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6800/2 IS HERE 

The 6800/ 2 uses our new A2 processor board w ith socket 

space for 8K bytes of ROM/ PROM. This makes it possible 

to use the 6800 in applications where ROM programs are 

useful without purchasing an expensive PROM accessory 

board . The A2 board has a DIP sw itch selector that allows 

you to replace any 8K block of memory above the RAM 

memory that extends to 32 K w ith memory external to the 

processor board itself . This lets you develop specia l pro

grams that will later be put in PROM in a normal RAM 

memory card where it can be mod ified and debugged. The 

A2 board has a crystal controlled baud rate oscillator and a 

separate clock driver oscillator whose frequency may be 

changed with a programming resistor. The A2 

processor board gives you the maximum possible flexibility 

in setting up a computer system . 

SWTBUG® Monitor-
The 6800/2 is supplied with our new SWTBUG® monitor. 

This new monitor is software compatible with the earlier 

Mikbug® monitor used in the 6800. All major subroutine 

entry points are identical. SWTBUG® features a resident 

MF-68 Minifloppy disk boot, single level breakpoints, 

vectored software interrupt, generation of punch end of 

tape formatting and automatic interface configuring for 

either the MP-C control interface or MP-S serial interface. 

ACIA Type Interface-
The 6800/2 uses our MP-S serial interface . This RS-232 and 

20 Ma. TTY co mpatible interface may be configured to op

erate ser ially at the following baud rates : 110, 150,300, 

600, 1200,2400,4800 and 9600. Complete interrupt con

trol is available through the user's software. 

41< Static MEMORY-
The 6800/ 2 comes wth 4K of static RAM memory on our 

MP-8M board. The memory may be expanded to 8K by the 

addition of eight more memory chips. No additional parts 

are needed. Full buffering of all data, address and control 

lines is a standard feature. Memory expansion to 32K of 

continuous RAM memory and up to a 48K mixture of 

ROM/RAM is possible with this system. 

ACCESSORY BOARDS-
Do you have a special job? Our accessory boards make it 

possible to use the 6800/2 for almost any type of computer 

applicat ion . We have our MP -T interrupt timer with soft

ware interrupt selectable output. Our MP-N calculator inter

face that allows you to do arithmetic functions in hard

ware. Our MP-R EPROM programmer that programs and 

verif ies EPROMs right in the machine-and more coming. 

6800/2 Kit .. . .. .. . 

6800/ 2 Assembled .. . 

. . . $439.00 ppd Cont. U .S. 

. .. $495.00 ppd Cont. U.S. 

SWTBUG® is a registered trademark of Southwest Tech . Prod. Corp . 
Mikbug® is a registered trademark of Motorola, Inc. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 

Circle 110 on inqu i ry card . 



You can now have the industry's 
finest microcomputer 
with that all-important 
disk drive 

YOU CAN GET THAT 
All-IMPORTANT SOFTWARE, 

TOO 
Loading your programs and files 

will take you only a few seconds with 
the new Cromemco Z-2D computer. 

You can load fast because the 
Z-2D comes equipped with a 5/1 
floppy disk drive and controller. Each 
diskette will store up to 92 kilobytes. 

Diskettes will also store your pro
grams inexpensively-much more so 
than with ROMs. And ever so much 
more conveniently than with cas
settes or paper tape. 

The Z-2D itself is our fast, rugged, 
profe ssional-grade Z -2 computer 
equipped with disk drive and con
troller. You can get the Z-2D with 
either single or dual drives (dual 
shown in photo) . 

CROMEMCO HAS THE 
SOFTWARE 

You can rely on this: Cromemco 
is committed to supplying quality 
software support. 

For example, here's what's now 
available for our Z-2D users: 
CROMEMCO FORTRAN IV COM
PILER: a well-developed and power
ful FORTRAN that's ideal for scien
tific use. Produces optimized, relo
catable Z-80 object code. 
CROMEMCO 16K DISK BASIC : a 
powerful pre-compiling interpreter 
with 14-digit precision and powerful 
I/ O handling capabilities. Particularly 
suited to business applications. 
CROMEMCO Z-80 ASSEMBLER : a 
macro-assembler that produces relo
catable object code. Uses standard 
Z-80 mnemonics. 

