuits they had developed for the 
Bally Arcade video game. The pros­
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Don't play games 
with your company's money. 

Our entry level computer system is the first step in 
a full range of computer products. Not the last step in 
a full range of computer games. 

We call it VIP. The Vector Intelligent Partner . And 
with a price of just $3695, you can't get more computer 
for your money. 

VIP has all the assets and none of the liabilities of 
other entry level systems. It starts off with a lot more 
disk capacity. It has the same computational power, uses 

the same software as our larger systems, and can 
be upgraded at any time . So you avoid the 
expense of new hardware and software when 
you outgrow your current system. 

You'll be able to do low cost word processing, 
mail list sorting, database management and 

accounting . You can even do software 
development. 

VIP is perfect for salesmen, real estate 
brokers, insurance agents, small business 

owners and corporate department heads. 
Because at Vector, improving your business is the 

best way to improve our business. 
For information contact Vector, 31364 Via Colinas , 

Westlake Village, CA 91362. Or call 213/991-2302. 

v-d:ro=l 
Economy Sized Computers T" 
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Photo 3: Sample output from a later version of Zgrass, with a resolution of 320 by 204 pixels w ith 2 bits per pixel. Photo 3 was made 
by Frank Dietrich . 

pect of developing a language for 
fun, one that had user-orientation as 
the benchmark rather than how many 
FOR-NEXT loops you could execute 
per unit time was too good to pass 
up . I was contracted to produce 
Zgrass, and in a year, Nola Donato, 
Jay Fenton (a legendary wizard of 
video games and pinball-machine 
operating systems), and I had 
generated 9000 lines of code. (Much 
of the work was done not in a lab but 
in a cabin in the woods of 
Wisconsin!) Examples of output from 
this system are seen in photos 2a, 2b, 
and 2c. Note that the resolution of 
this first Zgrass machine is 160 by 102 
pixels (ie: picture elements), with 2 
bits per pixel. 

Some confusion arose about 
whether we were producing a hob›
byist machine or a home computer 
for consumers, so the project was 
suspended. Even now nobody really 
knows what a "consumer computer" 
is supposed to be. 
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From consulting with less en›
lightened would-be consumer com›
puter manufacturers, I have perceiv›
ed that they follow the rather 
negative view of consumerism. (Few 
people reading this article would be 
considered only consumers - I 
assume that BYTE readers are mostly 
hobbyists or professionals.) Con›
sumerism is based on great market 
penetration, and the big question is: 
"How do you get 90% market 
penetration like color TV7" 

It is also based on consuming, that 
is, wearing out or getting sick of 
hardware and software so you go buy 
more and consume it. The user is 
expected to supply no creativity, just 
assume a passive, susceptible-to›
entertainment pose - this reminds 
you of television watching, doesn’t it7 
Well, anything requiring creative 
energy is akin to hobbyism. 

Consumer computers do exist in 
the form of video games that you can 
get bored with and buy more - even 
the advertisements invariably cite the 

number of new games to be available 
each month. I don’t know how to 
write a programming language that 
wears out, though. User-extensibility 
is planned "nonobsolescence." Zgrass 
is not a consumer language by current 
standards. 

The project is on active status 
again, but this time with a hob›
byist/professional orientation. We 
believe there are many people who 
want a recordable image-producing 
system for around $3000. The current 
configuration includes: 

� � ZBO processor with 16 K bytes of 
EPROM and 48 K bytes of pro›
grammable memory 

� � custom graphics integrated circuits 
and floating-point hardware 

� � dual UARTs (universal asyn›
chronous receiver I transmitters) 
for connection to larger com›
puters, printers, etc 

� � RBG (red, blue, green) monitor for 
best color resolution 











"We designed acomputer family�
that multiplies dealer sales:’ �

... �

Geof Karlin 
Director of Systems Development 

"At ADDS, we’ve just designed a unique computer 
family that multiplies your selling power because it 
expands customers ’ computing power. 

"We call it ADDS Multivision-a trio of stacking, 
CP / Mfi-compatible computers that lets users upgrade 
without any change in their programs. It works like this: 

"MULTIVISION 1 (top module) is a get-started 
computer with a 5 M Hz processor, 64K bytes of RAM 
and mini disk storage capacity of 700K bytes. It lists 
for $3,785 without terminal . 

"MULTIVISION 2 (top and bottom modules) pro›
vides 5M or 10M bytes of hard-disk storage. Priced 
thousands less than other hard-disk systems, it lists for 
$7,995 with 5M bytes of disk. 

"MULTIVISION 3 (entire stack) tops off the line, 
giving you a multi-user system with up to 256K bytes 
of RAM that supports up to four display terminals 
simultaneously. 

"We even offer an ADDS-developed package that 
lets Multivision function as a word processor. 

"Since its introduction at the NCC, thousands 
have inquired where to buy Multivision. We’d like to 
give them your name." 

For information on dealer opportunities, write: 
S. Eric McErlain, Systems Division, Applied Digital Data 
Systems Inc., 100 Marcus Boulevard, Hauppauge, 
N.Y 11787. 

CP / M is a registered trademark of Dig ita l Research, Inc. 

SeeusatCOMDEX ’80, Booth 304. 

SOMETHING EKTRA IN EVERYTHING WE DO �
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Your vehicle for com �
The Challenger BP OF. �
The general purpose microcomputer 
was first introduced as a computer 
for hobbyists and experimenters. 
However, as the industry has grown, 
microcomputers have become 
specialized for personal use or for 
small business use. There is virtually 
no computer for the serious experi­
menter with one important exception, 
the Ohio Scientific Challenger 8P. 

The CBP is unique in that it incor­
porates the features of state-of-the­
art personal computers, with the 
memory and disk storage capacity 
of business computers, along with 
the "mainframe" bus architecture 
and open ended expansion capability 
of industrial control computers. 

Personal Computer 
Features 
The CBP OF's specs 
beat all personal 
computers hands 
down . It executes 
instructions two 
to three times 
faster, and 
displays more 
alphabetic 
characters 
on its screen 
than other 

models. It has upper and lower case 
and graphics in 16 colors. The CBP's 
standard 1/0 capabilities are far 
more extensive than any other com­
puter, with joystick and keypad inter­
faces, sound output, an 8-bit D/A 
converter, 16 parallel 1/0 lines, 
modem and printer interfaces, AC 
remote control and security monitor 
interfaces and a universal acces­
sory port that accepts a prom blaster, 
12-bit analog 1/0 module, solderless 
prototyping board and more. 

Ohio Scientific offers a large library 
of personal applications programs, 
including exciting action games 
such as Invaders and Star Trek, 
sports simulations, games of logic 

and educational games, personal 
applications such as biorhythms, 
calorie counter, home programs 
such as checking and savings 
account balancers and a home 
budgeter just to name a few. A new 
Plot BASIC makes elaborate anima­
tions easy, and music composition 
program allows you to play complex 
multi-part music through the com­
puters DAC. 

At the systems level the machine 
comes standard with OS-650, an ad­
vanced disk operating system with 
Microsoft BASIC and an interactive 
Assembler Editor. Optional software 
includes UCSD PASCAL and 
FORTRAN and an Information 
Management System (OS-MOMS). 
Dozens of independent software 
suppliers now also offer personal 
programs for the CSP. 







SuperSoft First in Software Technology �

ENHANCED ’TINY’ PASCAL 
We still call it ’Tiny’ but it’s bigger and better than ever! This is 
the Famous Chung/Yuen ’Tiny’ Pascal with more features includ›
ing recursive procedures/functions & disk 1/0. · 
Tiny’ Pascal is fast. Programs execute up to ten times faster 
than similar BASIC programs. 
SOURCE TOO! We still distribute source, in Tiny’ Pascal, on 
each discette sold. You can even recompile the compiler, add 
features or just gain insight into compiler construction. 

Tiny’ Pascal is perfect for writing text processors, real time 
control systems, virtually any application which requires high 
speeo.Requims: 36K CP/M. Supplied with complete user manual 
and source on discette: $85.00 Manual alone $1 0.00 

StackWork’s FORTH 
Afull, extended FORTH interpreter/compiler produces COMPACT, 
ROMABLE code. As fast as compiled FORTRAN, as easy to use 
as interactive BASIC. 
SELF COMPILING: Includes every line of source code necessary 
to recompile itself. 
EXTENSIBLE: Adds functions at Will. 
Z80or 8080 ASSEMBLER included 
Single license, OEM licensing available 
Please specify CPU type: Z80 or 8080 
Requires:32K CP/ M. 
Supplied with extensive user manual and tutorial: $150.00 
Documentation alone: $25.00 

Protect your software investment by buying source! Prevent obsolescence, create custom versions, 
or use our systems as sources for ’library functions: 

The source code for all our programs, Including the ones on this page, Is available from us, either 
at additional cost, or if noted, Included In the price. The programs on this page are distributed with 
machine readable source at no additional cost. 

TFS-Text Formatting System TERM 
An extremely powerful formatter. More than 50 commands.Supports 
all major features including: 
� left & right margin justification � user defined macros 
� dynamic insertion from disk file � underlining and backspace 
TFS lets you make multiple copies of any text. For example: 
Personalized form letters complete with name & address & other 
insertions from a disk file. Text is not limited to the size of RAM 
making TFS perfect for reports or any big job. 

Text is entered using CP/M standard editor or most any CP/M 
compatible editor. TFS will link completely with Super-M-Ust›
making personalized form letters easy. 

Requires: 24K CP/M 
Source to TFS in 8080 assembler (can be assembled using 

standard CP/M assembler) plus user manual: $250.00. 
Object code only with user manual: $85.00 �
Manual alone: $20.00 �

Acomplete intercommunications package for linking your computer 
to other computers. Link either •to other CP/M computers or to 
large timesharing systems. TERM is comparable to other systems 
but costs less, delivers more and source is provided on discette! 

With TERM you can send and receive ASCII and Hex files 
(COM too, with included conversion program) with any other 
CP/M computer which has TERM or compatible package. Allows 
real time communication between users on separate systems as 
well as acting as timesharing terminal. 
� Engage/disengage printer � � send files 
� error checking and auto retry � receive files 
� terminal mode for timesharing between systems 
� conversational mode 
Requires: 32K CP/M. 
•Supplied with user manual and 8080 source code: $11 0.00 
Manual alone: $15.00 

CP/M Formats: �8" soft sectored, 5" Northstar, 
5" Micropolis Mod II , Vector M? 

’ CP / M REGISTERED TRADEMARK DIGITAL RESEARCH 

SUPERSOFT ASSOCIATES• P.O. BOX1628• CHAMPAIGN, IL 61820 
(217) 359-2112 



INTRODUCING �
DATEBOOK� �

THE NEW OFFICE �
APPOINTMENT CALENDAR �

PROGRAM �

DATEBOOKr"’ helps manage time just like a com›
mon office appointment book, but with the speed 
and accuracy of a computer. DATEBOOK� elim-. 
inates the scribbles, erasures, and frustration of 
searching through the book for a specific opening. 

DATEBOOK� is ideal for Doctors, Dentists, Law›

yers, Salesmen, Repairmen, or in any situation where 
time management is critical to office efficiency. Its 
menu display and one-key options make DATE›
BOOK� one of the easiest programs to learn and 
use. 

DATEBOOK� features include: 

� � Appointment scheduling, cancelling, modify›
ing and rescheduling. 

� � Automatically searches for openings according 
to time of day, day of week, and week of year. 

� � Displays all scheduled appointments for a 
specified person. 

� � Lists day’s schedule (Screen or hard copy). 

� � Can be customized to accommodate any 
workday/hours schedule. 

DATEBOOK� is written in PASCAL and is avail›
able to run on CP/M as well as UCSD PASCAL 
systems. 

(415) 455-4034 
only $295 

1492 Windsor Way, Livermore, CA 94550 

Applied Mathematical 
Physics With 
Programmable Pocket 
Calculators 

by Robert M Eisberg 
McGraw-Hill Book Com­
pany, New York NY, 
1976 
176 pages, softcover 
$9.95 

This book by Professor 
Eisberg of the University of 
California, Santa Barbara is 
interesting on three counts. 
First, it introduces the reader 
to numerical methods for 
differentiation, integration, 
and solution of differential 
equations. Second, these 
methods are applied to the 
general problems of 
mathematical physics, start›
ing with the motion of an 
oscillator and finishing with 
Schrodinger’s equation. 
Third, the programs for the 
solution of the equations in 
these fields are given for the 
Hewlett-Packard HP-25 and 
the Texas Instruments SR-56 
calculators. 

A reader’s first reaction 
might be that the programs 
apply only to the solution of 
the problems of 
mathematical physics. 
However, the mathematical 
procedures that were aimed 
at these calculators may also 
be applied to any computer. 
Furthermore, the problems 
are in the field of physics, 
but the methods of solution 
of these problems should be 
of interest to the general 
reader. 

This book discusses the 
derivative and methods of 
obtaining it, followed by 
programs and examples. 
Problems for testing the pro›
gram are also given. Pro›
cedures for integration and 
summation are introduced 
with the appropriate pro›
grams and examples for 
solution. 

The numerical procedure 
for the solution of second-

order differential equations 
is developed without the 
great depth required for 
mathematical development. 
These equations are given 
for both undamped and 
damped motion, as well as 
the driven oscillator. The 
program development and 
the results obtained are in›
teresting. 

The harmonic oscillator 
section is followed by the 
coupled oscillator. The ex›
amples for the coupled 
oscillators and their motion 
are interesting not only for 
the study of the motion of 
such systems, but also for 
the solution of the 
simultaneous equations in›
volved. 

The concept of central 
force motion is introduced, 
including orbital path deter›
mination. This section con›
cludes with alpha particle 
scatter due to repulsive 
forces. A "random" number 
generator program is in›
troduced and applied to 
problems of entropy, or 
run-down evaluation. 

Finally, Schrodinger’s 
time-independent equation is 
introduced and evaluated, 
and programs are given for 
the harmonic oscillator and 
the potential well. 

This is an admirable little 
book on mathematics ap›
plied to physics and the pro›
gramming of such material 
for the HP-25 and SR-56 
programmable calculators. It 
is also of great interest to 
the computer programmer 
because of the procedures 
discussed, which are adap›
table to the computer. 

WB Agocs 
Department of Physical 
Sciences 
Kutztown State College 
Kutztown PA 19530 

The Little LISPer 

by Daniel P Friedman 
Science Research 
Associates Inc 
Palo Alto CA, 1974 
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SIMPLY �
BEAUTIFUL. �

CF&A furniture looks terrific. But beauty is more than skin deep. 
That's why our line of desks, stands, and enclosures also fea­
tures rugged construction, low cost, and quick delivery. In a 
wide range of sizes and configurations. With accessories to 
meet your individual requirements. With a smile and a thank you. 

Call CF&A. We make it simple. We make it beautiful. 

Computer Furniture and �
Accessories, Inc. �

1441 West 132nd Street �
Gardena, CA 90249 �

(213) 327•7710 �
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work in Microsoft BASIC or 
BASIC-E. 

For those of you who 
have not yet been scared 
off, you will learn 
algorithms and techniques 
for: scaling, rotation, curve 
representation, three­
dimensional displays, three­
dimensional transformation, 
and surface description and 
display. Of course, I am 
only summarizing; Rogers 
and Adams break these 
topics down into 65 sec­
tions, plus algorithms. 

So why buy (or borrow) 
this book 7 If you want a 
text to teach yourself com­
puter graphics, this is the 
wrong book. It will not 
really tell you how to put all 
of the algorithms together 
into a usable package or ap­
plication. But, if you 
already know something 
about computer graphics 
and need a reference to give 
or compare formulae and 
algorithms, then this is 
definitely the right book. A 
caveat is in order: I have 
not checked any of the 
algorithms or programs for 
typographical accuracy. 
Which is to say, it's a good 
reference, but not a good 
text.• 

John A Lehman 
716 Hutchins 112 
Ann Arbor MI 48103 

Duplicated NAND Gate 

A drafting error marred 
Steve Garcia's article "A 
Build-It-Yourself Modem for 
Under $50" (August 1980 
BYTE, page 22). The pin 
numbers for a section of an 
integrated circuit were incor­
rectly marked, duplicating 
the numbers for a different 
section. 

In figure 1b on page 28, 
the NAND gate of IC4c 
should have had its input in­
dicated as being on pins 8 
and 9, with output on pin 
10. The pin numbers for 
IC4d are correct as shown.• 















International Systems 
and Courseware 

Exchange 

One of the greatest deter­
rents facing organizations 
·that desire to purchase a 
microcomputer is the fact 
that the development of 
systems applications soft­
ware is costly and time­
consuming. In an attempt to 
find a solution to this situa­
tion, John Earle Associates 
Inc has met with educators, 
professionals, and business 
people to discuss means for 
alleviating this problem. 
These discussions culminated 
in the establishment of the 
International Systems and 
Courseware Exchange 
(ISCE). The purposes of the 
ISCE are to enable schools, 
businesses, and professionals 
to license others to use their 
proprietary courseware and 
systems for an annual fee on 
a lease basis, and to recover 
the developmental costs of 
the software through the 
licensing fee. All schools, 
governmental agencies, doc­
tors, lawyers, engineers, ac­
countants, businesses, · 
manufacturers, and free­
lance developers of systems 
applications, courseware, or 
games are welcome to par­
ticipate, as providers or as 
users; or as is the case 
within many businesses and 
schools, they may be includ­
ed in both categories. 

A free catalog will be pro­
vided to each individual or 
organization with listings in 
the catalog. Catalogs will be 
available to others for $10. 

The first catalog contain­
ing listings of software and 
all information necessary to 
order or submit programs 
will be published in January, 
1981. Catalog entries dealing 
with administrative or 
business applications should 
be mailed to Howard R 
Baldwin, Registrar, Univer­
sity of Akron, 3220 Miles 
NW, Canton OH 44718. 
Catalog entries concerning 
educational or professional 

applications should be sent 
to Swen A Larsen, Dean of 
Science and Technology, 
World University, Barbosa 
esq Guayama, Hato Rey, 
Puerto Rico 00917. For a 
copy of the catalog or for 
more information, contact 
John Earle Associates Inc, 
POB 12213, Loiza Station, 
Santurce, Puerto Rico 
00914. 

Pass the Salt and the �
Computer, Please �

Eleven of the nation's 
newspapers affiliated with 
the AP (Associated Press) 
are experimenting with elec­
tronic delivery of news to 
the home. Through the joint 
efforts of the newspapers, 
the AP, and CompuServe 
Inc, an information net­
working firm, a daily elec­
tronic edition will be 
published for at least six 
months. The results of this 
test will be shared with the 
1300 daily newspapers and 
3500 radio and television 
stations that are a part of 
the AP news cooperative. 

The newspapers par­
ticipating are The Columbus 
Dispatch; The Washington 
Post; Los Angeles Times; 
The New York Times; 
Chicago Sun- Times; The St 
Louis Post-Dispatch; The 
Minneapolis Star and 
Tribune; The Atlanta Jour­
nal and Constitution; The 
Norfolk Virginian-Pilot and 
Ledger-Star; San Francisco 
Chronicle; and The Middle­
sex News (Framingham, 
Massachusetts). Each news­
paper contributes news items 
and computing expertise to 
produce the news that is 
delivered to the Compu­
Serve computers. Customers 
with a terminal and modem 
merely have to place a 
telephone call to link up 
with the electronic editions. 
Home users are charged $5 
per hour, billed in 1-minute 
increments. The service 

operates from 6 PM to 5 
AM weekdays and all day 
on weekends and holidays. 

The experimenters hope 
that the test will provide 
substantial information on 
marketing the service, pro­
motion, design of the data 
base, and new sources of 
advertising revenue. For 
more information, contact 
CompuServe Inc, 5000 Ar­
lington Centre Blvd, Colum­
bus OH 43220, (614) 
457-8600. 

Tuition-Free Program 
for Women in 

Electrical Engineering 

A brochure from the 
University of Dayton 
outlines a National Science 
Foundation-sponsored Fast­
Track program for women 
interested in electrical 
engineering. To qualify, an 
applicant must hold a 
bachelor's degree in 
mathematics, physics, or a 
related science. Participants 
earn a certificate that serves 
to advance them to an 

academic level equivalent to 
that of an electrical 
engineering graduate. 
Credits earned can be ap­
plied toward a bachelor's 
degree in electrical engineer­
ing. A Fast-Track staff at 
the university offers counsel­
ing and guidance, assists in 
part-time work placement, 
arranges for partial living 
expense stipends and place­
ment in engineering jobs at 
program conclusion. The 
program commences January 
5, 1981, and lasts thru 
December 19, 1981. Copies 
of the brochure, entitled 
Women Interested in 
Engineering, can be obtained 
by writing or calling Carol 
M Shaw, Assistant Dean, 
School of Engineering, 
University of Dayton, 
Dayton OH 45469, (513) 
229-2736.• 

:
������� 
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Surprised? You should 
be. Because until now, no 
software could solve any›
thing but the most basic 
arithmetic problems without 
a series of complicated 
steps. 

A big disadvantage? If 
you use a microcomputer for 
scientific, educational or en›
gineering applications, you 
bet it is. That’s why Microsoft 
has come up with a solution 
of its own. muMath. 

muMath is a symbolic 
math package you’ll recog›
nize immediately as a major 
advance in microcomputer 
software. 

muMath lets you effi›
ciently and accurately per›
form the most complex 
mathematical operations: 
Exact, infinite precision ra›
tional arithmetic. Unbound 
variables. Complex expres›
sions (even equations may 
be included). Exact solution 
of algebraic equations. Plus 
logarithmic, exponential and 
trigonometric simplifications 
and transformations. 

That’s right. It does in an 
instant what took you years 

to learn at school. Rational ?SIN (2*Y)*(4*COS(X)A 3 
arithmetic. Algebra . Trigo› -COS(3*X)+SIN(Y)*COS 
nometry. Transcendental (X+ Y+#P1}-COS(X- Y) ); 
functions. Symbolic differen› Then instantly muMath 

returns:tiation (including ordinary 
and partial derivatives.) @4*SIN(Y) *COS(X) *COS(Y). 
Symbolic integration of in› Adding fractions? Need 
definite and definite integrals. you ask? 
Matrix arithmetic and ?1 /3+ 5/6+ 2/5+ 3/7; 
algebra. @419/210. 

Trigonometric simplifica› muMath is written in 
tion? But of course. Just type: muSIMP, which is included in 

the muMath package. 

MIIIICROSOfJ �
10800 NE Eighth �

Suite819 �
Bellevue, WA 98004 �

206-455-8080 �
Telex 328945 �

We set the standard. 
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muSIMP is an applicative, 
recursive language, ideal for 
describing complex mathe›
matical concepts. 

Because of its highly 
interactive nature and hier›
archical structure, muMATH 
is an excellent math teaching 
device, from simple arith›
metic to calculus. 

muMA THis currently 
available for the CP/M fi 
operating system. 

The complete system, 
including muMA TH and 
muSIMP on disk and docu›
mentation is $250. Runs 
under CP/M. 

Just what you need? We 
thought so. Shoot some 
questions at us about 
muMATH. We have all the 
answers. 

Also new from Micro›
soft: the muLISP interpreter 
for CP/M. An efficient and 
reliable LISP system fully 
capable of supporting ser›
ious artificial intelligence 
efforts. $200. 

CP/M is a registered trademark of 
Digital Research. 





A Few Extraordinary Products for Your 6800/6809 Computer �
From Percom ... 

Low Cost 
Mini-Disk Storage 
in the Size You Want 

Percom mini-disk systeMs start as 
low as $599.95, ready to plug in and 
run. You can’t get better quality or a 
broader selection of disk software 
from any other microcomputer disk 
system manufacturer- at any price! 

Features: 1-, 2- and 3-d rive systems 
in 40- and 77-track versions store 
102K- to 591 K-bytes of random ac›
cess data on-line � controllers in›
clude explicit clock/data separation 
circuit, motor inactivity time-out cir ›

cui!, buffered control lines and other 
mature design concepts � ROM 
DOS included with SS-50 bus ver›
sion - optional DOSs for EXOR›
ciser* bus � extra PROM sockets 
on-board � EXORciser* bus version 
has 1 K-byte RAM � supported by ex›
tended disk operating systems; as›
semblers and other program de›
velopment/debugging aids; BASIC, 
FORTRAN, Pascal and SPL/M lan›
guages; and, business application 
programs. EXORciser* Bus LFD-400EX™ -BODEX™ Systems 

Versatile Mother Board , Full -Feature Prototyping Boards 
Printed wiring is easily soldered tin-lead plugged into an SS-50 bus . Features 
plating. Substrates are glass-epoxy. Pro› wide-trace conductors. Price: $21.95 
totyping cards provide for power regula› SS-50 BUS CARD- accommodates 34›
tors and distributed capacitor bypassing, and 50-pin ribbon connectors on top 
accommodate 14-, 16-, 24- and 40-pin edge, 1Q.pin Molex connector on side 
DIP sockets. Prototyping boards include edge. Price: $24.95. 
bus connectors, other connectors and SS-30 BUS CARD - 1 V.-inch higher 
sockets are optional. than SWTP 1/0 card, accommodates 34›
MOTHERBOARD- accommodates five pin ribbon connector and 12-pin Molex 
SS-50 bus cards, and may itself be connector on top edge. Price: $14.95. 

The SBC/9�. A " 10" By Any Measure . 

The Percom SBC/9TM is an SS-50 bus compatible, stand›
alone Single-Board Computer. Configured for the 6809 
microprocessor, the SBC/9TM also accommodates a 6802 
without any modification. You can have state-of-the-art 
capability of the ’09. Or put to work the enormous selection of 
6800-coded programs that run on the ’02. 

The SBC/9TM includes PSYMONrM, an easily extended 1›
Kbyte ROM OS. Other features include: 

� Total compatibility with the SS-50 bus. Requires no changes to the 
motherboard, memory or l/0. 
� Ser ial port includes bit-rate generator. RS-232-C compatible with 
optional subminiature ’0’ connector installed. 10-pin Molex connec›
tor provided. 
� Eight-bit, non-latched, bidirectional parallel port is multi-address 
extension of system bus. Spans a 30-address field; accommodates 
an exceptional variety of peripheral devices. Connector is optional. 
� Includes 1-Kbyte of static RAM. 
� Costs only $199.95 with PSYMONn’ and comprehensive users 
manual that includes source listing of PSYMONn’. 

’" trademark of Percom Data Company, Inc. 
� trade mark of the Motorola Corporation. �
Prices and specifications subject to change without notice. �

The Electric Window� : Instant, Real -Time Video Display Control 

Memory residency and outstanding software control of display format and 
characters make this SS-50 bus VDC card an exceptional value at only $249.95. 
Other features: 
� Generates 128 charac- . 
ters including all ASCII dis›
playable characters plus 
selected Greek letters and 
other special symbols. 
� Well-formed, easy-to›
read 7x12-dot characters. 
True baseline descenders. 
� Character -store 
memory included on 
� Provision for optional 
character generate 
EPROM for user defined’ 
symbols. 
� Comprehensive users . 
manual includes sourc 
listing of Driver software. • 
Driver - called WINDEXTM 
-is also available on mini›
diskette through the Per›
com Users Group. 

Products are available at Percom dealers nationwide. Call toll-free,PERCOM OATA COMPANY, INC. 
211 N. KIRBY GARLAND. TEXAS 75042 1-800-527-1592, for the address of your nearest dealer, or to 

!214) 272-3421 order direct. 
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Graphic Color Slides �
Part 1 

Color slides of graphs, bar charts, 
and other visual aids are a valuable 
addition to various public presenta›
tions. When made using conventional 
methods, the slides are expensive to 
produce and difficult to modify. But 
when the slide is produced by 
photographing a computer-generated 
color image (as described in my arti›
cle, "Making Color Slides with an 
Intecolor Microcomputer," January 
1980 BYTE, page 20), the slide can be 
produced inexpensively and the im›
age can be modified easily. Points, 
lines, bars, and curves can be drawn 
to represent numeric data. 

Unfortunately, writing the pro›
gram that creates the screen image 
can be tedious and time-consuming. 
Many aspects of the program design, 
such as the selection of suitable scales 
and the conversion from user-units to 
screen-units, can be done by the com›
puter. The subroutines given here in 
listing 1 have been written to provide 
a common set of routines that can be 
used to generate different kinds of 
graphs on a Compucolor II computer 
with a minimum of effort. 

Design Considerations 
Ergonomic texts (ie: those that 

analyze human engineering factors) 
suggest that scales are most conve›
nient for the user if they are subdivid›
ed in steps that are powers of ten-1, 
10, 100, 0.1, 0.001, etc. Double- and 
half-size steps (2 and 0.5) are also ac›
ceptable for intermediate ranges, 
although other scale intervals (such as 
0.75, 1.5, 3, 4) should be avoided. 
Based on this, I have written 
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Alan W Grogono �
Associate Professor �

Department of Anesthesiology �
Upstate Medical Center �

State University of New York �
750 E Adams St �

Syracuse NY 13210 �

Writing the program that 
creates the screen image 
can be tedious and time›
consuming. 

subroutines to select a suitable step 
size from the series: 0.1, 0.2, 0.5, 1, 2, 
5, 10, 20, 50 .... 

The ideal number of steps depends 
upon the application. On graph 
paper, where fine measurements may 
be made, a large number of smaller 
steps is useful. On a video monitor or 
in a color slide, however, a smaller 
number of large steps is preferable 
because it is less confusing; around 
four to eight steps seem to be ap›
propriate. The scale should start and 
end at a multiple of the step size. 

A program that satisfies these 
criteria should be easy to write; some 
readers might want to stop at this 
point and write their own. Unfor›
tunately, there are several pitfalls for 
the unwary. At several stages of the 
calculation and graph preparation, it 
is necessary to avoid calculation er›
rors (for example, producing 2. 99999 
or 3.00001 instead of 3). Similarly, 
scale zero might be calculated as 
1.000E-06, which looks odd if printed 
on a graph scale. 

The first step of the scaling process 
is to calculate the range of the data, 
R, and make an initial guess for the 
value of the step size, JUMP. This 
value can be obtained from table 1, or 
it can be calculated from the follow›

ing equation: 

JUMP = � 4 * 101 (INT(0.434295 
*LOG(R/1.21))) 

(This is essentially line 10315 of the 
BASIC program in listing 1; the con›
stant 0.434295 is used to obtain the 
base-10 logarithm from the Com›
pucolor BASIC LOG function, which 
returns the natural or base-e 
logarithm.) 

Once the initial value of JUMP has 
been calculated, it is repeatedly divid›
ed by 2 until the resulting value for 
JUMP is less than or equal to one›
fourth the value of the range R; this 
assures that the graph will have at 
least four steps in the range. The con›
stant 1.21 is chosen to give the rela›
tionship between Rand JUMP shown 
in table 1. 

Implementation Notes 
The program has been written, 

tested, and employed to illustrate this 
article on a Compucolor II. The 
BASIC interpreter recognizes two›
letter variable names but tolerates 
longer names (ie: AXIS, AXES and 
AX are all equivalent). Names were 
chosen to avoid BASIC reserved 
words such as INT, OR, ON, STEP. 
Thus the variable COLOR has been 
spelled COLOUR, and JUMP has 
been used in place of STEP. For 
graphics work this version of the 
language employs the word PLOT 
followed by one or more arguments. 
Table 2 lists the more important plot›
ting codes. 

Text continued on page 138 



Once in agreat while someone comes along 
with asimple improvement for an already great 
product. Take our SuperBrain, for example. Really a 
simple concept. Ahigh-powered, low cost micro­
computer packaged in an attractive desk top 
cabinet. So how do you improve on that? 

WE DID IT... 
It wasn't enough that our SuperBrain had 

such standard features as twin double density 
5%" drives with over 300,000 bytes of disk 
storage. A full 32K of dynamic RAM - expandable 
to 64K in seconds. ACP/M* Disk Operating 
System which assures compatibility to literally 
hundreds of application packages presently availa­
ble. A crisp, 12" non-glare screen with a full 24 
line by 80 column display. A full ASCII keyboard 
with aseparate keypad and individual cursor 
control keys. Twin RS232C serial ports for fast 
and easy connection to amodem and/or aprinter. 
And, dual ZBO processors which operate at 4 MHZ 
to insure lightning-fast program execution. No, it 
wasn't enough. So we made it better. 

ANNOUNCING SUPERBRAIN QD... 
Our new QD model has all of the features of 

our phenomenally popular SuperBrain with the 
addition of double-sided disk drives and an extra 
32K of dynamic RAM. So, for only amodest in­
crease in price, you can order your next SuperBrain 
with more than twice the disk and memory storage 
capability. But, best of all, the new QD model has 
the same tough, rugged construction and 
exceptional Quality that made our SuperBrain 
such asuccess. 

HOW DID WE DO IT? 
The secret of SuperBrain QD's incredible disk 

storage lies within our new double-density double­
sided disk drives. Atotal of nearly 720,000 bytes 
of data are formatted on two specially designed 
5%" drives. And that's more than enough to get 
you started with most serious small business 
applications. And SuperBrain QD's standard 64K of 
dynamic RAM will handle even the most complicat­
ed programming tasks. 

Of course, if you're into megabytes instead of 
kilobytes, you may think neither SuperBrain is right 
for you. Not so! lntertec offers 20-96 megabytes of 
hard-disk storage which connects in seconds to 
either the SuperBrain or SuperBrain QD. So, your 
original investment is always protected. As you 
grow. No matter how much your needs expand. 

BUT IS IT RELIABLE? 
Our best salesmen are our present users. Not 

only have SuperBrain users been impressed with 
the inherent reliability of the system, they tell us 
that no other microcomputer system available 
today offers such auniQue modular design con­
cept. Just about the only tool reQuired to easily 

maintain the system is acommon screwdriver. And 
lntertec's total commitment to product service and 
customer support, with service outlets in most 
major cities, insures your original investment will 
be avaluable one for many years to come. 

THE DECISION IS YOURS. 
Whether your next SuperBrain is a regular 

model or our QD version, you will have the 
satisfaction of knowing you purchased what is 
becoming one of the world's most popular micro­
computer systems. And regardless of which model 
you choose, you'll probably never outgrow it be­
cause you can keep expanding it. 

So, call or write us today for more infor­
mation. lntertec systems are distributed worldwide 
and may be available in your area now. 
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Meet IMP 2, the stylish impact printer �
with three way paper handling. �

Designed for desk top use, this sleek unit combines 
an ultra-low profile with a unique fan-cooled printing 
system that can knock out 80, 96, or 132 columns of 
crisp hardcopy with continuous throughput of one line 
per second. 
Three way paper handling. IMP 2 features three way 
paper handling for forms, single sheets and paper rolls , 
with tractors adjustable from 1.5 inch to 8Y2 inches. 
Software control of forms length, printer select/deselect 
together with a choice of three standard interfaces 
make IMP 2 the most versatile printer available in its 
price range. 
Interfaces abound. IMP 2 provides parallel, RS232C 
and 20mA current loop as standard equipment. But if 
you need something special, we can supply interfaces 

for just about any system- high speed serial, Apple , 
Pet, TRS-80, IEEE 488 . . . you name it. 
Versatile character sets. 96 ASCII character set is 
standard. And you can select si x character sizes , even 
graphics, under software control. Options include full 
page buffering and special character sets. 
Service - a big difference. No other printer 
manufacturer offers A xiom's combination of low cost 
plus nation-wide service and distribution- in the USA 
and 18 overseas countries. 
Psssst- the price!!! With all this performance, the price 
is low. Just $795 for IMP 2 ($695 for IMP 1, without 
tractor feed). And that 's the single unit price. 

Better phone, write or mail the bingo card today! 

AXIOM CORPORATION 

5932 San Fernando Road, Glendale, CA 91202 
Tel: (213) 245-9244 ·TWX: 910-497-2283 
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Selecting software for 
your Ohio Scientific computer 
is a chancy task at best. There 
are few trustworthy vendors with 
a national reputation. There are 
no consistent quality standards 
and the documentation is often 
cryptic and inaccurate. Jfyou 
are lucky enough to find a good 
package, there's no guarantee of 
ongoing support. A wrong 
choice results in months of 
wasted time, effort, and money. 

With the Software Federa ­
tion, you no longer take that risk. 
The Software Federation was 
formed by three ofthe largest 
Ohio Scientific hardware dis-

Software Packages 
BUS-I Original of popular series, sold "as is" S99 
BUS-II Unlicensed version of BUS-I S 150 
BUS/DMS Most current version of BUS series, 

completely reworked, OMS compatible SB50 
fig-FORTH Acomplete Forth Interest Group version for 

OSI. Not o kludge S175 
MEMTEST/2 New edition af popular memory test $50 
WP-INT Interface between WP- 2 and OSI- OMS for 

form letters sao 
Amwoy Dlsfributors Package $995 
DATA DIRECTOR Complete rewrite of OSI-DMS Nucleus 

by BBS, command oriented, very interactive $995 
System Exerciser Self-prompting test routines for end 

user troubleshooting S60 
Med-Biii/Forogher Single doctor client billing $995 
Manufacturing Control System Hard disk based. 

Standalone inventory with job costing and 
bill-of-materials $3500 

Fast Floppy Dumper Floppy disk backup for hard disk 
systems S 1 25 

WP6502 65U word processor from DQFLS S 1 25 
USUS Software Exchange Library 6 disk set of UCSD 

Pascal programs, includes USUS membership SaO 
Moiler Text processor, keyed files & sort capability, good 

mass mailer, OMS compatible S190 
Payroll Very thorough package for floppy or hard disk, 

OMS compatible $495 
General Ledger Multi-division /department support, 

journal based, floppy or hard disk, OMS 
compatible $495 

tributors to select and market 
quality software through reput­
able dealers nationwide. 

DEALERS 
The Software Federation 

solves the dealer's problems by 
providing low cost access to high 
quality software with the sort 
ofdemonstration packages, 
documentation, and support 
that the dealer needs to success­
fully sell machines. 

Affiliated Dealers 
TriComp Inc. Denver, CO 80221 
Total Data Systems Fl. Collins, C080525 
Data Services Computer Corp. Denver, CO 80239 
Tro-Sto Computer Shoppe Pueblo, CO 8 l 005 
Business Data Systems, Inc. Boulder, CO 80301 
Tek-Alds Industries Inc. Arlington Hts., IL 60004 
KMH Galesburg. IL 6140 t 
Practical Computer Springfield, I L 62703 
Dotobus Grayslake, IL 60038 
MAP Systems Peoria Hts., IL 61614 
Business Computer .of Joliet Cresthill, I L 60435 
Cybertronlcs Houston, TX 77084 
CSB Houston, TX 77057 
ComputerManogementSystems Mitchell, SD 57301 
Frisch Computer St. Paul. MN 551 l 3 
Forrogher & Assoc. Milwaukee. WI 53213 
Specialized Computer Systems Jackson, Ml 4 9204 
Community Computers Arlington, VA 22201 
Della Data Distributors Memphis, TN 38ll8 
lnternofionol Automation New Kensington, PA 15608 
Whitlock lnternotlonol. Inc. Detroit, Ml 48219 

AUTHORS 
The Software Federation 

solves the independent ven­
dor's problems by providing a 

proprietary method ofsoftware 
protection, aggressive enforce­
ment of software licenses, a 
strong dealer base, primary 
support, and national 
advertising. 

END USERS 
The Software Federation 

solves the user's problems by 
providing quality software, 
exceptional documentation, 
after-the-sale support, and 
optional software maintenance 
services. 

Why risk making the wrong 
choice? With the Software Fed­
eration, everyone wins! 

See the dealer in your area 
for a complete turnkey demon­
stration. 

Software Federation '"' 
44 University Drive 
Arlington His , IL 60004 
Phone: 312/259-1355 

-r. 





The best 
newssince 

CP/M... 
customizable 

full screen 
editing 

Changes You Make On the Screen Become 
Tbe Changes to the File. 

Full screen editing is the fastest and easiest method of 
editing all types of text files. Straight forward enough for 
novices, yet also the choice of professionals. VEDIT is a 
proven full screen editor with unequalled features. You will 
appreciate that you can easily edit 10 times faster than with a 
command editor. Since VEDIT is customizable, it adapts to 
your applications and preferences, instead of requiring you 
to adapt to it. 

VEDIT is ideally suited to program development and ifs 
special features make it the most valuable development tool 
a programmer can have. VEDIT appeals to word processing 
users too. Many simple text editing tasks, such as mailing 
lists, are faster and easier to do with VEDIT than with more 
complex word processors. 

Features of VEDIT: 
Full screen editor with status line and cursor. The screen 

continuously displays the region of the file being edited. 
Changes are made by first moving the cursor to the text you 
wish to change. You can then overtype, insert any amount of 
new text or hit a function 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 and to 

North Star Sorcerer tab positions. 
Function keys for character delete, line delete 

and allowing line splitting and concatenating. 
Heath H8/H89 1Yt&80 Model I 
Super Brain 1Yt&80 Model II 

Text movement is very easy using a text 
Most other CP/M Systems wllh register. 

Flexible command mode allows global 
search and substitute, repetitive editing 
operations. 

File handling allows files to be merged on input, split on 
output, drive selection and more. Blocks of text are readily 
copied from one file to another. 

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. 

Extensive 60 page, dearly written manual with sections for 
both the beginning and experienced user. 

CRT or Memory Mapped Dlsplap. 

You Customize the FasiBst Editor for 
Word Processing, C.Bask:, Fortran and 
A.........r: 
Keyboard layout for all cursor and function keys. �
Your screen size. (Up to 70 lines, 200 columns). �
Default Tab positions and various parameters. �
Scrolling methods. �
Cursor type, blinking, reverse video. �
Its ideal for diverse hardware, keyboards and applications. �
For OEMs too. �

Ordering: Specify your CRT terminal type, video board or �
microcomputer, the 8080/Z80 or Z80 code version, and disk �
format required. �

Standard Package: Disk and manual . . ... . . . .. $110 �
Ma.....: Price refunded with software purchase $ 15 �
PIICEON ¥•1 00: 24 X 80 Video display board ...$445 �

VISA and MASTER CHARGE Welcome. 
See us at Northeast Computer Show Booth 418 Atb&etl¥e Dealer Tenns. 

Compuview Products, Inc. �
618 Louise I Ann Arbor, Michigan 48103 Call Anytime• (313) QM-1299 

Circle 83 on Inquiry card. BYTE November 1980 133 





The Perfect Fit �
The Micromodem II data communications system 

and the Apple II* computer. What better combination to 
maximize the capabilities of your personal computer! 

This popular direct connect modem can transmit 
data between an Apple II and another Apple II, a 
terminal, another microcomputer, minicomputer or 
even a large time-sharing computer anywhere in North 
America. The Micromodem II has unique automatic 
dialing and answer capabilities which further increases 
the communications possibilities between the Apple II 
and another computer or terminal. 

You can send and/or receive messages or data 
when you are out of your office, home or out of town. 
Your branch business locations can communicate with 
each other regarding inventory and other matters over 
the phone. Or you can communicate with friends 
across the country. And you can access information 
utilities like the SOURCE for various business and 
personal applications. 

The Micromodem II consists of two parts. One part 
includes the printed circuit board which holds the 
Micromodem II, ROM firmware and the serial interface. 
The board plugs directly into the Apple II providing all 
the functions of a serial interface card plus 
programmable auto dialing and auto answer 
capabilities. The on-board ROM firmware enables the 
Micromodem II to operate in any of three modes to 
perform different tasks-terminal mode, remote console 
and program control mode. 

The other part of the Micromodem II datacomm 
system is a Microcoupler which connects the 
Micromodem board and Apple II to a telephone line . 
The Microcoupler gets a dial tone, dials numbers, 
answers the phone and hangs up when a transmission 
is over. There are none of the losses or distortions 
associated with acoustic couplers. The Microcoupler is 
compatible with any North American standard 
telephone lines and is FCC-approved for direct 
connection in the U.S. It works with standard dial 
phone service or Touch-tone service. 

The Micromodem II is completely compatible with 
Bell103-type modems . Full and half-duplex operating 
modes are available as well as speed selectable 
transmission rates of •11 0 and 300 bps. 

Why not increase your Apple ll’s capabilit ies by 
outfitting it with the sophisticated Micromodem II data 
communications system? The Micromodem II is 
available at retail computer stores nationwide. For the 
store nearest you, call or write: 

(D,J-tayes 
Hayes Microcomputer Products Inc. 
5835 Peachtree Corners East. Norcross. Georgia 30092 (404) 449-8791 

Tu Micromodem II is a trademark of Haye s Microcomput er Pro du ct s, Inc. 
�Apple II is a registered trademark of Apple Computer Inc. �
The Micromodem II can also be used with the Bell & Howell computer. �













SPECIALS 
CALL TOLL FREE: 1-800.528-1418 �

DIABLO 630 RO 
letter-quality, up Ia 40 cps printer 
offers complete interchangeabil›
ity between metal and plastic print 
wheels! Universal lnlelface, baud 
rates Ia 9600, optional farms trac›
tor. 

CALL FOR PRICE! 

LEXICON LX-11 
Priced lower than Novation, lower 
than livermore! New Bell 103A›
compatible, RS232-campatible 
modem has special battery ›
powered option! 

CALL FOR PRICE! 

face Module, choice of printers, 
disk drives, program recorder, 
modem, extensive sollware library! 

ATARI 800 SYSTEM 
Micrawarld now offers complete 
systems based around the Atari 
800 Personal Computer . .. Inter-

CALL FOR SPECIAL PRICE! �

ARCHIVES �
BUSINESS COMPUTER 

The latest in ell-in-one computers is now available 
from MicroWorld! The new, compact Archives Busi›
ness Computer is CP/M-based, S-1 00 compatible, and 
includes64K RAM as standard equipment. The Archives 
also features an amazing storage capacity . .. up to 
1.5 megabytes on built-in, dual 5 1 /4" drives! The det›
achable microprocessor-controlled keyboard in›
cludes a righthand numeric pad, lefthand function 
keycluster, and 23 relegendable function keys. A full 
25-line byso-character display is provided by the 12" 
green phosphor monitor. Screen attributes include 
inverse video, blink and underline in any of 8 intensi›
ties. Options for the Archives Business Computer 
include a direct-wire modem, hardware floating point 
chip, and an extensive selection of applications soft›
ware! 

CALL FOR PRICE! 

New edition of the best selling TELEVIDEO 9208computer consumer guide! In ›
c ludes more than 100 photos, Your best terminal buy, loaded 
dozens of hardware and software with features! Full-function key›
product reviews ... feature articles, board, 2A x 80 display, blink, reverse, 
glossary, and more! sell-tesM 

CALL FOR PRICE!$10.00 POSTAGE PAID 

FREE FREIGHT �
MicroWorld provides the most attractive mail-order offer in 
the computer industry. The nation’s largest inventory, plus 
our own automated order processing allows us to pass on 
unrivaled savings! And now. . . FREE FREIGHT on any product 
featured on this page! We’ll pay the surface freight on any 
computer or peripheral product in this ad. Call MicroWorld 
today, the source you can trust! 

A1COWOI1.D �
1425 W. 12th Place, Tempe, AZ 85281 

Master Card and Visa orders welcomed! 





THEKURTA �
GRAPHIC TABLET �
A VERSATILE INPUT DEVICE FOR SMALL COMPUTERS 

� � 8112’’ x 11" TABLET SURFACE 
� � PEN 
� � COMPATIBILITY WITH 7" x 9" DISPLAYS 
� �MINIMUM INTERFACE AND SOFTWARE 

REQUIREMENTS 

KURTA Graphic Tablets provide the small 
computer user with a method of enhancing 
his or her present setup without making a 
large expenditure. For example, because of 
the recessed tablet surface, an 8W’ x 11" pad 
of paper fits snugly, virtually eliminating 

re-location problems. Hard copy is easily ob›
tained using the pen with replaceable ball 
point cartridge. The KURT A Graphic Tablet is 
directly compatible with standard 7" x 9" 
display screens and since the tablets’ data 
output directly matches the computer capa›
bilities, the interface and software require›
ments are minimized. KURTA is "the new 
leader in graphic message input and delivery." 

For more information about the KURTA 
Graphic Tablet see your nearest computer 
dealer or contact us direct. 

WURTR 
CORPORATIOn 
206 S . RIVER OR. 

A simulation 

TEMPE, ARIZONA 85281 
(602) 968-8709 
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Three-Dimensional Graphics �
for the Apple II �

Many articles have been written 
regarding three-dimensional graphics 
on home computers. Some involve 
highly complex hardware such as 
spinning mirrors, while others rely 
upon computation-intensive software 
to project three-dimensional objects 
on a two-dimensional plane. 

Taking an innovative step back›
wards and rediscovering an old tech›
nique, I have been able to create 
three-dimensional pictures using my 
Apple II computer. I have generated 
a number of visually stimulating dis›
plays in this manner and would like 
to share with you the methods used, 
with the hope that you too will dis›
cover new ways to use your com›
puter. 

The method is simple. Just take a 
piece of cardboard, and with a pair 
of scissors, cut out a pair of eyeglass 
frames. Next, put a red filter over the 
left eye opening in the frame and a 
green filter over the right opening (I 
did say it was an old ideal). When 
viewing the screen with the glasses 
on, anything colored red will not be 
visible to your right eye, and any›
thing green will not be visible to your 
left eye (you may have to adjust the 
tint on your television to optimize 
this). Anything white will be visible 
to both eyes. 

Dan Sokol �
John Shepard �

211 Fall Creek Dr �
Felton CA 95018 �

The image that falls on the retina of 
your right eye will be the green image 
on the video monitor, but it will 
appear to be white! (It’s all done in 
your brain.) The same is true of the 
red image in relation to your left eye. 
(We will refer to the red image in our 
software as violet. This is because the 
Apple HI-RES graphics cannot gen›
erate red.) [However, see "More 
Colors for Your Apple," by Allen 
Watson III, June 1979 BYTE, page 
60... RSS] 

Creating an Image 
As you can see by figures la and 

lb, an image that seems to appear in 
front of the screen can be made by 
drawing the green image to the left of 
the red one. An image that appears 
behind the screen is simulated by 
placing the green image to the right of 
the red one. The apparent depth is 
determined by the distance between 
the two colored images. 

It should be mentioned that the 
brain requires a frame of reference to 
judge distance "properly." An effi›
cient way to provide this reference is 
to put a white border around the 
screen. This will define the neutral 
plane. Naturally, any objects on this 
plane need be drawn only once in 
white. 

The program in listing 1 generates a 
set of lines which appear to disappear 
into the distance. 

Another simple program is present›
ed in listing 2. This one generates a 
three-dimensional box. 

Using the shape-generator pro›
grams provided by Apple, the user 
can make objects appear to be 
varior • siz :s ard depths. This effect 
can ]:,,_ seen by running the program 
in listing 3. 

You can place as many objects in 
space as you have room for. There 
are, however, some guidelines. 

� � You should draw your images 
from back to front. This way any 
overwriting will look natural. 

� � As you approach the neutral 
plane, the two images get closer 
together. Any place that they are 
coincident should be white. This 
can be handled with software. (I 
didn’t say easily.) 

� � Using other colors generates an 
unbalanced image in the neutral 
plane-you experiment. 

� � You will have to adjust your color 
television set to match the color of 
the filters that are being used. The 
best way to do this is to draw a 
small green square and a small red 
square on the screen. Then place a 

Text continued on page 154 

148 November 1980 ' BYTE Publications Inc 





















The Altos ACSSOOO �
Single-Board Computer �

Altos Computer Systems of San 
Jose, California, manufactures a 
series of powerful Z80-based com›
puters aimed mainly at the small›
business and scientific-laboratory 
markets. The company offers a wide 
variety of models - from one 8-inch, 
single-density, Shugart floppy-disk 
drive with 32 K bytes of main 
memory to four double-density, 
8-inch floppy-disk drives, and a hard›
disk subsystem with as much as 58 
megabytes of on-line storage. 

Hardware Design 
The ACSBOOO series are all single›

circuit-card computers based on a 
ZBOA microprocessor running at 
4 MHz. All systems come with at 
least 32 K bytes of 4116 dynamic 
memory devices. This is expandable 
to 64 K bytes on two versions of the 
ACSBOOO, and to 208 K bytes on the 
third version. 

The system also comes with a 2708 
EPROM (erasable programmable 
read-only memory) that contains the 
ALTOS-E monitor program. The 
2708 is active until CP/M is boot›
loaded : it is then disabled and disap›
pears so the entire memory-address 
space is available as programmable 
memory. This technique is widely 
used and is referred to as "phantom 
read-only memory." 

About the Author 
Mark Dahmke is a a consulting editor for 

BYTE Publications and also operates a com­
puter consulting business. He has been in›
volved with computers since 1974 and does a 
great deal of systems hardware and software 
d esign. His interests include writing , 
photography, voice synthesis, and computer 
graphics. 
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Mark Dahmke �
1515 Superior St, Apt 15 �

Lincoln NE 68521 �

Serial Ports 
Even the smallest Altos system 

comes with a dual-channel, serial I/O 
(input/output) device. One channel is 
used for the system console, and the 
other is set up to drive a printer or 
another device, such as a modem. 
The console channel is preset by the 
AL TOS-E monitor firmware to 9600 
bps, with 1 start bit, 1 stop bit, 8 data 
bits, and no parity. It runs in full›
duplex (ie: simultaneous-bidirection›
al) mode. The 9600 bps data rate of 
the console is not alterable, but the 
printer characteristics can be changed 
after the system is booted up. 

Parallel Ports 
All Altos computers come with at 

least two user-defined parallel ports. 
There are actually two ZBO PIO 
(parallel input/output) devices, each 
with two ports, but one is used to 

A Visit to Altos 
Altos computers have acquired 

quite a reputation for reliability ›
it's the sort of thing you hear by 
word-of-mouth in this industry. 
To find out more, I paid a visit to 
Altos recently at the invitation of 
Dr Roger Vass, the Vice-President 
of Marketing. 

Roger described the extensive 
quality-control procedures used at 
Altos, which include several bum­
in tests ef individual components 
and complete systems in its 
testing ovens. Another reason for 
the low • failure rate of the com­
puters ( eg: less than 1% are re­
turned to the plant because of 

control disk operations. The user›
definable ports are accessible through 
an external connector that may be 
connected to a printer, an EPROM 
programmer, or a parallel-input 
keyboard. Both ports are fully pro›
grammable. 

The Counter-Timer Circuit 
The ZBO CTC (counter-timer cir›

cuit) is a programmable counter›
timer that has four independent chan›
nels. Three of the channels (addresses 
0 thru 2) are used by the system to set 
console and printer data rates and 
disk-head load-delay times. The 
fourth channel is available to the user 
and can be programmed as an inter›
val timer or real-time clock. 

The Floppy-Disk Controller 
The Altos single-density model 

uses the Western Digital 1771-1 

defects) is that Altos computers use 
a single printed-circuit board for 
the entire computer, thus 
eliminating many potential inter­
connection problems. 

Interestingly, Altos sells more 
computers (ie: about 55% at pre­
sent) overseas than it does 
domestically, due in part to the 
company's vigorous marketing ac­
tivity in Europe. Roger sees the 
European market as having great 
potential for American personal­
computer companies. Certainly, 
the growth of the number of 
publications and public interest at 
overseas trade shows confirms 
this . ..CM 













CP/M Features With Altos 
Systems 

All the standard CP/M system 
utilities are available: 

� � ED: context (text) editor. 
� � ASM: CP/M standard (no­

frills) 8080 assembler. 
� � LOAD: loader, converts 

hexadecimal-ASCII format files 
to absolute machine-code files. 

e �DDT: CP/M Dynamic Debug­
ging Tool. 

� � PIP: Peripheral Interchange 
Program that is used to move 
and copy disk files from disk to 
disk and can also be used to 
copy files from disk to printer 
or from a reader device to disk. 

e �SYSGEN: CPI M utility that 
generates new system disks. 

� � DUMP: prints the contents of a 
file on the display in hexa­
decimal (base 16) form. 

e �SUBMIT: CP/M batch facility: 
executes a series of console com­
mands from a disk file. 

Some additional commands and 
utilities are available: 

e �MOVCPM: CP/M utility that is 
used to relocate the CPI M 
operating system depending on 
system memory size. 

� � STAT: displays status of 
various device assignments and 
shows the amount of free space 
left on each on-line. 

� � MTS: memory-test program 
that performs a destructive 
memory test on system 
memory. 

� � SETUP: utility that modifies the 
boot-load sector of a disk. It 
also allows a disk to be flagged 
for single- or double-density 
operation and sets the printer 
data rate at boot-load time. 

� � REFORM: disk-formatting utili­
ty that allows the user to format 
a disk for single- or double­
density operation. Disks may be 
formatted to be either IBM 
3740- compatible or Intel ISIS-II 
format. Altos has its own for­
mat for double density. 

� � DTEST: disk-test utility that 
checks out both drives and disks 
on the system. 

� � SINGLE: followed by the letter 
designation of a drive (A, B, C, 
D), will set up the drive for 

single-density operation. 
� � DOUBLE: works the same as 

SINGLE but sets the designated 
drive for double-density opera­
tion. 

� � COPY: will copy data track by 
track from the disk in drive A to 
drive B. 

� � FILES: will display the file­
control-block information in 
hexadecimal for all files on a 
disk. 

Other files are included with the 
system: 

� � BOOT.ASM: an assembler 
source for the boot loader. 

e ALTOSE.ASM: an assembler 
source for the ALTOS-E 2708 
EPROM. 

� � CBIOS.ASM: an assembler 
source for the custom Basic In­
put/Output System (CBIOS) in 
CP/M. This allows the user to 
make further operating-system 
modifications as needed. 

UCSD Pascal Operating System 
Initializing the System 

In order to make UCSD (Univer­
sity of California, San Diego) 
Pascal fully operational on the 
Altos, a user-written procedure 
that does direct cursor addressing 
on video terminals must be added 
to the operating system. Referred 
to as GOTOXY, the procedure ac­
cepts two integer variables as input 
and positions the cursor on the 
screen accordingly. Since there are 
so many different video terminals, 
it is the responsibility of the user to 
write the GOTOXY procedure. 
After compiling it, the user must 
execute a program called BINDER 
which links GOTOXY to the 
SYSTEM.PASCAL file. 

The other initialization program 
is called SETUP. When executed, 
the user is given a set of options in›
cluding Help and Teach. SETUP 
modifies a table of key assignments 
and terminal commands, allowing 
the user to customize the operating 
system to a particular. terminal. 
Most keys may also have a prefix 
(eg: Escape) to allow for terminals 
that send escape sequences forcer­
tain user-definable keys. For exam­
ple, many terminals have a 
separate keypad for cursor control 

(eg: Up, Down, Home, etc). The 
escape sequence for "cursor home" 
on many terminals is Escape-H; or 
27,72 in decimal ASCII codes. In 
SETUP, the cursor-home function 
could be defined as having a prefix 
code and the decimal value 72 (or 
H as the character code). 

Other Features 
The Pascal Operating System 

has some other unique features. 
When compiling a program, Pascal 
will list error messages and ask if 
you want to continue or return to 
the editor. If the latter option is 
chosen, the operating system loads 
the editor and places the cursor on 
the character where the compila­
tion error was detected. This 
feature saves a great deal of time 
when correcting syntax and logic 
errors. 

The Filer also has some in›
teresting features. Basically, the 
Filer is a utility program that lists 
directories of disks and 
manipulates files directly in the 
conventional disk-operating­
system mode. On request, the Filer 
will create a duplicate directory for 
backup purposes. The Filer also 
has a routine for locating bad 
blocks on disk. If a bad sector is 
found, it will be marked as an im›
movable file in the directory. 

Altos is marketing Pascal! M 
and a C compiler. The firm is also 
in the process of providing hard­
disk backup on cartridge tape. The 
company is also introducing an 
asynchronous communications 
package for Altos computers 
(price: $100) and a bisynchronous 
IBM 3780 protocol package that 
allows the Altos to go on line in 
batch mode to an IBM host com­
puter. The price is $1000. 

In version II.O of Pascal, the 
Debugger package is missing. I was 
informed by Altos that it was 
having problems with it and that a 
new version would be available 
with the next release. Altos also 
said that Pascal! M does have a full 
Debug option and that it will be 
available shortly. 
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Maxell offers a way to stay ahead. �
A Maxell 5Y4" Mini-Disk will consistently let you maxi­ There are double density Maxell single and double­
mize the capability of your system today. And as your sided 5Y4" Mini-Disks for soft and hard sector systems. 
involvement with it grows, tomorrow as well. Maxell And 8" Maxell Floppy Disks for every disk drive config­
Mini-Disks are all made with the same exacting 100% · uration. See your computer supply dealer or write to us 
certification and critical dependability of the Maxell 8" for more information. If you are a computer products 
Floppy Disk. So you know your 5Y4" Maxell Mini-Disks dealer, write for the growing opportunities Maxell 
meet or exceed the same ISO and Shugart specifica­ Business Products Division offers you with our 8" Floppy 
tions industry requires. and 5%" Mini-Disks. 

maxelt 
BUSINESS PRODUCTS DMSION 

Maxell Corporation of America, Business Products Division, 60 Oxford Drive, Moonachie, N.J. 07074 Tel: 201-440-8020 





CopyJigtu C1 AobertTinney 1978 �

Beautiful "Computer Chess" Reproduction-only $7.95! �



• an operating manual which con­
tains a hardware and software over­
view section 
•setup and checkout guides 
• a CP/M operating guide 
• a troubleshooting section 
• all the schematic diagrams 

The manual also includes the 
SA800/801 disk-drive maintenance 
manual and six publications from 
Digital Research covering all aspects 
of CP/M. 

Setting Up and Using a New 
System 

My Altos is hooked up to a video 
terminal set to 9600 bps. When power 
is applied, the Altos displays the two 
prompt characters % * on the con­
sole, which means that the EPROM 
monitor is in control. (If reset is 
depressed, the same response is 
given.) If a floppy disk is inserted into 
drive A (the drive on the right-hand 
side) and reset is depressed, the 
monitor will automatically begin 
loading the operating system from the 
disk. If you are running CP/M, the 
message "32 K ALTOS DOS VERS 
1.47" will be displayed, followed by 
A> on the next line. The A character 
means that the disk in drive A is the 
currently active disk, while the > in­
dicates that CP/M is ready to receive 
commands. 

