


The Wenlds Most Powerful 8-Bit Miowesmputen

Featuring the World's Most Powerful 8-Bit MPU-The Motorola MC-6809

Welcome to a whole new world of microcomputing.

Here at last is a microcomputer with all the speed and
power that you have wished for. The MC6809 is an
exciting new concept in microprocessors that fills the
gap between 8- and 16-bit machines. It provides the
power of 16-bit instructions with the economy of
8-bit architecture.

The MC6809 has more addressing modes than any
other 8-bit processor. It has powerful 16-bit instruc-
tions, and a highly efficient internal architecture with
16-bit data paths. It is easily the most powerful, most
software efficient, and the fastest 8-bit general pur-
pPOSe microprocessor ever.

6809 PROGRAMMING MODEL

[A B | Accumulators
S
D
l X—Index Register j

W—Index Register _J

[U—uUser stack Pointer |

Pointer Registers

rS—Hardware Stack Pointer

{ PC Program Counter
Direct Page Register
Condition Code Register
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The greatest impact of the Motorola MC6809
undoubtedly will be software related. Ten pow-
erful addressing modes with 24 indexing sub-
modes, 16-bit instructions and the consistent
instruction set stimulate the use of modern pro-
gramming techniques. Such as structured pro-
gramming, position independent
entrancy, recursion and multitasking.

code, re-

A memory management system with extended
addressing designed into the bus system controls
up to 256K bytes of RAM memory. The dyna-
mic memory allocation system, which is part of
the multitasking DOS, allocates available
memory in as small as 4K blocks.

The MC6809 system is the only 8-bit processor
designed for the efficient handling of high-level
languages. New addressing modes, a consistant
instruction set and easy data manipulation on
stacks allows the efficient execution of block-
structured high-level code as generated by a
compiler like PASCAL.

MP-09 Processor Card .. ........... $ 195.00
68/09 Computer w/48K . ... ....... $1,500.00

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

(512) 344-0241
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Model Z-2D System Two

Model Z-2 One or two disks Dual disk

Up to 512K of RAM/ROM Up to 512K of RAM/ROM Up to 512K of RAM/ROM
Up to 184K of disk Up to 184K of disk

Fill your computer needs
with the industry’s

most professional microcomputers

#1 IN RELIABILITY

When you choose Cromemco you
get not only the industry’s finest
microcomputers but also the indus-
try’s widest microcomputer selec-
tion.

What's more, you get a computer
from the manufacturer that compu-
ter dealers rate #1 in product re-
liability.”

Your range of choice includes
our advanced System Three with
up to four 8” disk drives. Or choose
from the System Two and Z-2D with
5" drives. Then for ROM-based work
there's the Z2. Each of these com-
puters further offers up to %2 mega-
byte of RAM (or ROM).

We say these are the industry’s
most professional microcomputers
because they have outstanding fea-
tures like these:

e Z-80A microprocessor — oper-
ates at 250 nano second cycle
time — nearly twice the speed of
most others.

*Rated in The 1977 Computer Store
Survey by Image Resources, Westlake
Village, CA.

Up to 512 kilobytes of RAM and
1 megabyte of disk storage
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System Three
Two to four disks
Up to 512K of RAM/ROM
Up to 1 megabyte of disk

e 30-amp power supply — more
than adequate for your most
demanding application.

e 21 card slots to allow for un-
paralleled system expansion us-
ing industry-standard $-100
cards.

e S-100 bus — don’t overlook how
important this is. It has the in-
dustry’s widest support and Cro-
memco has professionally imple-
mented it in a fully-shielded
design.

e Cromemco card support of more
than a dozen circuit cards for
process control, business sys-
tems, and data acquisition in-
cluding cards for A-D and D-A
conversion, for interfacing daisy-
wheel or dot-matrix printers, even
a card for programming PROMSs.

e The industry’s most professional
software support, including
COBOL, FORTRAN IV, RATFOR,
16K Disk-Extended BASIC, Z-80
Macro Assembler, Cromemco
Multi-User BASIC, Data Base
Management System, Word Proc-
essing System — and more com-
ing.

e Rugged, professional all-metal
construction for rack (or bench
or floor cabinet) mounting. Cabi-
nets available.

FOR TODAY AND TOMORROW

Cromemco computers will meet
your needs now and in the future
because of their unquestioned tech-
nical leadership, professionalism
and enormous expandability.

See them today at your dealer.

There’s no substitute for getting
the best.

I e Cry O T Pt 100 r ia R et d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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Here’s how you can be fully computerized
for so much less than you thought

BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING

We are pleased to announce the first
professional time-sharing system in the
microcomputer field.

Naturally, it’s from Cromemco.

This new multi-user system will do
all of the tasks you usually associate with
much more expensive time-sharing com-
puters. Yet it's priced at an almost un-
believably low figure.

Look at these features:

¢ You can have up to 7 terminals plus
a fast, 132-column line printer

®* You can have a large system RAM
memory that's expandable to 72
megabyte using the Bank Select
feature

e Each user has an independent bank
of RAM

e You can have floppy disk storage of
up to 1 megabyte

e You have confidentiality between
most stations

e And, make no mistake, the system
is fast and powerful. You’ll want to
try its fast execution time yourself.

BYTE May 1979

PROGRAMMERS LOVE OUR BASIC
This new system is based on Cro-

memco’s well-known System Three
Computer and our new Multi-User
BASIC software package.

Programmers tell us that Cromemco

Multi-User BASIC is the best in the field.
Here are some of its attractions:

You can use long variable names
and labels up to 31 characters long
— names like “material on order”
or “calculate speed reduction.”
You get many unusual and helpful
commands that simplify programs
and execution — commands such as
PROTECT, LIST VARIABLES, NOLIST,
and many more.

Cromemco

Microcomputer Systems

® No round-off error in financial work
(because our BASIC uses binary-
coded decimal rather than binary
operation). And we've still been able
to make it FAST.

e Terminals and printer are interrupt-
driven — no additional overhead
until key is pressed.

e The conveniences in this Multi-User
BASIC make it much easier to write
your own application software.

e A line editor simplifies changes.

BENCHMARK IT — NOW

In the final analysis, the thing to do
is see this beautiful new system at your
dealer. See its rugged professional qual-
ity. Evaluate it. Benchmark it for speed
with your own routine (you'll be agree-
ably surprised, we guarantee you).

Find out, too, about Cromemco’s rep-
utation for quality and engineering.

Look into it now because you can
have the capabilities of a fully compu-
terized operation much quicker and for
much less than you ever thought.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 » (415) 964-7400
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In This BYTL

This issue’s theme is provided by
an article on various cartographic
projections by William Johnston.
To emphasize this theme of map-
ping terrain with computer models,
Robert Tinney’s painting “‘Beneath
The Grid” shows a landscape with
a superimposed grid of lumines-
cent white lines as might be pro-
jected in the mind’s eye by an ap-
propriate graphic output device.

Microcomputers allow the quick and easy
performance of operations that take an ex-
temely long time to perform by hand. One
of these operations is drawing maps from
accumulated tables of data. William
Johnston describes the simple programs
used to produce Computer Generated Maps.

page 10

A data tablet is a graphical input device
that enables you to enter visual images into
your computer. Richard Blum has a program
for Representing Three-Dimensional Ob-
jects in Your Computer. page 14

If you need to communicate digital infor-
mation from one point to another through
an electrically noisy environment, then op-
tical communications may be one solution.
If you are going to communicate over long
distances or at high speeds, then a laser may
be the best choice for a light source. This
month Steve Ciarcia explains how to Com-
municate on a Light Beam. page 32

The people interested in just wetting their
feet in the field of microcomputers are
usually not looking for a very big system. A
single board computer is often a good first
experience. The Ohio Scientific Superboard
Il is one single board computer which has
some interesting capabilities. Find out what
Chris Morgan thinks about The Superboard
1. page 50

Flexible video displays have been made
possible by special display controllers. Bob
Haas describes four devices from different
manufacturers and tells how he used a
specific video display controller in a suc-
cessful construction project. You can learn
more about these single integrated circuit
marvels in Single Chip Video Controller.

page 52

If you do not have documentation for a
machine language program, it is almost im-
possible to determine how the program
works. Bob Lentz describes a 6800
Disassembler that he wrote for his SWTPC
6800 system. page 104

Possession of an integer arithmetic
language does not preclude the writing of
intricate programs involving trigonometric
functions. David | Beard describes how he
used an integer BASIC to develop naviga-
tion routines for Spacewar in Tiny BASIC.

page 110

The most prevalent form of output from a
personal computer seems to be a video
display. Therefore, the serious hobbyist
should be aware of the number of different
video display controllers that are available.
Chris Tennant looked at the Intel 8275 video
display controller and liked what he saw. In
his article he describes a video interface us-
ing The Intel 8275 CRT Controller. page 130

In part 2 of Smart Memory, Randy Smith
presents a series of black box diagrams to
describe the workings of an associative
memory. page 150

The “wraparound” queue can save you
time during input and output operations on
your computer. W D Maurer explains how
the queue works and how to implement it on
8080 computer systems in Simultaneous In-
put and Output for Your 8080. page 164

Last month Len Gorney described how to
implement a queue on a computer. This
month he talks about real life queues and
how the science of Queuing Theory can be
applied. page 176

The CORDIC algorithm is a venerable and
efficient method for calculating trigono-
metric functions. John A Ball gives some
practical suggestions to experimenters in
Trigonometry in Two Easy Black Boxes. Find
out how you can streamline your number
crunching with CORDIC. page 184

Good programming techniques are vital
in personal computing as well as in comput-
ing in general. Author Delmer D Hinrichs,
using tic-tac-toe as an example, describes
the strategies of the game programmer in
Tic-Tac-Toe: A Programming Exercise.

page 196

Ralph Stirling describes how to turn a
motorized wire wrap tool into a motorized
unwrapping tool in The Hobby Unwrap.

page 218

For owners of Signetics 2650 based com-
puter systems, Edward R Teja and Gary
Gonnella have provided a useful dis-
assembler program to help make sense of
those hexadecimal machine language list-
ings. Read A Mini-Disassembler for the
2650. page 233

If your microcomputer lacks an assem-
bler or high level language, it will be
necessary to hand assemble all of your pro-
grams. To do this quickly and accurately it
is a good idea to develop a consistent
routine. Erich Pfeiffer describes a useful
technique in Aids for Hand Assembling Pro-
grams. page 238

4 May 1979 © BYTE Publications Inc
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Screensplitter Vid

From *Dumb? To “Smart”

Screensplitter is a video module designed for
many levels of use—from the “dumb terminal”
configuration to a page-oriented document
processor to a multiple-process display sys-
tem.

As a terminal, Screensplitter offers up to 40
lines of 86 characters, more than twice the
number of visible characters than other
systems in its price range.

As a document processor, it gives you single
keystroke control over character, word, line,
and page level alterations such as insertion or
deletion. And a powerful new unit of area—the
window—allows you to move blocks of text
around or redimension paragraphs dynamical-
ly; again, all at the touch of a finger. Indention,
justification and pagination are standard and
transportability is guaranteed with our CP/

=¢ interface.

As a multiple-process display system, Screen-
splitter places the raw power of the Window
Package at your control. You can create any
number of “subscreens’, each a logically
distinct | /0 region with its own cursor, scroll
control, reverse video, optional frame and
many, many more features. Plotting and bar-
charting are a snap and you can even define
your own character set to personalize your
display.

CP/Mis a trademark of Digital Research, Inc.

Micro Diversions, Inc.

g0

20 Display System

8455-D Tyco Road Vienna, Virginia 22180

Professionally Designed

There was only one design goal in the develop-
ment of the Screensplitter: to provide a large
rock-solid display that could accommodate
diverse applications without sacrificing exten-
sibility or compatibility. We not-so-modestly say
that we have outdone ourselves. Just look at
these features and compare them with other
video systems available today:

® 40 lines of 86 characters per line.

® 1,024 words of onboard intelligence that
manages your displayed data.

® a selection of esthetically designed fonts,
including APL.

@ multiple subscreen control.

@ a page-oriented document processor that
boasts dynamic redimensioning and move-
ment of text blocks.

® ultra-fast display control.

@ a character generator that is changeable
and offers intrinsically winking characters
that can be set to wink by scan line.

® 4,096 words of static display memory.

® interfaces for CP/M and North Star DOS.

® a dedicated crystal for guaranteed display
stability.

® composite and direct-drive video output.

® S-100 compatibility.

® full buffering on all buss lines.

140 page user's manual.

immediate availability.

ee

(703) 827-0888
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Altos Computer Systems
2378-B Walsh Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandley Dr.
Cupertino, CA 95014

Digital Microsystems Inc.
(Formerly Digital Systems)
4448 Piedmont Ave.
Oakland, CA 94611

Imsai Mfg. Corporation
14860 Wicks Blvd.
San Leandro, CA 94577

Industrial Micro Systems
633 West Katella, Suite L
Orange, CA 92667

North Star Computer
2547 9th Street
Berkeley, CA 94710

Percom Data
318 Barnes
Garland, TX 75042

Polymorphic Systems
460 Ward Dir.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

SD Sales
3401 W. Kingsley
Garland, TX 75040

Smoke Signal Broadcasting
6304 Yucca
Hollywood, CA 90028

Technico Inc.
9130 Red Branch Road
Coiumbia, MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston, TX 77087

Thinker Toys
1201 10th Street
Berkeley, CA 94710

Vista Computer Company
2807 Oregon Court
Torrance, CA 90503

J‘ .shugart
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Don’t Forget the Hardware...

by Carl Helmers

With respect to manufactured products for the small computer
user, we live in a time of plenty. There are at least 20 to 30 different
manufactured or kit versions of complete personal computer systems,
many featuring numerous models and sets of options. The hardware of
these computers is complete, and in the better brands comes with am-
ple documentation of the system’s internals. The systems software
comes in various stages of completeness and usefulness as a software
development tool to satisfy particular personal computer users’ needs.

Many readers, like myself, may tend to hesitate at the thought of ex-
periments which involve building hardware to couple with appropriate
software, in order to accomplish an application. But what is the
mystery of peripheral hardware?

In this era of integrated circuits, standard logic levels, and a wealth
of solid state parts, even the most hesitant software addict can, with a
small amount of effort, create custom hardware for personal applica-
tions by the simple act of wiring. | come from a software oriented
background, and use programs in place of dedicated hardware
wherever possible. But when | want to use my program to turn the
lamps on and off in my house, in response to voice inputs, |
““somehow’’ have to make my computer talk to 110 VAC 60 Hz. There
is no way that my software can switch several amperes without some
assistance.

One alternative means to accomplish this goal is to purchase one of
several fairly elaborate AC wiring control interfaces which are coming
on the market. But, if you want to learn about hardware and the
simplicity of interfacing, you can make a simple evening’s project of
wiring several optically isolated solid state relays to a parallel output
port for your computer. The ease of interfacing is phenomenal.

I recently purchased several solid-
state relays (see photo 1) from a local
electronics parts distributor. This hybrid
relay takes a standard TTL (transistor-
transistor logic) signal of 5 V as its input,
the same kind of a signal which is sup-
plied by any typical computer’s TTL
output port lines. It is optically isolated,
so there is no direct electrical connec-
tion to the computer. Short of dropping
a screwdriver across the 110 VAC lines,
there is no chance of errant 110 VAC
entering the back side of your computer.

Text continued on page 123

Photo 1. At $12.80 (quantity one) from an electronics distributor, op-
tically isolated solid-state relays like this open up a whole world of
practical personal computing experiments around the home.
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"'l own a fast-growing business and before |
bought my computer system | put in a lot of late
hours keeping up with my accounting and
inventory control. Now the computer does my
number crunching quickly, so | have time after
hours fo have some fun with the system. My son
and | started out playing Star Trek on the system,
and now we're learning to play chess.

“When | was shopping around for my system,

the guys in the computer stores demonstrated all
the unique features of the minifloppy. I've got to
admit that at first | didn’t really understand all the
technical details. But now that | use the system
every day, | really appreciate the minifloppy’s fast
random access and data transfer. | like the
reliability, too.

iV of

-

“I'm glad | went with Shugart drives. Look,
when you lay out your own money for a system,
you want dependable performance and good
value. Do what | did. Ask for the system with the
minifloppy.”’

If it isn’t Shugart,
it isn’t minifloppy.

. shugart Associates

435 Oakmead Parkway, Sunnyvale, California 94086

See opposite page for list of manufacturers featuring Shugart’s minifloppy in their systems.
TM minifloppy is a registered trademark of Shugart Associates

BYTE May 1979
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KUDOS FOR ITHACA

| have recently had the pleasure of
doing business with a company which
deserves recognition. | ordered a 16 K
byte expansion kit from Ithaca Audio
and installed it in my TRS-80 expansion
interface box. Over several months |
discovered that most of the time it
didn’t work. | also discovered that this
was a design problem with the Radio
Shack expansion interface, not the
memory.

Radio Shack was not helpful. After
all, | had installed additional memory
not purchased through Radio Shack.
I called Ithaca Audio, expecting a
similar reaction. On the contrary!
They knew about the various problems
with the interface expansion box and
offered the following free aid:

® 3 replacement set of eight NEC
memories which require less fre-
quent refresh signals.

® Should this fail, | would send
them my expansion interface box
and both sets of memory. They
would return the interface in
working order.

® |f the new memory did work, |
would then return the original
set.

The NEC memory worked fine. All
problems were solved. Now | know that
when Ithaca Audio guarantees that their
upgrade kit will work, they mean it.

Al Baker
2327 S Westminster St
Wheaton IL 60187

COMMENTS ON COMPUTER
ASSISTED INSTRUCTION

| appreciated the articles by Davidson,
Gerhold, and Kheriaty (November 1978
BYTE) and by Gerhold (December 1978
BYTE) relating to computer assisted
instruction (CAl) on microcomputers.
The discussion on what constitutes good
and bad CAIl courseware was helpful,
and the description of PILOT software
they are using was also informative.
| am pleased to learn of work being done
in the area of CAl on microcomputers,
for my experience suggests it can be a
very useful teaching tool.

One concern | have is that the micro-
computer system described in these
articles does not include the capability
to prepare courseware on the small com-
puter system. The approach taken by
the authors to prepare and test course-
ware on a larger computer system, and
then to use that courseware with micro-
computers, has merit for their situation

8  May 1979 © BYTE Publications Inc

where the larger machine is readily avail-
able. However, many persons do not
have access to such systems. Moreover,
course objectives change rather fre-
quently and individual teachers will
prefer to present materials differently. It
seems to me the small computer system
should permit the teachers to write, test,
and edit the courseware without being
dependent on a large computer. This
might possibly generate low quality
courseware, but | feel many teachers
could make good courseware who would
not do so if a large (and probably less
accessible) computer were required.
People with experience in CAl could be
of great assistance by publishing guide-
lines for writing good courseware along
with methods of determining its quality.

Professor Gerhold presents a strong
case for the use of PILOT instead of
other languages for CAl; however, good
courseware can be prepared using BASIC
or other languages if that is all that is
available to a particular user. | am using
North Star BASIC and a Horizon I
computer with 32 K bytes of program-
mable memory for computer aided
instruction in soil physics at Oklahoma
State University. Three BASIC programs
were developed here to enter and edit
courseware, process the courseware and
interact with students and store their
responses, and analyze student responses.
The system is capable of performing
complex matches of the kind described
by Mr Gerhold (December 1978 BYTE,
page 125) in one to five seconds, as well
as jumping to specific parts of the course-
ware depending upon the student’s
responses to previous questions. More-
over it is very easy to create and edit
courseware once the teacher has planned
the material to be presented.

| hope to see more articles in BYTE
relating to computer aided instruction
on microcomputers. | would appreciate
articles on software (such as PILOT),
software and hardware required for pre-
paring good courseware, methods of
assessing the quality of courseware, and
low cost video terminals with special
features needed in instruction such as
graphics, subscripts, and superscripts.

Asst Prof David L Nofziger
Oklahoma State University
Stillwater OK 74074

PASCAL COSTS ADD UP

| would like to respond to BYTEs
comment on ‘Pascal Critique and a
Comment,” by ] O’Loughlin (December
1978 BYTE, page 179). | feel that the
UCSD Pascal system is ot an affordable
implementation of Pascal. Although the
software costs ‘“only” $200, you need
56 K bytes of programmable memory to
use it productively ($800), plus 8 inch
floppy disk ($1000), and a terminal with
cursor control ($1000). Add this to a
$1000 mainframe and this “affordable”
system costs $4000. Compare this to a
$600 TRS-80! Sure, Pascal is more read-
able than BASIC, but there are other con-
Text continued on page 223
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If the truth is that you want a
computer . . . then we want to be your
computer store.

We're ComputerLand, the #1
computer store chain in the U.S. What's
meaningful about that fact is, that
ComputerLand has been chosen by more
people as having what they've been
looking for. And, since you're looking, let
us tell you what you'll find, when you visit
a ComputerLand store.

You'll find a product line that's
continually evaluated to provide you with
the widest and best selection in quality,
brand name microcomputers anywhere.
You'll find an enthusiastic and
knowledgeable staff able to interpret all
the equipment specifications, in terms of
how they apply to you, and in a way
you'll understand. You'll find demonstration
areas where you can get a firsthand
experience of running a computer yourself.

GOMPUTERS
FOR BUSINESS

You'll find educational materials to give
you a total insight into the world of
microcomputers.

You'll find a fully equipped service
department to provide whatever assistance
is required to keep your computer running
in fop-notch condition. You'll find computer
user's clubs to join, where you can share
ideas with people as enthusiastic as
yourself. And, with each new visit, you'll
find excitement—from the people you deal
with, the equipment they offer, and from
your own ever-growing personal
involvement.

ComputerLand Corp.

14400 Catalina St.

San Leandro, CA 94577

(415) 895-9363

Franchise Opportunities Worldwide.

© ComputerLand Corp., 1978

Enough about us. How about what
computers do. To attempt to describe all
the things your computer might do, would
be to describe your imagination. So
instead, we'll briefly list some of the many
things for which small computers are
already being used.

In business, the advent of the
versatile and compact microcomputer has

put the benefits of computing within reach

of small companies. With systems starting
at less than $6000, the businessman can

COMPUTERS
FOR THE HOME

) 5

Computerland’

WE KNOW SMALL COMPUTERS

computerize things like accounting,
inventory control, record keeping, word
processing and more. The net result is the
reduction of administrative overhead and
the improvement of efficiency which allows
the business to be managed more
effectively.

In the home, a computer can be used
for personal budgeting, tracking the stock
market, evaluating investment opportunities,
controlling heating to conserve energy,
running security alarm systems, automating
the garden’s watering, storing recipes,
designing challenging games, tutoring the
children . . . and the list goes on.

In industry, the basic applications are
in engineering development, process
control, and scientific and analytical work.
Users of microcomputers in industry
have found them to be reliable, cost-
effective tools which provide computing
capability to many who would otherwise
have to wait for time on a big computer,
or work with no computer at all.

And now we come to you, which leads
us right back to where we started: If you
want a computer, then we want to be
your computer store.

Whether you want a computer for the
home, business or industry, come to
ComputerLand first. We'll make it easy for
you to own your first computer. Because,
simply put, we really want your business.
When you come right down to it, that’s
what makes us #1.

ComputerLand Europe
Europa Terrassen

8 Rue Jean Engling
Dommeldange, Luxembourg
Phone 43 29 05 Telex 2423
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Computer Generated Maps, part 1

10

William D Johnston
1808 Pomona Dr
Las Cruces NIVI 88001

Cartography, the art of mapmaking,
originated in ancient times. It came of age
in 1538 when Gerhard Mercator revolution-
ized the science with the introduction of the
first modern mathematically derived map
projections. Those projections, which bear
his name, have stood the test of four and a
half centuries, and to this day are of great
value in a wide variety of applications. Many
of the world’s most famous cartographers
lived, worked, and made great theoretical
contributions more than 200 years ago. The
names of Lambert, Mollweide, Lagrange,
Gauss, and others will ring familiar to even
the casual user of maps.

While these men all had brilliant minds,
they shared an extraordinary handicap: that
which they could conceive in theory they
could put in practice only through enormous
labor in manual computation. The construc-
tion of maps through mathematical projec-
tions begins with sets of geographical coordi-
nates which define the boundaries of the
areas to be mapped. These coordinates are
manipulated with appropriate mathematical
procedures to convert the geographical data
to map coordinates, and these final numeric
figures are used to draw the maps. In prac-
tice, accurate maps require defining literally
tens of thousands, and frequently hundreds
of thousands — or even millions — of refer-
ence points.