The professional
grade microcomputer 

for professionals 

ADVANCED CONTROLLER CARD 
The new Z-2D is a professional 

system that gives you professional 
performance. 

In the Z-2D you get our well 
known 4-MHz CPU card, the proven 
Z-2 chassis w ith 21-s lot motherboard 
and 30-amp power supply that can 
handle 21 cards and dual floppy 
drives w ith ease. 

Then th ere's our new disk con
t ro ller card w ith special features : 

• Capability to handle up to 4 
disk drives 

• A disk bootstrap Monito r in a 
1K 2708 PROM 

• An RS-232 ser ial interface for 
interfacing your CRT terminal 
or teletype 

• LSI disk contro ller circuit ry 

Z-2 USERS: 
You r Z-2 was designed w ith th e f uture 
in mind . It ca n be eas ily ret rofitted 
w ith everyth ing needed to convert to 
a Z-2D. Onl y $935 kit ; o r $11 35 for 
assembl ed retrofit package. 

Cromemeo 
nco po a ed 

Specialists in computers and peripherals 

Shown with optional 
bench cabinet 

We're able to put all of this in
cluding a UART for the CRT interface 
on just one card because we've taken 
the forw ard step of using LSI con
troller circuitry. 

STORE/FACTORY 
Contact your computer store or 

Cromemco factory now about the 
Z-2D. It's a real workhorse that you 
can put to professional or OEM use 
now. 
Kit : Z-2D with 1 disk drive 

(Mod el Z2D-K) ...... . . . ..... $1495. 
Assembl ed: Z-2D fully assembled 

and tes ted (Model Z2D-W) .... $2095. 
Additional disk drive 

(Model Z2D-FDD) .. . .. . . . .... $495. 

SOFTWARE 
(On standard IBM-format 

soft-sectored mini diskettes) 
16K BASIC (Model FDB-S) . .. .. . . . . $95 
FORTRAN IV (Model FDF-S) . . ...... $95 
Z-80 Assembler (Model FDA-S) .... $95 

2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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The easy way to get disk storage, 
FORTRAN IV, and other programming power 

Function ___ _ 
switches 

Control up to 
four 8" drives 

Here's a new disk controller and 
disk drive combination that will set 
you up for truly powerful disk storage. 

The new controller is extremely 
versatile. You can use it with either 
our new 5" single disk drive or our 
8" dual disk drive. In fact, the con
troller will interface up to three 5" or 
four 8/1 drives. 

That means you can have enor
mous disk storage since the new con
troller puts 92 kilobytes on each side 
of a 5/1 diskette and 256 kilobytes on 
an 8" diskette. Recording is in soft
sectored IBM format. 

FORTRAN IV AND MORE 
You can get still more Cromemco 

disk operation aids. For example, we 
also offer FORTRAN IV for our com: 
puter users. 

And as in so many things, we are 
the first manufacturer in the field to 
offer this advanced program for the 
Z-80 ftP. 

Besides FORTRAN IV we also offer 
our special BASIC (14-digit precision), 
our Z-80 Assembler, and now an en
tertainment diskette with over a doz
en of our Dazzler® games. 

KEYBOARD CONTROL 
The new Model 4FDC disk con

troller (supplied in our Z-2D) is for 
our Z-2 computer or any 5-100 bus 
computer using our Z-80 CPU card. 

You should also know about these 
other capabilities of the new con
troller : 
• Its PROM-resident Disk Operating 

System (RDOS) gives you key-
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Control up to 
three S" drives 

Single 5/1 
disk drive 

Dual 8/1 
disk drive 

board contro l of your disk drive 
and also includes a bootst rap to 
load our powerful CDOS disk 
operating system supplied on all 
Cromemco diskettes. 

• The cont roller w ill interface your 
CRT terminal through its RS-232 
serial port. May save you an I/ O . 