After the machine displayed the 
A> prompt, I tried to enter the DIR 

command to display the directory, 
with no success. I reset the system 
and tried again - still nothing. Then 
I decided to check the RS-232 cable 
and connectors to see if the transmit 
and receive lines were hooked up pro­
perly. After experimenting with my 
own 8080-based system to make sure 
the terminal would talk to it and still 
finding no problems, I called Altos: 
the gentleman I spoke with suggested 
that I make sure that pin 20 (Data 
Terminal Ready) of the RS-232 cable 
was hooked up. I took apart my cable 
and found that pin 20 was not con­
nected. A quick resoldering job 
solved the problem. (I later 
discovered that the Altos manual 
discusses the problem in the section 
on troubleshooting, but I had 
apparently not seen it on my first 
reading of the manual.) 

One of my complaints about the 
Altos is that the console data rate is 
defined in firmware - in the 
EPROM. The system can be used 
only if you have a 9600 bps terminal 
(at least, to start with). Even after the 
initial load, there is no way to easily 
modify the data rate short of creating 
a new EPROM. 

CP/M has a SETUP command that 
allows the user to change the boot­
load characteristics of a disk. The 
printer data rate, the system clock 
rate (2 MHz or 4 MHz), and the den­
sity of the disk may be redefined for 
each system disk. It would seem 

reasonable to be able to modify the 
console data rate also, but this is not 
currently the case. 

Formatting Disks 
The next thing I tried to do was to 

create a backup copy of the master 
system disk. The documentation for 
this procedure is fairly accurate, but 
important instructions are left out. 

The first step is to insert a blank 
disk (with the label side facing down) 
into drive B, the left-hand drive. The 
REFORM command will reformat a 
disk for any of several disk formats. 
After typing in REFORM, the com­
puter asks you to enter a number cor­
responding to the type of format that 
will be used and to indicate whether 
the blank disk is in drive B (in a two­
drive system) or drive D (in a four­
drive system). 

The first time I tried to format a 
disk, I got errors on top of errors. The 
documentation failed to mention that 
the write protect notch on the disk 
must be covered to allow read/write 
operation. Since I usually work with 
5 -inch floppy disks, I am used to 
covering the write protect notch to 
protect a disk, not to unprotect it. 
After trying everything I could think 
of, it finally occurred to me that the 
notch might need to be covered to 
work. [This method of disk protec­
tion is standard for 8-inch disks , so 
neither Altos nor its documentation is 
in error here. Still, this situation 

At a Glance 

N arne of computer Altos ACS8000 series Software included ALTOS-E monitor (in 

Manufacturer Altos Computer Systems read-only memory) 

2360 Bering Dr Hardware options an 9511 arithmetic­
San Jose CA 95131 processor board; Win­
(408) 946-6700 chester hard disk; multiple 

Price from $2840 (ACS8000-1S) users 

Processor Z80A (8-bit) Software options Operating systems: AMEX, 
CP!M, MP!M, OASIS,

Memory 64 K bytes (expandable to UCSD Pascal. 
208 K bytes on a multiuser 
system) Languages FORTRAN-80; MBASIC, 

MBASIC-80, CBASIC //;
Mass Storage one to four 8-inch, single­ COBOL-80, CIS COBOL; 

or double-density, single- Vanguard APL, PL!I-80, 
or double-sided, Shugart Z80 Macro Assembler 
floppy-disk drives 

Other hardware features includes serial printer port, 
two user-definable parallel 
ports 
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GOOD NEWS FOR CBASIC-2tm USERS �

Now you can move up to �
a16 bit multi-user system with �
areal machine code compiler �

that accepts your existing programs. �

QBP.SIC is the latest in Marinchip Systems 
growing line of software for our M9900 
computer. While preserving source 
language compatibility with the widely used 
CBASIC-2,m language, OBASIC generates 
real machine code for the M9900’s 16 bit 
processor. OBASIC programs run up to ten 
times faster. Separate compilation of pro›
gram modules is permitted. Assembly 
language calls are made more simple and 
1\exib\e. 

So, if you like CBASIC,m. but are limited by 
its performance and the hardware and 
operating systems it runs on, contact us 
about our new OBASIC. 

Circle 103 on Inqu iry card. 

OBASIC is only the latest member of the 
M9900 hardware and software line that in›
clude the following major features: 

* Advanced 16 bit processor 
* �S-1 00 Bus flexibility 
* �Unix,m like multi-user operating system 
* Memory size up to 16 megabytes 
* Pascal, Assembler, and BASIC1m 

interpreter 
* Hard disc or floppy available 
* �Prompt quantity delivery with attractive 

discounts 
* �Applications available: General Ledger, 

Accounts Payable and Receivable, 
Payroll, and Text Formatter 

Computer Power and Human Reason 
16 St. Jude Road 

* Superb user manuals 
* Three year track record of hardware 

and software reliability 
* Systems, boards, kits, and software 

available 
* Both 8 and 16 bit memory supported 

Complete dual floppy single user systems 
from $5500, and floppy or hard disc multi›
user systems configured to your require›
ments. 

Call or write for complete specifications and 
price list. 
CBASIC is a trademark ol Compiler Systems 
UNIX is a trademark ol Belt Laboratories 
BA SIC is a trademark ot the Trustees ot Dartmouth Colleg e 

Mill Valley, CA 94941 
(415) 383-1545 

Advertising Des ign : Asterisk Associates 
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Seventh Annual �
SIGGRAPH �
Conference �

Kenneth Livingston �
225 Nebraska Hall �

University of Nebraska �
Lincoln NE 68508 �

Mark Dahmke �
1515 Superior, Apt 15 �

Lincoln NE 68521 �

The Association for Computing Machinery (ACM) 
Special Interest Group on Computer Graphics (SIC›
GRAPH) held its seventh annual conference on July 14 
thru 18, at the Seattle (Washington) Center (former site 
of the Seattle World’s Fair). This conference, like all of 
the recent SIGGRAPH conferences, was extremely well 
attended. Over 1200 people registered for the two-day 
preconference tutorials. More than 2300 people registered 
for the three-day conference itself. Participants came 
from nearly every state, Canada, several European coun›
tries, and Japan. 

Preconference Tutorials 
Each year, the conference organizers have sought to 

provide participants with an opportunity to not only at›
tend the conference, but also to acquire additional infor›
mation and expertise about graphics through a series of 
tutorial sessions. These are led by well-known computing 
and graphics professionals from both industry and educa›
tion. This year’s eight tutorial sessions included these 
topics: 

� Introduction to Computer Graphics 
� Introduction to Raster Graphics 
� Advanced Raster Graphics 
� Computer-Aided Design 
� Low-Cost Graphics 
� Graphic Design and Information Graphics 
� Animation Graphics 
� User Interfaces to Graphic Systems 

These tutorials ranged in level of expertise from novice to 
expert and provided a means for everyone to advance 
technically. 

The session on low-cost computer graphics addressed 
issues relating to the use of graphics capabilities of 
personal-computing hardware. Many of these systems 
can be configured at costs of about $2000. Given today’s 
economy, systems in this price range can be very appeal›
ing to small businesses, public-school systems, and small 

Photos 1 thru 6 by Kenneth Livingston. 
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colleges and universities. At the other end of the scale are 
large CAD/CAM (Computer-Aided Design/Computer›
Aided Manufacturing) systems. Typically, these systems 
are quite expensive, ranging from $40,000 to $300,000 for 
top-of-the-line systems. Obviously, smaller and less ex›
pensive (and, therefore, less comprehensive and versatile) 
systems exist. The computer-aided design tutorial ad›
dressed the needs of medium- and large-scale industry 
users of CAD/CAM systems. 

Included in this session were discussions of 
CAD/CAM standards for data bases and techniques used 
for geometric modeling. Geometric modeling is a term 
used to describe the process of representing a three›
dimensional object by a series of Cartesian, polar, or 
homogeneous coordinates with (or without) a series of 
equations. The object may or may not exist prior to the 
construction of the numerical or geometric model. 

Three other tutorials on raster graphics and animation 
were oriented toward the use of raster-scan devices. 
Because raster-scan devices essentially use standard 
television technology, there is a significant price and per›
formance advantage in their use. Personal-computer 
owners should be aware of this advantage, as many 
microcomputer systems have utilized raster-scan (televi›
sion) technology from the beginning. Discussions of 
algorithms for modeling three-dimensional objects, 
simulation of light sources (shading and shadows), sur›
face textures, and display optimization dominated these 
sessions. An emphasis was placed on the creation of 
realistic-looking images. 

Another group of tutorials centered on what might be 
termed human factors in computer graphics. Human fac›
tors means the interface between human beings and 
machines. It is an area of computing in general that, 
while not being totally overlooked, has certainly been 
slighted. Those of us involved in interactive computing 
(including graphics) realized long ago, by necessity, how 
important a friendly, forgiving, and possibly even 
natural interface is for successful communication be›
tween people and machines. The frustration of having an 
interactive program bomb or hang before completing its 
task can be overwhelming. 

Our batch-oriented colleagues have discovered this 
recently, primarily because on-line data bases are becom›
ing more popular, and more batch-oriented computing 
professionals are finding their way into interactive proj›
ects. Recently, we have begun to discover the importance 
of aesthetically pleasing and more understandable 
graphic output. Many computer-graphics specialists have 
come into this area from the technical side, rather than 
from the artistic side. It should come as no surprise, then, 
that graphic designers can offer much sound advice about 
graphics layout and design. This information can be very 
valuable in businesses where executives are accustomed 
to expecting and demanding professional quality for 
graphics presented at board meetings and in annual 
reports. Two tutorials concentrated on psychological 
aspects, design methodologies, subjective evaluation, 
and design concepts as they relate to computer-graphics 
systems. 

All of the tutorials were well attended. Although we 
were unable to attend all of them (they ran concurrently), 
those sessions we attended were well thought out and 
carefully presented. 







emphasis on efficient software designed to increase the 
productivity of the programmer and end user is evident 
in Cromemco's recently announced high-resolution 
graphics-software package. Digital Engineering, Inc, was 
present with its Retro-Graphics printed-circuit board. 
This transforms the Lear-Siegler ADM-3A terminal into a 
graphics terminal compatible with the Tektronix Plot-10 
software package. This company also makes a cross-hair 
graphic-input cursor and a printer for the modified ter­
minal. Houston Instruments, a division of Bausch & 
Lomb Corporation, displayed much of its pen-plotter line 
and its more recently developed electro-static plotter line. 

An eight-color, eight-pen digital plotter was displayed 
by Soltec Corporation. This is an interesting approach to 
low-cost, multipen, passive graphics. The plotter is 
basically a single-pen plotter with "parking stalls" for ad­
ditional pens and enough native intelligence to relocate 
each pen for changes in color and line weight, or for an 
optional cross-hair cursor for digitizing. Summagraphics 
exhibited its popular Bit-Pad One, a low-cost approach 
to graphic-data-entry problems. 

Tektronix was present with nearly everything in its line 
of graphics terminals and its stand-alone 4050 series of 
desk-top graphics computers. Hewlett-Packard also 
displayed its line of desk-top graphics computers in­
cluding the Model 9845C color machine. The space­
shuttle image on this machine was very impressive. 

Also present were vendors oriented toward heavy 

Photo 2: Overview of exhibition area. The Calcomp booth is in 
the center foreground. Tektronix is in the center mid-way back. 
IBM and Hewlett-Packard are in the center rear and Megatek is 
to the right in the foreground . 
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graphics users. CAD/CAM applications by Computervi­
sion, Inc, were shown. IBM showed entries for all levels: 
the 3279 color terminal for low- to mid-level business­
graphics users, the 3277 graphics-attachment feature for 
the mid-level engineering users, and the 3250 for 
CAD/CAM applications. Vector General and Adage 
featured their high-performance vector-display devices. 
Megatek, with a popular display booth, exhibited its new 
line of Wizzard graphics terminals. 

With nearly 100 vendors displaying recent 
developments, it is not possible to describe all the new 
products. Suffice it to say that there was something for 
everyone at the exhibition. If too little information could 
be gleaned from vendor representatives at their display 
booths, many vendors also conducted forum sessions 
from morning until evening. Technical and management 
people were there to answer more detailed questions 
about their products. 

There are three things we want to reemphasize as being 
significant in the computer-graphics industry: 

• First, the continued development of lower-cost color 
graphics terminals-the user's capital expenditures are 
critical in justifying new approaches in problem solving. 
• Second, an increased emphasis on graphics-software 
standards yielding greater productivity for software 
developers and end users. 
• Finally, the beginning use of computer graphics by and 

for management, as opposed to its historically limited use 
as an engineering tool. 

These items are very important to the growth of the 
computer-graphics industry. This exhibition, the con­
ference, and the tutorials were dedicated to enhancing 
these three areas. 

Harvey Kriloff and Robert Ellis, cochairmen of the 
SIGGRAPH '80 conference, and the SIGGRAPH '80 
committee are to be commended for the quality of this 
year's conference. Next year's conference will be held in 
Dallas, Texas, and is scheduled for August 3 thru 7. 
Somehow we expect it to be hotter than the 75 degrees of 
Seattle. If present trends hold up, however, it will also be 
a fine and interesting conference. • 

Photo 5: IBM's Model 3279 color-graphics terminal. This ter­
minal is oriented toward business and management graphics 
rather than toward engineering applications. 

Photo 6: The Tektronix Model 4054 features a large-screen 
Photo 4: A Calcomp representative demonstrates the Model storage display tube and built-in cartridge-tape drive, with disk 
1051 digital plotter. drives optional. 
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A Simplified Theory �
of Video Graphics �

This is an interesting time for 
choosing a personal computer, 
especially if you are looking for one 
with a graphics display. As you can 
see from the summary of specifica­
tions in table 1, the available graphics 
capabilities of the personal computers 
are all different, and no one model 
has a clear advantage over all the 
others. To make your choice even 
more difficult, some models exhibit 
undocumented quirks that are not ap­
parent from the specifications. 

Your choice of a video-graphics 
system will depend on what you want 
to do with graphics and on the perfor­
mance of the different computers. 
While I can't help with the first aspect 
of your decision, I may be able to 
help you understand system perfor­
mance by explaining the operating 
principles of video displays and 
describing the various combinations 
of features available on popular per­
sonal computers. 

The Importance of Video 
Graphics 

Many applications of personal 
computers are modeled on conven­
tional practices that have been 
developed over a period of several 

About the Author 
Allen Watson IIl began writing FORTRAN 

programs for scientific analysis soon after 
receiving his bachelor's degree in mathematics. 
Later, as a full-time programmer, he wrote 
IBM System/360 assembly-language programs 
for the computer-aided design of calculators 
and has prepared and presented training 
courses about the Fairchild F-8 and Motorola 
6800. Allen is currently writing and editing 
user manuals for Apple computers. 
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Part 1 �

Allen Watson Ill 
1261 Robbia Ct 

Sunnyvale CA 94087 

years, while graphics displays have 
been too expensive for general use 
until quite recently. Many existing 
computer programs do not use even 
the simplest graphics, although there 
are several notable exceptions, 
such as chess games that use high­
resolution graphics to display the 
board and pieces, and music editors 
that display standard musical nota­
tion. 

Here's the important point: 
computer-graphics displays can pro­
duce schematic diagrams, music 
scores, flowcharts, architectural 
drawings, and the like that are much 
easier for the person using the com­
puter to understand than the 
unadorned columns of numbers that 
are usually associated with com­
puters. Of course, you still might not 
be able to afford video-graphics 
displays as powerful as the one used 
by NASA to simulate the view seen 
by the pilot of the space shuttle dur­
ing its return from orbit. Even though 
they have their limitations, the cur­
rent small-computer displays will 
enable you to do a lot of interesting 
things. 

Raster-Scan Video 
While there are several different 

ways of displaying information on a 
video screen, all of the personal com­
puters presently available use the 
same kind of raster-scan technique 
that ordinary television· does. We'll 
take a look at the basic features of 
this technique, since they are shared 
by all inexpensive video displays. 

Television is an imperfect com­
promise among several factors: 

• resolution, which determines how 

much detail we can display 
•frame rate (to be discussed later), 
which is the number of complete pic­
tures transmitted in 1 second 
• bandwidth, a measure of the fre­
quency response, of the equipment 
involved 

An increase either in resolution or 
in frame rate requires an increase in 
bandwidth, which adds to the cost of 
the equipment. If we must keep 
within a limited bandwidth, we can 
obtain better resolution only at the 
expense of jerkier motion and vice 
versa. There is a type of television 
called slow-scan, for example, that 
manages to transmit reasonably 
detailed images over the narrow­
bandwidth channels used by amateur 
radio operators, but the resulting 
frame rate is so low that the illusion 
of motion is lost. We will see how 
much bandwidth is necessary for 
ordinary television after we look at 
the raster-scan process itself. 

If we display a sequence of images 
that change only slightly from one to 
the next, and do it fast enough, the 
eye will not be able to separate them: 
persistence of vision will cause the 
separate images to fuse into a "mov­
ing" picture. In order to transmit such 
a sequence of images electronically, 
each image must be dissected into a 
series of dots that may be transmitted 
one at a time. The television camera 
does this by rapidly scanning the im­
age in a series of horizontal lines 
which form a raster. The lines are 
scanned one after another in the same 
way that a person scans the lines of 
letters on a printed page. Reading is a 
process of converting information, 
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, �
CP/Mfi �

SOFTWARE �

8080 Emulator 
RAID is a software-based system rivaling 
hardware emulators costing thousands of 
dollars. RAID is absolutely the most ad­
vanced and sophisticated debugging sys­
tem ever developed for a computer. Fully 
symbolic, including labels, operands and 
op-code mnemonics, RAID combines 
real-time and emulation modes in a single 
package. Tracing by prime path, indi­
vidual instructions, subroutines and 
breakpoints is supported. Special feature 
allows emulation and real-time modes to 
function together for high speed emula­
tions. Other features include memory 
search facilities, disk access by track and 
sector, single-step, multi-step, block 
move, user-selectable radix, etc. Over 70 
commands in all. Requires 24K min. 
CPIM®' system. 

Raid .............. .. .. ".$250 
Manual only .. .. . . . .. . . .$ 25 

ISIS 1 Conversion 
ISIS' to CP/M® conversion utilities permit 
CP/M® users to read or write files to or 
·from an ISIS' diskette. The package con­
sists of three utility programs that read, 
write and display the ISIS' directory. 

ISIS’- CP/M" Utilities . . . .....$250 
Manual only . . . . . . . .. .$ 5 

Floating Point Package 
'FPP' is a set of 8080 assembly language 
subroutines that provide 12 digit BCD 
arithmetic functions for add, subtract, 
multiply, and divide. BCD arithmetic 
means no conversion errors and minimal 
conversion time. Source code is supplied 
on standard 8" diskette. 

FPP on CP/M" diskette .....$200 
FPP on ISIS’ diskette . . ...$200 
Manual only . . $ 10 

’ISIS is a trademark of Intel Corporation. �
’’CP/ M" is a registered trademark of Digital Re›�
sea rch. �

586 Shades Crest Road 
Birmingham, AI. 

Send check or money order to: 
P.O. Box 3373 A 
Birmingham, AI. 35205 
Phone: 205 933·1659 
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Computer Model Text: Graphics: Color: 
I Lines by

Characters Method Resolution 
Aspect
Ratio 

No. 
of Method 

Apple II 24 by 40 Subcell 40 by 48 4:3 16 NTSC 
Mapping 280 by 192 4:3 6 NTSC 

Atari 400 and 800 24 by 40 Subcell 160 by 80 8:5 16 NTSC 
Mapping 280 by 192 4:3 4 NTSC 

Commodore PET 25 by 40 Special 320 by 200 4:3 

Compucolor II 32 by 64 Subcell 128 by 128 4:3 8 R-G-B 

Exidy Sorcerer 30 by 64 Special 512by240 4:3 

Radio Shack TRS-80 16 by 64 Subcell 128 by 48 4:3 

Texas Instruments Tl-9914 24 by 32 Special 256 by 192 4:3 16 NTSC 

Table 1: A summary of some of the features available in personal computer 
displays. The graphics capabilities of available personal computers differ, and no 
one model seems to have a clear advantage. NTSC (National Television System 
Committee) indicates that American-standard color-video conventions are used. 
R-G-B indicates that separate red, green, and blue video signals are sent to the 
monitor. 

which is actually all present on the 
page simultaneously, into a sequence 
of words that follow one another in 
time. In a similar fashion, the raster­
scan process converts a picture into a 
sequence of rapidly changing signal 
levels which represent the brightness 
of successive points on each scanning 
line. 

When this rapidly changing signal 
is picked up by a television-receiving 
set, it is converted back into a visible 
raster on the screen of the picture 
tube. The neck of the picture tube 
contains an electron gun that projects 
a beam of electrons onto a thin layer 
of phosphor on the inside of the 
screen. Wherever the electron beam 
strikes the phosphor it produces a 
spot of light whose brightness 
depends on the intensity of the signal 
being received. 

If the electron beam is swept across 
the screen so that the spot of light is 
always in the same relative position 
as the scanning dot in the camera, the 
picture will be recreated on the 
screen. The circuits in the television 
set controlling the position of the 
beam must be able to keep in step 
with the camera, so the picture infor­
mation is interrupted for a short time 
at the end of each line (and for a 
longer time at the end of each frame). 
During these intervals the signal is 
changed to an intensity level that is 
never used for picture information, 
thus creating synchronization pulses 
that the television circuits can 
distinguish from the picture signal. 

In this country, the repetition rate 
for the picture-scanning process was 

set at 60 scans per second so that in­
terference from the 60 Hz AC power 
line will be synchronized; that is, any 
visible interference effect will stand 
still on the screen and be less 
noticeable than it would be if it were 
moving. Scanning the entire picture 
60 times per second amounts to a lot 
of information per unit of time, and 
thus requires a very wide bandwidth. 
The television designers discovered 
that they could cut the bandwidth 
requirement in half by making the 
camera scan every other line during 
alternate scanning cycles called fields. 
Two successive fields cover all the 
lines in the raster 30 times each 
second, to make a frame. (See figure 
1.) Since the lines of the two alternate 
fields mesh between each other, this 
technique is called interlaced scan­
ning. 

This seems like a rather com­
plicated way of getting 30 frames per 
second, and you may be wondering 
whether television wouldn't work just 
as well with a straightforward scan of 
the entire raster, 30 times per second. 
This concept is fine as far as the 60 Hz 
power-line interference is concerned, 
but 30 frames per second is too slow 
for the human eye to merge the image 
into a continuous picture without 
noticeable flicker. If you are familiar 
with filmed motion pictures, you 
know that they are projected at only 
24 frames per second, but a shutter 
interrupts each frame so that the ef­
fective flicker rate is actually 48 
frames per second, fast enough for 
motion to appear continuous. 

There are other factors which also 
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refresh memory. In other words, a 
small personal computer is a hybrid: 
part computer, part terminal. Com›
bining functions in this way helps to 
keep the cost of personal computing 
down. Also, putting the refresh 
memory into the computer makes 
changing the display faster and 
easier. 

Bit-Mapped Displays 
There are several different methods 

of transforming the data stored in the 
refresh memory into an effective 
video display. The most straight›
forward method is to take the data 
just as it is read from the refresh 
memory and transmit it to the display 
1 bit at a time. Each 1 bit in this serial 
bit stream appears on the screen as a 
spot of light, and each 0 bit as 
darkness. The size of the refresh 
memory is matched to the picture 
scan so that for each bit in the refresh 
memory there is one spot on the 
display screen. A one-to-one cor›
respondence of this kind is called a 
map, and this technique for 
generating computer video displays 
is called bit mapping. An example of 
a bit-mapped display is shown in 
photo 1. 

CENTRONICS 
737-1- $895 

MAIL ORDER ONLY 
Send Certified Check (Personal or Company Checks require 2 weeks to clear.) �
We pay all shipping otnd insurance cha rges except items marked with asterisk. �
VISA, MasterCharge add 5% N .Y.S . Residents add appropriate sales tax. � PHONE (212) 986-7690 
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PAPER TIGER �

Photo 1: Example of a bit-mapped 
display. This simulation of a spaceship in 
orbit around a star is done on a 180-bit by 
150-bit map. 

Since we can program the com›
puter to store data bits into the 
refresh memory in any pattern we 
desire, this kind of display can have 
all the versatility we want, but there 
are some drawbacks. For one thing, 
this system requires a large refresh 
memory. To store a display which is 
200 dots high by 300 dots across, for 
example, takes 60,000 bits or 7500 
bytes. Bit-mapped displays are 
relatively slow, too; just storing Os 
into this much memory in order to 

2022-$695 64KQD - $3395 
2040- $1088 *32K add-in memory 
8050-$1435 only $10 with 
8032- $1495 purchase 

*XEROX 
1740 RO- $2619NEC 
1740 SR- $2995SPINWRITER 
1750 RO - $2795 

5510- $2795 1750 KSR - $3170 
5520-$2990 1730-$2195 

clear the scr.een to black takes close to 
1 second with the fastest micro›
processor. 

Displaying only letters and 
numbers means we can get by with a 
much smaller refresh memory than is 
needed for bit mapping. A letter that 
occupies eight rows of eight dots re›
quires 8 bytes of memory in the bit›
mapped display, but we can encode 
the same letter in ASCII (American 
Standard Code for Information Inter›
change) and reduce the size of the 
refresh memory by a factor of B. This 
means that instead of sending the 
data bits directly to the display, it is 
necessary to decode each stored 
character and generate the ap›
propriate video information. To do 
this, the refresh circuits send the 
character code (along with signals 
that indicate which of the eight rows 
of dots is currently being displayed) 
to another circuit called a character 
generator. The character generator is 
little more than a read-only memory 
that contains the video bit patterns 
for each of the characters we want to 
display. 

Having a smaller refresh memory 
more than compensates for the addi›
tional cost of the character generator. 
For example, our 200-dot by 300-dot 
display has a capacity of 925 
characters, in twenty-five rows of 
thirty-seven characters each. The bit›
mapped memory needed for this is 
7500 bytes, but we can store 925 
characters in only 925 bytes if we use 
the character generator. It takes only 
one-eighth as long to update the 
refresh memory, too. The main 
drawback is its lack of versatility; we 
can only display characters of a fixed 
size and spacing. Obviously, a 
method of getting many different 
shapes without increasing the size of 
the refresh memory would be more 
flexible. 

Using a byte of memory for each 
character, in all possible combina›
tions of 8 bits, requires a total of 256 
different codes. A complete set of 
uppercase and lowercase letters, 
numbers, and punctuation takes only 
ninety-six codes, leaving 160 com›
binations that we can assign to special 
shapes useful for graphics. Each 
special shape must be designed using 
the same number of dots and rows as 
the other characters. It may often be 
necessary to use several of them to 
make up the image of one object in 
the display. We can allow for this by 
setting up special characters such as 

(212) 986-7690 

MAIL ORDER ONLY 

440G- $895 

APF 
IM1- $495 
1M2- $988 

COMMODORE 
8K- $729 
16K- $888 
32K- $1088 

HQ 1000- $2395 

16K- $ 959 
48K- $1059 
Disk- $529 

Other Products Avail 

*32K- $2445 
64K- $2645 





The Power of VisiCalc �
Robert E Ramsdell 

POB 59 
Rockport MA 01966 

At a Glance 
Software: VisiCalc 
Type: Screen-oriented matrix calculator 

for projections, budgeting, and 
many other numeric/data 
manipulations 

Author: � Software Arts Inc 
Distributor: � Personal Software Inc, 1330 

Bordeaux Dr, Sunnyvale CA 
94086, (408) 745-7841 

Price: $150.00 
Format: 5-inch floppy disk 
Language: � Machine language 
Computers: Apple II, Apple II+ or Apple Ill; 

Radio Shack TRS-80, Model I or 
II; Atari 800; Commodore PET 
and CBM computers, minimum 
32 K bytes of programmable 
memory required, 48 K or more 
recommended 

Documentation: Loose-leaf binder with eighty-page 
tutorial manual, reference card 

Audience: � Businessmen, accountants, 
attorneys, real-estate investors ­
anyone who needs to use a 
calculator for determining options 
available under different scenarios 

screen facilitates and enhances the manageability and in­
teractivity of the program. 

Since I am a certified public accountant, the majority 
of applications I have written are oriented towards ac­
counting, a usage for which VisiCalc is particularly ap­
propriate. In addition, I know of several attorneys who 
are using the program for estate- and gift-planning, one 
of whom is maintaining his accounts receivable, as well, 
on VisiCalc. A number of real-estate agents are using it to 
perform real-property investment analysis. 

About the Program 
VisiCalc is an electronic scratch sheet that is sixty-three 

columns wide (lettered A thru BK) and 254 rows long 
(numbered 1 thru 254). Any column/row coordinate can 
be referred to by any other column/row coordinate 
arithmetically or trigonometrically. Once the relation­
ships between the coordinates have been established in 
the model, a change in any value which affects other 
values will be instantly updated. This gives the computer 
operator the ability to play instant what-if situations with 
the value in the matrix. 

The program has a great deal of flexibility in its for­
matting, allowing any coordinate to be a label or a value, 
and allowing columns to be adjusted from three 
characters to full-screen width. The screen can be split in­
to two windows, either horizontal or vertical, and each 
can be scrolled independently of the other. This makes 
the comparison of information extremely easy. Values 
can be formatted as full-decimal notation (up to eleven 
significant digits), two-place decimal (for financial 

Introduction 
The most exciting and influential piece of software that 

has been written for any microcomputer application is 
VisiCalc. I've been using VisiCalc almost full-time for the 
past six months and have written over 300 applications 
(which I refer to as models) for the program. During that 
time I have learned its strengths and weaknesses and have 
found that the authors have allowed for a tremendous 
number of variables and contingencies in its operation. 
The instant communication between the operator and the 

About the Author 
Robert E Ramsdell, CPA, is a microcomputer consultant who lives 

and works in Rockport, Massachusetts. His company, Pansophics, Ltd, 
published federal income tax models for 1979 and 1980 using VisiCalc 
and markets several other financial modeling packages. 

usage), and integer. 
An annoyance that I have found in the program is its 

inability to round off integers, which causes columns to 
add up imperfectly. This often creates the need for a great 
deal of additional work when attempting to prepare 
financial information directly from the model. 

One of the most powerful features of VisiCalc is its 
ability to replicate an entire series of coordinate functions 
with a few keystrokes. When · creating models with a 
series of identical calculations (such as a 10-year business 
forecast), only the calculations for the first column must 
be entered. Then the subsequent columns can replicate 
the same calculations (VisiCalc automatically uses the 
new coordinates) in a matter of seconds. This is a tremen­
dous time-saving device when elaborate models are being 
created. The authors of VisiCalc have also provided the 
ability to insert, delete, and move entire rows and col­
umns. This feature is useful if the model is finished and 

190 November 1980 © BYTE Publications Inc 







�������������������������������� • • • • 

• • • • 
• • • • 

• � 
� • • • 
�������������������������������� 

-Technological Breakthrough- COMPUTER­
METER 

Microprocessor technology and 
the inventors of the digital 
meter have teamed up to bring 
you the world's most versatile 
test instrument. 

Computers for the home. Toys that speak. 
Machines that think. Space age technology 
brings new changes to your world every day. 
Even those of us who work with this new 
technology are constantly amazed by the latest 
applications of the ubiquitous microprocessor. 
And here is a remarkable new way for 
computer techonology to simplify your work 
life. When the president of our company (a 
businessman, not a technician) saw one of the 
pre-production models of this new test 
instrument at a trade show, even he recognized 
it for what it is: a remarkable new way for 
anyone involved with electronics to save time, 
money, and space. We’ve shown it to our 
technicians and their reactions were similar, 
though more down-to-earth: "I want it!" 

There’s much more to tell about this 
incredible little meter that takes the place of at 
least 3 separate test instruments, but we’re sure 
that theTouch Test 20 will end up very near the 
top of your equipment list. 

STAYING AHEAD 
For three decades, the inventors oftheTouch 

Test 20, Non-Linear Systems, have made a 
science ofstaying ahead through innovation in 
test equipment. In 1952, NI..S propelled 
electronic testing into the space age by 
introducing the world’s first digital voltmeter, 
and they have remained committed to first rate 
value and performance through sophisticated, 
yet simplified electronic test tools. Their 
battery powered portable oscilloscopes have 
"lightened the load" of both field and 
laboratory engineers all over the world, and 
NI..s digital panel meters have also become a 
world-wide standard. 

The Touch Test 20 adds to the NI..s 
reputation for accuracy and reliability and 
were proud to be among the first to be able to 
offer it to you. 

3 lb 8 oz TEST LAB 
We think the Touch Test 20 1s 

miniaturization at its best, because no 
compromises in accuracy and versatility were 
made in the process of squeezing a trunk full of 
test equipment into a rechargeable battery 
powered portable test lab. 

It will measure AC voltage, AC current, 
resistance, capacitance, conductance, 
temperature, DC voltage, DC current, 
continuity, and test diodes - 20 key test 
functions, 10 electrical parameters and 44 
ranges. Now, you can take one lab to the field 
instead of a cumbersome collection of 
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individual testers. And in the lab, the Touch 
Test 20 will go a long way toward cleaning up 
the cluttered aiTay of equipment found on most 
test or troubleshooting benches. 

JUST TOUCH 
The "touch" in Touch Test 20 means no 

more knobs and dials to fiddle with: 
selection of the various functions is 
accomplished by a tap of the finger on one of 
the touch sensitive switches on the front 
panel. When you switch functions, there’s 
an audible bleep and an LED lights to show 
the function selected. Selecting the range is 
also a beautifully simple procedure - just 
touch one of the switches below the display 
to shift the decimal point to the appropriate 
place for the signal you’re measuring. 

eNon-Linear Systems, Inc. 
Specialists in the science 
of staying ahead. 

SPECIFICATIONS �
VOLTS .............. 1 mV to 1 KV@ .2% �
AMPERES . . . . 1 uA to 10 A @ 1’l’b �
OHMS . . 10 uOhm to 19.99 MOhm@ .25’11> �
TEMPERATURE -40° C to +150° C +1- 3° �
CAPACITANCE .. 1pFto199.9uF@1’l’b �
CONDUCTANCE .01 nS to 199.9 nS @ .2’lii> �
DIODE TEST ... 1 mV to 1999 mV@ .2% �
SIZE . . . . . . . . . . . . . . . . . . . 2.9" X 6.4" X 7.5" �
WEIGHT .. 3 lbs 8 oz (including batteries) �

EVEN IDIOTS 
While no intrument is totally idiot-proof, the 

TouchTest 20 certainly comes close: when any 
function is selected, this instrument 
automatically selects the least sensitive range 
of the function, to avoid embarrasing but all to 
common smoke test situations. We’re told 
(though we do not advise such mistreatment), 
that you can plug the test leads into a 120 volt 
wall socket and select any function without 
causing terminal damage to the instrument. 

To complement these remarkable 
capabilities, the Touch Test 20i s shipped ready 
to go to work for you, complete with a charger 
unit, rechargeable batteries, high quality test 
probes, a component test block, and a 
temperature probe. 

ONE YEAR WARRANTY 
Each Touch Test 20 is individually tested 

and "burned-in" at elevated temperatures to 

assure the quality of the instrument shipped to �
you. However, should the unlikely happen, the �
manufacturer stands behind their reputation �
for reliability with a full one-year limited �
warranty against any defects in material or �
workmanship. This ofcourse excludes damage �
brought about through any kind of abuse, and �
the warranty extends only to the original �
purchaser. �

PRIORITY SHIPMENT 
We at JADE have been in the business of �

supplying computers and related equipment for �
five years now, and we’ve always guaranteed �
our customer’s satisfaction. We know that �
you’ll be happy with this piece of equipment, so �
try it for thirty days; if the Touch Test 20 �
doesn’t live up to your expectations, we’ll �
quickly refund the purchase price. And don’t �
worry about slow delivery - the manufacturer �
has assured us that we will have priority �
shipment of the Touch Test 20 directly from the �
factory. This plus our computerized order �
processing system assures you of the fastest �
possible delivery. �

CALL US TOLL FREE 
To order your Touch Test 20 send $425.00 

plus $2.95 shipping and handling to JADE 
Computer Products, 4901 West Rosecrans, 
Hawthorne, California 90250 (California 
residents please add 6% sales tax). Credit card 
buyers may use one of our toll free numbers 
listed below. 

JADE Computer Products has been an 
industry leader in the microcomputer field for 
over five years - further assurance of our 
dedication to fast service and continued 
product support. 

iJ..&. • * E#i 
I Computer Products I 
� 4901 West Rosecrans Ave ��� Hawthorne, California 90250 �� 
I Continental US ... 800-421-5500 I 
I Inside California . 800-262-1710 I 
1 Los Angeles Area 213-973-7707 1 
� Call for your free copy of our catalog containing �
I over 4000 different computer products. I 







The MicroAngelo Video Display 
Mark Dahmke 

1515 Superior St 
Lincoln NE 68521 

Introduction 
The MicroAngelo high-resolution raster graphics 

display stands well above other S-100 graphics displays 
in its price and performance range. Since the 
MicroAngelo is actually a single-board microcomputer, a 
great number of functions that previously had to be per›
formed by the host computer are now done in firmware 
on the graphics board. Rather than using the memory›
address space of the host as a graphics display buffer 
(32 K bytes in this case), the host communicates with the 
MicroAngelo through two parallel ports with simple yet 
powerful commands. The MicroAngelo decodes these 
commands and automatically performs the desired func›
tions independently of the host processor. With this 
parallel-processing capability, system response time is 
greatly enhanced. 

Hardware Overview 
The MicroAngelo consists of a Z80A microprocessor 

At a Glance 
Hardware: � MicroAngelo high-resolution 

graphics display. 
Use: � High-resolution raster-scan 

graphics display which may be 
used to draw character or graphics • 
images on a standard television 
monitor. 

Manufacturer: � Scion Corporation 
8455-D T yeo Rd 
Vienna VA 22180 
(703) 827-0888 

Price: � The MicroArzgelo graphics board 
and firmware (the S-100 board on›
ly) is $1095. Also available is the 
Graphics Subsystem which in›
cludes the MicroAngelo S-100 
board, a gr"phics keyboard (IBM 
Selectric-style keyboard with some 
special funct.ion keys) and a high›
resolution 15-inch monitor. Cost: 
$2495. A light pen is optional. 

Features: � The MicroAngelo S-100 board 
generates a 512 by 480 dot black›
and-white raster display. Com›
munication between the 

with 32 K bytes of on-board programmable memory 
and 4 K bytes (expandable to 8 K bytes) of PROM (pro›
grammable read-only memory) firmware. The board 
contains all hardware necessary to generate a 512 by 480 
dot black-and-white display for a television monitor (10 
MHz bandwidth or greater). The board communicates 
with the host through two parallel ports which may be 
addressed to any of eight blocks of ports from hexa›
decimal 00 to FO. The video monitor may be connected 
via composite video (RS-170 standard) or direct-drive 
transistor-transistor-logic-level video, horizontal and 
vertical synchronization. 

The MicroAngelo has four possible interrupt sources: 
data from host, data to host, light pen, and 60 Hz timer. 
Whenever a data byte is sent by the host or the host reads 
a data byte sent to it, an interrupt will occur in the 
MicroAngelo. An interrupt will occur when the light pen 
is fired and also when the timer produces a pulse. Of 
these four possible interrupts only the data from host and 
light pen sources is usually enabled. 

MicroAngelo and the host com›
puter is facilitated by two parallel 
ports. The MicroAngelo also has a 
dumb terminal emulation mode. 

Firmware: � PROM (programmable read-only 
memory) firmware is provided on›
board the MicroAngelo. High-level 
commands may be sent via parallel 
ports. Such functions as "turn on 
dot" or "draw vector" are im›
plemented by single commands. 
The on-board Z80 intercepts these 
commands and performs the 
desired functions. 

Hardware � Any S-100 mainframe computer or 
required: � any computer which has an S-100 

bus adapter. Although the 
MicroAngelo uses a Z80 
microprocessor, the host processor 
need not be 80801280 compatible. 

Documentation: � An eighty-page user’s manual is 
supplied. 

Audience: � Anyone requiring high-resolution 
intelligent graphics on a small 
system. 
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A connector is provided for the light pen interface. 
Several commercially available light pens will work with 
the MicroAngelo. 

Jumper Options 
Several on-board jumpers are provided for special ap­

plications. For example, it is possible to increase the clock 
speed of the Z80A microprocessor (and hence the speed 
of the board) from 4 MHz to 5 MHz, assuming that all 
the components are capable of operating at that speed. 
Interrupts (as previously discussed) may be enabled or 
disabled. The number of visible scan lines may be 
changed from the default 480 to 448 lines. If this option is 
chosen, the user is responsible for display management. 
The PROM sockets may be jumped to either the default 
1 K byte per PROM or 2 K bytes per PROM. 

Photo 1: The MicroAngelo Graphics Subsystem. Included in the 
subsystem are the MicroAngelo S-100 board, the 15-inch high­
resolution black-and-white monitor, and a special keyboard 
that has an IBM Selectric-style layout plus some special function 
keys on the far left and right. The light pen is optional. 

Photo 2: A close-up of the MicroAngelo S-100 board. The 
board has a Z80A microprocessor, 32 K bytes of memory, and 
four 2708 PROMS (expandable to 8 K bytes 2716 PROMs) . The 
board is actually a stand-alone 32 K computer. The video 
display generates 512 by 480 dots. In the ALPHA mode, up to 
85 by 40 characters may be displayed on the screen. 
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Adapting-MicroAngelo to Non-5-100 Systems 
Since the MicroAngelo uses a simple parallel-port in­

terface to the host system, it may be attached to almost 
any host system. Data is transferred via the eight parallel 
input and eight output lines of the S-100 bus connector. 
Power is supplied through pin 1 ( + 8 V), pin 2 ( + 18 V), 
pin 52 ( -18 V), and pin SO (ground). Address bus lines 
A7, A6, AS, A4 and pDBIN may be tied permanently 
high ( +S V); A1 and pWR are tied low (ground). AO is 
connected to the host to select whether port 0 or 1 is 
addressed. (MicroAngelo uses two ports.) siNP and 
sOUT are connected to the host as input-and-output­
control command lines. Using this twelve-line interface, 
the MicroAngelo becomes a stand-alone graphics display 
device. If interrupts are required, they may be easily 
added to the above set of signals. 

Firmware 
The MicroAngelo firmware is what makes the board so 

powerful. It takes all the work out of designing software 
and applications programs for the MicroAngelo. The 
Screenware Pak I is a well-integrated firmware package 
that allows the board to be used as a terminal emulator, a 
graphics display, or both. 

If a byte is sent to the MicroAngelo (via the parallel 
port), it is interpreted by the firmware in one of two 
ways. If bit 7 (the most significant bit) is turned on, the 
byte is seen as a command. If it is off, the firmware treats 
it as an ASCII character and passes it to the terminal or 
ALPHA mode program. 

In the text mode, the board will display forty lines with 
eighty-five characters per line. Text and graphics may be 
mixed on the screen. In the dumb terminal mode, the 
firmware will respond to the following control codes: 
backspace, horizontal tab, line feed, form feed, carriage 
return, escape, and delete. 

Several features are available in the terminal mode. It 
is possible to display black-on-white or white-on-black 
characters, for example. Underlining may be turned on 
and off, and character overstriking may be allowed or 
disallowed. Two fonts are available, the standard 
character set or a user-defined font. The winking cursor 
may be displayed or inhibited, and the scroll mode may 
be changed. Scrolling may be done on a line-by-line 
basis, or, to improve response time, block scrolling may 
be done. Cursor addressing is available - rows run from 
0 to 39, columns from 0 to 84. It is also possible to query 
the firmware to obtain the current cursor location. 

Graphics-Mode Commands 
The display may be manipulated in many ways in the 

graphics mode. First, the graphics cursor may be set to a 
value, read or queried, or set to the contents of the alpha 
cursor and vice versa. The format for most graphics­
mode commands is: 

<Command> <xh> <xi> <yh> <yi> 

where xh and xl are the high and low bytes of the X coor­
dinate and yh, yl are the high and low bytes of the Y 
coordinate respectively (in hexadecimal). The coor­
dinates (384,256) would be sent as: 

<Command> <01> <80> <01> <00> 



THE NEXT GENERATION OFMICROCOMPUTERS 
ATQUASARDATAPRODUCTS 

Z-8000 SERIES 16 BIT CPU S-100 BOARD- CAN BE PLUGGED INTO YOUR EXISTING SYSTEM $695.00 
� Fully S-100 IEEE compatible. � � Supports either segmented CPU or non-segmented CPU. 
� �Supports existing 8 BIT memory and 8 BIT peripheral . Industrial � Power-on and reset jump dip switch selectable. 

boards. � Jumper selectable 2 or 4 MHz. operation. 
� Capable of reading and/or writing 8 BIT, 16 BIT, or Quality � Dip switch selectable number and type of wait states. 

mixes 8 BIT and 16 Bit memories automatically. SOFTWARE 
� 8 � BIT and/or 16 BIT peripheral modules can simultaneously � Z-80 emulator enables you to execute your existing 8 BIT software 

co-exist in the same bus without any modifications. without any modifications and allows you to run CP / M 
� Capable of operating as a slave processor to enable your existing immediately. 

CPU to control the Z-8000. � Extended Monitor, Debugger , Disassembler. 

QDP-8100 WITH 2 MEGABYTES STORAGE � QDP-100 WITH 2 MEGABYTES STORAGESYSTEMSSTANDARD (OPTIONAL 4 MEGABYTES) � STANDARD (OPTIONAL 4 MEGABYTES) 
� Z-80 series 8 BIT CPU S-100 Board (4 MHz. Z-80, Double density 

disk Controller, 2716 Prom Burner 2 Parallel & 2 Serial Ports, real 
� Z-8000 series 16 BIT CPU S-100 Board- see above 
SOFTWARE (Provided with system) 

time clock) � �CP/M 2. 2’ operating system 
SOFTWARE (Provided with system) $4 995� Basic $6 395 
� CP/M 2.2’ operating system � ’ �� Z-80!8080 Emulator � ’ � 
� Basic� Monitor, Debugger, Disassembler software 

� Optional software: Pascal � � Accounts Receivable, General Ledger, Accounts Payable, 
� UNIX’ operating system coming � Payroll with Cost Accounting 

� Optional software: Fortran, Pascal, Cobol, C 

EACH SYSTEM CONTAINS: 
� Intelligent CRT terminal (80 characters X 241ines) � 64 kilobytes RAM � Two 8 inch. double sided. double density floppy disk drives with controller 

� 2 serial and 1 parallel (2 parallel for QDP-100) ports � Attractive woodgrain cabinet with power supplies and cabling 

FULL TECHNICAL SUPPORT FROM THE STAFF AT QUASAR DATA PRODUCTS 

4 Mhz 64K Dynamic RAM � 1T.LElEK DBL DENSOY, DBL SIDED 
Disk Controller Board............................. . . ’ 395""�16K - ’250"" 32K- ’350"" 48K- ’450"" 64K- ’549"" 

QUASAR FLOPPY SYSTEM 
� Two MFE DBL sided drives � Cable � Case & Power Supply MFE Double Sided - Double Density �

assembled and tested Wood cabinet . • • • • • • • • • • • • • • ’1895.. � 8" Floppy Disk Drives. (the best) .. . .. ’650"" 
Using the Teletek Controller under CP / M,QUASAR 2 MEG FLOPPY THIS DRIVE WILL GIVE YOU ALMOST 

� 2 MFE double sided drives ONE MEGABYTE PER DISK DRIVE. 
� Teletek disk controller board Power supply for above ............. . ’ 110"" �
� Power supply & cable 
� Wood cabinet 

TI- 820� �CP/M version 2.2 & bios 
Serial Printer ›� �Assembled & tested .......’2295�� �

Includes Graphics ........ ’949""�Dealer Inquiries Invited. Hours:9 -5 :30 M-F Full package options ... ’ 1995°0 

Cable for TRS-80 .. . ... ’39""Specifications Subject To Change 
1C!t / M"’ Digital Research ’UNIX"’ Bell Lab 3 Z-8000’’’ Zilog ’Z-soTM ZilogCall for Apple 

16BITPOWER 

Z·8000 3 

AND STILL RUN YOUR 8 BIT SOFTWARE 

IF YOU see it our way then we think we have 
the products for you: 

� �The S-100 bus is here to stay. It is not the greatest but with proper 
termination it works reliably at high speeds, and since it is now an 
IEEE standard, it is well defined. 

� �The 8 BIT systems are useful but they are the limiting factor for 
many applications. 

� �The 16 BIT systems are the way future systems will go. Why not? 
There is very little price difference and an order of magnitude 
performance difference. • 

� The real usefulness of the 16 BIT microprocessors will be determined 
by the software. 

� The systems using 51/4 inch disk drives really do not have adequate 
memory storage or computer power for many business or scientific 
applications. 

� Sixty-four kilobytes of addressable RAM, the maximum for 8 BIT 
systems, is not adequate for many business or scientific applications. 

� It is not worth buying 8 BIT systems or boards now if you can get 
the same software with 16 BIT systems at about the same price. 

8BITPOWER 

Z·80 4 

� �The new 16 BIT microprocessors have power comparable to 
minicomputers but do not require the same overhead in terms of 
downtime, maintenance, or initial investment. They are more 
versatile in many applications such as real time applications. 

THIS IS WHAT QDP HAS AVAILABLE: 
� A Z-8000 Board that can plug into your existing S-100 Bus System 

(see below for description) 
� A complete Z-8000 System (see below for description). 
� A Z-8000 System configured for your exact needs. 
� Software to allow you to run all the available Z-80/8080 software 

including CP/M. 
� Software that includes a Monitor, Debugger, DiSassembler, and Basic. 
� �Software options: a) Extended Monitor, b) Simulators for 

8080, Z-80, 6800, 6502, 1802. 
� A Z-80 System (QDP-100) that is upward compatible with the Z-8000. 

THIS IS WHAT IS COMING FROM QDP: 
� A 128 kilobyte RAM card. � UNIX’ operating system. 

Checks. money ardara accepted m A••QuASARDATA’"Pmoucrs,••• a �
10330 Brecksville Rd., Brecksville, OH 44141 (216) 526-0838 or 526-0839 
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Photo 3a, 3b, 3c, 3d, 3e, 3f: Sample displays produced with the MicroAngelo graphics board. Vectors may be drawn with single 
high-level commands. 
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AuTOMATED Toll-Free Ordering 
Outside Calif.EQUIPMENT � 1-800-854-6003 
Inside Calif . 

INCORPORATED � 714-739-4701 Outside Cont. USA 

TERMINALS NORTHSTAR � PRINTERS 
TELEVIDEO 912B .... . . ..... ....... $698 HRZ-1-32K-D . ... . . .. .. . $1990 NEG 5510 (TRACT., RIB ., THIM) .. . $2600 �
TELEVIDE0912C . ... .. ..�. . ...... . 698 HRZ-2-32K-D. . . . . . . . . 2295 NEC5515 (TRACT ., RIB ., THIM) . .. 2700 �
TELEVIDEO 920B. . . . . . . . . . . . . . . 748 HRZ-1-32K-O. 2450 NEG 5520 (TRACT., RIB ., THIM). . 2900 �
TELEVIDE0920C .. . . . . . .. . . . .. . . . 748 HRZ-2-32K -O . . . . . . . . . . . . . . . . . . . 2690 NEG 5530 (TRACT., RIB. , THIM) .. 2600 �
SOROC 10-120 . . . . . 695 ADDITIONAL 16K RAM . 365 MALIBU . . . . . . . . . . . . . . . . . . . 2295 �
ZENITH A-19 . . . . . . . . . . . . . . . . . 850 ADDITIONAL 32K RAM. . 565 Tl-810 . . .. . ..... . . . . ..... 1495 �
HAZELTINE 1500 ... . . . ...... . . . . . . 850 HARD DISC SYSTEM. . . . . . . . . . . . . 3935 Tl -820 . . . . . . . . . . . . . . . . . . . . . . . . 1640 �

DM6400 64K RAM MAY BE SUBSTITUTED EPSON MXBO.. . .. .. .. .. . . .... .CALL �
FOR ASM 32K NORTHSTAR FOR $140. ANADEX DP-8000.. .. .. .. . ....... . 795 �
NORTHSTARS WITHOUT MEMORY AVAIL› ANADEXDP-9500. . . . . . . . . . . . . . . 1345 �

BOARDS KIT ASM DYNABYTE � MORROW 
CB2 ZBOCPU . ... � .. .. . .. $200 . . . . $265 DB 8/1 48K .. ........ $ 2395 DISCUS-1 1 DRIVE ...... .. ..... $ 815 �
VB1C VIDEO . .. .. .. .. .. 140 .. ... 190 DB 8/1 64K 2715 DISCUS-1 2 DRIVE.. . ... . . . . . 1465 �
VB2 VIDEO ....... ..... 155 ... . . 210 DB 8/2 48K . . .. ..... . .. . 3900 DISCUS 20 1 DRIVE.. . .. . .. . .. .. 970 �
VB3 VIDEO . . 375 . . . . . 440 DB 8/2 64K. . .... . .. . . .. . 4200 DISCUS 20 2 DRIVE ....... . . . .. . 1635 �
104 INTERFACE . . . . . . . 165 . . . . 225 DB 8/4 SINGLE ..... .. .. ... . .. . 3030 DISCUS 2 + 2 1 DRIVE .. .. . .. .. . 1265 �
SB1 SYNTHESIZER.. . . . 195 . ... . 270 DB 8/4 DUAL. . . . . ...... . �.. 3830 DISCUS 2 + 2 2 DRIVE . . . . . . . . . . . 2245 �
MEASUREMENT SYSTEMS MEMORY 10M WINCHESTER . ..... . . . . 4630 DISC JOCKEY 1 . . . . . . . . . . . . 190 �
OM 3200 32K 4MHZ .. .... . ....... 480 32M PHOENIX .. . .... . .. .� � .... 11800 DISC JOCKEY 20 . . . . . . . 350 �
OM 6400 64K 4MHZ.... 595 64M PHOENIX ...... .. . .. . . . . . 15000 DISCUS M26 HARD DISC... 3990 �
DMB3200 32K 4MHZ BANK SELECT. 630 96M PHOENIX ... .... . 18000 ADDITIONAL HARD DISC.. .. 3685 �
DMB6400 64K 4MHZ BANK SELECT. 745 �

ABLE . 

SOFTWARE ADDITIONAL DISCOUNTS FROM OUR 
WORDSTAR . .... . $350 SOFTWARE PRICES WHEN PURCHASING DISCS-BOX OF 10�MISC 
MAILMERGE.. 100 A SYSTEM FROM US NEG THIMBLES . .. ... $ 16 � VERBA TUM 51/4 1 SIDE$27 
DATASTAR... 250 GRAHAM-DORIAN STRUCTURED SYS NEG RIBBONS ....... 6 � VERBATUM5 ’14 2 SIDE 45 �

RS 232 CABLE 5’. . .... 20�N.S. PASCAL .. .. .. 175 JOB COSTING$700 ACCTS REG . ... $700 VERBA TUM 8 1 SIDE 35 �
MAGIC WAND ..... 290 INVENTORY .. 475 ACCTSPAY. 700 � RS 232 CABLE 10’ . . . . . 25 � VERBATUMB 2SIDE 55 �
CBASIC .. . .. . .... 100 CASH REG .. . 475 GEN LEDG ..... 700 � LEDEX MONITOR . .... 125 � OTHERS CALL �
BOOKKEEPER . . BOO APARTMENT. 475 PAYROLL . . 700 � NOVATION CAT . ... . . 165 �

MEDICAL .... 700 INVENTORY 425 �

OPEN MON-FRI 8 AM TO 5 PMWe will try to beat any advertised price. 

TERMS: � All prices listed are cash discounted and are subject 
to change or withdrawal. Credit cards and COD’s are 
accepted at 2% additional handling charge . Univer›

Automated Equipment Inc. 
sities and Well Rated Firms NET -10. 

SHIPPING: ADDITIONAL IN ALL CASES. 
Suite #0 
4341 �W. Commonwealth Ave. 

TECH . ASSISTANCE: WE TRY TO HELP INTERFACE ANDFullerton, Calif. 92633 � TROUBLESHOOT CALL 714-739-4701 
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Replacing <Command> with < 84> would cause the 
firmware to set the graphics cursor to (384,256) on the 
screen. Some commands have no operands such as "clear 
screen". It is possible, with one command, to toggle the 
screen figure/ground . This means that every dot on the 
screen will be complemented (ie: reversed). If a dot is on 
(white), it will be turned off (black) and vice versa. 

Individual dots may be turned on, off, complemented 
or queried. The form of this group of commands is also: 

<Command> <xh> <xl> <yh> <yl> 

In the case of the query command, the response is a single 
byte from the firmware with a value of 1 or 0. 

A vector, the next level of sophistication, may also be 
turned on, off or complemented. The endpoint of the vec­
tor is specified in the command, and the starting point is 
assumed to be the current value of the graphics cursor. 

It is also possible to work with regions of the display. If 
we wish to turn on all dots in a box with corners (X1,Y1), 
(X2,Y1), (X1,Y2), (X2,Y2) the command: 

<95> <x1h> <x11> <y1h> <y11> 
<x2h> <x21> <y2h> <y21> 

would be sent. Regions may also be turned off or com­
plemented. 

Characters may be plotted depending on the graphics 
cursor and the mode selected for graphics characters. Op­
tions available include: 

• normal-size or double-size characters 
• black-on-white or white-on-black 
• direction and orientation 

8" DISK CONTROLLER �
NOW-DOUBLE SIDED OPTION! 

• DOUBLES APPLE HSTORAGE 
• APPLE DOS COMPATIBLE 
• SHUGART 800 OR 850 COMPATIBLE 
• IBM 3740 DATA ENTRY CAPABILITY 
• CP/M, UCSD PASCAL CAPABILITY 

Available at your local APPLE Dealer: $400. 

SORRENTO VALLEY ASSOCIATES 
S V §) 11722 SORRENTO VALLEY RD. 

SAN DIEGO, CA 92121 

Alternate characters may be defined. When the ALPHA 
mode alternate-character-set option is employed, sending 
an ASCII character to the firmware will display the alter­
nate character instead of the standard font character. To 
define the character, the following sequence of bytes 
must be sent: 

<9A> < asc> <sll> <s10> 
<s9> ... <s1> <sO> 

where 9A is the command, "asc" is the ASCII character 
code assigned to the character, and sll, s10, . .. sO are the 
twelve scan lines (6 bits wide) that make up the character 
in a 6 by 12 dot array. 

Using the Light Pen 
The light pen provides a convenient means of entering 

data or drawing on the screen without having to enter 
numeric coordinates. The coordinates of the pen may be 
read directly, along with a flag indicating whether or not 
the pen has been fired since it was last queried. Cross 
hairs may be displayed at any point on the screen when 
using the light pen. Another set of commands allows the 
cross hairs to be displayed, moved, and queried without 
regard to the light pen. 

Memory Uploading/Downloading 
Several commands are provided for dumping and 

loading the screen, thus allowing the user to save images 
on disk and restore them for later viewing or editing. 
Memory blocks may be examined or deposited allowing 
quick loading of alternate character fonts or user-written 
code. The firmware allows the user to deposit 280 in­
structions in unused blocks of on-board memory. The 
user code may be defined as an op code and thereafter 
treated as just another firmware command. 

Concerning Gray Levels and Color 
The one drawback of the MicroAngelo is that it does 

not have gray levels - meaning the ability to have levels 
in between black and white or on and off. However, I 
was informed by Scion that another product, as yet un­
named, is available. This is another S-100 board which 
mixes the output of three or more MicroAngelo boards to 
produce color, gray levels, or both; four colors can be 
obtained with as few as two boards.This scheme does re­
quire more than one MicroAngelo board, but compared 
to other graphics displays with 512 by 480 resolution, this 
approach is still cost-effective. The board does offer in­
teresting possibilities: 256 gray levels, the 256 possible 
hues or colors, and the winking of dots on an individual 
dot basis. Also, it is possible to use the winking effect to 
alternate between two colors. 

Conclusions 
The MicroAngelo video display system provides quali­

ty high-resolution graphics capabilities to S-100 bus (or 
similar) microcomputer systems, with an exceptional 
price-to-performance ratio. 

On-board firmware provides a simple but powerful set 
of commands that makes system integration easy. 

Although the board is designed to run on the S-100 
bus, it can be easily adapted to almost any other bus or 
input/ouput port organization and does not require an 
8080 or 280 host computer.• 
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The Age al Allardable Pers �

In l9780hio Scientific introduced 
a revolutionary new low cost com›
puter- the Superboard II. This 
computer provides all important 
personal computer features on a 
single board at a cost of under $300. The Superboard II received rave 
reviews by microcomputer experts such as: , 

"We can heartily recommend the Superboard II computer system for 
the beginner who wants to get into microcomputers with a minimum of 
cost. Moreover, this is a ’real’ computer with full expandability:’ 

POPULAR ELECTRONICS MARCH, 1979 

"The Superboard II weighs in at $279 and provides a remarkable 
amount of computing for this incredible price:’ 

KILOBAUD MICROCOMPUTING FEBRUARY, 1979 

"The Superboard II and its fully dressed companion the Challenger lP 
series incorporate all the fundamental necessities of a personal com›
puter at a very attractive price. With the expansion capabilities 
provided, this series becomes a very formidable competitor in the home 
computer area:’ INTERFACE AGE APRIL, 1979 

"The graphics available permit some really dramatic effects and are 
relatively simple to program ... The fact that the system can be easily 
expanded to include a floppy means that while you are starting out with 
a low-cost minimal system, you don’t have to throw it away when you 
are ready to go on to mo:re complex computer functions. At $279, 
Superboard II is a tough act to follow:’ RADIO ELECTRONICS JUNE, 1979 

"The Superboard is an excellent choice for the personal computer 
enthusiast on a budget:’ BYTE MAY, 1979 

Since the introduction of Super›
board II, the cost of personal com›
puters has actually gone up with 
new models by major manufacturers 
ranging from $1000 to well over 
$4000 due to the general cost of 
inflation and the increasing func›
tionality included in these com›
puters. Today Cleveland Consumer 
Computers is offering you the orig ›
inal Superboard II at its original 
price of just $279. In today’s 
economy this is by far the best buy 

in personal computing ever! 

