


The 9-inch screen of the CT-VM monitor ($175) shown here with Southwest's new CT-64 illustrates the terminal's 64-character lines, switchable control 
character printing, and word highlighting. At just $500 for both, these matching units provide a complete CRT terminal with full cursor control, 110-1200 Baud 
serial interface, and many other features . 

Now $325 buys a 64-character terminal kit 
Our new CT-64 terminal kit gives you scrolling, full 
cursor control, 128-character ASCII display (with both 
upper and lower case) , and two 1 K memory pages. It's 
usable with any 8-bit computer. 

Add our optional fully assembled 12 MHz CT-VM 
monitor for another $175 and you'll have the best CRT 
terminal buy offered anywhere. 

The CT-64 gives you full cursor control, home-up and 
erase, erase to end of line or end of frame, cursor on loff, 
screen reversal, scroll or page, solid or blinking cursor, 
page selection, and end-of-page warning beeper. 

The CT-64's features include: 
64 or 32 characters per line (16 lines) 
Premium display with both upper and lower case 
letters , and descenders (g , j, etc .) 
Two 1 K pages of 8-bit memory 
Scrolling or page mode operation 
32 control character decoding 
Prints control characters (selectable) 
128-character ASCII set 
110/220 Volt 50-60 Hz power supply 
Highlights words with reversed background 
Optional 9-inch monitor with matching cover available 
Complete with keyboard, power supply, 110-1200 
Baud serial interface, and case 

._------------------------------------------------------------------------------, , 
Okay, Southwest, I know a bargain when I see it. 0 or BAC # Exp. Date : 

o Enclosed is $500 for the whole works I 

(CT-64 terminal plus 12 MHz CT-VM monitor). 0 or MC # _ _____ Exp. Date - - -- : 
I 

o Here's $325 for the CT-64. Name ______ Address ____ _ _ : 
o Send only data for now. I 

o Send me your $395 MP-68 computer kit. City _______ State ___ ZIP __ : 
I 
I 
I 
I 
I 
I 

PlillCd 
Southwest Technical Products Corp. 
219 W. Rhapsody, San Antonio , Texas 78216 

Circle 1 on inquiry card . 



Meet the most powerful 
J.lC system available for dedicated· work. 

Yet it's only $,595: 
Here's the muscle you"ve been telling us you wanted: 

a powerful Cromemco microcomputer in a style and price 
range ideal for your dedicated computer jobs-ideal for 
industrial, business, instrumentation and similar applica­
tions. 

It's the new Cromemco Z-2 Computer System. Here's 
some of what you get in the Z-2 for only $595 : 

• The industry's fastest fLP board (Cromemco's highly 
regarded 4 MHz, 250-nanosecond cycle time board). 

• The power and convenience of the well-known Z-80 
IkP, 

• A power supply you won't believe (+ 8V @ 30A, 
+18Vand -18V @ 15A - ample power for addi­
tional peripherals such as floppy disk drlves). 

• A full- length shielded motherboard with '21 card slots. 
• Power-on-jump circuitry to begin automatic program 

execution when power is turned on. 
• S-100 bus. 
• Standard rack-mount style construction. 
• All-metal chassis and dust case. 
• 110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful but 

economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z-2 vir-
tually tamper-proof. No accidental 
pro&ram changes or surprise"mem- , 
ory erasures. " 

FASTEST, MOST 
POWERFUL Ike 

Cromemco's microcom­
puters are the fastest and 

widely regarded as the standard of the future. So you're 
in the technical fore with the Z-2. 

BROAD SOFTWARE/PERIPHERALS SUPPORT 
Since the Z-2 uses the Z-80, your present 8080 soft­

ware can · be used with the Z-2. Also, Cromemco offers 
broad software support including a monitor, assembler, 
and a BASIC interpreter. 

The Z-2 uses the S-100 bus which is supported by the 
peripherals of dozens of manufacturers. Naturally, all 
Cromemco peripherals such as our 7-channel AID and 
DI A converter, our well-known BYTESAVER with its 
built-in PROM programmer, our color graphics interface, 
etc., will also plug into the S-100 bus. 

LOW, LOW PRICE 
You'll be impressed with the Z-2's low price, technical 

excellence and quality. So see it right away at your 
computer store-or order directly from the factory. 

Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes 
4 MHz IkP card, full-length 21-card-slot motherboard, 
power supply, one card socket and card-guide set, and 
front panel; for rack mounting) . ....... .. . . . . $595. 

Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W) 
(includes the above as well as all 21 sockets and card 
guides and a cooling fan; for rack mounting) . .. $995. 



TV DAZZLER 

To make 
your computer 
more useful-

a wide choice of 
memory, 1/0, CPU 

Your computer's usefulness de­
pends on the capability of its CPU, 
memories, and I/O interfaces, right? 

So here's a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z-1 and Z-2 computers. 
And with your S-100-compatible AI­
tairs and IMSAls, too. 

CPU 
• Z-80 MICROPROCESSOR CARD. 
1he most advanced fLP card avail­
able. Forms the heart of our Z-1 
and Z-2 systems. Also a direct re­
placement for Altair / IMSAI CPUs. 
Has 4-MHz clock rate and the power 
of the Z-80 fLP chip. Kit (Model ZPU­
K) : $295. Assembled (Model ZPU­
W) : $395. 

MEMORIES 
• 16K RAM. The fastest available. 
Also has bank-select feature. Kit 
(Model 16KZ-K): $495 . Assembled 
(Model 16KZ-W): $795 . 
• 4K RAM. Bank-select allows ex­
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ-K): $195. As­
sembled (Model 4KZ-W): $295 . 
• THE BYTESAVER - an 8K capa­
city PROM card with integral pro-

grammer. Uses high -speed 2708 eras­
able PROMs. A must for all com­
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK-O) : $145. Assembled (Model 
BSW-O): $245. 

• 16K CAPACITY PROM CARD. Ca­
pacity for up to 16K of high-speed 
2708 erasable PROM. Kit (Model 
16KPR-K): $145 . Assembled (Model 
16KPR-W) : $245 . 

I/O INTERFACES 
• FAST 7-CHANNEL DIGITAL­
ANALOG I/O. Extremely useful 
board with 7 A/D channels and 7 
D/ A channels. Also one 8-bit par­
allel I/O channel. Kit (Model D + 
7A-K) : $145. Assembled (Model D 
+ 7A-W): $245. 

. • TV DAZZLER. Color graphics in­
terface. Lets you use color TV as full­
color graphics terminal. Kit (Model 
CGI-K): $215 . Assembled (Model 
CGI-W) : $350. 
• DIGITAL INTERFACE (OUR NEW 
TU-ART) . Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial I/O ports and 
two 8-bit parallel I/O ports as well 
as 10 on-board interval timers. Kit 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 

(Model TRT-K): $195. Assembled 
(Model TRT-W): $295. 
• JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 A/D card. For 
games, process control, etc. Con­
tains speaker for sound effects. Kit 
(Model jS-1 - K): $65. Assembled 
(Model jS-1-W): $95. 

PROFESSIONAL QUALITY 
You get first-class quality with 

Cromemco. 
Here are actual quotes from ar­

ticles by independent experts: "The 
Cromemco boards are absolutely 
beautiful" ... "The BYTESAVER is 
tremendous" ... "Construction of 
Cromemco I/O and joystick are out­
standing" .. . "Cromemco periph­
erals ran with no trouble whatso­
ever." 

Everyone agrees. Cromemco is 
tops. 

STORES/ MAIL 
So count on Cromemco. Look 

into these Cromemco products at 
your store. Or order by mail from 
the factory . 

We wish you pleasure and suc­
cess with your computer. 

2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circl e 2 on inqu iry card . 
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STATION# 2 

STATION # 1 

In This 

Model railroad ing can give th e com­
puter hobbyist an action packed com­
puter appl ication. Before tackl ing the 
job, however, it is importa nt to have a 
firm understanding of what's involved 
in the design of a model railroad. In 
hi s artic le, How to Computerize Your 
Model Railroad, David C Brown ex­
plains in detai l the problems faced by 
the model railroader and points to 
ways in which they can be so lved. He 
then goes on to cover the req uirements 
for microprocessor interfaces to the 
model railroad and some thoughts on 
the software of an operating system to 
give real ism to the model. 

Sometimes a small amount of hard­
ware can speed up software co n­
siderab ly. A perfect exampl e is pro­
vided by Tom Hall in his article which 
shows how This Circuit Multiplies. 
This circuit is a hardware multiplier 
whi ch takes 8 bit operands and replies 
(ten clock periods later) with a 16 bit 
product. Here is an example of putting 
an inner loop into hardware, thereby 
speed ing up an operation. 