About the Author:

William D Johnston has worked in the fields of mathematics and
computer systems since 1962. For the past ten years his professional
position has been that of senior mathematician with primary responsi-
bilities in computer graphics, user executives, and data reduction soft-
ware for missile flight analysis. He built his first computer circuits
(binary counters, ring counters, and half-adders) using vacuum tubes in
71959, the same year he received his amateur radjo license.

Johnston has had articles in Sky and Telescope, Radio Communica-
tion, Ham Radio, QST, CQ, Ham Radio Horizons, RTTY Journal, and
other technical publications.
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It is no wonder that until recent times,
these eminent scientists wasted years of their
lives arduously computing complex mathe-
matical conversions by hand. As recently as
20 years ago, it was still standard procedure
in many government and private mapping
agencies to create maps using nothing better
than tables of precomputed conversion
factors, between whose entries interpolation
was required. The tables themselves had
been computed manually, with the assistance
of slide rules or mechanical calculators, at
best. Over the years, cartographers frequently
pointed out the need for various types of
maps, and even developed the procedures for
making them, but the manpower simply
wasn’t available to execute the task.

Now, with the power of the microcom-
puter, the rankest amateur can produce in
minutes what might have taken Mercator or
Lambert many years to accomplish. Not
only can the mathematical computations be
carried out on the microcomputer, but with
a suitable graphics device the map itself can
be drawn in final form. The practical appli-
cations are limitless. Such diverse fields as
economic sector mapping for business,
generating map overlays for direct recep-
tion of weather satellite photos in the
home, aeronautical and maritime navigation,
OSCAR satellite tracking for communica-
tions, topographic mapping, and celestial
maps for astronomy are just a few of the
many worthwhile applications.

For Space War fans, a vivid video graphics
presentation of the changing Earth as seen
from an orbiting spacecraft can add excite-
ment to the game as battles rage over Ant-
arctica, then shift to high above Europe, or
wherever the Captain takes his ship. A whole
new dimension can be added to such games
as Battleship, when the combatants have the
entire Pacific Ocean with all of its islands
and atolls in which to maneuver, plan tactics,
and try to outwit the enemy.

Classifications of Maps

The kinds of maps that you might gener-
ate on your own personal computer will
depend upon the intended use, but, broadly
speaking, map projections fall into two gen-
eral categories: mathematical projections



and perspective (or geometric) projections.
Mathematical projections are defined by a
mathematical function or procedure which
will preserve or enhance the characteristics
most important in the map’s application.
The Mercator map is a classic example of the
mathematical projection.

Perspective projections are very much like
perspective engineering drawings, which
come under the category of perspective
geometry. They are defined by, and may be
created through, geometric constructions.
(Perspective projections may also be de-
scribed mathematically, but the converse is
not true. Projections classified as mathemat-
ical cannot be defined geometrically.) A map
made of the visible surface of the Earth,
exactly as it appears from an orbiting space-
craft, is a perspective projection. The map
outline overlays placed on weather satellite
photos are common examples of this type of
projection.

Ideally, a map should portray the Earth
as it actually is, preserving both the shapes
and the relative sizes of the areas being
mapped. Distances throughout the map
should be at a constant ratio to the actual
distances on the Earth. For navigation and
radio communication purposes, it would be
convenient to have great circles on the
surface of the Earth (which define the
shortest distance between any two points)
to appear as straight lines on the map.

Unfortunately, since the Earth is a
sphere and maps are, of necessity, flat, it
is impossible to incorporate a// of these
features into a single projection. Conse-
quently, the various map projections are
compromises selected to minimize the
various distortions while enhancing other
features, depending upon the particular
application that the map is to be used for.

Any map which preserves the relative
sizes of the areas portrayed is called an
equal-area projection. Any map which
preserves the shapes of the areas portrayed
is said to be a conformal projection. In
practice, if the error is no more than one
or two percent, the map is considered to
have met the requirements. A given map
may be either conformal or equal-area, or
it may be both, or it may be neither.

Hardware

The creation of maps by computer is
exceedingly simple. The only hardware
necessary is the computer itself, along
with some type of graphics device. The
graphics equipment may be a video display,
or an X,Y pen plotter. If you are primarily
interested in printed maps, then obviously
a pen plotter (or a video display with hard

START

OBTAIN COORDINATES OF
REFERENCE POINT AND
TYPE OF PROJECTION
TO BE DONE

l

COMPUTE NECESSARY
SCALE FACTORS, BASED
ON THE REFERENCE POINT
AND THE MAP SIZE

GET A PAIR OF
FROM THE DATA BASE

|

CALL APPROPRIATE
SUBROUTINE TO CONVER
GEOGRAPHIC COORDINATES
TO MAP COORDINATES

|

PLOT THE CONVERTED
DATA ON TH
GRAPHICS DEVICE

copy attachment) would be your best
choice. If, on the other hand, your first
interest is in fast-changing maps for games,
then a good video graphics display alone
would serve quite well. Some dot matrix
plotters can produce satisfactory maps,
though often at a sacrifice in memory or
mass storage 1/O (input/output) time.

Map Generation Algorithms

One of the most appealing aspects of
mapmaking by computer is the simplicity
of the software. Figure 1 shows a flowchart
of the fundamental procedure used to gen-
erate any map. The algorithm consists of a
data base of raw geographic coordinates and
a mathematical conversion procedure. Given
a reference point (a point of projection or a
set of mapping limits), the program loops
through the conversion procedure, convert-
ing one pair of geographic coordinates to
map coordinates each time, until the data
base is exhausted. As each pair of map coor-
dinates is computed, the information is used
to draw that element of the map. If the pro-

GEOGRAPHIC COORDINATES (¢ ——— —f

DATA BASE

RAW GEOGRAPHIC
COORDINATES
DEFINING AREAS
TO BE MAPPED

Figure 1: Flowchart of the
basic procedure used to
generate any map with a
computer.
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gram is to have the ability to generate several
different projections, each projection con-
version procedure can be written as a sub-
routine, and the appropriate subroutine
would then be called at that point in the
loop.

Most of the common projections, as we
will see by the examples later, are defined
by relatively simple mathematical equations.
More often than not, the mathematical com-
putations for a given conversion require no
more than two to six statements in a BASIC
program.

Data Base Requirements

As mentioned earlier, the data base con-
sists of sets of geographic coordinates which
describe the areas to be mapped. Since the
map is generated by lines connecting the
points, they must occur frequently enough
to provide the desired resolution. The
greater the resolution needed, the more data
points required, and hence, the larger the
storage requirements for the data base.

Of course if you are mapping the entire
world, your data base will be much larger
than if you are mapping, say, just the United
States. Furthermore, the resolution of your
graphics device, along with the scale factor
of the finished map, sets an upper limit on
both the number of data points and the
angular resolution (that is, the number of
significant digits) needed in the data base
to secure the highest resolution possible with
that particular device. The maps that accom-
pany this article were generated from a data
base that is far more extensive than most
people would ever need. It consists of ap-
proximately 10,000 pairs of coordinates,
sufficient to produce a satisfactory world
map several feet (more than a meter) in
diameter. The angular resolution of the
latitudes and longitudes is 0.0001 radian,
which is sufficient for maps down to a scale
of 1:1,000,000 (ie: on the order of service
station road maps).

The geographic coordinates (latitudes and
longitudes) in the data base are almost uni-
versally stored in radians. The reason is that
almost all map projections are computed by
trigonometric formulas, and there is no sense
having to convert the data base from degrees
to radians every time the program is run.

Data Base Structure

The organization of the data base is
straightforward. Each closed area repre-
sented by a continuous solid line which
closes on itself is stored as a block of sequen-
tial coordinates (geographically sequential,
that is). The last pair of coordinates in each

block is the same as the first pair in the same
block, so that the line drawn on the map will
fully close. (Repeating the first pair of coor-
dinates in this manner is not absolutely
necessary, but it will save headaches later,
at a very small cost in storage space.) Each
of these blocks is separated by a flag —
normally a pair of zeroes (ie: a zero for both
the latitude and the longitude).

Islands which are so small as to require
that only a dot be drawn for mapping pur-
poses are grouped together into a single
block. The program need know only the
starting and ending addresses of that block
so it can instruct the graphics device to draw
only dots for these locations, rather than
connecting them with lines. Political bound-
aries represented by dotted lines are handled
in this same manner.

The size of your data base will determine
whether it can be stored in main memory
along with the program, or whether it will
have to reside on a mass storage device.
From the standpoint of computing effi-
ciency, the ideal situation is to have it in
main memory since this eliminates a tremen-
dous amount of input/output (I/O) time. On
the other hand, if the graphics device is rela-
tively slow (as are many pen plotters), the
lost 1/O time will be masked by the time the
computer spends waiting on the plotter, so
no advantage is gained by using memory.

In cases where fast-changing maps are to
be displayed on video display, programmable
memory is definitely the best choice for lo-
cating the data base. Where sufficient main
memory isn’t available for the size of the
data base in use, the data base can fre-
quently be partitioned in such a manner as
to permit the program to load portions of it
from mass storage into memory at far less
frequent intervals.

For certain special applications it has
even been found advantageous to store data
bases in read only memory. A number of
amateur astronomers, for example, have
stored the coordinates for the entire Messier
catalogue of nonstellar objects, as well as
limited star catalogues, in read only memory.
The coordinates and catalogue numbers are
used for both the real time control (pointing)
of the telescope, as well as for generating
star maps on the video display. Such applica-
tions of read only memory are generally
limited to cases where the data base occupies
no more than a few hundred bytes.

Compiling the Data Base

You can put together your own data base
to fit your own particular requirements, if
you have a mind to do so. Most libraries

Text continued on page 76



"How to buy

a personal computer.

Suddenly everyone is talking about personal computers.
Are you ready for one? The best way to find out is to
read Apple Computer’s “Consumer Guide to Personal
Computing.” It will answer your unanswered questions
and show you how useful and how much fun personal
computers can be. And it will help you choose a
computer that meets your personal needs.

Who uses personal computers.

Thousands of people have already discovered the Apple
computer—businessmen, students, hobbyists. They’re
using their Apples for financial management, complex
problem solving —and just plain fun.

You can use your Apple to
analyze the stock market,
manage your personal
finances, control your
home environment, and
to invent an unlimited
number of sound and
action video games.
That’s just the beginning.

What to Iook for.

Once you've unlocked the
power of the personal
computer, you'll be

TNy
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using your Apple in ways you never dreamed of.
That’s when the capabilities of the computer you buy
will really count. You don’t want to be limited by

the availability of pre-programmed cartridges. You'll
want a computer, like Apple, that you can also program
yourself. You don’t want to settle for a black and white
display. You'll want a computer, like Apple, that can
turn any color tv into a dazzling array of color graphics*
The more you learn about computers, the more your
imagination will demand. So you’ll want a computer
that can grow with you as your skill and experience
with computers grows. Apple’s the one.

How to get one.

The quickest way is

to get a free copy of
the Consumer Guide
to Personal Computing.
Get yours by calling
800/538-9696. Or by
writing us. Then visit
your local Apple dealer.
We'll give you his name
and address when

you call.

*Apple II plugs into any standard TV using
an inexpensive modulator (not included).
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Three-Dimensional Objects

in Your Computer

How would you like to make still pic-
tures ‘“‘come to life”? Or perhaps draw or
photograph objects and then animate them,
on a video display? You can do it on your
personal computer with the help of a data
tablet and the program described herein.
The program takes images from a data tablet
and transforms them into a three-dimensional
representation inside a computer.

Once a three-dimensional representation
of an object is entered into a computer’s
memory, programs can be used to display
the object in perspective on a graphical
video display. The object can be displayed
from an infinite variety of perspectives. One
can look at objects from any desired view-
point and generate different viewpoints
rapidly — a capability that is very useful
in animation.

Computer Animation

Animation with computers has several
advantages over traditional animation tech-
niques. First, a computer can draw faster
than a person. In 16 millimeter films, 24
frames must be displayed every second.
Thus a normal animation requires thousands
of drawings. The speed of the computer can
save the time required to draw the many
pictures animation demands.

Second, a computer can quickly generate
perspective drawings of objects. Perspective,
the reduction in size of objects as they move
further away from the viewer, gives pictures
three-dimensional realism. Many cartoons do
not use perspective drawings because of the
time required to draw them. With the aid of
computers, this realism in animation is easily
achieved.

Third, computers can recreate the effects
of wide angle or telescopic lenses, and can
simulate lighting from any angle.

With all these effects at their disposal,
artists have the potential to create realistic

and exciting animation. To make computer
animation available to artists not familiar
with computer programming, there must be
techniques which enable easy entry of visual
data into the computer. This is made pos-
sible by the data tablet.

The Data Tablet

The data tablet is a graphical input device
that enables the entry of visual images into
a computer. Just as a keyboard enters alpha-
numeric characters (the elements of text), so
a data tablet enters lines and points (the
elements of images). Data tablets are now
commercially available for personal com-
puter systems. The Bit Pad™  manufactured
by Summagraphics, is an example of a high
quality data tablet available for personal
computers.

In using the data tablet, a pen shaped
stylus is moved over a flat electromagnet-
ically sensitive board. The pen’s position
over the board is monitored by a controller
which relays information to a computer.
In this way it is possible to “draw” images
directly into a computer’s memory.

The tablet board is 11 inches square.
Each point on the board represents a value
in an X,Y coordinate system. Resolution is
good, distinguishing as many as ten points
per millimeter. There are three modes of
operation. Data can be sent to the computer
continuously, continuously while the stylus
is touching the board, or at distinct mo-
ments while the stylus is touching the board.

Even if you are not interested in anima-
tion, you may still find it useful to manipu-
late images using a computer. A space game
enthusiast could enter pictures of starships
and then display them during the game. The
homeowner needing to do some interior
decoration could enter photographs of a
room interior and furniture. Then different
furniture arrangements could be viewed.

Circle 255 on inquiry card. e
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DISCUS /20
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LID SAVINGS!

Now you can put your S-100 system solidly into
a full-size, single/double density, 600K bytes/side
disk memory for just $1149 complete.

DISCUS/2D™ single/double density disk
memory from Thinker Toys™ is fully equipped, fully
assembled, and fully guaranteed to perform perfectly.

DISCUS/2D™ is a second generation disk
memory system that's compatible with the new IBM
System 34 format. The disk drive is a full-size Shugart
800R, the standard of reliability and performance in
disk drives. It's delivered in a handsome cabinet with
built-in power supply.

The S-100 controller utilizes the amazing Western
Digital 1791 dual-density controller chip ... plus
power-on jump circuitry, 1K of RAM, 1K of ROM with
built-in monitor, and a hardware UART to make /O
interfacing a snap.

The DISCUS/2D™ system is fully integrated with
innovations by designer/inventor George Morrow.
Software includes BASIC-V™ virtual disk BASIC,

DOS, and DISK-ATE™ assembler/editor. Patches for
CPIM* are also included. CPIM*% MicroSoft Disk
BASIC and FORTRAN are also available at extra cost.

DISCUS/2D™ is the really solid single/double
density disk system you’ve been waiting for. We can
deliver it now for just $1149. And for just $795 apiece,
you can add up to 3 additional Shugart drives to your
system. Both the hardware and software are ready
when vou are.

Ask your local computer store to order the
DISCUS/2D™ for you. Or, if unavailable locally, write
Thinker Toys,™ 5221 Central Ave., Richmond, CA
94804. Or call (415) 524-2101 weekdays, 10-5 Pacific
Time. (FOB Berkeley. Cal. res. add tax.)

*CPI/M is a trademark of Digital Research.

Morrow makes disk memory for
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There are many other uses for a data tablet;
only imagination is needed to discover them.

Preparing to Use the Picture Input Program

The program in listing 1 allows one to
construct three-dimensional representations
of objects inside a computer. These repre-
sensations will later be used to display the
objects in perspective. The description of
an object is entered using a data tablet, so
that the process resembles drawing. For
each side of the object entered, two pictures
must be supplied. Either photographs or
drawings may be used. The procedure de-
scribed below assumes that photographs are
used. If drawings are used instead, they must
be prepared according to this procedure.

The two photographs must be taken such
that they both center on the same point of

the object (see figure 1). This point is to
become the origin point. It is also neces-
sary that the camera location for the second
shot be directly behind where the camera
was for the first shot, so that there is a
straight line between the origin point and
the center of the camera in both shots. Then
the distance between the camera’s positions
should be measured. It is not necessary to
know how far the camera was from the
object, but only to know the difference in
camera position. The only other measure-
ment necessary is the X,Y,Z distance be-
tween the origin and one vertex on the
object.

It is also necessary that the lens’ effective
focal length does not change between the
two photographs. This may be achieved by
using the same focus setting with a very
small aperture, or more simply by using a

Photo 2: Two views of side view 2.
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Listing 1: BASIC program for entering and manipulating data from a data

tablet.

0010 LET X1=1

0020 REM (THIS PROGRAM ACCEPTS DATA FROM A TABLET AND TERMINAL)
0030 REM (AND CREATES THREE DIMENSIONAL MODELS OF THE OBJECTS ENTERED)
0040 REM X,Y,Z COORDINATES

0050 DIM X[100],Y(100],Z(100]

0060 REM X,Y,Z DISPLACEMENTS FROM SIDE 1'S ORIGIN

0070 DIM X9([6],Y9(6],29(6]

0080 REM INITIALIZE TOTAL NUMBER OF VERTICE TO 0

0090 LET 13=0

0100 PRINT “HOW MANY SIDE VIEWS ARE TO BE ENTERED"

0110 INPUT S1

0120 REM ENTER THE POINTS FROM EACH SIDE VIEW

0130 FORS=1TO S1

0140 PRINT “PROCESSING SIDE VIEW"',S

0150 GOSUB 0230

0160 NEXTS

0170 OPEN FILE([1,1],"RESULT"

0180 FOR 17=1TO I3

0190 PRINT FILE[1] 17, X[17]),Y[17],28-2(17])

0200 NEXT 17

0210 CLOSE FILE([1]

0220 END

0230 REM (FIND THE USERS ORIGIN)

0240 PRINT “PLACE THE STYLUS ON THE ORIGIN FOR PICTURE 1"
0250 CALL1,01,02

0260 PRINT "“PLACE THE STYLUS ON THE ORIGIN FOR PICTURE 2"
0270 CALL 1,03,04

0280 PRINT “"HOW FAR WAS CAMERA ONE FROM CAMERA TWO"*
0290 INPUT L

0300 REM (FIND THE KNOWN VERTEX)

0310 PRINT “PLACE THE STYLUS ON THE KNOWN VERTEX IN PICTURE 1"
0320 CALL1,K1,K2

0330 REM (TRANSFORM DATA TO THE USERS TABLET SPACE)
0340 LET K1=K1-01

0350 LET K2=K2-02

0360 PRINT “PLACE THE STYLUS ON THE KNOWN VERTEX IN PICTURE 2"
0370 CALL1,K3,K4

0380 LET K3=K3-03

0390 LET K4=K4-04

0400 PRINT “ENTER THE X—Y—Z DISTANCES BETWEEN THE KNOWN VERTEX AND ORIGIN"
0410 INPUT V1,v2,V3

0420 REM (CALCULATE THE DISTANCE BETWEEN CAMERA ONE AND THE OBJECT)
0430 IF K1-K3=0 THEN GOTO 0460

0440 LET Z=(K3+L)/(K1-K3)

0450 GOTO 0500

0460 LET Z=(K4«L)/(K2—K4)

0470 REM (CALCULATE THE PERSPECTIVE TRANSFORM)

0480 LETD=2Z+K2/V2

0490 GOTO 0510

0500 LET D=Z+K1/V1

0510 IFS=1THEN28=2

0511 PRINT “HOW MANY VERTICES ARE TO BE ENTERED?""

0520 INPUT I1

0530 FORI=1TOI1

0540 IFS.:1 THEN GOTO 0570

0550 IF 1>=81 THEN GOTO 0570

0560 PRINT “VERTEX COMMON TO SIDE VIEW",1+1

0570 PRINT “IN PICTURE ONE POINT TO VERTEX",I

0580 CALL 1, X1, Y1

0590 PRINT "IN PICTURE TWO POINT TO VERTEX",I

0600 CALL1,%X2,¥2

0610 REM (CALCULATE THE X-Y COORDINATES FOR THE VERTEX)
0620 LET D1=X1-X2

0630 IF D1<>0 THEN GOTO 0660

0640 LETZ [I +13] =(Y2+L)/(Y1-Y2)

0650 GOTO 0670

0660 LET Z[1+13] =(X2«L)/(X1-X2)

0670 LET X[1+13]=Z[1+13] «X1/D

0680 LET Y[1+13])=Z[1+13] «Y1/D

0690 REM IF THIS IS THE FIRST SIDE FIND COMMON VERTICE
0700 IF S>1 THEN GOTO 0790

0710 REM IF WE HAVE FOUND ALL THE COMMON VERTICE LOOP AGAIN
0720 IF I1>81 THEN GOTO 0830

0730 LET X9[I1+1]=X[1+13]

0740 LET YO[I+1]=Y[I+I13]

0750 LET Z9(1+1]=2Z[1+13]

0760 GOTO 0830

0770 REM PROCESSING A SIDE VIEW OTHER THAN SIDE ONE
0780 REM IF THIS IS FIRST VERTICE ITS A COMMON ONE

0790 IF I=1 THEN GOSUB 0870

0800 LET X[1+13] =X [1+13] —X9[S]

0810 LET Y[I+I13]=Y [I+13] =Y9([S]

0820 LET Z[1+13]=2Z[1+13] —Z9(S]

0830 NEXT|I

0840 REM FIND TOTAL NUMBER OF VERTICE

0850 LET I13=13+I1

0860 RETURN

0870 IF S=1 THEN GOTO 0920

0880 REM FIND THE DIFFERENCE BETWEEN SIDE ONE AND SIDE N
0890 LET X9[S]=X[I1+I13] —X9([S]

0900 LET Y9[S]=Y[I+13] -Y9[S]

0910 LET Z9(S]=Z[1+I13] -Z9(S]

0920 RETURN
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See Sol

at all these
fine
computer
centers

AL: Birmingham: Computer Center, Inc.,

(205) 942-8567. CA:Costa Mesa: Orange County
Computer Center, (714) 646-0221. Los Angeles:
Computers Are Fun, (213) 475-0566. Modesto:
Computer Magic, (209) 527-5156. Mountain View:
Digital Deli, (415) 961-2670. Walnut Creek:
MicroSun Computer Center, (415) 933-6252.
CO: Boulder: Byte Shop, (303) 444-6550. CT:
Bethel: Technology Systems, (203) 748-6856.
FL: Ft. Lauderdale: Byte Shop of Ft. Lauderdale,
(305) 561-2983. Miami: Byte Shop of Miami,
(805) 264-2983. Tampa: MicroComputer Systems
Inc., (813) 879-4301. IL: Lombard: Midwest
Microcomputer, (312) 495-9889. ID: Boise: Byte
Shop Computer Store, (208) 345-3811. IA:
Davenport: Memory Bank, (319) 386-3330. KY:
Louisville: Martronix Associates, (502) 459-0500.
MD: Silver Springs: Computers Etc.,

(301) 588-3748. Towson: Computers Etc.,

(301) 296-0520. MA: Waltham: Computer Power,
Inc., (617) 890-4440. MO: Florissant:
Computer Country, (314) 921-4434. NJ: Cherry
Hill: Computer Emporium, (609) 667-7555.

Iselin: Computer Mart of New Jersey, (201)
283-0600. NY: Endwell: The Computer Tree,
(607) 748-1223. New York: Computer Mart

of New York, (212) 686-7923. White Plains: The
Computer Corner, (914) 949-3282. NC: Raleigh:
Bennett-Stiles Computer, (919) 781-0003.

OH: Akron: The Basic Computer Shop, (216)
867-0808. OR: Beaverton: Byte Shop Computer
Store, (503) 644-2686. Portland: Byte Shop
Computer Store, (503) 223-3496. PA: King of
Prussia: Computer Mart of Pennsylvania, (215)
265-2580. RI: Warwick: Computer Power, Inc.,
(401) 738-4477. TN:Kingsport: Microproducts
& Systems, (615) 245-8081. TX: Arlington:
Computer Port, (817) 469-1502. Houston:
Interactive Computers, (713) 772-5257. Houston:
Interactive Computers, (713) 486-0291.
Lubbock: Neighborhood Computer Store, (806)
797-1478. Richardson: Micro Store, (214)
231-1096. UT: Salt Lake City: Home Computer
Store, (801) 484-6502. VA: McLean:

Computer Systems Store, (703) 821-8333. WA:
Bellevue: Byte Shop Computer Store, (206)
746-0651. Lynnwood: Byte Shop Computer Store,
(206) 775-7436. Seattle: Byte Shop of Seattle,
(206) 622-7196. WI: Madison: The Madison
Computer Store, (608) 255-5552. Milwaukee: The
Milwaukee Computer Store, (414) 445-4280.