• It has 5 programmable interval 
timers. 

• It has vectored interrupts. 
• And it has an 8-bit parallel input 

port and an 8-bit para llel output 
port. 

LOOK TO THE FUTURE 
This new disk controll er equips 

you for the future as we ll as for now. 
Not only can you now have very 
large storage, but the features of the 
controller and the standard IBM for
mat protect you from early obso
lescence. 

CRT terminal 
interface 

:1:1-_- LSI circuitry 

LL-_- 1 kilobyte 
PROM 

I [""; 1 
I I 

I Tt l 
I 

[fj ' I I 

I · rl • 
I [""; 1 

I r. 

STORES/FACTORY 
This new card and the disk drives 

are in production and available. 
So contact your computer store 

or the factory today and you can have 
the power of FORTRAN IV and a 
large memory right away. 

PRICES 
Mode l 4FDC- K Disk Co ntro lle r kit ........ . .. $ 395 
Mode l 4 FDC-W Disk Co ntroll er assembled . .. $ 595 
Model WFD 5u si ngle d isk d rive asse mbled .. $ 495 
Mode l PFD-K au dual disk drive kit ....... . . $1995 
Mode l PFD-W au dual di sk drive assembled .. $2495 

Dis k d rives are complete with 
powe r supply, case and cables. 

SOFTWARE 
Purchase rs of Cromemco computers 

or d ri ves may purchase software on 5" 
or a" di skettes as fo llows: 

5" 8" 
Diskette Diskette 
Model Model Price 

FORT RA N IV FDF-S FDF- L $95 
z-ao Assembler FDA-S FDA-L $9S 
16K BASIC FDB-S FDB-L $95 
Dazz le r~ games FDG-S FDG- L $95 

[3 cromemeo 
i ncorporated 
Specialists in computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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In This ~~TI 
Page 6 

With good reason, many computers 
these days have no front pan el for low 
level data entry and display . But some
times a rea l time pattern "signature" 
of an executing program can be useful. 
This month, Steve Ciarcia shows how 
to build A Penny Pinching Address 
State Analyzer which can be used 
with an X-Y oscilloscope to monitor 
the address bus of your computer in 
real time. If you build this state 
ana lyzer, you'll see a unique pattern 
corresponding to each "steady state" 
loop of an executing program. 

When is a personal computer more 
than a personal computer? When it is 
plugged into a network of personal 
computers for purposes of message 
transfer via phone lines, sharing of 
programs, and perhaps even execution 
of mu Itiple pl aye r logical games. In 
this issue, Mike Wilber begins a three 
part series of articles on the concept 
of CIE Net: A Design for a Network 
of Community Information Exchanges. 

Page 74 

Are you looking for a driver for 
your model railroad's roundhouse 
turntable? Perhaps you need some 
motive power for a robot. For genera
tion of controlled rotary motion, 
stepper motors as described in Robert 
E Bober's article Taking the First Step 
are essential. He provides readers 
with valu abl e background information 
on these fascinating mechanical out
puts for personal computers. 

Page 3 5 --... ~~ 
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Wh en is a boat like a raft of bottl es? 
When it is conceptually chopped into 
many individu al bu oyancy elements 
for the purpose of simulating its per
form ance on a choppy water surface? 

In this issue Stephen P Smith con
tinues his series of art icles on the 
simulation of motion in personal com
puters with a discussion of motion of 
extended objects in Simulation of 
Motion, Part 4: Extended Objects, 
Applications for Boating. Turn to 
Stephen's art icl e for more details and 
a BASIC program which simulates 
rolling or pitching motions of an arbi
trary boat hull cross section. Page 42 

Interactive editing is enhanced 
when a light pen can be used to ze ro 
in on a text location . See how to 
Add a $3 Light Pen to Your Video 
Display using the combination of 
hardware and software techniques 
provided by John Webster and John 
Young in this issue. Page 52 

If you own a KIM-l computer, 
here 's an answer to th e perpetual 
problem of entering and debugging 
large programs. Dan Fylstra's article 
SWEETS for KIM shows you how to 
add a mini text editor and assembler 
that fits in th e KIM's 1 K bytes of 
programm able memory and still leaves 
room for your programs. Page 62 