The model ra ilroad is an ideal way 
for the personal computing enthusiast 
to enter the fascinating world of rea l 
time control: such a system is reali stic 
but manageable. Authors Jack Hart 
and Ed Badger show you how they did 
it in A Train Control Display Using the 
LSI -" Microcomputer. 

page 44 

So metimes a bit of se l·endipity fa ll s 
out of an appl ica tion 0 1· project. Ken 
Barbier descri bes one such case in the 
form of hi s technique of using a 
te levision di spl ay circuit's ab ility to 
generate a raste r with various sy n­
chro nous patterns to debug and verify 
it s o perat io n . Read The TV 
Oscilloscope. 

There are many ways to make a 
computer talk, but how do you get it 
to li sten? Speech Recognition for a 
Personal Computer System d iscusses 
a topic which has fasc inated and 
frustrated exper imenters for years . 
Author James Boddie of Bel l Labs (the 
pioneer researchers in the fie ld ) covers 
the hi story of the subject and presents 
a practica l system which ca n be rea li zed 
by a personal compu t ing exper im enter. 

Real world systems may not be 
perfect, yet programming demands 
perfection. (If we drop a bi t in one 
machine instruction, it becomes an­
other instruction altogether .) As a 
background di scussion of a large sub­
ject, W Douglas Maurer prese nts some 
information on How to Pick up a 
Dropped Bit using some of the tech­
niqu es of error detection and cor­
rection. 

Wh at's a sure cure for memory 
megalomania? Wh y, Give Your Micro 
a Megabyte as outlined in Robert 
Grappel's short tutorial on some large 
memory design techniques wh ich will 
prove adaptab le to microcomputer 
systems. There shou ld be virtu all y 
no reason to complain if hi s ideas were 
put into practice more universally . 

4 

An I ntroduction to Numbers, by 
Webb Simmons, serves as an introduc­
tion to the concepts of fixed , scaled 
and floating po int numbers. Here 
yo u'll find some basic forms for 
each type, how the fo rms differ from 
each other, and how each can be used. 

If yo u've ever been frustr ated by 
the drudgery involved in relocat ing 
mach ine language programs with noth­
ing but togg le sw itches, then Leor 
Zo lm an's A Machine Code Relocator 
for the 8080 is for yo u I Ju st enter six 
key pieces of information and the 
program does the rest automat ica ll y, 
even fixi ng up all YO UI· add l·ess 
refe rences. 

For beginners first learn ing about 
co mpu ters, we often get req ues ts fo r 
some basic information. In BASICall y 
BASIC, Robert Bake r gives an in ­
for mal introduction to the nature of 
the BASIC language and its uses in 
programming. Finding out what a 
typical BASIC can do is a good 
start ing point in your personal eva lu a­
tion of products available in the per­
sonal computin g marketp lace. 

Given lat itude and longitude of two 
points on the earth, how do you 
calculate the distance and bearing? If 
you use a li ttle BASIC program by 
Rene Pi ttet, you can ans we r the ques­
t ion of How Far - Which Way? using a 
small processor. 

If you have a Southwest Technical 
Prod ucts' TVT II, there is a simple 
circuit that you can add that wil l give 
you man ual and compu ter control 
over the cursor's movement, erase and 
bell functions. I n his arti cle, Add 
Cursor Control to Your TVT II , 
Brother Thomas McGahee describes 
this si mp le circui t which can be 
attached to a TVT II. 

Poor KIM . If one puts KIM -1 inside 
a fancy case, the built-in jewels of key­
board and displ ays get hidden . But 
Robert Grater comes to the rescue by 
Giving KIM Some Fancy Jewels, which 
consist of a remote set of di spl ays 
connected to the processor by cable. 



POWER. 

IMSAI Introduces the Megabyte Micro!M 
The Megabyte Memory 
Until today, the largest memory you could 
fit and address in a single microcomputer 
CPU was 65K. 

Now, IMSAI presents an incredible 
memory system for micros 16 times more 
powerful than yesterday's best. 

Imagine, a full megabyte of power from 
sixteen 65K RAM boards. 

And , to control all this, the IMSAI 
Intelligent Memory Manager (IMM), the 
super control board. 

You can write protect blocks through­
out the full megabyte. Or, map in 16K blocks. 

Plus, preset 16 mapping configurations 
with protect for high speed transfer or rapid 
change. 

All interrupts are fully vectored , and 
there's an interrupt if an attempt is made to 
write into protected memory. 

There's even a real "time of day" clock. 

651(, 32K and 16K RAM 
Boards 
Until today, the most memory you could 
plug ihto a single slot was 16K. 

Now, IMSAI presents memory boards 
in astonishing multiples of sixteen: 65K, 
32K and 16K low power, dynamic RAM 
Boards . They can be used in any S-IOO bus 
computer individually or in combination 
to form conventional systems up to 65K 
bytes. 

Every board is fast. With "hidden 
refresh" and no "wait state." 

The Complete Megabyte 
Microcomputer System 
The IMSAI Megabyte Micro™ is only part 
of the story. The full system can include 
dual floppy disks , terminals, plotters, 
printers and tape cassettes. 

IMSAI also offers the finest high level 
and peripheral software available. Paper 
tape and Tape Cassette I/O and super Disk 
Operating Systems. Plus, BASIC and Disk 
BASI C with more high level languages 
comlllg. 

Until today, the microcomputer's 
potential was just something you talked 
about. 

Now, you can put it to work . Powerfully. 

Circle 3 on inquiry card. 

GENTLEMEN: 
I'm power hungry! 
o Send 65K RAM Board Kit $2599 0 Assembled $3899 
o Send 32K RAM Board Kit $749 0 Assembled $1099 
o Send 16K RAM Board Kit $449 0 Assembled $679 
o Send IMM ROM Control Kit $299 0 Assembled $399 
o Send IMM EROM Control Kit $499 0 Assembled $699 
o Send full catalog $1.00 

Check / MO enclosed. AmI. $ _ _ ______ _ 
Charge my: 0 BAC 0 M / C 

# ---------- Exp. Date: __ _ 

Sig. ______________ _ 

o Send name of my nearest IMSAI dealer 

Name ______________ _ 

Company __________ Title __ 

Address ____ _ ___ _____ _ 

City _________ _____ _ 

State / Zip __________ ___ _ 

IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 TWX 910-366-7287 





NOWS2750. 
AMERlCMS LOWEST-PRICED 

PERSONAL COMPUTER SYSTEM 
WITH COLOR VECTOR GRAPHICS. 

By taking advantage of the 
new technologies available to 
the industry today, we've con­
sistently been able to give you 
one of the best prices on the 
market. Now because of great 
response, we can give you the 
best price. You can now buy 
the Compucolor 8001 for the 
reduced price of $2750. A com­
plete stand-alone system with 
expanded graphics software . 
for plotting points, vectors and 
bargraphs on a 160 x 192 
addressable grid - in color. 
Eight independent background 
and foreground colors. 

The Compucolor 8001 has 
an Intel 8080 CPU, 34 I/O 
ports and a color display with 
an effective band width of 75 
MHZ compared to 5 MHZ for 
standard TV sets. In fact the 
Compucolor is the only totally 
integrated system on the mar- . 
ket which includes a color 
display. You can also have spe­
cial options for the Compucolor 
8001 right now, including: Mini 
Disk Drives for extra memory, 
light pens and a variety of 
special keyboard features. 
BASIC 8001 Is Easy To Learn. 
Compucolor's BASIC 8001 is 

a conversational programming 
language which uses English­
type statements and familiar 
mathematical notations. It's 
simple to learn and easy to use, 
too. Especially when it comes 
to intricate manipulations or 
expressing problems more 
efficiently. The BASIC 8001 
Interpreter runs in ROM mem­
ory and includes 26 statement 
types, 18 mathematical func­
tions, 9 string functions and 7 
command types for executing, 
loading, saving, erasing, con­
tinuing, clearing or listing the 
program currently in core. 
Expandable Memory To 64K. 

The Compucolor 8001 has 11K 
bytes of non-destructible read­
only memory which handles 
the CPU and CRT operating 
systems as well as BASIC 
8001. Sockets are in place for 
an additional 21K of EPROM/ 
MROM memory. The Random 
Access Main Memory has 8K 
bytes for screen refresh and 
scratch pad, 8K bytes for user 
workspace and room for 16K 
bytes of additional user work­
space. The Compucolor also 
comes complete with a conve­
nient mass storage device, 

Floppy Tape Memory. It's an 
8-track continuous loop tape 
system, with a Baud rate of 
4800 and an extra storage 
capacity of up to 1024K bytes 
per tape. 