DC: Washington: Georgetown Computer
Emporium, (202) 337-6545. CANADA: London,
Ontario: Computer Circuit Ltd., (519)

672-9370. Toronto, Ontario: Computer Mart Ltd.,
(416) 484-9708. Vancouver, B.C.: Basic
Computer Group Ltd., (604) 736-7474.
ARGENTINA: Buenos Aires: Basis Sistemas
Digitales, 393-5299. AUSTRALIA: Prospect:
A.J.F. Systems & Components, Pty. Ltd.,

269 1244. Sydney: Automation Statham Pty. Ltd.,
(02) 709.4144. BELGIUM: Brussels:
Computerland, 02/511-34-45. COLOMBIA:
Bogota: Video National, 326650. DENMARK:
Copenhagen: Peter W. Holm Trading Aps,
01-54366. PHILIPPINES: San Juan: Integrated
Computer Systems, Inc., 78-40-71. SPAIN:
Barcelona: Interface S.A., (93) 301 7851.
UNITED KINGDOM: Essex: The Byte Shop Ltd.,
01 554 2177. Huntington: Comart, Ltd.,

(0480) 74356. VENEZUELA: Los Ruices,
Caracas: Componentes Y Circuitos Electronicos
TTLCA, 355591.
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fence you in.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tell it, an
investment of a few hundred
dollars will give you a computer
to run your small business, do
financial planning, analyze data in
the engineering or scientific
lab — and when day is done play
games by the hour.

Well, the game part is true.
The rest of the claims should be
taken with a grain of salt. Only
a few personal computers have the
capacity to grow and handle
meaningful work in a very real
sense. And they don’t come
for peanuts.

Remember, there's no
free lunch.

So before you buy any personal
computer, consider Sol? It
costs more at the start but less in
the end. It can grow with your
ability to use it. Sol is not cheap.
But it’s not a delusion either.

Sol small computers are at the
very top of the microcomputer

spectrum. They stand up to the
capabilities of mini systems
costing four times as much.

No wonder we call it the
serious solution to the small
computer question.

Sol is the small computer
system to do the general ledger and
the payroll. Solve engineering
and scientific problems. Use it for
word processing. Program it
for computer aided instruction.
Use it anywhere you want
versatile computer power!

Build computer power
with our software.

At Processor Technology we've
tailored a group of high-level
languages, an assembler and other
packages to suit the wide
capabilities of our hardware.

Our exclusive Extended BASIC
is a fine example. This BASIC
features complete matrix functions.
It comes on cassette or in a
disk version which has random as
well as sequential files.

Processor Technology FORTRAN
is similar to FORTRAN IV and

cot won't

has afull set of extensions designed
for the “stand alone” computer
environment.

Our PILOT is an excellent text
oriented language for teachers.

Sold and serviced only by the
best dealers.

Sol Systems are sold and serviced
by an outstanding group of
conveniently located computer
stores throughout the U.S.
and Canada.

For more information contact
your nearest dealer in the
adjacent list. Or write Department
B, Processor Technology,

7100 Johnson Industrial Drive,
Pleasanton, CA 94566. Phone
(415) 829-2600.

In sum, all small computers
are not created equal
and Sol users know it to their
everlasting satisfaction.
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Figure 1: To analyze perspective, two pictures of each side must be taken
from two different distances. The line of sight through both cameras should
be in line with a point on the object.

fixed-focus camera. Under a discussion of
theory there is a description of another
technique, in which there is no restriction of
constant focus.

Enlargements of the photographs should
be made to make measurements more accu-
rate. | have found that there are always
errors in reading values from photographs;
the smaller the photographs, the larger the
error ratio.

Using the Picture Input Program

gram. To illustrate the use of this program,
a simulated run will be described. For this
simulation a simple object was photographed
(see photos 1, 2, 3 and 4), and measurements
taken. Four photographs were needed to
represent two side views. (Note that for this
object only two side views are necessary to
see all the vertices.)

In figure 2 each vertex of the object is
associated with a letter. Table 1 gives the
values of the coordinates measured from
the four photographs. These measurements
are provided to illustrate the simulation. In a
normal run of the program these values
would be provided to the program directly
from the data tablet.

The picture input program, written in
BASIC, receives the information from the
data tablet by making use of the BASIC
CALL statement. The CALL statement
activates an assembly language routine which
handles the interface to the data tablet.
This routine, not included here, must be
supplied by the user.

The simulation begins by having the
program prompt with the question:

HOW MANY SIDE VIEWS ARE TO

BE ENTERED ? 2

With photographs and measurements, the

user is ready to run the picture input pro-

In this example there are two side views.

new Pascal Computer Systom driven by a unique 16-
bit Pascal MICROEN INE"'—- the first microprocessor hard-
ware designed exclusively for direct high-level language
execution. ® The processor is incorporated into a single
board computer system, the WD/90, which directly executes
Pascal intermediate code generated by the University of
California at San Diego (UCSD) Pascal compiler, Release
111.0. ® Since P-code output by the Pascal compiler repres-
ents an ideal architecture for a computer executing Pascal
Frograms and since the WD/90 directly executes P-code (no

nterpreter), these programs execute up to five or more
times faster than equivalent systems.

WESTERN DIGITAL

3128 Redhill Avenue, Box 2180 ® Newport Beach, CA 92663

(714) 557-3550, TWX 910-595-1139

por v

a g - i caoewbiat V10

PASCAL
PERFORMANCE

~ The WD/90 Pasoal MICROENGINE"' Com uter
includes: ®m Pascal MICROENGI
grocessor W 64K bytes of RAM Memory l Two

S§-232 asynchronous/synchronous ports (110-19.2K
baud-full duplex) ® Two 8-bit parallel ports (500 kHz
maximum data rate) ® Floppy disk controller with direct memory access
(DMA), switch selectable for: single or double density (IBM format); mini or
standard floppy; 1 to 4 drives (same type) ® Floating point hardware
(proposed |EEE standard) ® Memory Mapped 1/O W Enclosed power
supply Complete UCSD Pascal Operating System (Release 111.0)

FOR FURTHER INFORMATION CONTACT
DISTRIBUTOR: CIT (714) 979-9920

RETAIL: Your LOCAL COMPUTER Store

OEM: Your WESTERN DIGITAL Sales Representative
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S-100 3 S+P INTERFACE CARD

S-100 VIDEO DISPLAY BOARD

MODEL 3 S+P-100K - $159.95
MODEL 3 S+P-100A - $189.95

A powerful 1/0 interface card for any S-100 BUS. Three
serial ports and one parallel port. Fully hardware operated.
No software initialization required. In addition, this board will
operate with any software. User is able to select status bits
to fit any software configuration.

e SELECTABLE BAUD RATES: All baud rates are dip
switch selectable. Each port can be set for its own baud
rate. CRYSTAL CONTROLLED baud rates. This interface
card can operate with any Microprocessor at any speed.
The 3 S+P does not depend on the CPU for its originating
clock. 110-9600 baud.

e EASY CONFIGURATION: The 3 S+P is easy to set.
All port addresses are set by dip switches. Each portcan be
assigned independent of each other.

e SOFTWARE COMPATIBLE: The 3 S+P will be
compatible with most software arrangements due to the
ability to set the status bits and the parity. Parity, character
length, stop bits all set by dip switches. Each port can be set
to its own individual arrangement.

e HIGH QUALITY: The highest quality parts are used.
P.C. Board is with plated through holes, solder mask, silk
screen legend and gold plated contacts.

e OUPUT ARRANGEMENT: All outputs terminate at
the top of the card via a 26 contacts. Standard 26 pin IDC
connectors mate with each port. RS-232, current loop at
each serial port and full data lines at the parallel port
connection. Operation is asynchronous mode, but can be
configured for synchronous operation by minor reconfigu-
ration.

e FULL DOCUMENTATION: A complete manual of
operation and construction is included. Easy construction
and 3 hours is the estimated construction time. Just plugin,
set the switches and enjoy all the different configured
software. NO MORE changing the software to match /0
board. Just set the board and enjoy.

“TRS-80 is a trademark of Tandy Corp

MODEL VID-100K (KIT) - $119.00
MODEL VID-100A (ASSEM.) - $139.00

e Provisions for plugging in keyboard.

e 16 lines at 64 characters

e Full upper and lower case.

e Ascii key, character set, symbols, greek letters, and
numbers.

e 7x9 dot matrix in an 8x10 field.

e Normal and reverse video, and blinking cursor.

e Compatible with CPM.

e A natural for text editing.

e Comes with software driver in ROM which provides
scroll up and down, full cursor positioning, flashing and field
characters.

Specifications are: S-100 BUS compatible, high speed
1K memory. Voltage requirements - +8 volts @900MA,
+16volts @40MA, -16volts @ 100MA. Output is standard
video.

Epoxy glass double sided with plated through holes,
solder mask and silk screened legend for easy assembly
and servicing.

S$-100 EPROM PROGRAMMER +3

MODEL EPR-100K (KIT) - $129.95
MODEL EPR-100A (ASSEM.) - $159.95

E—-PROM PROGRAMER

: ‘ Q’g

All the same features of the TRS-80* model. Comes
complete with interface cable, S-100 plug-in card. Totally
self contained power suply, plus many other extras.

S-100 DISC CONTROLLER CARD
TRS-80* DISC DRIVES

MODEL DC-80K (KIT) - $169.00
MODEL DC-80A (ASSEM.) - $189.00

With the use of our interface cable or S-100 BUS system
for TRS-80* computers this card controls mini or 8"
floppies.

On board firmware with WDOS operating system, video
driver, and keyboard driver which allows user to run any
type of software available and emulates basic softwear
driver resident in keyboard, if user so desires.

WORLD POWER SYSTEMS, INC.

1161 N. El Dorado Place, Suite 333, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537
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The program next states:

READY TO PROCESS SIDE VIEW
NUMBER 1.

At this time the user should put the two
photographs of side view 1 onto the data
tablet. The program tells the user:

PLACE THE STYLUS ON THE ORIGIN
IN PICTURE ONE.

The user should find the location of the
origin in the photograph and indicate it

e

SIDE VIEW [/

SIDE VIEW 2

Figure 2: Each of the vertices of the object is given a designation letter.

Vertex

ez Omuoowh

E2S RSO

Picture 1

Side View 1
Picture 2

Y X Y

0 —2 0
—12.3 -2 - 786

0 26 0
—-106 26 - 6.7
—10.6 —-16.6 — 6.9
445 ~16.6 289

0 —-12 0

47 12 30
43.1 0 2822

Side View 2
Picture 4

0 25.6 0
-11.8 15.6 ~ 7.3

0 15.6 0

—-109 — 4.7 -7

459 — 4.7 28
-10.5 0 —~ 6.8
43.8 0 28.3

Table 1: A compilation of the data obtained from photos 1 and 2. The
vertex designations are the same as in figure 2. For photos 1a and 1b, L is
26.7 inches (67.8 c¢cm) and the known vertex is | at location (0,11.75,0)
inches (0,29.85,0) cm. For photos 2a and 2b, L is 27.3 inches (69.34 cm)
and the known vertex is | at location (0,11.75,0) inches (0,29.85,0) cm.
The common vertex to side views 1 and 2 is vertex C.
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with the stylus. In this example it is point O.
Knowing this point allows the program to
relate the data tablet’s coordinates to the
photograph’s coordinates. The same is asked
for picture 2:

PLACE THE STYLUS ON THE ORIGIN
IN PICTURE TWO.

In preparation for the program, the user
should measure the distance between the
two camera positions. In this example the
distance was 26.7 inches.

HOW FAR WAS CAMERA ONE FROM
CAMERA TWO ? 26.7

The program next needs to know where in
the photograph the vertex whose distance
to the origin has been measured lies. This
point should be located twice. Once in
response to.

PLACE THE STYLUS ON THE KNOWN
VERTEX IN PICTURE ONE;

and once in response to:

PLACE THE STYLUS ON THE KNOWN
VERTEX IN PICTURE TWO.

Vertex 1 is the known vertex. From table 1
we see that values (0,43.1) and (0,28.2)
would be the values provided by the tablet.
In preparing for the program, the distance
between the origin and vertex 1 was meas-
ured. In X)Y,Z terms this distance is
(0,11.75,0). This value should be entered in
response to:

ENTER THE X,Y,Z DISTANCE BETWEEN
THE KNOWN VERTEX AND THE
ORIGIN: (0,11.75,0).

If more than one side view is to be
entered, the other side views must somehow
be related to the first coordinate system.
This is done by finding points in the first
side view which are also in other side views
(see figure 3). Therefore, the program will
ask the user to point to a vertex in side 1
which is also in side N. The first N vertices
pointed to in side view 1 should be vertices
which are also in other side views. That is,
the first vertex in side view 1 should be a
vertex which is also in side view 2. The
second vertex pointed to in side view 1
should be a vertex found in side view 3, etc.
(The program as presented in listing 1, for
the sake of simplicity, assumes that only
two side views are necessary, and that these
side views are opposite (180°) to each other.
For most objects these will be sufficient.)



C1 P: $349 ! Adramatic breakthrough in price and per-

formance. Features OSI's ultra-fast BASIC-in-ROM, full graphics
display capability, and large library of software on cassette and
disk, including entertainment programs, personal finance,
small business, and home applications. It's a complete pro-
grammable computer system ready to go. Just plug-in a video
monitor or TV through an RF converter, and be up and running.
15K total memory including 8K BASIC and 4K RAM —
expandable to 8K.

C1 P M F: $995! First floppy disk based computer

forunder $1000! Same great features as the C1P plus more

memory and instant program and data retrieval. Can be
expanded to 32K static RAM and a second mini-floppy. It also supports
aprinter, modem, real time clock, and AC remote interface, as well as OS-65D
V3.0 development disk operating system.

CZ'4P: $598! The professional portable that has over 3-times the display
capability of 1P's. Features 32 x 64 character display capability, graphics, full
computer type keyboard, audio cassette port, and 4 slot BUS (only two used in
base machine). It has 8K BASIC, 4K RAM, and can
be expanded to 32K RAM, dual mini-floppies and
a printer.

C2-4P MF: $1 599! s big personal

computing mini-floppy system at a special package
price. Contains the famous C2-4P microcomputer
with 20K static RAM, 5" mini-floppy unit for instant
program and data loading, RS-232 circuitry (for optional modem and printer),
and four diskettes featuring exciting games, personal, business and education
applications.

CZ-BP: $799! The personal class computer that

can be expanded to a full business system. Has all the
features of the C2-4P plus an 8 slot BUS (3-times greater
expansion ability than the C2-4P). Can be expanded to 48K
RAM, dual floppies, hard disk, printer and business software.

C2-8P DF: $2599! Afull business system avail-

able ata personal computer price! The systemincludes the
powerful C2-8P microcomputer (32K RAM expandable to
48K), dual 8" floppy unit (stores 8-times as much information
as a mini-floppy), and 3 disks of personal, educational and
small business applications software. Has all the capa-
bilities of a personal system including graphics plus
the ability to perform Accounting, Information Manage-
ment, and Word Processing tasks for small business.

Contact your local Ohio Scientific dealer
All pnces suggested retail

TIFIG

*Monitors a a ; T
mclu'derds' gﬁgsi?ggﬂﬁigegﬁg‘ﬁ': gg,t.n, America’s largest full- I|ne mucrocomputer manufacturer
bination TV/Monitor (AC-3P) for $115. 1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
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All that remains is to point to a vertex
in picture 1 and then again to that vertex in
picture 2, and to continue until all of the
vertices in that side view have been pointed
out. The program will ask:

HOW MANY VERTICES ARE TO BE
ENTERED : 8

Eight is the answer for the first side view

of this simulation. Then the program will
ask:

SIDE VIEW | —* SIDE VIEW 2

A

¥~ VERTEX "A" IN BOTH
SIDE VIEWS

Figure 3: When processing two different views, at least one point must be
common to two views. In this example, vertex A is seen in both side views.

[

A B8 c

Figure 4: Three pictures drawn using data generated by the program in
listing 1. The original information was obtained from photos 1 thru 4.

Table 2: Conversion of the measured data from table 1 into three-dimensional
coordinates.
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IN PICTURE ONE POINT TO
VERTEX N;

and

IN PICTURE TWO POINT TO
VERTEX N.

For example, the first vertex pointed to
is the common vertex. Cis the common ver-
tex in our simulation, so it is indicated first
in picture 1 and again in picture 2. The data
tablet provides the values (40.1, 0) and
(26, 0). Then vertex A is pointed to in
picture 1 and picture 2. Values (—3.3, 0)
and (—2, 0) will come from the data tablet.
This continues until all of the vertices of a
side view have been entered.

When it is time to process another side
view, the program will say so, asking for the
same information as it did in side view 1
(eg: where the origin and known vertex for
this side view are, what are the measure-
ments for the known vertex, and what was
the distance between camera positions).
Next, the different vertices should be pointed
to, starting with the vertex common to side
view 1.

When the program is finished, all the
coordinates of the vertices will have been
converted to three-dimensional coordinates,
and represented inside the computer. Table
2 contains the results from this simulation.

Displaying the Object

With these results the object can be dis-
played from any desired viewpoint. For
example, let us say that two side view pic-
tures were taken such that the directions of
the pictures were perpendicular to each
other. It would be quite simple to display
the object from a viewpoint between those
from which the photos were taken, even
though no picture was taken from such a
position. Figure 4 shows examples of dif-
ferent viewpoints of the object photo-
graphed. These figures were developed math-
ematically, using the results of the picture
input program, in the same manner that they
would be developed by a program which
displays objects three-dimensionally. Start-
ing with just a few photographs, many such
pictures of an object can be made.

Some Theory

How is it possible, that from two photo-
graphs of one side of an object, all of that
side’s dimensions can be calculated? To
answer this question, let us first examine the
way in which perspective pictures are dis-
played. For simplicity, we will assume that



Ive finally found a personal ...
computer I res ect. ﬁ(’.'- ::l:l :i(ll\fi!)()(llil'l.!l(‘.(l:(:{l(l)lg(l)l/(\"().l()l.' l.l.
sa totally-integrated 80¢ system

with full color graphics display, built-in 51K

CompuCOlor I ® mini-disk drive, and the best cost performance

ratio available in a personal computer.

The complete system isonly $1495% And that price includes 8K user RAM, RS-232C
compatibility and random access file capabilities.

Our 8 foreground and background colors will boost your comprehension, while
introducing vou to an exciting new dimension in BASIC programming. ‘T'he vector graphics
have 16,484 individually-accessible plot blocks. And the 13" diagonal measure screen gives
you 32 lines of 64 ASCII characters. You also have the flexibility that comes with 16K
Extended Disk BASIC ROM.

Compucolor Il offers a number of other options and accessories, like a second disk
drive and expanded keyboard,as well as expandability to 32K of user RAM. Of course we also
have a whole library of low-cost Sof-Disk™ programs, including an assembler and text editor.

Visit your nearest computer store for details. And
while you're there, do some comparison testing. With all : @
due respect to the others, once you see it, you'll be sold on { g::“;';“::_l:':
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the Compucolor I1.
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Compucolor Corporation Post Office Box 569 Norcros$
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the outline of an object consists of straight
edges which meet at vertices. Rounded edges
are approximated by several straight edges.
Putting an object into perspective entails
transforming the edges’ three-dimensional
coordinates into two-dimensional coordi-
nates. Internally, the computer represents
the objects’ edges as pairs of vertices. Since
straight lines in three dimensions get trans-
formed to straight lines in two dimensions,
all that is necessary is to transform coordi-
nates of their endpoints.

The screen of a video display device is
two-dimensional. We will call this plane the

PICTURE
PLANE

picture plane (see figure 5). Putting an
object into perspective involves drawing
straight lines between the object and an
imaginary viewer. The imaginary picture
plane is also inserted between the viewer and
the object. The objects’ vertices are pro-
jected to where the lines adjoining object
and viewer intersect the picture plane. These
points of intersection can be computed using
similar triangles. Triangle ABC is similar to
triangle ADE. The equation for a perspective
transform is therefore:
XP =DP(X)/z YP =DP(Y)/z
where the X)Y, and Z directions are as
defined in figure 5:

XP = X coordinate in picture
YP = Y coordinate in picture

DP = distance between viewer and
picture plane

X = vertex’s X coordinate

Y = vertex’s Y coordinate

Z = distance between vertex and

viewer.

The location of the picture plane with

Figure 5: The viewing screen can be considered as the picture plane to be
viewed. Putting an object into perspective involves drawing straight lines
between the object and an imaginary viewer.

respect to the viewer determines the angle of
vision. If the picture plane is close to the
viewer, there is a wide angle effect. If the
picture plane is far from the viewer there is
a telescopic effect (see figure 6). The term
DP in the above equations is that distance,
and it is referred to as the perspective trans-
form of the lens of the camera.

The object is displayed according to the
values put into several equations. We know
that the distance between camera and object
is given by term Z, and that the angle of
vision is given by term DP. To achieve rota-
tion of the object, we use the equations
below:

XR =X x cos (angle 1) — Y x sin(angle1)

YR = X x sin (angle 1) +Y x cos(angle).

WIDE ANGLE TELESCOPIC

By rotating the object around two axes, any
angle of rotation in three dimensions can be
achieved.

YR1=YR x cos (angle 2) — Z x sin(angle2)

ZR = Z x cos (angle 2) + YR x sin (angle2).

N Perspective is arrived at by applying the
original transform equations:
Figure 6: The location of the picture plane determines the angle of view.
A wide angle effect is produced by having the plane close to the viewer.
A telescopic effect is produced by a picture plane far from the viewer.

XP = DP(XR)/ZR
YP = DP(YR)/ZR.
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A camera is a device which produces a
perspective transform. The procedure with
the photographs and data tablet is to reverse
the transform to produce the three-dimen-
sional coordinates of the vertex. From the
equations above, we see that there are five
variables. The photographs give us values for
XP and YP. If DP and Z are determined,
values for X and Y can be computed. It can
be assumed that DP in one photograph will
be the same as DP in another photograph, as
long as the angle of vision does not change.
With two photographs taken with camera
positions one behind the other, and with the
distance known between positions, we have
two sets of perspective transform equations
and a relationship between Z in one photo
to Z in the other photo:

XP1(Z1) = DP(X) (1)
XP2(Z2) = DP(X) (2)
YP1(Z1) = DP(Y) (3)
YP2(Z2) = DP(Y) (4)
22— 7Z1=; (5)

Subtracting equation 2 from equation 1 and
substituting Z2 =L + Z1:

XP1(Z1) = XP2(L + Z1) or
Z1=XP2(L) / (XP1 —XP2).  (6)

Therefore, to learn how far the camera was
from a vertex, all we need to know is the dis-
tance between camera positions.

Finding DP, the perspective transform, re-
quires the knowledge of the coordinate in
either the X or Y direction for one known
vertex. For example, with a value for X
known and a value for Z obtained through
the use of equation 6, we can write an equa-
tion for DP as:

DP = Z(XP)/X . (7)

Once a value for DP is obtained, values for
X and Y are computed using the Z values
computed and the equations:

X =Z (XP) /[ DP (8)
Y =Z (YP) / DP. (9)

Now every vertex’s three-dimensional X,Y,
and Z coordinates can be determined. These
coordinates are given with respect to the
edge of the camera. To orient them with
respect to the origin, subtract the distance
between origin and camera from each com-
puted Z value. The first side of the object is
now described three-dimensionally, inde-
pendently of a viewing point or picture
plane.

To describe other sides of the object, the
above equations must be applied again. Also,
two photographs taken as above, an origin,

one known vertex, and an additional vertex
common to both side views must be sup-
plied. This additional common vertex will be
used to relate the values obtained in one side
view to the values obtained in the other side
view (see figure 3). Once all of the values are
computed for the second side, the differ-
ences are found between values computed in
view one from values computed in the other
view for the common vertex. These differ-
ences in value are the offsets from one side’s
coordinate system to the other side’s coor-
dinate system.

If these values are subtracted from one
side’s values, all vertices will be in relation to
one origin. If this procedure is applied to all
sides, the entire object is described. With the
aid of your computer you can now display
the object from any perspective you choose.
You are not limited to the perspective of the
photographs, and you can have the object
placed at any distance or angle of rotation
you like.

Another Input Method

There is another technique for entering
three-dimensional information from photo-
graphs into a computer. This technique is
useful in cases in which, rather than meas-
uring between the camera positions and the
object, it is easier to measure the positions
of several points on the object. For example,
you may be taking a picture of a house, and
have no convenient way to measure the dis-
tance between the camera and the house.
Yet it may be quite simple to measure the
dimensions of a window frame. In this
technique, rather than measure the distance
between camera and object, the user meas-
ures two vertex coordinates in reference
to a third vertex which is to serve as the
origin.