Page 762 

If 

In past BYTEs Mike Wilber and 
Dave Fylstra have suggested the con
cept of a "Community In fo rmation 
Exchange." Read Jeff's Personal Com
puters in a Distributed Communi
cations Network fOI- a discussion of 
so me of the technological (a nd poli
tical) aspects of such a concept, which 
is well within reach of our present 
pel-sonal computing hardware and 
software. Page 8 0 

Last month , we began Ernest W 
Kent's series of arti cles on The Brains 
of Men and Machines. Th e discussion 
continues this mon th with the next 
in stallment, How the Brain Controls 
Output. Aspiring robotics hackers will 
find this to be an in va luab le back
ground input on the in for mation sys
tems found in nature, which can serve 
as a source fo r ideas on new infor
mation systems designed by humans. 

Page 84 

Th e minifloppy has arrived, as 
many readers probab ly know, and its 
popul arity is increas ing with time. 
If you'd like to take advantage of its 
low cost, then read Dav id Allen's 
Minifloppy Interface and try your 
hand at adding a minifloppy to your 
system. Page 7 74 

Entomology is the study of bugs. 
Gary McGath provides some introduc
tory insight into vari ous species of 
programming bugs, and some general 
des ign guidelines to prevent their 
occurrence in his background article 
on Programming Entomology . Page 762 

Have yo u ever needed to exper i
ment with a circu it and ended up 
rewiring it again and again? Wouldn't 
it be nice to have a program that 
si mul ated the circui t and could be 
eas il y modified to change the para
meters? Read Robert Grappel's A 
Simple Digital Filter and f ind out all 
about fi lter simulation on your own 
computer. Page 768 



About the Cover ... 

The February issue contains two articles 
on the subject of communications networks 
for the personal computer user. The idea 
here is to create a number of noncommercial 
networking applications based on individual 
experimenters talking to individual experi
menters. One of those articles, by Mike 
Wilbur (who spends his professional time at 
Stanford Research I nstitute), is a hypoth eti
cal design specification in several parts for a 
"Community Information Exchange" net
work. Mike's article was written as a prelude 
to work of the PC Net committee headed 
by Dave Caulkins and including a number 
of the Homebrew Computer Club members 
in and around Palo Alto CA. 

Using Mike's preliminary design as a 
model, we asked Robert Tinney to create 
this fantasy on a theme of Community 
Information Exchanges. The "Community 
I nformation Exchanges" are processing 
nodes of the CIE network, talking locally 
with telephone lines and globally via such 
long distance media as amateur radio 
(including perhaps satellite links via 
AMSAT). The "walls" of ClEland represent 
the boundaries of the protocol of the 
network: through an appropriate interface 
the users of the CI E NET protocol can 
tal k to the PC NET protocol through a 
PC NET "gate," to an ARPA net protocol 
through an appropriate gate arranged by 
some friendly local university's computer 
science department or artificial intell igence 
laboratory, or to the "X" network where 
X in the picture is "MUSIC" but could 
be arbitrary. The CIE as originally en
visioned is an amateur and noncommercial 
group growing out of a common interest 
in compuer to computer communications. It 
would in some sense serve as a prototype 
and innovative test bed for what might later 
become low cost commercial networks in 
much the same way that numerous amateur 
radio innovations are now part of the tech
nology of radio communications . . . CH-

Articles Policy 

BYTE is cont inually seek ing quality manu· 
scripts written by individual s who arc app lying 
perso nal compu ter systems, designing such sys
tems, or who have knowledge whi ch will prove 
useful to our readers. For a more forma l descrip
tion of procedures and requirements, potential 
authors should se nd a selfaddrcssed, stamped 
envelope to BYTE Author's Guide, 70 Main 5t, 
Peterborough NH 03458. 