The Superboard II can entertain 
your whole fami ly with spectacular 
video games and cartoons, made 
possible by its ultra high resolution 
graphics and super fast BASIC . It 
can help you with your personal 
finances and budget planning, 
made possible by its decimal 
arithmetic ability and cassette data 
storage capabilities. It can assist you 
in school or industry as an ultra 

powerful scientific calculator, made 
possible by its advanced scientific 
math functions and built-in 
"immediate" mode which allows 
complex problem solving without 
programming! This computer can 
actually entertain your children 
while it educates them in topics 
ranging from naming the Presidents 
of the United States to tutoring 
trigonometry- all possible by its 
fast extended BASIC, graphics and 
data storage ability. 

The machine can be economically 
expanded to assist in your business, 
remotely control your home, com›
municatewith other computers 
and perform many other tasks via 
the broadest line of expansion 
accessories in the microcomputer 
industry. 

This machine is super easy to use 
because it communicates naturally 
in BASIC, an English-like program›
ming language. So you can easily 
instruct it or program it to do 
whatever you want, but you don’t 
have to. You don’t because it comes 
with a complete software library on 
cassette including programs for 
each application stated above. Ohio 
Scientific also offers you hundreds 
of inexpensive programs on ready›
to-run cassettes. Program it yourself 
or just enjoy it; the choice is yours. 

The Superboard II comes fully 
assembled and tested. It requires 
+ 5V at 3 Amps and a video monitor 
or TV with RF converter to be up 
and running. $279.00 

Standard Features: 
� Uses the ultra powerful6502 

Microprocessor. 

� 8K Microsoft BASIC-in-ROM . 
Full feature BASIC runs faster 
than currently available personal 
computers and all 8080 based 
business computers . 

� 4K static RAM on board expand›
able to 8K. 

� �Full 53-key keyboard with 
upper/lower case and user 
programmability. 

� �Kansas City standard audio 
cassette interface for high 
reliability. 

� Full machine code monitor and 
I/0 utilities in ROM. 
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� 100 CPS Bidirectional � � Low Cost 

� 100% Continuous Duty Cycle � 100 Million Character Print Head 

� High Performance � � Stylish, Measures 15" wide, 9" deep & 3.5" high 

� �Low Profile for Desk Top Installation � Human-Engineered for Ease of Service �

*High-Quotient ofperformance to cost. �

DISTRIBUTOR/DEALER INQUIRIES INVITED 

D I p,inc. 121 Beach Street. Boston. MA 02111 � (617) 482-4214 
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RCA's new VP-3301 is a professional quality, 
ASCII encoded, interactive data terminal, suitable for a 
wide variety of industrial, educational, business and 
individual applications requiring interactive communi­
cation between computer and user. Connects directly 
to your computer or to a standard modem for over the 
phone access to time sharing networks and data 
bases. And it's compatible with networks such as those 
provided by CompuServe Information Services and 
Source Telecomputing Corp. Microprocessor intelli­
gence and LSI video control integrated circuits bring 
performance, features and flexibility at a low price. 
Operates from 5 volt power supply (included). 

Unique color locking circuitry creates sharp, jitter 
free, true color graphics and rainbow free characters . 

You can display the entire field of characters in 
any of 8 colors against any of 8 background colors 
(8 gray scales with monochrome monitors). Or to add 
special emphasis, you can display individual letters, 
words or lines in different colors or in reverse video. 

The VP-3301 offers you a choice of two software­
selectable display formats: Either 40 characters by 
241ines. Or 20 characters by 12 lines. 

The terminal's resident character set consists of 
52 upper and lower case alphabetics , 10 numerals, 32 
punctuation/math symbols and 31 control characters . 

You can also define a total of 125 of your own 
characters. Including : Greek letters and other foreign 
alphabets, graphic symbols, large graphics building 
blocks, playing card suits, unique character fonts and 
"little green men." 

The keyboard section features flexible-membrane 
key switches with contact life rated at greater than five 
million operations. A finger positioning overlay and 
positive keypress action give good operator "feel". 

An on-board sound generator and speaker pro­
vides aural feedback for key presses and may also be 
activated with escape sequences to provide an 
audio output. 

The sealed keyboard surface is spill proof and 
dust proof. This , combined with high noise immunity 
CMOS circuitry , makes the VP-3301 ideal for hostile 
environments. 

Output is industry standard asynchronous RS232C 
or 20 mA current loop with 6 switch-selectable baud 
rates and 8 selectable data formats. 

You can connect the terminal directly to a 5251ine 
color or monochrome monitor. Or to a standard TV set 
using your RF modulator . 

For more information, contact RCA MicroComputer 
Marketing, New Holland Avenue, Lancaster, PA. 

Or call our toll-free number: 800-233-0094. 

*Suggested user price . RCII 
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(corresponding to data elements sent 
from the video interface). Alternate 
methods employ black data elements 
on a white field. The frequency 
response of the video amplifier stages 
determines how fast the beam can be 
turned on and off; the faster the 
response, the more data elements can 
be displayed on each line with good 
resolution. 

Home Television Receivers 
The video amplifier section in a 

professional monitor differs greatly 
from that in a television receiver. 
Television receivers can rarely be 
modified to produce dots of a rate 
beyond 5 MHz, while monitors can 
be purchased with from 12 to 100 
MHz response. The converted televi›
sion receiver must have its tuner, in›
termediate frequency amplifier and 
sound section switched out when 
employing direct video input. The 
limited frequency response generally 
allows only up to thirty-two 
characters per line, but the low cost 
of such receivers makes them an at›
tractive choice. 

After injection and amplification of 
the composite video signal in a televi›

sian receiver used for video display, 
the video is separated from the syn›
chronization pulses, and the latter are 
sent to the synchronization section. 
The separated video information is 
then amplified by the video amplifier, 
coupled to the picture tube, and used 
to modulate the electron beam. In 
systems using separate video and syn›
chronization inputs, the vertical and 
horizontal pulses are not processed in 
a synchronization separator, but are 
fed directly to their respective 
oscillators. The separate video is 
directly coupled to the video output 
stage. 

Troubleshooting 
When all the circuits described 

above are working in perfect unison 
and are synchronized by the com›
posite video signal, a stable display 
will be produced. A malfunction at 
any stage in the monitor creates a 
problem peculiar to that particular 
section. So, what do you do when the 
monitor fails? 

The first step is to obtain a good, 
accurate schematic of the circuitry 
(preferably before any problems oc›
cur). The manufacturer should sup›

ply this. Locating problems can be 
somewhat simplified by considering a 
monitor as consisting of the sections 
shown in the block diagram of figure 
9. Using this diagram, we can observe 
the signal flow lines to generally 
predict the section where the problem 
may lie. Some symptoms and their 
solutions will prove helpful. 

� � No Video or Raster: Assuming that 
the power supply is functioning, 
the absence of raster could mean 
that the electron beam is not being 
deflected across the picture tube 
screen. Perhaps no beam is pre›
sent, so the logical checkpoint is 
the high-voltage section to see if 
the beam accelerating potential is 
present. Use of a high-voltage 
probe is necessary here. 

If the high voltage is present at 
the anode of the picture tube, it is 
best to measure voltages at the 
control grid and cathode of the pic›
ture tube, assuming that a visual 
check revealed that the heater was 
lit. Having cleared the picture tube 
and proving that a beam can be 
fo rmed, proceed to check the 
horizontal-sweep section where 

32 K BYTE MEMORY �
RELIABLE AND COST EFFECTIVE RAM FOR �
6502 & 6800 BASED MICROCOMPUTERS �

AIM 65-*KIM*SYM 
PET*S44-BUS 

* PLUG COMPATIBLE WITH THE AIM-65/SYM EXPANSION 
CONNECTO R ’BY US:NG A RIGHT ANGLE CONN ECTOR �
(SUPPLI ED) MOUN TED ON THE BACK OF THE MEMORY �
BOARD .�

* MEMORY BOARD EDGE CONNECTOR PLUGS INTO THE 
6800 S 44 BUS . 

* CONNECTS TO PE T OR KIM US ING AN ADAP TOR CAB LE . 
* RELIABLE - DYNAMIC RAM WITH ON BOARD IN VISIBLE �

REFR ESH-LOOKS LIK E STATIC MEMORY BU T AT �
LOWE R COST AND A FnAC TION OF THE POWER �
REQU IRED FOR STATIC BOA RDS. �

* USES +5 V ONLY. SUPP LIED FROM HOS T COMPU TE R. 
* �FULL DOCUM ENTATION. ASS EMBLED AND TE STED �

BOA RDS AR E GUARANTEED FOR ON E YEAR AND �
PliRCHASE PRICE IS FUL LY RE FUN DAB LE IF BOARD IS �
RETURNED UNDAMAGED WI TH IN 14 DAYS. �

ASSEM BLE D WITH 32K RAM ... ... .. .. ........................ ...$395.00 �
& WITH 16K RAM ........... .........................$339.00 �

TESTED WITHOUT RAM CH IPS .. ................ .... .. $279.00 �
HARD TO GET PARTS INO RAM CHIPS) �
WI TH BO ARD AND MANUAL .. . .... .... ....... $109.00 �
BARE BOARD & MANUAL . ........... $49.00 �

PET INTERFACE KIT-CONNECTS THE 32K RAM BOARD TO �
A 4K OR BK PET CONTAINS INTERFACE CABLE. BOARD �
STANDOFFS. POWER SUPPLY MODIFICATION KIT AND �
COMPLETE INSTRUCTIONS $4900 �

U.S. PRICES ONLY 

16K MEMORY 
EXPANSION KIT 

ONLv •$58 
FOR APPLE, TRS•BD KEYBOARD, �
EXIDY, AND ALL OTHER 16K �
DYNAMIC SYSTEMS USING 
MK4116•3 OR EQUIVALENT 
DEVICES. 

* 200 NSEC ACCESS, 375 NSEC 
CYCLE

* BURNED -IN AND FULLY 
TESTED

* 1 YR. PARTS REPLACEMENT 
GUARANTEE

* �QTY. DI SCOUNT S AVAILABLE 

ALL ASSEMBLED BOARDS AND 
MEMORY CHIPS CARRY AFULL ONE 
YEAR REPLACEMENT WARRANTY 

216 November 1980 ' BYTE Publications Inc 



Circle 135 on inquiry card. 

HANDLER �
CONCESSIONAIRES �
DISTRIBUIDORES �

O.E.M. �
AUSGEZEICHN E TE GROSS 
H ANDELSPREISE stellen nur einen 
Asp ekt unseres H a ndlerprogrammes 
d a r . Treten Si e no ch h eut e mit u ns 
in V erbindun g . (Wir spreche n 
Deutsch ) 

UN EXCELLENT PRIX DE GROS 
n e represente q u ’un se ul aspec t d e • 
n o tre p rogramme de distr ibutio n in›
terna ti o nale. Mettez-vo us e n contac t 
a vec no us a ujourd’hui p o ur recevoir 
p lus de renseig n em ent s. (On parle 
franr;a isl) 

EL EXCELENTE PRECIO AL 
MAYOREO que ofr ecem os repre›
se nt a solo un aspecto de nuestro 
p rograma de distribuci o n inter›
nacio na l. P o ngase en contacto con 
noso tros p a r a info rma ci o n m a s 
d etallad a. (Se habla espariol! ) 

A. D.D.S. IND. MICRO 
ANADEX OKIDATA 
APPLE SO ROC 
CENTRONICS SUPERBRAIN 
CROMEMCO TELEVIDEO 
HAZELTINE TEXAS INSTR. 

MICRO-COMPUTER BROKERS 
/f’/TERf’/A T/Of’IAL 

6819-P. f’lorlh 2/ sl Avenue �
Phoenix, Arizona 85015 U .S.A. �

Telephone: (602) 242-9961 �
Telex: (0) 668382 �

voltages originate which directly 
or indirectly affect both horizontal 
and vertical deflections of the 
beam. The final step would be a 
check of the deflection system 
itself. 

� � No Video - Raster Present: A 
raster always indicates that ver›
tical and horizontal sweep, deflec›
tion, high-voltage and low-voltage 
sections are working. Assuming a 
video signal is present, we should 
investigate all portions of the 
monitor’s video amplifier section, 
also the picture-tube-control-grid 
and cathode circuits. 

� � Raster and Video Present - Ver›
tical Rolling: Assuming the vertical 
hold control does not stop the ver›
tical roll, this indicates that the 
vertical oscillator is not in step 
with the video interface signal. The 
obvious starting point is the ver›
tical sweep section, particularly 
the vertical oscillator. 

� � Raster and Video Present 
Horizontal Lines: This problem is 
very similar to the above vertical 
problem, except •that horizontal 
lines are the problem. Again, this 
indicates that the horizontal 
oscillator is out of step with the 
video interface circuitry. In›
vestigate the horizontal oscillator 
to correct this problem. 

� � Raster, Video Present - Display 
Rolling and Drifting Sideways: 
This is both a vertical and horizon›
tal problem. Obviously the circuit 
feeding both horizontal and ver›
tical oscillators is at fault, and this 
would be the synchronization 
separator or amplifier. When 
symptoms or tests indicate one sec›
tion as the probable point of trou›
ble, proceed to check voltages for 
direct-current biasing and use an 
oscilloscope to investigate 
waveforms. 

Troubleshooting is a logical, step›
by-step procedure. In repairing your 
monitor, the screen is the best visual 
aid you have, and should be utilized 
to the utmost in preliminary 
generalizations as to the problem cir›
cuit. And troubleshooting a video 
monitor yourself, whether or not it’s 
homebrew, can give you the satisfac›
tion of knowing your hardware a lit›
tle bit more. � 
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You can buy vvholesale 
without being a corporate giant. The 
Purchasing Agent provides a per ›
sonalized commercial buying service 
for companies and individuals . 

The Purchasing Agent will get you 
the lowest wholesale price by: 

� Aggressively bidding wholesalers 
against each other on your order, 

� Consolidating � orders for volume 
discounts, and 

� Using professional buyers’ � thor›
ough knowledge of the computer 
market. 

The Purchasing Agent will get you 
the quickest deliveries direct from 
wholesalers’ inventories. 

Here are examples of items clients 
have purchased recently through The 
Purchasing Agent and the prices paid. 
(Prices shown include the buying fee .) 

COMPUTERS 
Alpha Micro 1 0 MEG $11,203 
Altos 64K, 1 MEG 3 ,370 
Commodore CBM 32K 1,344 
Dynabyte DB 8/1 64K 2 ,480 
EXIDY 48K Sor cerer 1 . 11 8 
HP-85 2 ,970 
Nort h Star Hoz II 32K D.O. 2,332 
Super Brain 64K 2 ,600 
Tl 99/4 859 
Zenith Z-80 16K 1,960 
Zenith Z-89 48K 2 , 214 

PRINTERS 
Anade x 9500 $1,204 
Bas e 2 493 
Centronics 7 3 7 749 
Diablo 630 2,139 
Diablo 1640 RO 2 ,622 
lntergal Data Paper Tiger 852 
NEC 5510 W/Tractors 2 ,520 
Oume Sprint 5 R/0 2 ,445 
Tl810 Bas ic 1,480 

VIDEO DISPLAY 
Hazeltine 1500 $854 
Lear Siegler ADM3A + 812 
Televideo 912C 685 
Televideo 920C 754 
Zenith Z-19 798 

SOFTWARE 
Ward Star $275 
Magic Wond 220 

Over 200 computers, CRT’s and 
printers plus software. 

All products are new and carry full manufac›
turerer’s warrant y against original defects. Whole›
sale prices are subject to change without noti ce. The 
Purchasing A gent has a minimum fee of $75.00. 

THE 
PURCHASING 
AGENT 
18 Daisy Lane 
Orinda , CA 94563 
(415) 376-9020 







Digital Storage of •Images �
Thomas Williams 

39A MillSt 
Maynard MA 01754 

The availability of inexpensive 
computer memory has brought high­
resolution gray-scale and color 
graphics within the reach of the home 
computer experimenter. Over the last 
decade the ability to capture video 
signals in digital form, manipulate the 
stored data, and display it has moved 
from military and research engineers 
to undergraduates and interested 
hobbyists. 

Quantization 
Before examining methods of cap­

turing video signals, let's look at im­
age quantization, which is the process 
of converting an image into one or 
more arrays of numbers. The value of 
each array element represents the 
measure of light present in the area of 
a corresponding point in the original 
image. These array or picture 
elements are called pixels. 

A typical gray-scale image might 
be quantized into a two-dimensional 
array of values that range from 0 to 
15, representing intensity values from 
black to white. If the array were 256 
by 256 elements or 64 K pixels, each 
with a 4-bit value, the array would 
occupy 32 K 8-bit bytes of memory. 

Scanning 
To perform the quantization, the 

image is scanned by a transducer 
capable of converting light into an 
electronic signal. This signal is 
sampled periodically, and each sam­
ple is converted into a numeric value. 
Transducer sensitivity, scanning rate, 
and sampling rate all affect the quali­
ty and form of the digital image. 

There are basically four methods of 
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scanning images. The first requires 
the movement of the transducer with 
respect to the image or scene. This is 
typically done by drum scanners 
where an image is spun under a light 
source and photodiode. (See figure 
1.) 

No matter how much ef­
fort is spent on improving 
the system, the results are 
only as good as the input. 

The second method deflects either a 
light beam or sensor optics in two 
dimensions to scan the image. This 
method is often used in a device 
called a flying-spot scanner; such 
devices were used during the first 
decades of television for . transferring 
movies to video form for broadcast. 

The third method is the use of a 
television camera. In a television tube 
(ie: a vidicon) the image is focused on 
a target that is scanned with an elec­
tron beam. (See figure 2.) It can be 
thought of as a CRT (cathode-ray 
tube) working in reverse. 

The fourth method, which is still 
rather expensive, is the photodiode­
array camera . It uses an integrated 
circuit which contains an array of 
photodiodes and circuitry to help 
scan the array. Advantages of this 
camera over vidicons are the stability 
of its geometry (as vidicons require 
electron-beam deflection which is 
never completely repeatable and ac­
curate) and the inherent immunity to 

shock (as vidicons are vacuum tubes 
and thus sensitive to abuse). 

Video Costs 
As with anything electronic, there 

are uncontrollable costs of precious 
metals and precision parts, and con­
trollable costs of design and 
assembly. Hardware hobbyists with 
good supplies of parts can usually 
find clever ways of cutting costs. 
Most of us, though, have limited 
resources and must buy kits or search 
for bargains on assembled equip­
ment. Video cameras sometimes 
show up at flea markets in various 
states of repair and can provide you 
with a good video signal at very low 
cost. Home-video enthusiasts and 
closed-circuit security systems have 
also provided a marketplace for inex­
pensive cameras. 

Cameras with sufficient quality for 
use with digital image-capture 
systems can be quite expensive. The 
increased costs usually provide more 
geometric linearity and a more 
uniform imaging-target surface . 
Black-and-white cameras range in 
price from about $200 to $10,000. At 
the lower end of the price scale you 
can expect about 5% error in the 
linearity of the vertical and horizon­
tal scanning. Usually these errors are 
not noticeable. Geometric linearity is 
only important when ' the image­
capture system is used for a precise 
geometric task, such as measurement 
of object size. 

Target nonuniformity is a source of 
concern. Inexpensive cameras may 
have differences in video level (for 
uniform illumination) across the im­





ROTATIONAL �
MOTION �

Figure 1: A drum scanner produces high-quality results by moving the photograph 
relative to the sensor. Its drawbacks are that it requires precision mechanical construc­
tion, works very slowly, and the signal it produces is not video-compatible. 

VERTICAL 
DEFLECTION COILS 

Figure 2: A vidicon tube. This most popular method of converting an image into an 
electronic signal uses a photo-sensitive imaging target which is scanned by an electron 
beam. The resulting signal is the scanned image in the form of a changing voltage. 
Disadvantages of the vidicon are its unstable geometry (since electron-beam deflection 
is never completely repeatable and accurate) and its low resistance to shock (since 
vidicons are vacuum tubes). 
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age as much as 20%. This error (also 
called shading) is still present in more 
expensive cameras where it’s typically 
reduced to 10% or less. Fortunately, 
the shading effect changes slowly 
across the image target. Actual 
defects in the target are often found in 
inexpensive cameras, leading to black 
or white spots in the image. 

It is possible to make some correc›
tion for the effects of shading and 
defects after the image is quantized. 
To do so, you first quantize an image 
of a solid-gray surface. The deviation 
of each point’s value from the average 
value indicates the amount of correc›
tion that is necessary. By storing this 
image (or an image of corresponding 
correction values) the recorded target 
sensitivity can be used to improve the 
quality of another image quantized 
from the same television camera. 

A television camera is to an image›
capture system as an antenna is to a 
television set. No matter how much 
effort is spent on improving the 
system, the results are only as good as 
the input. Although the system can be 
made to compensate for some of the 
deviations in the camera, improve›
ment of the video source is usually 
the choice for further investment once 
an image-capture system is in place. 

A video image is normally 
generated in a 4:3 aspect ratio. This 
means that a properly operating 
camera produces it in a format that 
must be presented on a screen with 
three units of height and four units of 
width. Typical television sets are ad›
justed to approximately this ratio. If 
the video signal is quantized into a 
square array of square pixels, only a 
portion of each line should be quan›
tized. (See figure 5.) Because there are 
approximately 512 lines of useful 
video image in a frame (approximate›
ly 256 lines in a field), it is often con›
venient to work with 512 or 256 
squared resolutions. Some manufac›
turers of quantizers offer nearly 
square pixels by quantizing during 
3/4 of the horizontal period, while 
others offer square pixels by digitiz›
ing the entire image at 640 by 512, 
320 by 256, or other resolutions. Still 
others offer rectangular pixels. To 
achieve square pixels, the sampling 
rates must be increased by a factor of 
1.33. If the entire image is to be quan›
tized with square pixels, the memory 
requirements must also be increased 
by a factor of 1.33. 







CHRISLIN YEARS AHEAD IN �
MEMORY DESIGN �

WE’VE DONE IT AGAIN - State of the Art Multi bus® Memory Design. First to offer up to 51 2K on one board. and CHRISLIN again brings pricing 
sanity to the memory market. Why pay over $2000 for our competitor's 64K x 8 memory board when we will give you the Cl-8086 128K x 9 memory 
for just $1500 or better yet. the Cl-8086 51 2K x 9 memory module for $4 700. 

Up to 51 2K bytes in asingle option slot. Available in 64K. 96K. 128K. 256K, or 51 2K configurations. On board parity generator checker, for both 8bit 
or 1 6 bit systems. Off shelf deliveries. 

Cl-6800-2 - 16KB to 64KB. Plugs directly into CI-S100 - 16KB to 64KB. Transparent hidden 
Motorola's EXORciser I or II. Hidden refresh up to 1. 5 refresh. No wait states at 4 Mhz. Compatible with 
Mhz. Cycle stealing at 2 Mhz. Addressable in 4K Alpha Micro and all Major 8080, 8085 and Z80 
increments with respect to VXA or VUA. On board Based S1 00 Systems. Expandable to 51 2K bytes 
parity. 64K x 9 $995.00. thru Bank Selections. 64K x 8 $750.00. 

Cl-8080 - 16KB to 64KB on asingle board. Plugs 
directly into MOS 800 and SBC 80/1 0. Addressable 
in 4K increments up to 64K. 16KB $390.00. 64KB 
$750.00. 

Cl-11 03- 16KB to 256KB on asingle dual height Cl-6800 - 16KB to 64KB on a single board. On 
board. Plugs directly into LSI 11 I 2. H11 or LSI board hidden refresh. Plugs directly into EXORciser I 
1 1 123. Addressable in 2K word increments up to and compatible with Rockwell's System 65. 
256KB. 8K X 16 $390.00. 32K X 16 $750.00. 128K Addressible in 4K increments up to 64K. 16K x 8 
X 18 $2880.00. $390.00. 64K x 8 $750.00. 

Tested and burned in. Full year warranty. 

DON'T ASK WHY WE CHARGE SO LITTLE, ASK WHY THEY CHARGE SO MUCH. 

Chris/in Industries, Inc. 
Computer Products Division 

31352 Via Colinas • Westlake Village, CA 91362 • 213-991-2254 

Multibus is a trademark of the Intel Carp. LSI II is a trademark of Digital Equipment Corp. EXORciser is a trademark of Motor ola • 
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El·egance and power 
in a mathematical 
language. 

APL 
by Phelps Gates. 

Now, a high-level, scientific programming language that doesn't cost $200 or $300 for the home computer. This language 
is perfect for the mathematician, scientist, engineer, or anyone who just wants to learn a new language. The power of this 
language is in its strong mathematical operations, especially with regard to matrices and vectors. Programs requiring matrix 
multiplication or other matrix problem solving that would require hours of programming time in BASIC are solved quickly 
and with effort in APL. Not only is math made easy, but upon gaining proficiency in APL programming various string 
manipulations become child 's play. 

To aid in learning APL, lessons are included on the disk . Starting from the basics, you are brought step by step through the 
various programming techniques involved with APL. These lessons act as a tutor in a "learning by doing" atmosphere which will 
have you "talking APL" in no time. Also available is the book, APL: An Interactive Approach , which reinforces many of the 
examples given in ihe lessons. The book also provides additional insight into APL programming . · 
LIMITATIONS 

Due to the absence of the special APL character set on the TRS-80, APL-80 uses shifted letters to represent the various APL 
characters. These shifted letters are identified on the screen by a graphics block before each shifted letter. If you have a modified 
TRS-80 (Electric Pencil Modification), a lower case driver is included to display the shifted letters on the screen . 

In addition to the keyboard limitations, there are several other limitations. Lamination, domino, and matrix inverse are not 
implemented but can be derived with user-defined functions. 

Multiple specifications must be split into two statements unless the left-hand assignment is to a quad. This also applies to implied 
multiple specifications. 

Reduction and reshape (p) are not permitted for empty arguments; the argument of add/drop may not be scalar; empty indices 
are not permitted. 

A quad (q) can't be typed in response to a quad (nor can the name of a function which itself gets input from a quad). Quote-quad 
(m) is permitted. 

No more than 32 user functions can be defined in a single workspace and a function may not contain more than 255 lines. 
A comment (c) must occupy a separate line: a comment can't follow a function statement on the same line . 
In the tape version, arrays are limited to five (5) dimensions. 

FEATURES 

APL-80 on disk contains the following features: )SAVE and )LOAD workspace on disk; )COPY other workspaces into current 
ones; Return to DOS for directory or commands without losing your workspace; Send output to lineprinter; Five workspaces of 
lessons included; Sequential and random files; 15 digit precision; Monadic and dyadic transposition ; Easy editing within 
FUNCTION lines; Latent expression (FUNCTION can "come up running" when loaded) ; Tracing of function execution; Real-time 
clock; User-control of random link ; Workspace is 25587 bytes (in 48K machine); Arrays may have up to 63 dimensions. 

COMMANDS I APL-80 

APL-80 supports the following commands: Absolute value, add, and, assign , branch, catenate, ceiling, chr$/asc, circular , 
combinatorial, comment, compress, deal, decode, divide, drop, encode, equal, expand, exponential, factorial, floor, format, grade 
down, grade up, greater, greater/equal, index generator, indexing, index of, inner product, label, less, less/equal, logarithm, 
maximum, member, minimum, multiply, nand, negate, nor, not, not equal, or, outer product, peek , poke, quad, quote quad, 
random, ravel, reciprocal, reduction, reshape, residue, reverse, rotate, scan, shape, sign, system, subtract, take, transposition . 

SPECIFICATIONS 

Minimum system requirements: 32K disk system (48K recommended) Includes APL-80, Five workshapes of lessons, instruction 
manual. 

Price: $39.95 on disk 
Reduced feature: 16K Level II tape version, no lessons. 

Transpositions, format, and inner product not implemented. Reduced domain for some functions. 6 digit accuracy. 
Price: $14.95 on cassette 
APL: An Interactive Approach 
Price: $16.95 ($3.00 shipping charge) 

lheSoltware Exchange 
TO ORDER TOLL-FREE 

1-800-258-1790 
(In NH call 673-5144) 







our Elves, Reindeer and Rudolph are 
insufficient in the year 2001? 
T /MAKER'S projections indicate 
interplanetary vehicles will have to be 
built in massive quantities in order to 
satisfy universal demand. Wow, we have 
to start shipping to Pluto almost 
immediately. 
T /MAKER helps me stay on top of 
everything by giving me a total view on 
my CRT screen. We just input the latest 
census figures along with toy type 
requests and it goes to work really fast. 
T /MAKER can take text and numerical 
data, integrate the data and print out 
hard copy reports for our work stations 
throughout the universe. 
T /MAKER is a wonderful tool for data 
analysis. It is easy to set up calculations 
for rows and columns of tabular data, 
automatically perform the 
computations, review the results and 
then modify some of the data to see the 
impact on the over all results. Several 
days of manual work can be 
accomplished in minutes. 
T /MAKER is a full screen editor for word 
processing which handles text up to 255 
characters wide. It includes features like 
text formating and justification, text 
buffer for block moves and repeated 
inserts, global search and replace and 
commands for printing your letters, 
reports and document. 
T/MAKER can perform an unlimited 
number of analysis and reporting tasks 
which integrate numerical and text 
processing. For example: 
� Financial Statements � Balance Sheets �
� Statistics � Growth & Projections � �
Profitability Reports � Revenues & �
Expenditures � Portfolio Analysis � Price �
Lists � Rate Structures � Inventory �
Valuation . . ... and much, much more. �
T/MAKER requires a 48K CP/M system, �
a total of 240K bytes of disk storage, �
CBASIC-2, and a CRT computer �
terminal with cursor addressing and �
clear screen. �
T /MAKER system is $275.00 complete �
with -documentation and quick›�
reference card. �
Documentation alone is $25.00. �

LIFEBOAT 
ASSOCIATES 
1651 Third Ave. NY, NY 10028 
(212) 860-0300 
International Telex 220501 
T /MAKER is a trademark 
of P. Roizen 
CP/M is a trademark 
of Digital Research 

+---------------------------512 SAMPLES----------------------------+ 
NEEDED PER SCAN LINE. 

DIGITIZER HAS 63 MICROSECONDS 

THE SAME SAMPLE POSITION 

IS SELECTED FOR EVERY 
SCAN LINE ON EACH FRAME 

EFFECTIVELY DIGITIZING 
ONE COLUMN OF THE IMAGE 
DURING EACH FRAME 

Figure 8: By sampling a single point per scan line, the digitization of each pixel can be 
completed within 63 p.s, and data is produced at a slow enough rate (15. 7 k bytes/se­
cond) for transfer to mass storage. 

DATA READY 

DATA IN 

DATA CLOCK ADDRESS 

32 K 8-81T BYTES OF SEMICONDUCTOR MEMORY 

COUNT TO 8 

CLOCK 

Figure 9: Through the use of a shift register, standard programmable memory can be 
used to transfer a single-bit image at video rates. If a single bit is deposited into the shift 
register every 100 ns, an 8-bit value can be deposited into memory every BOO ns. The 
same process can be reversed for displaying the image. 

must be stationary on a tripod with necessary for the high-speed digitiza›�
respect to the object being viewed to tion technique. �
keep the image stable. Tape players The advantages of slow digitization �
with freeze-frame options might seem are the use of a relatively inexpensive �
attractive for this purpose. However, AID converter and low data rates, �
home videotape machines do not pro› permitting direct storage of the data �
duce a truly stable image and are not using floppy disks. The disadvan›�
usually adequate for this purpose. tages are the need to hold the camera �

The digitizer has plenty of time to and scene stable for a length of time 
produce a digital value. Precision is (depending on resolution) and the in›
defined by the number of quantiza› ability to capture other video sources, 
tion levels, and more can be obtained such as television programs and 
for a small additional cost. Unfor› videotape. The requirements for the 
tunately, the sample circuitry must sampling phase are also more sub›
sample a very precise portion of the . stantial than those for the high-speed 
video signal, and its accuracy method. 
becomes more important if greater There is a hidden disadvantage of 
quantization levels are desired. Ad› the low-speed method. The stored im›
ditionally, the decay rate of the sam› age cannot be readily viewed by 
ple circuitry becomes important reversing the process. The only way 
because the sample must be held for to reproduce the data in image form is 
up to SO l's versus the 100 ns to place a photographic camera in 
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MSB 
SAMPLE �
AND DIGITIZER �

2SB 
HOLD 

32 K MEMORY 

VIDEO 
INPUT 

SYNC 
COUNT›

REGEN›
ERS

ERA TOR 

3SB 

(LSBl 

VIDEO OUT 
FOR DISPLAY 

Figure 10: Block diagram of an image-quantization system. In this example, a single memory board is used for each bit of quantiza­

CLOCK 

tion. Four boards would be needed for a 4-bit quantization. 

front of a television monitor and 
open the shutter for 17 seconds while 
the data are converted back into 
video, one point per line_ Then, of 
course, the film must be processed: 
this is hardly conducive to interactive 
use. 

High-Speed Digitization 
If we want to digitize 512 points 

during each scan line, the converter 
must operate at very high speeds. The 
active portion of a video line is about 
53 IJ.S. Roughly, this means it must 
quantize the signal once every 100 ns. 
Such converters were available 10 
years ago for about $2000, but today 
they can be built for less than $1001 
Next I'll examine the problems of 
storing the data produced at this rate. 

Most home computers have central 
memory that can be cycled at about 
250 ns to 1000 ns per 8-bit transfer. If 
the digitizer obtains one 4-bit quanti­
ty every 100 ns (at 512 samples per 
line with rectangular pixels), or 8 bits 
every 200 ns, standard computer 
memory cannot cope with the speed 
requirement. Most experimenters 
own configurations with 32 K bytes 

How much vigorous 
activity does your 
child get each day 
at school? 
If you don't know, 
find out. 

To do better in the classroom now, to be fit 
and healthy later in life, children need at 
least one school period a day of physical 
education. But most schools are not providing 
this. And many schools require none at all. 

Send for our free checklist and find out 
how your schools score. Then, do something 
about it. 

Write Checklist, President'sCouncil on 
Physical Fitness and Sports, Washington, 
D.C. 20201. 

We know you hardcore bit hack›
ers will recognize the computing 
power derived from combining the 
FORTH language with the 6809, 
today•s most advanced 8 bit 
microprocessor. 

And we know you’ll understand 
this machine’s 16 bit math. indirect 
addressing and two stacks are 
ideally suited for implementing 
FORTH. 

But... should anyone need further 
convincing that FORTH provides a 
new dimension in power. speed 
and ease of operation. consider 
the following: 
� It’s a modem. modular. structured›

programming high-level com›
piled language. 

� It’s a combined interpreter. 
compiler. and operating system. 

� �It permits assembler code level 
control of machine. runs near 
speed of assembler code. and 
uses less memory space than 
assembler code. 

� �It increases programmer produc›
tivity and reduces memory hard›
ware requirements. 

Call or write today. 

KENYON 

� �It replaces subroutines b y 
individual words and related 
groups of words called 
Vocabularies. These are quickly 
modified and tested b y editing 
1024-character text blocks. called 
screens. using built -in editor. 

tFORTH is a basic system imple›
mented for SS-50 buss 6809 systems 
with the TSC FLEX 9.0 disk oper›
ating system. It is available on 5Y4" . 
or 8" single density soft-sectored 
floppy disks. $100.00 

tFORTH + consists of tFORTH plus a 
complement of the following 
FORTH source code vocabularies: 
full assembler. cursor controlled 
screen editor. case statements. 
extended data types. general 1/0 
drivers. $250.00 

firmFORTH is an applications pack›
age for use with tFORTH. It provides 
for recompilation of the tFORTH 
nucleus. deletion of superfluous 
code and production of fully 
rommable code. $350.00 

Circle 147 on Inquiry card. 

Also available for 6800 

\::=:MICROSYSTEMS 
3350 Walnut Bend, Houston, Texas 77042 � (713) 978-6933 





or less of central memory. Although 
32 K bytes would be barely sufficient 
for a 256 by 256 4-bit image, 128 K 
bytes are necessary for a 512 by 512 
4-bit image. Therefore, memory is 
usually dedicated to the image›
storage function and accessed by the 
computer through either a processor›
controlled or DMA (direct-memory 
access) port. 

INPUT 
SIGNAL 

RESULT 

BEGIN 

PROGRAMMER 

END OF 
CONVERSION 
SIGNAL 

D/A 
CONVERTER 

START 
CONVERT 

REFERENCE 
VOLTAGE 

OUTPUT 
DATA 

Figure 11: The configuration of a conventional AID converter. 

The problem of providing large 
memories capable of 200 ns cycle 
times can be solved by the sequential 
nature of data transfers. By dividing 
memory into a number of parallel 
segments it’s possible to use memories 
with 800 ns read/write-cycle times to 
simultaneously digitize, display, and 
communicate with the computer. 

Proper memory organization 

allows ease of expansion, depending 
on whether higher spatial resolution 
or more bits per picture element are 
anticipated in the future. Also, good 
designs can be software-reconfigured 
to trade off spatial resolution for the 
number of bits per pixel. Methods for 
reconfiguration are left for the am›
bitious designers to discover on their 
own. 

A Hypothetical Design 
Assume that we’ll require a 512 by 

512 image with 4-bit quantization of 
each pixel. Memory is physically 
organized as four 32 K-byte memory 
boards. This is because there are 
256 K points in the image, and we 
wish to have 1 bit of each 4-bit pixel 
value on each memory board. We 
will use memory which transfers 8-bit 
quantities. 

If we shift 1 bit every 100 ns into a 
serial-in, parallel-out shift register, 
then every 800 ns the resulting 8-bit 
value can be deposited into memory. 
(See figure 9.) The same process can 
be reversed for real-time display. To 
do so, the memory is read every 800 
ns, the 8-bit value is placed into a 
parallel-in, serial-out shift register, 
and shifted out at 100 ns per pixel. 

FEATURES INCLUDE: 80 COLUMN LOW COST IMPACT PRINTER 
� Uses � Standard Typewriter Ribbon �

(Modei101B-80) �
� � Built-In Power Supply 
� � 5 x 7 Dot Matrix Character Generator or �

10 x 7 or 10 x 14 Dot Matrix �
� �Standard 96 ASCII Character Font 
� � Upper and Lower Case Printing 
� � Up to 88 Characters Per Line 
� � Single Line Print Rate Is �

**110/160 CPS �
� Average Print Rate �Is �

**55/60 CPS For Ten Lines �
� �Graphics Capability With Extended �

Character Modes �
� � Programmable With 32 System Level �

Software Commands �
� �Standard Parallel and Serial Interface 
� � Reset Interface 
� � Baud rate Select From 110 to 9600 
� � Manual Paper Advance (Model1 01 B-80) 
� � Manual Selftest 
� � Adjustable Tractor Width From 1 to 8V2 �

Inches (Model 101 B-80) �

..Mode/101 A-40 & 101 B-80 Respectively 

$495 Kit, 101 B-BOKE $545 Assembled & Tested 1018-BOE 

COOSOL, INC. P.O. BOX 743, ANAHEIM, CA 92805 (714) 545-2216 7 Days a Week 
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REFERENCE 
VOLTAGE 

COMPARATORS 

SIGNAL 
INPUT 

Figure 12: The small number of bits required for image quantization makes flash (or 
parallel) AID conversion practical. One comparator is used for each quantization level. 
For a 4-bit quantization, sixteen comparators would be needed. A reference voltage 
equal to full scale is fed to a voltage divider to form a set of comparator thresholds. The 
output of each comparator is then fed to the encoder, where the number of on com­
parators is converted into a binary output. Parallel converters are available in DIP form 
and allow for high data-conversion rates. 

HEATHKITfi �
computer products and Zenith Data Systems get even better 
when you subscribe to Buss: The Independent Newsletter of 
Heath Co. Computers. Buss spreads the latest news of 
compatible hardware and software from many vendors. The 
newsletter is not affiliated with any of these and does not 
depend on income from ads. So Buss has to please only its 
subscribers-over 2900 of them. -­

Readers' candid reports of their discoveries save other 
subscribers headaches--and money. Innovations published in 
Buss have included hardware modifications and software 
fixes. And, since it is not a company-controlled publication, 
Buss can deal with both the weaknesses and strengths of 
Heath Co. Computer products. 

Buss is a proven newsletter that keeps getting better-it's 
been published since April 1977. If you subscribe this month 
you'll receive a free directory of over 50 suppliers of 
hardware and software for Heathkit® computers and Zenith 
Data Systems. You have the choice of starting your Buss 
subscription with the latest issue or available back issues 
(about 14). All this information will be mailed first class (by 
air mail overseas). Full refund guaranteed if you're not 
satisfied. Payment must be in U.S. dollars payable on a U.S. 
bank or by Master Charge or Visa. 
Issues: 12 18 24 
U.S. & Canada $17.98 $24.75 $29.95 
Overseas 25.00 30.00 35.00 
Buss, 325-B Pennsylvania Ave., S.E., Washington, DC 20003 

To achieve the desired number of 
quantization bits per pixel, we stack 
the appropriate number of memory 
boards. (See figure 10.) In our case, 
four boards would be needed for 4-bit 
pixels. Of course, there would have 
to be an address bus common to all 
boards and an extra board to provide 
control and AID conversion. The ex­
tra board would be needed to decode 
the video sync signals to keep 
memory-addressing in step with the 
video signal. Additionally, DlA 
(digital-to-analog) conversion and 
sync generation are necessary to drive 
a display monitor. 

Notice that the memory is running 
at very slow speeds by modern stan­
dards. If we use memory that allows 
two operations per 800 ns, the com­
puter can access or deposit data com­
pletely transparent to the digitization 
or display process. 

Now consider high-speed AID con­
verters. Normal converters use a DlA 
converter, a programmer, and a com­
parator to derive a numerical quanti­
ty representing the voltage on the in­
put. (See figure 11.) The programmer 
tries successive numbers, generating 
successive voltages out of the DlA 
converter. These voltages are com­
pared with the analog input to deter­
mine if they are above or below the 
input voltage. The comparator out­
put is used by the programmer to 
decide what number to try next until 
the process converges on a final 
value. 

The fastest AID programs take 
about as many tries as there are bits 
of quantity. Each try consumes as 
much time as the total of the pro­
grammer gate delay, the DlA-gate 
delay, the DlA-settling time, and the 
comparator-settling time. The fastest 
converters perform conversion on the 
order of the 100 ns per bit. This is ob­
viously unacceptable for our pur­
poses, since we consider 4 bits to be a 
minimum quantization and 100 ns to 
200 ns to be a maximum conversion 
time. 

The small number of bits that are 
required does make another conver­
sion technique very practical. It has 
several names, the most popular be­
ing flash or parallel conversion. It 
consists of one comparator for each 
quantization level, or sixteen com­
parators for 4 bits. (See figure 12.) A 
reference voltage equal to full scale is 
fed to a voltage divider (ie: a network 
of resistors) to form a set of com­
parator thresholds, and the outputs 
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The Nature of Video Images 
The video standard has three 

primary components, synchroni­
zation signals, a luminance (black­
and-white) signal, and a 
chrominance (color) signal. The 
synchronization (sync) signals tell 
the receiver when to begin a new 
frame and a new line. The 
luminance signal provides intensi­
ty values that comprise a picture. 
The signals are effectively 
separate, allowing compatibility 
between color and black-and­
white television receivers. Our 
primary interest here is the 
luminance signal, but the 
chrominance signal must still be 
considered. It must be filtered out 
of a color video signal before 
quantization. (The reason for this 
requirement has been described in 
the section on sampling.) 

Each complete picture, called a 

frame, takes 1130 second to com­
plete. To reduce flicker, 2:1 in­
terlacing is used. During the first 
1160 second, the even-numbered 
lines are displayed; and during the 
second 1160 second, the odd­
numbered lines are displayed. Each 
set of lines (half of the frame) is 
called a field. (See figure 3.) 

Each field consists of262.5lines, 
each line transmitted in 63.5 p.s. 
Nine of these lines are used for the 
vertical synchronization pulse, 
which is actually a series of pulses 
that are easy for receiver circuits to 
recognize. Each line is composed of 
a horizontal active-line period dur­
ing which luminance information 
is present, and a sync period when 
reference levels and the horizontal 
sync signal are present. The 
horizontal active period is 53.3 p.s, 
and the sync period is 10.2 p.s. (See 
figure 4.) 

Attention TRs-80 Mod II owners: �
P&T CP/Mfi 2 has more to offer! �

More Disk Storage 596K bytes with 
double density on standard single sided 
disk drives. If that’s not enough, ver›
sions are available for double sided 
expansion drives ( 1.2M bytes per disk) 
and the Cameo Hard disk system (1OM 
bytes). 
More CRT Functions P&T CP/M 2 
has the most advanced screen driver 
available for the Mod II including: erase 
to end of line/screen, insert/delete 
line, cursor addressing, non-scrolling 
area on screen, and much more. 
More Serial 1/0 Capabilities These›
rial drivers in P&T CP/M 2 support 
ETX/ACK, XON/XOFF, and request to 
send handshaking. Direct control of 
the serial ports is also available for 
special applications. 

More Documentation We provide the 
standard CP/M manuals and our own 
150 page manual written specifically 
for P&TCP/M 2. 
More Utilities We have added 14 of 
our own utility programs for the Mod II 
to the standard CP/M utilities. 
More Useful System Functions P&T 
CP/M 2 has all sorts of useful features 
you won’t find elsewhere: type-ahead 
buffer for keyboard input, system time 
of day clock, automatic program execu›
tion, and lots more. 

Prices 
Standard P&TCP/M 2 $185 
P&T CP/M 2 for Shugart 850 

2 sided drives $220 
P&T CP/M 2 for Cameo Hard 

Disk system $250 

We also carry these other software packages: 
Magic Wand text processor $350 CBASIC2 (improved performance) $105 
VEDIT text editor $110 Osborn accounting software 
L YNC data communication program $95 (reQuires CBASIC 2; manuals extra) 
MCALL intelligent terminal program $65 each package $95; all four $295 
MAC macro assembler $90 Also available are single and double sided 
Pascai/M $175 expansion disk drives and the Cameo Hard 
Microsoft Basic-80 Interpreter $325 Disk System. Call or write for details. 
Microsoft Basic-80 Compiler $350 

Prepaid. COD. Mastercharge or Visa orders accepted �
Sh1ppinQ ex tr a. Calilornia residents add 6<lo sales tax. �

PICKLES & TROUT 
P.O. BOX 1206. GOLETA. CA 93017. (805) 967-9563 

CP/M is a trademark of Digital Research Inc. TRS-80 is a trademark of Tandy Corp. 
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of the comparators are fed to an en­
coder. The analog voltage determines 
which comparators are on, and the 
encoder then turns the number of on 
comparators into the corresponding 
binary number. The only delays are 
the settling time of one comparator 
and the encoder-logic delay. I've built 
three of these for under $100. They 
are also commercially available in 
DIP (dual-in-line package) form in 
3-bit or 4-bit designs that allow for 
cascading to achieve 1 or 2 additional 
bits. 

Summary 
Inexpensive semiconductor 

memory and other technological 
developments have made digital im­
age storage with real-time video input 
and output a practical reality for the 
home computer experimenter. 
Several complete hardware and soft­
ware systems are available for the 
display and digitization of real-time 
video. At least one company offers an 
inexpensive, real-time digitizer and 
display, while several offer very inex­
pensive digitizers to accomplish low­
speed digitization. A high-speed 
system costs $1500 to $5000 or more, 
depending on options. The primary 
price difference is due to the amount 
of image memory desired. Low-speed 
systems range from about $350 to 
$4000. 

Flash-conversion products range 
from $30 to $90 for 3-bit and 4-bit 
units with about 30 MHz maximum 
rate. These save you the headaches of 
finding matched resistor values for 
homebrew flash converters. 

Although there isn't enough infor­
mation in this brief article to con­
struct an image-capture system, there 
should be enough to familiarize an 
ambitious designer with the tech­
niques and problems. You would be 
well advised to obtain a technical 
manual from a manufacturer to help 
assess the potential difficulties. With 
healthy competition in the growing 
marketplace for image-capture and 
display, the power/price ratio of 
complete systems will continue to in­
crease. • 





NEWS AND SPECULATION ABOUT PERSONAL COMPUTING 

Conducted by Sol Libes 

DEc Opens Computer 
Museum: Digital Equip­
ment Corporation (DEC), 
the pioneer in minicom­
puters, has opened a "com­
puter museum" in the lobby 
and mezzanine level of its 
Marlboro, Massachusetts, 
"Tower Building." It il­
lustrates, through actual 
equipment, the evolution 
from calculator to micro­
computers. The exhibits in­
clude precomputer devices, 
the four generations of 
digital logic used in com­
puters, and some early 
computer systems (eg: 
PDP-1 with the original 
Spacewar program and 
others). The museum is 
open to the public. 

Random News Blts: 
Casio, Inc, the Japanese 
electronics manufacturer, 
has introduced a personal 
computer in the US. The 
FX-9000P can store pro­
grams directly in 4 K-byte 
CMOS (complementary 
metal-oxide semiconductor) 
memory cartridges (with 
lithium batteries) that can 
be removed from the unit. 
The basic unit is priced 
under $900 . .. . Pascal can 
now be considered as 
having "made it." IBM has 
announced that Pascal will 
be available for IBM sys­
tems using OS/VS and 
VM/CMS operating sys­
tems. IBM will charge $235 
a month for it. To think that 
most microcomputer users 
pay less than IBM's monthly 
charge to buy Pascal out­
right.. .. A study conducted 
by the National Institute for 
Occupational Safety and 
Health found that video­
terminal users suffer prob­
lems of eye strain, blurred 

vision, color perception, 
numbness, and loss of 
strength in their arms. 
These users also experience 
higher levels of anxiety, 
depression, confusion, and 
fatigue ....The University of 
Southern California will of­
fer a graduate degree in 
voice I/0 (input/output). 
The curriculum includes 
courses in electrical and 
biomedical engineering, 
communications, computer 
science, linguistics, oto­
laryngology, and psy­
chology... 

Fujltsu Overtakes IBM 
In Japan: For the past thir­
ty years, IBM has 
dominated data processing 
over the entire globe. Now, 
however, it is reported that 
in Japan Fujitsu, Ltd, has 
overtaken IBM in sales. 
Fujitsu and several other 
Japanese computer sup­
pliers are now preparing a 
massive onslaught into the 
US and European markets. 

IEEE Local Network 
Standard Moves Ahead: 
The IEEE Local Network 
Standards Committee ex­
pects to have a draft of its 
standard by year's end. At 
this time, it appears that 
the Ethernet system, pro­
posed by Xerox, Digital 
Equipment Corporation, 
and Intel, will not be 
adopted as the standard. 
The reasons for this are that 
Ethernet is still in a pre­
liminary-definition state 
with many areas not pre­
cisely defined. Further, 
Ethernet is highly depen­

dent on coaxial cables and 
a particular modulation 
technique. Also, Ethernet 
does not have any provision 
for acknowledging data­
grams, which could lead to 
possible incompatibilities in 
error control between dif­
ferent manufacturer's 
devices . 

Super Computer 
Planned: The Ames 
Research Center of NASA 
(National Aeronautics and 
Space Administration) is 
planning a special super 
computer capable of per­
forming a billion floating­
point operations per sec­
ond. The computer will be 
designed to simulate a wind 
tunnel. It is expected to 
have 40 M words of direct­
ly addressable memory plus 
200 M words of block­
addressable memory. 
NASA wants the system 
operational in 1986. 

US Government Shift­
ing To Smaller Com­
puters: The US government 
now has a reported 15,000 
computers in operation, 
worth more than $5.4 
billion. The trend is shifting 
from large, costly main­
frames to smaller units. In 
fact, now at least two-thirds 
of the machines cost less 
than $50,000. 

The GSA (General Ser­
vices Administration) 
recently disclosed that at 
the end of 1979 the three 
leading computer suppliers 
were Digital Equipment 
Corporation (3656 units), 
Sperry Univac (1778 units), 
and IBM (1284 units). 
However, IBM still ranked 

number one in dollars 
($1.45 billion), Control 
Data was second ($754 
million), and Sperry 
Univac was third ($686 
million). 

Ribbon Recycllng: The 
word-processing and 
printer markets have 
created the new business of 
recycling printer ribbons. 
About fifty vendors are of­
fering consumers recycled 
ribbons at a saving of as 
much as 60%, along with 
deliveries in 5 to 10 days. 

Several ribbon manufac­
turers are introducing 
sealed ribbon cartridges to 
prevent recycling. They 
claim that sealing improves 
ribbon reliability. 

Microsoft Signs UNIX 
Agreement: Microsoft , of 
Bellevue, Washington, has 
signed an agreement with 
Western Electric for the 
rights to develop and 
market versions of UNIX, 
an operating system 
originated by Bell 
Laboratories. The Microsoft 
versions will be specifically 
designed for 16-bit 
microprocessors, such as 
the Intel 8086, Zilog 28000, 
and Motorola 68000. The 
Microsoft version will be 
called XENIX. UNIX seems 
to be the most popular 
minicomputer timesharing 
operating system in current 
use. It is very popular in 
the educational community, 
probably because Western 
Electric sold it to educa­
tional institutions for a very 
low fee. However, due to 
its sophisticated features, 
UNIX has been gaining in 
popularity in the profes­
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sional and business worlds 
as well. 

Microsoft plans to charge 
an ini tial fee for the 
package ranging from a 
low of $500 to $3000 for a 
four-user system. The com­
pany also has plans to 
adapt its BASIC, 
FORTRAN , and COBOL 
compilers to run under 
XENIX. Microsoft has pur­
chased a DEC PDP-l!nO 
minicomputer specifically 
for the XENIX development 
project. The Z8000 version 
is slated for introduction by 
year's end, and the 8086 
and 68000 versions are to 
follow sometime in the sec­
ond quarter of 1981 . 

Considering that Digital 
Research plans on develop­
ing only an 8086 version of 
its very popular CP/M 
operating system, it seems 
likely that Microsoft's 
XENIX will become the 
dominant operating system 
for 16-bit microcomputer 
systems. 

5-Inch Winchester Disk 
Drives Coming On Strong: 
At least a half-dozen com­
panies will have 5-inch 
hard-disk drives on the 
market late in the first half 
of 1981. Latest to jump on 
the 5-inch disk-drive band­
wagon are International 
Memories Inc (IMI) (the 
Cupertino, California, firm 
that marketed the first 
8-inch Winchester drive) 
and Shugart Associates (the 
largest p roducer of floppy­
disk drives). These drives 
typically store 5 million to 7 
million bytes and sell for 
less than $1000 in O EM 
(original equipment 
manufacturer) quantities. 

64 K-Bit Memory Devices 
Becoming Available: 
Several integrated-circuit 
manufacturers are currently 
supplying samples of the 
new 64 K-bit program­
mabie memory circuits to 
OEMs for evaluation and 
development. Look to see 
these devices in use start­
ing in early 1981. ' 

The introduction of these 

components has already 
caused the price of 
16 K-bit devices to drop 
significantly; just a few 
months ago, these circuits 
cost six to eight dollars-
now they are four or five 
dollars. Currently, the 
64 K-bit memories are in 
the forty- to sixty-dollar 
range, which may drop to 
thirty or thirty-five dollars 
in production quantities. 

It is expected that 
Japanese suppliers will 
dominate the 64 K-bit 
device marketplace. The 
16 K-bit device market has 
been dominated by 
American suppliers, 
although the Japanese cur­
rently have 40% of that 
market. The demand for the 
64 K-bit memories does 
not, as yet, appear to be 
very strong. However, the 
price erosion of the 
16 K-bit memories and in­
creasing competition from 
Japanese suppliers should 
cause the 64 K-bit memory 
prices to drop quickly. 

Protecting The Software 
Copyright: Software ven­
dors are very concerned 
about software being 
pirated by unauthorized 
copying . The problem is 
acute simply because it is 
very easy to duplicate 
cassette- and disk-based 
software. Further, it isn't 
especially d ifficult to copy 
software stored in read-only 
memories. 

The personal-computer 
user does not appear to be 
the cause of the problem 
because most of that type of 
pirating is for personal use, 
and it occurs only on a 
small scale without a 
significant impact on ven­
dor sales. However, several 
software vendors are com­
plaining that software 
pirates are making copies 
of their software packages 
and selling them. The soft­
ware pirate frequently 
changes the name of the 
software package and may 
even make some minor 
changes so that the con­
sumer is unaware that the 
software is a fraud. The 
practice appears to be 
widespread outside the US, 

where this kind of activity 
is very difficult to prevent. 

As a result, software ven­
dors are seeking ways to 
prevent pirating. Several 
are now experimenting with 
software techniques that 
cause the copied software 
to self-destruct if it is run 
on an unauthorized 
machine. I suspect that this 
will prove to be a deterrent 
for the experimenter and 
small-time thief. but the 
professional software pirate 
should be able to overcome 
this system. 

Tandy. Apple. And 
Commodore Are Top 
Personal-Computer Per­
formers: Each year Datama· 
lion analyzes and rates the 
top one hundred computer 
companies. For the second 
year in a row, Tandy Cor­
poration (parent company 
of Radio Shack), Apple 
Computer, and Com­
modore have made that list. 
In fact, for this past year 
Tandy ranked thirty-ninth 
(up from last year's fifty-
eighth), Apple ranked 
sixty-first (up from one-
hundredth last year), and 
Commodore ranked 
seventy-fifth (up from 
ninety-fourth last year) . 
Tandy had gross sales of 
$150 million, a 131 o/o in­
crease. Apple had $75 
million in sales, up from 
$10 million the previous 
year, a 650% increase. 
Commodore had $55 
million sales, a 150% in­
crease. 

These three personal-
computer makers had the 
highest growth r.ates of the 
top one hundred computer-
product vendors in the US. 
IBM, which ranked number 
one in total sales, had only 
a 7% increase in sales. 

Tai.ldng Computers To 
Be The Rage: 1981 should 
be the year that consumers 
first see the widespread use 
of voice output in prod ucts 
ranging from computers to 
household appliances. 
Many manufacturers are 
currently supplying 

samples of speech-synthesis 
integrated circuits to OEM 
customers. The manufac­
turers include Texas In­
struments, National 
Semiconductor, General 
Instrument, Hitachi, and 
Votrax. The Hitachi 
HD38880 integrated circuit, 
for example, can produce 
up to 200 words or one 
hundred seconds of speech 
from data stored in a 
128 K-bit ROM (read-only 
memory). The Texas In­
struments TMS5200, essen­
tially the same device used 
in the Speak & Spell toy, 
has been given an 8-bit 
data-bus interface and 
should operate easily with 
personal computers . 

Random Rumors: It is 
rumored that Intel, 
Motorola, and Fujitsu are 
all working on the develop­
ment of microprocessors 
that will implement the IBM · 
System/370 instruction set. 
Performance is expected to 
be comparable to an IBM 
3701115 . IBM is rumored to 
already have such an 
integrated-circuit version 
running . .. . Xerox is 
rumored to be attempting 
to buy Apple 
Computer . .. . Digital Equip­
ment Corporation is 
rumored ready to release a 
16-bit microprocessor 
device that will be compat­
ible with 8080, Z80, and 
6800 support circuits. It is 
expected to have the power 
of a PDP-11/23. At least 
one company is rumored to 
be investigating an S -100 
implementation.... 

MAIL: I receive a large 
number of letters each month 
as a result of this column. If 
you write to me and wish a 
response, please include a 
stamped, self-addressed 
envelope. 

Sol Libes 
POB 1192 
Mountainside NJ 07092 
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Part 3: The Alpha-Beta Procedure 

Professor Peter Frey �
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Zero-Sum Games 
In many problem-solving situations, the wisdom of a 

particular decision often depends upon the range of op›
tions that someone else may have. Many real-world de›
cision-making environments can be modeled in terms of a 
two-person game. When each player is aware of his own 
and his opponent’s options at each choice point, the game 
is described as one of perfect information. If the rules of 
the game require that each player’s gain must come at the 
expense of the other, then the game is strictly com›
petitive, or zero-sum. Familiar games that meet these cri›
teria are chess, checkers, three-dimensional tic-tac-toe, 
go, gomoku, and Othello. 

The first two articles in this series considered decision›
making situations in which a single individual was 
responsible for a series of choices. By constructing pro›
grams that searched among a large number of choice 
combinations, we were successful in developing mechani›
cal solutions for these problems. When two people are 
making choices and each is trying to better his own posi›
tion at the other’s expense, the standard look-ahead 
search that we described earlier is no longer adequate. 

Minimax Strategy 
Instead, it is necessary to consider choices in which the 

two players attempt to satisfy conflicting goals. Most of 
the important strategic ideas which are used in analyzing 
these games date back to a very influential book which 
was written in 1944 by Von Neumann and Morgenstern 
(see reference 4). 

The key idea for our present purposes is the minimax 
strategy. In analyzing any given position in the game, a 

look-ahead tree is constructed which represents the se›
quence of options that the two players have (as a hierar›
chical branching structure which grows exponentially as 
one proceeds away from the initial position). 

The minimax strategy consists of evaluating "final" 
positions at some arbitrary depth (usually defined by 
practical constraints of time and space) and then follow›
ing parent nodes all the way down the tree to the starting 
position. This path is defined by assuming that each 
player will decide among the options that are available to 
him at his choice points by selecting the one that 
guarantees the best possible outcome. 

If the terminal evaluations are chosen such that high 
numbers favor the first player (and low numbers favor 
the second player), the first player is expected to choose 
the pathway that guarantees as large a terminal value as 
possible, and the second player is expected to choose the 
pathway that guarantees as small a terminal value as 
possible. In practical terms, the first player always max›
imizes, the second player always minimizes. 

This description would seem to explain the derivation 
of the name. This is not historically correct, however. 
The "minimax" name is actually based on the underlying 
strategic idea that each player attempts to minimize his 
opponent’s maximum potential gain. 

History and Practicality 
The minimax technique appeared to be of limited prac›

ticality when it was first discovered because of the rapid 
increase in the number of terminal positions as the look›
ahead tree grows. The number of terminal positions that 
need to be analyzed in a minimax search is equal roughly 
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M MSFORTH drive a major applica lions pro›
gram for many of YOUR home, school and 
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to the average number of options at each choice raised to 
a power equal to the depth of the search tree. For exam­
ple, consider the game of chess, which averages thirty­
eight options at each choice point. A minimax search 
considering a look-ahead of four moves for each player 
would have 388 terminal positions. That is more than 4 
trillion (4,000,000,000,000) positions. 