The distance between object and camera
need not be known, but the camera must
point so that the origin of the object is in
the center of the photos. Again, two photos
are required. They should be taken parallel
to each other, rather than taken one behind
the other. Each photograph will have its own
origin, and it is necessary to know the dis-
tance between the camera’s positions, or
distance between origins. Three vertices
from one photograph yield three equations:

Z1 x XP1=X1x DP
Z2 x XP2= X2 x DP
Z3 x XP3 = X3 x DP.

Measurements of the object give X1,X2,X3,
71,72, and Z3. Measurements of the photo-
graph give XP1,XP2, and XP3. We can sub-
stitute the differences for the Zs with
Ls:



L1=22—-171

L2=273—-71

Z1 x XP1=X1X DP

Z1 x XP1=271 XDP
(L1+2Z1) x XP2=X2 x DP
(L2+Z1) x XP3=X3 xDP;

and subtract the bottom equations from the
top equations:

(DP x (X1 — X2)) + (L1 x XP2)
21 = (XP1 — XP2)

(DP x (X1 — X3)) + (L2 x XP3)
21= (XP1 — XP3)

and solve for DP.

DP =

((XP1=XP2) X (LP2 X XP3))—((XP1—XP3) X (L1 X XP2))

((X1=X2) X (XP1—=XP3))—((X1—X3) X (XP1—XP2)).

Once DP is solved for, Z1 can be found for
any vertex by using the two photographs’
equations and knowing the distance between
camera positions:

X1=(Z1 x XP1)/DP
= (Z1 x XP2)/DP
Z1 = (XP2 — DP)/(XP1 — XP2).

Of course with Z1 determined X1 and Y1
can easily be found:

X1=(Z1 x XP1) / DP
Y1=(Z1 x XP2) /

To enter data from the tablet with this
technique, first indicate through a keyboard
the values for the three known vertices, and
then point to them in one photograph. This
would allow the program to compute DP.
Then, as in the other technique, point to a
vertex in one photograph, and again to that
vertex in the other photograph. More sides
can be added, and eventually the whole
object will be described.

There are additional techniques for enter-
ing three-dimensional data. For example,
photographs may be taken with added
amounts of rotation. This is particularly true
in cases in which the user cannot take actual
photographs, but has some means of deter-
mining a few dimensions of the object. In
these cases, the angles of rotation must be
calculated in addition to DP, X, Y, and Z.
Because the mathematics for solving the
equations with rotation is more involved
than the equations in this article, | have
not discussed it here, except to mention
that for each angle of rotation one more
known value, a vertex coordinate, needs to
be known before the equations can be
solved.m
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Technical Forum is a fea-
ture intended as an interactive
dialog on the technology of
personal computing. The sub-
ject matter is open-ended, and
the intent is to foster dis-
cussion and communication
among readers of BYTE. We
ask that all correspondents
supply their full names and
addresses to be printed with
their commentaries.
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M6809 is Silicon

Photo 1: A look at the 6809 device.

Terry Ritter

Joel Boney

Motorola Inc H2565
3501 Ed Bluestein Blvd
Austin TX 78721

In our recent article, “A Micro-
processor for the Revolution: the 6809”
(January, February, March 1979 BYTE),
we tried to indicate that the specifica-
tion, logic design, layout, and testing of
a new microprocessor is a very big job.
Throughout the project we were quite
aware of the potential market for this
new part, and the entire microprocessor
design team made Herculean efforts to
get it out as quickly as possible. The big
push finally came down to getting the
design ready for the mask shop before
Christmas 1978 (we wanted to enjoy the
holiday).

Every metal line, every polysilicon
line, every connection, and every tran-
sistor in the entire layout had to be in-

dividually hand checked. A checking
team consists of two individuals. The
first member, and leader, is a circuit
engineer who can read the layout to
identify transistors, verify their logic
function and size, and trace the connec-
tions between them. The second engi-
neer monitors the checkout process on a
logic-diagram blueprint, coloring each
line and each gate as it is checked. This
process continues until all gates and all
lines are colored and until all paths are
investigated on the layout. Uncovered
errors are edited, replotted, and
rechecked. The 6809 layout (with about
15,000 transistors) was completely hand
checked three times in the last two
weeks before Christmas 1978, in addi-
tion to sophisticated computer spacing
checks.

Our EXORciser |l based test system
had been working for weeks with the
6809 breadboard (a gate-for-gate
transistor-transistor-logic equivalent of
the 6809). The working system had the
new EXBUGO09 monitor, and would run
all our 6809 programs, including an



18,000 line diagnostic package. This pro-
gram checks all registers, instructions,
addressing modes, and numerous com-
binations. Correct execution provides a
characteristic pattern of address posi-
tions as displayed on the logic analyzer.

We disconnected the breadboard,
popped the first 6809 into the socket
and started testing parts at 7:30 PM on
Tuesday, January 9 1979. None of the
devices worked the first time, but we did
get two that failed in exactly the same
way. This is one of nature’s hints.
Naturally, we were disappointed that
none of the parts passed all tests, but we
knew the complexity involved in an LSI
(large scale integration) device.

After you have checked 5,000 gates
they all tend to look alike, especially at
3 AM. All conductors look the same—
there is no color coding on an inte-
grated circuit. It is all too easy to miss a
wrong connection, a shorted transistor,
a floating gate, or any one of many
possible errors. Thus, virtually all LSI
devices require a sequence of mask
iterations before a fully functional
device is obtained. As weak areas are
pinpointed by testing, new masks are
obtained to improve yield. But the
Motorola microcomputer design group

has a history of producing functional, or
nearly functional parts the first time,
hence our disappointment.

Resigned to the worst, we proceeded
to write programs to narrow the error to
a particular instruction or sequence of
instructions, and hopefully to a par-
ticular gate. After an hour of machine
language testing, it became apparent
that the error was random, not instruc-
tion dependent, and possibly para-
metric. That is, the malfunction was
responsive to clock frequency, supply

voltage, or operating temperature
parameters.
Finally, the Microcomputer Design

Manager picked up a heat gun and train-
ed it on one of two suspicious devices.
Everyone was transfixed, watching the
logic analyzer with renewed hope. There
was one false start, then the 6809 made
it once through all tests. More heat, and
the 6809 was running all 18,000 lines of
test code over and over again. Pande-
monium broke loose, with cheers and
congratulations all around.

After some investigation, the minor
temperature sensitive problems were
identified, and masks were modified to
produce customer samples... and Moto-
rola is now in the 6809 business. l

SHUGART SERENADE
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optical fiber transmitting a
The
conductor is a single 40
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is generated by a helium-

very bright light,

neon laser.

Communicate on a

Steve Ciarcia
POB 582
Glastonbury CT 06033

32

May 1979 © BYTE Publications Inc

Coming up out of the Circuit Cellar is a
rare occurrence, to the point where some of
my friends have accused me of being a mush-
room. | prefer to be likened to a mole—a
more dignified species. We share a common
bond of subterranean existence and fear of
bright sunlight, but the mole’s predicament
is dictated by nature, and mine by choice.

The Circuit Cellar is by no means a hole
in the ground. It’s heated, well-lit and looks
more like a living room than a cellar. Even
though it affords all the comforts of home,

there are those occasions when a change of -

environment is required. It's not enough to
walk out in the driveway, take a deep breath
and run back into the cellar. Sometimes a
complete change of surroundings is needed
to shock the mind out of the doldrums and
spark creativity (eg: a vacation). Since |
usually don’t have time for vacations, |
take “business excursions for purposes of
cerebral detoxification’’ or “ECDs” for short.

For two months | had been wrestling
with the details of an article on fiber op-
tics and laser communications (this one).
The hardware was completed very quickly,
as with most of my projects, but the text
dragged on for weeks. Lighting the wood
stove in the Circuit Cellar became an all too
easy chore using the piles of scrap paper |
was generating. My graphospasms (ie:
writer’s cramps) were not bearing fruit. One
time | even found myself sitting at my desk
pushing pencils through the electric pencil
sharpener until it started smoking.

During times like this there was only one
place to go — New Hampshire — to see the
Colonel. My father-in-law, Colonel Foster,
was the one person who could break me out
of this slump. Between stories about old
army buddies and spending the war in the
Aleutians waiting for an invasion | would
surely find some inspiration.

“Colonel? Are you there?” After anx-
iously dialing his telephone number and
saying hello, | was left with silence at the
other end of the line. . .

“Colonel?”

“Be right with you, Steve.” As the re-
ceiver was picked up again he apologized,
“Sorry Steve, my man was at bat and | had
to see the hit. You're a Red Sox fan, aren’t
you?"”

It would be in bad taste for me to suggest

that my subterranean hideaway provided
all the spiritual stimulation | needed and
that chasing a little ball around in the
grass was not in my spectrum of pursuits.
“l quite understand your enjoyment of the
game, Colonel. | hope your team wins,” |
replied, evading his question. During my
statement | heard him roar again in response
to the activities on the television. When |
sensed a lull, possibly precipitated by a
commercial, | continued, “Colonel, | need to
get away. How would you like some com-
pany tonight?”’

“Sure, you know you're always welcome.
I haven’t had anyone to tell a good army
story to in a long time."’



I told him I'd pack all the gear in the car
and be there in three hours. Possibly | would
feel better about writing once | arrived.

The Colonel, sensing the termination of
the commercial, quickly responded, “Three
hours is great. The game is still in the first
inning. If you hurry you may get here before
it's over. . .gotta go now.”

One of the good things about living in
New England is that everything is close.
It was a scant 3 hour drive between Con-
necticut and New Hampshire, but | drag-
ged it out an extra half hour so | wouldn’t
be competing with the Red Sox for the
Colonel’s attention. As | pulled into the
garage he came out to greet me.

“Howdy,” he said, slapping me on the
back. From his exuberance | could tell
that the Red Sox had just won the game.

“Come on in and get settled. I'm ex-
pecting a telephone call. . .oops, there it
is now."”

Leaving the electronics junk in the car
| followed him into the house. He was
still wearing his lucky Red Sox baseball
cap as he spoke.

“Chester, wasn’t the game great? |
thought they were going to blow it in the
6th. . .You bet, I'm ready for tomorrow’s
game. If they can play like that again, the
pennant is in the bag. ..”

Suddenly Colonel Foster’'s expression
changed, to amazement, then anger. He
grabbed his cap, slung it into the chair
he was standing near and complained,
“Darn woman again!. . .What do you mean
lucky! The Red Sox won through skill,
not luck!l. . .Go play with your WATS
lines and let Chester and me talk.” It was
obvious that suddenly there was a third
party to their conversation.

“Beatrice, | don’t care if you think it
was an error. It was ruled as a single!. . .
Yes, | know the 6th looked bad but that still
doesn’t mean they’re just lucky. . .”

It was becoming an argument between
the Colonel and Beatrice. A hint as to
her identity was provided when he re-
sponded, ‘“‘Beatrice, would you keep your
opinions to yourself and let me talk to
Chester? Chester, come on over for a private
talk!”

He slammed the reciever down on the
phone, put his baseball cap back on, and
slumped into the easy chair. ‘I just can’t
carry on a baseball conversation with that
woman around.”

“Who's Beatrice?”’

“The switchboard operator for the town.
We don’t have all that new computer tele-
phone stuff you city slickers have. We have
Beatrice. When it’s business or personal
she’s good and keeps her nose out. But,

when it’s baseball, Beatrice has to get her
two cents in!”’

(Obviously what the Colonel and Chester
needed was an alternate means of com-
munication, such as CB.)

“I've got a great idea, Colonel. Why
don’t you and Chester use CB radios in-
stead of the telephone?” The Colonel led
me to the bookcase in the study. | found
myself staring directly at a CB radio. He
flipped it on and said, “Tune in channel
19 and listen.”” The radio came to life.
“Breaker one nine. . .breaker one nine. . .
this is your Big Mama on this one niner. . .
all you 18 wheelers just put the hammer
to the floor and let Big Mama be your
guide. . .I'll have a Smokey report in five,
but first, the weather. . .”

My eyes opened wide. “Is that Bea. . ."”

‘“Beatrice? You're darn tootin’ it is.
She’s got an antenna tower on her house
and radio gear that would put an FCC test
laboratory to shame. | swear she’s running
a full gallon.”

“We tried CB a while back and it was
useless.” This time the conversation came
from behind. Chester had let himself in and
joined us in the study. He continued, “It
all started when we telephoned the games
to the tower.”

“Tower?”

“I'm sorry, | guess the Colonel didn’t
tell you.” Walking over to the window of
the study and pointing to the adjacent
mountain top roughly two miles away.
“You see that structure on top of that
hill? That's my tower. Well, not exactly my
tower. | just work there. It’s a combination
fire tower and radio relay station. Oc-
casionally | have to sit up there and monitor
equipment during important transmissions.

“What'’s that got to do with Beatrice?”

“With all the interference from the
equipment up there | can’t use a radio or
television to watch the Red Sox.”

(This was beginning to take on the aspects
of a good mystery.)

“The Colonel would tune in the game
on his television set here, telephone me
in the tower and then lay the receiver near
the television so | could listen to the game.
When Beatrice found out she’d bust in and
add her commentary to the game. Do you
know what it’s like having a nosey Howard
Cosell-type beating on your ear for three
hours at a time?"’

I could only offer my sympathy. If
there was a solution short of stringing two
miles of wire | didn't see it yet. But | would
continue to think about it.

“Tomorrow is a very important Red
Sox game. The pennant may hinge on it.

Text continued on page 36
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Text continued from page 33:

Unfortunately, tomorrow is also a day |
have to spend in the tower. | really want
to listen to the game, but Beatrice is tough
to listen to.”

| ran over to the window, looked at
the tower in the distance, and noted the
glass windows circling the observation
deck. ‘“What’s the weather report for
tomorrow?”’

“Cloudy and cool | think.” Chester
answered.

“Good! Clear weather. . .Colonel, could
the television set be moved in this room
for the game tomorrow?”’

“I suppose so. Why?"

| scanned the study looking for a con-
venient AC power outlet and spied one
by the window.

“Perfect,” | said.

Both the Colonel and Chester were a
little perplexed at my behavior.

“What if | told you there was a way
for Chester to listen to tomorrow’s game
undisturbed by Beatrice?”’

“We've tried everything. What are you
planning?”’

“Wait here and I'll show you.” | dash-
ed off to my car and took a tripod, a long
white rectangular instrument, a small black
box with a lens at one end and a few patch

o2 HOBBY WORLD
‘ CALL TOLL FREE: (800) 423-5387
il IN CA, HI, AK: (213) 886-9200
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Computer
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cords out of the trunk. Dragging all the
equipment into the study, | proceeded to
assemble it, much to their amazement.

“What’s all this, Steve?”’ the Colonel
asked.

With as straight a face as | could muster
| replied. “It’s a laser.”

Both men, army veterans of two wars
and thirty years' service, took two steps
back and exclaimed, “A laser?” It was in-
stantly apparent that the words laser and
“death ray” were synonymous for them.
Before | let them think | planned to rub
out Beatrice, | quickly continued my ex-
planation.

“There are big lasers and little lasers.
This is a little one. It won’t burn anything
or hurt anyone if used properly. Eye pro-
tection is the only consideration necessary
on this particular laser.”

“Do you always carry this stuff around
with you?” the Colonel asked.

“No. It just happens to be the topic of
this month’s article for BYTE.”

“What has this got to do with tomor-
row’s game?”’ Chester asked.

“We’re going to transmit the game to
you in the tower on a beam of light.”

Their eyes opened wider but they re-
mained receptive.

“Let me demonstrate.”’

| took the transistor radio, tuned it to
a station and placed it on the coffee table.
Taking a long patch cord, | plugged one
end in the radio earphone jack, auto-
matically silencing the radio speaker, and
plugged the other into the rear of the laser.
Aiming the laser, | turned it on. A red spot,
about 1/8 inch diameter, shone brightly on
the wall 15 feet away.

“You're sure that won'’t burn the wall?”

“Trust me.”

Next, | picked up the black box with
the lens on it and turned it on. | walked
over to the illuminated spot on the wall
and interrupted the laser beam path with
the box. When the beam intersected with the
lens, music was heard!

“That’s the radio station you tuned in,
all right,” Chester said.

“Colonel, take that poker from the fire-
place and wave it back and forth in front of
the laser so it interrupts the beam.”

“Why. . .the radio goes on and off,” he
exclaimed a minute later.

“Correction, Colonel. The radio doesn’t
go off, only the receiver, when it no longer
“sees”” the modulated laser light beam.
Notice in addition that the beam barely
spreads out at all over the 15 feet to the
wall.”

“l think | get what you're driving at,
Steve.”

“You’ve got it. Chester takes the re-
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Figure 1: Block diagram of
full duplex optical com-
munications link.
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ceiver up to the tower tomorrow, aims it
at this window using the gun sight scope on
top. Then we turn on the laser which, in-
stead of being connected to the radio,
comes from the television. Voila! Instant
uninterrupted Red Sox baseball. And, no
Beatrice!”

“Will it really work, Steve?” Chester
asked.

“Sure, and tomorrow we’ll prove it.”

Before the next comment from anyone

the telephone rang and Colonel Foster
answered it. Chester and | listened and
smiled.

“Look, Beatrice, your team doesn’t

have a chance for the pennant. . .Are you
still claiming that that was an error?. . .
It wasn’t just luck in the 6th [ tell you. ..”

Chester and | laughed. Beatrice was
really giving the Colonel a run for his
money, but there was a twinkle in his eye
as he spoke. The Colonel was living what
he enjoyed most — baseball. First on tele-
vision and then blow by blow with Beatrice.

Communicate on a Light Beam

Most experimenters have never considered
using a modulated light beam for data com-
munication. I’'m not suggesting that every-
one throw out their twisted pair RS-232 lines
and replace them with laser beams, but
| do ask you to consider the commercial ad-
vantages of such a concept and try a few
experiments.

When discussing modulated light com-
munications, a definition of terms isin order.
The two most often heard are lasers and
fiber optics. It is important to recognize that
one is a light source and the other is a light
conductor. It is not necessary for them to be
used together but this is often the case. I'll
explain more about each later.

A full duplex optical communication link

is shown schematically in figure 1. |t consists
of two pairs of optical transmitters and
receivers which allow data to flow in two
directions simultaneously. Data from the
base to the remote travels on one line, while
data from the remote to the base is on the
other. This is a dedicated duplex hookup.
Unlike the ones you’ve probably used, this
one uses fiber optic cable rather than wire.
In its commercial applications it can offer
the following advantages:

® |[mmunity to strong electrical or mag-
netic noise. Fiber optic material is
usually glass or plastic and since there
is no electrical conduction there can
be no induced electrical noise.

® High electrical isolation. Since the data
conductor is a dielectric material, the
isolation between the transmitter and
receiver is a function of distance.

® Higher bandwidth and lighter cable.
Optical modulation systems have
inherently higher data rate capabilities
and glass and plastic weighs less than
copper. Bandwidth is typically 100
megabits.

® | ower loss than coaxial systems. New
low loss fibers extend transmission
distance.

® Negligible crosstalk. If each fiber optic
channel is optically sheathed there is
no crosstalk. Even adjacent unsheathed
fibers rarely interfere with each other.

® Ultimately lower cost than either
coaxial or twisted-wire systems. The
raw material (sand) used in making
fiber optics is abundant, while copper
gets increasingly more expensive. Cost
for a data transmission system is ulti-
mately based on dollars per megabit
times distance. Since fiber optic sys-
tems have higher bandwidths, the cost
factor is slowly moving in their favor.



“Our inventory is our existence.
Think we'd trust it to anything less
than Scotch Diskettes?”

® Don Stone, Vice-President,
Mass. Auto Supply Company,
Inc., Boston, Mass.

Scotch Diskettes are the
diskettes you can depend upon
with the information your
business depends upon.

Each one is tested and
certified error-free before it
leaves our factory. Because we
know nothing less than
perfection is acceptable for
your vital business data.

Scotch Diskettes are
available in regular or mini
sizes, compatible with almost
any system.

To find out where you can
find Scotch Diskettes, call
toll free: 800-328-1300.

(In Minnesota, call collect:
612-736-9625.) Ask for the Data

Recording Products Division.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.
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Figure 2: An example of reflection and refraction at an interface, such as the
side of the optical cable.

Key ingredients in any optical communi-
cations system are the transmitters and
receivers. The ultimate data rate is a func-
tion of how fast the transmitter can turn on
and off, sending one bit of information, and
whether the light sensitive receiver can track
this transition. If the date rate is very low,
say 110 bps in your experimental setup, a
simple incandescent light and cadmium sul-
fide photocell will suffice. Higher data rates
require much faster response and dictate use
of LEDs (light emitting diodes) and photo-
transistors or photodiodes. Common red
LEDs will easily handle 100 K bits per sec-
ond and most common phototransistors, if
properly biased, will also suffice. Higher fre-

Figure 3: Pictorial diagram of a single fiber illustrating the cladding and core
boundary. Only light entering within the “acceptance cone’’ will be guided
down the optical fiber as in figure 3b. Any rays outside this cone are not
transmitted.

(3a)
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LED

quencies require specially fabricated LEDs
or, if the transmission line is especially long,
then laser diodes might be in order.

It is important to know what each of the
components in the system is and the way its
selection affects the other components. The
designs illustrated in this article are included
to demonstrate a workable low frequency
system which the personal computer enthu-
siast may wish to build. The physical elec-
tronics of high frequency commercial systems
differ considerably, but the physical laws and
general concepts are the same.

Fiber Optics

Fiber optics are just what they sound like
— glass fibers which conduct light rather
than electricity. To understand optical fibers
we must look at a few definitions. An exam-
ple of reflection and refraction is illustrated
in figure 2, When a light ray strikes a bound-
ary, partial reflection and partial transmission
take place. The materials on either side of
the boundary have particular constants n,
and n, respectively (called indices of refrac-
tion) associated with them. These constants
are dependent upon wavelength of the light
transmission and the speed of light through
the material. Reflection and refraction are
related as follows:

Reflection 8, = 6,
Refraction nq sin 67 = n,sin 6,

The fiber has a core,a light transmitting
material of higher index of refraction sur-
rounded by a cladding or optical insulating
material of a lower index of refraction. Fig-
ure 3ais a pictorial representation of a single
fiber. Light enters the fiber at an infinite
number of angles but only those rays entering
the fiber at an angle less than the critical
acceptance angle are transmitted. Light is
propagated within the core of a multimode
fiber at specific angles of internal reflection.
When a propagating ray strikes the core/
cladding interface, it is reflected and zigzags
down the core. This is further illustrated in
figure 3b.

ACCEPTANCE CONE HALF ANGLE
SINGLE FIBER

CLADDING np

CORE n)

J

N

i
\LED ILLUMINATION CONE
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AT YOUR COMPUTER RETAILER NOW

TRS-80, Apple II, Sorcerer, SOL and Southwest
Tech 6800 owners: get more out of your personal
computer.

Get into action with G2 Bullseye!, Sea Battle,
Confrontation and Attack!

Sharpen your analytical abilities with G2's Outwit
I, Outwit II and Mind Bender.

Take a chance with G2's Beat the House. Check
out your health with Clinic.

And enjoy the challenging experience of two new

G2 computer simulations: The Market and Wildcatting.

Or get serious with three powertul new
languages. Level III Basic for the TRS-80. Extended
Basic for the SOL. And Standard Basic for the
Southwest Tech 6800. All written by Microsoft—the
Basic wizards. Exclusively from G2.

/ N
A Product of GRT Corporation
Consumer Computer Group

1286 North Lawrence Station Road, Sunnyvale Califorma 94086 108 734 .2911()
CoRpORANON

Our software has more so your computer does
more. Great programming. Highest quality cassette.
The most comprehensive instruction manual available.
Plus source listing print-out of every application
program in Basic. You can learn how the programs
were written. We even encourage you to do your own
re-programming to improve your skills!

G2 software is available from computer retailers
nationwide. If your local retailer doesn’t have it, ask
him to become a G2 dealer by calling us toll free:
(800) 538-8540 (U.S.A.) or (800) 672-8691 (Californiay).

THEREASON
YOU BOUGHT
YOURCOMPUTER.
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Figure 4: Schematic of a
simple low speed and short
distance fiber optics com-
munications interface.

Photo 1 demonstrates that a very bright
light can be transmitted through a single
fiber. In this example the conductor is a
single 40 mil plastic fiber with a helium-neon
laser as an illumination source.

