






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 . 
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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 



I 

systems. �
l 

CPM I'! L AN GUAGES: 

l 
C. RA TFOR. FORTRAN, 

PASCAL. BASIC 
I r 

AUTO- INSTALL WORD PROCESSING Z80/8080 �v�~� DEVICE 
L___ DATA BASE CPU DRIVERS MA NAGEMENT 

ACCOUNTING 
�~� 

D �
IEEE STANDARD S-100 BUS 

MULTI BOARD 

1K �~� ROM RE A L 

�~� 
PROGRAMMABLE 

TIME INTERRUPT 
CLOCK CONTROLLER 

1K �~� 
RAM 

'r "r ..,. 
DAISY PORT r­

3 SERIAL PORTS 

I IDAISY WHEEL 

RS 232 
1 
rRS 232 IRS 232 

PRINTER 

H RS 232 IFLOPPY 
DISK 

CONTROLLER 

J 
,l_,l_,L ,J_ 

'-­ '--­ '­ '­
14 INCH 26 MEGABYTE 

HARD DISK 

any Morrow disk system to any CP/M 
system operating under CP/M. 
Morrow CPM/CDOS software allows 
you to attach any Marrow disk drive 
to Cromemco Systems. In fact, if soft­
ware runs under CP/M, it will run on 
any Morrow Designs hardware. 
COMPARE PERFORMANCE. 
Hardware performance. Software 
performance. System performance. Any 
Morrow Designs disk drive, hard or floppy, 
can be mixed and matched through Morrow 
Designs standard software. And all necessary 
hardware, software and firmwar:e is included 
with each system. , 
NOW, COMPARE PRICE. Morrow Designs 
products offer maximum efficiency at minimum 
cost. But we don't cut corners. What that means 
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to you is rei iable system efficiency at 
cost effective prices. 
Better systems for less. See Morrow 
Designs full line of memory and 1/0, 
plus floppy disk/and the M26 hard 
disk system at your computer sup­
plier. Or, send in the coupon for our 
full line catalog . Can't wait: Call us at 
(415) 524-2101. 

MDRRDW DESIGNS 
522 1 Central/Ave. Richmond . CA §:4804 

Gentlemen, Please send me your complete OEM hardware and �
software specifications. Plus the name of my nearest distributor. �

Name _______________________________________ �

Company __________________________________ �

AddFess____________________________________ �

City _ ___________ State_____________ Zip·_____ �
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