You do not have to be a mathematical genius in order 
to determine that a process that grows exponentially like 
this one is going to get out of control very quickly. 
Because of this exponential explosion and because there 
were no computers in the 1940s, the minimax algorithm 
initially received little attention. 

In practical terms, the first player 
always maximizes, the second player 
always minimizes. 

The Alpha-Beta Technique 
In 1956, at the Dartmouth Summer Research Con­

ference on Artificial Intelligence (see reference 1), John 
McCarthy pointed out that Bernstein's chess program did 
not need to analyze all of the terminal positions in order 
to select the move that was best in terms of the minimax 
strategy. 

Although no formal description of the idea was given 
at that time, several of the game-playing programs writ­
ten in the late 1950s appear to have employed an enhanc­
ed version of the minimax procedure, which has come to 
be called the a-{3 (ie: alpha-beta) pruning algorithm. The 
name seems to have been coined by McCarthy. 

The first clear description of the technique for English­
speaking audiences was published in 1969 by Slagle and 
Dixon (see reference 3) . The a-{3 procedure provides a 
remarkable increase in the efficiency of the search pro­
cess; and, with the advent of the high-speed computer in 
the late 1960s and 1970s, the minimax idea finally came 
of age. 

Although there are many references to the a-{3 
minimax technique in the popular literature, the pro­
cedure has not received much detailed analysis in the 
academic literature. The best expository presentation on 
this topic is a recent paper by Knuth and Moore (see 
reference 1). The technical details that enhance the effi­
ciency of the a-{3 strategy are scattered throughout a 
number of hard-to-find sources. The purpose of this arti­
cle is to summarize the main ideas and to present a sam­
ple program with the key algorithms. 

Treasure Search 
To provide an explicit example, I have devised a new 

game that is easy to play and is easily programmed. One 
of the difficulties of describing the a-{3 minimax pro­
cedure within the context of a familiar game is that move 
generation and position evaluation are sufficiently com­
plex that these aspects of the program tend to mask the 
fine points of the a-{3 search. The game we will consider 
involves very straightforward move-generation and 
position-evaluation routines. For this reason, we will be 





able to concentrate on the tree-searching algorithm in the 
absence of unwanted distractions. 

This new game is called Treasure Search and is played 
on an 8-by-8 grid. A digit between 1 and 9 is randomly 
assigned to each of the sixty-four squares. Each contes­
tant has a single playing piece which is initially posi­
tioned in the central portion of the grid. The players take 
turns moving their pieces. A piece can be moved only one 
square at a time in one of four orthogonal directions (ie: 
north, south, east, or west). The object of the game is to 

Treasure Search 4 

8 6 7 5 8 9 6 

4 9 5 6 2 6 9 

George 4 4 6 4 7 4 .0 9 1 4 7 5 3 5 

6 2 5 9 X 4 4 4 

TRS•80 5 9 9 3 4 8 8 1 

0 3 7 6 2 4 5 8 

8 8 6 4 6 9 3 

Which Direction for X? 

Table 1: Starting position for Treasure Search. The human 
player moves the "X" one square at a time and attempts to 
collect as many big numbers as possible. The computer 
moves the "*" on alternate turns with the same objective. 
The first player to accumulate one hundred points wins. 

We have discounts, manufacturer’s war›
ranties, FREE shipping and insurance and a 
TOLL FREE ORDER NUMBER available. 

CALL US! 

Pan American Electronics 
Incorporated 

a ftadle lhaelt VIS4' 
AUTHOR iZ ED SAl.ES CENTER 

1117 Conway, Mission, Texas 78572 �
TOLL FREE ORDER NUMBER 800/531-7466 �

Texas & Princi al Number 512/581-2765 �
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visit squares where a large number has been assigned and 
to collect as many of these as possible. Once a number 
has been taken from a square, that location is empty and 
subsequent visits provide no additional benefits. The first 
player to accumulate one hundred or more points wins 
the game. 

Table 1 depicts the playing board as it might appear at 
the start of the game. The human player has the token 
designated as "X" and always moves first. Move selection 
is made by pressing one of the four arrow keys 
(-,-,I, I) on the computer keyboard. The program I 
will present is written for the Radio Shack TRS-80 com­
puter in Level II BASIC. 

The Treasure Search Game 
The specific numbers that appear in table 1 are set ran­

domly at the beginning of each game; therefore, a new 
playing field is present for each and every game. The 
strategy for each player is to find a pathway in which he 
can collect large numbers for himself and at the same time 
deny large numbers to his opponent. The game was 
originally planned for young children. I have subsequent­
ly found that it is fun for children of all ages. 

To begin my presenta tion, I will provide a listing of the 
computer instructions for creating the playing field and 
accepting moves from the human player. Subsequently, I 
will present the algorithm for selecting moves for the 
machine and then discuss enhancements that substantial­
ly increase the efficiency of the search. 

The Program 
The initial statements in this program are very similar 

to those at the beginning of its two predecessors. Certain 
housekeeping functions are required, such as setting aside 
memory for string storage, clearing the video display, 
telling the machine to treat all variables as integers, reset­
ting the "seed" for the random-number generator, and in­
itializing important variables: 

100 CLEAR 100: CLS: DEFINT A-Z: RANDOM: 
SH = 0: ST = 0 

(Several versions of this program are given in the body of 
the text and in listings 1 thru 3.) The variables SHand ST 
represent the cumulative score for the human and the 
TRS-80, respectively. 

Our next objective is to solicit the human player's 
name so that we can communicate with him in a civilized 
manner: 

110 PRINT@463, "PLEASE ENTER YOUR NAME";: 
INPUT N$ 

The next step is to create several arrays that will be 
needed by the program. Two arrays are needed for 
remembering mo.ve directions (A and D), one is needed to 
provide an internal representation of the playing field 
(B), and several more are used by the tree search: M 
stores the move that is being considered at each level of 
the look-ahead tree; E stores the evaluation score for each 
of those moves; Q keeps track of which moves have been 
considered at each level of the tree; V keeps track of the 
best pathway value for each level of the tree; Z 
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remembers a "killer" move for each level of the tree (this 
is explained later in this article); and PV is used to 
remember the principal variation that is selected by the 
tree search. The lines we will need are: 

120 DIM A(8), B(99), 0 (4), E(12), M(12) 
130 DIM PV(12,12), Q(12), V(12), 2(12) 

The array representing the playing field, B, is treated as 
a 10-by-10 grid with the first row having indices of 0 to 9, 
the second row, 10 to 19, the third row 20 to 29, etc. With 
this organization, the "squares" adjacent to any position 
are always separated by a constant value. The square to 
the right is always the current square plus 1. The square 
to the left is always the current square minus 1. To go up, 
add 10; to go down, subtract 10. For move generation, 
we create an array with the following coefficients: 

140 0(1) = -10: 0(2) = -1: 0(3) = 1: 0(4) = 10 

We will use a special feature of the TRS-80's architec­
ture to produce moves for the human player. A special 
array is needed to take advantage of the fact that the 
keyboard is memory-mapped. 

150 A(1) 10: A(2) = -10: A(4) -1: 
A(8) 1: CLS 

Since our program is designed for children of all ages, 
we will let the human player adjust the playing strength 
of the machine. Young children can play against a weak 
opponent. Older children can select a more competitive 
opponent. 

160 PRINT@461, 'TRS-80 PLAYING STRENGTH 
(1 TO 5)";:1NPUT Y 

The larger the number, the deeper we will have the 
machine search. 

The variable OM is used to set the maximum depth of 
the look-ahead search. It is defined as twice the value Y 
minus 1. This will produce searches of one ply, three 
plies, five plies, seven plies, and nine plies for playing­
strength settings from 1 to 5. A five-ply search involves 
three moves for the machine and two for the human op­
ponent. [A ply is a move by either opponent; the com­
bination of one move by both sides is called a play or a 
turn; thus two plies equal one move. .. GW] It is also 
necessary to create the array that provides an internal 
representation of the playing field. This is done by assign­
ing a digit from 1 to 9 to each of the squares in the playing 
area: 

170 OM = 2*Y: FOR I = 11 TO 88: 
B(l) = RND(9): NEXT I 

The squares that surround the grid are used to 
designate the edge of the board and are set to a value of 
99 for this purpose: 

180 FOR I = 0 TO 10: B(l) = 99: NEXT I: 
FOR I = 89 TO 99: B(l) = 99: NEXT I 

190 FOR I = 19 TO 79 STEP 10: B(l) = 99: 
B(l + 1) = 99: NEXT I 
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new square (J) for his piece. 
A test is also made to make sure that the new square is 

on the playing field and not currently occupied by the 
machine's piece: 

320 R = INT(R/8): J = H + A(R) 
330 IF B(J) = 99 THEN 290 ELSE PRINT@788, Z$; 

If the move is legal, the necessary changes are made to 
the video display and to the internal representation of the 
board. In addition, the player's score is modified appro?<­
imately and a check is made to determine if the game is 
over: 

360 I = H: B(I) = 0: X$ = "-": 
GOSUB 1000: S H = S H + B(J) 

370 H = J: B(H) = 99: I = H: X$ = H$: 
GOSUB 1000 

380 PRINT@321, SH;: IF SH > 99 THEN 930 

Move-Selection Strategy 
This completes the module for soliciting and processing 

the move selected by the human player. We can see that 
Treasure Search is much easier to program than more 
familiar games such as chess or checkers. We are now 
ready to address the major focus of this article, namely, 
move selection by the machine. As a first approximation, 
I will present a relatively simplistic strategy and then 
subsequently will consider more sophisticated ap­
proaches. ' 

The following initial strategy surveys the playing field 
in each of the four directions from the current position 
(T) of the machine's playing piece and selects as the best 
move (BM) the square which has the largest value (BV): 

530 BV = -1: I = 0 
540 I =I + 1: J = T +O(l): IF B(J) = 99 THEN 560 
550 IF B(J) > BV THEN BM = J: BV = B(J) 
560 IF I < 4 THEN 540 

This is equivalent to a look-ahead search of one ply. 
Once a move has been selected, it is then necessary to 
make that move on the video display and to make the ap­
propriate changes in the internal representation of the 
playing field. In addition, the score for the machine needs 
to be modified and a check needs to be made to determine 
if the game is over: 

BOO I = T: B(I) = 0: X$= "-": 
GOSUB 1000: PRINT@179, Y$; 

810 T = BM: ST = ST+B(T): B(T) = 99: 
I= T: X$= T$ 

820 GOSUB 1000: PRINT@513, ST;: 
IF ST < 100 THEN 300 

To complete the program, we need two messages to 
signal the end of the game: 

910 PRINT@915, 
'THANK YOU FOR A PLEASANT GAME"; 

920 GOTO 920 
930 PRINT@917, 

"CONGRATULATIONS, YOU WIN";: GOTO 920 
1000 R = INT(I/10): C=I -10*R: 

K = 141+(8- R)*64+C*4 
1010 PRINT @ K, X$;: RETURN 
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{Please note that this simple version of the game is not 
the version given in listing 1. To acquire this version, 
type in all the BASIC lines presented so far in the 
text. .. GW] 

Implementing a-(3 Techniques 
If you run this program on a TRS-80, it will play a legal 

game, but it will not be particularly challenging. Your 
children will probably enjoy playing it because they will 
beat it most of the time. A one-ply look-ahead does not 
produce brilliant play. To make the machine more in­
telligent, we need to add the a.-{3 minimax algorithm. To 
do this, we will substitute the following code for lines 530 
to 560: 

5100T =OM 
520 L = 1: SC = 0: S = -1 
530 V(O) = -99: V(1) = -99: M(O) = T: 

M(1) = H 

The maximum depth of the search, OT, is set to the 
value OM which was calculated at line 170. Next, we in­
itialize several key variables. The depth of the search (L) 
starts with a value of 1. The variable that remembers the 
cumulative difference between the changes in the players' 
scores (SC) is set to zero. The variable that keeps track of 
which player has the move (S) is set to a -1. 

The array that retains the best values obtained so far at 
each level of the tree is initialized at a - 99 for index 
values of 0 and 1. The array that keeps track of the move 
(M) currently being considered at each level of the tree is 
set to the value T (the location of the machine's piece) for 
the index value of 0 and to H (the location of the human's 
piece) for the index value of 1. 

The first move considered in the look-ahead process 
will be for the machine. The value of L at the base of the 
tree will be 2. You may think this a bit curious, but it is a 
useful strategy since we will want to refer to V(L - 2) 
and M(L - 2) at several points in the search process. 

To begin the main loop of the tree search, we increase 
the depth (L) by 1 and then initialize the variable Q (an 
index for the moves that have already been considered at 
this level of the tree), the variable S (an index indicating 
whose turn it is to move), and the variable V (the value 
for the best move found so far at this level of the tree): 

540 L = L + 1: Q(L) = 0: S = -S: V(L) = V(L -2) 

The next step is to increment the Q index so that the 
machine can consider the next move option at this level 
of the tree. If we have exhausted all of the move options 
at this level, it is time to branch to a special section of 
code that instructs the machine to back up one level in the 
tree: 

580 Q(L) = Q(L) + 1: IF Q(L) > 4 THEN 760 

If the move options at this level have not been exhausted, 
the machine is instructed to generate the location (J) of a 
square to which the player can consider moving: 

590 J = M(L - 2) + O(Q(L)) 
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the well-known finding that the efficiency of the a -{3 
method is increased greatly when the strongest moves for 
each player are examined first at each level of the tree. 
The disadvantage of generating, ordering, and storing all 
of the moves at each level is that most of them will never 
be examined if an a-{3 cutoff occurs. If a cutoff can be 
produced by some other means, a great deal of time and 
memory can be saved by ignoring most of the moves at 
each node and omitting the ordering process. 

The obvious question is, of course, how can we have 
our cake and eat it too? The competition among chess 
programmers over the last decade has led to some useful 
discoveries that are relevant to this problem. We will 
consider two of these discoveries that are especially effec›
tive in increasing the efficiency of the a-{3 minimax pro›
cedure. The first is the killer heuristic and the second is 
the iterative search . 

The Killer Heuristic 
The killer heuristic is a simple, yet powerful, idea that 

greatly improves move ordering. Instead of trying to 
order moves on the basis of a special plausibility analysis, 
the killer procedure simply remembers moves that were 
effective in the past. That is, information generated as a 
byproduct of the regular tree search is remembered; and 
it is applied later on in the search when a similar situation 
is encountered. In our implementation, we will remember 
the move that was judged most recently to be the best by. 
the minimax rule at each level of the tree; each time we 
visit a new node in the tree, this move will be tried first. 

To implement this idea, a few additions and modifica›
tions are necessary (see listing 2). When the tree search 
moves to a higher level, the first move examined should 
be the killer for that level (lines 550 and 560 of listing 2). 

First, the appropriate move is read from the Z array, 
then a check is made to make sure the move is legal. If the 
killer does not produce an immediate cutoff, the search 
process will revert back to the normal procedure of ex›
amining each of the possible options. This process is con›
trolled at lines 580 and 590. 

We need to modify line 590 of listing 1 to make sure 
that a move is not examined twice (first as the killer and 
then as a regular option) . 

The final step in implementing the killer heuristic is to 
provide a means for remembering the move which is cur›�

. rently most effective in terms of the minimax strategy at �
each level of the look-ahead tree. This is accomplished by �
recording the current move each time the search process �
finds that it is the best one so far; this is done at line 700 �
of listing 1. 

If the process is at the base of the tree ( L = 2), then the 
move need not be recorded since the killer strategy does 
not apply at this level. It is too late to define a move that 
should be searched first at the base of the tree . By not 
altering the killer at L = 2, we make sure that the move 
examined initially will be searched only once even if it 
turns out not to be the one eventually chosen. 

The killer heuristic is a very powerful addition to the 
a-{3 minimax algorithm. It requires only a small change in 
the algorithm, involves a negligible amount of time in 
terms of code execution, and often results in a decrease of 
50% or more in the number of nodes actually visited in 
the search tree. At the deeper levels of the tree, it ac›
complishes essentially the same function as plausibility 

ordering, but does it much more efficiently. 
The killer heuristic does not provide a means for order›

ing the moves when the machine is constructing the initial 
"limb" of the look-ahead tree. Because the search is a 
depth-first search, the process begins by selecting a se›
quence of moves that starts at the base node and goes to 
the maximum depth. The a-{3 cutoffs are most effective if 
this initial limb contains the strongest moves at each node 
for each player. This first stage of the search can be very 
time-consuming if the moves that are initially examined 
are eventually discarded for better ones. Because the 
killer heuristic employs strong moves only after they 
have been discovered by the regular search process, it is 
not helpful in structuring the initial "limb" of the look›
ahead process. 

The Iterative Technique 
A different technique has proven its effectiveness for 

this purpose. This procedure is the iterative tree search . 
Its effectiveness for increasing the efficiency of the a-{3 
minimax procedure was discovered serendipitously. At 
Northwestern University, for example, the Slate-Atkin 
chess-programming team was concerned about time con›
trol in move selection. Occasionally, in a complex posi›
tion, their chess program would conduct its regular look›
ahead search and would not complete the task in the 
amount of time anticipated. In several instances, the 
search would require four to five times as long as an›
ticipated. This was a serious problem because chess tour›
naments are conducted under strict time allowances. If a 
program takes too much time for move selection during 
the early stages of the game, very little time will be 
available when it is needed during the latter part of the 
contest. 

To cope with this problem, Slate and Atkin im›
plemented an iterative procedure whereby the search is 
conducted in stages. At first, a complete two-ply search is 
conducted, then a three-ply search, then a four-ply 
search, etc, until a search of the desired depth is reached. 
The advantage of this procedure for time control is that a 
search can be aborted at any time and the machine can 
fall back upon the move selected by the immediately 
preceding search of one less ply in depth. It is possible to 
use information gained in the early, shallow searches to 
help structure (ie: order) the deeper searches . 

Interestingly enough, Slate and Atkin discovered that 
this ordering information caused an increase in the effi›
ciency of the deeper searches which more than made up 
for the time spent conducting the shallow searches. They 
also found that the beneficial effect of the iterations in›
creases as the depth of search increases. 

The iterative search is much easier to implement than 
you might think. The key idea for enhancing the efficien›
cy of the a -{3 search is that the best sequence of moves (as 
judged by the minimax strategy) from a shallow search 
can be used to order the initial moves in the deeper search 
which follows. It is necessary to develop and record the 
principal variation for each of the searches. 

This means that, instead of remembering just the best 
move at the base of the tree, the machine needs to record 
the best moves for each side at every level of the tree. 
Thus, it predicts the initial move, the best reply, the best 
counter-reply, etc. This principal variation is then used 
for selecting the initial limb for the next deeper search in 
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Listing 3: Additions to listing 1 to implement an iterative tree 
search algorithm. These lines are to be added to the combination 
of listings 1 and 2. 

500 FOR I = 4 TO DM : Z(I - 2) = PV(2,I): NEXT I 
510 IF PV(2,3) = H THEN DT = DM ELSE DT = 2 
720 I = L: PV(L,I) = M(L): IF L = DT THEN 740 
730 I = I + 1: PV(L,I) = PV(L + 1 ,I): IF I < DT THEN 730 
780 IF DT = DM THEN 800 
790 FOR I = 2 TO DT: Z(I) = PV(2,I): NEXT I: DT = DT + 2: 

GOTO 520 

the iteration. In our present algorithm, we employ this 
strategy by placing the principal variation from the 
previous search in the killer array at the start of each 
iteration. 

The first requirement is the development and storage of 
the principal variation. This is fairly difficult to explain 
but not very difficult to implement (see lines 720 and 730 
of listing 3). Once we have a principal variation, we then 
modify the initial preparation for the look-ahead search 
(see lines 500 and 510 of listing 3 ). 

This accomplishes two important things. At line 500, 
the killer array receives the moves for each side that were 
ascertained to be best on the move calculation from the 
previous turn (not the previous iteration of this turn, but 
rather the last time the machine made a move). The index 
I-2 is used because the first two moves anticipated by that 
variation (one for the machine and one for the opponent) 
have already been played. 

Line 510 checks to see if the opponent act\lally made 
the anticipated move. If so, an iterative search is un­
necessary since the principal variation from the previous 
move calculation provides the same ordering information 
as would be obtained by the iterations. The search depth, 
DT, is therefore set to the maximum depth, OM. If the 
opponent does not make the anticipated move, an 
iterative search is required and therefore the search 
depth, DT, is set at the minimum value. Note that DT = 
2 calls for a one-ply search. 

When a search has been completed, it is necessary to 
determine if the maximum depth has been reached or 
whether another iteration is required. If the latter case 
holds true, the principal variation from the most recent 
iteration is stored in the killer array and the search depth 
is increased. In our present implementation, each itera­
tion is two plies deeper than its predecessor. Lines 780 
and 790 of listing 3 accomplish this task. 

Analysis of Modifications 
With these additions, the program will select a move in 

the Treasure Search game by using an iterative a-{3 
minimax procedure enhanced by the killer heuristic. To 
demonstrate the power of this modified algorithm, I have 
made some sample runs which count the number of nodes 
visited in the look-ahead tree in an actual game with and 
without the various modifications. These results are very 
informative. 

The program was examined in four variations: 
minimax, a-(3 minimax, a-(3 minimax with the killer 
heuristic, and iterative a-(3 minimax with the killer 
heuristic. The version involving the minimax strategy 
without a-(3 is produced simply by replacing line 750 
with: 

750 GOTO 580 





This eliminates all of the a.-{3 cutoffs. 
To insure comparability of our results, an initial game 

configuration (digit assignment) was constructed and 
placed in an array such that each game started with the 
playing field depicted in table 1. In addition, the same 
series of moves was made by the human opponent in each 
game. Each version of the program calculated a move for 
the machine’s first four times to play. In each case, the 
search depth was set for a seven-ply search. The number 
of nodes in each of the look-ahead trees is presented in 
table 2. The node count for the iterative search is the sum 
across all iterations. 

An analysis of these results demonstrates the powerful 
effect of the a.-(3 procedure. By using the IF statement at 
line 750 in the a.-(3 versions, the search effort is reduced 
dramatically. In our example with a seven-ply search and 
with four options at each node, the a.-(3 modification 
reduces the node count by a factor of about 10. Since 
there is an approximate linear relationship between the 
number of nodes in the tree and computation time, the 
a.-(3 procedure selects a move in one-tenth the time of the 
full minimax search. Since the two procedures always 
select the same move, this enhancement in speed comes at 
essentially no extra cost. • 

The results in table 2 indicate that the killer heuristic is 
also a powerful addition to the a.-(3 algorithm. In our ex›
ample, the node count was reduced by 30% to 50% by 
simply remembering moves that had proved themselves 
effective at an earlier stage in the search. 

This modification also provides substantial benefits at 
minimal extra cost in terms of processing time and 
memory requirement. The empirical analysis presented in 
table 2 also demonstrates the beneficial effects of the it›
erative procedure. The number of nodes generated in the 
calculation for the first move was reduced by almost 25% 
despite the fact that searches of one ply, three plies, and 
five plies were conducted prior to the seven-ply search. 

In the calculations for moves 2, 3, and 4, the prior prin›
cipal variation correctly predicted the human’s move so 
that the machine dispensed with the iterations because it 
already had the ordering information they would have 
produced. The results presented in table 2 clearly indicate 
that the iterative procedure enhances the efficiency of the 
search process. 

Improvements 
A comparison of the full minimax procedure as it was 

employed in the early 1950s with the modern, enhanced 
a.-(3 procedure indicates a truly dramatic increase in 
search efficiency. The full minimax procedure averaged 
approximately 17,000 nodes for the first four move 
calculations. The modern algorithm as presented in this 
article averaged approximately 600 nodes for these same 
four calculations. This difference is large enough to con›
vert an impractical but elegant idea into a powerful pro›
gramming tool. I should also point out that the effec›
tiveness of these procedures would be even more notable 
if �we had examined a game like chess with more than 
thirty options at each node instead of a simple game with 
only four options at each node. 

There is an additional way to increase the efficiency of 
the a.-(3 search. In the present program, the evaluations of 
the terminal positions are based on a cumulative process 
in which the treasures collected at each node in the tree 
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Number of Nodes in 
the Look-ahead Tree 

First Second Third Fourth 
Move Move Move Move 

Minimax � 13157 18456 20029 17609 
a·{3 Minimax � 1965 1650 1641 1794 
a·{3 Minimax with Killer 

Heuristic � 969 1023 926 830 
Iterative a-{3 Minimax with 

Killer Heuristic 753 571 675 363 

Table 2: An empirical analysis of the minimax algorithm and 
enhancements as applied to the Treasure Search game. Each 
version of the program conducted a seven-ply look-ahead 
search. 

are added or subtracted to a running total. As the search 
process nears the maximum depth of the tree, it is possi›
ble to set boundary conditions (ie: a window) that deter›
mine whether the final value can influence the selection 
process. 

In many cases, the nonterminal score will be sufficient›
ly deviant that the search can be terminated prematurely 
wthout any change in the ultimate decision process. This 
enhancement can significantly reduce the time required to 
complete the search. 

Strategic Weakness 
This program for Treasure Search will play a fairly in›

telligent game. As presented here, however, it has a ma›
jor weakness. When the game reaches its final stages, the 
machine continues to search for a pathway which gives it 
the greatest amount of treasure in the long run. This is 
not an optimal strategy because the game is won or lost at 
this stage by short-range planning. The first player to 
reach 100 wins. The machine with its present strategy 
may pass up a large treasure which would provide an im›
mediate win in favor of a smaller one which ultimately 
leads to a rich lode. This could throw away an easy win. 

Serious players may wish to introduce a special set of 
instructions for the endgame to correct for this weakness. 
The machine’s game can also be strengthened by convert›
ing the program to assembly language. The deeper the 
look-ahead search, the greater the apparent intelligence 
of the machine. Conversion to assembly language will 
permit the program to search six plies deeper without in›
creasing move-selecting time. 

This article should provide useful information to 
anyone who wishes to write a game program which 
employs the a.-{3 minimax procedure . � 

References 
1. � Knuth, D E. and R W Moore, "An Analysis of Alpha-Beta Pruning, " 

Artificial intelligence, 1975, Volume 6, pages 293 thru 326. 
2. � Maurer, W D "Alpha-Beta Pruning," November 1979 BYTE, pages 

84 thru 96 . 
3. � Slagle, J R, and J K Dixon, "Experiments with Some Programs 

That Search Game Trees," Journal of the Association for Com›
puting Machinery, 1969, Volume 16, pages 189 thru 207. 

4. � Von Neumann , J, and 0 Morgenstern, Theory of Games and 
Economic Behavior. Princeton NJ, Princeton University Press, 
1944. 



CP/M* compatible software �
SYSTEM MAINTENANCE----›
DIAGNOSTICS 1: Easily the most comprenensive set of CP/M compatible 

system check-out programs ever assembled. Finds hardware errors in your 
system. confirms suspicions. or just gives your system a clean bill of health. 
Tests: 
� Memory � CPU {8080/8085/Z80) � Terminal 
� Disk � Printer 
To our knowledge the CPU test is the first of its kind anywhere.Diagnostics I can 
help you find problems before they become serious. A good set of diagnostic 
routines are a must in any program library 

Minimal requirements: 24K CP/M. Supplied with complete user manual: 
$60.00 Manual alone: $15.00. 

ACCOUNTING--------
AccouNTs PAYABLE/RECEIVABLE: A complete. user oriented package 

which features: 
automatic postings to general ledger (optional) 
accounts payable: � check printing with invoice � invoice aging 
accounts receivable: � progress billing customer statements 

� par1ial invoice payments invoice aging 
The entire package is menu driven and easy to learn and use. It incorporates error 
checking and excellent user displays. This package can be used stand alone or 
with � the General Ledger below. 

Supplied with extensive user manual: $200.00. Manual alone: $20.00. 

GENERAL LEDGER: Acomplete. user oriented package which features 
� Accepts postings from external programs {ie. APIAR above) 
� Accepts drrectly entered postings 
� �Maintains account balances for current month, quarter. and year and previous 

three quarters 
� Financial reports: tnal balance. income statement balance sheet. and more. �
Completely menu driven and easy to learn and use. Excellent displays and error �
checking for trouble free operation. Can be used stand alone or with Accounts �
Payable/Receivable above. �
Supplied with extensive user manual: $200.00. Manual alone $20.00. �
Both require 48K CP/M, terminal with cursor positioning, home and clear home, �
one 8" disk or Two 5" disks. CBASIC2 required. �

TEXT PROCESSING-----›
TFs- Text Formatting System: An extremely powerful formatter. More 

than 50 commands. Supports all major features including: 
� left & right margin justification � user defined macros 
� dynamic insertion from disk file � underlining and backspace 
TFS lets you make multiple copies of any text For example: Personalized form 
letters complete with name & address & other insertions from a disk file. Text is 
not limited to the size of RAM making TFS perfect for reports or any big job. 

Text is entered using CP/M standard editor or most any CP/M compatible 
editor. TFS will link completely with Super-M-List making personalized form 
letters easy 

Requires 24K CP/M. 
Supplied with extensive user manual: $85.00. Manual alone: $20.00. 
Source to TFS in 8080 assembler {can be assembled using standard CP/M 

assembler) plus user manual: $250.00 

MAILING LIST------›
SUPER•M•LIST: A complete. easy to use mailing lrst program package. 

Allows for two names. two address. city. state. zip and a three digit code field for 
added flexibility Super-M-Ust can sort on any field and produce mailing labels 
direct to printer or disk file for later prrntrng or use by other programs Super• M 
List is the perfect companion to TFS. Handles 1981 Zip Codesr 

Requires 48K CP/M. 
Supplied With complete user manual $75.00. Manual alone: $10.00 

UTILITIES--------›
Utility pack # 1: Acollection of programs that you w111 find useful and maybe 

even necessary in your daily work 1we did1l. Includes: 
CMP Compare two files for equality. 

ARCHIVER : Compacts many files into one. useful when you run out of directory 
entries. 

SORT : In core sort of vanable length records. 
XOIR : Extended. alphabetical drrectory lrsting with grouprngs by common 

extension. 

---PROGRAMMING LANGUAGES 
FORTH: a full, extended FORTH interpreter/compiler produces COMPACT. 

ROMABLE code. As last as compiled FORTRAN, as easy to use as interactive 
BASIC. 

SELF COMPILING: Includes every line of source code necessary to recompile 
itself. 
EXTENSIBLE: Adds functions at will. 
Z80 &8080 ASSEMBLERS included 
Single license, OEM licensing available 
Please specify CPU type: Z80 or 8080 
Supplied with extensive user manual and tutorial: $150.00 
Documentation alone: $25.00 

ENHANCED ’TINY’ PASCAL: We still call it ’Tiny’ but it’s bigger and better 
than everl This is the Famous Chung; Yuen ’Tiny• Pascal with more features 
added. Features include: 
•recursive procedures/functions •integer anthmetic � CASE 
� FOR {loop) •sequential disk 1/0 � one dimensional arrays 
•IF ... THEN . . . ElSE •WHILE •’PEAK’ & ’POKE’ 
� READ & WRITE •REPEAT . . . UNTIL � more 
’Tiny• Pascal is fast. Programs execute up to ten times faster than similar BASIC 
programs. 

SOURCE TOOl We Still distribute source. in ’Tiny• Pascal. on each drscette 
sold. You can even recompile the compiler. add features .or just gain insrght into 
compiler construction. 

’Tiny• Pascal is perfect for writing text processors. real time control systems. 
virtually a_ny application which requires high speed Requires 36K CP/ M. Supplied 
with complete user manual and source on discette $85 .00. 

Manual alone $10.00. 

-----SOFTWARE SECURITY 
ENCODE/DECODE: Acomplete software security system for CP/M. Encode/ 

Decode is asophisticated coding program package which transforms data stored 
on disk into coded text which is completely unrecognizable. Encode/Decode 
supports multiple security levels and passwords. A user defined combinatron 
{One billion possible) is used to code and decode a file. Uses are unlimrted.Below 
are afew examples: ’ 
� data bases � general ledger � inventory 
� payroll files � correspondence � accounts pay/rec 
� programs � tax records � mailing lists 
Encode/Decode is available in two versions: 

Encode/Decode I provides a level of secunty suitable lor normal use. 
Encode/Decode II provides enhanced security lor the most demanding needs. 
Both versions come supplied on discette and with acomplete user manual 

Encode/Decode 1: $50.00 �
Encode/Decode II: $100.00 Manual alone: $15 00 �

-INTERCOMPUTER COMMUNICATIONS 
TERM: a complete intercommunications package for linking your computer to 

other computers. Link either to other CP/M computers or to large timesharing 
systems. TERM is comparable to other systems but costs less. delivers more and 
source is provided on discettel 

With TERM you can send and receive ASCII and Hex files !COM too. wrth 
included convertion program) with any other CP/M computer which has TERM or 
compatible package Allows real time communication between users on separate 
systems as well as acting as timesharing terminal. 
� Engage/ disengage prrnter � error checking and auto retry 
•terminal mode for timesharing between systems •conversational mode 
� send files � receive files �
Requires: 32K CP/M. �
Supplied with user manual and 8080 source code $11 0 00 
Manual alone: $15.00. 

CP/M Formats: 8" soft sectored, 5" Northstar, 
5" Micropolis Mod II, Vector MZ 

All Orders and General Information: 
SUPERSOFT ASSOCIATES 
P.O. BOX 1628 
CHAMPAIGN, IL 61820 
(217) 359-2112 
Technical Hot Line: (217) 359-2691 PRINl • Formatted listings to printer 

PG : Lists files to CRT a page at a time . (answered only when technician is available) SuperSoft. . . plus more. "CP/M REGISTERED TRADEMARK DIGITAL RESEARCH 
Requrres 24K CP / M 

Supplied with instructions on drscette $50.00 First in Software Technology 
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Now 
Graphics 
for your con1puter 

$680 
Expand your computer’s capabilities with this easy-to-use drum plotte1: �
The Strobe Model tOO interfaces to any computer to generate professional quality graphics. �

OFFERING High Resolution Graphics Output * Outstanding Performance * Assembler Coded �
Dlivers for High Speed Plotting* Precise Operator Controls * Interactive Coordinate Input �

ALSO AVAILABLE Hardware Interfaces for- TRS-80 •APPLE II• PET• S-100. �
Applications Software Package providing vector plotting and variable size alphanumerics �
for: TRS-80 Level II BASIC, Applesoft BASIC, Northstar BASIC, CBASIC, �
Microsoft BASIC &o FORTRAN . �











Remote Control 
in Europe 

central heating system. 
Rangith Amitirigala 
Brugg, Switzerland 

source is: Busch-Jaeger 
Elektro GmbH, 5880 
Ludenscheid, Freisenberg, 

Dear Steve, Post Fach 1280, West Ger­
Please tell me if the X-10 Up to this point the X-10 many (BRD). 

remote-control system by system has been available As for Sears Roebuck 
BSR could be operated on only in the American ver­ and Company, it is my 
220 V 50 Hz in Europe. I sion (115 VAC 60Hz). The understanding that the firm 
see from the schematic custom LSI (large-scale in­ accepts only its own credit 
diagrams and various pic› tegration) device used in the card. Rather than worry 
tures it is designed to work American units, surprisingly about which stores will 
on 110 V 60 Hz. Do they enough, can work on either accept your credit card, you 
have a 220 V system? If 50 or 60Hz. The polarity may find it easier to go your 
not, is there any way I set on pin 13 of the local bank (in Switzerland) 
could adapt the system to command-console integrated and arrange for a letter of 
work on a 220 V system. circuit selects either of the credit or bank draft when 

Please tell me where I can two operating frequencies. ordering from an American 
buy the set (ie: common These consoles cannot, company. 
console, cordless controller, however, be easily con­ Steve 
appliance module, lamp verted from 115 V to 220 V 
module, in-wall switch operation without con­
module) using an American 
Express card; maybe from 

siderable component 
changes. 

Operational Amplifiers 

Sears as you said in your ar› A call to BSR (USA) Ltd I have been using the 
ticle. If so, please let me in New Jersey produced AD284J isolation 
know the address of Sears; some fruitful answers to operational-amplifier 
for that matter, any reliable your question. Even though system that you described in 
dealer who accepts BSR is working on a Euro­ "Mind Over Matter" (June 
American Express. I’ll be pean version of the X-10 , 1979 BYTE, page 49) as an 
grateful for the two answers. another company has just EKG (electrocardiogram) 
Next time you are in Europe announced availability of a monitor, in conjunction 
drop in and see us. We have 220 V 50 Hz unit. I suggest with a surplus chart 
a wood stove too, and I that you contact this f irm recorder. Can you recom›
hope to connect it to the for price and delivery. The mend some books that will 

Introducing .. . 

mt,vo ., & MINDexCHANG E "’/,V/Jf!_, ca n sca n volumes of data for you 
system- one softsources and ex tract wha t i s m os t relevant to yo ur 

needs. 
System- one is a Pascal based inf ormation 
storage and retrieval sys tem. Softsou rces are 
ready made databases o f computin g "'IN IJ("x is designe d to adap t to your special 

vocabula r y th ro ugh a simple dic tiona1 y of keyresources , cont rac t c lauses, bi bl iog raphic 
wo r ds or thro ugh a more comp lex but ef fec • 
tive thesaurus of key concepts as d efined by 

mJV V ..x is suitable for the researcher, lawyer, 

references , and m ore. 

associated word groups. 

cont ractor, educa tor, and student. Vir tua lly 
anyone assembling or accessing tex t based mJ.IVfJ,._, ca n assist a legal practice or con• 
information may bene fit h om this versatile trac tor’s office in the generation of legal 
and productive information managemen t documents from standa rd clauses, and in 
t ool. sea rc hing case brie fs fo r legal precedents. 

miNDex �
D!JD !f {[J) § !YJ § fl rE miD § 

"'1.\'IJ,. , Features: 

� � Variable lengt h tex t records whic h may mtNIJ • . , system - one, for UCSD 
span files and disks to accommodate Pasca l 1. 5, 11. 0 , o r PASCALI M wi t h 
large da tabases. sample dat ab ases and m a nua l .. $ 175 

� � Ranke d ret rieval in order of c loses t ma tch '"IND"-"' m anual o nl y . . . . .. . $ 20 
to yo ur in quiry . 

M�IN DexC HANGE soltsour ces from $ 
prices vary wi th database, please in• 

� � In teractive inquiry as well as re tri eval from 

inquiry archive file s. r’’’’’’’’:’:’:’’’’’’’’’’’’’’’’:\!1 quire for specifics . � � Fu lly au tomatic association of yo ur key 
w ords t o all or a selected range of text [ \’}})’\:}::] "'IND"-" inf osystem s 
records . 81 Cen tennial Loop. Suite A 

� � Optiona l indexing on all t ex t in a record o r Eugene, Oregon 97401 
o n delimite d key word gr oups and the !\//\/\ ] Ph: (503)465•5627 �
abilit y to supp ress key group output. �

� � Formatting and outpu t controls w ith I {\ ? ? I 
specifiab le destination. 

UCS D Pascal i s a registere d tradem ark o f Th e Regen t s o f the Universi ty of Ca li fo rnia. PASCALI M i s a tra demark o f Sor c im. 
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help me to learn more about 
operational amplifiers? 
Matsutoshi Uchiyma 
Tokyo, Japan 

I am glad you are gaining 
experience with the circuit. 
As far as expanding your 
mind a little, I suggest the 
following books: 

� � Operational Amplifiers 
-Design and Applica›
tions, Jerald G Graeme, 
Gene E Tobey, and 
Lawrence P Huelsman, 
McGraw-Hill Book Com›
pany, New York NY 
1971. 

� � Applications of Opera›
tional Amplifiers-Third 
Generation Techniques, 
Jerald G Graeme, 
McGraw-Hill Book Com›
pany, New York NY 
1973. 

� � Handbook of Opera›
tional Amplifier Circuit 
Design, David F Stout 
and Milton K,aufman, 
McGraw-Hill Book Com›
pany, New York NY, 
1976. 

I hope these help. 
Steve 

Beyond ’’Cyclops’’ 

Dear Steve, 
I consider your series of 

articles the best collection of 
homebrew-type construction 
ideas and projects available 
to the personal-computer ex›
perimenter. Your article 
"Self-Refreshing LED 
Graphics Display" (October 
1979 BYTE, page 58) has 
prompted me to write you. 

I’d like to propose a pro›
ject to you. I understand 
that a construction project 
called "Cyclops" appeared in 
Popular Electronics that ac›
tually used a dynamic›
memory integrated circuit to 
act as a "pseudo-image sen›
sor." Can this unique idea 
be extended to larger-area 
memory devices? The 
4 K-byte circuit would make 
a nice 64-by-64 element 
array. 
Jesse Newton 

Thanks for the pat on the 
back. Sometimes late at 
night I need it. 

I remember that article 
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A General Interpolating �
Graphics Package for the TRS-80 �

If you’ve ever tried creating graph 
displays with the Radio Shack 
TRS-80, then you know that the task 
can be time-consuming. If you 
haven’t tried, you can look forward 
to the fact that axes must be 
generated and labelled, and data must 
be plotted using the awkward screen 
coordinates of Level II BASIC. After 
all this has been done, the resulting 
graph usually is not continuous, but 
has annoying holes in it. But don’t 
despair, because with our simple 
package that may be implemented as 
a subroutine plotting X, Y coordinate 
relations or geometric figures is easy. 

In order to use this plotting 
package effectively, we suggest that 
you work through each example 
given. After implementing this 
package, TRS-80 users should be able 
to plot any analytic function or set of 
x and corresponding y values effi›
ciently. This package will allow you 
to draw axes in the correct 
quadrant(s) and label them with 
chosen titles. Tic marks displayed at 
user-determined intervals, and max›
imum and minimum values displayed 
at the correct positions on the graph 
are also easy to accomplish. 
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D K Cohen and Devon Crowe �
Bell Technical Operations Corp �

1050 E Valencia Rd �
Tucson AZ 85706 �

Basic Plotting 
The plotting package is divided 

into two subroutines. The inter›
polating subroutine (see listing 1) 

With this package, TRS-80 
users should be able to plot 
any analytic function. 

plots the functibn (or coordinate 
pairs),interpolating between the 
points to produce a continuous curve. 
The resulting curve may be easily 
displayed at any position of the 
screen by changing at most four 
parameters. The program takes care 
of all scaling problems, and 
parameters are specified through the 
use of additional BASIC statements 
inserted at the front of the 
subroutine. 

To begin this demonstration, sup›
pose you desire to plot the cost of 
heating a home as a function of the 
monthly period, displayed in the 
upper right-hand corner of the screen. 

(This is done to leave space for other 
information you may desire to dis›
play.) In order to have the graph 
confined to the desired position, you 
must specify a viewport. For this 
plotting routine, consider the screen 
to be divided into one hundred 
horizontal units and forty vertical 
units. The bottom left corner cor›
responds to the screen coordinate 
(0,0). (See figure 1.) To display the 
graph in the right-hand corner, the 
horizontal coordinates should be 
from 50 to 100, and the vertical coor›
dina tes should be from 20 to 40. 
Thus, to set this viewport, the reader 
must specify the four variables, Zl, 
Z2, W1, W2. For this example the 
viewport variables should be set as 
follows: 

Z1 100 
Z2 50 
W1 40 
W2 20 

The next step is to set up the x and 
corresponding y arrays. For example, 
if during the month of January the 
heating cost was $80, the first x ele›
ment would be 1 (for the month) and 





















WI= 40 
W2= 0 
Zl = 100 
Z2= 0 
Sl = .005 

AX(!)=! 
AX(2)=2 
AX(3)=2.1 
AX(4)=1 
AX(5)=0 
AX(6)=1 
AX(7)=2.1 

WI= 40 
W2= 0 
Zl = 100 
Z2= 0 
S! = .005 

AX(l)=O 
AX(2)=1 
AX(3)=2 
AX(4)=2.3 
AX(5)= 1.3 
AX(6)=0 .3 
AX(7)=0 
AX(8)=0.3 
AX(9)= 1.3 
AX(IO)= I 
AX(! I)= 1.3 
AX(l2)=2 .3 

WI= 40 
W2= 0 
Zl = 100 
Z2= 0 
S! = .005 

AX(!)= .5 
AX(2)=0 
AX(3)=1 
AX(4)= .5 
AX(5)= 1.3 
AX(6)=1 
AX(7)=0 
AX(8)= .2 
AX(9) = .8 
AX(IO) = .98 
AX(! I)= .6 

7a 

AY(l)=O 
AY(2)= I 
AY(3)=2 
AY(4)=2 
AY(5)=0 
AY(6)=0 
AY(7)=2 

Tl=l 
TA=7 
IN= I 

GOSUB 10000 

7b 

AY(l)=O 
AY(2)=0 
AY(3)=1 
AY(4)=2 
AY(5)=2 
AY(6)=1 
AY(7)=0 
AY(8)=1 
AY(9)=1 
AY(IO)=O 
AY(l!)= I 
AY(l2)=2 

Tl= I 
TA=l2 
IN= I 

GOSUB 10000 

7c 

AY(l)=l 
AY(2)=0 
AY(3)=0 
AY(4)=1 
AY(5) = .3 
AY(6)=0 
AY(7)=0 
AY(8) = .4 
AY(9) = .4 
AY(IO)= .58 
AY(ll)= .91 

TI= I 
TA=ll 
IN= I 

GOSUB 10000 

Figure 7: Three-dimensional displays are also achieved through the transformation to 
an array. 
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Listing 2 continued: 
20365 J9 = J9 + 64 
20370 NEXT K9 
20375 F2(I9) = J9 + F3(19) 
20380 NEXT I9 
20385 IF ABS(Yl)> 1E4 OR ABS(Yl)< 1E-2 THEN D1$="#.##[[[[ " 

ELSE D1$ = "#####.##" 
20390 IF ABS(Y2)> 1E4 OR ABS(Y2) < 1E - 2 THEN D2$ = "#.##[[[[" 

ELSE D2$ = "#####.##" 
20395 IF ABS(X1)> 1E4 OR ABS(X1)< 1E-2 THEN D3$="#.##[[ [[ " 

ELSE D3$ = "##### .##" 
20400 IF ABS(X2)> 1E4 OR ABS(X2) < 1E- 2 THEN D4$ = "#.##[[[[" 

ELSE D4$ = "#####.##" 
20405 IF B 1 < > 4 7- W2 + Y2/B GOTO 20435 
20410 D1 = 1 
20415 D2= -9 
20420 D3 = - 68 
20425 D4=60 
20430 GOTO 20505 
20435 IF B1 < >47- W1 GOTO 20475 
20440 D1 =- 68 
20445 D2= -68 
20450 D4=60 
20455 IF A1=Z1 THEN D3=65 
20460 IF A 1 = Z2 THEN D3 = 54 
20465 IF A1 =Z2-X2/A THEN D3= -68 
20470 GOTO 20505 
20475 D1 =60 
20480 D2=60 
20485 D3 = - 68 
20490 IF A1 =Z2 THEN D4= -74 
20495 IF A1 = Z1 THEN D4= -62 
20500 IF A1 =Z2-X2/A THEN D4=60 
20505 PRINT@ F2(l)+D3,USING D1$;Y1; 
20510 PRINT @ F2(2) + D4, USING D2$; Y2; 
20515 PRINT @ F2(3) + D 1, USING D3$; X 1; 
20520 PRINT@ F2(4)+D2,USING D4$;X2; 
20525 RETURN 

Ca lrforma re s1dents add 6% tax 

We are experiencing telephone difficulties, please keep trying. 
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All scaling and other mun­
dane fu n ctions are taken 
care of in the subroutine. 

Text continued from page 298: 

displayed as in figure 5. This is for a 
graph of the cost of heating for every 
month d isplayed in the total 
viewport. 

Clearly, it is easy to plot any set of 
data that can be represented in array 
form. Remember that all scaling and 
other mundane functions are taken 
care of in the subroutines. You don't 
need to be concerned or irritated by 
the gyrations needed to create dis­
plays on the TRS-80. 

Analytic runctions 
In order to plot any analytic func­

tion, be prepared to transform the 
function into array form. An example 
of this is best demonstrated in the 
plotting of the function: 

This is for X taking on values from 
-10 to 10. In order for this to occur 
the following BASIC initialization 
routine is needed: 

FOR I= -10 TO 10 
AX (l +10)=I 
AY (l +10)=II5+II4-II3 
NEXT I 
TI= 0 
TA=20 
IN= 1 
AX$= "X AXIS" 
AY$ = "Y AXIS" 
C1= 2 
C2= 49750 

The result should appear as shown in 
figure 6. Note that the correct 
quadrants are displayed. 

Another feature provided by this 
graphics package is the ability to 
create three-dimensional graphs. 
Figures 7a, b, and c give several 
examples of this, along with the array 
values used . The displayed figures are 
not necessarily functions, but may 
have more than one y value for each 
value of x . 

So, crea ting graphic displays isn't 
as time-consuming as you might have 
once believed, and now there's less 
distance between the creative idea 
and its final realization on screen. • 
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= 
POCKET COMPUTER $269 

with interface LIST OUR 
PR ICE PR ICE 

TRS-232 Printer Interface $59 .95 
16K Memory Kit, TRS-Keypad $119.00 $59.00 
16K Memory Kit, TRS-Exp. Int. $119 .00 $59.00 
Upper /lower Mod Kit $59.00 $24.95 
Video Reverse Kit $23.95 
CPU Speed-up Kit $24 .95MODEL I $699 Data Oubber $49.95 
Percom Electric Crayon, w/cab\e $279.95 
TRS -80 Oust Cover (3pc set) $9.95 $7.95LIST OU R 
TRS-80 Computer Case $109.00 $99 .95PRICE PRICE 
TRS-80 Monitor Case $84.00 $84.00 

Model-l, Level -l\, 4K $649.00 $619 .00 
Model-l, 16K no Keypad $768.00 $669 .00 
Model-l, 16K w/Keypad $849.00 $729.00 
Model-l\, 64K RAM $3899 .00 $3799.00 
Model-Ill, 16K RAM $999.00 $929.00 
Model-l\ I, 32K Dual Disk $2495 .00 $2299 .00 
Pocket Computer w/Interface $298 .95 $269.00 
TRS-80 Color Computer $399.00 $359.00 
TRS-80 Color Computer Expanded $599.00 $519 .00 
COMM-80 Interface $179 .95 $159.95 
CHATTER BOX lnter1ace $259.95 
DISK -80 lnter1ace $349.95 $329 .95 
Expansion Interface, no RAM $299 .00 $279.00 
Expansion Interface, 16K RAM $418 .00 $339 .00 
Expansion Interface, 32K RAM $537 .00 $399.00 
RS-232 -C Board $99 .00 $89.00 

MODEL Ill $929 �

COLOR COMPUTER $359 
LIST OUR 

PRICE PRICE 

Percom, TFD -1 00, 40-track $429.95 $399.00 
Per com, Dual TFD-1 00 Drives $849 .00 $799.00 
Percom, TFD-40, 40-track $399 .95 $379 .00 
Percom, TFD-200, 77-track $675.00 $629.00 
Hardside, 40-track Disk Drive $399.00 $359 .00 
Percom Data Separator $29 .95 
Percom Extender Card $15.95 $15 .00 
2-0rive Cable $29.95 $29 .00 
4-0rive Cable $39.95 $39.00 

TERMS: 
TERMS : Prices and specificat ions are subject to change . HARDSIDE accepts VISA & M ASTERCARD . 

Certified checks and Money Orders ; Personal checks accepted (takes 3 weeks to clear) . HA RDSIDE pays all 
sh i pping charges (within the 48 states) on all PREPAID orders OVER $100 .00. On all orders over $100 a 
$2.50 handl i ng charge must be added . COD orders accepted (orders over $250 require 25% deposit) there is 
a $5.00 handling charge. UPS, Blue Label, and Air Freight available at extra cost. 
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The Chatterbox 
A TRS-80 Interfacing Alternative 

The CHATTERBOX is a unique packaging combination of the presently 
available COMM-80 1/0 Interface for the TRS-80" and an acoustic modem. 

This one box is all that is required to turn even a barebones 4K TRS-80" into a 
full time-sharing terminal. 

The CHATTERBOX includes built- in programmable 50-19200 baud serial port, a Centronics 
compatible parallel printer port, a 300 baud acoustic originate modem, and a spare TRS-BUS 

expansion connector. It comes complete with power supply, ribbon cable and connector, user’s manual, and 
terminal software for immediate operation. •when the modem is in use, the complete data conversion is 

automatically routed to the serial output port where it can be logged on a printer. 
The CHATTERBOX is the only peripheral needed to allow a TRS-80" to communicate with time-sharing systems such as 
MICRONET and the SOURCE. 

It is completely hardware and software compatible with existing TRS-80" products and connects either to the keyboard 
connector or screen printer port on the RS Expansion Interface. Features : Full 8-bit parallel port; RS-232-C serial port (up to 

19,200 baud); Acoustic modem; TRS-BUS connector for future expansion; Connects to Keyboard or E. I.; Includes terminal 
software; Users manual; Power supp ly . $259.95 

LAC to TAS-80 � $20.00PRINTERS 
LAC to PET, IEEE $59.00 

LIST OUR LAC to AS232C, male or female $65.00 
PRICE PRICE � 730 or 737 to TAS-80 $29.00 

NEG or 779 to TAS-80 $35.00 
AS-232-C to AS-232-C, male to male $24.95Centronics 730 $795.00 $749.00 

Centronics 730-3 $895.00 795 .00 
Centronics 737 $995.00 $869.00 
Centronics 779 $1395.00 $1095.00 
Centronics 779 w/lower case $1595.00 $1195.00 GENERAL INTEREST 
NEG 5510 SpinWriter $3195.00 $2595.00 

LIST OURNEG 5520 SpinWriter $3395.00 $2895.00 
PRICt PRICtNEG 5530 SpinWriter $3195.00 $2495.00 

NEG Tractor-Feed Option $249.00 $225.00 
BSA System X-10 Home Controller $124.95 $109.95LAC 70001 (64-col.) $405.00 $299.00 
BUSY BOX, TAS-80 $114 .95 $99 .95LAC 7000’ (40-col.) $389.00 $289.00 
BUSY BOX, S-100 $119.95 $114.95Okidata Microline-80 $800.00 $699.00 AC-SFK-31 Line Filter $24.95 $19.95Tractor-Feed Option $140.00 $129.00 
IS0-2 Line Filter & Isolator $56.95 $49.95AS-232-C Option $299.00 $279.00 
IS0-2/CBS Line Filter-Isolator $70.95 $59.95 
IS0-7 /CB Super Filter-Isolator $146.95 $99.95 
Mini-Flex O.iskette File $24.95 $19.95 
CASIO C-80 Calculator Watch $49.95 $44 .95 
BONE FONE $69.95 $56.95 
LOGOS-9 Printing Calculator $99 .95 $79.95 

CASIO �
C-80 CALCULATOR �

WATCH $44.95 �
(plus $2.50 postage and handling) 

OLIVETTI 
LOGOS-9 
PRINTING 

FONE CALCULATOR 
$56.95 $79.95 

(plus $2.50 postage and handling) (plus $2.50 postage and handling) 

SPECIAL 

BONE 
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460x512 Computer •generated 240x256 Digitized image, 161evels 

ROBOTICS• AUTOMATED COUNTING AND MEASURING-QUAUTYCONTROLMONITORING• 
PATTERN RECOGNITION-IMAGE PROCESSING-MEDICAL AND SCIENT lAC RESEARCH 

\DiScl3l 
MART, INC. 

GO FOR IT! �
FOR PRICE,QUALITY & RELIABILITY 
ADDS REGENT 25 ... . .............. . $ 875.00 
ANA COM Printer (Ser./ Par.) 150CPS . . . . 1095.00 
ANADEX Printer DP-8000 . . . . . . . . . . . . . . 925.00 
ANADEX Printer DP-9500/9501 ......... 1425.00 
BASE 2 Printer with options . . . . . . . 599.00 
CENTRONICS Printer 779 w/tractor 975 .00 
CENTRONICS Printer 730 (Parallel) . . . . . 675 .00 
CENTRONICS Printer 737 (Parallel) . . . . 825.00 
EATON Dot Matrix Parallel . . . . . . . . . . . . 399 .00 
EPSON TX80 Tractor Feed/Graftrax . . . . Call 
MICRO-TERMS . . . . . . . . . . . . . . . . . . . . . . Call 
NEC SPINWRITER 5510 R.O./forms tractor 2725.00 
TELEVIDEO 920-8 . . . . . . . . . . . . . . . . . . . 795 .00 
Tl 9914 Personal Computer I monitor 925 .00 
TRIMM-Printer Stand with basket . . . . . . 95 .00 
CALL FOR QUOTES ON ANY OTHER MICRO PRODUCTS 

We are dealers for BASF, DYSAN, 3M(SCOTCH) Dis›
kettes, Cartridges, Mag Tape, etc. In addition we carry a 
complete line of Printer Ribbons and other data process›
mg accessones. 

1840 LINCOLN BLVD., lnisc13! SANTA MONICA, CA 90404 
(213) 450-5911MART, INC. 

� Highest quality 480x512x8 digital video. image 
� Input capability from 1V cameras or other sources 
� Variety of synchronization choices 
� 2 selectable video A/D conversion circuits 
� Choice of t. 2, 4, 8, 16 or 24 bits per pixel 
� 32K-byte image memory on the basic system 
� 64K, 128K, 192K and 256K-byte system capacity 
� High resolution lightpen input 
� Photographic trigger control input 
� Software selectable system parameters 
� Stand-alone intelligent graphics unit with universal interface 

Accessories: 
� RGB color monitor � Hard copy printer /plotter 
� High performance lightpen � Software packages available 

I DICiiTAL 441 California Avenue 
CiRAPHIC Palo Alto, CA 94306 
SYSTEMS 415/494-6088 

JOE COMPUTER* Presents Exclusive Software: 
IT’S FOOTBALL SEASON! 

Pro and College Football from SDL: 
A TRS BOt Jranslation ol Ken Peny’s popular Apple programs. These programs predicl poinl 
spreads wilh unbelievable accuracy. They are heuristic and require about 10 minutes a week to 
record the weekend’s results into the data base from your local newspaper. You may predict any 
game within seconds from the data saved on cassette or disk. Pro Football contains all 28 pro 
teams. College football contains an unbelievable data base of 78 teams’ Each program comes with 
the entire t979 season data file on cassette or disk. You can display each team’s record of scores 
or won-loss record. A record of 4-5 weeks is required before predictions are effective so you ’re 
just in time! Pro or College Football will be shipped U.P .s. blue label the same day order is receiv›
ed. Order C.O .D. by phone. $1.00 blue label charge; C.O .D. lees added on. 
Pro Football Cassetta (32K TRS 80 Laval II( . . . . 

Disk ............. .... . 
. $21.95 

$26.95 
Cllllaga Football Cassatta(48K TRS 80 laval II) 

Disk .......... . . 
... .. .............. $21.95 

...... ..... $26.95 

Horse Race Handicapping! 
Probability Handicapping Device 1 was written by a professional software consultant to TRW 
Space Systems. This is acomplex program carefully human factored lor easy use. It is a com• 
prehensive horse racing system lor spotting overlays in thoroughbred sprint races. Your computer 
will accurately predict the win probability and odds line lor each horse based on your entries from 
the racing lorm. The nexl day overlaid horses can be spotted on the track tote board. The users 
manual contains acomplete explanation of overlay betting plus much more useful information. The 
appendix contains adetailed tab run of a 100 consecutive race system workout showing an amaz• 
ing 50% return ($.50 returned lor each $1.00 llat wager). Includes many features such as error 
correction, bubble sort, line printer output. archiving, etc. The manual may be ordered seperately 
lor perusal lor $7.95 and credit. PHD-1 users manual and cassette for: BK Apple II Applasoft. BK 
Challenger (specify 1P or 4P), TRS-80 16K level II . . .................. . . $29.95 
Apple or TRS-80 Disk .. . . .. . . . . . .. . ... . ......... $34.95 

Brand new !rom SOL: Win At The Races another Ken Perry spectacular! This algorithm is based 
on a currently popular book representing the most ambitious multiple regression research on 
thoroughbred racing to date. The probable odds and win probability for each horse are displayed. 
Line printer oulput. error correction, descending sort; all the niceties’ 
Win At The Races cassette (32K TRS-80 Laval II) . . . . .. . . . . . .. .. . .. .. . ....... $34.95 

Disk (48K TRS-80 lava! II) . . . . . . . . . . .... .. $39.95 

THE BDDK •for the Computerized Handicapper! �
WINNING AT THE RACES by William Quirin Ph.D. Computer science has come to the rescue of the �
racing fan. This is the first major scientific study of handicapping available to the general public, �
detailing what the computer reveals about class. form, early speed, and more; plus special multi• �
pie regression computer systems. A Tom Ainsle - winners circle book. �
Winning AlTha Races . . .. .. .. .. .. .. .. ... .................. $21.95 �

+ $.75 P & H 
Order now to get on our list and receive back Issues free! 

Phone Orders: Mike (213)992-0514 Systems Design Lab (2t3)374-4471 

Make Checks payable to. JOE COMPUTER 
22713 Ventura Blvd., Suite F, Woodland Hills, CA 91364 

�Get on the Computers & Gambling Products mailing list for $3.00 & receive available back issues 
Calif. res. add 6% tax. tTRS-80 is a Registered Trademark of Tandy Corporation 
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Systems, New York NY. December 3-5 December 1980 This is a seminar for plan›
Conference, Orlando Mar›
The 1980 Winter Simulation 

ning, organizing, and im›
plementing a comprehensive riott, Orlando FL. This con›
system for the humanference will feature papers, December 2-5 resources area. It will panel discussions, tutorials, The Eleventh International demonstrate ways to set up and review sessions onConference of the Computer a useful personnel record›discrete and combinedMeasurement Group, keeping system. The course simulations. Contact Pro›Sheraton-Boston Hotel, fee is $695. For information, fessor Tuncer I Oren, Chair›Boston MA. This conference contact The University of man, Department of Com›is entitled "Computer Per› Chicago, Center for Con›puter Science, University of formance Evaluation in the tinuing Education, MCOttawa, Ottawa, Ontario80s." Contact Judith G Seminar Division, 1307 E K1N 9B4, Canada, (613)Abilock, Price Waterhouse 60th St, Chicago IL 60637,231-5420.and Company, Office of (BOO) 223-7450.