Color Graphics At 
Alphanumeric Black And 

White Prices. 
That's what we're becoming 
famous for, and thanks to the 
tremendous response to the 
Compucolor 8001, we've been 
able to reduce our price even 
lower-to $2750. Look over 
our dealer listing on the adja­
cent page for the dealer nearest 
you. Then drop by for a dem­
onstration. And while you're 
checking out the Compucolor 
8001, check out your dealer's 
financing plan. He can help you 
turn a good deal into a good 
deal more. 

Compucolor Corporation, 
P.O. Box 569, Norcross, 
Georgia 30091. 

Compucolor Corporation 
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these machines? They are extremely 
sturdy and it is my understanding t hat 
one ca n sti l l get mai ntenance for them. 
Many have input an d output jacks or 
plugs. 

Lu cius B Dab ney Jr 
POB947 

Vicksburg MS 39 180 

A way of ducking the issue of your 
last question would be to point to the 
title of the article: "A Guide ta Baudot 
Teletypes." As for oil and smoke, 
Mr McNatt's caricature of the Model 75 
certainly fits my remembrances of using 
one on the amateur radio bands when I 
was in college . .. CH 

DOES ANYONE H AV E THE LATEST 
ON 8080 FORTRAN ? 

Nin e months ago, when I bega n to 
get serious about my own microcom­
puter, everybody was promising a 
FORTRAN compi ler "just around the 
co rner ." A major manufacturer promised 
a FORTRAN compiler "soon" whic h 
degrades to "earl y 1977. " Now they 
don't mention FORTRAN in their adver­
tisements. As time goes on we hear less 
and less of a FORTRAN compi ler. Here 
I si t with 40 K, access to timesharing and 
a pile of FORTRAN programs I can't use. 
I am a use r, not a hardware man or a 
systems man. I wou ld like to compile 
these and other FORTRAN programs 
one way or another and get on with 
using my mach in e_ 

FORTRAN may be a pterodactyl 
as Mr L ash ley suggests, but it is a lan­
guage comm on ly used to solve problems 
by those more interes ted in problem 
solving than in technique. Some of the 
hardware nu ts wou ld have us scrap eve ry­
th ing eve ry t ime a new chip came along. 
In that event we wou ld do nothing ex­
cept construct new hardware. Mr Lashley 

would have us sc rap yea rs of training 
every time a new programming idea 
ap pe ared. Th at's OK for so meone 
whose main in terest is lea rning new 
languages. I don't fee l we must scrap 
FORTRAN any more than Ma Be ll has 
scrapped the o ld phone system. Sure, 
there have been prob lems, but by insisting 
the new must work com patibl y with the 
old, she has buil t a good system for the 
use r. Th e pu rists work ing for Be ll who 
wish to scrap eve rything each tim e a new 
id ea is d iscovered probab ly have ulcers. 

So let us cont in ue to bui ld upon what 
we have and not scrap eve rything each 
t im e somethi ng new comes up. I f th is 
is the way things are done, I ' ll be up­
dat in g my system far into the futu re. 
Now, I 'd l ike to see so me way of con­
ve r ting that p ile of FORTRAN programs. 

L awso n T Pierce 
489 1 Songb ird Dr 

Co lumbus OH 43229 

LASHING LASHLE Y 

I nom in ate P M Lashl ey (Feburary 
1977 BYTE, page 78) fo r th e "Cybersnob 
of the Year" award fo r 1977. The year is 
young but I thin k he sho ul d get the nod; 
no o ne ca n possibly top his useless, 
se l f-serv in g, superc ili ous, unnecessary 
attack on another man's worthy effo rts. 

Roxton Baker 
56 South Rd 

Ellington CT 06029 

APL INTEREST, AND CHARACTER 
GENERATION TUTORIAL NEEDED 

I am writ ing in response to lette rs in 
the February 1977 issue of BYTE to say 
that I am building a microprocessor 
based AP L ca pability. I pl an to bui ld an 
AP L CRT terminal and will wa n t a 
character ge nerator chip. Since I plan 

to bui ld my own but have been un suc­
cessful in finding a construction and 
th eo ry art icle, BYTE cou ld include suc h 
an ar tic le, o r at leas t a bibliography, in a 
f u t ure issue. 

Kar l Gerhard 
264 Taylor Rd 

Portsmouth RI 02871 

AP L INFORMATI ON WANTED 

Would YOll please send me some 
in formation co ncern ing implementatio n 
of A PL on microcom puters? Th ank yo u 
for your conside rat ion. 

Gerry Wong 
7950 Mercure 

Brossard Quebec 
CANADA J4Y 1A8 

Watch future issues of BYTE. 

COVER KUDOS 

I had to wr i te, though so mewhat 
bel atedl y, to comment on the Janu ary 
1977 cove r painting by Robert Tinney. 
It was, I must adm i t, a rather emotion al 
moment when I sli d the wrapper off to 
reveal a paint in g wh ich dep icts exactl y 
the fee lings and aspiratio ns I have held 
for some time now . Th e hope that the 
power of the comp u te r, in the hands of 
all the right peop le, can somehow change 
the wor ld from the smog fi ll ed grey and 
brown outs ide the window into the 
clear' and beatifu l vis ion seen thro ugh th e 
te rmin al, 

May I suggest that th is cover be made 
avail ab le in poster size through BITS. 
While I did enjoy the Th omas Jefferson 
cove r, I feel that we in the world of 
computin g shou ld be look in g to the 
f u ture, and that th is parti cular painting 

Continued on page 146 

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

the CI-812 
The Only 8-100 Interface 
You May Ever Need 
On one card, you get dependable "KC­
standard"/biphase encoded cassette inter­
facing at 30, 60, 120, or 240 bytes per 
second, and full-duplex RS-232 data ex­
change at 300- to 9600-baud. Kit, includ­
ing instruction manual , only $89.95*_ 

[ LlEJUlUM 1 
PERCOM DATA COMPANY, INC, 
4021 WJNOSOR . GAR L AN D. TEXAS 75042 

'(214) 276-1968 

* Assembled and tested, 
$119.95 . Add 5% for 
shipping. Texas resi­
dents ad d 5% sales tax_ 
BAC/MC available. 
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Figure 7.' A simple train 
layout for one train show­
ing the manner in which 
electricity is transmitted 
to the motor of the train. 
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How to Computerize 
David C Brown 
1704 Manor Rd 
Havertown PA 19083 

One of the many uses of co mputers, and 
especially persona l computers, is in the area 
of real t ime process co ntrol operations. An 
enjoyab le way of ex per im enting with t hi s 
area would be to have yo ur small computer 
control a model train layo ut. Those of us 
who attended the Personal Co mputing 76 
convention held in At lant ic City NJ in 
August undoubted ly saw the Digital Equip­
ment Corporation's di sp lay of a tra in layo ut 
controlled by an LSI -11 computer. There is 
no reason why you cou ld not do so mething 
similar with yo ur own system. 

Since many of yo u may not be fami li ar 
with the techniques used in model rai l­
roading, let's start with a bit of backgro und 
informatiolfl. Figure 1 shows the simple oval 
layo ut most of us probabl y had as ch ildren 
in the US, where DC power has do min ated 
the scene recently. Power is applied to each 
rail. One set of wheels on the engine picks 
up the positive side and feeds it to the 
motor; the other set of wheels picks up the 
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negat ive. Unfortunate ly, this type of system 
can only handle o ne trai n running at a given 
time. If a second tra in were put on the 
tracks, we would not be able to contro l the 
two trains ' speeds independently . To so lve 
this probl em, we go to block co ntrol , shown 
in figure 2. As you can see, the negat ive ra il 
is common, as it was in figure 1. The 
difference li es in usi ng insul ators on the 
positive rail s and two power packs. Now we 
can use switches so that either power pack 
can control either section of trac k. Th is 
all ows us to have a tra in on the smal ler loop 
(block 1) and another tra in on the run 
around trac k to the right (b lock 2), and we 
can contro l each train 's speed independe nt ly 
through the two power packs. We st ill have 
to be a li tt le carefu l when we operate this 
system , because if the train on block 2 runs 
onto block 1 while block 1 is occupied we 
will be right back where we started, with 
two train s running at the same speed and 
contro ll ed by one power pack. 