Articles which are accepted arc purchased with 
a rate of up to $50 per magaz ine page, based on 
technical quality and suitability for BYTE's 
readership. Each month, the auth ors of the two 
leading ar ti cles in the read er poll (BYTE's Ongoing 
Monitor Box or "BOMB") are presented with 
bonus checks of $100 and $50. Unsolicited 
materia ls should be accompanied by fu ll name and 
address, as we ll as return postage.-
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Figure 7: A 256 by 256 point address state analyzer that displays dynamic fluctuations of a computer's 76 bit memory address 
bus. Two 8 bit digital to analog converters drive the horizontal and vertical inputs of an oscilloscope with the analog equivalent 
of the eight high order and eight low order address lines. The display gives a visual "signature" of the computer in action. Acces
sing of unexpected memory locations which distort this "signature" becomes instantly visible for troubleshooting purposes. 

A Penny Pinching Address State Analyzer 

Steve Ciarcia 

POB 582 
Glastonbury CT 06033 
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Three years ago I got my first home 
microcomputer, a Scelbi 8H. This was 
before the advent of widespread interest in 
personal computers and it was naturally 
based upon the Intel 8008 processor. Back 
then I was satisfied with the tedious task of 
hand toggling a program into the computer 
and watching the front panel memory 
address and data buffer lights twinkle, 
signifying that the program was executing 
something. After that I bought more 
memory which consisted of 2102s. That 
gave me enough space to write on ly the 
simplest of monitor programs, again using 
the front panel as the display medium. At 
the end of its evolution, my 8008 did have 

a rudimentary video display and 300 bps 
cassette interface; but, if there was one 
major physical characteristic of the first 
generation home computers, it was the 
predominance of the fro nt panel display 
and data entry switches. The concept of 
the integrated home computer "system" 
was yet to be seen. A computer required 
display and data entry switches if it was 
to be powered up and exercised. Additional 
10 devices such as video displays and key
boards were luxuries. 

Well, it was inevitab le. The prices of 
components have dropped drastically in 
the past few years and the experimenter 
now thinks in terms of a home computer 





Photo 7: The author's 
computer system, showing 
the address state analyzer 
in operation with a BASIC 
program (see oscilloscope 
in center of picture). The 
program is prin ting an 
integer sequence of ASCII 
characters on the display 
to the right using the func
tion CHR $(X). On the left 
is a 50 K byte Digital 
Group Z-80 system. 

system incorporating a processor, cassette 
interface, read onl y memory systems 
softwal'e, keyboard and video disp lay. 
Fewer and fewer microcomputers have front 
panels that display memory lines or data 
buffers. The memory add ress in add ition to 
the contents of al l other pertinent processor 
registe rs is now usually ava il ab le through a 
monitor program command. The cost 
effectiveness of the front panel lights and 
toggle switches has diminished to the 
vanishing point. 

I would never advocate a return to front 

Photo 2: A close-up of the penny pinching address state analyzer display 
showing the result of a power on reset in the computer. Execution begins in 
the 256 byte EROM bootstrap program,- the program continually vectors 
to the cassette input port 007 (thin excursion line to the upper left in the 
photo) to see if data is present. 
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pane ls, by any means. But recall how many 
times you have checked the rhythmic pu l
sations of particular lights to assure yourse lf 
that your program was executing correctly. 
Or, how many times have you recognized 
that the program had obv iously vectored off 
into the un known by the graphical represen
tation of the 16 address bus lights? Adding 
16 lamps on the memory ad dress lines can 
be done on any microcomputer, and this 
would give us some indication of what the 
program is doing. But the LEOs are truly 
readable only when the processor is in a hold 
state, halted, or otherwise not changing the 
memory address. The chances of obtaining 
a recognizable visual pattern on the LEOs 
are small when running programs written 
in languages li ke BASIC that jump around 
in memory as they inte rpret each statement. 
And with LEOs there are only 16 graphical 
elements; this gives poor reso lution. 