A fiber optic transmission system using
readily available components can be con-
structed by any interested experimenter. A
simple interface is shown in figure 4. An
LED driven by a 7437 NAND buffer is
focused into the end of a fiber optic bundle.
The light emitted at the other end is focused
on a phototransistor. When the light strikes
the phototransistor it effectively grounds the
input of the 74LS04, producing a high out-

+5V

RECEIVER

OUTPUT

74LS04

—_— GE LI4F2 OR
O EQUIVALENT

put. The connection between the LED, fiber
optics, and phototransistor is facilitated
through use of special optical connectors.
Photo 2 shows an assortment of the type
which should be used to build the interface
in figure 4.

Lasers

The circuit of figure 4 is useful for only a
short distance. This is due primarily to the
low intensity of a standard LED. For greater
distances a more intense light source is need-
ed. This calls for a device such as a laser, an
acronym that stands for /ight amplification

Photo 2: Special connectors necessary to use fiber optics properly. Shown here
(starting in the upper right corner and continuing clockwise) are a fiber optic
cable with an end connector, a phototransistor in a TO-18 package, an exten-
sion coupling which allows two cables to be connected, and a bulkhead
receptical containing either an LED (light emitting diode) or phototransistor,
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by stimulated emission of radiation. Light (5c) STEP 2

from a laser is all the same frequency, unlike
the output of an incandescent bulb. Laser
light is referred to as coherent, and has a
high energy density. It can travel great
distances without diverging from a tight
beam.

The basic requirements for the creation
of a laser are quite simple. We need a materi-
al that can absorb and release energy. Next,
we need an energy source for exciting this (5d) STEP 3

material and a container to hold and control
the lasing action, such as a glass tube or solid 9 =
crystal. SRR 2 °

In the actual lasing process, the laser ma- NV"\WMNM\% 5
terial is placed inside the container, and then i S 2 e
stimulated by means of an energy source
into the emission of light waves. The laser
beam is created by channelling the energy of
these light waves into a particular and con- (5e) STEP 4
trolled direction. The result is a highly con-
centrated, brilliant beam of tremendous ° o o o Tl e
power. Figure 5 is a schematic of the first Cr =it
laser invented by Dr Theodore Maiman and S g N TIPS outeut
a pictorial description of the lasing process. (s o b o

The ruby laser is a pulse type laser which
only produces a light output when the
xenon lamp flashes. The best flash lamp can Figure 5: The first laser, invented by Dr Theodore Maiman, was made from a
only be fired a few hundred times a second ruby rod excited by a xenon flash lamp. A schematic representation is shown
without extensive cooling apparatus. In a in figure 5a. The laser builds up energy by the following process. In figure 5b
ruby laser this pulse mode operation is suit- the flash lamp is fired thereby exciting the electrons in the ruby rod. As the
able for cutting stone and welding steel, but electrons drop back to their original energy level (step 2, figure 5c) they emijt
not for data communications, because the photons in random directions. In-step collisions of photons with other
duty cycle is too short and the energy den- excited electrons start a wave front between mirrors (figure 5d). After many
sity too high for low cost fiber optics. The reflections back and forth between the mirrors, a wave front is built up until
solution is to use a laser that operates con- it contains sufficient energy to pass through the slightly less reflective of the
tinuously, such as a helium-neon gas laser two mirrors. This light output consists of coherent light.
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= ELECTRIC
SOLID STATE LASER CURRENT

(figure 6) or a laser diode which can be
pulsed often enough to carry useful data.

The He-Ne laser uses mirrors and electrical
excitation in a manner similar to the solid
crystal type except that the lasing action is
continuous. Photo 3 shows a He-Ne laser in
operation. The particular unit has a power
output of 2.2 mW and is made by Metrologic
Inc. This type of laser can be modulated (the
power supply high voltage is modulated) and
used to drive a fiber optic bundle, but it is
not normally used in that application. The

GALLIUM
ARSENIDE

P-N JUNCTION

Figure 6: Gas and solid- light output of a He-Ne laser is usually red.
state laser light producing
ELECTRIC mechanisms,
CURRENT GAS LASER
LASER LIGHT
TUBE CONTAINING MIXTURE
SPHERICAL SPHERICAL
REFLECTOR OF HELIUM AND NEON REFLECTOR
ELECTRODE
Photo 3: A laser on a oUTPUT BEAM - T

tripod shooting across my — /A

living room, The laser is a T

2.2 mW unjt built by
Metrologic Instruments of
Bellmawr NJ 08031 (this
particular model s the
ML-969). This picture was
taken at night; the trees
outside are jlluminated by
outside flood lamps.
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WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES A CS8000 business/scientific
computer creates a new standard in quality and reliability in high technology computers.

HIGH TECHNOLOGY The ACS8000 is a single board,
Z80®* disk-based computer. It utilizes the ultra-reliable
Shugart family of 8 inch, IBM compatible, disk drives. A
choice of drives is available: single or double density, single or
double sided. Select the disk capacity you need, when you
need it: %M, 1M, 2M, or 4M bytes. The ACS8000 features
the ultimate in high technology hardware: a fast 4 MHz Z80
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708
EPROM, an AMD 9511 floating point processor, a Western
Digital floppy disk controller, a Z80 direct memory access,
Z80 Parallel and Serial I/O (two serial RS232 ports, 1 parallel
port), and a Z80 CTC Programmable Counter/Timer (real time
clock). In essence, the best in integrated circuit technology.

ALTOS

COMPUTER SYSTEMS 2

BUILT-IN RELIABILITY The ACS8000 is a true single
board computer. This makes it inherently reliable and main-
tainable. The board and the two Shugart drives are easily ac-
cessible and can be removed in less than five minutes. All elec-
tronics are socketed for quick replacement. Altos provides
complete diagnostic utility software for drives and memory.

QUALITY SOFTWARE Unlimited versatility. The ACS
8000 supports the widely accepted CP/M® ** disk operating
system and FOUR high level languages: BASIC, COBOL,
PASCAL and FORTRAN IV. All available NOW.

PRICE ACS 8000-1, single density, single-sided ['/> Mb] $3,840

ACS 8000-2, double density, single-sided [1 Mb] $4,500

ACS 8000-3, single density, double-sided [1 Mb] $4,800

ACS 8000-4, double density, double-sided [2 Mb] $5,300

Brackets show disk capacity per standard two drive system. All

models come standard with 32 Kb RAM and two 8" disk drives as

shown above. Expansion to 64 Kb is $363 per 16 Kb. FPP, DMA,

software optional. Dealer/OEM discounts available. Delivery: 30
days ARO, all models.

*Z780 is a trademark of Zilog, Inc.

**CP/M is a trademark of Digital Research, Inc. Circle 7 on inquiry card.

WALSH AVENUE e SANTA CLARA e CA 95050 o (408) 244-5766



Figure 7: System configu-
ration necessary for one
computer to transmit data
to another via a helium-
neon laser beam. The
schematic for the modula-
tor and demodulator are
shown in figures 8 and 9,
respectively.

Figure 8: A frequency
shift keyed laser modula-
tion interface. This circuit
accepts input from the
computer’s UART (univer-
sal asynchronous receiver
and transmitter). A logic 1
input produces a 2400 Hz
output. An input of logic
0 produces a 1200 Hz
output. The power con-
nections for the integrated
circuits are shown in table
1. The starred capacitor is
either a mylar or poly-
carbonate capacitor.

COMPUTER A

SERIAL OUTPUT

HELIUM-NEON
LASER

MODULATOR

The most economical high intensity light
source for long runs of fiber optics is the
laser diode. Don’t be so whimsical as to run
out and buy one thinking you are going to
make a ray gun — it should be just as easy to
use as an LED. Laser diodes get very hot in
operation and are generally operated only in
pulse mode. An 8 W laser diode sold through
the surplus dealer can have an average power
of only a few hundred microwatts when
used in pulse mode operation. Using laser
diodes in continuous operation is beyond
the talents and resources of most hobbyists
and must be left to the commercial ranks for
the moment. The light output from a laser

~ diode is infrared and invisible to the human

eye.
Communicating on a Laser Beam

~ While it is possible to demonstrate com-
munication with a laser diode, it is much
more dramatic with a He-Ne laser since you
can see the beam. A He-Ne laser can be mod-
ulated, but it cannot be turned on and off

COMPUTER B

SERIAL INPUT

O DEMODULATOR

LENS AND
PHOTO
DETECTOR

rapidly like an LED or diode. Instead the
light intensity is modulated by the data
signal. The Metrologic laser | used is a type
ML-969 “modulatable” laser. It has a BNC
connector on the rear and accepts a O thru
1 V input for O to 15 per cent intensity
modulation. Any greater degree of modu-
lation shuts off the lasing action.

Figure 7 illustrates the system configura-
tion necessary to transmit data from one
computer to another. Figure 8 is the sche-
matic of a FSK (frequency shift keyed)
modulation interface which can be used as
the input to the laser. A 4800 Hz frequency
reference produced by IC1 is divided by IC2
to give either 2400 Hz or 1200 Hz fora 1 or
0 logic input respectively. The modulation
input to the laser can be any 1 V input up to
500 kHz bandwidth. A transistor radio is a
good test source for experiments.

The receiver is shown in figure 9. The
laser beam is directed at the phototransistor.
With no modulation, the sensitivity is adjust-
ed to set the phototransistor in the middle
of its linear range. With the modulation
turned on, the trigger adjust control is
turned until the modulation data is seen at

+5V test point 1. If using a transistor radio as the
SERIAL INPUT 10K T source, Fhe analog output can be obt'amgd z?t
FROM UART L[> pd this point and the rest of the circuit is
unnecessary.
3
27 1C5
10K 4049
2 e
7 4 9 7 OUTPUT
DISCHARGE RESET 10 ) SET g 15 6 SET 5 A ADJUSTMENT
IC4a IC4b L 10K
4027 4027 se————> |V PEAK
3 NESSS ouT |2—_e00k: 3l cLock 3 cLock 3 TO PEAK
ek 0.005uF OUTPUT
TO LASER
&1 tHRreSHOLD /i . I /J»—)
K K
TRIGGER  GND RESET RESET 4
3 ) : /J7I2 /7'74
V4 20K *
0.01uF
b i Ics
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46  May 1979 © BYTE Publications Inc



The Only CO

The one computer reference
book that won’t go out of date.
Because we vow to supply
updates—free—to registered
Cookbook owners as long as we
keep our loose-leaf binder edition
in print. We’ll send you new
pages. You just pull out the old
and plug in the new.

Bad business? We don’t think
so. It’s our way of supporting the
people who supported us. After
all, the Cookbook is your book.
We’ve distilled the advice of
hundreds of computer owners

who’ve put together systems—

and had to make them work.
Working on a word processing
system? We offer a quick and
dirty hyphenation algorithm (used
in the early phototypesetter
machines) that you can do
yourself in BASIC—and we tell
you how the big machines do it.
Accounts receivable? We have
step-by-step recipes in our special
machine independent ‘‘Cook-
book’’ format—plus advice
on what hardware you need, and
how to hook it up.

And for fun, we tell you how to
do your astrological chart. Or tie

‘ Book You Need.

your computer to the New York
Stock Exchange. We even offer
Merrill Lynch, Pierce, Fenner,
and Smith’s commondity market
model—but offer no money-back
guarantee on that one. Plus
hardware profiles with the kind of
nitty-gritty details you won’t get
anywhere else.

And if the Cookbook doesn’t
cover your particular problem, let
us know—we just may solve it in
our next update. 'Cause if it isn’t
in the Cookbook, just wait—it
probably will be.

Yes, I’'m hooked. Ship me the Cookbook. | enclose $15 plus $1.50 shipping. (We always ship by UPS. However, allow
four weeks for ‘‘worse case’’ Cookbook supply problems. California residents add $.98 sales tax. Checks should be

payable to ‘‘The Computer Cookbook.’’ Or charge to Mastercharge or Visa).

Name

Street

City

State

Zip

for Mastercharge/Visa: Card Numbers

Signature

Expiration Date

The Computer Cookbook / P.O. Box 4084 /| Berkeley, CA 94704

See the Computer Cookbook at the 4th West Coast Computer F-.;ire May 11-12-13.
Our booth is Number 47— Downstairs in Brooks Hall, far left corner.
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Integrated circuits 1 thru 4 form a fre-
quency shift keyed demodulator with a TTL
(transistor-transistor logic) output which is
sent to a UART (universal asynchronous
receiver-transmitter). To tune this section,
first connect a 1200 Hz signal source to test
point 1. Turn potentiometer R2 until the
output amplitude of IC3 test point 4 peaks.
Then apply 2400 Hz to test point 1 and ad-
just R1 until the amplitude at test point 3
also peaks. R3 adjusts the ‘point at which
circuit’s output switches between logic
levels. It should be set to follow the input at
test point 1 with the shortest response time.

While the 15 per cent modulation could
be detected directly and converted to NRZ
(nonreturn to zero) formatted data, the re-
ceiver circuitry would be far more compli-
cated. The combination of amplitude and
frequency modulation techniques is intend-
ed to add significantly to the chances that an
experimenter will have success building it.
The critical parameters (as with any optical
system) are alignment and light level. And,
while you may not have to transmit a Red
Sox baseball game across two miles of New
Hampshire woods, it’s nice to know how if
you ever have to do it.

If you have any questions, ideas or com-
ments on Ciarcia’s Circuit Cellar please write
to me and enclose a self-addressed, stamped
envelope. I’'m always interested in knowing
what you readers think. Next month’s
“Circuit Cellar topic will be biofeedback.m

/I\ 35V : 15V
21 Lm3207-12 3L——b——4::>—|2v

Figure 10: A triple voltage power supply for the laser modulator.

computer mart of new jersey

computer mart of pennsylvania

the
microcomputer
people°®

Computers don"t make a
computer store, PEOPLE do. Our
people have been involved with
microcomputers since day one.
We offer experience and
expertise unparalleled in the
microcomputer industry. Whether
you are in the market for a
complete system, peripherals,
custom software, service, or just
some friendly advice; there simply
is no other place to go.

Computer Mart of New Jersey Computer Mart of Pennsylvania

501 Route 27 550 DeKalb Pike
Iselin, NJ 08830 King of Prussia, PA 19406
(201) 283-0600 (213) 265-2580
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1=o 0 (8 The Superboard 11

A Surprising Single Board Computer From OSI

Christopher Morgan
Executive Editor

My first experience with an Ohio
Scientific product (in fact, my first ex-
perience with a personal computer) was
with an OSI single board computer |
bought in 1976. The unit sold for $99 and
featured a row of eight switches and ac-
companying LEDs (light emitting diodes)
for entering machine language pro-
grams. It had 256 bytes of program-
mable memory, and no other 1/O (in-
put/output) besides the LEDs.

Much has happened to the personal
computer industry since then, and this is
reflected in OSl’s latest single board
computer, the Superboard Il. Actually a
stripped down version of the Challenger
1P, the Superboard Il is a no frills com-
puter with surprising capabilities. The
$279 price buys an assembled and tested
unit with a 53 key upper and lower case
keyboard on one board. The user must
supply a +5 V power supply and a video
monitor or TV set with RF (radio fre-
quency) converter in order to be up and
running.

The Superboard Il comes with a
machine language monitor and 8 K byte
Microsoft BASIC in read only memory, 4
K bytes of user memory, and a Kansas
City standard cassette interface. A 6502
processor forms the heart of the system.
An intriguing graphics package is also
supplied: the direct access video display
has 1 K bytes of dedicated memory.

BASIC PEEK and POKE commands
are used to create the video display. 256
special graphics characters can be call-
Photo 2: OSI Challenger 1P, electrically identical to the Superboard 11, ed by the user for special applications
but with power supply and case, for $349. including tanks and spaceships for

Photo 1: The Ohio Scientific Superboard Il single board computer,
which features a 6502 processor, expandability, an 8 K byte Microsoft
BASIC package on read only memory, and 1 K bytes of dedicated
memory for video, sells for $279. +5 V power supply not included.
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games, plus building block characters
for generating bar graphs and the like.

The Superboard 11 can also be bought
with a cabinet and power supply includ-
ed in the form of the Challenger 1P; the
price is $349 to which the cost of a
television monitor must be added.

A variety of software is available from
OS| for both units in the areas of games,
business software, and educational soft-
ware. Titles include: Tiger Tank; Lunar
Lander; Breakout; Presidents Quiz; Trig
Tutor; Math Think; Checking Account;
Advanced Mathematics; Definite In-
tegrals; Return on Investment; Load
Calculator; Cash Flow Analysis; and
many others.

Evaluation

Having an 8 K byte Microsoft BASIC
package on board the Superboard Il is a
real plus, especially when you consider
the price. | found the Kansas City stan-
dard cassette interface to be rather slow
when entering long programs, but pro-
grams are listed on the screen while be-
ing read —a real convenience. The 25
character by 25 line display format took
some getting used to, but the characters
are big and easily read. There is no provi-
sion for screen clear. Not mentioned in
the instructions is the fact that the
keyboard must be in upper case mode
for the user to enter programs and com-
mands. This is a minor point, but one
which might lead one to think that the
unit is malfunctioning.

One of the attractive features of this
computer is its expandability. The Super-
board Il (and the Challenger 1P) can be
expanded with the addition of a 24 K
byte programmable memory expander
board, dual 5 inch floppy interface, port
adapter for printer and modem, and an
OS| 48 line expansion interface. An
assember/editor and extended machine
code monitor are also available. The
unit can be upgraded to a 5 inch floppy
system called PICODOS for approx-
imately $650 additional cost. PICODOS
is a limited single drive system that gives
the user an 8 K byte work space and the
ability to store up to eight programs on
one disk. A full capability single drive
computer system can be had for under
$1000.

The Superboard Il is an excellent
choice for the personal computer en-
thusiast on a budget. &l

AOhyY reinvent
the woheeal?

Graham- ‘
turn-key pro
source...yo
And save month:

Here are sophtstloat
information processing |
professional. Graham
documented, including source code in each pa age
and easily understood operator instruction

All 0%rograms compatible with any Z—80
CP/M® system, and can be ordered in

eight-inch disk either double or single den
mini-floppy disk. Each package contains a disk with
CBASIC-2 compiler, CBASIC-2 run command,
XREF command, the Graham-Dorian software -
program in INT and BAS file form, plus a user’s
manual and hard copy source listing. Average 185K
of programs per package.

e Inventory Package — Can be connected with
cash register for point of sale inventory control.
Number of on-line items limited only by disk space
available.

e Cash Register Package — Creates daily sales
reports containing information on gift certificates,
paidouts, overrings, refunds, and how much in
each category a salesperson sold.

e Payroll Package — Handles 100% of all
necessary payroll functions including state income
tax tables for your state. Ideally suited for both
large and small companies.

gartment Package — Said one user,
bvnously, this was developed by apartment
owners.” The package fills virtually all the needs of
apartment owners and managers. Ideal for
projects with 75 units or more.

$695.00 for any package listed above. Any single
package order includes free CBASIC-2.

Send for detailed packet of information explaining
capabilities of each program and sample runs. Or,
phone our software technicians.

Watch for new Graham-Dorian Software Program
releases. Attractive dealerships available.
Graham-Dorian Software Systems
programs are copyrighted and require
licensing agreement.
( Visa and Master Charge accepted.
Graham Dorian Software Systems

A Division of Graham-Dorian Enterprises
211 N. Broadway / Wichita, KS 67202
(316) 265-8633
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Single Chip

Video Controller

Bob Haas Several semiconductor manufacturers

20887 SW Willapa Way have recently produced video display con-
Tualatin OR 97062 trollers contained on a single integrated

circuit. While none of these is the “video
terminal-on-a-chip”’ that some of the pub-
licity would have you believe, these new
devices perform many of the functions re-
quired in a video display, thereby reducing
the number of integrated circuit packages
required. In addition, they are all program-
mable to some degree, which allows adding
new features to an existing design at low
incremental cost, or changing display for-
mats if required by changing needs. These
characteristics make these devices particu-
larly interesting to a computer experimenter.
A user might start with a 16 line, 64 char-
acter, upper case only display, and as re-
quirements (and budget) increase, convert to

About the Author:

Bob Haas leads a double life: by day he designs 6800 systems (for
Tektronix’s 4051 group); and by night he works on 6502 systems (on his
own KIM-1 system). He uses the MC6845 display system described in this
article with his KIM-1.

Acknowledgment

The author wishes to thank Mr Hank Trieckel of Motorola, Inc for his assistance
in the preparation of this article.
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a “professional” 24 line, 80 character, upper
and lower case format just by adding more
memory and a new character generator.

In this article, | will present a survey of
the characteristics of four video display con-
trollers, namely, the Intel 8275, the Motor-
ola MC6845, the NS (National Semicon-
ductor) DP8350, and the SMC (Standard
Microsystems Corporation) 5027. In addi-
tion, | will present a detailed description of
the Motorola part and a design for a display
using that device.

Device Characteristics

Table 1 summarizes the important char-
acteristics of each device. All of the devices
are programmable. The Intel, Motorola, and
SMC parts are programmed by the micro-
processor system to which they are attached.
This means that when the system is powered
up, a program must be executed to initialize
the display controller, before a proper dis-
play will appear on the display screen.

The display formats of the Intel and
Motorola devices are, within limits, com-
pletely variable. For the Motorola part, any
line width from 1 to 256 characters can
be chosen. (Of course, these limits are un-
reasonable values; the actual limits are deter-
mined by the display timing constraints, an
example of which will be given in the de-
tailed discussion of the Motorola unit, later
in this article.) The SMC 5027 is manu-
factured with a fixed “menu’’ of line widths,

Text continued on page 56



APPLE HI-RES GRAPHICS: The Screen Machine by Softape=

SPRAGUE UDN 28418
Hish Current Drivers
SCHEMATIC (each driver)

The Scregen Machine

Hi-res Character

Generator

by Bill Depew
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logd characters
. save characters

exit program

Open the manual and LOAD the cassette. Then get ready to explore
the world of Programmable Characters’ with the SCREEN MA-
CHINE™. You can now create new character sets — foreign alpha-
bets, electronic symbols and even Hi-Res playing cards, or, use the
standard upper and lower case ASCI| character set.

The “SCREEN MACHINE" lets you redefine any keyboard character.
Just create any symbol using a few easy key strokes and the “SCREEN
MACHINE" will assign that symbol to the key of your choice. For
example: create a symbol, an upside down ““A’" and assign it to the
keyboard ‘A’ key. Now every time you press the ‘A’ key or when the
Apple prints an ‘A’ it will appear upside down. Any shape can be
assigned to any key!
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My MOVE: 13,8 13,11 W

MICROGAMMON 1.0 Learn, practice and inhance your Backgammon
ability with a true competitor. . . . . .. ... ... ... ... $14.95

APPLE-LIS'NER Voice recognition Software. Create your own pro-
grams which ‘listen’ and understand 31 spoken words — English or
Foreign. No hardwareneeded . . . . . .. ... ... ...... $19.95

APPLE TALKER Your Apple’s voice. Create programs which talk to
you in English or Spanish or any language. . . . .. .. .. .. $15.95

JUPITER EXPRESS Command your ship thru the hazards of the
Asteroid belt between Mars and Jupiter . . . . . .. ... .... $9.95

FORTE' A music language, written like basic, you use line numbers
for your notes. You can trace line numbers or notes. You can even
print the words of any song. Save your song to your Disk . $19.95

FORTH 1C Is the creation of Wm. Graves. This language gives you
faster execution of programs than basic and is easier to program than
machine language. Our 100 page manual will teach you everything
you will need. FORTH JCcomes complete with demo programs on
one Apple diskette . « « « = = + & 5% & 5 w5 % i Brm 8 b w W $49.95

WHERE TO GET IT: Look for the SOFTAPE Software display in
your local computer store. Apple dealers throughout the United
States, Canada, South America, Europe and Australia carry the
SOFTAPE Software line of quality products.

If your local dealer is sold out of SOFTAPE Software you can order it
direct from us by check or Visa/Master Charge. If you have any ques-
tions please call us at:

s 1-213-985-5763

VISA
Or mail your order to the address below. We’ll add your name to our
mailing list for free literature and announcements of new products.

OFTAPE

10432 Burbank Blvd. ¢ North Hollywood, CA 91601

Circle 329 on inquiry card.

master chargs.

THE INTERBANK GARS.

The “SCREEN MACHINE" gives you the option of saving your
character symbols to disk or tape for later use. There is no compli-
cated ‘patching’ needed. The SCREEN MACHINE is transparent to
your programs. Just print the new character with a basic print state-
ment. The “SCREEN MACHINE"" is very easy to use.

Included on the cassette are Apple Hi-Res routines in SOFTAPES
prefix format. You can use both Apple’s, routines and the SCREEN
MACHINE to create microcomputing’s best graphics.