Figure 4: Using insulators 
on both the positive and 
negative tracks a blocl? is 
created that is totally iso­
lated from the main track. 
Using a separate power 
pack will allow the train to 
run through the blocl?, 
turn around, and return to 
the main track. 
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PACK 

MAIN 
DIRECTION 
SWITCH 

+/-

direction switch for the reverse loop and 
another direction switch for the rest of the 
track. By playing with these switc hes, we 
can keep the polar iti es correct and prevent a 
short circuit. This is eas ier to see in an 
illu strat ion. Assume that the tra in is com ing 
down the main tr ack hom the left of 
f igul·e 4 and th at the track switch is posi­
tioned to the right so that the train will end 
up going aro und the reverse block in a 
coun terc lockwise direction. Th e polarities of 
the main and reverse block on each side of 
the A insulators are the same, so there is 
no prob lem crossing the insul ators. If we 
leave everything the way it is though, we will 
have a prob lem when the train hi ts the B 
insulators, since the polarities · are I·eversed 
on oppos ite sides of the insul ators . In th is 
case, while the tI·ain is on the I·everse block, 
we f lip the mai n direction switch. Thi s 
I·everses the polarity of the main track so 
that it is the sa me as the reverse block's 
polarity at the B insul ators. Now the train 
can leave the reverse block and go back onto 
the main track with no problems. Suppose 
the po lar ity of the reverse block had been 
reversed when the train was coming down 
the main track. In this case, we wou ld have 
had no problem leav ing the reverse block, 
but would not have been ab le to ente r it in 

14 

REVERSE BLOCK 
DIRECTION 
SWITCH 

the first pl ace. The sol utio n would be to flip 
the reverse block direction sw itch whi le the 
train was on the main track. This wo uld 
match up the polarities at the A insulators. 
Th en, after the train got onto the reverse 
block, we would reverse the main direction 
as we did before so that the tra in could 
safe ly leave the reverse block. 

Two items were om itted from f igure 4 fo r 
the sake of simp li city in the prior discussion. 
At po int C we would t ie in the second power 
pack and the block control switches of 
figure 2. At point D we wou ld need a 2 po le 
2 pos ition switch to all ow either power pack 
to co ntrol the reverse loop. 

So much for t rain layo uts and block 
control I Th e onl y other major piece of 
eq uipment on a model railroad is the track 
switch, ca ll ed turnouts in mode l ra il road 
terminology. Turnouts allow you to vary the 
route th at yo ur train takes, which is cer­
tainly more interest ing than watching your 
train do noth ing but go arou nd in a circle. A 
turnout represents the actual track that can 
be switched. It physically can sit in one of 
two states which are electrica lly control led . 
The electri cal components for moving the 
turnout are called switch machines. Figure 5 
shows a typ ical turnout and switch machine. 
Th e turnout co ntains a movable section. In 



figure 5, the train will go straight. [f th e 
movable section were pulled down, the train 
would go to the [eft rel ati ve to its motion, 
up the turnout track. The switch machine is 
rea lly just a pair of soleno id co il s. A soft 
metal bar with an 5 shaped groove slid es 
between th e coi ls. The movable sect ion of 
the turnout has a [ever connected to it. Th e 
other end of th is [eve r rides in the groove of 
the sliding bar of the switch machine. [n 
figure 5, if the reverse switch was closed, co il 
B would be energ ized and th e soft bar would 
slide to the ri ght. The [ever would ride in the 
groove and be pull ed down , thus pulling 
down the movable section of the turnout. 
Since the coils draw close to 1 A when 
energi zed, th ey shou ld onl y be energized 
long enough to move the turnout. [f [eft 
energized for more than a few seconds, they 
could overheat and burn out. For thi s 
reason, push button switches are normall y 
used for co ntro lling th e switch machines. 
Th e switch machines normall y run off an 
alternating current accesso ry power pac k 
and have no relat ion to the block system. 
They represent a separate, iso lated set of 
circuits on the model railroad. 

All of these electrica[ requirements may 
sound somewh at confusing. Linn Westcott 
has an excel lent, very inexpe nsive paperback 
book enti t led How to Wire Your Model 
Railroad from Ka[mbach Publi shing Com­
pany, 1959. This book, or one [ike it, should 
be ava il ab le at any hobby shop. Another 
very good se t of paperbacks is published by 
At[as Too[ Company, a leading manufacturer 
of model rai lroading equipment. At[as has 
also si mplified the wir ing for you. Th ey se ll 
sea led switch units containing printed cir­
cuitry for a [[ of the wil' ing [ have di scussed. 
The At[as se lecto rs contain block contm[ 
circuitry, the Atlas contro[lers contain di­
rect ion control and reverse loo p circuitry, 
and the Atlas switch controll ers conta in the 
turnout control switches. These dev ices are 
inexpensive and have the ab ility to be 
plugged together for hand[ ing any size train 
sys tem. AI [ you do is connect yo ur powe'r 
pac ks, block wires and switch machine wires 
to the Atlas dev ices and yo ur wiring is 
co mpl ete. The At[as books also di agl-am 
trac k layo uts, usuall y 6 to 8, from simp le to 
co mpl ex, give construction details, an d show 
how to wire them with the At[as dev ices. 
What more could yo u ask for? 

Now that I have yo u hoo ked, 01" at [east 
intel'es ted in model railroading, let's take a 
look at what we need to co ntro l this system 
by co mputer. A[ [ of th e principles di scussed 
so far still apply. Th e onl y addition al item 
that we need on the train [ayo ut . itself is 
some way of knowing whel'e the trains are. 

TRAIN 
MOTION 

PLUNGER 

REVERSE 

MOVABLE 
SECTION 

THROUGH TRACK 

+-0--+ + 

NORMAL 

Figure 5: Th e basic worl?ings of a turnout and switch machine. The two coils 
of wire move a piece of soft metal with a groove bacl? and forth between 
them. The switch machine rides in the groove. When coil B is activated, by 
using the reverse mode, the, metal is pulled into the B coil and the switch 
machine slides down in the groove changing the position of the switch 
machine. 

The simplest approach would be to use 
magnet ic reed switches. As shown in fi g­
ure 6, th ese switches are nothing but two 
contacts, very close together, and sea led in a 
glass enve lope. [f we place these sw itches at 
intervals along the trac ks and glu e a small 
magnet to the bottom of our trains, the tra in 
go ing over th e glass capsul e will close the 
switch. These switches, by the way, are 
co mmon in burglar alarm systems and other 
pmximity sensing devi ces. [ will refe r to 
these switches along the tracks as markers in 
the remainder of thi s arti cle. 

The train co ntro l system to be discussed 
is current ly under deve lop ment. So far, the 
development has co ncentrated on the soft-
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SWITCH CONTACTS 
(ACTIVATED BY MAGNET) 

Figure 6: This is a mag­
netic reed switch which 
can be used as a mar/?er 
along the tracl? The 
switch consists of two con­
tacts that are enclosed 
within a glass envelope 
The two metal contaci 
are activated magnetically 
when a car with a magnet 
attached passes Oller. 





like a large number of markers. Although I 
haven't the room to discuss this aspect, a 
graphi cs display could be used so that the 
track layout is displayed and each marker 
wou ld li ght up as the train passed it. For 
this, we want many markers. The ci rcuit of 
figure 7 will all ow up to 40, but needs f ive 
8214 chips, at $15 each. Another possibility 
would be to use a 256 word by 8 bit read 
on ly memory and have the mar kers contro l 
the address lines into the memory, whi ch 
wou ld be programmed with the marker 
numbers . I wou ld be interested in hear ing 
from anyone who has a cheap way of 
debouncing and encod ing 256 switches into 
a byte of data that cou ld be read in by an 
in terrupt routine. For that matter, I wou ld 
be interested in hearing from people on any 
of these hardware requirements, sin ce I 
haven't worked them out myself yet. 

So much for hardware . The software 
should. act uall y be eas ier to exp lain than 
model rai lroading theory. The ent ire soft­
wa l'e package is tab le driven. This makes it 
eas ier to understand and eas ier to ada pt to a 
wide var iety of train layo uts. The four major 
tab les used are the marker table, the block 
tab le, the switch table and the tra in table. 
The marker table reall y contro ls most of the 
syste m. Each marker on the track has a 
correspond ing entry in the marker tab le. 
When the tra in hits a marker, an in terrupt is 
ge nerated. Interrupts are probab ly preferab le 
to a polled system, si nce it is crucial that 
none be missed and unl ess the marker even t 
is latched, a busy processor cou ld miss it . If 
yo ur program is processing a conso le com­
mand and a train passes a markel' before you 
get to poll it, you cou ld have rea l chaos . The 
marker interrupt routine, then, would read 
in the mal'ke r number and look it up in the 
markel' table. Table 1 shows the layo ut of an 
entry in the marker tab le. If a graphics 
displ ay is used, MXY would be used to 
update the display, showi ng the train at the 
new marker locat ion . MBLOCK would be 
the pointer to the block tab le entry for the 
block which contains thi s marker. MS ETUP 
indi cates that th is is the last marker in the 
block. The software wou ld go to the block 
table, figure out the next block that the 
train will enter, and issue a command to 
appl y power to that block (remember f ig­
ure 2?). MFREE te ll s the software that the 
marker is the f il"st one in th e block and 
power shou ld be removed from the pr ior 
block. This is the reverse of MSETUP. 