Government Services, 1801 December 3-5 

K St NW, Washington DC Implementing Computer› December 4 
20006, (202) 296-0800. Based Human Resource California Computer Shows, 

Our Newest �
Data Base �

Management�
System �

Introducing CONDOR SERIES 20/DBMS, the relational 
data base management system for users who want power­
ful performance at reasonable prices. 
For the special introductory offer of $695, discover how 
easy it is to develop business or personal information 
systems with SERIES 20/DBMS. 

•Create a Data Base in Minutes 
•Full CRT Screen Management 
•Use English-like commands. Host language not 

required. 
•Computational, Statistical, and Sorting Capabilities 

CONDOR SERIES 20/DBMS is compatible with many Z-80 
microcomputers with at least 48K RAM running under 
CP/M® operating systems. 

CP/M is a registered trademark of 
Digital Research. Inc 

CONDOR SERIES 20/DBMS 
__User’s Manual ($35, plus tax) _ _ Additional info rmation . 

__SERIES 20 package ($695, plus tax) 
Please Send To: 

Name ___________ Position _ _ _ _____ 

Company _ ___ _ _ _ __ Address _ _____ _ _ 

City State____ZI P____ 

Phone ( Computer CRT _ ___ 

CONDOR COMPUTER CORPORATION 
3989 Research Park Drive, P. 0 . Box 8318 �

Ann Arbor, Michigan 48107 (313) 769-3988 �
Dealer inquiries welcome. C 20•2 �

Hyatt-Palo Alto, Palo Alto 
CA. Show hours are from 1 
to 7 PM. OEM (original 
equipment manufacturers) 
and end-user computer and 
peripheral products will be 
exhibited and demonstrated 
by over sixty companies. 
Contact Norm De Nardi 
Enterprises, 95 Main St, Los 
Altos CA 94022, (415) 
941-8440. 

December 10 

1980 Computer Networking 
Symposium, Gaithersburg 
MD. The symposium is 
sponsored by the IEEE Com›
puter Society, Technical 
Committee on Computer 
Communications, and the 
Institute for Computer 
Sciences and Technology of 
the National Bureau of Stan›
dards. The focus is on office 
automation, office system 
components, and the com›
puter networks required to 
interconnect them. For in›
formation, contact Executive 
Secretary, POB 639, Silver 
Spring MD 20901, (301) 
439-7007. 

January 1981 

January 7-9 

The Fourteenth International 
Symposium on Minicom›
puters and Microcomputers, 
Hotel del Coronado, San 
Diego CA. The scope of the 
symposium will cover tech›
nology, hardware, software, 
engineering, languages, sys›
tems architecture, operating 
systems, numerical methods, 
computer networks, and 
other aspects of computing. 
Contact the Secretary, 
MIMI ’81 San Diego, POB 
2481, Anaheim CA 92804. 

January 13-15 

Communications Networks 
1981, Albert Thomas Con›
vention Center, Houston 
TX. This show will feature 
exhibits and seminars cover›
ing network policy and 
management for US and in›
ternational users and car›
riers; network architecture, 
software, and hardware; 
new developments; informa›
tion appliances; and more. 
This conference is aimed at 
communications profes›
sionals, carrier, service and 
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MUSIMP79 
(+MUSMORE l 

I I �
TRACE 

FOR DEBUGGING 
MU - SIMP PROGRAMS 

ARRAY 

USED TO BUILD 
MATRICES 

MATRIX EON 

MATRIX MANI PULATION 

OPERATIONS› OF EQUATIONS 
MULTIPLICATION, 
INVERSION, ETC. 

SOLVE 

SOLUTION 
OF EQUATIONS 

TRGPOS 

option of changing or adding to 
muMATH-79 by changing existing 
muSIMP-79 programs (1e. packages) 
or adding your own. 

muSIMP-79 is a variation of the 
well-known list-processing language 
LISP; it has been adapted for read›
abili ty and op timized for the 
manipulation of symbolic expres›
sions. Considering that the entire 
capabilities of muMATH-79 are 
based on the use of the muSIMP-79 

Figure 2: Functional dependency c hart for 
the packages in muMATH-79. Torun any 
package shown here, muSIMP-79 and all 
the packages connecting it to that desired 
package must be compiled to make a 
custom m uMATH-79 system. 

ARITH 

AR I THME TI C 

I 
ALGEBRA 

MANIPULATION 
OF EXPRESSIONS 
USING VARIABLES 

I I I 

I 
DIF 

DIFFERENTIATION 

LOG 

LO GARITHMIC 
FUNCTIONS 

I I 
TRGNEG 

POSITIVE NEGATIVE 
TRIGONOMETRIC TRIGONOMETRIC 
FUNCT I ON S F U NCT IO N S 

language, the availabilit y of 
muSIMP-79 is a definite advantage. 

Documentation 
The muSIMP/ muMATH-79 Sym›

bolic Math System comes with all its 
associated file s on floppy disk and its 
printed documentation in a three-ring 
binder. There are about 175 pages of 
printed documentat ion in the 
reference manual, with tabbed sec›
tions marked General Information, 

I �
INT 

SOLUTION OF 
INDEFIN ITE 
INTEGRALS 

I �
INTMORE 

MORE COMPLEX 
INTEGRATION, 
PLUS DEFINITE 
INTEGRALS 

Calculator-Mode Lessons, Program›
ming-Mode Lessons, muSIMP-79, 
Arithmetic, Algebra, Equation, 
Ma trix, Log and Trig, and Calculus. 

All of the sections consist of either 
documenta tion or source code for a 
particular package, both of which are 

Never so fast • .� Never so easy! 

3DAnimation for theA.pple 11 1 �
With SubLOGIC ’s A2-3D1 high-speed 3D Cassette $45 or disk $55. See your 
animation package for your Apple, you dealer or order direct (include $1 .75 
can � generate scenes or drawings for UPS or $2 .50forfirst class mail). 
� view them from any distance or angle Illinois residents add 5% sales tax. 
and, yes � even rotate them. All you Visa and Mastercard accepted. 
need is 16K RAM and the creative urge. 

116 pages of documentation incI uded 
to guide the beginner through scene The engineering and graphics experts 
creation, storage, retrieval, movement, opening a new era in computer simulation. 
and advanced applications. 

Special Features: 
�100-150 lines-per-second projection rate §M@LDGIC 
� .Dual page flicker free animation Distribution Corp. 
� Scenes created with standard coordinates Box V, Savoy, IL 61874 
� Easy use with BASIC programs (217) 359-8482 
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The world’s most popular microcomputer, with 16K of 
memory and Level I I basic for only $685, complete with 
full 90 day Radio Shack warranty. We accept check, 
moneyorderorphoneorderswlthVisaorMasterCharge. 
(Shipping costs added to charge orders). 
Disk drives, printers, 
peripherals, software 
and games . . . you 
name. it, we’ve got it 
(Both Radio Shack & 
other brands). Write 
or call for our 
complete price list. 

C&S 
ELECTRONICS MART 

Ltd. 

32E.MainStreeteMilanMichigan48160e(313)439-1400 

Back Issues for sale �

The following issues are available: �
1976: July and November �

1977: March, May thru December �
1978: February thru October, December �

1979: January thru December except March �
1980: January to current issue except February �

Cover price for each issue through August 1977 is $1 .75 �
Domestic; $2.75 Canada and Mexico; $3.75 Foreign. �

September 1977 through October 1979 issues are $2.50 �
Domestic; $3.25 Canada and Mexico; $4.00 Foreign. �

November 1979 to current is $3.00 Domestic; $3.75 Canada �
and Mexico; $4.50 Foreign. �

Send reque sts with pa yment to: 

BYTE Magazine 
70 Main St, Peterborough NH 03458 

Attn: Back issues 

0 � 0BUY COMPUTERS �
0 BY MAIL ORDER 0 �

0 

AND SAVE 16°/o 
0 �

0 � 0 

0 � APPLE HARDWARE 
16K s 958.00 

0 � 32K $1,040.00 
48K $1,099.00 
Disk with Controller 0 s 495.00 
Disk s 440.00

0 Pascal s 445.00 
Graphics Tablet s 655.00 

0 Symtek Light Pen s 215.00 
Versawrlter Digitizer System 

s 215.000 Vldex Vldeoterm 
80 Column Card s 315.00 

0 with graphics-ROMS 335.00 
Apple ClocK s 225.00 
Micro Soft Z-80 Software Card 
wlthCPM $ 319.00 
Parallel Printer Card 

0 

0 s 145.00 
Communications Card with 

0 connecting cable s 185.00 
Apple II Firmware Card 

s 149.00
0 Integer Basic Firmware 

s 149.00 
0 

0SOFTWARE I 
Controller (General Business I 
System) S 519.00 tO 
Cashier (Retail Mgmt & I 
Inventory System) s 199.oo 10 
Apple Post Mailing List I 

s � 45.00 :o 
I 

CROMEMCO :o 
SAVE 16% ON ALL EQUIPMENT I 

:o 
NORTHSTAR I 

Horlzon-2-32KDD :o 
$2.390.00 I 

0 
VERBATIM 
8r MEMOREX 0 
5’/4’ s 27.50 

0 

PLASTIC BOXES 
5’/�" s 
8" s 

2.25 
3.50 

0 

0 
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available on the disk in machine­
readable form. Included are sections 
on building, saving, and using a 
muMATH-79 environment (which is 
the muMATH-79 packages compiled 
plus all the variable and status 
assignments completed to date). In 
addition, ten files (five ·for each sub­
ject) that execute interactively on the 
host computer cover the topics of 
using muMATH-79 in what is called 
calculator mode and of programming 
in muSIMP-79. 

The Soft Warehouse prints an 
occasional newsletter that contains 
updates, additions, and (very occa­
sionally) corrections to its muSIMP I 
muMATH-79 and muLISP (another 
of its products) systems. The people 
at the Soft Warehouse have been 
friendly and informative every time 
I've called them. 

muMATH-79 for the TRS-80 
Microsoft Consumer Products of 

Bellevue, Washington (a sibling com­
pany to the Microsoft of Microsoft 
BASIC fame) is marketing two ver­
sions of muSIMP/muMATH-79 for 
the TRS-80. The first version, 
equivalent to the one described in this 
review, will sell for $250. 

A slightly diminished version of the 
system will be available for $75-a 
very reasonable price. Although I 
have not seen it, the manufacturer 
informs us that the system will come 
with two floppy disks (one for 
32 K-byte systems, one for 48 K-byte 
systems) and an abbreviated manual. 
The floppy disk for the 32 K-byte 
system will include muSIMP-79, a 
precompiled module including the 
arithmetic, algebra, and equation­
solution packages, and uncompiled 
logarithmic and positive and negative 
trigonometric packages. 

The floppy disk for the 48 K-byte 

At a Glance: 

Name of program 

Type of program 

Manufacturer 

Price 

Format 

Language used 

Computer needed 

Documenta lion 

Audience 

TRS-80 system will be the same but 
will add the differentiation package 
and most of the integration packages 
in the compiled module. Both ver­
sions have extensions that allow 
muSIMP to access the TRS-80 
graphics. 

Conclusions 
e The muSIMP /muMATH-79 

Symbolic Math System is a very 
impressive tool. It fills a gap in the 
spectrum of problems solvable by a 
computer. 

• Although it cannot work 
wonders, muSIMP/muMATH-79 can 
solve many of the problems encoun­
tered in algebra, trigonometry, and 
even calculus classes. (Educators need 
not fear: muMATH-79 does not pro­
vide a solution's derivation, only the 
final answer.) 

• Educators from the high-school 
level up have used the package as an 
aid to teaching mathematics. And 
researchers have used it to keep track 

muSIMP/muMJ\TH"79 

language/utility 

The Soft Ware house 
POB 11174 
Honolulu HI 96828 
(808) 734•5801 

$290 

5•inch or 8-inc h disk 

8080 machine language 

an 8080, 8085 , or Z80•based computer 
running CP/M, CDOS, IMDOS, or TRSDOS 
operating systems 

175 pages, 8 ’12 by 11 inches, in three›
ring binder 

high-school and college students, educators, • 
programming language enthusiasts 

of equations during complex mani­
pulations. Other potential users in­
clude: engineers demanding exact 
numeric solutions of problems and 
matrices (the fractional answers can 
be divided out conventionally to give 
decimal answers of any accuracy); re­
searchers interested in artificial in­
telligence; college professors studying 
programming languages, and all 
those in need of a calculator. 

• Although this is no fault of the 
package, muMATH-79 occasionally 
behaves in a way that, although cor­
rect, leads to unexpected and seem­
ingly mysterious results. (1, for exam­
ple, was unable to save a compiled 
package to disk drive B because I had 
assigned an algebraic value to the 
variable B.) Some sophistication on 
the part of the user is necessary in 
such cases. 

• The documentation is good, but 
a thorough knowledge of the system 
is gained only by lots of practical 
experience. • 

AIM 65 
AiM 65 is fully assembled, tested and warranted. With the addition of a low cost, readily available power 
supply, it’s ready to start working for you. It has an addressi ng capability up to 65K bytes , and comes 
with a user-dedicated 1 K or 4K RAM. 
� Thermal Printer � Built-In Expansion Capability 
� Fuii•Size Alphanumeric Keyboard � TTY and Aud io Cassette Interfaces 
� True Alphanumeric Display � ROM Resident Advanced Interactive Monitor 
� Proven R6500 Microcomputer System Devices � Advanced Interactive Monitor Commands 

PRICE: $389.00 
Plus $4.00 UPS (shipped in U.S. must give street address), $10 parcel post to APO’s, FPO ’s, Alaska, 
Hawaii,Canada, $25 •air mail to all other countries 
We manufacture a complete line of high quality expansion boards. Use reader service card to be added 
to our mailing list, or U.S. residents send $1.00 (International send $3.00 U.S.) for airmail delivery of our 
complete catalog. 

2951 W. Fairmount Avenue � Phoenix, AZ 85017 � (602) 265-7564 �
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An 8088 Processor �
for the 5-100 Bus, �

Part 3 

Thomas Woodward Cantrell �
2475 Borax Dr �

Santa Clara CA 95051 �

MON88 is a small system monitor for the single-board 
8088-based processor described in parts 1 and 2 of this ar›
ticle (September and October 1980 BYTE, pages 43 and 
62 respectively). 

The current configuration of MON88 implements six›
teen commands (expandable to twenty-six) and uses less 
than 1.5 K bytes of memory. This includes a "large" (ap›
proximately 256-byte) video driver required for my hard›
ware environment and lengthy messages (about 128 
bytes’ worth) that make MON88 easy to use. No attempt 
was made to optimize the amount of memory used. 

Stripping out the video-driver routine (that is, using a 
hardware terminal, rather than software, to create the 
same effect) and the messages, along with some optimiza›
tion, can probably reduce code size to 1 K bytes. My 
plan is to expand the monitor until it fills the 2 K bytes of 
EPROM (erasable programmable read-only memory) in 
the 8755A-2 integrated circuit on the processor board. 
(See table 1 for a quick-reference guide to the MON88 in›
struction set.) 

MON88 Philosophy 
The 8088 incorporates very powerful, mainframe-like 

architectural features such as segmented memory, 
pipelining, multi- and co-processing "hooks," etc. One 
key objective of the 8088 project has been to implement 
the hardware and software in as simple a fashion as possi›
ble. This will allow users familiar with traditional 8-bit 
processors to ease into an understanding of this powerful 
new machine. 

Following the philosophy of simplicity, my 8088 design 
embodies what is known as the "small model of computa›
tion." This model assumes that a given task can be im›
plemented using one set of segmentation register values: 

� one 64 K code segment 
e one 64 K data segment 
� one 64 K stack segment 
e one 64 K extra segment 

A key feature of the 8088 is that, for many instruc›
tions, certain memory segments are used to determine an 
absolute memory address. This allows instructions to be 
implemented in fewer bits, contributing to the extremely 

efficient use of memory in the 8088. This is not a restric›
tion because the default segment can be overridden by 
using a segment-prefix for the instruction in question. 

In fact, my decision was to initially use only sixteen of 
the twenty address lines a vailable on the processor 
board. In this case, all segments (code, data, stack and 
extra) totally overlap in the 64 K-byte address space of 
the processor board. This means we need not concern 
ourselves with what segment is where, and what instruc� 
tions assume which segments. 

MON88 Organization 
The organization of MON88 in memory is shown in 

figure 1. I will briefly discuss each section. Note that 
modifications to MON88 for your own environment are 
discussed later in this article. The following paragraphs 
describe each section of the monitor. 

Storage allocation and constant definition: This section 
defines commonly used constants and specific I/0 (in›
put/output) port addresses, etc. In addition, memory 
allocation is performed for needed buffer and variable 
space. 

User jump table: This is the first actual code in MON88 
consisting of two MON88 entry points (!NIT and 
START) and three I/0 entry points (KEYIN, KEYST AT 
and VIDOUT). A user program could terminate by jump›
ing to one of the two MON88 entry points. Similarly, a 
user program could call one of the I/0 entry points. 
When the I/0 is done, the return instruction of each I/0 
routine will give control back to the user program. 

Segment register and I!0 initialization: The code, 
data, stack and extra segments (CS, OS, SS and ES) are 
set overlapping at address 0. Environment-dependent 
l/0 initialization is also performed by this routine. 

Main loop: This is the overall control routine for 
MON88. It prints the promp t character and accepts a 
one-letter command from the console. The appropriate 
command-routine address is determined and control is 
transferred from this routine. 

Message storage: Messages used by various commands 
are stored here. Note that each message is terminated by 
a 0. 

Command jump table: The addresses for the twenty›
six possible commands are stored here. Note that 
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HEXADECIMAL 
ADDRESS 

STORAGE ALLOCATION 

CONSTANT DEFINITION 
(EQUATES) 

USER 
JUMP 
TABLE 

FBOO 

SEGMENT REGISTER 

FBOF 

1/0 INITIALIZATION 

MAIN 
WORKING 

LOOP 

F835 

MESSAGE 
STORAGE 

FB5A 

COMMAND 
JUMP 
TABLE 
( CTABLE) 

FBBB 

UTILITY 

FBEC 

1/0 ROUTINES 

COMMAND 
ROUTINES 

FA7E 

VIDEO 
DRIVER 

FDlB 

Figure 1: Memory map for the MONBB monitor. 

unimplemented commands are given the ERR (error) ad­
dress. 

Utility and 110 routines: This and the following (com­
mand routines) section make up the bulk of MON88. The 
utility routines are used by command routines. This 
allows command routines to be implemented largely as 
calls to various utility routines (see figure 2). For in­
stance, many commands require the acquisition of a 
starting and ending address. The utility routine SETUP 
performs this function. Many of these utility routines 
may be useful in your own programming efforts. 

Command routines: These are the routines that actual­
ly perform each command. Due to the extensive use of 
the above utility routines, most commands are easily im­
plemented as a series of subroutines. A good example is 
the W (CWRITE) cassette-write command, which dumps 
a block of memory to tape (see listing 1, starting at line 
576). Note that of the twelve "instructions" constituting 
the command, eight are calls to other routines. 

The advantage of programming in this manner is that 
the command routines are easy to write. Should you 

UTILITY 
ROUTINE 

COMMAND .•ROUTINE • 
UTILITY 
ROUTINE 

Figure 2: High-level flowchart for MONBB program. In general, 
the program decodes user input and, if valid, jumps to the ap­
propriate command subroutine. Once the routine is finished, 
control is passed back to the command-input routine, and the 
program prints another prompt. 

want to add commands, they can probably be im­
plemented largely as a series of calls to already-existing, 
tested utility routines in MON88. This also saves 
memory space by eliminating redundant coding of essen­
tially the same routine. 

Video driver: My hardware requires a relatively 
lengthy software driver for the video board in my 
system. I converted this code from 8080 assembly 
language using Intel's CONV86 code converter. Briefly, 
the tradeoff is between the performance of the converted 
code versus a version rewritten for the 8088 and the 
associated time required for each process. Converted 
code may be somewhat larger than a rewritten version, 
but it will probably take only a small fraction of the time 
to implement as compared to a rewrite. Because the 8088 
has a faster clock rate than the 8080, the converted pro­
gram, even if larger, will probably run faster than the 
original 8080 version. 

Environment Dependence 
The dependence of MON88 on a certain I/0 or 

memory environment has been minimized. The following 
summarizes the changes you will need to make to adapt 
MON88 to your own system . Refer to listing 1, starting 
at line 14. 

Location of MONBB: The statement immediately 
preceding the EQUATES FOLLOW section sets MON88's 
origin. For my processor board, the origin is hexadecimal 
F800: 

ORG F800H 
Text continued on page 346 
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Text continued from page 347: 

followed by a RET (return) statement. Then replace: 

F8DE ow ERR 

with 

F8DE ow TESTMEM 

Notes on Performance 
How does the 8088 stack up in performance versus the 

popular 8-bit processors of the 1970s7 To answer this 
question, we must develop at least a rough definition of 
what we mean by performance. 

To evaluate performance I use three criteria: 

• the execution speed for a set of applications, 
• the amount of memory required to implement the ap­
plications, and 
• the amount of software-development effort required 
for application implementation (as measured by lines of 
assembly-language code). 

An appropriate set of applications will include a mix of 
mathematics, data-handling and process-control-type 
programs. In addition, both execution-bound (eg: heavy 
calculation) and bus-bound (eg: bubble sort) applications 
should be included. 

This article is not meant to be a full-fledged benchmark 
report. Nevertheless, using my own background, 
manufacturer's documentation, and other sources, I have 
come to the following conclusions concerning the 5 MHz 
8088, which on the average: 

• is 1.5 to 5 times faster than the fastest versions of other 
popular 8-bit machines (ie: Z80B, 68809, 6800, 8080A, 
etc), 
ewill typically require only 50% to 75% of the memory 
devoted to code by these other machines for a set of ap­
plications, and 
• requires substantially less (as little as 50% or less) lines 
of code to implement a benchmark than these other 
machines. 

Execution speed is the most visible measure of perfor­
mance. Factors which contribute to the 8088's superiority 
are: 

• The high standard clock rate: The standard 8088 runs 
at 5 MHz (in fact, possibly faster if you're willing to ex­
periment). Intel claims that, next year, specially selected 
8 MHz 8088s will be available. If 5 MHz 8088s are fast, 
8 MHz 8088s will be unreal. 
• The pipelined architecture: This architecture allows 
overlapped instruction fetch and execution, eliminating a 
traditional performance limitation present in other 8-bit 
machines. 
• The 16-bit internal data paths: These enhance data 
movement and manipulation capability. 
• Its rich set of arithmetic instructions: Math-oriented 
applications are served exceptionally well by the 8088. 
The 5 MHz 8088 can do most 16-bit integer math (add, 
subtract, multiply, divide) faster than a 9511 hardware 
math chip. 
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• Powerful addressing modes: The 8088 allows up to 
four address components to be used in calculating an ab­
solute physical memory address. In addition, most in­
structions can operate directly on a memory location, 
eliminating the traditional accumulator bottlenck found 
in other machines. 

The amount of memory required can have significant 
cost ramifications for an application. Here again, the 
16-bit internal organization and powerful addressing 
modes of the 8088 reduce memory requirements. In ex­
treme cases (heavily word- or math-oriented) the 8088 
can implement applications in as little as 20% to 30% of 
the memory of other 8-bit machines. 

The number of lines of code required to implement an 
application becomes more and more of an issue each day. 
For instance, the Department of Defense states that one 
line of debugged, documented code now costs close to 
$60. Programming costs continue to rise, while produc­
tivity remains relatively fixed. This suggests a real "soft­
ware crisis" in the 1980s. 

The 8088 can require as little as 50% (average perhaps 
75%) of the lines of code as compared to other 8-bit 
machines. This is because one assembly-language instruc­
tion can generate up to 6 bytes of code, and the instruc­
tions implemented are very powerful relative to other 
popular microprocessors. 

A summary chart of my findings is shown in figure 3. 
The relative performance of the 8088 (5 MHz), 6809 
(2 MHz) and Z80A (4 MHz) are shown, with an 8086 
(true 16-bit machine) thrown in for reference. A differen­
tiation between word- or bus-oriented and byte- or 
execution-oriented applications must be made here. Note 
that the bus-oriented versus execution-oriented differen­
tiation does not apply to nonpipelined machines like the 
Z80A or 6809. The byte-orientation versus word-orienta­
tion differentiation does affect the performance of these 
machines. 

Full-speed memories are assumed as shown below: 

Processor Access Time (approximately) 
5 MHz 8088, 8086 480 ns 
2 MHz 6809 320 ns 
4 MHz Z80A 250 ns 

As shown above, the 8088 can function at maximum 
speed but still use slower memory than the other 
microprocessors. In many cases (especially EPROMs), 
slower-memory-speed selected parts have much lower 
prices than faster selections. 

Essentially, the 8088 has from 1.5 to 2.5 times the per­
formance of the fastest 8-bit competition. Of course, the 
performance improvement over older 8-bit processors 
(ie: 6800s, 8080As, etc) is even higher. 

Finale 
In the text box on pages 344 thru 346 you will find a 

full description of each MON88 command. A complete 
listing of the monitor program is given in listing 1. 

The 8088 is not only the highest performance 8-bit pro­
cessor available, but represents a "bridge" to th e new 
architectures of the 1980s. I h ope that you have found the 
8088 project as challenging, educating and rewarding as I 
have. Welcome to the future !• 



·Add Macro Expansion �
to Your Microcomputer �

Part 2 

David C Brown �
1704 Manor Rd �

Havertown PA 19083 �

Last month, I discussed the definition and use of the 
macro instruction and detailed a set of requirements for a 
macro processor. Part 1 also gave an overview in the 
form of text and flowcharts of how this macro processor 
would operate. Figures 1 thru 11 provide a more detailed 
flowchart of these processes and roughly correspond to 
the overview flowcharts in figure 1 of Part 1 of this article 
(October 1980 BYTE, page 162). Frequent reference 
should be made back to these overview flowcharts when 
reading the detailed flowcharts of figures 1 thru 11. A 
glossary of terms appears on page 371. 

This completes the explanation of the macro definition 
and expansion. In the rest of the article I will discuss the 
interface of the macro processor to an assembler, as well 
as possible enhancements. 

Alternate Implementation Approaches 
The last hurdle to clear is how to tie this macro facility 

into your assembler. Basically, there are two ways this 
can be done, preprocessor or in-line. The approach used 
depends upon your situation. 

The simplest way to use your macro processor is as a 
preprocessor. This can be done in two ways. In the first 
way, the macro processor is a separate program, reading 
your source program and writing an output file of ex›
panded code to cassette, paper tape, floppy disk, etc; it is 
this output file that is read into the assembler instead of 
the original source. While this is the easiest way to use the 
preprocessor, it is also the worst from the viewpoint of 
efficiency, requiring an intermediate file and a longer run 
time. However, if you cannot modify the assembler itself, 
this may be the only approach you can take. 

A second, more efficient, preprocessor approach is to 
locate the read routine in the assembler and replace it 

Listing 1: Example of keyword parameters. A change that can be 
made in the macro assembler involves the use of keyword 
parameters. These allow the user to specify variable symbol 
values in any order or by default. The macro definition for 
MOVE is given in listing la; two examples of a macro call and 
its resulting code are given in listings lb and lc. In listing lb, 
both &TO and &FROM are assigned the default values given in 
the prototype statement of the macro definition. In listing lc, 
the value for &FROM is specified by default. Note the absence 
of the ampersand in naming variable symbols within the macro 
call. 

(Ia) 
I. MACRO 
2. &JUMP MOVE 
3. LXI 
4. LXI 
5. MVI 
6. &JUMP LDAX 
7. 
8. 
9. 

10. 
11. 
12. 

(lb) LOOP 

LOOP 

(lc) LOOP 

LOOP 

STAX 
INX 
INX 
DCR 
JNZ 
MEND 

MOVE 

LXI 
LXI 
MVI 
LDAX 
STAX 
INX 
INX 
DCR 
JNZ 

MOVE 

LXI 
LXI 
MVI 
LDAX 
STAX 
INX 
INX 
DCR 
JNZ 

• 

&TO= FIELDB,&FROM = FIELDA,&LENGTH = 
B,&TO 
D,&FROM 
H,&LENGTH 
D 
B 
B 
D 
H 
&JUMP 

LENGTH=10 

B,FIELDB �
D,FIELDA �
H,10 �
D �
B �
B �
D �
H �
LOOP �

LENGTH=9,TO=NEW 

B,NEW �
D,FIELDA �
H,9 �
D �
B �
B �
D �
H �
LOOP �
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PROTO I 

INITIALIZE �
DIRECTORY ENTRY �

PROTO 2 

STORE PROTOTYPE �
PARAMETERS �

MODEL MEND 

PROCESS MEND 
STATEMENT 
STORE MODEL 

STATEMENT 

Figure 2: Flowchart for STORE subroutine. This subroutine stores an entire macro definition within the macro-definition storage 
area. MACRO-SWITCH is a flag that tells the program what kind of line the routine is expecting next. MACRO-SWITCH =0 means 
that the computer is ready to process a new macro definition. MACRO-SWITCH=l means that the computer has found a MACRO 
statement and is looking for the prototype statement. MACRO-SWITCH =2 means that the computer is ready to process the second 
line of the prototype statement, if there is one. MACRO-SWITCH =3 means the computer is ready to process the body of the macro 
definition. 
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PRINT 11 ERROR 
MISPLACED MACRO/ 
MEND" ERROR 
STATEMENT 

RETURN 





RETURN 

ADO 1 TO �
INPUT-POINTER �

STORE HEXADECIMAL 
ADD 1 TO

"FF" AT MODEL MODEL-POINTER 
POl NTER 

Figure 6: Flowchart for MODEL subrou­
tine. This subroutine stores one model 
statement of a macro definition in the 
macro-storage area. 

ALLOC 

1 �
SET MACRO• LEVEL, 
SYMBOL-TABLE •POINTER, 
AND VALUE -STORAGE›
POINTER TO VALUES 
FOUND IN CURRENT 
MACRO STACK ENTRY 

I �
ADO 9 TO MACRO �
STACK ADDRESS �

I �
ADO 1 TO 
MACRO- LEVEL 

I �
STORE MACRO-LEVEL 
IN CURRENT (NEW) 
MACRO STACK ENTRY 

I 
STORE ADDRESS OF 
DIRECTORY ENTRY IN 
NEW MACAO STACK ENTRY 

I �
ADD 1 TO SYSNDX 
AND STORE AS A 2•BYTE 
BINARY NUMBER IN 
VALUE STORAGE AREA 
STARTING AT VALUE›
STORAGE• POINTER 

I �
STORE "a SYSNOX M 

VALUE OF VALUE›
STORAGE-POINTER, 
2, AND "A " IN 
CURRENT SYMBOL 
TABLE ENTRY 

I �
ADO 2 TO 
VALUE• STORAGE•PO\f’JTER 

I �
ADO 12 TO 
SYMBOL • TABL E- POINTER 

I �
POINT DIREC T ORY • 
SYMBOL-POINTER 
TO VARIABLE SYMBOL 
1 IN CURRENT 
DIRECTORY ENTRY 

I �
LOAD UP PARAMETER �
COUNT FROM CURRENT �
DIR ECTORY ENTRY 

cb �

ENTER 

ENTER SYMBOL 
IN TABLE 

STORE SYMBOL›
TABLE-POINTER, 
VALUE• STORAGE• 
POINTER IN 
MACRO-STACK ENTRY 

INCREMENT 
MODEL• POINTER 
UNTIL CARRIAGE 
RETURN IS FOUND, 
THEN ADO l 

STORE MODEL• 
POINTER IN 
CURRENT MODEL 
ADDRESS IN 
MACRO STACK 

I Figure 7: Flowchart for ALLOC 
subroutine. This subroutine is called 
when a macro call is found in the body 
of the assembly-language program; it 
sets up pointers in the macro stack and 

symbol table to identify the current values of the variable sym­
bols as defined in the macro call. 

ARE YOU STILL 
PLAYING GAMES 

Get down to business with CBS.----------, 
THE CONFIGURABLE BUSINESS SYSTEM� is a 
ready-made set of programs that lets you customize 
your computer without ever using a complex 
programming language. 
� It makes accounting a 1 ,2,3 operation. �
� It turns inventories into child’s play. �
� It makes mailing lists a zip. �
In fact, CBS now makes the business of computers �
so easy, you might still think you’re playing a game! �

WITH YOUR COMPUTER? �

CP/M’ is a Trademark of Digital Research Corp. 

Disks and manual, $395. Manual only, $40. 
CBS Disks can fit any 8080 or Z80 computer with 

CP/M.* Your DMA representative can tell you about 
PDOS, our CP/M compatiblE. operating system, and 
ASCOM, an Asynchronous Communication Control 
Program. 

DMA • WE SPEAK YOUR LANGUAGE 
DYNAMIC MICROPROCESSOR ASSOCIATES � 545 Fifth Avenue � New York. New York 10017 � (212) 953•1721 � Master Charge and VISA accepted �
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Large-Screen Color Monitor 

The AM-26, a 26-inch color monitor, 
with over 340 square inches of screen 
surface, combines Sony's Trinitron color 
system with switchable AlB inputs, 
switchable underscan, internal and exter­
nal sync, and separate RGB (red, green, 
and blue) gun switches. Talley light, 

separate horizontal and vertical scan 
delay are optional, and a separate 
tuner/audio amplifier and speaker sec­
tion may be added. The Amtron AM-26 
is priced at $2395 from Amtron, Aptos 
CA 95003, (408) 688-4445. 
Circle 665 on Inquiry card. 

Paper-Tape Reader 
A paper-tape reader/transmitter, the 

Model 612, is available from Addmaster 
Corporation, 416 Junipero Serra Dr, San 
Gabriel CA 91776, (213) 285-1121. The 
612 features the ability to read five- to 
eight-level tape and to transmit 7 to 11 
frames per character at 50 to 9600 bps 
(bits per second). Other features include 
starting and stopping on character at all 
speeds; choice of manual or automatic 
control; 90 to 260 V, 50 to 60Hz power 
sources; and even, odd, or no parity; 
with a choice of desk-top or rack 
mounting. The price is $656 to $779. 
Circle 667 on inquiry card. 

Chatterbox from 
Micromint 

The Chatterbox is a packaging com­
bination of the presently available 
COMM-80 110 (input/output) interface 
for the TRS-80 and an acoustic modem. 
This box can turn even a 4 K-byte 
TRS-80 into a full time-sharing terminal. 
The Chatterbox includes a built-in pro­
grammable 50 to 19 K bps (bits per se­
cond) serial port, a Centronics­
compatible parallel printer port, a 300 
bps acoustic originate modem, and a 
spare TRS-BUS expansion connector. It 
comes with a power supply, connection 
cable, manual, and smart terminal soft­
ware. When the modem is in use, the 
data conversation is automatically 
routed to the serial output port for 
printing. The Chatterbox allows a 
TRS-80 to communicate with time­
sharing systems such as Micronet and 
the Source. In addition, Chatterbox can 
be used simply to provide an address 
selectable serial and parallel port. It is 
completely hardware- and software­
compatible with existing TRS-80 pro­
ducts, and it connects either to the 
keyboard connector or screen printer 
port on the Expansion Interface. It does 
not require the Expansion Interface for 
operation. The Chatterbox is available 
for $259 from The Micromint Inc, 917 
Midway, Woodmere NY 11598, (516) 
374-6793. 
Circle 668 on Inquiry card. 

Digital Plotters from 
Houston Instrument 

The DMP family of plotters comprises 
two standard and four intelligent 
models. All these models are available 
with plotting sizes of 21.5 by 28 em (8.5 
by 11 inches) and 28 by 44 em (11 by 17 
inches). The DMP-2 is a 21.5 by 28 em 
plotter with an RS-232C and parallel in­
terface. It has a pen speed of 2.4 inches 
per second and can plot at 100 or 200 
increments per inch. The DMP-5 has a 
surface area of 28 by 44 em and the RS­
232C and parallel interface. The unit is 
plug-compatible with the DMP-2 and 
can utilize software developed for the 
DMP-2. The DMP-3 features a built-in 
microprocessor and pen speeds of 3 
inches per second. Use of Houston In­

strument's Digital Micro/Plotter 
Language alleviates the software burden 
on the host computer. Self-test and pen 
positioning are accomplished via a com­
puter or terminal keyboard. The DMP-3 
comes with an RS-232C or Centronics­
compatible interface. The DMP-6 is a 
21.5 by 28 em version of the DMP-3 
and features a pen speed of 2.4 inches 
per second. The DMP-4 and the DMP-7 
utilize electronic controls to facilitate 
positioning of the X and Y axes. Self­
diagnostics are activated through front 
panel controls. Prices for the DMP 
Series plotters start at $1085. For com­
plete information, contact Houston In­
strument, 1 Houston Sq, Austin TX 
78753, (512) 837-2820. 

Circle 666 on inquiry card . 
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Systems from Wang 
The Office Information Systems 

(OIS) Models 115-1 and 115c2 incor­
porate hard-disk drives located within 
the master control unit. The OIS 
systems can u tilize the Wang Office­
BASIC language, telecommunications 
and high-speed image printing 
capabilities, and Wang MAILWA Y elec­
tronic mail software. These systems 
combine word-processing and data­
processing capabilities in one device. 
The Model 105 supports two work­
stations and one printer, and contains a 
2.5-megabyte hard disk. The addition of 
text editing, hyphenation, and justifica­
tion to the 105 provides a complete 
photocomposition system. The 105 
begins at $9300 . 

The 115-1 and 115-2 support more 
users, peripherals, and larger hard-disk 
storage units . The 115-1 begins at 
$13,400, and the 115-2 starts at $15,400. 
For complete information, contact Wang 
Laboratories Inc, 1 Industrial Ave, 
Lowell MA 01851, (617) 459-5000. 

Circle 669 on inquiry card. 

Canon Introduces Its Desk-Top Computer 

The TX Series microcomputers from typewriter keyboard and a built-in 
Canon feature a 6809 microprocessor, Canon floppy-disk drive. The TX-10 and 
extended BASIC and assembler lan­ TX-15 are nonprogrammable. The TX-15 
guage, a twenty-column alphanumeric incorporates a typewriter keyboard, 
video display, and a built-in twenty-six­ while the TX-10 has a ten-key pad with 
column triple-copy impact printer. The twenty-six labeled keys. The price for 
models have 15 K bytes of user memory the series is $1295 from Canon Systems 
which can be expanded to 31 K bytes. Division, 10 Nevada Dr, Lake Success, 
Each model has an RS-232 interface port Long Island NY 11042, (516) 488-6700. 
and a modem port. The TX-25 is a pro­
grammable machine with a full Circle 672 on inquiry card. 

Casio Markets Its First 
Computer 

The FX-9000P computer, priced under 
$900, has been introduced by Casio Inc, 
15 Gardner Rd, Fairfield NJ 07006, (201) 
575-7 400. It features instantaneous 
operation of the user system when the 
power is switched on. A graphic-display 
system makes it possible to display 
graphs, diagrams, and tables. The FX­
9000P has all functions necessary to per­
form scientific and technical calculations 
and business analyses. The machine ac­
cepts memory packages to expand 
memory capacity. 

Circle 670 on inquiry card. 

British S-100-Based 
Microcomputer 

The Tuscan S-100 is based on the 
IEEE (institue of Electrical and Elec­
tronics Engineers) standard S-100 bus. 
This single-board computer uses a Z80 
microprocessor, can store 64 K bytes of 
programmable memory, is CP/M com­
patible, and includes a printer interface. 
Expansion capabilities include high­
resolution graphics and speech synthesis 
cards. T ransam offers application soft­
ware packages that include BASIC and 
Pascal. Tuscan S-100 prices start at £195 
for kits. For details, write Transam, 12 
Chapel St, London NW1 SOH, England. 
Circle 671 on inquiry card. 
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What’s NswP �
GRAPHICS 

Colormaster Video and 
Graphics Board 

The Colormaster allows users to pro­
gram virtually any display format (eg: 
64 by 32, 128 by 16, and 80 by 25). The 
board is designed for S-100 bus systems. 
Characters may be reversed, dimmed, 
flashing, underlined, and any of eight 
colors. Bit-mapped graphics or an op­
tional PROM (programmable read-only 
memory) graphics set may also be dis­
played. Another option allows extension 
of the character set to include 128 user­
defined characters. The Colormaster kit 
is $399; assembled and tested, it is $499; 
and the bare board is $79. For more in­
formation, contact MicroDaSys, POB 
36051, Los Angeles CA 90036, (213) 
731-0876. 
Circle 673 on inquiry card . 

Hard-Copy Unit for Video 
Images 

The Tektronix 4634 Imaging Hard 
Copy Unit produces high-quality con­
tinuous tone copies from raster-scan 
video sources in seconds. Designed to 
provide photographic quality images, 
the device is aimed at digital image pro­
cessing, pattern recognition, remote 
sensing, video-disk, and high-resolution 
display environments. The 4634 records 
on dry silver paper using a fiber-optic 
video display. The process requires no 
toners or developers. The copies have a 
twelve-tone gray-scale range. The 
approximate cost per copy is $0.20. It 
prints 6 by 8 inch images on 8V2 by 11 
inch paper. It is usually requires a single 
cable connection and can be interfaced 
to most raster-scan video sources, 
whether analog or digital. An automatic 
gain-control circuit tracks the input 

signal. Paper is available in 8 1/2 inch by 
500 foot rolls. Paper length can be ad­
justed from 7 to 11 inches. For more in­
formation, contact Marketing Com­
munications Department, M S 63-635, 
Tektronix Inc, POB 500, Beaverton OR 
97077, (503) 682-3411. 
Circ le 675 on inquiry ca rd. 

Summagraphics Unveils 
Supergrid Digitizer 

\ ·------­
The microprocessor-based Supergrid 

utilizes a new technology-the Direct 
Magnetostrictive principle. This unit 
features high accuracy ( ± .005 inch or 
0.125 mm) and high-resolution (.001 
inch or 0.025 mm) and eliminates the 
need for a biasing magnet. Supergrid is 
translucent with a flat surface; 
moreover, it supports a stylus and a cur­
sor, and it permits simultaneous use of 
two digitizer tablets with the same driv­
ing electronics. The Supergrid comes in 
11 by 11 and 20 by 20 inch forms, with 
larger versions to follow . RS-232C 
IEEE, 8-bit parallel. and 16-bit parallel 
interfaces are supported. The technology 
behind the device is based on a principle 
that replaces a matrix of magnetostric­
tive wires with a matrix of plain copper 
wires and only one magnetostrictive 
wire per axis. For more information, 
contact Summagraphics Corporation, 35 
Brentwood Ave, Box 781, Fairfield CT 
06430, (203) 384-1344. 
Circle 674 on inquiry card. 

Digitizer for the Apple II 
The DS-65 Digisector is a random 

access video digitizer for the Apple II. It 
converts a television-camera's output 
into digital information that the Apple 
can process. The Digisector features 
high-resolution reproduction, sixty-four 
levels of gray scale, and accepts inter­
laced or industrial video input. The unit 
has on-board software featuring full 
screen scans directly to the Apple 
screen, random access digitizing by 
BASIC programs, line-scan digitizing for 

reading charts or tracking objects, and 
utility functions for clearing and copying 
the screen. BASIC programs include a 
burglar alarm and a graph reader. Com­
plete source listings are included in the 
package. The DS-65 is used for digi­
tizing pictures; security systems; 
moving-target indicators; computer por­
traits; reading paper tape, strip charts, 
bar codes, and more. The price is $349 
from The Micro Works, POB 1110, Del 
Mar CA 92014, (714) 942-2400. 
Circle 676 on inquiry card. 
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A Mail-List and Data-Base General Ledger for the Data Manager for the 
System Atari Apple 

SelectraSort is a mail-list, data-base MicroLedger, the Compumax general Informatio n Master is a data manager 
management system. It can pull records ledger program, has been converted to for use with the Apple and includes the 
from mail-list files on the basis of over run on the Atari 800. The Atari Micro­ ability to do calculations, totals, sub­
sixty selection criteria. The mail-list-file Ledger performs trial balances and pro­ totals, and more. The program lets the 
maintenance module enters new records duces profit-and-loss statements and user define, enter, edit, sort, and 
to the mail list and changes or deletes balance sheets. It features updating op­ retrieve data . Printed report formats 
existing entries. The selection module tions, allowing the user to review and using the rep ort-generation features can 
pulls records form the files. The print update records in the journal or chart of be defined. Other features include screen 
module prints selected and master mail accounts; a running balance column in formatting, error trapping, and the abili­
lists as well as mail labels. Sorts can be the journal listing; and error traps. The ty to add, multiply, divide, and do ex­
done by ZIP code, country, state, last MicroLedger package retails for $140, ponentiations. A program is included 
activity date, amount purchased or sold which includes the program, sample that transfers files from the Management 
last year and this year. SelectraSort is data, and a manual. BASIC source code System for use with the Information 
$195, which includes CBASIC source is also included. Minimum hardware re­ Master. For further details on the Infor­
code. It is available on 8-inch soft­ quirements are the Atari 800 with 24 K mation Master program, contact High 
sectored and 5-inch soft- and hard­ bytes of memory and a floppy-disk Technology Inc, POB 14665, 8001 N 
sectored floppy disks. Contact Software drive; a printer is offered as an option. Classen Blvd , Oklahoma City OK 
Haws, a division of MicroDaSys, POB Contact Compumax Inc, POB 1139, 73113, (405) 840-9900. 
36275, Los Angeles CA 90036, (213) Palo Alto CA 94301, (415) 325-4503. 
731-0877. 
Circle 677 on inquiry ca rd . Circle 678 on Inquiry card. Circle 679 on inquiry c ard. 

Vector Releases COBOL Job-Costing Package Under Business Application for 
with Program Generator CP/M the HP-BS 

Vector Graphic Inc has released a This job-costing package consists of a Pro-Flow can figure sales analysis, 
version of its ANSI-standard CIS reporting facility, a job-costing accounts forecast performance for products, 
COBOL, featuring program generation payable, and a job-costing payroll. evaluate material costs, and perform 
capability. Version 4.2 of CIS COBOL These programs are designed to run on a cash-flow analysis for a year's opera­
implements the eight modules necessary Z80 or 8080 processor using the CP/M tion. By mixing initial raw data values 
to meet the ANSI Level 1 standard at operating system. Other CP/M-Iike with formul as, users can make projec­
the low-intermediate level. The systems are also supported. The soft­ tions about future operations. Pro-Flow 
FORMS-2 utility generates data-entry ware will run on hard or floppy disks. is designed to run on the HP-85 micro­
screens and can create error-free data The business applications are integrated, computer. It is available at a suggested 
input programs without the programmer yet each will run singly. The price is retail of $150 from Scelbi Publications, 
writing a line of code. It is available $700 for a system from Arkansas 20 Hurlbut St, Elmwood CT 06110, 
from Vector Graphic Inc, 31364 Via Systems Inc, Suite 206, 8901 Kanis Rd, (203) 522-5515. 
Colinas, Westlake Village CA 91361, Little Rock AR 72205, (501) 227-8471 . 
(213) 991-2302. 

Circle 680 on inquiry card . Circle 681 on inquiry card . Circle 682 on inquiry card . 

Disk-0-Tape 
Disk-0-Tape is a utility program for 

the Apple II and Apple II Plus com­
puters. It enables users to transfer the 
data from a floppy disk to cassette tape 
and back again. The program features 
sector-by-sector copy of a DOS 3.2 disk 
to tape, error detection, and a verifica­
tion pass for reliability. Each tape pro­
duced by the program contains a boot­
strap for easy loading on disk. The pro­
gram allows user-assigned naming of 
tapes. Disk-0-Tape requires at least 
32 K bytes of programmable memory. 
The program comes on a floppy disk 
with Testape, a program to aid in ad­
justing the cassette recorder for optimum 
performance. Disk-0-Tape costs $12 
from Dann McCreary, POB 16435-B, 
San Diego CA 92116. 
Circle 683 on inquiry card. 

Lifeboat Supports the 
Durango F-85 

Lifeboat Associates has made 
available its 8080 software line format­
ted for the Durango F-85 computer. This 
software, which includes languages such 
as BASIC, COBOL, and Pascal; word­
processing systems, such as Wordstar; 
communication software, such as 
BST AM; and complete accounting 
packages, is available by the implemen­
tation of CP/M. The first version of 
CP/M supports the F-85 with up to four 
floppy-disk drives. This is priced at 
$170. Later versions will support the 
12-megabyte and 25-megabyte hard-disk 
systems. Contact Lifeboat Associates, 
1651 Third Ave, New York NY 10028, 
(212) 860-0300. 

Circle 684 on inquiry card. 

RECLAIM "Hides" Bad 
Sectors .and Tracks from 
CP/M 

Lifeboat Associates, 1651 Third Ave, 
New York NY 10028, (212) 860-0300, 
has announced a CP/M 2.0 utility pro­
gram that tests floppy-disk and hard­
disk systems for error-prone parts of the 
disk and allocates those parts to files 
that are invisible to the user. RECLAIM 
maps the bad spots out of the file direc­
tory so that they cannot be used again. 
It safely tes ts the disk with or without 
data files. A t the completion of the pro­
gram, it announces the number of 
blocks hidden from the file system. 
RECLAIM is available on all CP/M 
media formats supported by Lifeboat 
Associates. The cost is $80. 
Circle 685 on i nquiry card . 
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MISCELLANEOUS �

Computer 

The Quasar Micro-Information 
System consists of a hand-held com­
puter, video display, printer, modem, 
cassette deck, expandable programmable 
memory unit, l/0 (input/output) driver 
-and it all fits in a briefcase. The hand­
held computer fits in the palm of a 
hand, weighs less than a pound and con-

in a Case 

trois the peripheral devices. A library of 
memory capsules in ROM (read-only 
memory) for use in the computer include 
fourteen languages, calorie counter, 
bar/wine guide, phonetic pronouncia­
tion, and games. The system is available 
from Quasar Company, Franklin Park 
IL 60131. Circle 692 on inquiry card. 

Logic Timing Recorder 
from A P Products 

A P Products, 1359 W Jackson St, 
Painesville OH 44077, (800) 321-9668, in 
Ohio (216) 354-2101-collect, has in­
troduced the Logic Timing Recorder, a 
device for charting logic timing. The 
unit is an A BS plastic board with 320 
slides arranged in eight horizontal rows. 
The slides represent the two logic levels 
of a circuit. After the slides are manual­
ly moved into position to represent the 
logic state in a circuit, the board is 
checked for proper design, then it can be 
placed on a copying machine to make a 
permanent record for your files. The 
recorder may be used over and over 
again to chart the logic timing of all cir­
cuits. The Logic Timing Recorder, PIN 
923758, has a suggested price of $44.95. 
Circle 694 on inquiry card. 

AI D Converter for S-100 
Systems 

The AIM -12 is a 16- or 32-channe\ 
12-bit AID (analog-to-digital) converter 
designed fo r laboratory and industrial 
applications . The card plugs directly 
into the standard IEEE S-100 bus. 
Features include an on-board resistor 
programmable instrumentation amplifier 
and operation of up to 25 ms with 12 
bits of accuracy. The AIM-12 is ]/0 (in­
put/output) mapped and can be used 
with either BASIC or assembly-language 
instructions. The module is designed for 
direc t conversion of voltages from 
thermocouples, level sensors, pressure 
transducers, pH electrodes and other 
low-level signal sources. The device pro­
vides thirty-two single-ended or sixteen 
fully differential inputs; input impedance 
exceeds one billion ohms. It is fully 
compatible with North Star, Cromemco, 
and most S-100 system. Multiple boards 
can be employed, and BASIC and 
assembly-language programs are sup­
plied. The price of the AIM-12 is from 
$575, depending on options, from Dual 
Systems Control Corporation, 1825 
Eastshore 1-lwy, Berkeley CA 94710, 
(415) 549-3354. Circle 695 on inquiry card. 

Nine-Voice Synthesizer 
Vista Media Products has announced 

the Music Machine Nine. Using LSI 
(large-scale integration) technology, the 
device can produce nine voices on the 
Apple II computer. The board uses three 
A Y3-8910 integrated circuits and re­
quires one expansion slot. It can use 
software now available to produce and 
play back nine-voice music compatible 

with other music boards. It will respond 
to commands for pitch, amplitude, dura­
tion, attack, delay, and more. Two 
high-impedance, low-level outputs are 
provided with six voices assigned to 
each channel. It is available through Ad­
vanced Computer Products, 1310 
E Edinger, Santa Ana CA 92705, (714) 
558-8813. 
Circle 693 on inquiry card. 
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PRE-CUT WIRE WRAP WIRE �

Length 100/Bag 500/Bag 1 K/Bag Length 100/Bag 500/Bag 1K/Bag Kit No.1 $9.95 Kit No.3 $32.95 

2.5" $1.25 $3.58 $ 6.19 
30" 1.30 3.86 6.78 
3 .5" 1.37 4.15 7.37 
4.0" 1.42 4.44 7.94 
4.5" 1.48 4.74 8.54 

6.5" $1.92 $6.44 $11 .81 
7.0" 1.99 6.76 12.44 
7.5" 2.08 7.07 13.09 
8.0 " 2.14 7.38 13.73 
8.5" 2.18 7.69 14.36 

250 3" 
250 3Y2’ 
100 4" 

100 4 Y2’ 
100 5" 
100 6" 

500 2Y2’ 
500 3" 
500 3’12" 
500 4" 

500 4 Y2’ 
500 5" 
500 5Y2" 
500 6" 

5.0" 1.54 5.04 9. 13 9.0" 2.24 8 .11 15.01 Kit No.2 $24.95 Kit No. 4 $59.95 
5.5" 1.58 5.38 9.72 
6.0" 1.65 5.66 10.31 

9.5" 2 .30 8.32 15.65 
10.0" 2 .39 8 . 71 16.28 250 2Y2" 

500 3" 
500 3Y2" 
500 4" 
250 4 Y2" 

250 5" 
100 5Y2" 
250 6" 
100 6Y2" 
100 7" 

1000 2 y,'' 

1000 3" 
1000 3Y2" 
1000 4" 

1000 4Y2" 
1000 5" 
1000 5" 
1000 6" 

Kynar precut wire. All lengtH’s are overall, including 1" strip on each end. 
Colors and lengths cannot be mixed for quantity pricing. Choose from colors 
Red, Blue, Black, Yellow, White, Green, Orange, and Violet. 

* * Truckload SALE * * �
RN WIRE WRAP 
IC SOCKETS 
3•1evel GoldFREE WIRE KIT 
Closed Entry 

Kit 111 on orders over $50 
Design

Kit 113 on orders over $150 
Kit 114 on orders over $250 �Sockets sold at these 

prices by the tube only. 

Size Quantity/Tube Price ea . � Price/Tube 

08 pin 52 .39 $20.28 
14 30 .46 $13.80 
16 26 .50 $13.00 

18 23 .68 $15.64 
20 21 .85 $17.85 
22 19 .92 $17.48 

24 17 .94 $15.98 
28 15 1.23 $18.45 
40 10 1.60 $16.00 
Above prices include gold up to $800/ oz. 

IDC CRIMP STYLE CONNECTORS �
card Edge Connectors IDC Sockets Cable Plugs Right Angle Headers CABLE 

IDE 10 $3.25 

IDE20 $3 .50 

IDE 26 $4.05 

IDE34 $4.85 

IDS 10 $1. 25 
IDS20 2.02 
IDS 26 2.65 
IDS34 3.50 

IDP 14 1.25 
IDP 16 1.40 
IDP 24 2.25 
IDP40 3.65 

Wire Wrap 
IDH1 OWR 1.75 

IDH20WR 2.75 

IDH26WR 3.60 

IDH34WR 4.15 

IDH40WR 4.90 

IDH50WR 6.15 

Solder Tail 
IDH10SR .80 

IDH20SR 1.25 

IDH26SR 1.85 

IDS34SR 2.15 

IDH40SR 2.50 

IDH50SR 3.15 

10 
14 
16 
20 
24 
26 
34 
40 
50 

10ft. 

2.90 
3.40 
3.70 
4.40 
5.00 
5.40 
6.80 
7.80 
9.50 

100ft. 

17.00 
23 .80 
27 .20 
34.00 
40.80 
44.20 
57 .80 
68.00 
85.00 

IDE 40 $5.65 

IDE 50 $5.90 
IDS40 4.05 
IDS 50 5.06 

0825 
Co nnectors 

Male $4.95 

Female $5.25 

Call or Write for 1980 Catalog: 
* IC SocketsORDERING INFORMATION * Vector Boards & Pins 

� Orders under $25 include $2 handling. � All prices good through cover date. * Bishop Drafting Aids 
� All prepaid orders shipped UPS Ppd. � Most orders shipped next day. * OK Tools 
� Visa, MC & COD’s charged shipp ing. � Byte must be mentioned to get sale prices. * RN IDC Crimp Connectors 
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Circle 330 on Inquiry card. 

WAMECO �
THE COMPLETE PC BOARD HOUSE 

EVERYTHING FOR THE S-100 BUSS
* FPB-1A FRONT PANEL BOARD FOR 8080A AND Z80 * QMB-12 13 SLOT MOTHER BOARD . 

SYSTEMS IMSAI COMPATIBLE. PCBD $42 .95 KIT . ...� . .. $125 . 95 
PCBD $56 .95 KIT ... . .. .. $175 . 0 0 * QMB-9 9 SLOT MOTHER BOARD.* MEM-2 16K RAM 2114’s . ADDRESSABLE IN 4K PCBD $35.95 KIT ... . . . $109 . 95 
BOUNDARIES. 
PCBD ... $33 .95 KIT (LESS RAMS) . . $80.95 * PTB-1 POWER SUPPLY AND TERMINATOR BOARD . 

PCBD ........ $29.95 KIT . . . . $49.95�* EPM-2 16/32K ROM USES 2716 OR 2708. ADDRESS›
ABLE IN 4K BOUNDARIES. * RTC-1 REAL TIME CLOCK BOARD WITH TWO 
PCBD ... . $33.95 KIT (LESS ROMS) . . $74.95 INTERRUPTS. 

PCBD . $29 . 95 KIT $79.95* CPU-1 8080A PROCESSOR BOARD WITH VECTOR 
INTERRUPT. * MEM - 1A 8K RAM, USES 2 1 02 ’ s . 
PCBD ........ $33 .95 KIT ..... $124 .95 PCBD . . . $33 .95 KIT (LESS RAM) $71 . 9 5 

* 108-1 1/0 BOARD. ONE SERIAL, TWO PARALLEL * EPM-1 4K 170Z BOARD. 
WITH CASSETTE. PCBD . .... . . $33 .95 PCBD $29.95 KIT ( L ESS ROM) $59.95 

* FDC-1 A FLOPPY DISC CONTROLLER BOARD USES 
1771. PCBD . . $45.95 

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD. �
Z-80 CPU BOARD WITH ROM, 8 PARALLEL PORT 1/0 BOARD. �

DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE �
AT YOUR LOCAL DEALER �

MOS T PRODUCTS FOR IMM EDI ATE SHIPMENT. NO 4-8 WEE K DEL AYS REQ UIRED FOR OT HER S. 

WAMEGO , INC. , P. 0 . BOX 877 � 455 PLAZA ALHAMBRA � EL GRANADA, CA 94018 � (415) 726-6378 

ALL PRIME QUALITY - NEW PARTS ONLYBECKIAN ENTERPRISES 
SATISFACTION GUARANTEED. 

EDGE CARD CONNECTORS: GOLD PLATED: 
Abbreviations: S/E Solder Eye . SIT Sold Tail: W/W Wire Wrap. 

PART #DESCRIPTION. Row Sp. 1•9pc. 1 0•24pcs. 25pcs. Up . •o• TYPE SUBMINIATURE CONNECTORS ..156" CONTACT CENTER CONNECTORS . 
PART # DESCRIPTION. Row Sp. 1•9pc. � 1D•24pcs. 25pcs. Up.BRAND: TEXAS INST . 

QUANTITY4070 50/100 lmsoi/Crom. .250 U.95ao. U.55aa. U .15ao. 15105 6/12 S/E PET/NSC .140 $1.80 $1.65 $1.45 
PART NUMBE R DESCRIPTION . 1•9pcs. 1D •24pco. 25-99pco.15110 6/12 SIT PET/NSC .140 1.65 1.65 1.504090 50/100 lmsoi W/W .250 4.3Doo. 3.65oo. 3.45ao. 

BRAND: SULLINS: U.l Reg. 15137 6/12 SIT PET/NSC .200 1.80 1.54 1.45 DE 9P Mol a $1.60oo . t1.4Du. $1.30ao.
15175 61• S/E Sglo Row . . 1.70 1.50 1.30129885 50/1 OD Solder Eye .140 6.6Dao. 6.10oo. 5.45ae. DE 9S Female 2.25oo. 2.00u. 1.9Deo. 
15270 10/20 S/E .140 2.15 1.95 1.70129870 50/1 DO SiT lmsoi .250 4.5Deo. 4.1Doo. 3.70 DE 110963•1 2 pc. Grey Hood. 1.50oo. 1.35ao. 1.20eo.
15275 10/20 SIT .140 2.00 1. 65 1.60129675 50/100 W/W lmsoi .250 5.25 4.75 4.20 

DA 15P Mole 2.35ae. 2.15u. 2.DOoo .129665 50/100 SiT Altair .140 4.95 4.45 3.95 15435 12124 S/E PET .140 2.60 2.35 2.10 
DA 15S Female 3.25oo. 3.1Doe. 2.90eo.129990 50/100 SIT Cromom. .250 4.75 4.25 3.60 15440 12/24 SIT PET .140 2.65 2.40 2.15 
DA 51211-1 1. pc . Grey Hood 1.40oo. 1.20oo. 1.15eo.15445 12124 SIT PET .200 2.75 2.50 2.20 
DA 51226 • 1 2 pc . Block Hood 2.50eo. 2.25oo. 2.00eo.OTHER .125" CONTACT CTR CONNECTORS : 15505 15/30 S/E GRI Kay .140 2.50 2.25 2.00 
DA 110963-2 2 pc. Grey Hood 1.60oo. 1.3510. 1.30eo.12305 22144 S/E No Eors .140 4. 15 3.75 3.35 15510 15/30 SIT GRI Key .140 2.40 2. 15 2.95 

12759 36172 SIT .140 5.40 4.65 4.35 15515 15/30 W/W GRI Kay .200 2.60 2.35 2.10 
DB 25P Mole 2.80ao. 2.60eo. 2.40ao.15600 18/36 S/E .140 3.35 3.05 2.7012790 40/60 W/W .250 6.30 5.65 5.90 
DB 25S Female 3.60ao. 3.40ao. 3.20oo.15610 18/36 SIT .140 3.00 2.70 2.40 
DB 51212•1 1 pc. Grey Hood 1.50eo. 1.30eo. 1.10oo..100" CONTACT CTR CONNECTORS : 15615 18/36 W/W .200 3.60 3.20 2.90 
DB 51226 •1 2 pc. Block Hood 1.90ao. 1.65oe. 1.45ao.10048 13/26 S/E No Eors .140 3.40 3.05 2.15 15700 22/44 S/E KIM/VEC .140 2.96 2.90 2.75 
DB 11 0963•3 2 pc. Grey Hood 1.75eo. 1.50eo. 1.35eo.10260 25/50 S/E TRS 60 .140 4.50 4.05 3.60 15705 22/44 SIT KIM/VEC .140 3.98 3.30 3.00 

10175 20/40 S/E TRS 60 .140 5.85 5.35 4. 75 15710 22/44 W/W KIM/VEC .200 3.49 3.20 2.65 DC 37P Mole 4. 20oo. 4.00eo. 3.70oo. 
10160 20/40 W/W TRS 80 .200 3.30 3.00 2. 15 15875 25/50 S/E .140 4.65 4.20 3.75 DC 37S Female 6.00u. 5.75oo. 5.5Dee . 