A $15 Video Analyzer 

There is another way to watch the inter
nal program sequence that far exceeds a 16 
bit lamp di splay: a 256 by 256 point ana
lyzer that displays the dynamic fluctuations 
of the 16 bit memory address bus. This 
gadget can be added usi ng onl y two inte
grated circuits and any X-Y osc ill oscope 
with sufficient bandwid th. The result is a 
grap hica l presentation of the computer in 
action. It is not grap hics in the classic 
sense: no pictures can be drawn, and alph a
numeric capability is nonexistent. It is 
instead a poi nt plot of the memory add ress 
states, dynamically changi ng during the 
execution of a program. 

The 6800, 8080, Z-80, 6502 and other 
processors all have 16 bit address buses. 
Th ey directly address 64 K bytes of memory 
(ie: there are 65,536 possib le add ress com
binations). Th e address bus can be divided 
into eight bi ts of high order add ress and 
eight bits of low order address. 

If either of these address portions is 
at tac hed to the eight input lines of a pair 
of digital to analog converters, two 
unique analog voltage values are produced 
for each add ress location . The two vo ltage 
outpu ts, one for high address and one for 
low address, can then be attached to the ver
tical and horizontal inputs of an osc illo
scope. The result is a fascinating an imated 
display of a co mpu ter in action. 

Constructing the State Analyzer 

It isn't often that I can outline a design in 
which layo ut, physical compone nts, abso lute 
vo ltages, input and outp ut polarities, or 
input attach ments are so f lex ibl e. This 2 
chip circuit can be hooked up any way you 



Workhorse or 
Horseplay? 
-~" - -

Software systems from TSC are designed for 
tough business and industrial uses on the job 
or just plain fun off the job. Whether you are 
looking for a system to be used primarily in 
a working situation or a system for the home, 
look into TSC software. 
Assembly Language Programs (Include 
Source Listings) 
SL68-29 6800 Text Processing System" S32.00 
SL68-24 6800 Text Editing System" S23.50 
SL68-26 6800 Mnemonic Assembler" S23.50 
SL68-19 6800 Micro BASIC Plus" S15.95 
SL80-9 8080 Space Voyage S 12.00 
SL68-5 6800 Space Voyage" S12.00 
SL68-27 6800 Disassembler S 9.00 
SL68-28 6800 Program Relocator S 8.00 
PD80-2 8080 Game Package II S 14.00 
SL80-8 8080 Blackjack S 6.50 
MUB-68 Multi-User System - Write for details 
"Kansas City Standard object code cassette 
tape available for an additional S6.95. 
Paper tapes available for some programs. 
Send 25¢ for complete catalog. 

i ti ij\ECHNICAL SYSTEMS 
CONSULTANTS, INC. 

iJ~>t;~jj: :- ._._~_. BOX 2574 W. LAfAYETTE INDIANA 47906 
Jjj~~:: ::...-... ;.: .... , 317 - 742 -7509 

IPECIALISTS IN SOFTWARE. HARDWARE FOR INDUSTRY & THE HOIIIIYIST 

Circle 116 on inquiry card. 

\ 
~~ 

Program-of-the-Month Club ™ 
One year membership for S2.00. Discounts 
offered with no obligations. 
To Order: Include 3% postage, S1.00 handling . 
on orders under S 10.00, and Indiana 
residents add 4% sales tax. Check your 
dealer! 

TSC Monthly Feature: 
8080 Text Editing System 
At Last! An 8080 version of the famous 
TSC 6800 Text Editing System. 

Written in assembly language, approx
imately 5k is required allowiI).g locaL 
globaL content. character and line opera
tions. For example, with one command you 
can change the second occurrence of the 
string" 12345" in the next 35 lines to the 
string "yyz". 

Included are Tabs, Overlay, block Move 
and Copy, Header, Append and Zones. 
This Editor is actually better than many 
large scale computer Editors! Source 
listing included. 
SL80-10 8080 Text Editing System $28.50 
PT8Q-3 Optional Paper Tape $ 9.00 
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Photo 3: Effect of a car
riage return while exe
cuting TDL 72 K BASIC. 
The long streamer shows 
the program's reference to 
the input port of the key
board. 