M FA and M FD are fractio nal acce lerators 
and fl"act iona l dece lerato rs. Fractionals 
represent a sma ll change in the speed of the 
train . Any mar-ker can be set up to add or 
subtl"act a fract iona l to the train's current 

Label Byte Bit Meaning 

MMARK ER 1 to 2 1 to 8 marker number 
MBLOCK 3 1 to 8 block table entry displacement 
MSTOPNO 4 1 to 8 stop number 
MSETUP 5 1 setup ne xt block indicator 
MSTOP 5 2 stop indicator 
MF DS 5 7 apply fract ional dece lerator on stop only 
MFREE 5 8 release prior block indicator 
MFA 6 1 to 4 fractional accel erator value 
M FD 6 5 to 8 fractional decelerator va lue 
MXY 7 to 8 1 to 8 XY coordinates for graphics display routine 

Table 7: Marker Table In formation . The purpose of the marker table is to 
organize the current information associated with each marker input from the 
model railroad layout. The list of information shown here is described in the 
text in more detail. The use of a graphic display of the layout is assumed by 
putting in display coordinate fields (MXY), which might be omitted 
otherwise. The basic mari?er entry information is repeated in this format for 
each marl?er. 

Label Byte Bit Meaning 

BB LOC K 1 1 to 8 block number 
BTRAIN 2 1 to 4 w hich train is currently in the block 
BREV 2 8 reverse block indicator 
BPRIOR 3 1 to 8 prior block ID 
BN EX T 4 1 to 8 next block I D 

Table 2: Bloel? Table Information. The purpose of the block table is to 
organize the current information about each bloel? in the model railroad 
layout. The block is identified by its number. (Although this field might be 
omitted if numbers and position in the table are made identical.) If the block 
currently has a train, its number is identified. The topology of the track 
network is reflected in the prior block and next block pointers. 

speed . Thi s wou ld be used to speed up the 
train as it goes up a hill , ca ll ed a grade, or 
slow it down on a downgrade. It co uld . really 
be used any place you wanted the tra in' s 
speed to automat ica ll y change. Fractionals 
can also be used for programmed stops. The 
MSTOP indicator in the marker tab le entry 
te ll s the system that the train shou ld stop. 
However, a sudde n stop wo uld be unrealis­
tic, so we can use the fract ional dece lerator. 
If the operator req uests a stop at a particular 
sto p number and that stop numbel" equa ls 
MSTOPNO, the system will look at MSTOP 
and MFDS. If MFDS is on, the f l"ac tional 
decelerato r will be app li ed, slow ing down 
the train. MFDS also wi ll prevent the frac­
tiona l dece lel"atm from being app li ed if a 
sto p was not requested. Eventually the train 
wi ll hit a marker that has the correct 
MSTOPNO and has the MSTOP in dicator on, 
and the train wi ll be stopped complete ly. 

Each bl ock on the track layo ut has a 
cmrespo nding block tabl e entry, as shown in 
table 2. Th e block tab le entry contains 
indicators for what train is in th e block and 
whether the block is a I"everse block (our 
figures 3 and 4 discussion). The reve rse indi­
cato r will be used by the mat"kel" processing. 
When power is to be app lied to the next 
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turnout, the train would leave block 1 and 
enter block 3. Marker 1 would have 
MSETUP on and marker 4 would have 
MFREE on. Now let's change the switch 
position. The train will no longer go into 
block 3. The switch processing would have 
updated block l's block table entry so that 
block 2 was the next block. If we try to set 
up the next block (block 2) according to 
marker 1, we will be premature. Maybe there 
is another train in block 2 at the moment, 
since there cou ld be quite a bit of track 
between the switch and the beginn ing of 
block 2. Likewise, if a train comes down 
block 3 and tr ies to free the prior block 
according to marker 4, we might have a 
similar problem. The switch processing, 
then, must turn off MSETUP in marker 1 
and turn off MFREE in marker 4 if the 
switch is set for through and turn them on if 
the switch is set for turnout. In this par­
ticular case, markers 2 and 5 cou ld have 
MSETUP on all the time, markers 3 and 6 
could have MFREE on all the time, 
SNMKTHRU and SPMKTHRU will be zero, 
and SNMKTURN and SPMKTURN will have 
a 1 and a 4 respectively. 

The train table of table 4 has one entry 
for each train that you are running. This 
table entry is used primarily for keeping 
track, pardon the pun, of where each train 
is. It specifies what block the train is in, the 
last marker hit, the train's direction (forward 
or reverse), the train's current speed, and the 
port address for the train's power pack 
interface. This interface would control the 
speed, through digita l to analog convertors 
or similar, and the main and reverse block 
direction controls. The train table entry 
would be updated by marker processing and 
by speed and direction commands issued by 
the opel·ator. 

So far, we have discussed primarily the 
automatic functions of the software. Now 
let's look at the functions controlled by the 
operator. We already discussed switches and 
stops. That leaves us with direction and 
speed. Suppose we want to reverse a train. 
First, this command would not be allowed if 
the train was moving, since we might cause a 
derailment if we sudden ly reversed a fast 
moving train. Other than that, it's fairly 
simple. We store an indicator in TOI R of the 
train table entry to indicate that the train is 
going in the reverse direction and then issue 
the command to reverse either the main 
polarity or the reverse block polarity, de­
pending on whether or not the train is 
currently in a reverse block. From then on, 
we reverse logically the meaning of the 
MSETUP and MFREE indicators in the 
marker table entries and we I-everse logically 

Label Byte Bit Meaning 

TTRAIN 1 1 to 4 train number 
TDIR 1 8 direction 
TBLOCK 2 1 to 8 current block 1 D 
TMARKER 3 to 4 1 to 8 current marker 1 D 
TSPEED 5 1 to 8 train's current speed 
TPORT 6 1 to 8 10 port address for controller 

Table 4: Train Table Information. Each train in the layout must also be 
followed in the software as it runs its route. The information can be 
formatted and referenced with a structure such as this. The details vary for 
each train with time, as the train progresses through the layout. 

the meanings of the prior and next block 
pointers in the block table entries. There­
fore, we set up the next block when MFREE 
is on and free the prior block when MSETUP 
is on . BNEXT points to the prior block and 
BPRIOR points to the next block. 

Train speed contro l can be somewhat 
more difficult. There are basically two ways 
to control speed. The easiest would be to use 
a digital to analog converter. Trains run on 0 
to 16 VOC, so a converter would be needed 
capable of providing this range at approxi­
mately 1 A per train to be run at a time. 
Therefore, if you plan on running two trains 
at the same time, you need a 0 to 16 VOC 
supply rated .at 2 A minimum. This idea 
works well with the fractional system out­
lined earlier, but is not very realistic. The 
operator would have to enter on the conso le 
the voltage to be applied and the software 
would output to the converter the correct 
value. To gradua ll y speed up a train would 
keep the operator busy for a while entering 
speed commands. 

A more realistic approach would be to 
enter an accelerate command that would 
gradually speed up the train at a uniform 
rate. When the proper speed is reached, the 
operator would enter a hold command to 
maintain the current speed. To slow down, a 
decelerate command would cause the train 
to gradually slow down, and the hold com­
mand would again be used to stop decel­
erating. This type of control could be 
accomplished by adapting the circuit on 
page 58 of the January 1975 Popular Elec­
tronics to operate as an 10 device rather 
than by push buttons. This complicates the 
fractional system, since the fractionals were 
intended to represent actual voltage quanti­
ties to be applied to the train's speed. 

A similar approach cou ld be to still use 
digital to analog converters, but to have the 
software periodically increment or decre­
ment the value appl ied to the converter if an 
accelerate or decelerate command was in 
effect. Th is method wi II satisfy both real ism 
and the operation of the fractionals, but 
depends upon the construction of the soft-
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wal'e to in crement or decrement at a reason­
able pace. 