15B60 25/50 SiT .140 4.55 4. 10 3.6510190 20/40 SIT TRS 80 .140 3.20 2.90 2.55 DC 11 0963 •4 . 2 pc. Grey Hood 2.25eo. 2.00ao. 1.75ao. 
10465 36/72 S/E Vector .140 5.50 4.90 4.40 15B85 25/50 W/W .200 4.85 4.35 3.90 

DD 50P Mole 5.50oo. 5.10oo. 4.75ao.10490 36172 W/E Vector .200 5.80 5.25 4.65 16115 36172 S/E .140 6.50 5.65 5.20 
DO 50S Female 9.40u. 8.60u. B.OOao.16120 36172 SiT .140 6.55 5.90 5.2510500 36/72 SIT Vector .140 5.70 4.20 4.60 
DD 51216•1 1 pc. Grey Hood 2.40oo . 2.20eo. 2. OOeo.10535 40/60 SfE PET .140 5.85 5.35 4.75 16125 36172 W/W .200 6.75 6.10 5.40 
DD 11 0963•5 2 pc. Grey Hood 2.60oo. 2.40eo. 2.10ao.10540 40160 W/W PET .200 6.00 5.40 4.80 16145 36/72 SIT .200 6.50 5.85 5.20 

16235 43/66 SIT Mot 6600 .140 6.60 5.95 5.3010550 40/80 SIT PET .140 5.80 5.25 4.65 
D 20416•2 Hardware Sat .90oo. .60oo. .70eo.10565 43/86 S/E COS/ELF .140 6.95 6.25 5.55 16240 43/86 W/W Mot 6600 .200 7.80 7.05 6.25 

(1 Hood Sotl10605 43/86 SiT COS/Elf .140 6.60 5.95 5.30 16260 43/66 SIT Mot 6600 .200 6.50 5.85 5.20 
10595 43/66 W/W COS/ELF .200 6.90 6.20 5.95 16725 43/66 S/E Mot 6600 .140 7.20 6.50 5. 75 
10615 43/86 SIT COS/ELF .200 6.80 6.10 5.40 K-1 Pol-Keys .15 .12 .10 

I.C. SOCKETS GOLD. COOLING FANS . TERM S : MINIMUM ORDER: $ 15.00 ADD $1 . 35 ForI.C. SOCKETS TIN. Extra Quiet.W/WRAP 3 TURN Hand lin g & Shipping . Orders o ver $ 30.00 in the U.S . A. 
14 pin $0.40 ��. 14 pin $0.15 ��. We Pa y t he S h ipp ing. CALIF . RES IDENTS : Pl ease Add 
16 pin 0.44 ��. 16 pin 0.17 ��. 

1 to 4 $18.00 eo. 
6 % S a les Tax. �

NOTE: NO C.O. D. OR CREDIT CARD ORDERS WILL BE �
5 to 9 17 .00 ... 

8060A PRIME . ACCE PTED . 
$5.00 ��. PHONE: 213-988-6196CONNECTORS FOR CENTRONICS 700 SERIES . BECKIAN ENTERPRISESEIA 8 CONDUCTOR CABLES 611 . long. Amphanof 57-30360

CLASS #1 Type Cobin . MAIL ORDERS TO: P.O. BOX #30891 to 4 pes. $6.00 ea .
1. to 4 pco . . $22.00 5 to 9 pes. 6.00 ��.
5to9pco. 19.00 SIMI VALLEY, CA 93063 
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150,000 customers have �
noticed the difference �

At HOBBYWORLD, the dilierence is selection 
In order to satisfy the needs of so many customers, you have to offer the widest 

possible selection of products. Hobbyworld does just that, and all under one roof! 
The Hobbyworld catalog offers hundreds of products to meet just about all of your 
electronics needs, including: Computer systems & accessories; Terminals, printers, 
disk drives & other peripherals; Computerized toys & games; Disks, diskettes & 
cassettes; Application boards; Integrated circuits and other electronics parts . 
We also feature a comprehensive library of software and books . 
Add to this the famous HOBBYWORLD quality guarantee, competitive 
prices, and superior service - and you’ve got selection that can’t be beat! 

What are you waiting for? 
FREE HOBBYWORLD CATALOG 

Act now! Call us toll free to request your 
free catalog, or circle the readers service Name________________________ 
number in this magazine - or fill out the Conipany_____________________ 
coupon and send to: Address____________________ 

City_____________State___ 
Zip___________________________ 

HOBBYWORLD ELECTRONICS, INC. 
19511 Business Ctr. Dr. Dept. Bll 
Northridge, California 91324 . 

Selection makes the difference. �

HOBBYWORLD �
ELECTRONICS, INC. �

Toll-Free: USA (800) 423-5387 �
Toll-Free: Calif. (800) 382-3651 �

Local & Outside USA: (213) 886-9200 �
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Contact us for new prices 

Qume Datatrak 8 
Double sided floppy with NO HEA DACH ES. 
Although many think this an impossibility, 
seeing is believing, and this drive is really 
something! Shugart compatible, fully option›
ed, reliable, and rapidly becoming the stand›
ard in double-sided diskdom. 

Siemens FDD 100-BD 
Single sided 8" floppy drive, the latest �
& greatest revision. Features double density �
plus much more. An extremely reliable �
drive $439 2/$409 �
Hard sector option kit.. . $9.95 �
Data separator option kit ... $9.95 �

The following 5’!." mini-floppies share most �
features with their 8" cousins, so without �

further ado. � � �
Siemens FDD 100-50�.��.������� $279. �
Oume Datatrak 5 (double sided).. � � 399. �
BASF Mini mini................ 279. �
SA 400 ����..����.���� ,....... 299. �
All the above mini-floppies are fully SA400 �
compatible. �
Manuals for all drives are $10, refundable against future purchase of 
drives. Also, all 8" drives can be ordered with 220 v/50 hz for world›
wide use. 

Hard 
DiskAccessories 

Cable kits for 8" drives with 10’ 50 cond, flat cable, 
power cable, and all connectors. Assembled if de›
sired. One drive 27.50, two 33.95, three 38.95 
for mini floppies (34 cond) : one 24,95, two, 29.95 

CP-206 Power-one power supply. Powers two drives 
more than adequately, top quality. 2.8A/24V, 
2,5A/5V,.5A/-5V. � � . � � � � � . � � � � � � $99. 

mini-floppy power supply . . . . . $79 

PRAGMATIX 1 �

$599. Two/$549. 

Disk controllers 

Delta Products double density $349 
Micromation doubler 439 
Tarbell single density, A & T 225 
Tarbell single density, kit 184 
Tarbell double density, DMA 425 
Sorrento Valley 8" single density 
for Apple 375 

Cll HB 10 MBY fully REMOVEABLE cartridge 
drive. Complete with controller, personality card, 
media, power supply, cabling, connectors and 
documentation. Highlighted by stylish & modern 
cabinetry. $6995. 

Shugart SA4008 20MBY fixed disk system. S-100, 
includes controller, power supply, and all that is 
necessary to run $6995. 

Electrolabs �
POB 4436, Stanford, CA 94305 
415•321-5601 800-227-8266 

Telex: 345567 IEiectrolab Pia) 
Visa MC Am. Exp. 

Electrolabs � 
Monthly Special!!! 
TELEVIDEO 912C . . . . . . . . . $745 
TELEVIDEO 920C... . ... . . 812 
Features typewriter keyboard, microprocessor 
controls, Upper/lower case, adjustable baud rates 
(75-9600 baud), special function keys, much 
much more. 

Second page memory option $29.00 

Data Display Monitors 
used 12" Sylvania monitors . Composite 
video, 12 MHz, 120 VAC. with new P-39 or 
P-4 tube, $79, used tube $59, OEM style 
(without case), subtract $12. U-fix model, 
10/$300. 

4116 dynamic RAM, 16K Bonanzall �
Set of B, 16K, for Apple, TRS-80, Exidy, Heath & more. 200 Ns., �
prime parts, at the unheard of $49/8. �
Large discounts available for quantity & dealers (500 & up) . Offer �
limited while supply lasts, as these will vanish quickly!!! 

Media 
8" ...$39.99 SS/SD 
8" ...$49.00 SS/DD 
8" ...$55.00 DS/SD 
8" ...$59.00 DS/DD 
5’!." $34.95 ss 
5’!." $59.00 OS 
Verbatim, Memorex, Scotch, or 
equivalent name brand 
Special Introductory Offer!!! 
Wabash 8" diskettes $29.00 SS 

$39.00 OS 
Price is cheap, but they run 
like champs!!!! 

Diskette head cleaning kit for 5’!." or 8" 
$28.75 includes everything for 1 drive 
for 1 year. Alignment Diskette for 
Floppy Drives �� . �����. � $39.00 

ENCLOSURES �
Rackmount Mainframe MT-200, This gorgeous 
beast is so appealing that it can easily function 
also as stand-alone mainframe. Very modern 
styling with fully actively terminated S-100 bus. 

With two 8" single-sided disk drives... $1899. 
With two 8" double sided disk drives in place 
of single-sided variety........ . � � � � $2499. 

Desktop Mainframe MT-100. Contemporary styling, a handsome cabinet 
coated with durable epoxy finish colors (blue, beige, off-white & silver). 
Easy to fit into an office environment. The proper way to start your 
system. 

Above plus two 8" single sided disk drives.. . . � . . . � . . . � . $1599. 
Above with two 8" double sided disk drives in place of single-sided 
variety . . � . . . . . . . . . . . � . � � . . . . � . . . . . � . . . . . . . . . . . . $2199. 

$25 min. order. Calif. residents add 6% sales tax. Orders under $75, add 5% shipping 
and handling, over $75 add 2.5%. All pricing subject to change without notice. 

incredible!! - Two 8" Shugart compatible single sided floppy 
disk drives (double density), CP-206 power supply, in hand›
some color coordinated cabinet, with full cabling, connectors, 
and documentation, plus one box diskettes!!! All for an un›
precedented $1865 . Up to one MBY of storage. 

with Qume Datatrak 8" double-sided drive $2495 
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Samedayshipment. Firstlinepartsonl y. 

180216K Dynamic RAM Kit $149.00 Super 

P . O. Box 4430X 

Santa Clara, CA 95054 

Will calls: 2322 Walsh Ave. 
(408) 988-1640 

Factory tested. 
Guaranteed money back. Quality IC 's and other campo. 

INTEGRATED CIRCUITS nents at factory prices. 
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PROM Eraser �
assembled. 25 PROM capacity $37.50 �
(with timer $69.50). 6 PROM capacity OSHA/ �
UL version $69.50 (with timer $94.50). �
Z80 Microcomputer �
16 bit 1/0, 2 MHz clock, 2K RAM. ROM Bread­�
board space. Excellent for control. Bare Board �
52R.50. Full Kit 599.00. Monitor $20.00. Power �
Supply Kit $35.00. Tiny Basic $30 .00 �

S-100 Computer Boards �
8K Static Godbout Econo ItA Kit 145.00 �

16K Static Godbout Econo XIV Kit 2B5.00 �
24K Static Godbout Econo VIIA·24 Kit 435 .00 �
32K Static Godbout Econo X-32 Kit 575.00 �
16K Dynamic RAM Kit 199.00 �
32K Dynamic RAM Kit 310 .00 �
64K Dynamic RAM Kit 470.00 �
Video Interface Kit 5135.00 �
80 IC Update Master Manual $55.00 �
Camp. IC data selector. 2700 pg. master reference �
guide. Over 51 .000 cross references. Free update �
service through 1980. Domestic postage $3.50. �

Modem Kit $60 . 00 �
State otthe art. orig .. answer. No tuning neces­�
sary. 103 compatible 300 baud. Inexpensive �
acoustic coupler plans included. �
LRC 7000+ Printer $389.00 �
40/20 column dot matrix impact, std . paper. �
Interface all personal computers. �

64/40/32/20 version $405.00. Optional cables 
available. 
LAC 7000 printer interface cable lor Super Elf 
with software $26.00 

MAN4740 cc �~�0� 120�;�~� �~� 1i wan �s �~ �.� llfr type 05 MAN66-10 
6000 MAN6710 CA 60 1.35 ""' '" 
650 0 h llfl f iO h r nlln •l MAN6i'40 cc 60 
6000 Modt\912 S84500 "' 55.00 Mcdtl920 .$94500 MA I002A 8.95 �
650 f1Jiylul ctQi ul1111111ort l lt �
295 NAI 00 2E 8.95 

NA1012A 8.95�i �~�~� SIQ.DQ 102P31rlnst orm u 2.25 �
850 NAI 01 2A �T�~ �n�s �1�o �r� �m�t �r� 2.25 �
8 75 BSR ControllerS39 . 95 
8.7 5 �C�<�:�r�1�n�f�d�Y�l�i�U�i� �c �0�1�1�'�1�P�u�l�t�1 �l �o�1�!�1�t� �B�S �R�H�¢�m �~ �l� 
2 90 �S�~�!�m� Comourcr to nlro Ued ullrKonrt Inns �
290 IIIITterloryMSSil Sotr·..�~ �r� �e �f� �o �r�1 �8� �0� �2� �u� �H �r� �

NiCad Battery Fixer/Charger Kit 
Opens shorted cells that won't hold a charge 
and then charges them up, all in one kit w/full 
parts and instructions. $7 .25 

Rockwell AIM 65 Computer
6502 based single board witlr full ASCII keyboard
and 20 column ttrennal printer. 20 char. alphanu · 
meric display. ROM monitor. fully expandable. 
$375.00. 4K version $450.00. 4K Assembler 
$85.00. 8K Basic Interpreter $100.00. 

Special small power supply for AIM65 assem. in 
frame $54.00. Complete AIM65 in tlrin briefcase 
with power supply $499.00. Molded plastic 
enclosure to fit both AIM65 and power supply 
$47.50. Special Package Price: 4K AIM, 8K Basic. 
power supply, cabinet 5599_00 

AIM65/KIMNIM/Super Elf 44 pin expansion 
board; 3 female and 1 male bus. Board plus 3 
connectors $22.95. 

60Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency 
to crystal time base . Outstanding accuracy. 

Video Modulator Kit $8.95 
Convert 1V set into a high quality monitor w/o 
affecting usage. Camp. kit w/full instruc. 

Multi-volt Computer Power Supply 
8v 5amp, :o18v .5 amp. 5v 1.5 amp. - 5v 
.5 amp. 12v .5 amp, -12v option . :c5v, :o 12v 
are regulated. Basic Kit $29.95. Kit with chassis 
and all hardware $43.95. Add $4.00 shipping. Kit 
of hardware $14.00. Woodgrain case $10.00. 
$1.50 shipping. 

RCA Cosmac 1802 Super Elf Computer $106.95 
Compare features before you decide to buy any plus toad, reset, run, wail, input, memory pro­
other computer. There is no other computer on tect, monitor select and single step. Large, on 
the market today that has all the desirable bene­ board displays provide output and optional high 
fits of the Super Elf for so little money. The Super and low address. There is a 44 pin standard 
Elf is a small single board computer that does connector slot for PC cards and a50 pin connec­
many big things. It is an excellent computer for tor slot for the Ouest Super Expansion Board. 
train ing and for learning programming with its Power supply and sockets for all IC 's are in­
machine language and yet it is easily expanded cluded in the price plus adetailed 127 pg. instruc­
with additional memory, Full Basic, ASCII tion manual which now includes over 40 pgs. ol 
Keyboards, video character generation, etc. software info. including a series of lessons to 
Before you buy another small computer. see if it help get you started and a music program and 
includes the fo llowing features: ROM monitor; graphics target game. Many schools and univer· 
State and Mode displays; Single step; Optional sities are using the Super Elf as acourse of study. 
address displays; Power Supply; Audio Amplifier OEM's use it for training and R&D. 
and Speaker; Fully socketed for attiC's; Real cost Remember . other computers only offer Super Elf 
of in warranty repairs; Fu ll documentation. features at additional cost or not at all. Compare 
The Super Elf includes a ROM monitor for pro· before you buy. Super Elf Kit 5106.95. High 
gram loading, editing and execution with SINGLE address option $8.95. Low address option 
STEP for program debugging which is not in­ $9.95. Custom Cabinet with drilled and labelled 
cluded in others at the same price. With SINGLE plexiglass front panel $24.95. All metal Expan­
STEP you can see the microprocessor chip opera­ sion Cabinet. painted and silk screened. with 
ting with the unique Ouest address and data bus room for 5 S-1 00 boards and power suppl y 
displays before, during and alter executing in­ $57.00. NiCad Battery Memory Saver Kit $6.95. 
structions.Also. CPU mode and instruction cycle All kits and options also completely assembled 
are decoded and displayed on 8 LED indicators. and tested . 

An RCA 1861 video graphics chip allows you to Ouestdata, asoltwarepublication for 1802 com· �
connect to your own lVwith an inexpensive video puler users is available by subscription for �
modulator to do graphics and games . There is a $12 .00 per 12 issues. Single issues $1 .50 . Is· �
speaker system included for writing your own sues 1-12 bound $16 .50. �
music or using many music programs already Tiny Basic Cassette $10.00, on ROM $38.00, �
written. The speaker amplifier may also be used original Elf kit board $14 .95. 1802 sortware; �
to drive relays for control purposes. Moews Video Graphics $3.50. Games and Music �
A 24 key HEX keyboard inc ludes 16 HEX keys $3.00, Chip 8 Interpreter $5.50. �

Super Expansion Board with Cassette Interface $89.95 
This is truly an astounding value ! This board has points can be used with the reg ister save feature 
been designed to allow you to decide how you to isolate program bugs quickly, then follow with 
want it optioned. The Super Expansion Board single step. If you have the Super Expansion 
comes with 4K of low power RAM fully address- Board and Super Monitor the monitor is up and 
able an ywhere in 64K with bui lt-in memory pro - running at the push of a button. 
teet and a cassette �i�n�t�e�r�f�a�c�~ �.� Provisions have Other on board options include Parallel Input 
been made for all other optrons on the same and Output Ports with full handshake . They 
board and rt frts neatly rnto the hard_wood cabrnet allow easy connection of an ASCII keyboard to the 
alongs1de the Super Elf. The board rncludes slots input port. AS 232 and 20 rna Current Loop for 
for up to 6K of EPROM (2708 , 2758, 2716 or Tl teletype or other device are on board and if you 
2716) and �r�~� fully �s�o�~�k�e�t�e�d .. EPROM can be used need more memory there are two S·100 slots for 
for the mon1tor andTrn yBasrcor otherpurposes. static RAM or video boards. Also a 1K Super 
A IK Super ROM Monitor $19.95 is available as Monitor version 2 with video driver for full capa­
an on board option in 2708 EPROM which has bility display with Tiny Basic and avideo interface 
been preprogrammed with a program load er/ board. Parallel I/O Ports $9.85, AS 232$4.50. 
editor and error checking multi file cassette m 20 rna 1/F $1.95, S-100 $4.50. A 50 pin 
read/write soflware. (relocatable cassette file) connector set with ribbon cable is available at 
anotherexclusivefromOuest.ltincludesregister $15.25 for easy connection between the Super 
save and readout. block move capability and Elf and the Super Expansion Boanl. 
video graphics driver with blinking cursor. Break Power Supply Kit for the complete system (see 

Multi·volt Power Supply)· 
Announcing Quest Super Basic- SECOND GENERATION 
A new enhanced version of Super Basic now Enhancements include increased speed, buitl­
available. Questwasthefirstcompanyworldwide in provisions lor Stringy Floppy , Aoppy Disc, 
to ship a full size Basic for 1802 Systems. A Printer Driver, 1/0, user definable command 
complete function Super Basic by Ron Cenker library and statement renumbering. 
including floating point capabi lity with scientific Easily adaptable to most 1802 systems. Re­

(number range �:�o� �.� �1�7�E �~ �)� �.� 32 btl 1nte9er quires 16K RAM minimum for Basic and user 
. multr d1m arrays, stnng arrays. strrng programs. Source listing lor both Serial and 

monin,•ll:•ti,nn·cassette 1/0. save and toad. basrc. Parallel I/O included. 
and over Super Basic on Cassette $40.00. 

�· �~�=�=�.�:�;�;�;�,�;�=�=�;�;�.�:�:�.�;�=�;�;�,�;�.�,�.�=�~�=�;�,�_�-�-�.�.�.�.�,�,�.�.�.�,�,�.�,�.�.�.�.�,�,�.�.�,�_�_�,�-�.�.�.�,�.�.�,�.�,�,�.�.�.�.�,�-�:�:�-�:�.�.�.�,�.�=�-�-�-�-�- "� 

Expandable to32K. Hidden refresh w/clocks up to 4 Expandable to 256 x 192 high resolut ion color 
MHz w/no wait states. A ddt. 16K RAM $63.00 graphics. 6847 with all display modes computer 
Super Elf 44 pin expansion board; 3 female and 1 controlled. Memory mapped. 1 K RAM expanda· 
male bus. Board plus 3 connectors 522 .95 ble to 6K . S-100 bus 1802. 8080. 8085. Z80 etc. 
Tiny Basic Extended on Cassette $15.00 Editor Assembler 525.00 

(Requires minimum of 4K lor E/A plus user(added commands include Stringy, Array, Cas­
sette l/0 etc.) source) �

S-100 4·Siot Expansion s 9.95 � 1802 Tiny Basic Source listing $19.00 
Super Monitor VI. I Source Listing $15.00 Super Monitor V2.0/2.1 Source Listing $20.00 

TERMS: $5.00 min. order U.S. Funds . CaJII residents add 6%tax. . FREE : Send for your copy of our NEW 1980 
�$�1�~ �.� �0�~� min . order �B�~�n�k�A�m�e�n�c�a�r�d� and Master Charge and COD. $1 .00 msurance optional. QUEST CATALOG. lntlude �4�8�~� stamp . 
Shtppmg charges wtll be added on charge cards . 
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Get the inside �
copy of CPI'M* �
Just purchase a Jade Double-D 
or CCS double density disk 
controller this month and 
CP/M* 2.2 is yours for free. 

S-100 Boards 

DOUBLE-D - Jade 
/luuh/,· tJ,·n . ..;t/_\ ' tl is/; r- rmtml!t•r tl'i lh llw in sit/,• trod: 

IOIJ-l:IOOK J.:it & ('!' M 2.:! $:1H5.00 
IOD- l :IOOA II" !I & T & ('P; M 2.:!. $<169.00 
I() D- 1:lllf>A :i I," ;\ & '/' & ('/'!M :! .:! $ <1 6H.OO 
I () D- I �~ �0�0 I I /l un • luw rd ... . . . . . $55.00 

I>OUHLE IH:NSITY - Cal Comp Sys 
.i 1 " , , ,. ,,•• • ,fl..:}; null rulla ll'i l h [,,.,. ( ' f J M :!.:! 

IOIJ-l ·IOO A ; \ �, �~�·� T $ :17·1.H5 

THE BIG Z* -Jade 
2 or 4 Mllz >ll'ilchah/e Z./W' CPU with Sl'rial/10 

CPU-30201 K Ktt . . $145.00 
CPU -30201A A & T ..... ... . . .. .. . $199.00 
�C �P�U�-�:�~�0 �2 �0 �0 �8� Bare hoard . . . . . .. . .. . . $35.00 · 

SBC-100-SD Systems 
2.5 MH <1,.81J' CPI I with serial & parallel /10 ports 

CPC-:3010' )1\ Ki t $269.95 
�(�'�J�> �f�~ �-�:�I�O�I�O�'�l�A� .Jnde A & T . . $339.95 

SBC-200 - SD Systems 
I MIL: Z /ill'(' / ' ( ' u·ith ,,·,·rial & parallel /! 0 ports 

CPC<!0200K Kit . ...... . . . . . . $299.95 
�C �P �C �- �:� �~�0�2�0�0�A� ./ ud,• A & T . . . . $37 5.00 

CB2- S .S .M. 
2 or ·I klllz �'�~�~�'�i�t�<� hahi<•Z·li l!' C' PUwith HAM. HOM. & J; O 
C PU-30:3001{ Kit . . . . . . . . . . . . $239.95 
CI'C-.'10300A A & T . . . $299.95 

�~�8�1�0� Z-HO* CPU- Cal Comp Sys 
:.! / -1 .'\11/: Z -1'\0A* C' PUu•hwria/1 1 0 port 

<' 1'11-:!0 100,\ .·1 & T $275.00 

ExpandoRAM I - SD Systems 
:! .. i .\11/ : U: \.11 honn/ 1'.\"fllllldablt' [rom Hi/\' lo li- lA' 

:YIEM-Hil:IOK llih' liit .. $245.00 
MEM-llil :IOA /Ii i\' ,Jnrlt• A & T . $295.00 
:\'1�E �M�-�:�1 �~� I :I I K :1:!/ \ hit $275.()() 
:vi t·:M-:121 :1 I A :I:! K Jnde A & T . $325.()() 
:Vti':M-·.II'll :{2K ·18K /ii i $305.00 
MEM-4HI :!2A .J8K Jnde A & T . $355.00 
MEM-6413:1K li ·IK Iii! $335.00 
MEM-6 41 33A li.JK J ade A & T . $385.00 

64K RAM BOARD $359.95 

ExpandoRAM II - SD Systems 
4 MHz HAM hoard expandahlc / rom UiK to :l.iOK 

MEM-16630A 16K kit ... . . $249.95 
MEM-16630A 16K Jade A & T . $299.95 
MEM-32631K 32K kit ... ..... . $289.95 
MEM-32631A 32K Jade A & T . . $339.95 
MEM-48632K 48 K kit $324.95 
MEM-48631A 48 K Jade A & T . $374.95 
MEM-64633K 64K kit .. . $359.95 
MEM­ 64633A 64K Jade A & T . $409.95 

32K STATIC RAM BOARD $299.95 
16K STATiC RAM BOARD $169.95 

32K STATIC RAM- Jade 
2 or 4 MHz expand abl e s tatic RAM board uses 2114L 's 
MEM-16151K 16K 4 MHz kit ...... $169.95 
MEM-16151A 16K 4 MHz A & T .. . $224.95 
MEM-32151K 32K 4 MHz kit . . . . . . $299.95 
MEM-32151A 32K 4 MHz A & T . . . $349.95 

S.P.I.C.-Jade 
Our new fl O card with 2 SI O's, ·1 CTC's, and I P/0 

IOI-1045K 2 CTC's, I SIO, I PIO $199.00 
IOI-1045A A & T ..... ...... $259.00 
IOI-1046K 4 CTC's, 2 SIO's, I PIO $259.00 
IOI-1046A A & T . . $319.00 
101-1045 8 Bare board w l manual . . . $59.95 
101-10450 Manual only . . . . . . . $20.00 

16K STATIC RAM- Cal Comp Sys 
2 rJT 'I M/1 .: Ui h' s tat i c HAM - a real m enwry har uain 

MEM - 16160K 16K 2 MHz li il . . . $249.95 
�M�~�:�M�-�1�6�1�6�0�A� 16 K 2 MHz A & T ... $279.00 
MEM-16162K 16K 4 MHz hit $279.95 
MEM-16162A 16 K 4 MHz A & T .. . $309.00 
MEM-1 61608 Bare hoard . · .. $29.95 

PB-1- S.S.M. 
:270X. 2 7 Jfi 1-.'PHOM hoard with huilt -in programmer 

MEM-995111K Ki t $1 59.9 5 
M EM -9951 Oi\ A & T . . . . . . . . . . . . . $239.95 

PROM-100-SD Systems 
:!70H . 27/(i, 27.:12. 2758. & 2ti/6 EPHOM progrnmmer 

MEM-99520K Kit .. . .. .. . . .. . $175.00 
MEM-99520A Jade A & T .... . .. .. $ 22 5.00 

1/0-4 - S.S.M. 
:! .owrial I ()ports plus 2 para/lf'll / 0 ports �

101-10 IOK Kit .. .. .. .. $179.95 �
101-IOIOA A & T .. ............. .. $259.95 �
101-IOIOR Hare hrJ ard . .... . ... . . .. .. $35.00 �

BIT STREAMER II - Vector Graphic 
:t ...t•ri a/1 ()ports plus 2 parali c>// .! () ports 

IOI-1025A A & T .......... . .. ..... $259.00 �

1OOK DAY CLOCK - Mtn Hardware 
('ry.'>lal n mtrul/,•d S -100 clocl.·u•ith NiCad ha ckup 

IOK - 14001\ A & T . . . . . . . . . . . . $329.95 

SB1-S.S.M. 
!:i Ill ICJ ;?:iK H z music s y nlhf•,o;izt•r {or S -100 

I 08-1 005K Kit $239.95 
108-1005A A & T .. .... ... . .. . .. .. $299.95 

TB-4 - Mullen 
l·:.rJr,·nwly ras atilt• c.rl t'I/Ch·r htJard w it h !tJJ...'ic prolw 

T8X-1H()J{ Kit . . ........... . ..... . . .. $55.00 
T8X-1HOA A & T .. . $75.00 

TERMINATOR & EXTENDER-C.C.S. 
('un h1• u srd as hoth an S- /fJ() f'X ff ·nder and trrminator 

T8X-150K Kit . . . . .. . $39.95 

S-100 EXTENDER- Cal Comp Sys 
f •ut.-.· JH'rlhlem hoards ll'ilh in easy rt •ach 

TSX-WOA A & T .. . . $24.95 

VERSAFLOPPY I - SD Systems 
\ 'l'nw/ifl' floppy disl.· nmlrollf'r f ur H" or 51,/' 

IOD-1150K Kit ........... .. ...... $219.95 
IOD- 1150A J nde A & T $269.95 

VERSAFLOPPY I I - SD Systems 
N1'11· douh/1• d1'1! ...ity <'UIIIrollt'r f or hoth H" & 5 1 

/' �

IOD-1160K Kit . $309.95 �
IOD-1160A Jnde A & T $369.95 �

S-100 PROTO BOARD- Jade 
l rnit ·•' l',.;flf d r•,.;/gn. p / Hil'd fhru �h �t�~� �/�c�s�.� grJ/d �{ �i�l�l�~�l �'�r �S� 

TSX-1408 Hnre hon rd ... . $24.95 

270H/2716 EPROM BOARD- Jade 
1/olds IIJJ to /fi h'PHO M .... addn•.o.;sahJ ,. on 1 K hanl.·s 

MEM-16230K Kit . . . . . . . . . . $69.95 
MEM-16230A A & T . no PROMs . . .. . $99.95 
MEM-162308 B nre hourd . . . .. ... . . $30.00 

• Z-80, Z-BOA, and theletterZ are recognized trademarks 
o f Zilo g , Inc. 

VUH-8024- SD Systems 
80 x 24 /1 0 mapped video hoard with keyboard I I O 

IOV-1020K Kit . . . . . . $339 .95 
IOV-1020A Jnde A & T . . . . . . . . . . . . $399.95 

VB3- S.S.M. 
80 x 2 4 or 8 0 x 48 m em ory mapped with g raphics 

IOV-1095 K Ki t, 4 MHz .. . . . ... ... . $399.95 
IOV-1095A A & T. 4 MHz ... ...... $464.95 
IOV-1096 K 80 x 48 upg rad e, 4 MH z . $89.00 

VIDEO BOARD - Jade 
li ·l x II i assembled & tested S ·/00 video hoard �

JOY-1 0508 Bare board . . . . . . . $29.95 �
IOV -1 050A A & T sale price . .. , . .... $99.95 �

Single Board Computers 

AIM-65 - Rockwell �
6502 comput er with print er, display, & keyboa rd �

CPK-50165 I K A IM ..... . .... . . ... $374.95 �
CPK-50465 4K AIM .......... . .. . . $449.95 �
SFK-746000 SE 8 K BASIC ROM ... $99.95 �
SFK-64600004E 4 K assem bler ROM $84.95 �
PSX-030A Power suppl y ... . . . .. ... .. $59.95 �
ENX-000002 Enclosure ...... . . .. . ... $49.95 �

4K AIM. 8K BASIC. power supply, & enclosure �
Speci al pack age price . . . . . . . . . . . . . $599.00 

Z-80* STARTER KIT- SD Systems �
Z-80* computer with RAM, ROM, I/0, & keyboard �

CPS-30010K. Kit .... ............. . $319.95 �
CPS-30010A Jade A & T . . . .. ... . . $399.95 �

Video Nlonitors 
V I DEO 100-Leedex �

12" Jl & \V v ideo monitor with 12 MH:z bandwidth �
VDM-801210 .. .. ... .. ..... .. . . . . . . $139.95 

VIDEO 100-80-Leedex 
8 / x 24· uersion of Vidro 100 with metal cabinet 

VDM-801230 . . . . . . . . . . . . . . . . . . $179.95 

9" B & W MONITOR- A.P.F. 
�H�i�~�h� q11ality . high resolution video monitor �

VDM-750900 9" m onitor . . . .... . ... $149.95 �

13" COLOR MONITOR - Zenith 
Th<• hi rrs color you '11e h e en promising yoursel f 

VDC-201301 . . . . . . . . . . . . . . . . . . . . . . . $449.00 

12" GREEN SCREEN-NEC 
20 /'v1 H z. P3 1 phosphor video monitor wi th audio 

VDM-651200 12" monitor . . . . . . . . . $249.95 

Software 
SDOS - SD Systems 

DOS. CBASIC.2. Z·80* assemblerl editor l linker �
SFX-550010000 Manual set .. . .. . .. $24.95 �
SFX-55001002M 514" disks & man $199.95 �
SFX-55001006F 8" disk & manual $199.95 �

CP/M 2.2- Digital Research �
Lnl !•st & most pmcer{ul release o{CP; M �

SFC-525060000 Manual set . . . .. .. . $24.95 �
SFC-52506000M 5'11'' di sk & manual $ 149.95 �
SFC-52506000F 8" disk & manual $149.95 �

*CP/M is a registered trademark of Digital 
R esearch Corp. 
:\11 r oyuh ies paid by ,Jude C o mput£> r Produc ts and 
l 'u lifornin Cornp u t (" r Syslf! ms. 
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track and a free �
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Accessories for Apple 
16K MEMORY UPGRADE 

Add 16KofRAM to your TRS-80. Apple. or Exidy �
MEX-16100K TRS-80 kit .. . . .. . . .. . . $39.95 �
MEX-16101K Apple kit .... . . ..... . $39.95 �
MEX-16102K E:ridy kit ..... $39.95 �

PRINTER INTERFACE - Cal Comp 
Centronics type I 10 card wl firmware �

IOI-2041A A & T .................... $99.95 �

8" DRIVES for APPLE 
Controller. /JOS,ttco 8" drives, cahinet, & cahle 

Special package price . ........... $1475.00 �

AIO- S.S.M. 
Parallel & serial interface for your Apple �

IOI-2050K Kit ..... .... ....... ..... $159.00 �
IOI-2050A A & T .... ..... . ... .. .. . $199.00 �

APPLE CLOCK - Cal Comp Sys 
Real time clock w l hottery �h�a�c�l�~�-�u�p� 

IOK-2100A A & T .. ........ .. .... $125.00 �

SUPERTALKER - Mtn Hardware 
.','peech recounifionlsynthesizer w l spcalwr & mille 

IOS-2015A A & T . . . . . . . . . . . . . . . . . $275.00 

Z-80* CARD for APPLE 
Z-80* CPU card with CP/M for your Apple 

CPX-30800A A & T .. . .. .. .. .. .. .. $298.00 

MICROMODEM - D.C. Hayes 
Auto ansu:erl dial modem card(or Apple or S-!00 

IOM-2010A Apple modem . . $349.95 
IOM-1100A S-100 modem . . $375.00 

Printers 
BASE 2 - Impact Printer 

}32 CpH, hi-directional, tractor feed, & l(raphics 
PRM-13100 ....................... $675.00 �

DP-9501 - Anadex 
!J x II dot m atri x, 220 column, 200 cps, & graphics 

PRM-10501 Standard DP-9501 . . . $1495.00 
PRM-10511 with graphics & 2K $1595.00 

ANACOM 150-Special 
/50 cps, 9 x 9 matrix, tractor feed �

PRM-11150 Parallel interface ...... $895.00 �
PRM-11151 Serial interface ....... $895.00 �

SPINWRITER - NEC 
(i5 cps, hi-directional, letter quality with tractor 

PRD-55510 with 2K buffer .. $2695.00 

NOV A TION CAT 
300 haud, auto answer/originate acoustic modem 

IOM-5200A Special sale price ...... $139.00 

D-CAT 300 baud, direct connect modem �
IOM-5201A Special sale price ...... $189.00 �

EPROM ERASERS 
L.S. Engineering UV eraser for up to 48 EPROMs 

XME-3200 A & T ......... . ...... . ... $39.95 �

Spectronics hi intensity industrial eraser �
XME-3100 Without timer . .. . .... .. .. $69.95 �
XME-3101 With timer . . . . . . . . . . $94.50 �

TV -1 - Best Buy 
The inexpensive alternative to video monitors �

IOR-5040K Kit .. .. .. .. .. . .. $8.95 �

Call for yourfree 1980catalog 
Circle 372 on lnqul card. 

Disk Drives 
JADE DISK PACKAGE 

Daub/(,.[) controller hit. t1co 8" double dt•llsity driues �
CPIkf 2.2. cabinet, pmcer supply, & cahles �

Special package price . . $1395.00 

DUAL 8" DRIVES - Jade 
A pair of double density Shuf(arts in a cabinet �

MSF-12800R 2 single sided . . . . $995.00 �
MSF-125202 2 double sided $1425.00 �

8" DISK DRIVES 
High/)' reliable double densit_v {lopp_v dish drives 

Shugart 8011{ single sioieoi, oiouble oiensity �
MSF-10801R SA-801R . . $425.00 �
Special Sale Price . . . . . . . . . . . 2 for $800.00 �

Qume llatatrnk H oiouble sioi eoi , oiouble oiensity �
MSF-750080 851 R compatible . . . . . $625.00 I �

llaruain �~�i�!�,�~�~�~�~�~�;�,�~�~�c�,�:�t� �~ �~�~�:�, �.�~�t�i�c� media 
5 'l1" single sitieti, single tiensity, hox of 10 �

MMD-5110103 Soft sector ........... $27.95 �
MMD-5111003 JOsector ............. $27.95 �
MMD-5111603 16 sector... .. .. . $27.95 �

5'1.'' oiouble sioieoi, oiouble oiensity, box of lO �

M MD-5220103 Soft sector . .... ... . .. $39.95 �
8" single sioieoi, single oiensity, box of 10 �

MMD-8110 103 Soft sector ........... $33.95 �
8" single sitieti, tiouble tiensily, hox of lO �

MMD-8120103 Soft sector ........... $55.95 �
8" oiouble sioieoi, oiouble oiemity , box of 10 �

M MD-8220103 Soft sector .... ... $57.95 �

DUAL DISK CABINET Jade 
Metal enclosure for 280/R's, power supply & fan �

END-000021 Bare cabinet $99.00 �

Motherboards 
ISO-BUS-Jade 

Silent, simple, and on sale- a better motherboard 
H Slot (5'!.'' x 8%") �

M8S-0618 Bare board ............. $19.95 �
M8S-061K Kit .................. .. ... $39.95 �
M 8S-061 A A & T . . . . . . . . . . $49.95 

�I�~� Slot !DYo" x H%") 
M8S-1218 Bare board ... $29.95 
M8S-121K Kit .. . .. .. .. .... . .. . $69.95 
M8S-121A A & T .. . . .. $89.95 

18 Slot (14 1/!' x 8':/, " J 
M 8S-1818 Bare board . . . . . . . . .. $49.95 
M8S-181K Kit . .... .. ...... .. .. .. .... $99.95 �
M8S-181A A & T ... .... .. ... .. . .. . $139.95 �

Mainframes 
MAINFRAME - Cal Comp Sys 

12 slot S-100 mainframe with 20 amp power supply 
ENC-112105 Kit ......... $309.95 
ENC-112106 A & T .. .. .. .. .. .. .. $349.95 

DISK MAINFRAME - NNC 
Dual 8" drive cutouts with 8 slot. motherboard �

ENS-112320 with 3o amp p.s. . . . . $699.95 �

TRS-80 APPLE �
16K MEMORY UPGRADE KIT 

$39.95 �

MICROPROCESSORS 
Z-80 . . . 10.95 
Z-BOA . . . . . . 12.95 
6502 ....... 11.50 
6800 .. 11.95 
6802 
6809 
8035 
8035-8 

I 80BOA .. 
8085 .. 

8216 �
8224 ... 3.25 �
8224-4 10.95 �
8226 ... 3.85 �
8228 ... 4.95 �
8238 . 4.95 �
824.1 . 8.00 �
8250 .. 14.95 �
8251 . 6.50 �
825.1 . . 13.95 �
8255 ... 6.50 �
8257 . 19.95 �
8259 .. 17.95 �
8275 .. 49.95 �
8279 . 15.95 �

Z-80 SUPPORT �
3881 P/0 .. 9.50 �
3881-4 P/04 MHz 14.50 �
3882 CTC . . 9.50 �
3882-4 CTC4 MHz 14.95 �
388.1 SIO ........ 29.50 �
3881 SJO ........ 49.50 �

BAUD RATE �
GENERATORS �

MC!4411 .... 10.00 
1.843 MHz xtaJ 4.95 

UARTS
6800 AY5-10!3A 5.25 

SUPPORT AY3-1014A 8.25 
6821P .. 5.95 TR1602B . .. 5.25 
6R28P . 11.95 IM6402 ... 9.00
6834P . 12.95 �
6840P . 18.75 � RAMS 
6850P . . 4.80 
6852P .. 5.79 

I 6875L .. 7.40 
68488P 25.00 

PROMS 
2708 4!i0ns 8.95 , �
2716 12,5u 14.95 �
2716 Su . 14.95 �
2732 5u .. 59.95 I �
2758 Su .. 19.951 �

• � PLACE ORDERS 

�~� Inside �I�.�~�~�n�~� �~�!�!�~�e�~�a�l� U .S. 
• � 800-262-1710 800-421-5500 

11 
• For custumrr senict' �

ur lt'chnical inquirit'' call 213-973-7707 �

• � Write for our FREE 1980 catalog 

• �J'�~ ::.::»:E: 
• � COMPUTER PRODUCTS 
• � 4901 W.Rosecrans. Hawthorne. CA 90250 _....,_., 

II TERMS OF SALE. Cash. checks. credu cards �
money orderS or from recogm1.ed InStitUtiOns �

• � Purchase orders accepted M munum otder �
California residents add 6% sales tai Min i �

• shipping and handli ng charge $2.50. Prices ar1�II U.S. and Canadian delivery only and are �s�~�~�j�.�: "�.�t� �
10 change without notice. For exporl prices :.me:! 

• � information se nd for a JADE INTERNATIVNAL 

• � CAT.\I.OG. I J ­
• V/S.4 • 



*WMV 
SN7400N .25 7400 SN74156N .19 
SN7401N .20 SN74157N .69 
SN7402N .25 SN74160N .89 
SN7403N .25 SN7472N .29 SN74161N .89 
SN7404N .25 SN7473N .35 SN74162N .89 
SN7405N .29 SN7474N .35 SN7416JN •89 
SN7406N .35 SN7475N .49 SN74164N .89 
SN7407N .35 SN7476N .35 SN74l65N .89 
SN7408N .29 SN7480N .so SN74166N 1.25 
SN7409N .29 SN7482N ·" SN74167N 2.79 
SN7410N .25 SN7483N .69 SN74170N 1.95 
SN74llN .29 SN7485N .89 SN74172N 4.95 
SN7412N .35 SN7486N .35 SN74173N 1.39 
SN741JN ·"' SN7489N 1.75 SN74174N .99 
SN7414N .69 SN7490N .49 SN74175N .89 
SN7416N .29 SN7491N .59 SN74176N .19 
SN7417N .29 SN7492N .45 SN74177N .19 
SN7420N .25 SN7493N .45 SN74179N 1.49 
SN7421N .29 SN7494N .69 SN741BON .19 
SN7422N ·" SN7495N .69 SN741BIN 2.25 
SN7423N .29 SN7496N ·" SN74182N .19 
SN7425N .29 SN7497N 3.00 SN74184N 2.49 
SN7425N .29 SN74100N 1.49 SN7418SN 2.49 
SN7427N .25 SN74107N .35 SN74190N 1.25 
SN7429N .39 SN74100N .39 5N74191N 1.25 
SN74JON .25 SN74116N 1.95 SN74192N .89 
SN7432N .29 5N74121N .39 SN74193N .89 
5N7437N .25 SN74122N .55 5N74194N .89 
SN7438N .40 5N74123N .59 5N74195N .69 
SN7439N .25 SN74125N .., SN74196N .89 
5N7440N .20 5N74126N ·" SN74197N .89 
5N7441N .89 SN74132N .75 5N74198N 1.49 
SN7442N .59 5N74136N .75 5N74199N 1.49 
5N7443N 1.10 5N74141N .99 5N74221N 1.25 
SN7444N 1.10 5N74142N 3.25 SN74251N .99 
SN7445N .89 5N74143N 3.49 5N74276N 1.95 
SN7446N .79 SN74144N 3.49 5N74279N .79 
SN7447N .69 SN74145N .19 SN74283N 1.49 
5N7448N .19 5N74147N 1.95 SN74284N 3.95 
SN7450N .20 SN74148N 1.29 SN74285N 3.95 
SN7451N .20 SN74150N 1.25 SN74365N ·"5N7453N .20 5N74151N ·" SN74366N .69 
5N7454N .20 SN74152N .69 5N74367N .69 
SN7459A .25 5N74153N .19 SN74368N .69 
5N7460N .20 SN74154N 1.25 5N74390N 1.49 
SN7470N .29 SN7415SN .19 SN74393N 1.49 

74LSOO .29 74LS 74LS192 1.15 
74LS01 .29 74L5193 1.15 
74L502 .29 74LS92 .75 74L5194 1.15 
74LS03 .29 74LS93 .75 74L5195 1.15 
74LS04 .35 74LS95 .99 74LSI97 1.19 
74LS05 .35 74LS96 1.15 74LS221 1.19 
74LS08 .29 74LS107 .45 74LS240 1.95 
74LS09 .35 74LS100 .<5 74LS241 1.95 
74L510 .29 74L5112 .45 74L5242 1.95 
74L511 .75 74L5lll ·" 74LS243 1.95 
74L512 .35 74LSI14 ·" 74L5244 1.95 
74L513 .59 74L5122 .89 74L524S 2.95 
74L514 .99 74LS123 1.25 74LS247 1.19 
74L515 .35 74LS12S .89 74LS248 1.19 
74LS20 .29 74L5126 .55 74L5249 1.19 
74L521 .35 74LS132 .99 74LS251 1.49 
74LS22 .35 74LSIJJ .89 74L5253 .99 
74LS26 .35 74L5136 ·" 74L52S7 .89 
74LS27 .35 74L5138 .89 74L5258 .99 
74LS28 .35 74L5139 .89 74LS260 .69 
74L530 .29 74LS151 .89 74L5266 .69 
74LS32 .35 74LS153 .89 74LS273 1.95 
74LS33 .59 74LS1S4 1.75 74L5279 .75 
74L537 ·" 74L5155 1.19 74LS283 1.09 
74LS38 ·" 74LS156 1.19 74LS290 .99 
74LS40 .35 74LS157 .89 74L5293 .99 
74L542 .89 74L5158 .99 74LS298 1.25 
74LS47 .89 74LS160 1.15 74LS352 1.29 
74LS48 1.15 74LS161 1.15 74LS353 1.29 
74LS49 1.15 74LS162 1.15 74LS365 .75 
74LS51 .29 74LS163 1.15 74LS366 .75 
74LSS4 .29 74LS164 1.25 74L5367 .75 
74LS55 .29 74LS165 1.25 74LS368 .75 
74L573 ·" 74LS168 1.19 74LS373 1.95 
74LS74 .45 74L5169 1.19 74LS374 1.95 
74L57S .59 74LS170 2.49 74LS375 .89 
74L576 .45 74LS173 1.39 74L5386 .69 
74L578 ·" 74LS174 .99 74LS393 2.49 
�~�L�S�8�3� .89 74LS175 .99 74LS399 2.49 
74LS85 1.25 74LS181 2.95 74L5670 2.49 
74LSB6 .45 74L5190 1.25 81LS95 1.95 
74LS90 .59 74LS191 1.25 81LS97 1.95 

74500 .50 74S 745244 3.25 
74502 .50 745251 1.45 
74503 .50 745133 .55 745253 1.45 
74504 .55 745134 .69 745257 1.35 
74505 .55 745135 1. 19 745258 1.35 
74508 .50 745136 1.75 745260 .79 
74509 .so 745138 1.35 745280 2.95 
74510 .50 745139 1.35 745287" 4.95 
74511 .50 745140 1.15 745288* 4.95 
74515 .50 745151 1.35 745373 3.49 
74520 .50 745153 1.35 745374 3.49 
74522 .50 745157 1.35 745387" 5.95 
74530 .50 745158 1.35 745472'* 19.95 
74532 .55 745174 1.59 745473" 19.95 
74540 .55 745175 1.59 745474" 21.95 
74551 .50 745188 4.95 745475* 21.95 
74564 .so 745194 1. 95 74S570• 7.95 
74565 .so 74S195 1.95 745571'* 7.95 
74574 .79 745196 3.95 745572" 19.95 
74586 .19 745240 2.95 745573" 19.95 
745112 .79 74S241 2.95 745574'* 14.95 
74SU3 .79 745242 3.25 745940 3.15 
74Sl14 .19 745243 3.25 74S941 3.15 

'*LIMITED AVAILABILITY ON THESE PROMS 

CAJ013H 2.15 CA-ll NEAR CA3089N 3.75 
CA3023H 3.25 CA3096N 3.95 
CA3039H 1.35 CAJlJOH 1.39 
CA3046N 1.30 CA3081N 2.00 CA3140H 1.25 
CA3059N 3.25 CA3082N 2.00 CA3160H 1.25 
CA3060N 3.25 CA3083N 1.60 CA3401N .59 
CA3080H 1.25 CA3086N .85 CA3600N 3.50 

CD4000 .39 C04082 .39 
C04001 .39 CD-CMOS C04093 .99 
C04002 .39 C04098 2.49 
C04006 1.19 C04506 .75 
C04007 .25 C04041 1.49 C04507 .99 
C04009 ·" C04042 .99 C04508 3.95 
C04010 ·" C04043 .89 CD4510 1.39 
CD4011 .39 C04044 .89 C045ll 1.29 
CD4012 . 25 C04046 1.79 C04514 3.95 
C04013 .., C04047 2.50 C04515 2.95 
C04014 1.39 CD4048 1.35 CD4516 1.49 
CD4015 1.19 C04049 ·" C04518 1.79 
CD4016 .59 CD4050 .69 CD4519 .89 
C04017 1.19 C04051 1.19 C04520 1.29 
C04018 .99 CD4052 1.19 C04526 1.79 
C04019 ·" C04053 l.l9 C04528 1.79 
CD4020 1.19 C04056 2.95 C04529 1.95 
CD4021 1.39 CD4059 9.95 CD4S43 2.79 
C04022 1.19 C04060 1.49 C04562 11.95 
CD4023 .29 C04066 .19 C04566 2.79 
C04024 .79 CD4068 .39 CD4583 2.49 
C04025 .23 C04069 .45 C04723 1.95 
C04026 2.95 C04070 .55 CD4724 1.95 
C04027 ·" C04071 ·" MC14409 14.95 
CD402S .89 CD4072 ·" MC14410 14.95 
C04029 1.49 CD4073 .39 MC14411 14.95 
C04030 ·" C0407S .39 MC14412 11.95 
C04035 .99 C04076 1.39 MC14419 4.95 
C04040 1.49 C04081 .39 MC14433 13.95 

.JE6CB PROGRAMMER 
2708 EPROM PROGRAMMER 

 "�l� �~�p�o�r�o�~�O�i�"�'�t�o �y� �A�f�l �i� �"�"�' �:� �I�U�D �' �o�l�o�t�t�l�t "�J�I�:�t�f�t�n�T�r�i�H�.�I�I�L�E�O�"�o�t�t " �·� �1�'�)� 
tor �A�~ �~ �<�U�I�R�r�~�O�i�l�l�r�a�n�d� t LED '1Ior �D�o�n�M�r �r�.�~ �o�r�v� Rttinrr.Tho_t1o11Momo•v 
�R �<�~�i�1�T�r�r�d�i�o�~ �I�I�V �I� thl conltololrhr RAMoho'" thr EP RQM Chop. 

�~�~�~�~�:�;�~�:�~�,�~�~�·�~�~�:�:�~�~�~ �i�~�"�;�M�~�·�:�:�:�:�. �·�~�~�~�,�:�.�· �~�'�:�:�:�:�~�.�~�~�~� 
bOll I. 
•Ruidchr<ki.. �V�i�t�i�l�i�u�n�i�a�n�o�l�~ " "�l�" �"�'� �'�"�'�d�d�o�t�t�e�h �n �Q�n . 
•Uw may rlllit dtll hom 1 011\l t1 16 RAM"1 or,.,;'- i Mo RAM 'o with 
�h�~�b�u�r�d�r�n�u�i�t�~� 

 "� �A �I �"�'�"�'�"�' �" �u�o�l�l�l�.�t�p�l �i " �t�n�l�t�f�t �'�f �U�I�I�!�i�o �n� �(�~�p�u�d�d�o�w�n�l�a�t�a�n�r�o �4 �4�t�o�n�l�o�a�t �i�o �n �.� 

•Ston d·oluoEPP.DM Pro graroO\ orcono i.c inl ol : 
Al! .hyH,.drcimeiKrvbo"d"lf"'blv.PraJrln!lnorBc"dulf"'biVwith 
4 �~�" .." �~�~�,�~�p �p �\� �l� �u� and o LED /T oll S,ockrt Puol aurd UKO\ bl y. Thr Tnc 
Sochlluuoloru inunion lfpo, Pow" �·�·�~�~�l�n�m �u �u�:� 115VAC, SOHr. SW. 

�:�~ ...�~�.�~�~�~�d�,�;�:�:�.�·�l�. -::;:;;:; �;�~�"�~�!�:�~�~�~�~�~�·�;�~�· �.� �~ �:�;�~�~�i �: �'�l�~ �:�· �1�-�:�'�!�~�~�j�~�!�· �. �~�~�~� �.�~ �o�.� 
1Vrithl :51h 

Thr J E608 EPROM Prog••-•• ,. a �c�o �m �l�l�l�t�~�t�l�y� �~ �I �f� ton.,.ned unit wl>och il �o�n�d�r�~�~�m� ol compulfl conUol ....:1  "�~�<�l�u�i "�~ "� no tdd•hon1l 
�l�V�I�I�~�"�'�'� tor 111 oproJioon>. �T�h�~� EI'RQM can t.. �D�r�o�t�r�o�m�m �~ �d� f<om '"" �l�l�u�l�d�~�d�m�J�I� l(..ybo.o<d or """" • PI•·DtO'Jtlmmtd EPROM. �T�h�~� 

�~�~�~�~�:�. �;�~�;�~�~ �;�=�:�~�:�~�~�:�~�:�~�~�~�~�~ �.� �:�~�7�2�!�d�~�~�:�~�~�E�~�;�~�:�~�;�.�~�.�~�~�~�~�~�~�~�~�~�.�:�T�~�:�~�~�~�i�~�~�~�;�. �:�~�~�~�:�~�~�~�;�:�:�;�~�!�~�~�~�~�~�i�!�:�l�:�~�~�~�;�;�~�~�!�:�~� 
wllh 15 tC"1 f'>d 1rt<;luding 11 owr• 'oi.IPPI.CI of: -!>V. •!>V. • 11V .ond • 16V . Tht Hrddrcom•ll';oybo•rd 11\d LEDITrll �S�o�t �.� �k�r�i�P�~�n�e�t� Bo1rd 
••• �1�1�1�1�1�o�r�~�I�U�<�w�m�b �l�o� �n�w�o�\�l�l�i�n� thUnt rm. 

JE608K KIT .. $399.95 
JE608A Assembled and tested . $499.95- DISCRETE LEOS •XC556R .200" red 5/Sl MV50 .085" red 6/Sl XC111R .190" red 5/Sl 

XC556G .200" green 4tS1 XC209R .125" red 5/Sl XC111G .190" green 4/S1 
XC556V .200' ' yellow 4/S1 XC209G .125" green 4/S1 XC IllY :190" yellow 4tS1 
XC556C .200" clear 4/S1 XC209V .125" yellow 4/S1 XCI11C .190" clear 4tS1 
XC22R .200" red 5/Sl XC526R .185" red 5/Sl 
XC22G .200" green 4/S1 XC526G .185" green 4/S1 INFRA·REO LEO 
XC22V .200"ye11ow 4tS1 XC526V .185" yellow 4/S1 Y•''xlf.&"xl/16" flat 
MV108 .110" red 4/Sl XC526C .185" clear 4/Sl IRL-5tS1 

C.A. - Common Anode DISPLAY LEOS C.C. ­ Common Cathode 

Type 
MANI 
MAN2 
MAN3 
MAN 52 
MAN 54 
MAN71 
MAN72 
MAN 74 
MAN82 
MAN84 
MAN3620 
MAN3630 
MAN3640 
MAN4610 
MAN6610 
MAN6630 
MAN6640 
MAN 6650 
MAN6660 
MAN6710 
MAN6750 
MAN6780 
OL704 
OL707 
OL728 

Polarity Ht Price Type Polarity Ht Price 
C. A.-red .270 2.95 DL741 C.A.-red .600 1.25 
sx7 D.M. - red .300 4.95 DL746 C.A.­ red ± 1 .630 1.49 
C.C.-red .125 .25 DL747 C.A.­ red .600 1.49 
C.A.-green .300 1.25 OL750 c .c.-red .600 1.49 
C. C.-green .300 1.25 OL338 C.C. - red .110 .35 
C.A.-rcd .300 •75 FN070 c.c. .250 ·"C.A.-red .300 .75 FN0358 c.c. ± 1 .357 .99 
C.C.­ re d .300 1.25 FN0359 c.c. .357 .15 
C.A.-yellow .300 ·" FN0503 C.C. (FN0500) .500 .99 
C.C.-yellow .300 .99 FN0507 C.A. (FN0510) .500 .99 
C. A.-orange .300 ·" HOSP·3401 C.A.-red .800 1.50 
C.A.-orange ± 1 .300 .99 H0SP-3rl03 C. C.-red .800 1.50 
C.C.-orange .300 .99 5082·7613 C.C.,R.H. D.-red .300 1.25 
C . A.-orange .<DO .99 5082-7620 C.A.,L.H.O.-yel. .l>O 1.25 
C.A.-orange-DO .560 .99 5082·7623 C.C.,R.H.D.-yel. .300 1.25 
C. A.-orange± 1 .560 .99 5082-7730 C.A.,L.H.O.- red .300 .99 
c.c.-orange-OD .560 .99 5082·7731 C.A.,R.H.D.-red .300 1.25 
c.c.-orcmge ± 1 .560 .99 5082·7750 C.A.,L.H.D.­ red ,430 1.75 
C.A.­ orange .560 .99 5082-7751 C.A.,R.H.O.-red .430 1.25 
C.A.-red-DD .560 .99 5082·7760 C.C.,R.H.O.-red .430 1.75 
C.C.-red ± 1 .560 .99 5082·7300 4x7 sgl. dig. RHO .600 22.00 
c.c.-re d .560 .99 5082·7302 4x7 sgl . dig. LHO .600 22.00 
C.C.-red .300 1.25 5082·7304 Overnge. char.(! 1) .600 19.95 
C.A.-red .300 1.25 LIT·l Photo Xslstor Opto·isol. .69 
C.C.-red .500 1.49 MOCJOIO Optically lsoi.Trlac Driver 1.25 

RADIO CONTROL Cl RCUITS 
Ideal for remote control systems which use pulse amplitude modu· 
latlon (toy cars, boats, tanks, etc,) Features: five function contrcl, 
adJustable steering angle, suitable for 27 and 47MHz bands and low 
power consumption. 