% FORTE %
AN INTERPRETIVE HUSICAL LANGUAGE
BY GARY J. SHANNON
COPYRIGHT (C) 1979 BY SOFTAPE

BRIGHT PEN What is the difference between a light and a Bright
Pen? Intelligent Software and extensive documentation . . . . $34.95

| APPLE-Liswon

THE SLecrronic
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For your SWTP 6800 Computer

-- %-H(:(IM' .

Ready to plug in and run the moment you receive
it. Nothing else to buy, no extra memory. No
“booting” with PerCom MINIDOS™, the remark-
able disk operating system on EPROM. Expand-
able to either two or three drives. Outstanding
operating, utility and application programs.
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For more
information
see your local
PerCom dealer
or call
toll free
1-800—527—1592

’ shtpping paid

PERGUM

PERCOM DATA COMPANY, INC
211 N Klrby Dept B Garland, Texas 75042
@i 2rzeaz
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For the low $599.95 price, you not only get the disk drive, drive power
supply, SS-50 bus controller/interface card, and MINIDOS™, you also
receive:

e an attractive metal enclosure e a fully assembled and tested inter-
connecting cable @ a 70-page instruction manual that includes operat-
ing instructions, schematics, service procedures and a complete list-
ing of MINIDOS™ e technical memo updates — helpful hints which
supplement the manual instructions e a 90-day limited warranty.

SOFTWARE FOR THE LFD-400 SYSTEM
Disk operating and file management systems

INDEX™ The most advanced disk operating and file management
system available for the 6800. INterrupt Driven EXecutive operating
system features file-and-device-independent, queue-buffered
character stream I/0. Linked-file disk architecture, with automatic file
creation and allocation for ASCII and binary files, supports sequential
and semi-random access disk files. Multi-level file name directory
includes name, extension, version, protection and date. Requires 8K
RAM at $A000. Diskette includes numerous utilities . ... .... $99.95
MINIDOS-PLUSX An easy-to-use DOS for the small computing sys-
tem. Supports up to 31 named files. Available on ROM or diskette
complete with source listing..............coovvveiiaa.. $39.95
BASIC Interpreters and Compilers

SUPER BASIC A 10K extended disk BASIC interpreter for the 6800.
Faster than SWTP BASIC. Handles data files. Programs may be
prepared using a text editor described below . ............. $49.95
BASIC BANDAID™ Turn SWTP 8K BASIC into a random access data
file disk BASIC. Includes many speed improvements, and program
QISICCHAINING G = s 5o e ses et A eleaie o o s s $17.95
STRUBAL +™ A STRUctured BAsic Language compiler for the pro-
fessional programmer. 14-digit floating point, strings, scientific func-
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor
(see below). Use one of the following text editors to prepare programs.
Complete with RUN-TIME and FLOATING POINT packages $249.95

Text Editors and Processors

EDIT68 Hemenway Associates’ powerful disk-based text editor. May
be used to create programs and data files. Supports MACROS which
perform complex, repetitive editing functions. Permits text files larger
than available RAM to be created and edited . ............. $39.95
TOUCHUP™ Modifies TSC'’s Text Editor and Text Processor for Per-
Com disk operation. ROLL function parmits text files larger than
available RAM to be created and edited. Supplied on diskette com-
plete with sourcelisting ..................cc.oiiina... $17.95
Assemblers
PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options
at time of assembly with this symbolic assembler. Source listing on
(o = o e L S o e $29.95
MACRO-RELOCATING ASSEMBLER Hemenway Associates’
assembler for the programming professional. Generates relocatable
linking object code. Supports MACROS. Permits conditional
ASSOMDIYix o s oot s earis s s st s st at ) 8 sl e e Faiaetedatss s $79.95
LINKAGE EDITOR — for STRUBAL+™ and the MACRO-Relocating
ASSEOMDBIET cios - o: ¢ i hiamrin = s s ke ks e o s AR s $49.95
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file ............ $29.95
Business Applications

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts.
Financial information immediately available — no sorting required.
Audit trail information permits tracking from GL record data back to
source document. User defines account numbers ........ $199.95
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power-
ful search, sort, create and update capability .............. $99.95
PERCOM FINDER™ General purpose information retrieval system
andidatalbaseimanagers . e e e s ot $99.95
™ trademark of PERCOM Data Company, Inc.

Ordering information
To order, call toll free 7-800-527-1592. MC and VISA welcome. COD
orders require 30% deposit plus 5% handling charge. Allow three
weeks for delivery. Allow three extra weeks if payment is by parsonal
check. Texas residents add 5% sales tax.

PERCOM ‘peripherals for personal computing’

Circle 301 on inquiry card.
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| Dual and triple drives
| also available.
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Intel
8275

Motorola
MC6845

National
Semiconductor
DP8350

Standard
Microsystems Corp
5027

Format fully programmable | fully programmable | mask programmable | programmed options
Lines by Characters to 64 by 80 to 128 by 256 to 64 by 110 to 64 by 132
Microprocessor 8080 family all all all
Compatability (direct memory

access only)

Simplest System
Interface

direct memory
access via Intel

shared memory

shared memory

shared memory

8257

Display Memory 64 K 16 K 4 K 4 K

Size (maximum)

Addressing linear linear linear row/column

Scrolling line, character, page | line, character, page | line, character, page |line only

Cursor blink or steady. blink or steady. reverse video or reverse video or
reverse video or reverse video or underline, no blink | underline, no blink
underline underline

Interlace none video, or video and |none none or interlaced

sync, or none sync and video

Light Pen yes yes no no

Graphics Capability limited full full full

Process MOS MOS 1L MOS

Power +5 V +5V +5 V +5, +12 V

Other Features on board line high-speed timing self-loading for stand-

(see text) buffers; visual on board alone use

attributes

May 1979 © BYTE Publications Inc

Table 1: Summary of characteristics of four video display controllers.

Text continued from page 52:

such as 20, 32, 40, 64, 72, 80, 96, and 132
characters, from which the initialization
program can choose.

The NS DP8350 is mask programmed. Its
characteristics are set by internal read only
memories, the contents of which are deter-
mined when the device is manufactured.
Changing the display format with this part
means unplugging the current unit and plug-
ging in a differently manufactured unit. A
number of stock formats, among them 24
lines by 80 characters, will be available, but
if your particular needs are not met by a
stock part, you must contract with NS to
program a custom part, agree to purchase a
certain quantity, and perhaps pay a one
time mask charge.

The SMC part has the ability to load its
format parameters at power-up from an
external read only memory, so that it does
not have to be part of a microprocessor
based system at all. It can therefore be used
in a so-called “dumb’’ terminal.

All of the devices may theoretically be
interfaced to any microprocessor, but prac-
ticalities limit the choices. The Intel part,
being part of the 8080 family, is designed to
interface to 8080 based systems via DMA
(direct memory access) through the Intel
8257 DMA controller. This makes it difficult
to interface the Intel part to non8080 sys-
tems. In fact, since many people’s S-100 bus
8080 systems will not support direct mem-

ory access, the Intel part would be difficult
to interface even to these systems.

The Motorola MC6845, a member of the
Motorola 6800 family, is easily interfaced to
6800 and 6502 systems, and can be inter-
faced to 8080 and Z-80 systems. The NS and
SMC parts have system interfaces similar to
the Motorola part. The simplest method of
interfacing the latter three parts is by means
of shared memory, wherein the display
memory appears to the processor to be
ordinary programmable memory.

Memory Usage

The maximum size of the display refresh
memory for each part is limited by the num-
ber of refresh memory address lines coming
out of the package. The Motorola part has
14 address lines, and the NS and SMC parts
each have 12. The Intel part has access to
the entire system memory through an
attached direct memory access controller,
and the system memory may be as large as
64 K (65,536) bytes. The Intel, Motorola,
and NS parts access linear (sequential) re-
fresh memory addresses, so there is a simple
relationship between the refresh memory
address of a given character and its position
on the display screen.

The SMC 5027, however, outputs ad-
dresses in a row and column format which
(without the addition of hardware to do ad-
dress translation) causes inefficient use of
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Horizon Disk Capacity
Keeps Growing

The Horizon is now capable of 720K
bytes on-line! The Horizon can connect
to four double density 5%4” single-sided
disk drives. Each of those drives can
access 180K bytes of information. A
four drive system accesses 720K bytes!

That's capacity you don‘t usually find in
a microcomputer, but there's even
more to come! The North Star disk con-
troller board is designed so that two-
sided disk drives may be added as
soon as they become available from
North Star.

ExistingHorizons will accommodate the
new two-sided drives so North Star
owners can simply add additional
drives to up-grade their system. Each
two-sided drive will access 360K bytes!
That means the maximum on-line disk
storage for the Horizon will increase to
over 14 million bytes!

New Cabinet
for Disk Drives

North Star additional disk drives are
now available with the same high
quality wood cover as the Horizon
computer! The Additional Drive
Cabinet (ADC) is designed to accept
either one or two drives for the Horizon
or for mounting North Star Micro Disk
System drives. Like the Horizon, the
ADC is available with either wood or
blue metal cover. Included is a new
power supply capable of powering
one ortwo drives. The ADC is $129 in kit
form. Assembled, with one drive the
ADC is $599, with two drives $999.

Pascal Now Available
for Horizon

The much-heralded Pascal language
is now being offered for use with the
North Star Horizon computer. North

Inside view of Horizon with processor
board, RAM board, disk controller, two
drives, and power supply.

Star, with the co-operation of the Uni-
versity of California at San Diego, is
now delivering a Pascal Program De-
velopment system. North Star Pascal is
ideally suited for developing large
programs because of features such as:
long variable names, block-structured
control statements, and compilation.
North Star Pascal is available on 5Ya”
diskettes for use with the Horizon or
Micro Disk System. North Star Pascal
will operate with either the Z80 or 8080
miCroprocessor.

Pascal, including documentation, is
available in either single or double
density versions for $49.

An auxiliary Pascal diskette, contain-
ing an 8080/Z80 assembler and some
additional Pascal utilities, is available
for $29. Complete information is avail-
able at your local retail computer
store.

Circle 285 on inquiry card.

First Double Density,

Now Double Memory
The new North Star 32K RAM board
(RAM-32) has doubled the memory
density of the popular Horizon compu-
ter. Available either with the Horizon or
other S-100 bus computers, the RAM-32
runs at full speed—no wait states —
with the 4 MHz Z80A microprocessor
(as well as with slower Z80 and 8080
processors). Addressability of the
RAM-32 is switch-selectable in four 8K
regions.

North Star RAM features like bank-
switching and parity checking are
standard. The parity checking capa-
bility means that the RAM-32 is con-
stantly diagnosing itself. That's a plus
for your system. The fact that parity
checking is a North Star RAM-32 stan-
dard is a plus for your pocketbook!
There is no extra charge for this impor-
tant capability.

A Horizon with 48K of RAM can be con-
figured by using one North Star 16K
RAM board and a RAM-32. Need
more memory? 56K canbe configured
by using two RAM-32 boards with one
8K region switched off.

NORTH STAR MDS, ZPB,
FPB FOR OTHER
S-100 COMPUTERS

Upgrade your system with these North
Star products — available for any S-100
computer: Micro Disk System —a
complete 5%4" floppy disk system, Z80
Processor Board, or the Hardware
Floating Point Board.

Horizon and RAM board prices are:
Kit Assembled

Horizon - 1-16K $1699 $1899
Horizon - 1-32K 1849 2099
Horizon - 2-32K 2249 2549
RAM-32 599 659
RAM-16 399 459

4 Atypical Horizon configuration: CRT, Hori-
zon computer, Additional Drive Cabinet
(ADC).

NorrhStc%(A

Computers

2547 Ninth Street
Berkeley, California 94710
(415) 549-0858
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display memory when the display dimen-
sions are not integer powers of 2. For exam-
ple, building a 24 line by 80 character
display with the SMC part would require a
refresh memory that is 24 by 128, or 3,072
bytes total. Of these, 1,152 bytes would not
be displayed. Also, a program to manage the
display would have to perform row and
column calculations to locate a given screen
position. Of course, additional hardware
could be added to “linearize” the addresses,
but this defeats the purpose of using one of
these devices, namely, the reduction of
hardware.

Scrolling and Cursing

All of the devices provide scrolling, that
is, the ability to move data around on the
display screen without actually moving the
data in the refresh memory. The SMC device
provides line scrolling only. An example of
scrolling using the Motorola part is given in a
later section of this article.

All the parts provide for the generation of
a cursor (ie: some way for a human oper-
ator to determine the position at which the
next character entered from a keyboard will
be placed on the display). The Intel and
Motorola devices allow a steady or blinking
cursor consisting of an underscore or a re-
verse video (black on white) block. The NS
and SMC parts allow for underscore or re-
verse video, but do not provide blinking.

Video Signal Characteristics

A standard North American television
picture is composed of two frames of 262>
scan lines each, with scan lines from alter-
nate frames interlaced vertically the width of
one line, so that the resultant picture has
525 scan lines. Many computer video dis-
plays use only about 262 scan lines, and are
not interlaced. This limits the maximum
number of character rows on a display to
about 25.

The Motorola part allows the use of
interlacing to produce an aesthetically more
pleasing display by doubling character dots
vertically. This fills in what might otherwise
be spaces on a high-resolution display. This
is called Jnterlaced sync, in Motorola’s
terminology. The Motorola and SMC parts
also provide for interlaced sync and video,
in which all 525 lines can be used for charac-
ter formation, allowing as many as perhaps
50 character rows per display. The use of
interlace does cause a flicker effect on
ordinary white phosphor (P4) monitors, but
computer experimenters with long per-
sistence, green phosphor (P39) monitors
may want to consider using interlace.

Other Features

The Intel and Motorola circuits provide
support for a /ight pen, that is, a light-
sensitive ‘‘wand’ used by the display oper-
ator to point to areas on the display screen
to signify something to the attached sys-
tem. This requires additional hardware to
implement.

The data displayed on the screen by the
display controller need not be dot patterns
from a character generator read only mem-
ory. They might be dots forming part of a
graphic image. Except for the Intel part,
the display controllers support whatever
graphics-generation hardware the system
designer cares to attach to them. The Intel
part is limited in this area because of its
line buffers, which orient it toward char-
acter generation only (more on this later).

The Intel, Motorola, and SMC display
controllers are manufactured by the MOS
(metal oxide semiconductor) process, and
do not include the so-called high-speed
timing function of a display on the device.
The National part, however, uses an 2L
(integrated injection logic), with none of the
speed limitations of MQOS, so it does include
the high-speed timing functions. This inclu-
sion helps to reduce external parts count. (A
discussion of just what these timing func-
tions are follows in a later section of this
article.)

As mentioned earlier, the Intel display
controller must interface to asystem through
a DMA controller such as the Intel 8257.
The Intel display controller incorporates two
80 character line buffers. While it is display-
ing a row of characters from one line buffer,
it fills the second line buffer from the mem-
ory by ‘‘stealing” some memory cycles. It
then uses the second line buffer for display
and fills the first line buffer from the third
row of characters, and so on. The timing for
a 24 line by 80 character display is such that
up to 25 percent of a system’s memory
cycles may be taken by the display con-
troller action. The Intel part’s line buffers
store 7 bit characters, so the graphics achiev-
able with this part are limited to what can be
displayed with a 128 character set, aug-
mented by character-set switching (using
additional hardware).

A distinguishing feature of the Intel part
is support for visual attributes. With only
minimal external hardware, blocks of char-
acters can be made to blink, be highlighted
(higher than normal brightness), be reversed
(black on white), be underlined, or have any
combination of these four qualities. In addi-
tion, two more attribute signals are provided
that could provide color selection on a color
display.
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s, xpanded Tiny BASIC Board
i puts this high-level language
onyour VIP. BASIC stored <
in 4K of ROM. Ready forim-
mediate use—no loading
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—including
color and sound control!
Requires external ASCI|

Music. VP-550 Super Sound Board turns your VIP into a music | Eg;gg;gdél aréa;—numenc

synthesizer. 2 sound channels. Program control of frequency,
time and amplitude envelope (voice) independently in each
channel. Program directly from sheet music! Sync provision
for controlling multiple VIPs, multitrack recording or other
synthesizers. $49°

Color. VP-590 add-on Color Board allows program M >
control of 8 brilliantcolors forgraphics, colorgames.
Plus 4 selectable background colors. Includes
sockets for 2 auxiliary keypads (VP-580). $69*

Sound. VP-595 Simple Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
with easy instructions. $24

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protect switch. $95*

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-volt 2716 EPROMs—comparable to units .
costing much more than the VP-565 and VIP put \\
together! Programming voltages generated on _ ~
board. ZIF PROM socket included. $99* g N

EPROM Interface. VP-560 EPROM Interface
Board locates two 5-volt 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34*

Auxiliary Keypads. Program
your VIP for 2-player inter-
action games! 16-key keypad
VP-580 with cable ($15%)
connects to sockets pro-
vided on VP-590 Color Board
or VP 585 Keyboard Interface
Card ($10%).

ASCII Keyboard:* Fully encoded, 128-character ASCI|
encoded alpha-numeric keyboard. 58 light touch keys
including 2 user defined keys! Selectable upperand lower
case. Handsomely styled. Under $507

COSMACVIP lets you add
computer power a board at a time.
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With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby-

easy to program and operate.
Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-
puter store or electronics

ist. And the basic VIP com- NS parts house. Or contact

puter system starts at just $249* assembled RCA VIP Marketing, New Holland Avenue,

and ready to operate. Lancaster, PA 17604. Phone (717) 291-5848.
SImp|e but powerful_not just a toy_ *Suggested retail price. CDP18S711 does not include video monitor or cassette recorder.

“*Available 1st Quarter, 1979.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter- The fun way
face relays, sensors or other peripherals. It's into computers.
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Figure 1: Block diagram of a conventional video display which uses TTL (transistor-transistor

logic) integrated circuits.

A Conventional Display Design

To understand what the single integrated
circuit video display controllers do, it is
helpful to understand what functions a video

Photo 1: Video display circuit constructed from TTL (transistor-transistor
logic) devices. This is the same TTL circuit discussed in the article text.
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display circuit must perform, and how those
functions can be carried out with conven-
tional TTL (transistor-transistor logic). Fig-
ure 1 shows the block diagram of such a dis-
play. A total of 32 packages (including the
memory and character generator circuits) is
required. The design is optimized for a 16
line, 64 character format. It uses the shared
memory type of interface to the system.
This interface scheme is simpler to imple-
ment, and faster for sytem updates, than the
cursor control interface used in TV Type-
writer designs, but it does suffer from a
“snow” effect when the system updates
the display.

A 9 MHz crystal oscillator provides the
timing for the entire display. The 9 MHz
signal is used to clock the shift register that
feeds dots (or pixels) to the video combiner
circuit, hence it is called the ‘“dot clock.”
The character generatorisa 5 dots horizontal
by 7 dots vertical unit. The dot clock fre-
quency is divided by 6 to allow for the 5
horizontal dots in each character, plus one
blank dot space between characters. The
dot clock divided by 6 is called the character
clock, and it controls the transfer of char-
acters between portions of the circuit.

The horizontal timing circuit is driven by
the character clock. This circuit counts to
95, then resets itself to O; therefore there are
a total of 96 character intervals in each hori-
zontal scan. The character clock rate of 1.5



MHz (9 MHz divided by 6) yields a character
time of 0.666 us. 96 character intervals per
horizontal scan yield a scan time of 63.94
us, or a frequency of 15,640 Hz, close to the
television standard. Of the 96 character
intervals, 64 are displayed, and 32 are
blanked.

At the end of each horizontal scan,
another counter, the scan line counter, is
incremented. It counts to 8, then resets itself
to 0. Its output is connected to the character
generator, to cause the character generator
to output the correct line of dots for each
scan line. Scan lines 0 and 8 are blank, be-
cause the character generator puts out no
dots for these lines. There are, therefore,
two blank scan lines between rows of char-
acters. When the scan line counter resets to
0, the vertical (row) counter is incremented.
The vertical counter counts to 28, then re-
sets to 0. The first 16 counts are used to
display character rows, and the remaining 13
are blanked. The 29 rows of nine scan lines
each vyield a total of 261 scan lines per
frame, a vertical scan time of 16.69 ms
(63.94 us times 261), and a vertical fre-
quency of 59.9 Hz, close enough to 60 Hz to
minimize any shimmy problems in the dis-
play caused by power supply ripple or mag-
netic fields.

The addresses supplied to the refresh
memory are produced by the horizontal
(character) timing and the vertical (row)
timing. The vertical address is incremented
only when the scan line counter resets, so

ALAAMAAAAMALAAAI

Photo 2: Printed circuit board from photo 1 after modification. Observe the
wiring changes and “‘kRluge board” attached to the back side of the board. The
small kluge board contains the Motorola MC6845 video display processor,
which has been grafted onto the original circuit. A mirror was used to show

front and back sides simultaneously.

« Mechanism or complete assembly
+» 80-column friction feed

+ 80-column tractor feed

+* 132-column tractor feed

FEDERAL &nincai

\TELEX 732211 TWX 910-860-5529

IMMEDIATE DELIVERY
MODEL 40 300 LPM PRINTERS

INTERFACES

« EIA-RS232

« Simplified ElA-like interface
 Standard serial interface

» Parallel device interface

11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644,

TELETYPES’

MODEL 43 TERMINALS

* 4310 RO (Receive Only)
* 4320 KSR (Keyboard Send-Receive)
» 4340 BSR (Buffered Send-Receive)

INTERFACES

* TTL Serial
* EIA RS232 or DC20 to 60ma
* 103-type built-in modem

2
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Figure 2: Block diagram of a video display utilizing the Motorola MC6845 video display controller.
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that a given row of 64 characters of refresh
memory is scanned nine times, in order to
“paint” all seven scan lines of the characters,
plus two blank lines. When the scan line
counter resets, the vertical counter is incre-
mented so that the next row of 64 charac-
ters may be scanned. In order to center the
display, the vertical sync pulse is produced
at about the 22nd character row, and the
horizontal sync pulse at about the 80th
character interval.

The circuit includes the capability of re-
versing (ie: converting to black on white)
any character with bit 7 (the most signifi-
cant bit) on. This.-can be used to highlight
blocks of text, or generate a cursor.

Normally the refresh memory is con-
nected to the vertical and horizontal timing
circuits through a multiplexer, which can be
thought of as a 10 pole, 2 position switch.
When the processor wants to update the dis-
play, control circuitry switches the multi-
plexer so that the address the processor
wants to update is supplied to the refresh
memory instead of the address the timing
circuits would be supplying. The processor
reads or writes the location. The memory
output is probably not correct for the dis-
play at that moment, so a segment of a dif-
ferent character is substituted for the correct
one, producing the snow effect if extensive
updates are being performed. The snow can
be eliminated by allowing the processor to
access the refresh memory only when the
display is blanked, but | did not include cir-
cuitry for this in my design.

Using the Motorola MC6845 Display
Controller

Figure 2 shows the block diagram of the
display redrawn using the Motorola MC6845.
The change is not striking. The 6845 has re-
placed only three blocks, namely, scan line
timing, vertical (row) timing, and horizontal
(character) timing. The circuit using the
6845 has five fewer packages. The 6845
occupies about the same amount of board
space, consumes about the same amount of
power, and costs more than the TTL pack-
ages it replaces. What have we gained by the
replacement? For the person who is per-
fectly happy with the 16 by 64 TTL design,
nothing. However, the advantage of the
6845 lies in its programmability. The charac-
teristics of the display of which it is a part
are easily changeable. This means that the
same circuit can provide formats other than
16 by 64, such as 25 by 40, 14 by 72, and
12 by 80. The 6845 provides hardware
scrolling, a blinking cursor (in addition to
the selectable reverse video carried over from
the all TTL circuit), support for a light pen,
and three interlace options.

The programmability of the 6845 is in
one way a slight disadvantage. An initializa-
tion program must be run by the system be-
fore the display will start up. The TTL ver-
sion starts displaying immediately upon
power-up, although the display will show at
first whatever random characters the refresh
memory contains at power-up.

Motorola’s diagram of the 6845’s internal

Circle 335 on inquiry card. eemseps
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Figure 3: Functional block
diagram of the Motor-
ola MC6845 video display

controller.

Diagram used

by permission of Motorola
Semiconductor Products,

Inc.
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structure is shown in figure 3. The charac-
teristics of the display are set by values
stored in the 6845’s internal registers by a
program run on the system processor. Some
of the registers are written only once, at sys-
tem power-up, to establish the format of the
display. Other registers are updated period-
ically as part of normal display usage.