Tabl e 5 shows a I ist of operato r co m­
mands that might be used on a typica l 
co mputeri zed model railroad. The remainder 
of th is art icle is devo ted to so me algo rithms 
fo r the more important processes we have 
d iscussed . Algo rithms, if the term is un­
fa mili ar, are simply fl owcharts ex pressed in 
wo rd s rather than in blocks and arrows. 
Since thi s art icle is not present ing ac tual 
code and is more directed to theory than to 
bit by bit deta il s, generali zed algor ithms 
seem more appropri ate. I hope th is art icle 
has increased yo ur interest in the area o f 
model rail road ing and has given yo u some 
ideas on how yo u can si mu late, on a small 
sca le, the types of real t ime process contm l 
syste ms that coul d be used on a large sca le 
to co ntro l an ac tual l·a ilroad.-

Mn emon ic 

A Tx 
o Tx 
H T x 
S T x 
S T x Sy 
FA xxx My 
FO xxx My 
FO xxx My,S 
R Tx 
Sx 
Ex My 1,y2, --,yn 
Ox 
K 
C 

Command meani ng 

acce lerate train x 
dece lerate t ra in x 
ho ld tra in x at current speed 
stop tra in x immediate ly 
stop tra in x at sto p number y 
set fract io nal accelerat o r value of xxx into ma rker y 
set fract io na l decelerato r value of xxx into marker y 
sa me as above but also turn on M FOS 
reverse t ra in x 
togg le posi t io n of switch x 
establ ish sto p x at marke rs y 1,y2,--yn a nd turn on MSTO P in mar ke r yn 
de lete stop x 
kill system ; emergency power off 
c lose down sys t em; o rderly stop of trains and power off 

Table 5: Definition of a Command Language. Here is mnemonic set of 
commands fo r con trol o f the trains on a model railroad layout from a 
terminal I?eyboard. When a general purpose I?eyboard is used, this sort of 
sequence is required - although the particular commands defined here are 
not necessarily the only se t possible. Algorithms 5 and R (see separate boxes) 
are command processing routines for switch toggling and reversal of trains, 
two of the more complex commands in th is list. 

GLOSSARY 

Algorithm: A method used to ex p ress t he steps to 
be taken in so lvi ng a pro bl em. It may be expressed 
in words, as a flowch art of b loc ks, lines and 
arrows, or in other forms. 

Block control : Sectio ning up a ra ilroad layo ut so 
that mUl t iple power pac ks ca n be used to run more 
than one tra in o n t he trac ks at a t ime. 

Block table : A ta ble used in the software for 
contro lling a mode l train layo ut. Each bloc k on the 
tracks has a corresponding entry in th e bloc k ta bl e . 

Dig ital to ana log converter: Commo nly abbrev iated 
as OAC, t he dev ice takes as input a dig ita l 
value, typical ly a n " n" bit binary number, and 
outputs an ana log signal in t he form of a va riab le 
vo ltage corresponding to the digita l input va lue . 

Fractionals: As used in t hi s a rtic le, a fract io na l is a 
4 bit bi nary number represent ing a small change in 
the speed of t he t rai n. It is used for automatic 
speed cha nges under program cont rol. 

Graphics display: A video displ ay device t hat ca n 
di splay lines, curves and drawings rathe r t han just 
characters. In a tra in sy stem , a graphics di splay 
could be used to show a rea l time diagram of t he 
t rain layout and where each t ra in is located . 

Insu lators: In a train layout , insulators a re used to 
isol ate sections of trac k in order to use bloc k 
co ntro l. Since power is supplied to the tra in 
through the t racks, insul ato rs are placed between 
sect io ns of track so that each sect ion can be 
contro lled independently . 

Markers: Switches located on the trac k that are 
activated by the passing of a train . These markers 
are used by the software to keep track of where 
the tra ins are. 

Marker table: A table used in the softwa re, 
conta ining an entry for each marker on the train 
layou t. 

Polarity : As used in this article , polarity refers to 
whi ch track is pos it ive and which track is negative. 
Normal ly , t his is not really important , except in 
t he case of reve rse loops, where the po larity 
betwee n two adj acent blocks on t he layout might 
be d iffe rent, resu lting in a short circuit when 
crossed by the t ra in . 

Reverse loop: Or reverse bloc k; this is where a 
sect io n of a track will a llow a train to go around in 
a loop and end up on the same track but going in 
t he opposite direction . Specia l hand ling of these 
cases is needed . 

Solenoid : A co il of wire which acts as an electro­
magnet. When current is applied to t he coi l, a bar 
of soft metal will be at tracted toward the magnet. 
In mode l ra il roading, soleno ids are pa rt of a switch 
machine. 

Switch machine : A solenoid activated mechanism 
attached to a t urnou t , used to move a section of 
track so that t he route of the t rain can be 
modif ied. 

Switch table: A tab le used in the software, 
con tain ing an entry fo r each switch machine and 
attached turnou t on the track. 

Train table: A t able containi ng an entry for each 
tra in that is running on the train layout (a lso, the 
physical structu re on which your tra in layout is 
bui lt) . 

Turnout: A movable section of track, used to 
modi fy the route of t he train . A turnout allows the 
trai n to go in one of two possib le directions. A 
switch machine is used to move the turnout. A 
turnout has a normal position, which is the 
direction most commonly taken, and a ' reverse 
position , wh ich is the less frequently used pOSition. 
In this article, I have also used turnout to refer to 
the reverse position, a nd through to refer to the 
normal position . 
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Order your AppleII now. 
Use this order form to get your Apple II fast. As a special offer for 
those who order now, we will include free a custom vinyl carrying case 
(a $50 value). And we will also pay shipping charges to anywhere in the 
continental United States. 

Apple II Price List. 
RAM Apple II Calif. Residents Apple II Calif. Residents 
Complement System Add Board-only Add 
4K $1,298.00 $ 84.37 $ 598.00 $ 38.87 

8K 1,398.00 90.87 698.00 �~� 45.37 �~�'� }7 

12K 1,498.00 97.37 I., 798.00 , 
�, �~� 51.87 

16K 1,698.00 1l0.37 978:0'0 ''Ii, 0
1 ;" 63.57 , 

20K 1,778.00 115.57 1,078.00 �~�,� 70.07 
24K 1,878.00 122.07 1;178.00 'r '\ .. , 76.57 �; �~�;�,�;� �,�~� 

32K 2,158.00 140.27 1,458.00 94. 77-�~ �'�~ �;�"� '2 h 

36K 2,258.00 146.77 1,558.00 101.27 
. 

, 

48K 2,638.00 171.47 1,938.00 125.97 

Memory is offered at a 20 % savings when ordered with the system-or board-as reflected in the prices above. 

Additional RAM can be easily added-in at a later date as your needs develop. 
One set 4K chips (4K bytes) $125 
One set 16K chips (16K bytes) $600 

Prices and specifications subject to change without notice. 

i 
I 
I . 'J 

.1 
�"�~�\�,� J 

I 
i 

• 

computczr Inc: 
20863 Stevens Creek Blvd., B3-C 
Cupertino, California 95014 
(408) �~�9�6�-�1�0�1�0� 

�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~�~� 

Orderfortn 
o Please send me an Apple II System 

o Board Only 
with _ K bytes of RAM (4K minimum) at $ ____ _ 
California Residents add 6.5% tax _______ _ 

Total $ _______ _ 
Name _______________ _ 

Address ______________ _ 
City _______________ _ 

State ____ Zip __________ _ 
Phone _______________ _ 

Shipping Address (if different) 

o Cashier's check or money order enclosed. 
(Please all ow 2 additional weeks for personal checks.) 

Please charge to my 
o BankAmericard 

o VISA 
o Master Charge 
Card Number _____________ __ 

Expiration Date ____________ _ 

Signature ______________ _ 

Mail to: Apple Computer Inc., 20863 Stevens Creek 
Blvd., B3-C, Cupertino, California 95014 

�~�~�~�~�~�~�~�~�~�~�~�~�~�-�-�~�-�-�~� 
Circle 7 on inquiry card. 



Photo 7: Two different shots from the balcony of the Civic Auditorium show the extent of the crowd. A t the end of the show, 
chaircreature jim Warren announced that 72,800 people had attended. 

Random Observations and Conversations 

at the First West Coast Computer Faire 

Notes and Photos by Lawrence F Willard 

The kids monopolized the computer 
games most of the time, and were better in 
their scoring than most of the adults. Said 
one man to another: 

"Those kids have been at the keyboard 
fo r 15 minutes; shall we push 'em out of the 
way?" 

"No," said the other. "They're doing a 
helluva lot better than I know I could do." 

There were several variations of Star Trek 
in evidence. At the Processor Technology 
booth one frustrated kid kept getting this 
printout whenever he entered a command: 

"Captain, I'm afraid your last command 
made no sense." 

He was lucky. A kid about 12 years old 
playing Star Trek at the Vector Graphic 

Inc booth apparently made a king sized error 
and got this printout: 

"Thanks to your bungling the galaxy has 
been destroyed by the Klingon War Fleet. 
You are demoted to cabin boy. Try again." 

The boy turned around and saw me 
watching him. 