10 BYTE February 1978 

want it. You can mix the address bits 
between the two digital to analog converters. 
If you separate the address bytes as I have 
and attach one byte to each converter, the 
display tends to dwell in a narrow region 
along a vertical line. 

The 8 bit digital to analog converter I 
have chosen is the Motorola MC1408. The 
L6, L7 or L8 version can be used since 
absolute accuracy is not important. What is 
being produced is a system signature unique 
to your system and your programming. 
Figure 1 illustrates the schematic of the 
circuit as I attached it to my computer 
address lines. For a more complete de
scription of how the MC1408 works, see my 
previous article "Control the World )) in 
September 1977 BYTE, page 30. 

Evaluating the Results 

The oscilloscope traces in photos 1, 2, 
3 and 4 are particular to my system and 
software only; but sim ilar, though not 
exact versions, shou Id be produced on 
other systems. As diagrammed in the 

schematic, I have used the high order address 
lines to drive the X axis and the low order 
address lines to drive the Y axis. Another 
peculiarity of my system is a logically in
verted address bus. The result is that the 
display moves in the opposite direction 
from what one might expect. The higher 
the address, the lower the output voltage. 
Again, as I stated earlier, human pattern 
recognition, not methodology, is important. 

After attaching this video drive to an 
oscilloscope, turn on the power. In my case 
the pattern displayed (as in photo 2) illus
trates that the computer is operating in the 
region of memory occupied by the mon itor 
software; it regul arly vectors to another 
address, that of the cassette input (th e 8 bit 
low order memory address lines of the Z-80 
or 8080 are also used to address input and 
output ports) at port 001. Later, when 
running BASIC, repeated addressing of 
keyboard input port 000 can be recognized 
as in photo 3 taken after TDL 12 K BASiC 
was loaded . 

One of the programs which best illus
trates this new visual dimension of the 



TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs. 

TARBELL 
CASSETTE INTERFACE 

• Plugs directly into your IMSAI or ALTAIR • 
• Fastest transfer rate : 187 (standard) to 540 bytes/ second 
• Extremely Reliable-Phase encoded (self-clocking) 
• 4 Extra Status lines , 4 Extra Control L-ines 
• 37-page manual included 
• Device Code Selectable by DIP-switch 
• Capable of Generating Kansas City tapes also 
• No modification required on audio cassette recorder 
• Complete kit $120 , Assembled $175 , Manual $4 

TARBELL FLOPPY DISC INTERFACE 
• Plugs directly into your IMSAI or 

ALTAIR· and handles up to 4 
standard single drives in daisy
chain . 

• Operates at standard 250K bits 
per second on normal disc format 
capacity of 243K bytes . 

• Works with modified CP/ M 
Operating System and BASIC-E 
Compiler. 

• Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock. Uses 
WD 1771 LSI Chip . 

• 6-month warranty and extensive 
documentation . 

• PRICE: 
Kit $190 ... .. . Assembled $265 

Compatible Disc Drives 
Ask about our disc drives priced as low as $525. 

TARBELL 
· Gold plated edge pins 
• Takes 33 14-pin ICs or 

PROTOTYPE ................ . · Mix40-pin , 18-pin , 16-pinand 
1'1 14-pin ICs 

BOARD I ~ • Location for 5 volt regulator 
Model 1010 • Suitable for solder and wire wrap 

• AL T AIR/ IMSAI compatible 
Price: $28.00 

For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 
across the country. Or write Tarbell Electronics direct for complete information. 

Circle 114 on inquiry card . 

20620 South Leapwood Avenue, Suite P 
Carson, California 90746 

(213) 538-4251 
BY TE Fcbru.uy 1978 11 



12 BYTE February 1978 

Photo 4: A complex bus addressing pattern during the execution of a BASIC program. 

computer is a basic memory test program 
as it scans through memory . Dynamically 
varying displays such as these are very 
difficult to photograph and wou ld appear 
as blurs. The photos I have included are 
those of programs with addressing suffi
ciently repetitive so that the pattern appears 
stable (see photo 4). 