KB ·4428 TRANSMITTER •...••••••• ••. $4.25 
Abs. max. rating (TA@I25" C). Supply volt.: Vccl 12VDC. 
Power Olsslp.: PO: :llOmW; Temp. range: Oper. 0·+50°C­
Storage ·30- +125° C. Rec. oper. volt.: 7·11V. Crystal or 
CR Oscillation circuits acceptable. 
KB·4429 RECEIVER .......•....... •. $5.95 

�f�~�~�:� �~�~�~�-�e�~�a�g�~�~�~�~�:�:�A�6�~�~�W�:� �f�~�:�:�f�d�.�Y �r�~�~�6�f�/�:� �v�d �g�~�~�-�l�~�v �i� �Y�.�Q�.�c�~�~� 
Rcc. oper. volt.: VOP1 7-llV- VOP2 3-6V. - LOW PROFILE • SOLDERTAIL 

(TINI SOCKETS STANDARD (TIN) 
1·24 ,..., 50·100 1·24 25·49 50·100 

8 pin LP .11 .16 .IS 14 pin ST .21 .25 ·"14 pin LP .20 .19 .18 16 pin ST .JD .21 .2516 pin LP .22 .21 .20 18 pin 5T .35 .32 .JD18 pin LP .29 .28 .21 24 pin ST ·" .45 ·"20 pin LP .34 .32 .30 28 pin ST .99 .90 .8122 pin LP .31 .36 .35 36 Pin ST 1.39 1.26 1.1524 Pin LP .38 .31 .36 40 pin 5T 1.59 1.45 1.3028 pin LP .45 ... .43 
36 pin LP .60 .59 .58 

11 WIRE WRAP SOCKETS 40 pin LP .63 .62 .61 
(GOLD I LEVEL #3• SOLDER TAIL (GOLD) 1-24 �~�·�4�9� 50-1 00 

STANDARD SplnWW .59 .54 ·"10pln WW .69 .63 .58 
1·24 25-49 SO·IOO 14plnWW .79 .13 .61 

8 pin SG .39 .35 .31 16pln ww .85 .11 .10 
14 pin SG ·" .45 ... 18plnWW .99 .90 .81 
16 pin SG ·"' ·" ... 20pln WW 1.19 1.08 .99 
18 pin 5G .59 .53 ... 22plnWW 1.49 1.35 1.23 
24 pin 5G .79 .75 .69 24plnWW 1.39 1.26 1.14 
28 pin SG 1.10 I. DO .90 28pln WW 1.69 1.53 1.38 
36 pin SG 1.65 1.40 1.26 36plnWW 2.19 1.99 1.79 
40 pin SG 1.75 1.59 1.45 40plnWW 2.29 2.09 1.89 

1/4 WATT RESISTOR ASSORTMENTS -5% 
ASST.1 Sea. �~�~�~�~�~� �~�~�~�~�~� �;�;�~�~�~� �;�~�~�~�~� �~�~�~�~�~� SOpcs. $1.95 

68 Ohm 82 Ohm 100 Ohm 120 Ohm 150 Ohm 
$1.95ASST.2 Sea. 180 Ohm 220 Ohm 270 Ohm 330 Ohm 390 Ohm SOpes. 

470 Ohm 560 Ohm 680 Ohm 820 Ohm IK 
$1.95ASST. 3 Sea. 1.2K l.SK l.BK 2.2K 2.7K SOpcs. 

3.3K 3.9K 4. 7K 5.6K 6.8K 
$1.95ASST. 4 Sea. 8.2K IDK 12K ISK l8K SO pes. 

22K 27K 33K 39K 47K 
$1.95ASST. 5 Sea. 56K 68K 82K lOOK 120K SOpcs. 

150K 180K 220K 270K 3l>K 
$1.95ASST. 6 Sea. 390K 470K 560K 680K 820K SOpcs. 

IM 1.2M 1.5M 1.8M 2.2M 
$1.95ASST. 7 Sea. 2.7M 3.3M 3.9M 4.7M 5.6M 50pcs. 

ASST. 8R Includes Resistor Assts. 1-7 (350 pes.) $ 10.95 ea. 
$10.00 Min. Orde r- U.S. Funds Only Spec Sheets 251! 
Calif. Residents Add 6% Sales Tax 1981 Ccitalog Available -Send 41C stamp 
Postage-AddS% plusS11nsurance (if desired) 

Jameco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTRONICS-II'ORLDII'IDE 
1355 SHOREWAY ROAD, BELMONT, CA 94002 

ntao PRICES SUBJECT TO CHANGE 

�D�~�D�[�L
Part No. Function Price 
70451PI CMOS Precision Timer 14.95 
7045EV/Kit • Stopwatch Chip, XTL 22.95 
7106CPL �3�1�/�~� Digit A/0 (LCD Drive) 16.95 
7106EV/Kit • IC, Circuit Board, Display 34.95 
1107CPL 3112 Digit AID (LEO Dr ive} 15.95 
7107EV/Kit• IC, Circuit Board, Display 28.95 
7116CPL ]If:! Digit A/0 LCD Dis. HLD . 18.95 
7117CPL 3Vt Digit A/0 LEO Dis. HLO. 17.95 
720110 R Low 5attery Volt Indicator 2.25 
1205iPG CMOS LEO Stopwatch/Timer 12.95 
720SEV/Kit" StoPwatch Chip, XTL 19.95 
7206CJPE Tone Generator 5.15 
72tliCEV/Kit* Tone Generator Chip, XTL 9.95 
7207AIPO Oscillator Controller 6.50 
7207AEV/Kit" FreQ. Counter Chip, XTL 11.10 
72081PI Seven Decade Counter 11.95 
72091PA Clock Generator 3.95 
7215iPG 4 Func. CMOS Stopwatch CKT 13.95 
7215EV/K it '* 4 Func. Stopwatch Chip, XTL 19.95 
7216AIJI S·Oiglt Unlv. Counter C.A. 32.00 
7216CIJI 8·01glt FreQ, Counter C.A. 26.95 
7216DiPI 8·0iglt FreQ. Counter C.C. 21.95 
72111JI 4·01glt LEO Up/Down Counter 12.95 
7218CIJI 8·01glt Unlv. LEO Drive 10.95 
72241PL LC041/t0igl t Up Counter ORI 11.25 
7226AIJL 8·0iglt Unlv. Counter 31.95 
7226AEV/Kit• 5 Function Counter Ch iP, XTL 74.95 
72401JE CMOS Bin Prog. Timer/Counter 4.95 
72421JA CMOS Olvlde·by·256 RC Trmer 2.05 
72SOIJE CMOS BCD Prog. Timer/Counter 6.00 
72601JE CMOS BCD Prog. Timer/Counter 5.25 
75551PA CMOS555 Timer (8 pin) 1.45 
75561PO CMOS 556 Timer (14 pin) 2.20 
7611BCPA CMOS Op Amp Comparator 5MV 2.25 
7612BCPA CMOS Op Amp Ext. Cmvr. 5MV 2.95 
7621BCPA CMOS Dual Op Amp Camp, 5MV 3.95 
7631CCPE CMOS Trl Op Amp Camp. lO MV 5.35 
7641CCPO CMOS Quad Op Amp Camp. 10MV 7.50 
7642CCPD CMOS Quad Op Amp Camp. lOMV 7.50 
7660CPA Voltage Converter 2.95 
8069CCQ 50ppm Band-GAP Volt Ref. Diode 2.50 
8211CPA Volt Ref/Indicator 2.50 
8212CPA Volt Ref /Indicator 2.50 

'* INTERSIL'S EVALUATION KITS 

74CDO 
74C02 
74C04 
74C08 
74Cl0 
74Cl4 
74C20 
74CJO 
74C42 
74C48 
74C73 
74C74 
74C85 
74C86 
74C89 
74C90 
74C93 
74C95 

LH0002CN 
LM10CLH 
LMllCLH 
LH0070-0H 
TL071CP 
TL072CP 
TL074CN 
LHOt:.:I2CO 
TL082CP 
TL084CN 

:l! 74c �;�:�~�m� 
.39 74C240 
.39 74C106 .75 74C244 
.39 74Cl07 1.89 74C373 
.75 74C151 2.95 74C374 
,39 74C154 3.95 74C901 
.39 74C157 2.25 74C903 

1.39 74C160 1.69 74C9ll 
1.95 74Cl61 1.60 74C912 
.79 74Cl62 1.49 74C915 
.79 74Cl63 1.69 74C917 

1.9 5 74Cl64 1.59 74C922 
.99 74CI73 1.39 74C923 

6.95 74C174 1.39 74C925 
1.29 74Cl75 1.39 74C926 
1.29 74C192 1.69 80C95 
1.59 74C193 1.69 80C97 

6.85 
LINEAR 

NE570N 
4.50 LM702H 
4.75 LM703CN 
6.05 LM340T·5 1.25 LM709N 
.19 LM340T·l2 1.25 LM710N 

1.39 LMJ.40T·l5 1.25 LM1llN 
2.49 LM341P·5 .75 LM723N 

35.80 LMJ41P·12 .75 LM733N 
1.19 LM341P·I5 .75 LM739N 
2.19 LM342P·5 .69 LM741CN 

1.59 
1.95 
2.25 
2.25 
2.49 
2.59 
.89 

1.15 
10.95 
10.95 
1.69 

10.95 
5.49 
5.75 
7.50 
7.50 
.19 
.79 

4.95 
.19 
.89 
.29 
.19 
.19 
.69 

1.00 
1.19 
.35 

LH0094C O 36.80 LM342P·I2 .69 MC1741SCG 3.00 
LM300H .99 LM342P·I5 .69 LM747N .19 
LM301CN .35 LM348N 1.25 LM748N .59 
LM302H 1.95 L.MlSOK 5.75 LM1014N 2.7 5 
L M304H 1.95 LF351N .60 LMI310N 1.95 
LM 305H .99 LF353N 1.00 LM1458CN .59 
LM307CN .45 LF355N 1.10 LMI488N 1.25 
LM 308CN 1.00 LF356N 1.10 LMI489N 1.25 
LM309H 1.95 I..M358N 1.00 LM1496N 1.95 
LM309K 1.25 LM359N 1.79 LM 1556V 1.75 
LM310CN 1.75 LM370N 4.49 LM1800N 2.95 
LMJllH .90 LM373N 3.25 LMI817N-9 3.25 
LM312H 2.49 LM377N 2.95 LM1889N 3.20 
LM311M P 1.15 LM380N 1.25 LMI 896N 1.75 
LM311T 1.75 LM381N 1.95 LM2002T 1.49 
LM317K 3.95 L M382N 1.79 LM2877P 2.05 
L M318C N 1.95 LM 384N 1.95 LM2878P 2.25 
LM319N 1.95 LM386N·3 1.29 LM2896P· 1 2.25 
LM320K·5 1.35 LM387N 1.45 LM3189N 2.95 
LM320K·12 1.35 LM389N 1.35 LM3900N .69 
LM320K·I 5 1.35 LM392N .69 LM3905CN 1.25 
LM320T-5 1.25 LF398N 4.00 LM3909N 1.15 
LM320T·12 1.25 LM399H 5.00 LM3914N 3.95 
LM320T·15 1.25 TL494CN 4.49 LM3915N 3.95 
LM323K-5 5.95 TL496CP 1.75 LM3916N 3.95 
LM324N .99 NESlOA 6.00 RC4136N 1.25 
LM329D Z .65 NE529A 4.95 RC4151NB 3.95 
LM331N 3.95 NES31H 3.95 RC4194TK 5.95 
LM334Z 1.30 NE536H 6.00 RC4195TK 5.49 
LM335Z 1.40 NE540H 6.00 KB4428 4.25 
LM336Z 1.75 NE544N 4.95 KB4429 5.95 
LM337T 1.95 NE550A 1.30 LM4 500A 3.25 
LM337M P 1.15 NE555V .39 ICL80388 4.95 
LM338K 6.95 LM556N .99 LM13080N 1.29 
LM339N .99 NE564N 3.95 LMI3600N 1.49 
LM340K·S 1.35 L.M565N 1.25 751JBN 1.95 
LM340K·I2 1.35 LM566CN 1.95 75450N .89 
LM340K · I5 1.35 LM567V 1.25 75451CN .39 

CJ\PACITOR CORNER 
50 VOLT CERAMIC DISC CAPACITORS 

Value 1·9 10·99 100+ 

1 

Value 1·9 10·99 100• 
10 pf .08 .06 .05 .OOULF .08 .06 .05 

�l�~� �~�;� :g: �:�~� �:�~� �f�t�4�~�}�j�;�F� �:�~� �:�~� �:�~� 
100 pf .08 .06 .OS �.�0�2�2�~�F� .09 .07 .06 

�~�~� �~�:� :g: �:�~� �:�~� :t}/fF �:�~�~� �:�~�~� :?g 
100 VOLT MYLAR FILM CAPACITORS 

.OOlmf .12 .10 .07 1.022mf .13 .11 .08 

.0022mf .12 .10 .07 .047mf .21 .17 .13 
.0047mf .12 .10 .07 .1mf .27 .23 .17 
,01mf .12 .10 .07 .22mf .33 .27 .22 
+20% DIPPED TANTALUMS (Solid) CAPACITORS 

.1/JSV .39 .34 .29 11.5/3SV .41 .37 .29 

.1S/35V .39 .34 .29 2.2/JSV .51 .45 .34 

�j�~�~�~�~�~� �:�~�~� :i: �:�~� �~�J�:�~�~�~� �:�~� :U �:�~�~� 
.47/35V .39 .34 .29 6.8/25V .79 .69 .55 
.68/35 V .39 ,34 .29 15/25V 1.39 1. 25 .95 
l.0/35V .39 .34 ,29 22/6V .79 .69 .55 
MINI. A LUMINUM ELECTROLYTIC CAPACITORS 

A xial Lead Radial Lead 
.47/25V .15 .13 .l2 
.41/SOV .16 .14 .lJ 

�t�g�}�l�~�~� �:�~� �:�1�~� �:�\�~� 

.47/S()V .16 .14 .10 
1.0/SOV .19 .16 .12 
3.3/50V .17 .15 .11 
4.7/2SV .18 .15 .II 
10/25V .18 .15 .11 I.0/50V .17 .15 .14 

4.7/16V .15 .13 .12 
4.7/2SV .16 .14 .13 

icY:: :M :13 �:�t�~� 

10/50V .19 .16 .12 
22/25V .19 .16 .12 
22f.i0V .24 .zo .18 
47/2SV .25 .21 .19 

10!25V .16 .14 .ll 
10/SOV .17 .15 .14�~�~�~�v� �:�~� �:�~� �j�~

100/SOV .4 1 .37 .34 47/50V .25 .21 .19 
220/25V .39 .34 .33 100/l6V .21 .11 .14 

I00/25V .25 .23 .21 
100/50V .37 .34 .31 

220/SOV .49 .45 .41 
470/25V .54 .49 .45 
1000t16 V .79 .69 .61 
2200/16 V .89 .79 .69 

220/16V .25 .21 .19 
470/25V .35 .31 .27 

412 BYTE November 1980 Circle 373 on Inquiry card. 



12VDC 
AUTOMOTIVE/ 
INSTRUMENT 

CLOCK 
APP L ICATIONS: 
• In-dash autoclock s 
• A ft er-market auto/ 

AV c lock s 
• A ircraft -marine elks. 
• 1 2 VO C o per. in stru. 
• Portable/ battery 

pow ere d ins u umnts . 

Features:B right 0.3" green disp lay. Internal crystal t ime· 
base.! 0.5 sec./day accur. Auto.d isplay brigh tnesscontrol 
logic. Display color f ilterable to b lue. blue-green, green & 
yellow . Complete-just add swit ches an d lens. 

MA1003 Module ... . ... .. .... $16.95 

MA1023 ,T'LowCost Digital lED Clock Module 8 .95 
MA1026 .7" Dig. LED Alarm Clock/Thermometer 18.95 
MA5036 .3" Low Cost Digital LED Clock/Timer 6,95 
MA 1002 .5" LED Display Dig. Clock & Xformer 9.95 

�~ National Semiconductor 

RAM SALE�~� 
MM5290J·2 !MK4116/UPD416l. •• $6.95 each 
16K D Y NAMIC RAM 11 5 0NSI 
18 EA CH S49.951 1100 EACH S550.00/ lotl 

MM529BJ·3A ....... .. . .. . $3.25 each �
8K D Y NAMIC RAM (LOW HALF OF MM5290JI 200NS 
18 EA CH $23.951 1100 EA CH $250.00/lotl 

MM2114·3 ...... . ... . . ... $5.95 each 
4K STATIC RAM (300N SI �
(8 EACH S43.95) !100 EACH $450.0 0 /lo tl �

MM2114L·3 .. . .... .. ..... $6.25 each 
4K ST A TIC R A M (LOW POWER 3 00NS) 

�~�1�~ �E �A�~�C�~�H�~�S�~�4�~ �.� �9�~�5�~�)�~�(�1�~�0�0�~�E�~ �A�~�C�~�H�- �S�~�4�~�7�~�5�~ �/�I �o�~�t�~�l�-�-�-�-�-�-�~�8 �~�~ �4 �~ �.� �0�~�0�~

EPROM Erasing Lamp 

• Erases 2708, 2716, 1702A, 52030, 52040, etc. 
• Erases up to 4 chips within 20 minutes. 
• Maintains constant exposure distance of one inch. 
• Special conducfrve foam liner eliminates static build-up. 
• Built-in safetY lock to prevent UV exposure. 
• Compact-only 7-5/8" x 2· 7/8" x 2 " 
• Complete with holding tray for 4 chips. 

UVS-11 E.......... .. $79.50 
Jumbo 6-Digit Clock Kit 
•Four.630" ht. and two .300"ht. �

common anode displays �
• Uses MM5314 clock chip 
• Switches for hours, minutes and hold functions 
• Hours easily viewable to 30 feet 
• Simulated walnut case 
• 1 15VAC operation 
• 12 or 24 hour operation 
• Includes all components, case and wall transformer 
•Size: 614" x J -1/8" x 134" 

JE747 .............. $29.95 

6-Digit Clock Kit 
•Br ig ht .300 h t.comm. cat h· 

ode d ispl ay 
• Uses MM53 14 clo ck chip 
• Switches for ho urs, minutes 

and hold modes 
• Hrs. easily viewable to 20 ft. 
• Si mulated walnut case 
•115 V A C operation 
•12 or 24 hr. operati on 
• Incl. all components, case & 

wall transformer 
•Size; 6%" X 3 · 1/8" x 1%" 

J E 701 .............. .. $19.95 
Regulated Power Supply 

Use s LM309K. He at sink . 
provided. PC board con· ..:t:­
struct ion. Prov ides a so li d ·­
1 amp @ 5 vo lts . Can sup ply up 
to ±SV, ±9V and ± 12V wi t h 
JE205 Ada p ter. Includ es compo­
nents, ha rdware and instruc tions. 
Size: 3Y2" x 5" x 2"H 

JE200 ........ $14.95 �

JE205 .. ........ ..... $12.95 �

MICROPROCESSOR COMPONENTS �
- 8080A/8080A SUPPORT DEVICES ­
INSBOIIDA 
DP8212 
�O�P�a�l�!�~� 

DP8216 
O PU24 
DPI226 
DPS22B 
OP82l8 
tNS!.2'l 

�~�P�s�_�:�o� 
DPS2SJg= 
�~�~� 
OP8279 

§§ 
DP83!» 

zao (7!10C J cPu (MKlUONl �u�.�~� TMS2716 16K EPROM t·SV. •511. •HVI 1\ 'l!!i c u 8 E 1 $ 9
�~�~�~�!�;�;�o�-�1�1� �~�:�~� (MK3110N_.) �:�:�:�~� �~�~�~�~�: �~ �1�t�:�l�1�(�(�:�:�;�:�~�:� �!�~�~� �~�:�=�~�~� (Sin<Jie •5V) �!�~�:� - • , , • • • , , , , , 9 • 9 5 
2650 MPU 16.95 21S& SK EPROM �(�~�S�O�n�l�)� (Single �+�~�V�I� 1.95 t----------=---=--------l 

I·Blllnput/OuiPUI 
Priority lnleri UPI Con tro l 
�B �I�·�O �i�r�e�~ �l� �l�o�n�l �l� Bus Dr iv er 
Clo5<;k CenerltOr/Drlvet 

Syst em Con t roller t aus D river 
System Controller 
t/0 E•P•n<le• tor•a S e rln 

�:�,�s�:�9�~�~�~�:�'�~�~�~�~�~�o�~�~�-�A�~�~�7�e�n�t� 
Pro<J. lnterYII Timer 

�:�~�:�:� �~�~�·�:�h�~�~�~�t�:�~�~� (PPI) 

�:�:�~�:�:� �~�n�~�~�~�~�~�!�,�;�~�.�~�;�~�o�l� 
Pro<J. Keyboar<I/OisoiiY �l�n�t�e�r�t�~�e�e� 

�f�~�?�~ �"�~�f�:�~�f�~�~�~�,�m�~�·�:�~�:�:�:�:�;� 
I·Bit Bl·Oi reetlana l �R�e�~�e�l�v �e �r� 

-MC-.,- �6�8�0�0 �~�~ �~�0�0� SUPPORT DEVICE S ----;;
00 

MC6102 CP MPL' w i t h �C �t� �o�c�~�< "�n�d� RAM 19.'Y.> 

�~�~�:�~�~�A�P�I� �~�~�~�~�~�~�~�!�~�:�:�~�,�n�~�~�~ �A�C�I�~�o�t� (MC51201 �~�:�~� 
MC511ll P roo rlty In terrupt Controllet 10.95 

�:�~�i�E�u� �;�~�;�~�~�i�~�E�~�~�~�i�r�~�~�~�:�~�~�~�~�:�~�w� •::: 

�~�~�~� �=�D�u�:�s�s�.�~�~�: �I �:�:�~�.�:�~�D�E�M� �~�~ �:�:� 
MCaalA QUiCil·SiiteBus.Tr•n._IMCIT<'lil J.2S 

r--DATA ACQUISITION (CONTIN UED)-­
6.50 ADCOCMCCN I·BII A/0 Converter tl ·Ch. MuiU.I �~�-�~� 

J.25 AOC051/CCN I•BIIA/0Convertcr(I6·CII.Mulll.l �1�0�.�~� 

5.95 DACIOOO L CN IO•Si t D/A Conv. �M�l�~ �r �o�.� C a mp. (O.O!.'J.) �l� �l�.�~� 

�J�.�~�~� DACIOOILCN IC·BI\D/ A Conv. Mitro. Camp. �(�0�.�.�2�0�"�~� 1.95 
�l�.�~� DAC I020LCN 10·011 0/A Converter (0.0!>% Lin.) 1.•9 
�1�.�~�9� DACIOZ:1LCN IO·Bit D/A Convener (C.20'1lo l.ln.) �5�.�~� 

4.95 0ACI2221..CN 1<·611 D/A �C�o�n�~�e�f�\�e�r� 109. l.ln.l �9�.�9�~� 

5.95 �C�D�~�O�!�.�I�N� !·Channel Multlolexer 1.17 �
�9�.�~� AV·S·lOil );)K BAUD UART �S�.�~� �

�~�~�:� I------RAM'S----- -1 
U.95 11 01 �~�>�<�I� St•tiC �1�.�~�9� 

�~�:�:�:� �~�m� (11011 :::: s!Eicmic ::E 
�~�:�:� �2�1�L�~� �1 �~�>�< �1� �S�t�i�l�l�~� 1.95 
"·9S 2111 (IIIII � l.9S

tE ml; �~�j�(�j�l�~�\�1�~�~�1�:� Low •ow.. iE 
�~�~�~�~�L�-�l� �:�~�~�:�~�~�~�~�~�!�:�~�~�~�~�.�.�'�:�o�v�~�=�~�~�r�k �e� �d�l� !:: 
�~�~�l�i�4�J�J� �~�"�:�~�~ �~�s�~�;�: �,�~�l�O�n�s� �1 �~�:�:� 
MM52li l IC*Ixl DYII i m l c;Fully �D�e�~�o�d�e�d� .99 

�~�2�=�~�~�~�!�1�1�6�1� �~�=�!�~�:�~�~�~�~�;�1�~�n�~� �C� �U�P�O�~�!�S�l� ::E 
MM\l'96J·JA �S�K�D�y �n �.�2�0�0 �n�s�(�l�o�w�e�r�i�J�I�O�I�M�M�~�m�J�)� �~�.� �9�5� 

�~�~�O�O�t�/�M�K�~�1�7� �!�~�~�~�~�~�~�l�c� 16-oln �!�:�~� 
�~�~�~�:�:�_�.�S�N�L� �~�K� �S�t �~ �t�l�~� :::: 

--MICROPROCESSOR CHIPS- mAl I K EPROM 9.95 

f------ PRO MS/EPROMS-----1 • Weig ht: approximat ely 12 lbs. �
1702A 11"( uv E ras.)blc PROM �~ �.�'�Y�.�i� • CAT mo nitor fan and d isk d rives not included. �

�~�~�:�~�A�D�C� �~�~�~�~�~�~�:�:�~�~�~�~�;�o�;�;�,�!�~�'�:�,�~�~�~�:�=�~�)� �!�~�:�:� �~�~�~�3�(�1�4�S�1�U�)� �~�:�P�P�~�~�~� (Open Collector ) 
1 
:,._,; 

INSIOlSN·6 M PU- I•Bll �(�~�M�H�Z�)� 16.95 12SIIS �~�Q�C�J�(�j� BIPOiif PROM 1 �~� 

�:�~�=�:�·�:� �~ �~�; �l�' �·�;�;�~�:�·�~�~�~�~�2�1�o�y�t �e�s�R �A�M�)� !!:: �:�~�~�:�:�t "�s�2�u�1� �~�.�:�~�!�~�~�t "�t�e�B�i�o�o�l�a�r�P�R�O�M� �~�:�:� 
�~�:�J�O �N� �~�=�~ �-�~� �B�y�t�e�s� RAM �~�:�:�:� f-------RQM'S------1 
INS8900 CPU- 16·B lt 211.95 �2�$�1�3�(�2�1�~�1� �C�l�l�i�<�l�~�t�e�r� Cener110r (U!Ioer Cue) 9.95 
TMS9900JL MPli-16-Bit 2Sil (l021) Ch1ruter Genernor (!...Ower CUe] 9.95 

2SlijN cnar1cter �G�e�n�e�r�~�t�o�r� 

----SHIFT RE GISTERS-----i MM5UlN 2Ciai·Bit Reid Only Memory 1.95 
DUII2S·Bit �D�y�n�1�m�i�~

MM!AlH Du•ISO·Bit Dyn•mlc 
DUI I) ()C-BltStitl c 
DUJI U·Bll �A�~�~�u�m�u�1�1�1�0�r� 

MMI4o:! l!.f.·Bit �D�y�n�i�m �l �~� 

MM501l IO:M · Blt �O�y�n�l�m�i�~�/�A�~�~�U�t�n�U�I�J�t�o�r� 

MM5016H SOOJSI2·Bit Oyn•mic 
MMSO.J•N 
MMSO:t!.N 
ZSQ4v (l 4Q4A) 1024·Blt �D�y�n�~ �m�l�<�;� 

2511N Hex 12-Bit �S�t�.�1�t�i�~� 

2522V �D�u�a�l�l�l�2�·�B�I�I�S�!�i�l�l�~� 

512-Bit �D�y�n�0�1�m�l�~� 

IO:M·Bl t Dynam ic 
Du41256·61t �S�t�J�i�i�~� 

�D�u�a�i�2�!�1�0�-�B�i�t�S�!�i�t�l�~� 

DUll �2�~�0 �.� �8 �1�1� Stili<: 
Q ula&O·Bit �S�U�\�1�~� 

Flto (0UII801 

�~�~�~�~� 
�-�~� r---NMOS READ ONLY MEMORIES-­
:!4 MCMfllil iOP �1�1�8�~�9�.�a�A�S�C�i�l� Shille d w/Greek �l�l �. �~� 
.50 �M�C�M�6�6�1�~�P� 121•9><1 Math Symbol .C. �P�l�~�l�u�r�e�s� 13.50 

1. MCMG6150P 12h9•17A1Ph•.Conllo1Cr.tr.Cen. IJ.5095 
1.95 r--- MICROPROCESSOR MANUALS-­
.19 M·nO �U�l �e �r�M�o�~�n�u�i�l� 7.50 

�9�.�~� M•COP11102 
�~�.�'�Y�.�>� �M�-�2�6 �~� 

�' �- �~� 

'"' �~�:�:�!� 1-----SPE CIAL FUNCT ION----' 
DS0025C N Du•l MDS Clock �D �t�l�~�e �r� ('>MZI l.SO'·" DS0026CN �D�u�~�l� MOS �C�l�o�~�k� Driver (5MZ) us.�-�~� 

2.95 INSI17 1N·I Floppy �D�l�~�~� Cont roller "-" 2.95 tNS2liSIN � 19.95 
4.00 MMS81&1N Mkrooroceuor ReJ.I Time �C�l�o�~�k� '·4.00 �M�M�~�m�N� � " 
�'�-�~� 

�·�~� 

DESIGNERS' SERIES �
Blank Desk-Top Electronic Enclosures �

• � Hi)h strength epoxy molded 
erxi pieces in mocha brown 
finish. 

• �Sliding rear/bottom panel for 
service and component ac· 
cessibility. 

• � Top I bot1om panels .080 1hk 
alum. Alodine type 1200 
finish lgold tint color) for 
best paint adhesion after 
modification. 

• � Vented top and bottom 
panels for cooling efficiency.U f l • � Rigid construction provides
u111imited applications. 

CONSTRUCTION' ----------------------------------------­
The " DTE" Blank Desk Top Electronic Enclosuresare designed to blend and complement 
today's modern compute r equipment and can be used in both industrial and home. The 
end pieces are precision molded wit han internal slot (all around) to accept both top and 
bottom panels. The panels are then fastened to%" thick tabs insidethe end pi eces to 
provide maxi mum ri 9idity to the enclosure. For ease of equipment servicing, t he rear/ 
bottom panel sli des back on slotted tra cks while the rest of the enclosure remains in· 
tact. Differ ent panel widths may be used whil e maintaining a common profile outline. 
The molded end pieces can also be painted to match any panel color scheme. 

Enclosure 
Model No. 

Panel 
Width PRICE 

DTE-8 8.00" $29.95 
DTE·11 10.65" $32.95 

DTE·14 14.00" $34.95 

PHONE 
ORDERSJameco WELCOME 

ELECTRONICS (415) 592·8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1355 SHOREWAY ROAD. BELMONT. CA 94002 

111ao PRICES SUBJECT TO CHANGE 

:�~�~ �:�s �~�~ �~�~ �: �~�:�~ �; �p�~�r�A �~ �~�: �~�r �~�: �·�~ �~�~ �~�~�s�~ �~ �~�. �:�, �~�d�A�I �~�:�; �, �h �l� 
: �~�~�f�~�~�n �c�~�~�~�~�~ �d�h�~�~�~�:�l�i�~�~ �~�o�n�a �l �n�~ �o �:�~�;�O�~�~ �n�; �~�~�~ �~ �:�~ �r� 2 Apple 

: �*�~�~�e�~�r�~�v�~�.�~� �~�~�~�~�~�~� �;�~�o �e�~�l�~�e �d� In bottom of case for additi o n 
• of f an if needed . 

: �~�~�~ �: �~�~�e �c�~ �~�~�~�~�i �~ �~�~�d�b�=�~�~�~�e�t�~ �: �~�; �h�r�:�~�~ �~�~ �r �~ �~�~�~�~�~�~�c �a �t� �l� �o �n �.� 
• Case accommodates most B&W and Colo r uncased CAT 

�0 �6� �1: �~�a�~�:�~�t�~�~�~ �c�:�n �~�?�t�~�c�b�h�~ �,� �~�~�c�~� �~�~ �~�=�~�y �~ �o �~ �i�~�~�~�-�,�t�~ �a�e�t�~�~�j� �~�~�~�~�t �0�~� 
: �~�?�;�;�;�~�~ �~� �: �1�1�:�.�~�~�·�~�.�~� �6�~�~ �- �~�-�~�4�S�~�~�.�~�~� 14Y."W X �1�3�~�"�1�.�0�.� 

TRS-80 �
16K Conversion Kit �

Expand your 4K TRS·SO System to 16K. �
Kit comes complete with: �
• 8 �each MM5290-2 �~�U�P�D�4 16) (16K Dynamic Rams) �

(250NS or less) �
• Documentation for conversion 

TRS-16K _.... ...... $49.95 �
JE610 ASCII �

Enco{ d �K�e�y�b�o�~�d� Kit �

The J EG 10 ASCII Keyboard Kit can be interfaced into 
mo s t any com puter system. The kit comes comple t e 
with a n Ind ust rial grade keyboard swit ch assembly 
(62-keys). IC's, sockets, connector, electronic compo· 
nems and a double-sided print ed w ir ing board. The 
keyboard assembly requires +S V @ 150mA and -12V 
@ 10 m A f or operation. Feat ures; 60 keys generate t he 
126 characters, upper and lo wer case ASC I I set. Fully 
buffered. T wo us er-define keys prov ided f o r custom 
appli catio n s. Caps lock f or upper-case-only alpha charac­
ters. Ut ili zes a 2376 (40-pln) encoder read-only memo ry 
ch ip. Outputs di rectly compatible wi t h TTL / OTL o r 
MOS log ic arrays. Easy in t erfacing with a 16-p in di p o r 
18-pin edge connector. 

J E610 (Case no1 included! $79.95 
K62 (Keyboard only) ... . .. . .. $34.95 

Desk· Top Enclosure for �
JE610 ASCII Encoded Keyboard Kit �

Compact desk-t op enclosure: Color·coordinated d e· 
signer's case w ith light tan aluminum panels and molded 
end pie ces in mocha brown. Includes mounting hardware. 
Size: �3�~�"�H� x 14!/;r" W x �8 �~�" �D�.� 

DTE·AK . ... . .. ... .... ... .. . $49.95 
SPECIAL' JE610/DTE·AK PURCHASED TOGETHER 

!Value $129.90) . . .. . . . ... .... . . $124.95 

JE600 
Hexadecimal Encoder Kit 

FULL 8-BIT r -- • \ 
�;�:�.�~�~�~�E�~�E�~�~�b�~�U�R�T�D� �~�)� 
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CompuMart 
lets you 

put 'em on trial 

We've got the following Lear Sieg­
ler Termi nals In Stock at prices 
too low to print-Call for quotes. 
ADM-3A Industries favorite dumb terminal for �
some very sma rt reasons. �
ADM-3A. + New from Lear Siegler. CALL! �

ADM-31. The terminal that's too smart to be con­�
sidered dumb. �

ADM-42. Avail able with keyboard semi­
intelligent terminal offering tremendous user flexi· �
bility . The op t ional configurations �
are amazing. �

Call f or details. 

HAZEL TIN E TERMINALS AT
CompuMart has been selling com­ ledge- good for all products except SPECTACULAR SAVINGS! 
puters by mail since 1971. Our thou­ software. Hazeltine 141 0. List $850 CompuMart $749 
sands of satisfied customers rely on • Support/Our Customer Service Dept. Hazeltine 1420. List $995 CompuMart $895 

Hazeltine 1500. List $1095 CompuMart $995CompuMart for services not generally and expert technicians are always there 
Hazeltine 1510. List $1395 CompuMart $1325available from the others. Namely: to assist you by phone or at Compu­ Hazeltine 1520. List $1585 CompuMart $1485 

• Product Selection/Each product ad· Mart's outlets. Our knowledgeable Hazeltine 1552. List $1395 CompuMart $1295 
vertised by CompuMart has been eval· phone sales force can provide you with Call Com puMart for complete specs
uated by our in-house staff for best detailed information and complete and quantity discounts. 
price, performance, and supplier reii­ product specifications. �
ability • Phone Ordering/For added conveni· l==c:alculators �=�~� �
• Return Privilege/After receipt of our ence, CompuMart maintains a toll-free 
products, you are protected by Compu­ ordering number. 1·800-343-5504. �
Mart's exclusive, 10-day return privi- • Phones open M T W Th F 8:30 a.m. · 7:00 A CALCULATOR, A SYSTEM, A �

p.m. Sat. 11:00 a.m. - 4:00 p.m. WHOLE NEW STANDARD. 

HEWLETT-PACKARD'S HP-41C 
with 10 day free return HP·41 C Calcu lator .................. . .. . $288.00 �

The System 
Memory Modules. For storing programs or up to 
2,000 lines cf program memory ............. $45.00�========Printers========= 

The Paper Tiger 
Printer From 
Integral Data 
Uses standard J/a inch roll 
paper and nbbon 
40 characters per line 
Speed: 40 characters 
per second 
UL approved 

.,igh resolution dot 
matrix impact printer 
IDS Paper Tiger Printer . . . . . . . . . . . . . . . . .. $995 
IDS Graphics Paper Tiger Printer ... . .... ... $1,094 

FREE Cable with your Paper Tiger. 

NEW! From Integral Data. 
The IDS 460. 
We saw this new desktop printer at the NCC 80 
and when we saw its features: Correspondence 
quality printing, High­resolution graphics capa­
bility, programmable print control functions, and 
automatic text justification-we knew that we had 
to offer this printer to our costffeatures co 
customers $1,295 

The Omni 810 Printer from 
Texas Instruments · ; 

Tl Omni 820 Receive-Only (RO) Package. Includes 
machine-mounted papertrayand cable. A com­
pressed print option and device forms control are 
standard features $2,155 

Tl Omni 820 Keyboard Send Rec eive 
(KSR) Package Comes with full ASCII 
Keyboard with numeric Key- pad and 

an EIA cable with autospeed select. 
$2,395 

414 BYTE November 1980 

CENTRONICS PRINTERS 
New' The incredible Model 737- Correspondence 
and Draft Quality Printing for Under $1,000. This is 
the first printer in its class to offer print quality 
suitable lor text processing, plus the performance 
and application flexibility required lor data pro· 
cessing. 

737·1 (Parallellnterlace)­

737-3 (Serial Interface) 

$899 

$1,045 

Tractor Feed Printer· Centronics' Most Popular 
Model. Perfect for the needs of a small business 
sytesm. Recommended by Apple and Radio Shack. 

$1,079 

FREE Cable with purchase of any Centronics printer. 

NEC The First Name in Letter 
Quality Printers. 
CompuMart offers beautiful print quality with NEC 
Spinwriter terminals. The Spinwriters. both KSR 
and RO versions, give unsurpassed hard copy 
output. CompuMart offers a complete range of 

NEC Spin· writers-Call our 
expert salesforce 

Compumarl will throw in 
a FREE fabric ribbon and 
Currier 72 element when 
you buy a NEC from us. 

NEW FROM SAN YO- Four Great Moni­
tors at Low CompuMart Prices. 
Sanyo's new line of CRT data display monitors are 
specifically designed for the display of alpha­
numeric or graphic data. 
9" Sanyo Monitor 
12" Sanyo Monitor 
12" Sanyo Monitor with green screen 
13" Sanyo Color Display Monitor 

Free 6' Cable 

with purchase of any Sanyo 

"Extra Smart " Card Reader . Records programs and 
data back ont o blank mag-cards . . $199.00 
The Printer. Upper and Lower case. High resolution 
plotting, Portable Thermal operation ....... $355.00 
Application Modules .... $45.00 EACH 
Standard pac: z= 
Statistics, '1111!11. 
Math, 
Financial & 
Surveying 

1/2 off Financ ial Decisions PAC 
with purchase of HP-41 

NOVATION CAT™ 
ACCOUSTIC MODEM 

• Answer Originate 
• 300 Baud 
Looks good, works great! 

• Bell108 

Texas Instruments Tl-99/4 Home 
Computer 
Save $300 on this 16-Bit computer with 
monitor 
Tl-99/4 w /Monitor 
Tl-99/4 w/o Monitor 

$1250 
$ 950 

EXCLUSIVE from CompuMart! 
Special Offer. Zenith Color Video 

Monitor for $379! 
The perfect monitor for Apple. Atari 

and Texas Instruments owners. 

Circle 374 on inquiry card. 



ROCKWELL AIM 65 
The single board development system 
that's perfect in the classroom or lab. 
Our AIM System Includes: 4K AIM with BASIC 
interpreter assembler, Power Supply, Cassette 
recorder & Enclosure $799. 

4KAIM- 65 
PL65 High Level Language 
Paper for the AIM (roll) 
Rockwell's 4-slot Motherboard (SALE) 

$499 
$125 
$ 2.50 
$175 

CompuMart's Mlcroflex 65 System for your AIM 
Includes: Adapter Buffer Module w/4-slot module 
stack, 8K RAM module, 16K PROM/ROM module, 
Asynchronous communications Interface, & Power 
Supply $1 ,299 

Call or write for 
our complete 
Micro flex 65 
brochure 

J':: -' �~�)�1�\�.
"'".;:;:­· t;! ?}@ ·' \,. ? ATARI" 

IMPORTANT ORDERING 
INFORMATION Ail orders 
must include 4% shipping 

�~�~�~�~�~�a�a�n�d�d�d�i�s�~�i�o� �~�~�~�~� resi­
tax, Michigan resi­
dents 4% for 
sales tax. 

Phones 
open from 

8:3 0a.m. to 
7:00 p.m., Mon.· 

Fri.; 11 :00 a.m.. 4:00 
p.m. Sat. P.O.'s accepted 

from Dun & Bradstreet 
rated companies- shipment 

contingent upon receipt of signed 
purchase order. Sale prices valid for 

month of magazine date only- all prices 
subject to change without notice. Our Ann 

Arbor retail store is open 11:00 a.m. to 7:00 
p.m . Tues.-Fri., 10:00 a.m. to 5:00p.m. Saturdays. 

Stop by and visit. 

We carry the most complete inventory 
of Apple computers, peripherals, and 
software. CALL! 
Our Christmas Apple Special: Save over 
$250 on our most popular Apple System. System 
includes a 48K Apple 11, Apple Disk & Controller, and 
a Sup R Mod RF Modulator. 

List: $2,020 

Compumart Sale Price: $1,769 

New from Apple for the Apple 11: 

DOS3 -3 Convert disks to 16 sector format for 23% 
more storage and faster access $60 

Apple Plot. The perfect graphic complement for 
Visicalc. $70 

Dow Jones News & Quotes $95 

Adventure (Uses 48K) $35 

DOS Tool Kit $75 

Apple Fortran 

Silentype Printer w/Xface 

Visicalc 

$200 

$595 

$149 

THANKSGIVING 
SPECIAL 

Introducing the HP-85 

$3,250 

Hewlett-Packard's 
Personal Computer for 
Industry. This extremely 
portable computer features 
extended BASIC to solve your 
problems quickly and efficiently 
along w i th an advanced graphics 
system to enhance communication. 

NEW from Hewlett-Packard 
HP 82900-Series Flexible Disk Drives for the HP-85 

These 4 new Flexible Disk Drives provide fast on-line 
storage using flexible disks 
"HP 82901M. Suppliesapprox. 540K bytes of on-line 
storage. $2,500 

"HP 82902M. Approx. 270K bytes of .Jn-llne storage. 
$1,500 

"HP 82901S. Supplies an additional 54 0K bytes when 
connected to an HP 82901M or an HP 82902M. 

$2,200 
• HP 829025. Supplies an additional 270K bytes when 
connected to an HP 82901 M or an HP 82902M. 

$1,300 

Tax Planner 

From Symtech & Info Unlimited 

Super Sound Generator (mono) $159 

Light Pen 

X-10 Controller (plugs into paddle port) 

Apple Sync Controller 

From Personal Software 

Visica/c 

Desk top plan 

New from Videx! -VIdeo Term 
80 Col. x 24 line 
1 ,_g malri", plug in compatible board for the Apple 
II. Price $325 without graphics EPROM. With 
graphics EPROM $350. 

New from MUSE 

The Voice $39.95 

Super Text $99.00 

Address Book $49.95 

Mountain Hardware - Expansion accessories for 
your App le 
lntrol/X -10 System 

Super Talker 

The Music System 

ROM plus board w/keyboard filter 

Clock Calendar 

16 Channel A to D Converter 

Apple Expansion Chassis 

ROM Writer 

Miscellaneous Apple II Accessories: 

Easy Writer (80 col. need Videx) 

Easy Mover 

Easy Mailer 

Dysan Diskettes 

S.S.M. Serial & Parallel Apple Interface 

ABTs Numeric Key Pad 

Preview of the Apple Ill 
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$120 

(stereo) $259 

$249 

$49 

$49 

$149 

$99 

$289 

$299 

$545 

$199 

$280 

$350 

$650 

$175 

$249 

$ 49 

$ 69 

ea. S 5 
$225 

$110 

Buy $1,000 worth of merchandise from this ad, 
including at our special sale prices and deals , and 
we'll ship you a Texas Instrument's Speak & SpeiiTM 
with your order. This is Trs famous talking and learn­
ing aid with the electronic voice and brain. It's an 
incredible electronic learning aid for chi ldren aged 7 
and up. A $69.95 Value Yours FREE with $1,000 pur · 
chase. 

SUPER SALE PRICED TO MOVE! 
We want to move our inventory of Zenith Z-89 and 
Exidy Computers. To do i t, we've priced them so low 
you'll have to call us for prices. If you want either of 
these two great computers, call us now while sup· 
plies last for the best prices you'll find anywhere. 
Good selection of Zenith and Exidy peripherals as 
well . 

---COMMODORE 
Buy direct from the biggest - Compumart has deliv­�
ered more Commodore computers in the U.S. than �
any other dealer. We were Commodore's first dealer �
and carry everything Commodore manufactures. In �
stock for immediate delivery! Call us now for low �
prices and special deals. �

NEW FOR PET: �
Visicalc (Need 32K and a disk drive) $199 �

Word Pro 1, $29.95 • Word Pro 2, $99.95 • �

Word Pro 3, $199.95 • Word Pro 4, S299.95 • �

The Hewlett-Packard 7225A. High Quality/Low Cost 
Graphics Plotter. $2,050 

Call our expert sales force lor complete product 
specifications. 

COMPUMART'S EXCLUSIVE �
ATARI SPECIALS. (Pick one) �
3 Ways to save when you buy the Atari 800 from us. �

1) Free BK of memory with purchase. (So your Atari �
will come to you with 24K.) 

2) Free 410 program recorder with purchase ($89.95 
value). 

3) $100 off Atari Disk Drive purchase. 

ATARI BOO Personal Computer 
System-
Comes with BOO Operators Manual, 16K RAM 
Memory module, 10 K ROM Operating System, 
power supply, TV Switch Box. $1080.00 

PERIPHERALS 
Atari 410 Program Recorder (FREE w/purchase of 
A tar I 800) $ 89.95 

Atari 810 Disk Dnve ($100 off with purchase) 699.95 

New Dual Disk double density 1499.95 

825 Printer (Centronics 737) .. 995.00 

RS232 Interface w/Cable �I�l�l�.�.�.�~�~�~� 249.95 

NEW' L1ght Pens �~� 74.95 

270 THIRD ST., P.O. BOX 568, DEPT. 111, CAMBRIDGE, MA. 02139 
Member Computer Dealers Assoc. We've had a reputation for dependability since 1971 



C. ltoh's Starwriter Daisy Wheel Printer is designed to fill a distinct gap in the peripheral market place. A speed of 
25 cps and its low price make it the ideal choice for today's system designer interested in achieving superior price/perform­
ance ratios. 

Incorporating the latest LSI technology, the STARWRITER is built by one of the world's most respected peripheral 
manufacturers. The printer is rurnished complete and ready to use, requiring no changes in hardware or software. STAR­
WRITER offers the industry standard parallel interface, as well as the RS-232 interface with volt age or current mode capac­
ity. Total plug compatibility and a wide variety of interface matching capabilities help lower system irttegration costs and 
the 25 cps model is also easily upgraded to a 45 cps printer. 

Using a 96 character wheel, the STARWR ITER produces letter quality printing on 3 sharp copies with up to 163 
columns. STARWR ITER offers the highest degree of horizontal and vertical positioning, resulting in t he most precise char­
acter placement in the industry. The easy-to-change character wheel also makes our printer a perfect choice for international 
applications. Compatible with sheet feeders, STARWR ITER accommodates paper widths to 381 mm (15") and uses indus­
try standard ribbon cartridges. 

Along with a self-test capability and a programmable VFU (Vertical Format Unitl, STARWRITE R furnishes the oper­
ator with all desirable status functions, commands and program selectable switches. Panel lamps indicate the current Paper, 
Select and Power status. 

The easy plug-in compatibility of STARWRITER and its outstanding print performance continue C. ltoh's tradition 
of providing reliable peripheral equipment to systems users the world over. 

STARWRITER is backed by a one-year warranty (three months on parts and labor, 9 succeeding months on parts) 
and is supported by a strong, fully trained and technically proficient service organization. 

A compete W/P package to add to your computer Printer specs: Priced Separately: 
system now available. VR Data has integrated • DIABLO® Wheels & Supplies 
the C. ltoh Daisy Wheel Printer and the Magic Wand • Letter Quality C. I to h Starwriter $2195.00 
Word-Processing Program into a high·powered • 25 CPS-Rapid Seeking-Bi-Directional options: 
inexpensive word processing package. As an • 45 CPS Optional 45 CPS 600.00 
introductory offer we have the entire package • Parallel Interface, Serial Optional RS23 2 interface 75.00 
for $2295.oo• - a $200.00 savings over the combined • Tractors Available Tractors 250.00 
list price. 

* Add $75.00 for RS232 interface. 
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eSALEe 
TRS-80 

Disk & Other 
Mysteries 
$19_95 

reg. $22.95 

IN PENNSYLVANIA (215) 461-5300 ee ORDER NOW TOLL FREE 1 (800) 345-8102 

HARD DISK 
for TRS-80 Model II 

15995 
1 0 meg. 5 fixed 5 removable 

TRS-80™ 
Model II Drives 64K MODELII 1 Dnve Stngle Enclosure $ 899.00 
1 Drive Multiple Enclosure 1069.50�$�3�4�~�5�.�®� Addlttonal Dnves for Mult. Enc. 540.00 

NEW LOW PRICE 

SOFTWARE MOD. I MOD. II 

Medical/Dental Patient Accounting $1500 
Word Processing (M.lgic Wand) 300 4K L II T RS·80 
General Ledger $149.95 249 16K L II 
Payroll 99.95 199 RS·232 
Data Base 149.95 299 OK Expanskln Interface 278.10 

Tape Disk 16K Expansion Interface 376.10 
Upper/Lower Case Modification $19.95 $24.95 32K Exoansion Interface 474 .10 
Comprehensive Diagnos t ics 34.95 34.95 Telephone Modem 179.95. 
CP/M $175.00 Emulator CRT by lntertec 895.00 
New DOS + 40 TK 100.00 CRT Stands from 139.00 
New DOS/80 145.00 An t i-s t ati c Mats , 1 roo 
Software Documentation Available • CALL FOR PRICES 

esALEe 
DISK HEAD 
CLEANERS 

5-1 /4" $12.95 
re g. $1 4.95 

8" 3M CLEANER 

575 .70 
789.60 
92.10 

e VISIT OUR NEW WAREHOUSE SHOWROOM AND REPAIR CENTER• 
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SMALL BUSINESS �
APPLIC:ATIONS �

Up To 4 Terminals 
S-100, 7 Slot, 360K Double Density Can Be Slavc!d Off Master 



Hard Disc and 8" Floppy 
Any Combination of Master or Slave 



MICRO..... �





7400 74LSOO 
SN7400N " SN74123N 59 74LSOON 35 74LS164N 1.19 
SN7401N " SN74125N 39 74LS01N 28 74LS165N 89 
SN7.102N " SN74126N " 74L502N 28 74LS166N 2.48 
SN7·103N " 5N74128N 59 74LSOJN 28 74LS168N 1.89 
SN7404N " SN74132N 69 74LS04N 39 74LS169N "9 
SN7405N 23 SN74136N 95 74LS05N 28 74LSI70N 199 
SN7406N 23 SN74139N 95 74LS08N 39 74LS17JN 89 
SN7407N 23 SN74141N 69 74LS09N 39 74LS174N 99 
SN7408N 26 SN74142N 295 74LS10N 28 74LS175N 99 
SN7409N 23 SN74143N 295 74L511N 39 74LS18tN 2.20 
SN7410N " SN74144N 2.95 74L512N 39 74l5190N 1.15 
SN74 11N 29 SN74145N 62 74LS13N " 74LS191N 115 
SN7412N 29 SN74147N 195 74LS14N 125 74LS 192N 98 

We Now Have The $990SN7413N 39 SN74148N 120 74LS15N 39 74LS193N 98 
SN7414N 59 SN74150N 99 74LS20N 26 74LS194N 115 AppleSN7416N 29 SN74151N .67 74LS21N 38 74LS195N 95 
SN7417N 29 SN74152N 67 74L522N 38 74LS196N .89 Silentype �~� DISK SYS•TEM SPECIAL 
SN7420N 22 SN74153N 67 74LS26N 39 74LS197N .89 
SN7421N 35 SN74154N 119 74LS27N 39 74LS221N "9 IN STOCK --­ Apple II Plus w/48K Supermod Video Modulator 

SN7422N 29 SN74155N 82 7<lLS28N 39 74LS240N 1.95 D isk ll w/Controller Integer Based ROM Card. 
SN7423N 29 SN74156N 89 74LS30N 26 74LS241N 1.90 Reg. $2,220.00, ACP Price $1819.00 SAVE $401.00 
SN7425N 29 SN74157N 69 74LS32N .39 74LS242N 1.95 

Hi·Speed Serial I/O $18900 0565 OtQI·SectOI' $34900 Integer ROM Card $18900SN7426N 29 SN74158N 1.65 74LS37N 79 74LS243N 1.95 
SN7427N 29 SN74t60N 95 74LS38N .39 74LS244N 1 95 Cenlronrcs Printer l/0 180.00 AppteGrapllres Tablet 6750() Proto Card 2t95 

SN7429N 45 5N74161N 95 74L540N 26 74L5245N 4.95 App\eso!lll Pbmwa1e 18900 DC Hayes Mooem n 34995 M & R ModUlator 299S 

SN7430N 23 SN74162N 89 74L542N .79 74LS247N 1.10 
Apple Cb:k 26900 Orsk II w/Controfler 55900 Sanyo Cassene 5495 

5N7432N 29 5N74163N 87 74LS47N 79 74LS248N 1.10 lntrotX·IOSyslem 17995 Orsk II 45900 16!<UOI}radeKr\ 5495 
SN7437N 29 5N74164N 97 74LS48N 79 74LS249N 1.69 

lniHIIX·10 ContrOller 269.95 PaliCallang Sys1em 45000 Desktop Plan 9800 
5N7438N .29 SN74165N 97 74LS51N 26 74LS25 1N 1.79 BECKMAN All MuSic Synthesrzer 25995 Parallel P11nter Card 16500 a·· �F�l�~�p�y�C�o�n�t�r�o�U�e�r� 35000 

SN7439N 29 SN74t66N 1.20 74LS54N 35 74LS253N .98 16 Ch Ana\(JJ Input .. 24995 Comnunrcahons Card 18900 Heurrstrcs Speechlao 17900 

SN7440N " 5N74167N 1.95 74LS55N 35 74LS257N 98 Digiral Multimeters 2 Ch AnaiCXJ Output 16495 BusrnessSonwarePio.g 52500 Romplus+ 15900 

SN7441N 79 5N74170N 169 74L573N " 74LS258N 98 13·KeyKeypad t\995 C()'Vu'S 10 t.legabyteOnve Supertalker 27900 

SN7442N 57 SN74172N 5.95 74L574N 59 74LS259N 2.95 �~� .\I Oili .L' TI C!l .. �~�,� 11:'\"ll HCH \10 Visr·Calc 12500 462500 Cashrer 25000 

5N7443N 79 5N7<:1173N 79 74LS75N 68 74LS260N 69 �}�\�S�\�.�.�~�C�r�o�c�:�e�o�i�U�~�I�5�-�f�l�w�T�E�C�H�J�I�O�f�i�.�U "�I�3�0�0�-�'�!
SN7444N 79 5N74174N 89 74LS76N 45 74LS261N 2<9 S s\ ft•l&nS. 7 �t�l�n�:�t�K�n�1�.�2�9�1�i�l�~�S�.�p�l�t�l�5�0�2�5�%�'�1�d�t� 
SN7445N 79 SN74175N 89 74LS78N 65 74LS266N 59 �~� · �~�.�a�.�n�c�y� 
5N7446N 79 5N74176N 85 74L583AN 99 74LS273N 1.75 �~� �1�"�1�!�C�H�J�O�O�"�" "�" "�"�"�Z�M�"�Y "�~�~� 
5N7447N 59 SN74177N 85 74L585N 1.19 74LS275N 4.40 �~� �~�:�,�=�:�i�~�~ �~�~�J�'�:�~�~�:�:�~�:�;
SN7448N 79 5N74179N 180 74LSB6N " 74LS279N .59 
SN7450N 23 SN74180N 75 74LS90N 75 74LS283N 1.10 iilfi. TECH 300 Org1tal MUII<merer .• _ S100. 

5N7451N 23 5N74181N 175 74L592N 75 74LS290N 1.29 
•• TECH 310 Oogolal MUII1me1er .. Si30. 

SN7453N 23 5N74182N 75 74LS93N 75 74LS293N 195 �~�\ �~�S�i�~ �~�'�l�~�'�:�~�.�'�.�i�'�.�;�'�~�"�'� �l�:�~� 1,1 ""' 5N7454N 23 5N74184N 195 74LS95N 88 74LS295N l.\0 �~� HV·21 1 Hogh vonage Probe. .... S35. Personal Computer System5N7459N 29 SN74185N 1.95 74L596N 98 74LS298N 1.29 RP·221 RP Poobe . . .... . .. 535. 

SN7460N 23 SN74186N 995 74LS107N " 74LS324N 1.75 �~ �g�t�~�l�~�~�~�~�~�~�~�~�s�?�~�~�~�~� i(,, ::. �~�~�~ �·� ATARIBOO $825.00SN7470N 39 5N74188N 390 i4LS109N " 74LS347N 1.95 Tl·242SPareTeslleads .•..•. S6. 
SN7472N 3< 5N74190N 115 74LS112N .. 74L53•18N 1.95 ATARI400 $449.005N7473N 38 5N74191N 115 74LS113N .. 74LS352N 1.65 

�t�\ �f�,�~�\� �- �,�:5N7474N 36 SN74192N 85 74L5114N 55 74LS353N r'65 
ATARI BOO Includes: Computer Console, BASIC Lang. Cartridge, E ducation

5N7475N 38 SN74193N 85 74LS122N 55 74LS363N 1.49 
SN7476N 36 5N74194N 85 i4LS123N 1.19 74LS365N .99 

System Master Cartridge, BASIC Language Programming Manual, BOO Operator's 

5N7479N 4.60 SN74195N 85 74LS124N 1.35 74LS366N .99 Manual w/Notebook. Atari 410 Program Recorder, 16K RAM Module, Power 

SN7480N 59 5N74196N 85 74LSI25N 89 74LS367N .73 
= ·· MUSiC MACHINE 9© 

Supply, TV Switch Box. 

SN7481N 110 5N74197N 85 74LS126N 89 74l5368N .73 �1�'�t�~�M�1�1�1�I� �U�~�e�~�l�l�l�l�l�l�!�l�!�l �n�t �u�u�n "�P�n�t�<�~ "�l� Spel n;t �~�0�0� 
5N7482N 110 5N74 198N 1.39 74LS132N .79 74LS373N 2.75 W1TH 9 VOICES! �O�o�s�~�O�·�~� ""' USiirS111)1 3500 \!.lsocEitc:trrcoty "" SN7483N 55 5N74199N 1 39 74LS136N .59 74LS374N 2.75 

e �N� �E�'�M�U�s�u �r �a�t�e�s�1�S�J�4�t�e�o�j�i�i�~�A �r� �i� �L �S�I�T�(�'�(�h�!�'�o�l�o�:�)�y� e fltQtole$ 
Pl1111el.. A9900 �l�i�S�G�e�~�-�e�r�r�o�r�o�e�!�l�l� 3500 �S�a�s�c�.�A�I�Q�~�a� 3500 

SN7•185N 65 SN74221N 1.39 74L5138N .89 74LS375N 69 Plo'JramAl'CO"deo '"' S\lii'CMSOIY �S �~ �O� �I�;� �3�~�0�0� tuh&... I .. PTI\I1111Cau.llu 

SN7486N 39 5N74251N 95 74L5139N .89 74LS377N 1.95 
�o�n�t�y�o�r�-�c�s �t �o�t�f�o�r�9�~�  "�U �5�!�S�i�h �r �e�t�A�Y�3�·�8�9�\�0�"�s�t�o�p�r�G�O�.�o�:�:�c� $ro!J'I"IIl-RDMC,rtrt'tn �W�o�r�~�l�l�o�S�1�0�"�/� �( �W�t�S �1�t�r�n�)� �J�~� co �G�o�o�t�l�o�S�A�S�I�C�P�!�c�q�.�J�t�T�m�.�~� 1600 
none �·�~�t�s� • Pl.tys �~ �o�e�n�e�r�a�r�o�o�~�y� �~�o�e�A�l�~� EloM:I • AtJ E(U;.;rliOIISJS!etnM3Sie!C•rlnOo)e 2800 SasrcSocdlQv 35 00 8ASICG.truef'roo¥ollll!i 1900 

SN7489N 1.75 SN74273N 1.05 74LS145N 125 74LS385N 1.95 soltmrr:r!IIVrtd  "� �A�P�f�'�l�£�'�"�'�1�l�i�U�T�i�p�.�l�t�~� AfinBASIC 5500 CoonstloiQPICICti:ll.l'eS J>OO Uf·O•f••ll1 
SN7490N 39 5N74279N 89 74LS148N 1.49 74LS386N .65 ...... $129.95 

..,.__ 
5500 F'UIC!IlltSoiA!:COJitlo<IQ JSOO &K �A �A�M�U�e�~�n�o�r�~� �M�0�<�1�o�l�e� 11000 

5N7o191N 65 SN74283N 215 74L5151N 79 74LS390N 1.95 .1.11EaltEDUDTlS1ED . �~�~�1�b�a�n� ""' F'hys.:$ 35.00 �1�6�K�R�A�M�U�'�f�"�'�Y�M�~� 22500 

�~�·� 
4200 �~�a�l�t�~�~ �S� �t�f�i�"�Q�h�s�/�1�1� 3500 lhtrnu

SN7492N 52 SN74284N 390 74LS153N 79 74LS393N 1.95 
FLOPPY DISK DRIVES 

�S�~�&�-�e�a�k�o�u�t�'�"�'� '200 BusntSSCill!llrUrrc.3l(ll"l5 �J�~�O�O� �8�1�~�1�1�1�0�.�5�1�\�t�l�t�e�s� 
SN7493N .. SN74285N 390 74LS154N 2.49 74LS395N 1.70 "'''"""""' 55 00 Bas•:Ps)tf'lob;Jy JSOO DrSkFo[tMarwqer soo 
SN7494N .12 SN74290N 1.25 74LS155N 1.19 74LS399N 2.95 

MPI 851·5°.'o",40tracks ..... . .. . ... 279.00 
Super !log'"' 4200 �£�1�1�t�c�t�~�W�n�l �n�g� JSOO bturytfllrll1'1 

SN7495N .65 SN74298N 95 74LS156N .99 74LS424N 295 ComPIJterCtre!rtt 5500 Al.rtoMetiWI<S 3500 O.MnQCon·.ro!erP.tr 1800 
St1uga11 SA400·5'!.'' 35 tracks .. . 295.00 Hor11:F1rorr-ce ssoo P!oncipitsOl f l on.JOTIICS JSOO P.!MeCgnlrollerPaot 1800

SN7496N 72 SN74365N 68 74l5157N .99 74LS668N 1.75 Shugart 800/801R 8". . .... �~� ...•.... .475.00 �~�t�t�r�l�l�l�o�l�l�e�r�l�'�a "� "" SN7497N 310 SN74366N 68 74LS 158N .75 74LS670N 2.29 S!J:mcns 5huQ<Jr1 Comoatrble Model 
SN74100N 99 SN74367N .79 74LS160N 98 81LS95N 199 FOD·120·80 . •• •........ ....... 429.00 

TEXAS INSTRUMENTSSN74107N 32 SN74368N 79 74LS161N 1.15 81LS96N 199 PERSCI Model277 Dual. •.•••.• ••• 1195.00 

• 
5N74109N .53 SN74390N 1.90 74LS162N 98 81LS97N 1.99 WANGO/SifMENS 5•.· Drtve .• .... 29000 

SN74116N 1.95 SN74393N 190 74L5163N 98 81LS98N 1.99 MPI 852 5'/i" Oual. .. . . .... .. .• . . • .. 348.00 ·­ . �t�N�< �"� �O�I�~�J�>�O�R�A� I I:D 

5N74121N 29 SN74490N 1.90 
WANGO/SIEMENS 282 Dual 5''•" . .. 395.00 .../; . 99/4 PERSONAL COMPUTERWANGO/S IEMENS 82 .. . ... 290.00 

SN74122N .39 LINEAR Supe norColor. Music, SoundandGraphics-and a 

CMOS E:!:ii: CONTINENTAL S PECIAL TIES ,., Powerful E xtended Basic- All Built ln. 