"Don't say anything," he growled. 
These games reveal a lot about people to 

dedicated people watchers like me. At the 
National Semiconductor booth a computer 
was set up to plot, on a screen, a graph of 
the player's physical, emotional and intellec­
tual cycles. You were asked to key in your 
birth date and to indicate over how many 
days you wanted the chart plotted. I noted, 
curiously, that some people used arbitrary 
dates or somebody else's birth date rather 
than their own. Are some people reluctant 

Photo 2: The mild, unassuming 
roll top desk at the left of this 
sequence hides an intelligence. 
For, when all the doors and 
slides of this "desk" by RDC En­
terprises (8352 Stanford Av, 
Garden Grove CA) are opened, 
they reveal an experimenter­
oriented computer with built-in 
Altair bus extender card at desk 
level, a keyboard at desk level 
and video monitor. The actual 
computer mainframe is below 
desk level behind doors, and the 
bottom drawer can hold the ex­
perimenter's tools. 
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Larry Willard, who 
writes regularly for 
Yankee magazine (Dublin 
NH), acted as BYTE's rov­
ing eye at the First West 
Coast Computer Faire held 
in San Francisco's Civic 
Auditorium on April 76 
and 77 of this year. Here 
are Larry's notes on 
Random Observations and 
Conversations at the event. 





There's an iCOM 
for Everyone 

at these 
Computer Stores ... 
ARIZONA ' IN DIANA 
Byte Shop Data Group 
Tempe Indianaoolis 
(602) 894-11 29 (317) 842-2983 

CALIFORNIA KENTUCKY 
Orange Computer Ctr , Cybert ronics 
Costa Mesa Louisv ille 
(714) 646-0221 (502) 499-1551 

Byte Shop MASSACHUSETTS Lawndale 
(213) 37 1-2421 American Used 

Byte Shop 
Computer 
Boston 

Mt , View (617) 261-1100 
(415) 969-5464 

Computer Mart M INNESOTA 

Orange Microprogramming 
(714)633-1222 Burnsville 

Byle Shop 
(612) 894-3510 

Pasadena NEW HAM PSH IRE 
(213) 684-3311 

Computer Mart 
Byte Shop Nashua 
Santa Barbara (603) 883-2386 
(805) 966-2638 

N EWJERSEY 
Byte Shop Computer Mart 
Sanla Clara Iselin 
(408) 249-4221 (201) 283-0600 
Byte Shop 

NEW YORK San Diego 
(7 14) 565-8008 Synchro Sound 

Byte Shop 
Hollis 

San Rafae l 
(2 12) 468-7067 

(415) 457-9311 Computer Mart 

Computer Room 
NYC 

San Jose 
(212) 686-7923 

(408) 226-8384 NORTH CA ROLINA 
Byte Shop Digilal Dynamics 
Tarzana Charlotte 
(213) 343-3919 (704) 374-1527 

Tech-Mart PENNSYLVANIA 
Tarzana 
(213) 344-0153 Byte Shop 

Brymar 
Byte Shop (2 15) 525-77 12 
Thousand Oaks 
(805) 497-9595 SOUTH CAROLINA 

Byte Shop Carolina Computers 
Walnut Columbia 
(415) 933-6252 (803) 798-6524 

Byte Shop TEXAS 
Westminsler Mic ro Store (7 14) 894-9131 

Richardson 

CO LO RADO (214) 231-1096 

Prime Radix Mic rotex 
Denver Houston 
(303) 573-5942 (713) 780-7477 

FLO RIDA Computer Termin al 
EIPaso 

Byte Shop (915) 542-1638 
Miami 
(305) 264-2983 WISCONSIN 

The Computer Store Madison Computer 
Jacksonville Madison 
(904) 725-8158 (608) 255-5552 

ILLINOIS CANADA 

Itty Bitty Machine Computer Mart 
Evanston Toronto 
(312) 328-6800 (4 16) 484-9708 

Numbers Racket Computer Place 
Champaign Toronto 
(217) 352-5435 (4 16) 598-0262 

Champaign Computer 
Champaign 
(217) 359-5883 

Wffi]® mICAOPEAlPHEARLS ® 
6741 Variel Ave ., Canoga Park , CA 91303 U.S.A . 
Te l. (213) 348-1391 a d,visoon of Penec Compufe, Cmpo,a'<>n 
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Photo 3: The kid at the keyboard of this IMSAI 8080 under the 
watchful eye of Lynn Stone is Bob Bowdige, a fifth grader at 
Rollingwood School in San Bruno. A t this school, 200 students 
each week study BASIC programming. The school was invited to 
become part of the exhibit at the Action Audio Electronics booth 
at the show. 

to know what their cycles are, or ar-e they 
reluctant to have other people see when 
their highs and lows occur, a privacy thing, 
perhaps? Anyway, I saw a pretty young lady 
who couldn't be out of her 20s key in a 
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Photo 4: Victoria Van 
Buskirk, 70, with her 
father Thomas, a pro­
grammer at Lockheed in 
Sunnyvale CA, in the Re­
creational Computer 
Centers booth. Tom, with 
his interests in computer 
games and home account­
ing problems, plans to 
acquire a computer. 



Photo 5: The husband and wife team of Ellen and All en Penn (he's president, 
she's VP and secretary of Sylvanhills Laboratory Inc, 7 Sylvan way, Box 239, 
Strafford MO 65757) demonstrate computer controll ed plotters to Dick 
Speer of Northwest Computer Cinema. (For more details on the plotter kit, 
see BYTE january 7977 page 85.) Dick has a 6502 based computer similar 
to the KIM which the Penns are using in this setup; he wants to use i t for 
computer controlled graphics. 

binh date of October 9 19'12. An arbi t rary 
date? The bir th date of a parent? Only she 
knows. The computer took a fair amount of 
t im e to figure it all out, but f inall y traced 
the patterns on the screen fo r a 20 day per­
iod. 

At the Advanced Technology Research 
Associates booth there were f lash ing space 
jewels and Plexiglas ray guns that lit up wi th 
a pulsing bright colored li ght when the tri g­
ger was pull ed. These fascin ated kids and 
grownups ali ke, onl y at 24 bucks and on up 
the kids weren't buying. The older people 
were, though. I asked one guy what he 
pl anned to use hi s space ray gun fo r. 

"I'm a magician," he said. " I'll find a use 
fo r it on stage." 

Another guy wanted to know if the space 
jewels were waterproof . He thought it might 
be interesting to drop one of the littl e f lash­
ing pendants into his tropical fi sh tank, or 
into a pi tcher of his favorite iced beverage. 
They aren't waterproof; the battery com­
partment would be fl ooded. 

Li ke a lot of other people, I had a com­
puter portrait made-you stand in front of a 
TV camera, your im age is held on the TV 
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OUR DEALER S 

NORTHEASTERN STATES 

Computer Workshop, Rockville, MD; Computer Mart , 

Waltham, MA; Iselin, NJ; Hoboken Computer Works, 

Hoboken, NJ; Audio Design Electronics, New York, 

NY; Byte Shop East, Lev ittown, NY; Computer Comer, 

White Plains, NY; ·Computer Enterprises, DeWitt, NY; 

Fayetteville, NY; Computer Mart of New York, New 

York, NY; Computer Shoppe, Middle Island, NY; Ithaca 

Audio, Ithaca, NY; Byte Shop, Bryn Mawr, PA; Personal 

Computer Corp., Frazer, PA 

SOUTHEASTERN STATES 

Computer Hut, Hialeah, FL; Delta Electronics, Leesburg, 

FL; Douglas Computer Systems, Jacksonville, FL; 

Economy Computing Systems, Orlando, FL; Electronic 

Shop Inc., Melbourne, FL; Microcomputer Systems Inc., 

Tampa, FL; Computer Systems Center, At lanta, GA; 

Computer Electronics, Baton Rouge, LA; Byte Shop, 

Columbia, SC 

MIDWESTERN STATES 

American Microprocessors, Prairi e View, I L; Bits and 

Bytes, Posen, I L; ilty billy machine company, Evanston, 

IL; Llilipute Computer Mart, Skokie, IL; Numbers 

Racket, Champaign, IL; Data Domain, Bloomington, IN; 

Home Computer Center, Indianapolis, IN; Micro Bus 

Inc., Cedar Rapids, IA; Data Domain, Louisville, KY; 

Computer Mart, Royal Oak, MI; Computer Systems, 

51. Clair Shores, MI; General Computer, Troy, MI; 

Computer Depot, Minneapolis, MN; Computer Room Inc., 

Eagan, MN; High Technology, Oklahoma City, OK; 

Milwaukee Computer Store, Milwaukee, WI 

WESTERN STATES 

Bits & Bytes Computer Shop, Phoenix, AZ; Personal 

Computer Place, Mesa, AZ; Affordable Computer Store, 

Santa Clara, CA; A·VIDD Electronics, Long Beach, CA; 

Bits n Bytes, Fullerton, CA; Byte Shop, Burbank, CA; 