In order for the system to access the

6845’s internal registers, the device is con-
nected to the system data bus, the system
¢, (phase 2) and R/W (read/write) control
lines, to an address decoder, and to address
bus line 0. The display now responds to two
sets of addresses — 1,024 addresses cor-
responding to the 1,024 screen positions,
and to two additional addresses used to ac-
cess the 6845’s internal registers. | will call
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Listing 1: [Initialization
routine for MC6845 as
coded for the 6800 micro-
processor.

Listing 2: [Initialization
routine coded for the
6502 microprocessor.

Photo 3: Display gener-
ated by MC6845 con-
trolled circuit. The 12 line
by 80 character format is
shown. Parameters illus-
trated are values placed
in 6845 registers by pro-
gram executing on the
main system processor. A
10.275 MHz crystal is used
to correct for severe over-
scan in the author’s moni-
tor.

Photo 4: MC6845 circuit
generated display using 16
line by 64 character for-
mat. Parameters shown
and referenced are correct
for 10.275 MHz crystal,
which was left in place
after demonstrating 12 by
80 format. See table 2 for
parameters appropriate for
9.0 MHz crystal.
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0200 5F CRTINI CLR B INIT REG #
0201 CE 0213 LDX #TABLE INIT TABLE PTR

0204 F7 E800  CRTLP STA B CRTC STORE REGISTER NUMBER
0207 A6 00 LDA A 0,X GET TABLE VALUE

0209 B7  ES801 STA A CRTC+1 STORE IN REGISTER

020C 08 INX NEXT TABLE VALUE

020D 5C INC B NEXT REGISTER NUMBER
020E C1 10 CMP B #16 LAST REGISTER?

0210 26 F2 BNE CRTLP REPEAT IF NOT LAST

0212 39 RTS RETURN TO CALLER

0213 TABLE FCB $5E,$40,$4D,$08

0217 FCB $1C.$02,$10,$16

021B FCB $00,$08,$40,$08

021F FCB $00.$00,$00,$00

0200 A2 00 CRTINI LDX #0 INIT REG AND TAB PTR
0202 8E 00 E8 CRTLP STX CRTC STORE REGISTER NUMBER
0205 BD 11 02 LDA TABLE,X GET TABLE VALUE

0208 8D 01 E8 STA CRTC+1 PUT VALUE IN REGISTER
020B E8 INX NEXT REGISTER

020C EO 10 CPX #16 LAST?

020E DO F2 BNE CRTLP REPEAT IF NOT

0210 60 RTS RETURN TO CALLER

0211 TABLE BYTE $5E,$40,$4D,$08

0215 BYTE $1C.$02,$10,$16

0219 BYTE $00,$08,$40,$08

021D BYTE $00,$00,$00,$00
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these latter addresses X and X+1; with the
6845’s RS (register select) line connected to
system address line O (the least significant
bit), these will be consecutive addresses.

The first address, X, is the 6845’s
“pointer” register, which determines which
register is accessed through address X+1. To
write to a particular register, store the regis-
ter number at X, and the desired value at
X+1. A routine to initialize the 6845 coded
for the 6800 is shown as listing 1, and a ver-
sion for the 6502 as listing 2. The 6502 ver-
sion is slightly shorter, because the 6502’s X
register can be used both as a table pointer
and as the 6845 register number.

Table 2 summarizes the function of each
register and the values to be programmed
into each register for three formats: 16 lines
by 64 characters, 25 by 40, and 12 by 80.
The detailed function of each register and
the calculation of the values for the 16 by
64 format are as shown in the following
seventeen examples.

RO Horizontal total. This register is pro-
grammed with one less than the total num-
ber of character intervals in a horizontal
scan. A value of 94 provides for a total of 95
character intervals. This produces slightly
better overall timing than the value of 96
character intervals used in the TTL circuit.
The horizontal scan time is 95 X 0.666
us = 63.27 us, for a frequency of 15,800 Hz.

R1 Horizontal columns displayed. A value
of 64, equal to the number of characters
displayed, is used.

R2 Horizontal sync position. A value of
77 specifies that the horizontal sync pulse is
to start at the 77th character position. This
value centers the display on my particular
monitor, but may be varied as needed for
other monitors.

R3 Horizontal sync width. This is spec-
ified in number of character intervals. A
value of 8 yields a sync pulse width of 5.33
us, close to the television standard.

R4 Vertical total. This register is pro-
grammed with one less than the total num-
ber of character rows. A value of 28 speci-
fies 29 character rows.

R5 Vertical total adjust. This register
allows adding additional scan lines to the
vertical display time to trim the vertical scan
frequency, if required to bring it close to the
power line frequency (to minimize display
“shimmy”’). A value of 2 is used here.

R6 Vertical rows displayed. This register
is programmed with the number of char-
acter rows to be displayed, 16.

R7 Vertical sync position. A value of 22
specifies that the vertical sync pulse is to be
produced at the 22nd character row, which
centers the display on my monitor. Other
monitors may require a slightly different

Value for
Register Function 16 by 64 25 by 40 12 by 80
RO horizontal total 94 (5E) - 110 (6E)
R1 horizontal cols. displayed | 64 (40) 40 (28) 80 (50)
R2 horizontal sync position 77 (4D) 66 (42) 90 (5A)
R3 horizontal sync width 8 (08) - —
R4 vertical total 28 (1C) - 27 (1B)
R5 vertical total adjustment 2 (02) — 5 (05)
R6 vertical rows displayed 16 (10) 25 (19) 12 (0C)
R7 vertical sync position 22 (16) 27 (1B) 22 (16)
R8 interlace mode 0 (0) — =
R9 maximum scan line 8 (08) — =
R10 cursor start 64 (40) — —
R11 cursor end 8 (08) — —
R12 refresh start address 0* — -
(high order)
R13 refresh start address o* — =
(low order)
R14 cursor address o* — =
(high order)
R15 cursor address 0* — =
(low order)
R16 light pen (high order) it
R17 light pen (low order) e

Table 2: Appropriate values to-be stored in internal registers of MC6845 for
several display formats. The decimal representation is given first, and the
hexadecimal representation follows in parentheses. The values marked by one
asterisk (*) may be updated during display usage. The positions marked by
two asterisks (**) are for a light pen; this design does not provide for a light
pen. The values given for the 12 line by 80 character format should be used
with a 10.275 MHz crystal. The values for the 16 by 64 and 25 by 40 formats

are specified for a 9.0 MHz crystal.

Value Stored in R10
(decimal) Result
0 nonblinking reverse block
8 nonblinking underscore
32 or 40 no cursor
64 fast blinking reverse block
72 fast blinking underscore
96 slow blinking reverse block
102 slow blinking underscore

Table 3: Summary of cursor options for Motorola MC6845. To produce
results shown in table, a value of 8 must also be stored in R117.

value. The vertical sync pulse width is not
programmable, as is the horizontal sync
pulse width. It is fixed at 16 scan line times.

R8 Interlace mode. This register is pro-
grammed with 0, specifying no interlace
(equivalent to the TTL circuit). Two other
interlace modes are available, as mentioned
previously, but these require a long per-
sistence phosphor (P39) monitor.

R9 Maximum scan lines. This register
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THIS IS THE 25 BY 48 FORMAT FOR
FOR THE MC68435 DISPLAY

PARAMETERS: SAME AS 12 BY 89
EXCEPT: R1 48 (48)
R2 72 (48)
RE 25 (1)
R? 26 (1R)
SN REVERSE UIOED
UNDERLINE CURSOR_
NOTE: THE MONITOR SCAN WIDTH HAS X
BEEN INCREASED SLIGHTLY AND SHOULD X
BE INCREASED EVEN MORE TO MAKE THIS X
FORMAT MORE READABLE. ¥

TIMING FOR 10.275 MHZ CRYSTAL

) 4
b 4
4
) 4
X
X
X
b4
X
X
X
b 4
X
X

X
3
X
b 4
L2828 selettieeciietieettict sttty

Photo 5: Display demonstrating 25 line by 40 character format, again pro-
duced by the MC6845 circuit. As before, see table 2 for 9.0 MHz crystal
parameters.

-is programmed with the maximum scan line
number that is to be presented to the char-
acter generator, and is 1 less than the num-
ber of scan lines per character row. A value
of 8 causes the counter to run from O to 8,
then back to 0. This produces a total of nine
scan lines per character row. Using this num-
ber along with the others specified above,
the resultant vertical timing is: 29 rows
(R4) X nine lines per row (R9) = 261 scan
lines. 261 scan lines + two lines extra (R5)
= 263. Now, 263 X 63.27 us per scan
line = 16.64 ms per vertical scan, or a fre-
quency just under 60.1 Hz, again close to
the power line frequency. (Other values
could be used to adjust the vertical fre-
quency to 50 Hz, the common power line
frequency in other countries.)

R10 and R11 Cursor start and end. These
registers, specify the format of the cursor.
The values of 64 for R10 and 8 for R11 gen-
erate a cursor which is a blinking reverse
video block covering the entire character.
For discussion of other cursor options see
the section entitled “Cursor Generation.”

The above registers are write only. Values
may be stored in them, but not read back.
These registers are generally written to only
once (when the system is first powered up)
to establish the characteristics of the display.

R12 and R13 Refresh start address. These
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registers are the high order six bits (R12)
and low order eight bits (R13) of a 14 bit re-
fresh address counter. For a nonscrolled dis-
play, these are initialized to 0. For a scrolled
display, these registers will be updated peri-
odically; since they, too, are write only,
copies of them must be maintained by the
processor. More information on the use of
these registers is given in the section on
scrolling.

R14 and R15 Cursor location. These
registers are the high order six bits (R14 and
low order eight bits (R15) of the location
at which the cursor is to be displayed. When
the refresh address output by the 6845
equals the cursor address, a cursor output
signal is activated, subject to the constraints
placed on the cursor by values placed in R10
and R11. More information on cursor gener-
ation is in a later section of this article. R14
and R15 are in principle readable as well as
writeable, but unless proper buffering is
provided for the 6845, they cannot be read.
The circuit presented in the next section
does not have the proper buffering, so these
registers are treated as if they were write
only, and copies are maintained by the
processor.

R16 and R17 Light pen. These read only
registers capture the refresh memory address
at the instant a pulse is received from an ex-
ternal light pen. The processor can thereby
calculate where on the display screen the
operator is pointing the light pen. | provide
no circuitry to support this feature of the
6845.

Display Design Description

Figure 4 shows the schematic of the dis-
play using the Motorola MC6845. The
MC6845 being a MOS device (limited in
counting speed to about 3 MHz), the high-
er speed dot and character clock circuits are
still TTL. These are the high-speed timing
functions mentioned previously. They must
be implemented with external TTL packages
on the Intel and SMC parts as well. The
National display controller includes the dot
clock crystal oscillator and the character
clock divider on the chip.

IC10 is a 9 MHz crystal oscillator. 1C9
and IC7a divide this by 6 to produce the
character clock. IC9 counts from O to 5;
when it reaches 5, the output of IC7a goes
low, conditioning IC9 to reset itself on the
next clock pulse. Two variants of the char-
acter clock are used. The output of IC7a
goes high when IC9 goes from 5 back to 0,
and a rising edge clock pulse is needed for
IC2, I1C4, an IC5. A falling clock is needed
for IC1 and the 6845. Furthermore, the
clock supplied to IC1 must be high a min-
imum of 220 ns, and low a minimum of 160
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32K Board Pictured Above

New RAM Prices.

From The Dynamic Memory Company.

16K—$249
48K—$500

32K—$375
64K—$625

Ever since we started making
these memory boards over a year
ago we have continued to lower
our prices to stay competitive.
Due to your confidence in us, we
are again able to lower our
prices! Our reliability has been
proven by months of superior
performance in thousands of
installations. Our low-power boards
are being used by quality-minded
systems manufacturers across the
country and overseas.

4MHz boards now available.

After receiving hundreds of
requests, our engineering staff has
come up with a new version of our
board which runs on 4MHz Z-80
systems. It wasn’t easy to come
up with a high speed board which
would operate as reliably as our
450ns version, but after months of
careful design and testing, we did
it. The price of the 250ns board is
$10 per 16K additional.

Circle 45 on inquiry card.

All of our features remain.

Our boards didn’t become great
sellers only because of the price.
We still offer you our deselect
feature which allows our RAM to
overlap with any fixed memory
areas in your system. Also, the
RAM area of our board is fully
socketed so that you can expand
the board yourself.

Other standard features include:
plug selectable addressing on 16K
boundaries (shorting plugs are
placed over wire-wrap pins to
address the board — located on
the top of the board for easy
changes), S-100 and Z-80
compatability and totally invisible
refresh — no wait states.

Fully assembled, tested, and
guaranteed.

All of our boards go through a
rigorous testing procedure. They
are then placed on burn-in running
a series of memory tests to detect
any other possible faults. After you
receive the board, you are backed
by us with a one year warrantee.

Low power consumption keeps
your computer from ‘‘losing its
cool.”’

The total power consumption of
our 16K board is typically less
than 4 watts (+8V @ 300ma,
+16V @ 150ma and —16V @
20ma). Boards with additional
memory typically increase power
consumption only 1 watt per 16K!

Standard S-100 Interface.

Our board is designed to
interface with any standard S-100
CPU. All of the timing of the board
is independent of the processor
chip, and the board is set up for
different processors by changing
two plugs on the board.

Contact your local dealer.

To find out more about our RAM
boards, contact your local dealer.
If he is unable to help you, call or
write us for a fast response.
Central Data Corporation, 1207
North Hagan Street, Champaign, IL
61820. (217) 359-8010

Central Data
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Circle 286 on inquiry card. e
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WHY CUT?
WHY STRIP?
WHY SLIT?

WHY NOT...

USA.
FOREIGN
PATENTS

e AWG 30 Wire PENUNG
¢ .025” Square Posts
¢ Daisy Chain or Point To Point
¢ No Stripping or Slitting Required
«.JUST WRAP m....
e Built In Cut Off

¢ Available Wire Colors:
Blue, White, Red & Yellow

e Easy Loading of Wire *$ 1 9 5

__JUST WRAP TOOL WITH
) ONE 50 FT. ROLL OF WIRE

COLOR PART NO. U.S. LIST PRICE

BLUE JWA1.B $14.95

WHITE IWAW 14.95

YELLOW . JWALY 14.95

RED JWA-R 14.95

REPLACEMENT ROLL OF

p. T WIRE 50 FT.

BLUE R-JW-B 3

WHITE RJW-W 2.98

YELLOW RAW-Y : 2.98

RED RJW-R 2.98

DAISY CHAIN POINT TO POINT

MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

*MINIMUM BILLING $25.00 / AD SHIPPING CHARGE $2.00/ NEW YORK CITY / STATE RESIDENTS ADD APPLICABLE TAX.




Number Type +5V GND -12V -5V
IC1 MC6485 20 1
1C2 74174 16 8
IC3 2513 24 10 1 12
1C4 74166 16 8
1C5 74175 16 8
1C6 7416 14 7/
IC7 7400 14 7
1C8 7486 14 7
1C9 74163 16 8
IC10 7404 14 7
IC11 74157 16 8
1C12 74157 16 8
1C13 74157 16 8
1IC14 21L02-1 10 9
IC15 21L021 10 9
1C16 21L02-1 10 9
1C17 21L02-1 10 9
1C18 21L02-1 10 9
1C19 21L02-1 10 9
1C20 21L02-1 10 9
1C21 21L02-1 10 9
1C22 7418367 14 7,
1C23 7418367 14 7
1C24 7415138 16 8
1C25 7415138 16 8
1C26 7404 14 7

Table 4: A power pin table for the circuit in figure 4.
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ns. The output of IC7a is of the wrong
phase and is low for only 110 ns. Fortun-
ately, the C output of IC9 is high for 220
ns (during counts 4 and 5), so it is used as
the 6845 clock.

The 6845 presents the address of a char-
acter for refreshing the display to the mem-
ory. The memory then presents the char-
acter to the latch, IC2. The character in
IC2 is then presented to the character
generator, IC3. The dots for the specified
scan line of the character are presented to
the shift register, 1C4, and shifted out at the
dot clock rate to produce the video signal.

The 2 Character Pipeline

There is effectively a 2 character pipe-
line — one character being accessed from the
refresh memory, and one character (actually
one row of dots from a character) being ac-
cessed from the character generator. The
two 6845 signals, cursor and display enable,
must be delayed two character intervals by
sections of IC5 to accommodate the pipeline
effect. Display enable is low whenever the
display is to be blanked. This includes the
regions below, above, to the left, and to the

right of the active display area. Cursor is
high when the current refresh address
matches the value programmed into the
cursor address register pair (R14 and R15).
Bit 7 of the character, the 6845 cursor
signal, and the video signal from the shift
register are combined in such a way that
bit 7 being on causes reversal of the video
for one character interval (changing white-
on-black characters to black-on-white, or
vice versa), and the 6845 cursor signal being
on causes another reversal. Assuming the
cursor has been so programmed, it can be
distinguished from ordinary reversal because
it will blink.

One timing consideration must be borne
in mind when the MC6845 is used. The
counter used in the all TTL circuit has
negligible delay (20 ns) compared to the
display character time (666 ns). The
MC6845, being a metal oxide semiconductor
device, is considerably slower, with a delay
of as much as 160 ns. This delay time must
be subtracted from the character time when
specifying the refresh memory access time.
The refresh memory integrated circuits
specified in the design are ‘-1 suffix types
(500 ns maximum access time) so the timing
is satisfactory.

On the schematic diagram (figure 4),
IC26 (74LS138) and 1C27 (7404) are con-
nected such that 1C27 is enabled for the up-
permost 8 K bytes of processor memory
address space (hexadecimal EO000 thru
FFFF). Other connections of 1C26’s enable
inputs (pins 4, 5, and 6) to the address lines,
with or without sections of IC27, as required,
can allow enabling for any 8 K memory ad-
dress segment. Selection of a particular 1 K
byte segment for the refresh memory is
accomplished by connecting the refresh
memory select line to a particular output of
IC26. The CS (chip select) line from IC1, the
6845, is connected to another of the outputs
of 1C26. This allocates an entire 1 K byte
segment to the 6845, whereas it needs only
two addresses. More integrated circuits could
be added to refine the decoding for the 6845
and eliminate the wasted address space.

Cursor Generation

The MC6845 provides several options for
the generation of a cursor. Registers R10
and R11 control the format of the cursor,
and R14 and R15 control its position. The
low order five bits of R10 (bits 0 thru
4) specify the scan line on which the cursor
is to start, and R11 specifies the scan line on
which the cursor is to end. If R10 bits 0O
thru 4 are all equal to 0, and R11 is 8,
the cursor will occupy lines O thru 8, or the
entire character. Using the circuitry
presented earlier, the cursor becomes a block



PUWERFUL INTERFHCES

TRS-80* EXPANDOR INTERFACE

MODEL EI-80K (KIT) - $329.00
MODEL EI-80A (ASSEM.) - $349.00

® 32K high speed 250NS memory.

e Disc controller which controls mini or 8" floppies.

e RS-232 Port.

e Parallel Port

e Self contained heavy duty power supply. Plugs directly
into rear of TRS-80* keyboard. Comes in attractive
cabinet. Twice the value for what you would spend fora
TRS-80* expansion interface.

TRS-80*
MASTER CONTROL CONSOLE

- $129.95
- $159.95

MODEL MCC-K (KIT)
MODEL MCC-A (ASSEM.)

A COMPLETE COMMAND CENTER FROM YOUR
KEYBOARD OR FROM ANY LEVEL Il ORDISCBASIC
PROGRAM. Turn on bells, sprinklers, sense fire and
burglar alarm, anything that needs a switch can be
controlled by the command center.

e 16 OUTPUT LINES: With 8 relays, SPST, and 8TTL
diode protected signals.

e 16 OUTPUT LINES: 8 lines with OPTO-COUPLERS
and 8 TTL diode protected.

e FULL LED PANEL: For status indicators of all control
lines.

e COMPLETE WITH CABINET: Has attractive sloping
cabinent.

e FULLY HEAVY DUTY POWER SUPPLY: Contains
power supply. No external power needed.

e EASY CONNECTION: Plugs into TRS-80* expansion
port edge card rear of keyboard or between keyboard and
expansion interface.

e 2-EDGE CONNECTORS: 2-additonal expansion 40
pin edge connectors.

e NEEDS NO SOFTWARE: Operates from OUT and IN
statements from BASIC or machine code statements.
Example: (Out 5, 1=turn on switch 5. Out 5, 2=turn off switch
5, elc.)

e COMPLETE MANUAL AND SAMPLE PROGRAMS:
Comes with comprehensive manual and sample programs.

*TRS-80 is a trademark of Tandy Corp

S-100 BUS
MASTER CONTROL CARD

MODEL MCC-100K (KIT) - $159.95
MODEL MCC-100A (ASSEM.) - $189.95

TURN IT ON.... TURN IT OFF

Now you can control the outside world plus sense its
status and its functions. 16 output and inputlines. Turn
on those bells, activate burglar alarms, etc.

e 16 OUTPUT AND INPUT CHANNELS: 16 output
channels with SPST relay on each. Opto-couplers on each
one of the input channels.

e EASY PORT ASSIGNMENT: Port assignment is
made via DIP SWITCH. In addition this board features our
“ALL HARDWARE" software match setting features. You
are able to select and set status, its parity to match any
software configuration. No need to change the software to
match the board.

e SIMPLE OPERATION: Turning off the relays is
commandable by addressing a port, plus turning a bit on or
off. Sample: You're in basic and you want to turn on switch
16. You would write out 3, 16. This turns on switch 16. To
turn it off you would write out 4, 16 and off it is.

e HIGH QUALITY: The highest quality parts are used.
The P.C. board is double sided with plated through holes,
solder mask and silk screened legend.

e FULL DOCUMENTATION: A complete manual of
operation and assembly is included.

TRS-80*
DISC CONTROLLER MODULE

MODEL DCM-80K (KIT) - $159.95
MODEL DCM-80A (ASSEM.) - $189.95
Option available: 1) 16K RAM Kit, high speed 250
NS with purchase of board - Special $85.00.
e Has provisions for 16K memory.
e Will control mini or 8" floppies.
e DOS operating system included.
e Plugs directly into rear of TRS-80* keyboard.
e Complete with power supply in attractive cabinent.

S-100 8K STATIC 250NS
RAM MEMORY CARD

MODEL 8K-100K (KIT) - $119.95
MODEL 8K-100A (ASSEM.) - $139.95
e Fully buffered address, control and data lines.
e Memory protect and unprotect.
e Power on clear.
e Bank select feature for selection to any 64K quadrant.
e Battery backup.
e Will run with any Z-80 Microprocessor without need of
wait states.
e 5-100 BUS power requirement 1.4 amps.

WORLD POWER SYSTEMS, INC.

1161 N. El Dorado Place, Suite 333, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537

v

Circle 390 on inquiry card.
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of reverse video. If the value 8 is stored in
R10 bits 0 thru 4 (ie: bit 3 is on) and in R11,
the cursor occupies only line 8. Hence it
becomes an underscore. If values other than
these are used, only a portion of the charac-
ter is reversed. | have found that partial
reversal makes characters difficult to read, so
the only values | consider usable are (0, 8)
and (8, 8).

Bits 5 and 6 of R10 control cursor
blinking. If bit 5 is on and bit 6 is off, the
cursor is not displayed at all. This can be
used to blank the cursor to indicate the sys-
tem is not accepting keyboard input. If bit
6 is on, the cursor will blink. If bit 5 is off,
the blink rate is about four times per second.
If bit 5 is on, the blink rate is about two
times per second.

Scrolling

Scrolling is the management of a video
display in the following way. New data is
entered on the bottom line of the display.
When the bottom line is full, the entire dis-
play is moved up one line. In the process,
the top line, containing the oldest data, may
be discarded, or if the display memory is
larger than the portion displayed on the
screen, the old display data may temporarily

1ST LINE I
64
1024
(0)

16TH LINE 4

r + -
1087 1088 1151
(63) (64) (127)

ST ) )}
;s I LNEij LZ

—

Figure 5a: Initialization for
a scrolled display. Refresh es
addresses are shown. The

16 TH LINE

Figure 5b: Refresh address-
calculated after one
scrolling operation.

differing value given in
parentheses is that per-

ceived by the refresh mem-
ory, due to wraparound.
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IST LINE PR
1024 1087
(0) (63)
1984 2047
(960) 1023)
16TH LINE { L

Figure 5c: Refresh address-
es of last scrolling opera-
tion before the processor
memory reference must be
reset to O.

be kept. In the latter case, the display could
be scrolled down as well as up, and the dis-
play screen could act as a moveable
“window.”