78H05 595 LM1414N 190 
M•dll LM·3 40·channelloglc �M�o�n�~�!�o�r� •. . 58500 T l 9 9 / 4 Console only $1099.00MJdll LM·I LogrcMcwutol. ... 60.00 available lor$659.00 

CD4000 35 CD4093 .99 78M06 1<9 LM1458CN/N .. MoGII LM·Z lor;JIC M01ulor.. . 147.00 
CD4001 .35 C04094 2.95 78M.G 1.49 MC1488N 1.49 

MAJ:.\00 tOO MHZ Podable FreQuency CCllnter
CD4002 .35 CD4098 2.49 LM105H 99 MC1489N 1.49 

..... 149_00 (:commocloreCD4006 139 CD4099 225 LM108AH 2.95 LM1496N 89 �M�~�d�t �.�l�l �P �·� �I� �O�~�g�l�t�a �. �l�l�o�:�_�] �i� �c�P� rODe : . ... 50.00 •C04007 .29 MC\4408 12.95 LM300H 79 LMt556N 150 
MldtiLP-2 EconomylogrcPrcbe .. ..... 28.00 

CD4008 1.39 MC14409 12.95 LM30!CNIH 35 LM1800N 79 
M•d•l LP·J High Speeal!x;c Probe . .... 7700 PET AS $775.00CD4009 .. MC14410 12.95 LM304H 98 LM1820N .95 
M1d1l LPK·1L(X}IC ?rcbe Kit . .. 21 .95 DISCOUNT PRICES LOW ASC04010 .. MCt4412 1295 LM305H .89 LM1850N 95 Modt1LTC·1.LTC·Z �L�o�g�c�a�i�A�n�a�t�y�s�r�s�K�&�i�S �.�~� 220!250

C04011 35 MC14415 8.95 LM306H 3 .25 LM1889N 3.95 �2�0�o�t�~�l�l� 77500 202lSD·Catf'lilnP,p<P..,18 69500 
C04012 29 MC144t9 <95 LM307CN/H 29 LM2111N 175 2001·161\H 975011 �2�<�)�4�0�0�\�Q�I� �M�n�D�$�.�~� �1�2�~�0�0�0� 

C04013 .. C04501 .39 LM308CN/H 98 LM2900N 99 2001·161181rrlll 97500 Pel toiHECn 3995 •2001·32KN 125000 lHEtotEEEC.Itoif: �A�9�9�~� 
CD4014 1.39 CD4502 1.65 LM309K 1<9 LM2901N 2.50 �2�0�0�1�·�3�2�1�1�8 �(  "�e�~�J�l� 125000 C2Nh1er,Ql CJtsel1rOecll 9500 
CD4015 1.15 CD4503 .69 LM310CN 1.25 LM2917N 2.95 �~�0�2�2�S�O �·� �C�a�t�0�o�1�t�.�l�a�o�r�>�l�'�n�l�l�l�t�r� 79500 
CD40 16 59 CD4505 8.95 LM3110/CN/H .98 CA3013T 2.29 
CD4017 119 C04506 .75 LM312H 1.75 CA3018T 199 

SINGLE BOARD COML' UTER SELECTION GUIDECD4018 99 C04507 95 LM317T 2.75 CA3021T 3.49 
C04019 .. C04508 3.95 LM318CN/ H 1.49 CA3023T 2.99 
CD4020 1. 19 C04510 1.39 LM319N/H 1.25 CA3035T 2.75 
C04021 1.19 C04511 1.39 LM320K·XX• 1.49 CA3039T 1.ll9 
CD4022 1.1 5 C04512 1.39 LM320T·XX• 1.25 CA3046T 1.29 
CD4023 38 C04515 3.95 LM320H·XX' 1.25 LM3053N 1.49 
C04024 .79 C04516 1.69 LM323K 4.95 CA3059N 3.25 
C04025 38 CD4518 1.39 LM324N 1.25 CA3060N 3.25 
C04027 .65 C04520 1.39 LM339N 95 CA3062N <95 
C04028 .85 CD4555 4.95 LM340K·XX' 1.49 LM3065N 1.49 
C04029 129 C04556 99 LM340T·XX· 1.25 CA3080N 1.29 
CD4030 " C04566 2.25 LM340H·XX• 1.25 CA3081N 1.69 
CD4031 325 74COO 39 LM344H 1.95 CA3082N 169 
CD4032 2. 15 74C02 39 LM348N 1.85 CA3083N 1.99 
CD4034 3 .25 74C04 .39 LM358CN 98 CA3086N 129 
C04035 .95 74C08 .. LM360N 1.49 CA3089N 2.75 THE 

SPEAK & SPEAK & SPEAK 1!. 
CD4037 1.95 74C10 .<9 LM372N 1.95 CA3096N 2<9 SPELL MATH READ NEW! 
CD4040 1.29 74C14 1.65 LM376N 3.75 CA3097N 1.99 $59.95 $75.95 $82.95
CD4041 125 74C20 39 LM377N 3 .75 CA3130T 2<9 
C04042 .95 74C30 39 LM380CN/N 125 CA3140T 2<9 BONE FONE �T�e�i�<�O�I�5�t�n�s�t�n�.�m�e�n�1�5 �"�!�e�i�"�J�f�\�Q�t�l�l�e�n�c�w�1�i�1�1�1�1�1�y�o�l�t "�~�I�U�r�r�i�u�g
C04043 85 74C32 99 LM381N 1.79 CA3146N 2'9 �a�o�:�l�s�.�E�.�K�f�l�r�s�b�a�s�.�t�d�o�n�~�l�l�f�!�M�"�I�I�I�t�~�n�n�;�~�t�K�h�n�Q�.�.�o�e�S�l�l�l�.�i�l�h�t�3�1�)� 

CD4044 85 74C42 1.85 LM383T 195 CA3160T "9 �c�M�l�r�r�:�n�r�e�a�c�f�l�g�r�e�r�t�U�I�!�l�l�!�\�t�a�r�r�~�f�i�Q�I�X�l�!�l�!�t�l�A�U� Al(l lhtlftuf1·11'1 
C04046 1.75 74C48 2.39 LM386N 1.49 CA3190N 195 (}3rre!iil111ac1Mtresn..akelealll0oogru<1 AJiioasmartsolvertoroe 
CD4047 125 74C73 85 LM387N 1.49 CA3401N 69 Uft•ullllllla1•11'10l6$,111 metalwolhmarchirog t>racelet. 

CD4048 99 74C74 .85 LM390N 1.95 MC3423N 1.49 

�-�~ �)� 
o SKIERS YQM"IPcrwr•. Super �S�t�u�m�p�e�~�~ �- S. 6 ¥CI 7. 8. �U�'�I�J�' �o�l �~� Vtrtos. 

CD4049 69 74C85 2.49 NE531V/T 3.75 MC3460N 395 o JOGGERS 
HomonymHer01!sS1595 A n Outstand ing A C P Valu e 

CD4050 69 74C89 4 .95 NE555V 39 SG3524N 395 
.u........,... ,.....6 .... 

ONLY $21.95
CD4051 110 14C90 1.85 NE556N 98 CA3600N 3.50 o SKATERS Wflo "siNho •1theloo.ir'lCISrlSqruS1S95 

C04052 1.10 74C93 185 NE561T 19.95 LM3900N .59 o CYCLERS INTRODUC ING THEC04053 110 74C95 185 NE562B 7.95 LM3905N "9 FIREFOX RADI OCONTROLLED 
C04055 395 74C107 1 19 NE565N/H 125 LM3909N 98 You must hear OFF·ROAO VEHICLE CALCULIGHTER
CD4056 295 7 4C151 2.49 NE566HN 1.75 RC4131N 295 it and feel it T he only llghler In the world that adds,
CD4059 995 74C154 3.50 NE567V/H 1.50 RC4136N 1.10 

to believe it! ._ su btracts, m ultip lies , d ivides an d lights! 
C04060 139 74C157 2.10 NE592N 2.75 RC4151N 4.50 
CD4066 .75 74CI6.0 2.39 LM702H 2.99 RC4194 4.95 �~ �;�~�,� • LUXURIOUS 
C04069 35 74C 161 2.30 LM709N/H 29 RC4195 4 .40 BUTANE 

C04070 <9 74C163 239 LM710N/H .98 ULN2001 1.25 AM/FMs1e<eo �~�:�:�:�:�:�e� LIGHTER 

CD4071 35 74C164 2.39 LM711N/H .39 ULN2003 1.50 surrourxtsand 
C04072 35 74C173 2.59 LM715N 1.95 SN75450N 59 
C04073 35 74C 17<1 75 SN75451N <9 �!�~�I�S� your body For rough roads, smooth roads, high I Peed 
C04075 35 7<1Ct75 .98 5N75452N .. withS!X..Ind. cha•ea, lthandles'em aiL 
CD4076 1.29 74Ct92 1.15 SN75453N .<9 

No earplugs. 
Ttu;lMa,..;j �r�c�a�d�~�l�o�-�;�r�n�y�c�r�u �r� �l�e�~ �.� �l�"�l�o�s�c�l�!�l�S�S�C�O�J�I�I�f�r�y �,� �a�-�r�e�n�a�l�n� 

C04077 35 74C193 33 SN75·15•1N .<9 �f�\�/�C�a�c�l�i�o�n "�"�"�"�a�t�J�I�I�C�O�I�!�I�e�S�I�I�"�r�r�t�1�J�I�I� �l�l�l�<�.�e�~�C�J�\�a�f�f�t�j�l� �~�K�l�;�m�_� 

CD4078 35 74Ct95 SN75491N 89 You wear it! �h�i�i�"�I�:�I�I�H�"�e�r�t�1�a�i�0�Q�I�I�i�l�l�~�~�~�r�r�l�i�k�e�l�l�a�¥�f�l�r�3�1�l�l �l�r�i�Q� 

rt ftlrWartt �t�t�'�l�f�l�"�2�.�t�i�¢�~� an:r le!f IIJms -arid r....o ureeds T11n 
C04081 35 74C922 SN75492N 89 �I�Y�I�I�!�9�·�v�c�l�l�t�l�i�l�1�1�e�r�-�,�l�o�r�t�~�l�/�i�r�s�l�l�l�t�t�e�.�-�.�6�·�c�·�~�~�a�n�~�a�r�d�~�n� 

C04082 35 74C923 SN75493N 89 �g �. �,�,�_�m�g�l�~�~�~�r�:�:�a�r� 

CD4085 1.95 MM80C95 SN75494N .89 
SPECIFY RED OR SILVER $49.95C04089 MM80C97 

422 BITE November 1980 Circle 378 on inquiry card. 



• � S.100 32K (uses 2 1 �
ASSEMBLED �
450ns. 499.00 �
250ns. 539.00 �
Bare Board 49.95 �
Bare Boardw/all parts less �

• 5-100 16K IS-100 Compatible) 
• Low Power wow•• 2 MHz or 4 MHz • 
• Assembled & Tested__. 
2 MHz .. .. 5250.00 

• �~�0r-wfs ,- �i�l�~�2 �6�5�.�o�o� 1 
ASSEMBLED 
450 ns 149.95 KIT �4�5�f�)�n�~� 125 95 
250ns 169.95 250ns 1 ,,g 95 
Vector Graphic BK Kit $139.95 �
Bare PC w/Data S21 .95 �

P,.ce S13flono;j 3!< !Ow 3$ S 119 9 . 00 

SWill Dnn Sl'"''1 �
II• �~�<�P�o�o�l�'�!� �~�N �I� �'�o�r�'�I�I�N� Wt;ll l l'rg �
V100 1: .'0 �~ �0�0� l �D�-�~� 15 �~�s� 1199 00 �

�S "�r�o�;�:�~� �H �t�~� �
'.?00£71 800 20rwl' ?Sib!. �1�~�9�0�0� �

�o�e�.�.�~�~�t�.�:�K�I� �

f ){) 60il 3 Or-r 31(!:; �1�~�1 �4� �0�0� �

S •"Vtl!l'lll �
V20 �O�f�.�)�~� t �1�1�. �~�[ �~� 3 Onot 31 ltlS 19 9900 �

�O�C�\�I�U�!�~�i�O� �

ATTENTION VIDEO HOBBYISTS!!! 
* BOX BUILDERS 
*USE AS REMOTE TUNER/T IMER �

*FULL SCHEMA TICS A VAILABLE�
* FOR ONLY S5.90! - FREE W /PURCHASE 

A Recenl Soec•JI PurcMse AMows Us To Present TheFollowong. 

NEW, UNUSED COMPONENTS 
Fro m The RCAYDT· lOI Yldeomutle Reca1der 

�t�U�H�f�i�V�1�1�f�l�v�e�o�-�S�u�~�t�i�i�Y�>�'�"�l�~�l �l�k �.�.�.�O�s� 

�a�r�d �V�.�C�: �e�o�O�I�:�t�r�\�4�J�a�l�~� 
1RF•/t0ul- " :tl .l.t.()o & VC!i'Oom.".S 

�C�~�I�J�'�t�i�J�!�;�J�f� �:� �(�)�J�u�M� 5 3 9.8!5 
3 0'9UI Cn:o Mo:rl.llt �~�'�.�t�P�\�~� �f�'�l�l�r �~�l�a�l�1 �1� 

�~�J�i�b�, �t� �l�t�i�r�t�t�~�~�l� 519.9 !1 
: �~�(�)�l�m�t�l�l�5�0�r�Y�n� �'�A �~�t�C�f�W�'�I�7� �~� 

�~�1�2�3�.�3�4� 
5 C\YI'"c.WteSctd.l.lllhcAbcM: 

bCroy $74.95 

�s�~�~�-�"�'� so �s�~�~�I�~�~�:� �~�~�F�~�~ �,�?�s ASSEM 

Sac 100 S•f'l\lle Board Computer �t�2�M�H�~�l� $26500 S 349 00 
Sac 200 S'"'i)le Board Compu\er 14MHzl 29900 39900 
zao Staf'ler SY">tem 3t9.00 449 oo 
VOB8024 Vodeo D•$P13y Board 335.00 459.00 
Versa·Fioflpy II 32500 42900 
E•P3ndoPR0M 225 00 
SO tOO Computer �S�~ �$ �t�e�m�w�/ �6�4�K� 6995.00 
50200 Comouter System w/64K 7995 00 

8800 MICROMODULE'" PRICE LIST 
MODELNO. DESCRIPTION 
9600A Stngte Board M<crocomcuter 
9609 Advanced Stngle 8d Como. !68091 
9601 16 Slot Mother Board 
9602 CaJd Cage �
9603 8 Sial Mo ther Board �
9604 Power Supply �
9605 DC Input Power Supply 
9610 Utrhty Proto Board 
9611 Anth. Proc/Memory Module 
9 612 Buttered UttliiY Pr o to Board 
9616 32 K EPROM/RAM Module 
9617 EPROM Programmrng Head 
9620 16 Channel Parallel 1/0 Module 
9622 Senat·Parallei i !OModule 
9627 t6K StatiC RAM Module 470ns 
9629 32K Slaltc RAM 450ns 
9629A 32K Stat1c RAM lOOn!. 
9630 Card Extender 
9640 MIJIIrcle Programmable T•mer 
9650 8Channel Du01e.11 Senall/ 0 Mod 
96S5 Intelligent Taoe Conllolle• 
96103 32/ 321/0Module 
96702 Contact Closure Module 

UNPOPUI.ATED BOARDS /Also Ava<laOlal 

PRICE 
:5495.00 

595.00 
17 5.00 

75.00 
10000 
275 00 
325.00 

3900 
49500 
49.00 

250.00 
25000 
29500 
32500 
395 00 
695.00 
895 00 

68.00 
395 00 
395 00 
55000 
27500 
350 00 

UNBELIEVABLE!! E:J
"_5Caps.601pm·Veri1Cal . �~� 
Formal Un11 • 9G Charac· ...._. 
ters-Upper/LowerCasc- �~� . ' 

�~�-�~�~� �t�~ �o�l�7�4�~�- �c�~�~�~�:�~ �:�:� • 

Wldth • Full96char. ASC" 

EMAKQ-22 .•••.•••••••.• • •• $799.00 
Pm lsa IJ2 0Jlllone. �A�v�a�r�l�a�~�e�v�.�1�l�h�O�O�r�a�i�~�I�!�J� st'1'141ooltlulal s.;me pra 

VISTA PRINTER 1i:: 
=---s 25 CPS, Full Character ljiF.4 !if DaisyWheel. 136 Column 

-••- Model
No. FP150D S199S.OO 

BASE II PRINTER 
aoColumnlmpact Pnnter �~� 

 "�6�0�L�~�"�'�"�" "�"�"�" �~� • � 115/230VAC,50 
or60Hz. �~� 

• � 72.60. 96, 120or _ 
132Char/Lme __ 

• Sef-TeS1Sw•ICh __ _.--·REG $69900 

WITH ALL OPTIONS ACP PRICE $599.00 
Ool•on ·M" Term •nal Screen Buller 11920 Ch<:Jr) , .... $50.00 
Oolron "S" H igh Speed Paoe• Advarrcc & Graoh•CS . . . . .50.00 
Qpt.on ·r TracJOr Feed... . ..... 5000 

ER PRIME PRODUCTS TO THE HOElBVIST AT FAIR 
1. Proven Quality Fac tory tested products only. 

2. Guaranteed Satisfaction 
3. Over $1 ,000,000.00 Inventory 

1980 CATALOG NOW AVAILABLE. 
Send $ 2. 00 for your c op y o t the most c o mplete catalo g of computer products. 
A mu st for the serious computer user. 

MICROPROCESSORS 
Z800t 16bolto8Mb.. St89.00 
Z8002 16 bol to64K 149.00 
ZBO .... . ....... 10.75 
Z80A •.. ... 1450 
F·8(38501 . 1695 
2650 .• .. 18.95 
C01802 .. 1395 
8080A .. .. 850 
8080A·4MHz. 1995 
SALE80B5., ... ........ .... 1495 
8008·1 . 14.9 5 
2901 990 
2901A . , 1495 
29034·b•tSupershce 2995 
TMS9900JL 4995 
CPt600.. 3995 
6502 . 1150 
6502A . 1695 
IM 6 100 .. • , 2995 
6800 ........................ H.75 
6800920MHz ... 1995 
6802P .. . 17.95 
8035 .. 1995 
8755.. . ... 49.95 

STATIC RAMS 
�2� �1� 

2tL02450ns �@�I�D �;�I�:�;�~� �~�·�;�;� �~�~� 
�~�:�:�;�~ 25ons �H�~� �H�~� �H�~�1� 
2t0t·l 2.90 270 2.55 
2114L·250n5 (40451 650 595 5.50 
2114L·450ns,(4045) 550 525 4.75 
4044 250ns. 8 .95 750 690 
4044450ns. 5.95 595 4 . 75 
EI.-II'.M200A 9.75 875 795 
Et.AM4402 7.95 7.25 6.25 
74589 295 2 50 225 
StOIC·E 795 795 725 
AM09140t41 10.95 1025 9 25 
AM09130/31 12.95 11 .95 tO 25 
1101 \95 175 125 
P2125/93425(45ns) 995 8.35 825 
6508 I K • 1 CMOS 7 95 7.95 7 25 
6518 IK • t CMOS 7 95 7 95 7.25 

I �~�~�,�i�'�;�~�~�!�~�!�!�e�~�~�~�S�t�a�l�.�c� �~�i�~�5� �1�~�~�5� �1�g �: �~�~� 

�~�~�!� ::.. �~�H�~� '-:: ';;D,O Aii:::'== Y-iiN;;' M t..:C...:R.::A.::M...:S"----;;--;-;-1 

ADVANCED SUPPORT 
AM951 I Auln. Processor ... 17500 
9512 A11\h PrOCI!SSOf... . 175 00 
9513 �U�n "�~ �- T;rnon<jj , 79 95 
AM9517 OMA Controller .. 18 95 
AM9519Un•ve<s31lnlenup\ •. 1895 

Z•80 SUPPORT CHIPS 
Z80·PI0 25 MH: ....... 875 
Z80A·PIO ·IOMH: . .. .. 12 95 
Z80·CTC 2.5MHt . • •. 8 75 
ZBOA-GTC 4 0 MHz ...... 12.95 
Z80·0MA 2.5 MHz , ..... �2�~�9�5� 

Z80A·0MA 4.0 MHl . . ••.. 36 95 
Z80·SIO/O �2�5�M�H�~� .. 3595 
Z80A·St0/0 40MHZ...•.. 3940 
Z80·510Jl 2.5 MHZ .•. , 35 95 
Z80A·SI011 40 MHz . •. 39.40 
Z80·SI0/2 2. 5MHt .... 3595 
ZBO·SI0/2 4.0 MH1 ....•. 39 40 

8080/8085 SUPPORT 
8155/81561/0 .......... .. 2495 
8755 1/0 wrlh Eprom •... ... . 64.95 
8202 Dyn_ Ram Cont ......... 34 95 
8205/74S 138 Decoder ...... 3 95 
82128boll/o ............... 275 
8214 Pnor ilylnl .. .. , .... . .. 5.25 
8216Bu50rrver .• 2.75 
8224CIOCkGen... .2.95 
8224·4(4MHz) •• .•.. . .. 9. 75 
8226Bus 0nver .• . .. 3.95 
8T26Bus0rrver .•. 295 
8226Svs.Con1rol 550 
8236 Sys. Coni. . , 5.50 
825t PrOQ.I/0 ......... 6 .95 
82531nl Trme< • .. .•. 12 .9 5 
8255 Prog_1/0 . .. . ...... 6 50 
8257 Prog.OMA. . ..1 695 
8259 f'roglnt . . ....... \7.95 
8275CRTConuoller .... 49.95 
6279Prog K!!yboatd 15.95 

6800 SUPPORT CHIPS 
6810 128•8Ram ...... 475 
6820 PIA... • ........... 5.95 
682t PIA .............. , ... 6.50 
6828 Prionlylnl. .•.••...• 995 
6834·t 512 •8Eorom .•.. t6.95 
6845/H046505CRTCon1 ... 3995 
6847 Color CRT . 49.95 
6850AClA ...... .. .. ......... 5.95 
6852Sena1Adap\cr ........ 5.95 
6860 Modem ............ . 10.95 
6862Modula1or ............ 11.95 
681\A 1.0MHz OSC.....•... 25.95 
8875........ .... ...... ....... 6.95 
6880Bus0nver ..... 2.95 
MC68488 . . •.• 19.95 
68047.. . 2495 

SHIFT REGISTER SALE 
2503V ... 1.49 2525 ... 149 
2504V .. 1.49 2527 .. 1.49 
2507V ... 1.49 2528 , .. 1.49 
25 17 V ... 1.49 2529 , , 149 
2524V .. . 1.49 2533 .. 149 

6502 SUPPORT CHIPS 
6520PIA ... •. 7.50 
6522 Mull . ............. 11.95 
6530·002.003.004.005 ..•• 2195 
6532 ... . ........ . .. 1995 
6551. • 1995 

PROMS 
2708450n5. ... .. . . 825 
2708·6650ns ......... 750 �
1702A .. . ...... .195 
2732 ... . . 74.95 
27t8·5V ........ . •. 14.95 �
2716·5V. 12V .. . 29.95 
2758·5V 2995 
5203AO .. .. 13.95 
5204AO.. .. 14.95 
1M56\0 ... .. ... .. . 3.90 
SALE 822332x8 ...........2.95 �
8251\5 512 �~�8�(�T�5�)� ,. •. 16 95 
82SI2332•8 ... .490 
82St26256x4 , , ... •190 
82St29256•4!TSI .... • 1190 
82S130 512 • 4 lOCI ... 6 50 
82S23 .. 695 
82St3t ... 
82S137 ..... ... . ...... 14.95 

NOTE; WE PROGRAM PROMS 

CHARACTER GEN. 
25t3-<X>t (5VIUPoer . 950 
25t3·005(5VILower ........ 1095 �
25 13·AOM3 (5V) Lower ...... 1-1 95 
MCM6571. ................ 11 75 �
MCM6571A . .. •. II 75 
MCM65i4 .................. 14 50 �
MCM6575 .. , ...... 1450 

UARTS/BAUD RATE 
TRt602[315V, 12VI 395 
Av5101J(5V. 1ZVI 495 
AY5t014A1161215·14VJ 695 
AY51015Al186315VI 695 
TMS60n rsv 12\fl �~�:�i�Q� 

IM6402 7.95 
IM6403 8 .95 
2J50USRT 995 
1671BA$1oOS 2-195 
SALIETR14 728.. ... • •. 11.115 
tAC14411 11.95 
4702 1-\ '5 
W0 1941 �<�J�'�J�~� 

COM5016 . 1695 

KEYBOARD ENCODERS 

r �41 6/4 116 16KP6Prn)... • ... 8 .75 
Setol8 4ts·s ... .. . ... 49.95 
41t58K U6P011) •. • • 6.95 
40504Kx 1 ( 18 Pin) .......... 4.95 
•l0604K �~� 1 (22 P •nt ... . .. .......... 4 95 
40964K• 1 (1 6Pm) .. .. ..... 395 
21044Kx t <16 Plnj .. . .... 4 75 
40274K•1t16Ponl .• ,...... . 4 .95 

�~�~�~ �~� : �~�~� 64K �!�~�~�L� �! �.� �~�;� 
5270 .... 495 RAMS 6605 ... 795 

FLOPPY DISK 1/0 
1771·01 8"& M•n•lloppy . 2495 
uPd372Nec FIQopy 4995 
178t Oua1FIQopy 2995 
1791·01 Ova iFIQooy. 36.95 
uPd 765 Floppy .. 49.95 

A/D CONVERTERS 
87008b•\Bon3ri• 1350 
870t 10br18.nar't 22.00 
87038bltTS 1350 
9400 �1�/�0�~� 10 FreQ Conv 7.25 
87503'.'r0rgr1 BCD , 1395 
1408L66 b•l . 395 
1408L88brt . .. 595 
OACOtOtoA 595 
0AC08 .... .• 9 95 

TV CHIPS/SOUND 
AY38500.1 6 Gam!!sBIW ...• 4.95 
AY38515ColorConverter •.•• 295 
A¥38603·1 Roadrace Game •. 8 95 
AY38605-1 Warlare Game .. CALL 
AY38606·1 W•neou\ Game .. 9 50 
AY38607·1 Shoot1ng Galll'<Y ... 8 95 
AY38910SoundGenerator.. 12.95 
SN76477 Tl Sound Generator . 3 .95 
MM5320/21 TVSynr:h Gen ••. 9 95 
MM5369Prescall!r ..•.....• 395 
LM1889 RF ModulaiOI ...... 3.95 
MM57100 NSC Color TV .. , . 6.95 
MM57104 Clock Gen . 375 
RF Modulalor w/Aud!O ........ 8.95 
M&R �M�o�d�u�l�a�~�o�r �.� . • . 29 95 

WAVEFORM GEN. 

8038 Funcl.onGen ...........3 .95 
MC4024VCO .. • ... 295 

5280 49s 5159 gs iS604 495 LM566VCO ................ 195 �

�:�=�:�" �=�"�' �'� �" �o�o�o �=�= �= �- �~ �- �2�5�=�:�:�: �:�: �;�;�~�~�O�;�C�;�K�;�E�;�;�;�~�;�;�;�S�= �=�z �" �o�~� �x�R �~�2�~�~ �; �; �c �; �~ �~�;�;�;�; �~

�t �~ �; �~�=�~ �~�~�w �;� �~  "�~�O�O �J�~�~ MM500H Oual25......�~�~ �W �~ �l�.�o  "�~�· �'�~� .. ... 50Lo-P•o SOidertail old MM50SISN Ou31256 .......... 2.95 �

t: �~�~� �~�~� �~�~� �~�~�~�~�~�~�~�~�~�~�~�-�~�~�8 •. . �:�:�:�:�:� �!�'�.�!�~� 
�~�~� �~�~� �;�~� �~�:� �~�~�:�:� �~�~�~�~�i�F�O �'�.�'�.�"�.�'� �.�'�.�'�.�"�.�'�.�'�.�'�.�'� �i�i �.� �~�;� 
�~�~� �~�~� n 1 �~�6� �~�;�~�j� �~�6�~�d�4 �8�~�1� �F�O� :: .. ....�-�· �2�! �.� �~�;� 
�~�;� �~�~� �~� �-�~ �~� �:� �- �~�~� 9408 10 Bot S(!Quencer ...... 9.95 

�;�~� �~�~� :�~�g� �i�-�~�~� CTS DIPSWITCHES 

�:�=�Z�~�E�;�<�R�~�O�;�:�;�I�~�N�;�>�S�~�E�~�R�~�T�;�;�;�I�O�;�<�i�N�#�;�F�~�O�~�R�~�C�~�E�;�:�:�~� �g�~�~�g�~�:�~� �:� �:� �~�;� �g �i �~�~�g�~�:�~� �:� �:� �~�;� 
CTS206·5 1.75 CTS206-9 1.95 

16Prn S550 24Pon S7 50 40Prn 51025 CTS206·6 1.75 CTS206·10 1.95 

LED READOUTS 
Plrth Sill Colin Drtur•ll•• 
Ol 704 JOORtd �C�C�J�I�'�I�I�\�C�a�~� 
0L707 300 !ltd CO'ml AAa)> 

FNOJ57 357 Ral Can-n �C�~�1�o�:�l�e� 
�F�t�1�0�~�0�1� 500 Aal Ccrrm C•kU!-1+-11 
I ND5031SOOI SOD Red Cam\ �C�~�U�-�.�;�U� 
FND50715 \0 i 500 Fled Cartn Arm 
FOOSOO 500 l'cll Can-nAI>OOel+l) 

�~�~�~�~ �!� �8�0�0�1� : �~=g=
FN0807!810)800FWI �C�<�r�m�l�~� 

HPS0821340 600 Red 4 r 7 lkul«:rnll 
111'5082-1300 600 Rcll �~� • 7 S\1! Oogr!IIHO 
i1P5062·1131 300 Red CWO'n �~� 
lll305 - Fled �A�r�r�~�~�S� • 7 
IIL308 270 Ae\1 Numei'GII �O�<�s�c�~�a�-�i� 
111309 270 Rt!l �N�~ �O�~�l�i�l�t� 
TIL1 11 270 lied �4�~�7�H�m�l�e�c�m�a �l� 
MAN2A JlO lied Array 
MAl/10A 270 Red �A �l� �t�y�\�a�N�~�n�c� 
)(AfiJOil JOO Red Cornm ArocxleA'I)nl OP 
:Wl30i2 300 1\e �~� �C�~�r�m� Am1!> le" OP 
�X�A�~�-�~�3�0�6�3� 300 ROO Ovt!lkllll CA.UIIOI' 
�X�A�~�-�~�3�0�6�4� 300 Red CO'r'fll C;UI'!Ilo!RII)h!OP 
�)�(�M�l�3�0�~�1� 300 �G�r�~�n� C0'1Vll AAa)> R'l)htOP 
)(AN30S2 300 �G�r�~� Coovn Aoldeletl OP 
MNJOSJ 300 �G�r�~� Q-.1.<TiowCA..L e1\0P 
)(AN3054 300 �G�o�~�n� CWO'n Caii\W!. R.9n1 OP 
XA1Q081 300 Yt!VN CcrwnArWt R..1'<!0P 
X.A10082 300 YtiV.. CaomAno1e.lf!\OP 
XJoNJ083 300 VOOW �O�w�~�l�a�w�C�:�.�.�.�L�e�n�O�P� 

�r �"�"�' �=�-�=�= �>�- �C�~ �"�" �·� �·�· �'�'� �-�-�:�: �" �,�" �-�- �' �J�O �O�=�=�C�: �-�-�;�: �C�:�-�;�.�0 �-�;�:�-�;�: �:�C�C�: �" �:�-�;�:�-�- �0� 

IC SPECIAL PURCHASE 
LF !3508JFETAnalogMul\•8b•l 695 
ICM 7045 Prec•s•ol'l StepWalch 2395 
1CM7205CMOSLEOSloPwalch!Tuner t995 
ICM 7207 Oscillator Controller i .50 
1CM 7208 Seven Decade Counte• 18.95 
!Ct.17209Ciock Geneoator 695 
LCL 7107 3'> O•g•lAIOILEOJ 1495 
MC:14·133P.Jo -. Ot<jjoiAIOConvef1er 1395 
ICL8211 Voltai)!!Releoencl! 195 
LM 1820N AM Rad ro 311 .00 
LM 1850N Ground FauiiiC 311 00 
L M 2900N OuaCI Amptrloe r . 211 00 
LM 2901 N'HMJOuad Comparator 2/1 00 
LM 29t7N FrcQ. lo Voi1Conv 2/t 99 
AY·3· 3550 4>, d•grt OMM. 24 95 
AY-5·3507 1\0MHl DVM . . , . 995 
MEM 4963 �M�o�~ �l�e �l� Smoke Oeleetor 11 95 
27S08 32 �~� 8 Prom liM 56001 2 95 
Gtl5M6channel Moslel • . 149 
ULN 2003A 7 Channel �O�r�~�~�;�e�r �.� 99 
2101AL·4........ ...... ........ .. 195 
MCM 1-1505 64 bol Stahc Ram 695 
7520125 , 50 LM 377 \ .25 
1480/1 <189 211.99 U.A387 125 
MK50\.\ Calc. 31199 LM 3302 3t1.99 
74589 3 / 1.99 LMJ.558 3!199 
78H05K 695 RC4136 21199 
LM323K <195 RC4t31 21199 
MCt372 8 95 COM5027 3995 
MM5298--1AIB. 2 .95 COM 5037 4995 

VERBATIM �
DISKETTES �

100% CERTIFIED ERROR·FREE! 

• J}IUCU ODUill DUS\0. S1NGU·SIVlQ �~�·�·� 

IW( �l�l�f�S�C�R�I�P�T�I�O�I�~� PlliC£ �8�0�~� \ 0 
�~�1�~� 01 �S�c �~�l� �s�w�.�.�.�e�~� ms ao �c�~� sn 1!1 
�~�i�5�- �1�0� �1�1� �1� �1 �t�J�e� �~�r �o�N�S� All!'ie t l!; �2�1�1�~� 

�~�~�2�~� 16 16 �1�1�.�: �~� lloxd '·\clopilll\ �2�7�i �~� 

• 4G&II1llCKODUIUOUSIIY-SINHISIGEO 
�~�·�.� W/IUIRtlk!ORCIMUITRINO 

�~� 7Hl l Sail �5�!�.�-�l�c�~�o�.�t�d� IRS B 0 el:; 
�~�1�1� 10 10 HOiclla<dNS ,l.,J!H tiC 
511 �I�~� 161\o!eH.Mil'-lcrcu:rlos 

• tO �T�~�l�U�S� OOUIIE SlaEO. OOUil l �U �~ �S�I�I�T� �~ �·� �,� 
5SCG1 So1t SKI:liNS"- J50 �M�P�1�~�2� 

5SO·l0 �I�O�H�O�i�t�~�B�.�\�S�f�i�'�.�'�~�'�I�C�C�O� 

�~�\�0� 16 t6 llaif �H �~ �r�:�l� Moo' 

•1" 100' r i:UIItiEOD ISUTT IS 
roaoo-01 sw �5�,�,�.�0�e�n�~�1 �~� JI40 
FD600 �3�~� J? Hl•d S•'9e IJMs>rr' S'Xi 
roBC<''Jt �S�o�!�1�~�«�t�:�~�~ �~ �~� �3�:�~�o� 

�1�0�1�1�~�0�0�1� �s�.�!�t�t�a�.�.�~�!�S�C�!�'�<�I�~�I�l�l�'�r�'�C�S�>�:�I� �3�1 �~ �0� �~�9�8�0� 

VOLUME DEALER PRI CING AVAILABLE 

W E ALSO STOCK DYSAN·CALL 

CONNECTORS (GOLD) 
fl'b OB2 5P (RS0'321 , , , . , _....•.. , 3 .25 

99 �D�B�2�5�S�F�c�m�:�~�l�u� .......•.••.••. 3.75 
99 �~�l�o�o�d ..... .,. ..... . ...... , 1.25 
99 Set w!Hood, S.11e • • ...•.• $7.50 
99 22/44 WI'IV. SIT . KIM .. .. 2 .95 
99 43/86 Wf'IV. 5(T. MOT ..•.•... 6 .50 
99 501100$- t OOConi'ICCiorw/W .. 4 .95 
99 50/ t OOS· t OOConnecrors/t , .. 3.95 

:H.---N-A_K__E_D_P_C:----, 
115 

�2�0�9�~� 
1695 

75 
795 

t095 
995 

1095 
595 
695 
t25 
t �~� 
125 
�~�2�5� 
199 
199 
199 
199 
210 
210 
2 10 

Z·80 CPU (llh3Cal . �~�3�4�9�5� 

8000ACPU . . 3495 
8K SialiC RAM(LOI)OSI 24.95 
16K S\JhC RAM 12114) 2!<95 
32K Sla!<C �~�A�M !211 4) 2995 
6K Eooomt27081 . 24.95 
t702Eptom Boa•d ..... 300C 
270812716EpromUihar::a). 3495 
2700/27 16 EillomiWMCl.. 30.00 
�R�e�a�l�l�r�n�~�e�C�i�o�C�~� .... , .. 3495 
ACPProloBd 13M Conn) .. 27.95 
Vec1or8800Proto.• •.... 22.20 
Vector 8803 11 slot MB 29.95 
ACP �E�.�~�t�e�n�d�e�r� w / Conn , t8.95 
Y1deo ln 1crlace(SSM) •.. j t .95 
Pa<a11ellnlerl.lce!SSMI , .. , 3t .95 
13 Slot �M�o�1�~�e�r�B�o�a�r�d 1WMCI 32.95 
9SioiMolherBoarct(WMC) 2995 
8Sio1Molher te •oandable) 3495 
Proc·Teth8.1rl'Board!>..... CALL 

WMC FIOOI'IY PCB . 

COMPUTER SPECIALS 

�c�o�\�l�t�l�'�f�S�~� 
0\S LIST SALE 

Apple II Plus w/t6K 1t95. 990 
PET 200I-16N 995. 895. 
E•ldySorcererw116K t099. 
Coomemco Sys Ill 6990 .6290 
Horrzon lw/32K CALL 
PascaiM •croen<jjine 1995.1595. 
IPS I 1620 D<abJo RO 3295.2695. 
Anadex OP 8000 995. 875. 
Cenl,oncsMtcroS-1 595. 525. 
SorociO t20 995. 795. 
Tclctypc Model43 1349.1t50. 
H•PiotPio11er 1085. 899. 
HoP\o\O•Q•Irzer 795. 735 
ln1er\ube II 895 784. 
Atan800 999 750. 
A1arr400 549. 449. 
ll99/4 1150 1025. 
�l�e�e�d�e�~� 12" Mon•10r 149. 139. 
Centroncs 737 995 899 
TrencomT-100 375. 349 
TrencomT-200 595. 525. 
Sanyo9"MOnotOr 220. 169 
Sanyo 15"Mon•lor 295. 249 
Mot 22MHt Monr101 296. 2 19. 

SOCKET SPECIALS 
14 Prnwlw·2L........... S .35 �
18P•nwtw-2L ...............55 �
20P•nw/w·2L ............... 75 �
40P•nw/w-2l.. .. ... lAS 
18P.ns./l... .. .....15 
22P •nsll ................. 15 
�C�a�t�l�l �o�r�v�o �l� �1� �1� �m�<�~� proe ong 

Circle 378 on inquiry card. � BYTE November 1980 423 



DOT MATRIX PRINTER 
Mfg. suggested list $1350 

California Digital Introductory Price 

ALIJU&t:Jhlctraetono and �~�·�;�L�r�i�:�:�a�l�l�l�c� head 1:ap per·mit the 
Anacom to accept fifteen inch wide multi-pa rt forms. 

Switch sdectablc; sl<ip p:1pc1' pcrftwation. c:•LTia.:c 
rctnrullinc f! ·cd :u1d six ot·dgiLtlim :spct·incJ,. 

Lex:ll Lpaper shield :uJd enclosure swnd pr·oofim: �:�~�d�d� 
to the overall qu11Hty or the printer. 

The ,\n:ocum t!iO islll'finitd,v the hest v.duc intollaya 
exlrt•mely competitive world of mic:ro-prinh:rs 

H vou ar" in th" mark<.'\ fer a �~� <}U;ll il .\' �J�·�:�u�l�l�i�T�W�L�T�~�·�d�"� 
lle!malrix primer. plca!le c_vn!lidcr lhl: ,\u.tcoJn 1:•0 
before purchas!n.L: a less r .. �h�.�1�l�l�h�~� madLme. 

:\v·;a'Lbhle citiLCJ'ItS-232 s"rial9600 llaud. PH J\ -1 50S 
or Centronic parallel PBA-I !i 01'. Fielll �c�x�c�h�: �u�t�~�: �e�.� 

UPS shipping �w�~�·�i�g�h�t� ·10 pwmls. 

·TEC V-300 -----
Processi 

---­----­----­---­----­- -­ --­----­--­ ·-
l'henew:J IOI display termina l is theiB1llc:ntr.vinto 
the plug comJL:ltalllc micro computer indus\,-}·· 

r his moduJ:... Jv c:onsLmCtL•d CHT �t�c�r �·� �n �L� �i�n�:�~� �l� has llcen 
�e�n�~�:�i�n�c�·�c�n�·�d� wiih tiLe �u�s�~�r� in mind. The video display 
modul..,s swh·ds ani tilts to pr ovi<IL · the oper : Ltor wilh 
a comfor·t:•hle �\�'�i�e�w�i�n�~�:� postur·e. 

Twd'le inch J•- 39 �~�;�r�c�"�n� phosphor· screen boasts a 
c t·i up 7lly l-1 ch:l J'ach"r m:tt nx. 

St :utdard UO by �2�~� �l�i�n�~�·� �s�c�t�·�.�,�~�·�n� format 1..-ith a 2:oth line 
to displa•· Jllilchino: status aJKI aid in the di::al;nostics 
in the evc•nt of a �s�~�·�s�t�c�m� uta!function. 

U7 key Sckcu·ic stl'lc �J�:�e�y �l�l�o �:�~�r�d� :ll'l· :,n cement :.long 
with nu mcl"i c c·ntry pad. J·: ight usl·r ddinablefunc­
lionkcys. 

Thc JlOL video �t�e�r�m�i�n�:�~�l� is ltS232 �C�O�!�~�>�p�a�t�.�,�b�l�e� "-lld dis­
pla.\"S :dl �1�~�B� ;\SCI! ch.u·aclcrs including control codes. 

•kcl·ssihlc customer setup sw&tchcs aid in choosill(: 
such options as !inc s)o<.'ed. parity scroll. and reverse 
video. 

llut most or all. built into cveL'Y 3101 h'rmin:•l is tiLe 
<JU:IJitv that .\"OU h:t\'(.' �l�~�:�:�l�l�'�l�k�'�d� to C-'(j!eCt from the I B:\1 
Corporation. VDT-3101 

IBM direct price #1295 
CALIFORNIA DIGITAL 

discount price
S1195 lmmed i• tedelivery 

�r�~ �- �i �!
�r�;�a�~� �~ �~�=�c� �s�~�o �G�l �~ �,� 
�~�~ �~ �~� 

5-1()0 BOARDS 

Finally a �r�e�a�s�o�n�<�~�b�l�y� priced letter q uality printcr... Bi-directional priming :"t 
25 characters per SCCOILd. 1-'ull 136 print positions wide. Proportional spacu1g 
11120" horizontal. 1/48" vertical. 
Uses standard DiabLo brand Jnterchangable daby print wheels. 
Intel 8085 CPU microprocessor controllcd. Interfaces via Centronics parallel 

AMPEX 
DIALOGUE SO 

CRT TERMINAL 

�~�· sggs 
connector. �S�h �~ �n�.�[� �5�B� lbs. PRV- 300. 

NECSpinwriter 
551121P/S

!B249 

New from the Ampex Corporation. The Dialogue 80 features removable keyboard, 
d.isplayaiJie two pages (four optionall dual progra.lll ke:(S• �h�<�~�l�f� intensity protected 
f1elds �a�t�~�d� status line. �T�r�a�t�~�s�m�i�t�s� data either·block. lzne or �c�h�:�~�r�a�c�t�e�r� mode. 

MEASUREl\IEr.'T SYSfl:illS 
Dynamic memory DMB -6400 
Dynamic memory Ol\IB - 3200 

S770 
700 

:'IIORROW I THINKER TOYS 
Multiboard "NEW" Daisy whccl port, 
real tlme clock, po"·er on jump. 
program interrupt cont'l 3P/3S 

�~�~�~�~�~�;�~�o�~�~�l�~�~�~�~�~�~�~�n�.�:�T�f�J�~ �3 �~�\�'�c�;�d�~�r�i�~�~�:�;�·�~� �\�:�~�n�~�~�;�~�~ �c�'�t�~�~�~ �~�~� �b�~�'�~�~�~ �g�;�r�~�~�~�i�~�-
=d RS-232 seriallnterfacin!i. �, �~�!�s�o� includNI is the tr "clor to:cd mcch­
:mism. �:�~�l�o�n�g� with pril!l thimhlt: ,nd �d �~�h�o�n� !'Hl\-;;;jJ01'S 70 lhs. 
�K�e�~�·�b�o�a�r�d� lKSltl i\lolicl 5!i20 P/S �a�v�:�~�i�l�3�l�l�l�c� $2995, PHN-5!i:!ll PS 75 IllY 

�~� 
P-300 

rl21;'+'·1 
$1395 

PRX9500 

PRIN"JRONIX 
$4500 

Forty-four �s�e�p�a�r�:�~�t�e� print heads shuttle to 
provide �o�v�c�r�l�:�~�p�p�i�n�>�:� dots. T his uniftuc fc:l­
ture allows a resolution of 60 dots per inch 
horizontal at1d 72 vertical. 
The Printronix P-300 has lim capahility of 
output�i�n�~�:� pictures. bar codes :lnd i <ll'l:ll la­
hc l!l. a featur·e not provided with l111nd or 
ch:oin printers. PRP-JOO 200 11>!1. 

TI•BID 
$1495 

List $1895 
Save $400 

�~� 

r::enTnonn:s �- �~� -:_ 
730 $595 �(�~� 
737 $795 

Both the Centronics 730 Oltld the 737 are �c�:�~�p�a�b�l�e� of accepung 
�&�t�a�t�J�d�~�r�d� office letlerhead or pin feed continuous �f�~�r�m�s�.� 
For lugher resolution the 737 implements a nine Wire dot 
matrix print hcad. �P�a�r�<�~�l�l�e�l� �i�n�t�c�r�f�a�c�i�n�~�:�.� Add .$65 for 
RS232. PRC-730P (St. PRC-737P (St 17 ILJs. 

E.tccllem value. VDT-D80 shipping 47 Ills. 

m:c t·:i\"T :!f• :)850 
80 character· br :!·I lin e t..,:d\'eirtclL 
set·et'n. l!lkcynunu·J'lc-cuLr}'cluster. 
1\ c,·crse video. !JispLayahtc coutrol 
charactl·rs. �H�I�T�-�H�~ �0�1� slLip . 60 lbs. 

Hl-:t:Li\T 30 �~�9�:�0�0� 

Additional feat ut·es. Speda! (UILCtion 
keys. Uh:h n ·sol u1io n Cl"'Llph ics. �2�~�o�t�h� 

staIus 1�i� �n "�~�.� i\1 u l I i- intensity scre•: n . 
&!p'-'l'ior <jua lii Y �b�~�\�'�h�o�a �r�d�.� V ll"l"-HJO 

�J �~�~�~�~�~�~�~�~�~�~� ltiC(;I -: :\"T �~�0� �~�1�1�!�.�1�:�,Jnscrt/dcktc line feature. Elcv.-n 
�.�~�p �e �c�i�:�d� t:raJthic S}"llihols. VDT-rt-10 

ADDS 
HEWLETT 

The package includcs a dur­
able steel enclosure, Power 
�e�n �~�.�:� hrand disl: power supply. 
muffin exhaust f:uJ atJd:dlthc 
no:ccssa r)'harncssillt:"C<Illlcs. 
'J'hc J.ollo pack,.t(c u.-ith: 

1\ICt:tCN r GO �~� �l� �·�l� �!�.�l�:�i� 

Huffen·d diSI>iay. Hlock mode wans­
mission. 1'rotect1·d fields. �V�l�l�T�~�H�G�O� 

PACKARD 

$2650 

ATARI 
800 $747 
400 $695 

Oil' �S�h�u�~�;�a�r�t� S.\110111 disk drive ... $711!i 
Tn-oShugar·t S,\8011\ disk drlvcs.$1195 

GODBOUT/COMPUPRO 
Dual 808818085 16 bit CPU 
Z-80 CPU 24 hit addreu 4 MHz 
Static RAM 32K (Alpha Micro) 
Spectrum color graphics board 
lnterfacer II I/0 board 

�;�~�~� �g�~�·�!�~�c�~�~�~�~�~�~� �~�n�~�f�;�:�a�c�c�:�n�;�;�:�W�;�r� 
575 Disk Jockey rr double density 
329 SO SALES 
199 PROM-100 programmer 

SEATTLE COXlPUTER PRODUCTS 
8086 16 bit CFt.T 2 c01rd set/86 dos 595 
CALIFORNIA cm.IPUTER SYS"rEliiS 
S-100 Mainframe 2200A 329 
Disk controller/2. 2 CP!\1 2422 329 
Z-80 CPU 4 MHz DMA 2810A 250 
DIGITAL RESEARCH 
32K 2716 EPROill boar d 99 

EPROMSforabove 2716 16 req. 13 

CALIFORNIA DATA CORPORATION 
AID board 16 channel 1 2 bits 
qT COMPUTER SYSTk:A!S 
Rt:altime docklca..iendlr 

Quiet
Buss 
8803-18 
18 slot 
IMSAI 

135 

Video display board 802-1 
�V�c �r �s�:�~�O�o�p�p�y� �3�7�~�0� controller 

II-TULLEN PRODUCTS 
Extender board/Logic probe (kit) 
Relay c:pto/control board 

D. C. HAYES PRODUCTS 
Mieromodem S-100 FCC register 375 
ARTEC ELECTRONICS 
Wire Wrap proto board WW/100 
General Purpose proto GP/100 
CALIFORNIA DIGrTAL 
8086 CPU 4K on hoard static RAAH50 

ACCESSORIES FOR THE 

�A�~ �' �P�L�E� 
COMPUTER 

CALIFOHNIA CO!IIPUT EH SYSTEhiS 
Arithmetic Processor 7 81 1 BIC $319 
.•\$ynchronoua serial interface 7710 129 
Centronics Interface card 7728 95 
12K PROl\1 1\lodule 71 14 69 
Cnlenderl Clock, Dat. blck-up 7424 99 
Parallellnterfacc 7720 A 99 
Programalllc Timcr 77-IOA 99 
Analog/Digital converte r 7-170A 99 

�t�i�!�I�C�H�O�S�O�l�·�~�l�'� PRODUCTS 

MOUNTAr>! �C�O�M�P�U�T�~�R� PRODUCTS 
lntro X-10 system for BSR $239 
Jntro X-10 card only 165 
16 channel AD/DA 8 bit 319 
Apple Clock baneryback- up 225 
Supertalker SD200 245 
ROM Plus with filter 165 
ROM Writer/Programmer 119 
APPLE �B�R�A�.�~�D� PRODUCTS 
Apple Language card 

Apple to Z-80 CPU card 
U. C. ll1\Y E:S PHODUCTS 
1\licromodem forAwle 
COMPUTER STOP PRODUCTS 

379 �:�.�:�~�~�~�~� �~�:�=�~� �:�:�:�~�:�;�o�~�~�n�~�~�~�:�;�~�~�l�c�r� 
Applcparallellnterfacc 

319 
SSM r>UCROCOI\IPUTErt 

Double Vision /80 Colum n Vidco 250 Dual serial parallel interface AJO 1-19 

SORRENTO VALLEY ASSOCIATESINTER.'\CTIVE STRUCTURES 
1G Channel AID card Alel2 275 8" !loppy controllcr (PascaU 3&0 

direcit connect 
MCIDEM 
UNiVERS·Al DATA lOJ 

Connects directly to the new modular phonc 
jack. Fully power ed from your existing 
tclephonc line. 1\"o need to locate external 
AC power. Crystal control prevents fre­
qucncy drift. Dircct connect feature elim­
inates or info rmation due to carbon 



The 460 uses a dot matrix character formation technique in which 
the placement of the dots overlap both horizontall y and vertically 
to achieve a correspondence- quality printing. 
The printer's nine-wire print head uses staggered needle rows to 
create the vertically overlapping dots. The head is driven bi­
directionally under microprocessor control by a stepper motor 
dl'iven mechanism with logic-seeking look ahead capability. 
Standard •• Two-K Byte" buffer allows the printer to accept the 
entire content of a 1 .920-character CRT screen. Weight 27 lbs. 

suggested list price $1.295. Calif. • igital price $} ,076 

lmsai solder .125x .250 
lmsai w/ w .125 centers 
Altair soldertail .140 row 

SPECIALS 
22/44 Kim eyelet.! 56" 
25150 solder tab .156" 
36172 wide post w/ w.156 

Installation is simple. A nyone who has 
ever chonged a spark plug should be able 
to up-grade his microcomputer. 
llow can Californ.ia Digital offer these 
memory up-grade sets at 25o/u below our competition? 
Simple. we buy in volu.me. wholesale to dealers and 
sell the balance directly to owne rs of personal micro­
systems. These 16K dynamic memory circuits are 
faelory prime and unconditionally �g�u�a�r�.�:�~�n�t�e�e�d� for one 
full year. NOW. before you change your mind. pick 
up the telephone and order your up-grade memory 
ft·om California Digital. Add $3 for TRSSO jumpers. 

S TA TIC 1·31 32-99 I00-5C -999 !K+ �
21 L02 450nS. 1. 19 . 99 . 95 . 90 . 85 �
2IL02 250nS. 1. 49 1. 39 1. 25 * * �
21J.! 1Kx4 450 5. 95 5. 50 5. 25 4. 75 4. 50 �
21J.I!Kx4300 8.95 8 . 50 8 . 00 * �
4044 4Kxl 450 5. 95 5. 50 5. 25 �
4044 -!Kxl 250 9. 95 9. 50 9. 00 �
40-!5 1Kx4 450 8. 95 8 . 50 8 . 00 * �
4045 1Kx4 250 9. 95 9. 50 9. 00 * * �
5257 low pow. 5. 95 5. 50 5. 00 4. 80 4. 60 �

2716 EPROM 
SALES1'3 �

*:1:* THOUSANDS *** 
\Ve hcive slashed price in an effort to 
retluce our over stocked inventory. 
These are Single Five Volt _Eproms, 
manufactured by one of the WOrlds 
largest producers of semiconductors. 

Please phone for volume pricing. 

WESTERN UNION 

ENCLOSURE 
T hese o.:nclo9ure8 we r e manu!ac­�
turo.:d ( 01" Wo.:stem Union b)' Uni· �
ver sa! T•·chuoloo. T he exact �
1•ur pose o l t he 1•roduet i s s rt ll a �
�t�n�y�~�l�e�r�y� hut tlw t•ndosurc Is �
l<.lc<all _y stolto.:<J fot· a oo S- 100 mother­�
boar d wit h !i ltlo.:hJcdpowo.: r s ll !'Piy. �
l knlov:.ohle hood ;o.nd plexiglas �
f ront mahe this t•nclo s urc :mat· �
tr :u,t i vc home fo r : 1f1J hobb.v Jorodnct. �
N ew 9UI'fohl! l In fa cto l' yboxe s supplied with thl'eo.: �
22/·H edl:" connectocs: DO 25S eonanunlcation! connector ; six �
root �g�r� �e�u� �n�d�.�~�!� bower cord and more. lnslde dimensions: l9"x �
11:1112" xG 1ftf:' �~�h�i�p�t�>�l�n�t�:� �"�' �~� �i�g�h�t� 6 l bs. �

Lear Seigler Inc. �
In Plant �

POCKET �
INTERCOM �

�$�1�4�~�5� 

T!oo.: system is comp ri:<cd of" flrcntium cast a l umiHlUm a n d fi bergla s s �c�n�d�o�~�u�r�e�,� 
3long with J. lloncy"·c U I �~�1�\�c�r�o�s�w�i�l�c�h� h:>!l effect keyboard. Thi r ty o.l !spl ay l3mpa 
ad\'iSI! the operator of the �I�}�'�$�L�c�m�~� .st:otus, Fwr Inch lwd speaker .o.ekno.,.·tedges 
acccp\;111ce of dar:. and al•·rts the op.-ratorofpendingproblcms. 
Out m o s t of all !his " USEU '' \o:rn tiuaL "' i ll! a litt le imagin a l i•n. can be �\�'�O�~ �I�n�c �c�r�c �o�.�l� 
to make the perf ect h•ml.' fur fill S-1 0 0 con>!J utcr und �~�\�<�.�l�e�o� tltspt ay; or "'llh sliJ;:hl 
modtricatlon wUI accept lhe !tod:we!l t\IC,!- 6S mkro/corr.pu!o.:r. 
Five vol: rcguhtco.lpowcr lllpp l y is :wall ablc for an addll lona\ S20. hcc Juoc U)'ld 
,\JJ ll nl ta arcln exeell cn\ con<Ji t lon. ()r\tfmal ac(lulsltionovcr$700. 22 lbJ. Please specify: 

811 or 5 1/4'1 

CONTROL DATA 
CRT Terminal? 

Frankl\· we Olade a mhrta)ce ;nttl ;u•o• 
Ofrf'r in.g t hese ter mln:.ls Ud o w: ou r 
cost jus\ tOg<:\ t h <.'mUI.lt of out· Yoare­
hotr s l.' . As far <Ls ,...., c an dctc r•milt •C 
the tmils are compl('t('. Uut we are 
offering them on an "as-Is" hasis 
"'ithw t any retumprivil cgcs. 
The terminals we re orici naliy Jl ur­
ehascd f r om All Stutc Tm,u1·:mcc. 

• I i ; �~� ' �~� , 1 0 n : �~�~� h t­ ' 
;:::ar if W t R T Y OJ I 0 P t., t,j '5' .. 

f!. o:: A !I or 1'" J'" ',· •• t,;....., 
" ._. 'l' t' �~� v e N "' �~� ' •­ •' • • 

KEYBOARD 
becnunaU\c to 

PLASTIC LIBRARY CASE 
with purchase of each box of • • •• FREE Memo rex mini-diskettes. 55 value. se-z �B�o�\�~�s� �5�2�4�.�9�~� 

Box �a�A�~�R�s� �5�2�2�.�2�~� 
of TEN forty track 

, 
- - -

" 
­

' �

Voltage applied to o ne of the twelv e d iscrete m iniatu r e Incandescent 1328 
!:'Imps causes the n •otl ule to display the selected character. ("'- lh hrll 9). 
Users m;,y aubstitute the �c�h�a�r�~�t�c�t�e�r� film Mtl display pictures a n t! s ym­
bols of their o wn c h o osing. l\laoufacturcd b y ln duetrial Elec tronic e ngi­
neers Inc. SPC-L 12 Use d c lC !ellent cond. 24 l ;unp modules als o a v ail. 

T hhr 77 k ey wo rd procc!lslng k eyboa rd was 
manufactu r ed by l\lh: r os...·itch fo r usc in t h e 
Xer ox 800 wor d processing system, 

XEROXSOO 
WORD PROCESSING The keyboard Otltpu ts a !IC\'Cn bit t\ S CII 

code :\long with an eighth bit �t� �h �t�~�. �t� allows 
lllOIII kcys to 11h lft anti doubl e functi on as 
ll p ccial character s. Ext r a l a r ge" T ab & 
l t.;:turn" kcys a r e designed into the l 3yout 

KEVBCARC 
ASCII ENCODED of the keyboar d to emul ate t he LBM Se l e c· 

trl c . 17 �i�l�l�u�r �n�i �n �:�~� �t� �c�d� keys serve for s pec ial 
wor d proccs11in g codes. The keyboa rd Is 
t.oqu lp p cd wit h two t humbwhccl s witches fo r 
d e fi n ing li n e width. 
O ri ulnal Xer o x acquisiti on over $400.00 
Califo rni a �D �t�~�;�l�t�a�l� US ED price only $-19. 00 
Excell ent cond. l)ocu ment atl o n include d. 
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