Fresno, CA; Lawndale, CA; Long Beach, CA; Palo Alto, 

CA; Pasadena, CA; Placentia, CA; San Diego, CA; San 

Jose, CA; San Rafael, CA; Santa Clara, CA; Tarzana, CA; 

Thousand Oaks, CA; Walnut Creek, CA; Westminster, 

CA; Computer Center, Costa Mesa, CA; Computer 

Center, San Diego, cA; Computer Componants, Van 

Nuys, CA; Computer Electronics, Santa Barbara, CA; 

Computer Emporium, Newport Beach, CA; Computer· 

land, San Leandro, CA; Computer Mart, Orange, CA; 

Computer Playground, Westminster, CA; Computer 

Power and Light, Studio City, CA; Computer Store of 

San Francisco, San FranCiSCO, CA; Dunston Enter· 

prlses, Redding , CA; Executive Office Equipment, 

Pasadena, CA; Micro Computers, Fountain Valley, CA; 

Mlcrosystems Engineering, San Francisco, CA; Sunny 

Sounds, San Gabriel, CA; Sunshine Computer, Carson, 

CA; Upland Computer Labs, Upland, CA; XI media, 

San FranCiSCO, CA; Byte Shop, Boulder, CO; Engle· 

wood, CO; Mighty Mini Company, Denver, CO; Micro· 

computer Systems of HawaII, Honolulu, HI ; Small 

Computer Systems, Honolulu, HI ; Computer Mart of 

West Texas, Lubbock, TX; Computer Shop, San Antonio, 

TX; Computer Terminal, EI Paso, TX; Eiectronic Specialty, 
H ousto n, TX; Hou ston Compute r Mart , Houston, TX; 

KA Electronic Sales, Dallas, TX; Micro Store, Ri chard· 

son, TX; Vanguard Systems, San Antonio, TX 

FOREIGN 

Mlcrotech Computers, Winnepeg, Manitoba, Canada; 

Haywood Electronic Associates Ltd., Northwood, 

Middlesex, England; Instrumalic, Geneva, Switzerland. 

790 HAMPSHIRE ROAD 
WESTLAKE V I LLAGE, 

• A + B 
CA 9 136 1 

Not Afliliated With Vector General 

Circle 9 on inqu iry card. 



It's a two touch aHair 

VECTOR 1 is based on the 8080A Microprocessor and S-l 00 Bus -

EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPERATE. ' 

T .M. 

�~�.� to=l <:=lAi»t-iC inC. 
717 LAKEFIELD ROAD. SUITE F 

WESTLAKE VILLAGE, CA 91361 • (805) 497-0733 



screen until it can be scanned fo r a computer 
printout. In about a minute the prin ter roll s 
it out and it is torn off and handed to you. 
The guy in f ront of me in lin e made a pro­
duction out of it. He was bearded, and he 
wanted a profil e shot with a pi pe in hi s 
mouth and his hand up to it in a studied 
pose. He explained that he wanted it fo r hi s 
off ice door. 

There were a couple of booths playing 
computer music and the sound was great, 
even if the repertoire was a bit limi ted. 
About the 15th or so time you've heard a 
particular tune during the day you can draw 
the waveforms of each note. But the perfor­
mance was pretty good. Soli d State Music's 
booth was playing such tunes as "The Flight 
of the Bumblebee," Bach's " Litt le Fugue in 
G Min or," " Blues in F," " It's a Small 
Worl d," and " Mapl e Leaf Rag." TI'y those 
on youl' computer. 

Footweary after awhil e, I went in to the 
cafeteria, got some coffee, and sat down at 
a tabl e and got into a conversation with two 
men sitti ng there. They were Manabu 
Uyehara and George M Hirota, who have the 
Radio Shack f ranchi se in Honolu lu. They 

Photo 6: Terry Belcher of 
Advanced Technology Re­
search studies a map of 
world conquest for the 
color video game "Risk" 
which was being run at the 
Compucolor booth. 

had f lown to San Francisco especiall y for 
the F aire. Both men have had previous com­
puter experience, and they are anxious to 
carry computers in their store. 

I moved to another table and met Scott 
M Di ckson, a computer programmer in the 
dental school of the University of Michigan. 
He wants a computer to experiment with. 
He thinks dentists could use them for pa­
tients' records and fo r bi llin g. 

Corning fro m the cafeteria I stopped at a 
booth offering a selection of fi ne prints and 
etchings done in sort of a science fict ion-fan­
tasy style. One of them, I thought, would 
look especiall y f ine in my study. Before I 
could ask how much it was, somebody else 
did . 

" 5 ix-f ifty," sai d the you ng art ist. 
Real reasonabl e, I thought, and moved 

. fo rward to buy one. 
The man who had asked how much, then 

asked: 
" Six hundred and fifty doll ars?" 
The art ist said that was correct. 
I wal ked away. 
That's more than most of the computers 

were sellin g fo r.-

Photo 7: Some floor shots. 





A New 16 Bit Personal Computing 
System 

EBNEK Inc, 254 N Washington St, 
Wichita KS 67202, has recentl y an· 
nounced the new EBNEK 77 system. 

Circle 11 on inquiry card. 

This system, avail able for $2770 in 
kit form or $3800 assembled and tested, 
featu res the 16 bit TMS9900 processor 
manufactured by Texas Instruments 
I nco What EBN E K has done is to design 
a finished package around the TMS9900 
with the following characteristics: 

• TMS9900 processor board. 
• 16 K bytes of programmable 

memory on two 8 K byte boards. 
• 8 K by tes of EROM socket 

capacity on one board, with 2 K 
bytes of operatin g system soft­
ware supplied (ie : room for 6 K 
bytes of user defined E ROM 
programs). 

• Video display board w ith tele· 
vis ion monitor. 

• 10 interface board with keyboard 
interface, eight bits of parallel 
10, serial data port with data rate 
generator, and cassette modem. 

• Cabinet and power supply 
motherboard. 

• Phi-Deck tape transport wit h 
firmware support. 

• IASCII keyboard and case. 

The design of the system is modular, 
wit h an addressing space limitation 
of 64 K bytes, and a design lim it of 
128 K bytes using memory bank switj;h­
ing. (Power adequate for a full 128 K 
bytes is provided as a standard feature 
according to the company.) 
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The video display provides 15 lines 
of either 32 or 64 characters, generated 
with a 7 by 9 dot matrix. The display 
also has a point graphics mode allowing 
a 256 by 240 dot display driven from an 
8 K byte segment of main memory. 
The display and processor are inter­
leaved so that operation of the proc­
essor does not break up the picture 
with visual hash, allowing programmed 
updates to occur wh ile information is 
being displayed. 

This product looks like a signifi cant 
one for the personal computing user 
who wants the ultimate in microproc­
essor execution speed and performance. 
The TMS9900 architecture includes 16 
general purpose work areas at arbitr ary 
memory locations which use a short 
form of addressing. It has the unique 
characteristic of built-in multiply and 
divide operations which take (worst 
case without wait states, using 3 MH z 
clock) 17 and 41 itS to evaluate 32 bit 
results of 16 bit operands. Individuals 
with real time computational applica­
tions (as in voice recognition, scene 
analysis, electronic music generation) 
will find the 9900 architectu re qui te 
useful. In addition to the physical con­
figuration, EBNEK's announcement of 
the EBN EK 77 describes availabilit y 
of an assembler, editor, utilities and a 
user's software lib rary .-

Circle 631 on inqui ry card. 

Polyphonic Music Generator Board 

A new interface board designed 
for music generation cal led the SRS-320 
has been announced by Stillman Re· 
search Systems, POB 14036, Phoenix 
AZ 85063, for $175. The board, which 
can serve as the basis for a computerized 
music synthesizing system, is Altair 
bus compatible and can generate up to 
fo ur musical notes simul taneously over a 
four octave range. This is sufficient to 

generate most elementary chords and 
inversions. The SRS-320 is priced at 
$1 75, and a demonstration cassette of 
the board is available for $3, as well as 
a variety of other music generation 
electronics.-

Circle 632 on inquiry card. 

New Vector Catalog Available 

Vector Electronic Company In c's 
1977 catalog is now available, li sting 
prices and descriptions of the entire 
Vector product li ne, including printed 
circuit cards, term inals and pins, bread­
boarding kits, wirin g pencil s and so 
on. Of special interest to the computer 
experimenter is the company's new cord­
less rechargeable wire wrap tool called 
Wrap and Strap. The catalog is avail· 
able free from Vector Electronic Com­
pany Inc, 12460 Gladstone Av, Sylmar 
CA 91342, and no serious experimenter 
would want to be without it.-

Circle 633 on inquiry card. 
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