The data movement necessary to im-
plement scrolling could be done by a proces-
sor program. In fact, it must be done by the
processor in the case of the all TTL display
design, for there is no provision for hardware
scrolling in that design. A program loop to
perform scrolling on a 1,024 character screen
might take from 15 to 20 milliseconds on a
6502 or 6800 processor. If the source of
data to the screen was a serial communica-
tions line operating at 1200 bits per second
(assume the system is emulating a terminal),
the time between characters is only about
8 ms, not long enough to perform a scrolling
operation. (An interrupt-driven program
could be written to handle both scrolling
and receiving of characters from the line,
but this would be complex).

The 6845 does provide scrolling because
its refresh start address is programmable, and
may be updated whenever necessary. Up to
this point, I've used the term scrolling to
mean “line scrolling”” where data is moved
around as complete lines. In this case, the
refresh start address of the 6845 would be
updated in increments of 64 (for the 64
character line length).

However, scrolling can be done by
individual characters. If the refresh start
address is incremented by one, each character
in each line moves one position left, and the
first character of each line moves to the last
position of the previous line. Also, if the
display memory is at least twice as large as
the display screen, scrolling could be done
by page, in which case the refresh start ad-
dress would be updated by 1,024 each time
(again assuming the 16 by 64 format).
Since the 6845 can address up to 16 K
(16,384) bytes, the refresh memory could
contain up to 16 pages of data, and scrol-
ling could be done by line or page.

The design | have presented here has a
refresh memory the same size as the display
screen. It uses scrolling to enter new data on
the bottom line of the display, and the top
line is discarded when it is displaced. An
example of how such scrolling operations
might be done is shown in figure 5. Fig-
ure 5a shows how the display would be
initialized. The 6845 is initialized with a
refresh start address of 64 (decimal). The
6845’s refresh address counter runs to
1,023 at the end of the 15th line, then con-
tinues with 1,024 and up to 1,087 at the end
of the 16th and last line. Since only ten of
the 6845’s 14 refresh address lines are con-
nected to the refresh memory, a wraparound
occurs — the address 1,024 is equivalent (in



the refresh memory’s perception) to 0.
Hence the last line of the display starts at
a memory address of relative 0, from the
processor’s point of view. For example, if
the display memory were located at proces-
sor hexadecimal addresses EO0O thru E3FF,
the last line of the display would start at
E000.

The procedure to perform a scroll
operation is as follows: increment the re-
fresh start address by 64, update the cursor
address, and prepare the processor to store
new data at refresh memory locations 64
thru 127 (relative to the actual processor
starting address; for the example given above,
the addresses would be E040 thru EO7F).
Figure 5b shows the result of this scroll
operation.

All addresses are incremented by 64 for
each new line until the situation shown in
figure S5c prevails. In order to perform
another scroll operation, the processor
memory address must be reset to relative O
(EO00 as above), but the 6845 refresh start
address can continue to be incremented; it
needn’t be reset. It will eventually wrap
around itself.

Note well that the cursor address register
is a 14 bit register, as is the refresh start ad-
dress register. All 14 bits of the cursor ad-
dress must match a refresh address displayed
on the screen for the cursor to be displayed.
The range covered by the refresh address is
determined by the refresh start address and
the number of characters on the screen. If
the cursor address is outside of this range, no
cursor will be generated by the 6845.

Scrolling in the case of a 12 line by 80
character format (where neither of the
dimensions is a power of 2) is more com-
plicated. As shown in figure 6a, the 6845
is initialized with a refresh start address of
144, so that, at the beginning of the 12th
line, the 6845 outputs the address 1024,
which is equivalent to memory address O.
In figure 6b a single scroll operation has
been performed. All values have been in-
cremented by 80. So far, everything is
just like the 16 by 64 case, except for the
increment value. In figure 6¢, the last
“simple’” scroll has occurred, and things get
more complicated from this point. In
figure 6d the result of another scroll opera-
tion is shown. Again, all values have been
incremented by 80, but as can be seen,
memory wraparound occurs within the
display line. In the 16 by 64 case, wrap-
around always occurs between lines, and it
is relatively easy for a processor program to
deal with. In the 12 line by 80 character
case, the processor program must be aware
that wraparound can occur with a line, and
it must act accordingly.

Device Availability

The SMC 5027 and the Intel 8275 (along
with its associated 8257 controller) have
been available for some time from computer
hobbyist vendors. The 5027 was originally
priced at about $50, but may be available
for less than that now in view of increasing
competition. The Intel 8275 and 8257 pair
are available for under $100. The Motorola
MC6845 is available from regular electronics
distributors. It usually costs about $30. The
National DP8350 is the most recently an-
nounced of the four parts, so its price and
availability may still fluctuate.

There are other video display control-
lers besides the four | have covered in this
article. There will probably be even more
announced by the time it is published —
and prices can be expected to fall as com-
petition heats up.m

IST LINE ks Sy 1ST Line
144 223
_J L
ﬂ F
(0) (79)
12TH LINE ) 12TH LINE

Figure 6a: Address initial-
jzation for a 12 line by 80

224 303
1104 183
(80) (159)

Figure 6b: Addresses it a
12 by 80 display following

character display. one scroll operation.
1ST LINE t y
1024 1103 1104 183
(0) (79) (80) (159)

\

1983
(959)

1904
(880)

e SRS

P
o ||

12T™H LiNe

Figure 6c: The last scroll
operation before memory
wraparound occurs.

1984
(960)

[e——64 CHARS

r

047 2048 2063
o23) () | s

—-16. CHARS—»
WRAPARCUND

Figure 6d: Memory wrap-

around. All values

have

been incremented by &0,

but

WI'GP(I/'OL//’/O’ occClrs

within the display line. In
the 12 line by 80 character
format, the processor pio-

gram

must

take special

action at this wraparound

event.
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Text continued from page 12:

have publications in which geographic coor-
dinates for data base construction exist in
both tabular and graphic form. Though some-
what tedious, tabular data can be keyed into
the computer easily and saved in mass stor-
age. If you have access to a graphics pad
input device, you can quickly extract data
directly from existing maps.

It should be pointed out that the com-
panies which produce maps commercially
guard their data bases jealously, since they
are the products of much research and
expense. They thoroughly disapprove of
someone using their own data to go into
business against them. Most commercial geo-
graphical publications contain a copyright
notice which warns against such use, and the
following notice from a recent Rand
McNally Road Atlas is typical :

““Reproducing maps, tables, text, or
any other material which appears in
this publication by photocopying, by
electronic storage and retrieval, or by
any other means is prohibited.” [Italics
mine.]

Normally, one is not precluded by the
copyright law from extracting copyrighted
information for personal use, and it would
seem that as long as you did not distribute
or use the material commercially there
would be no problem, but this is not a /egal/
opinion. If you have any qualms about this,
you might stick, as | have, to government
publications and maps for source materials.
The United States government puts out a
seemingly endless supply of geographic pub-
lications covering all parts of the world, so
there is no scarcity of data from this source.

An easier way to go about setting up a
data base is to obtain a ready-made one. You
can buy one from a commercial establish-
ment or from an individual (expensive, in
either case), or you might be able to get one
free from a government agency or a universi-
ty. There are so many different data bases in
existence that it is best for you to first
decide exactly what you need, then directly
contact the agencies that would be most
likely to have what you want.

Many observatories, including university
observatories, have extensive data bases for
astronomical uses, free for the asking. As far
as government agencies are concerned, your
best bets are with the National Oceanic and
Atmospheric Administration (6010 Execu-
tive Blvd, Rockville MD 20852), the National
Technical Information Service (Room 620,
425 Thirteenth St NW, Washington DC
20004), and the US Geological Survey

(National Center, 12201 Sunrise Valley Dr,
Reston VA 22092). These agencies have
many kinds of data bases, covering all parts
of the world. Depending upon what you
need, there may or may not be a charge for
the material.

One drawback to obtaining data bases
from agencies such as these is that they may
not be in a format that you can use directly.
For example, you may find that the data
you need is available only on standard 7 or
9 track computer tape, and you will have to
find a way to read it and convert it into a
format you can use.

Sample Mapping Programs

The field is so broad that it is impossible
to discuss here all of the projections in com-
mon use. Therefore, | have selected a few of
the simplest and most common map projec-
tions to serve as illustrations of the tech-
niques involved. For each example discussed,
a program listing is included, as well as a
number of maps actually generated by the
programs. Many readers will find immediate
application for one or more of the sample
projections, exactly as they are demonstrated.
Others will want to make modifications, and
still others will want to delve deeper into the
subject. A visit to your local library will turn
up useful books which explain map projec-
tions, their wuses, and the mathematics
required to carry them out.

In all of the examples which follow, it
is assumed that the geographic coordinates
(latitudes and longitudes) in the data base
are in radians, and that they are being con-
verted to rectangular X,Y map coordinates
(measured usually in centimeters or inches).
Standard trigonometric convention is used
for the algebraic signs of the coordinates.
In other words, for the geographic coordi-
nates, north latitudes are positive; south
latitudes are negative; east longitudes are
positive; west longitudes are negative. It is
further assumed that the origin (0,0) of the
map coordinate system is at the center of
the map, with the X axis positive to the
right, and the Y axis positive toward the top.
There may be some slight variation between
this standard system and your own graphics
device, but at most it would require only a
simple translation or rotation of the coor-
dinates.

Each of the examples is demonstrated as
a subroutine, which is to be called once for
each pair of coordinates in the data base.
Before the first call is made to the sub-
routine, certain initial parameters must have
already been defined, and these are noted in
the remarks accompanying each subroutine.



THE SEARCH FOR A
SMALL COMPUTER SYSTEM
STARTS HERE

It's the 3rd Annual
National Small Computer Show,

presenting the state-of-the-art showcase for micro-
and mini-systems technology and software. Here
you can survey virtually all makes and models of
small computers, whether your interest runs fo a
no-nonsense micro priced in the hundreds of
dollars or a powerful mini costing $20,000 or more.
They're all here.

The world of small computers is quite large, ex-
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scienfific research, medicine and bionics, educa-
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a system can really do for you!
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artificial intelligence, software applications, and a
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Circle 269 on inquiry card.
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For each call made, the main program sup-
plies a pair of geographic coordinates from
the data base, and the subroutine returns the
rectangular map coordinates. Grid lines,
when desired, may be created by generating
sets of ‘“artificial” geographic coordinates
within loops in the main program, then call-
ing the appropriate conversion routine to
get the map coordinates to draw them with.
Any labeling or annotation of the maps
would also be carried out by the main
program.

Lisiing 1: Subroutine to compute map coordinates for rectangular projection.
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SUBROUTINE TO COMPUTE MAP COORDINATES FOR
RECTANGULAR PROJECTION.

THE FOLLOWING VARIABLES MUST BE DEFINED BEFORE
THIS SUBROUTINE IS CALLED:

L1 IS THE GEOGRAPHIC LONGITUDE AT THE
LEFT=HAND LIMIT OF THE MAP.

L2 IS THE GEOGRAPHIC LONGITUDE AT THE

RIGHT=-HAND LIMIT OF THE MAP.
CROSSES THE 180-DEGREE MERIDIAN

Li>L2) e

IF THE MAP
(IeEar

THEN L2 MUST BE REDEFINED AS

L2 = L2 + 6.2831853.

Pl IS THE GEOGRAPHIC LATITUDE AT THE BOTTOM
LIMIT OF THE MAP.

P2 IS THE GEOGRAPHIC LATITUDE AT THE TOP LIMIT
OF THE MAP.

cl

ce

Fl

F2

IS THE GEOGRAPHIC LONGITUDE AT THE CENTER
OF THE MAPs WHERE Cl = (L1+L2)/2.0¢ AND
MUST HAVE BEEN COMPUTED AFTER L2 WAS
REDEFINED IF IT WAS NECESSARY TO DO SO.

IS THE GEOGRAPHIC LATITUDE AT THE CENTER
OF THE MAPr WHERE C2 = (P1+P2)/2.0

IS THE MAP SCALE FACTOR IN THE HORIZONTAL
(EAST-WEST) DIRECTION. F1 = Dl/(L2-L1)»
WHERE D1 IS THE MAP LENGTH» IN CENTIMETERS
OR INCHES,» IN THE EAST=WEST DIRECTION.

IS THE MAP SCALE FACTOR IN THE VERTICAL
(NORTH=SOUTH) DIRECTION., F2 = D2/(p2=Pl),
WHERE D2 IS THE LENGTH IN CENTIMETERS OR
INCHES OF THE MAP IN THt NORTH=SOUTH
DIRECTION.

IS A FLAG TO INDICATE WHETHER THE MAP
CROSSES THE 180-DEGREE MERIDIAN (THAT IS»
WHETAHER L1>L2 BEFORE L2 IS REDEFINED).
N=0 MEANS THAT THE MAP UOES NOT CROSS THE
180-DEGREE MERIDIAN. N><0 MEANS THAT THE
MAP DOES CROSS IT.

IS THE GEOGRAPHIC LONGITUDE
THE DATA BASE)

(OBTAINED FROM

IS THE GEOGRAPHIC LATITUDE (OBTAINED FROM
THE DATA BASE)

THE FOLLOWING VARIABLES ARc COMPUTED BY THIS
SUBROUTINE:

Listing 1 continued on page 80

OF THE POINT BEING CONVERTED.

OF THE POINT BEING CONVERTED.

The flowchart in figure 1 has illustrated
the principal features of the main program,
and no attempt will be made here to detail
it further, since there would be some varia-
tion dependent upon your own hardware. In
any case, it will be quite straightforward and
simple.

The remarks included in the listings fully
explain the operation and use of each sub-
routine, so those aspects will not be repeated
in detail in the text. In fact, the greatest
part of each listing is composed of remarks,
with the actual executable portion com-
prising only about ten to 20 statements in
each case.

Rectangular Projections

This is probably the simplest projection
in existence, and requires an absolute mini-
mum of mathematics to generate. The
meridians and parallels are simply laid out as
equally spaced straight lines at right angles
to each other. You can take a standard sheet
of graph paper, for example, and let each
space in the horizontal direction equal a
degree of longitude, and each space in the
vertical direction equal a degree of latitude.
Plot a few geographic coordinates on the
graph paper in this manner and you have a
rectangular projection.

The computer, of course, can do the job
faster, and the subroutine given in listing 1
will serve quite nicely. Notice that no trigo-
nometry is required, and that the actual con-
version requires only two statements.
Consequently, this type of projection can be
carried out very rapidly, even when a large
data base is involved.

The rectangular projection is not a real
“‘projection’ in the true sense of the word,
since it is arranged arbitrarily and there is
no direct geometric relationship between it
and the surface of the Earth. Nevertheless,
for many purposes it works very well,
especially if the latitudinal (north-south)
extent of the area being mapped is not too
great. It works best for areas near the
equator, and becomes useless near the poles.
(The meridians on the Earth converge at the
poles, whereas they remain parallel to each
other on the projection. The resultant dis-
tortion above about 50 or 60 degrees latitude
is usually unacceptable.)

The accuracy of the projection can be
significantly improved if the horizontal map
scale factor, F1, is adjusted to compensate
for the convergence of the meridians. We can
do this in the main program by computing
F2 first, then computing F1 by F1 = F2 X
COS(C2). This does not eliminate the con-
vergence problem, but it does reduce its
effect.



16K Static Memory Board

Base 2 can now offerthe same price/performance in a 16K static RAM asin its popular
8K RAM. This kit includes 8K bank addressing with 4K boundary address setting on
DIP switches. This low power unit provides on-board bank selection for unlimited
expansion... NoMUXboard required. Using highest quality boards and components
we expect this kit to be one of the most popular units on the market. Available in two
speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns.

16KS-B $285 (assembled and tested add $25.00)

16KS-Z $325 (assembled and tested add $25.00)

S-100 for Digital Group Systems

This kit offers, atlong last, the ability to take advantage of S-100 products within your
existing Digital Group mainframe. Onceinstalled, uptofour S-100 boards can be used
in addition to the existing boards in the D.G. system. The system includes an
“intelligent” mother board, ribbon cables to link existing D.G. CPU to the DGS-100
board and a power wiring harness. The DGS-100 is designed to fitin the 5-3/4" x 12"
empty areain the standard D.G. cabinet. Itmay seem expensive butthere'salot here!

. InC.

End your frustration! DGS-100 $295

Qse 2

Circle 22 on inquiry card.

Wondering which memory
is best for you?

base 2+ offers the following products
to the S-100 market at the industry’s
lowest prices:

8K Static Memory Board

This 8K board is available in two versions. The 8KS-B operates at 450ns for use with
8080 and 8080A microprocessor systems and Z-80 systems operating at 2MHz. The
8KS-Z operates at250ns andis suitable for use with Z-80 systems operatingat4MHz.
Both kits feature factory fresh 2102's (low power on 8KS-B) and includes sockets for
alllC’s. Supportlogicis low power Schottky to minimize power consumption. Address
and data lines are fully buffered and 4K bank addressing is DIP switch selectable.
Memory Protect/Unprotect, selectable wait states and battery backup are also
designedinto the board. Circuit boards are solder masked and silk-screened for ease
of construction. These kits are the best memory value on the market! Available from
stock . . . 8KS-B $125 (assembled and tested add $25.00)

8KS-Z $145 (assembled and tested add $25.00)

Z-80 CPU Board

Our Z-80 card is also offered in two speed ranges. The CPZ-1 operates at 2MHz and
the CPZ-2 operates at 4MHz. These cards offer the maximum in versatility at
unbelievably low cost. A socket is included on the board fora 2708 EPROM whichis
addressable to any 4K boundary above 32K. The power-on jump feature can be
selected to address any 4K boundary above 32K or the on-board 2708. An On-board
run-stop flip-flop and optional generation of Memory Write allows the board to runwith
or without a front panel. The board can be selected to runin either the 8080 mode, to
take advantage of existing software, orin the Z-80 mode for maximum efficiency. For
use in existing systems, a wait state may be added to the M1 cycle, Memory request
cycle, on-board ROM cycle, input cycle and output cycle. DMA grant tri-states all
signals from the processor board. All this and more on top quality PC boards, fully
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125

Send for more details on these products. Get on our mailing list for
information on more soontobe announcedproducts atfactory-direct
prices from BASE 2. Why pay more when you can get the best at
these prices???

P.O. Box 3548 e Fullerton, Calif. 92634

(714) 992-4344

CA residents add 6% tax

MC/BAC accepted ¢ FOB — U.S. destination
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Listing 1 continued from page 78:

The map of the continental United States
shown in figure 2 was generated with the
rectangular projection routine. Even though
the area being mapped does not meet the
requirements. for high accuracy (ie: it is far
from the equator; it has a fairly large lati-
tudinal extent; and in the case of this partic-
ular map, F1 was not corrected for conver-
gence of the meridians), it is still entirely
satisfactory for many purposes.

Another interesting thing about the map
in figure 2 is that it is made up entirely of
dots. In response to an article of mine which
appeared in another magazine, | received
about three thousand letters over a period of
about four weeks. These were requests for
technical data which required that the geo-
graphic coordinates for the center of the
person’s town be supplied. This resulted in
a ready-made data base, and | became
curious as to its distribution. It was a simple
matter to have the computer examine the
data base and draw a dot for each city rep-
resented (eliminating duplications), using a
rectangular projection.

Notice that all dots are the same size, and

4580 REM S IS THE OFF=SCALE FLAG. S=0 MEANS ON-SCALE.
4590 REM S=1 MEANS OFF-SCALE.
4600 REM
4610 REM X IS THE MAP X-COORDINATE:» IN CENTIMETERS OR
4620 REM INCHES »
4630 REM
4640  REM Y IS THE MAP Y-COORDINATE,» IN CENTIMETERS OR
4650 REM INCHES
4660 REM
4670 REM
4680 LET S = 0
4690 REM IF THE MAP CROSSES THE 180-DEGREE MERIDIAN.
4700 REM AND THE LONGITUDE OF THE PUINT FROM THE DATA
4710 REM BASE IS NEGATIVE: REDEFINE THE LONGITUDE AS
4720 REM A POSITIVE ANGLE.
4730 IF N = 0 THEN 4780
4740 IF L >= 0 THEN 4780
4750 LET L = L + 6.2831853
4760  REM IF THE POINT IS OUTSIDE THE LIMITS OF THE MAP.
4770 REM SET THE OFF=SCALE FLAG AND RETURN.
4780 IF L ¢ L1 THEN 4820
4790 IF L > L2 THEN 4820
4800 IF P ¢ P1 THEN 4820
4810 IF P ¢= P2 THEN 4860
4820 LET S = 1
4830 RETURN
4840  REM COMPUTE THE MAP COORDINATES FROM THE
4850 REM GEOGRAPHIC COORDINATES.
4860 LET X = (L - C1) * F1
4870 LET Y = (p - C2) * F2
4880 RETURN
4890 END
-E. p . ) . .
> 5 ~ . B ..' o
‘ . . .
S N5y e
bl ® .
o o ". .
L
ohes . ] J

Figure 2: Rectangular pro-
jection of the continental

United States. Dots repre-
sent locations of selected

cities.
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ABOUT

The fastest floating point BASIC for any micro.

TSC BASIC for the 6800 is
the fastest floating point
BASIC for ANY 8 bit micro-
processor. No longer will
the 6800 take a back seat to
the 6502, 8080, or Z80! And
with the TSC name, you
know it's top quality.

TSC BASIC is not only fast,
but complete with over 50
commands and functions.
Features include six digit
floating point math, full
transcendental functions,
unlimited string length, if/
then/else construct, logical
operators, and two-dimen-

sional arrays including
string arrays. The disk
versions for FLEX™ 1.0 and
2.0 support random access
data files (the mini FLEX™
version does not).

A cassette version requires
10K while the disk versions
require at least 12K. No
source listings included.
With KCS cassette - $39.95;
mini FLEX™ - $49.95; FLEX™
2.0-$54.95; and FLEX™1.0-
$59.95. Soon to come are a
business BASIC and 6809
BASIC.

| bt

Technical Systems
Consultants, Inc.

All orders should include 3%
for postage and handling
(8% on foreign orders).
Send 25¢ for a complete
software catalog.

Box 2574
W. Lafayette, IN 47906
(317) 463-2502
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Figure 3: Polar equidistant
projection of the northern
hemisphere. This map is
overlaid with OSCAR sat-
ellite tracking information
for use by a ground
station located at Miami
FL.
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that only one dot was drawn for each city,
regardless of its population and regardless of
how many letters were received from the
city. No dot was drawn for any city (regard-
less of its size) unless at least one letter was
received from it.

It took only a few minutes to set up the
program to make the map, and only a few
seconds for the computer to draw it. | then
had an excellent graphical illustration of
what | could only guess at by looking at the
listing of the data base.

Polar Equidistant Projections

This is another rather simple projection,
but one which has many important uses.
Figures 3 and 4 show polar equidistant pro-
jections of the northern and southern hemi-
spheres, respectively. The parallels are drawn
as equally spaced concentric circles, and the
meridians as equally spaced radii. As seen in
listing 2, the polar form of the map coordi-
nates can be represented directly from the
geographic coordinates by (P1/2-P,L), where
P and L are the latitude and longitude,
respectively. (P1/2, of course, is the equiva-
lent of 90° expressed in radians.) These in
turn are directly converted to rectangular
coordinates by the standard polar-to-rectan-
gular conversion formulas. The entire
process requires only three statements in the
subroutine.
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These particular maps were made for
satellite tracking, for use with the amateur
radio OSCAR communications satellites,
and for tracking of weather satellites by
amateurs who receive weather pictures in
their homes directly from the satellites. In
addition to the basic geographic information,
the maps are overlaid with tracking infor-
mation based on the location at which the
map is to be used (Miami FL, in this case).
The set of interconnected concentric
‘““circles” around Miami are elevation angle
contour lines. The radial lines that connect
them are azimuth angle contour lines.

The satellite’s position over the surface of
the Earth is plotted on the map, and if it falls
anywhere within the interconnected ‘‘circles”
it is within range of the ground station. The
station antenna can then be pointed at the
satellite, based on the information derived

0-6.7

SOUTHERN
HEMISPHERE

from the map. The radial lines give the an-
tenna azimuth angle from true north in 30°
increments (with additional 10° tick marks
around the outer elevation contour). The
concentric ‘‘circles’ give the antenna eleva-
tion angle in 10° increments, starting with
the outermost circle at 0° elevation (je: the
satellite is exactly on the horizon at this
point). The elevation increases inward, with
the innermost circle being 80°, and the dot
at the center (the location of the ground
station) being 90° (ie: directly overhead).

Figure 4: Polar equidistant
projection of the southern
hemisphere. This map s
used in conjunction with
the one in figure 3 to
complete  the  satellite
tracking coverage south of
the equator.
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The far outside arc, which is not con-
nected to the inner elevation circles, shows
the maximum comm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>