There is one particular instance that 
proved the worth of the address state 
analyzer on my system. I had received and 
was in the process of checking out the TDL 
12 K Super BAS IC software package distri
buted by Micro COM for the Digital Group 
Z-80 system, and was having trouble getting 
the software to execute in 26 K of memory. 
Rather than call the company and comp lain 
of a possible bad tape, I turned on the 
address state analyzer and loaded the tape. 
I could see the computer cycling through 
the cassette input section of the monitor and 
depositing it in increasingly higher portions 
of memory. At its conclusion, the words 
"Highest Memory" appeared on the screen . 
I promptly typed in 26000 and hit a carriage 

return. The computer took off and started 
doing a scan across memory in a pattern 
similar to that of a memory test program. 
Following this, the computer went into 
visible convulsions (or the electronic equi
valent) on the ocilloscope and never re
turned to the display. I loaded the program 
once again and this time answered the ques
tion with 20000. The result was an intro
ductory blurb indicating that BASIC was 
fully operational. A quick scan of the 2 K 
bytes of memory on the processor board 
verified that they were wired for someth ing 
other than 24 K to 26 K. The address state 
analyzer (in which I now had considerably 
more faith) told the complete story . After 
replying to the " Highest Memory," the 
program apparently scanned memory and 
tried to verify that the typed input was 
indeed plausible. I n a false case it got hung 
up. Resetting the memory bank decoding 
circu it for 24 K to 26 K, of course, solved 
the problem. 

Next month: "Programming EROMs 
with BASIC.". 



OPTIONAL HARDWARE 
Additional memory beyond 2K 

allows expanded text buffer storage 
area . Recommend 4K-8K for 
practical applications. Bulk storage 
I/ O devices allow text to be saved for 
future use/ modification. 

SOFTWARE REQUIRED 
User provided I/O driver routines for 

whatever I/O devices will be utilized. 
Each I/ O device Is linked to the 
program by a single vector for ease 
In adapting the program to Individual 
systems. 

MEMORY UTILIZED 
The assembled listing provided in 

the manual resides In pages 01 
through 05 (hexadecimal which Is 
001 through 005 octal). Pages 00, 
part of 05 , and all of 06 
(hexadecimal-OOO, part of 005 
and all of 006 octal) are left 
available for user provided I/ O 
routines. Pages 07 (hexadec
Imal-007 octal) through available 
memory used for text buffer. 

OPTIONAL PAPER TAPE 
NOW AVAILABLE 

An optional object code on punch
ed paper tape Is available. Specify 
8080ED-OPT, $6.00. And you can 
order optional commented source 
listing on paper tape too. Specify 

8080ED-SPT, $20.00. 

Circl e 102 on inquiry card. 

Here, at last, is an efficient way to edit text when 
preparing program source listings or other text 
material. You'll need an 8080 computer, with a 
minimum of 2K memory (of which at least lK 
should be RAM); a text input device, like a 
keyboard; and a display/ text output device. 

MNEMONICS UTILIZED 
This program is written In 8080 

machine language standard Industry 
accepted mnemonics for the 8080 
CPU (such as MOV A, B; INX H; CAlL; 
etc.) (Note: SCELBI Is discontinuing Its 
use of special 8080 compatible 
mnemonics which have character
Ized Its 8080 programs In the past.) 

PROGRAM OPERATION 
This Is a standard line-oriented text 

editing program Intended for use In 
the creation of source listings and 
similar text manipulations. The pro
gram operates In two modes; the Text 
Entry mode for entering text Into the 
text buffer and the Command mode 
used to specify operator directives. 
Information In the text buffer may be 
manipulated using the Command 
directives and the contents of the 
text buffer transferred to an external 
storage device or filled from an exter
nal storage device. 

PROGRAM COMMANDS 
APPEND (A) text to the text buffer; 

CHANGE (C) text; DELETE (D) text; IN
SERT (I) text; LIST (L) text; character 
SEARCH (S); READ (R) from or WRITE (W) 
to an external storage device; CLEAR 
text buffer; plus single character 
deletion, tab (spacing), and various 
character search directives. 

DOCUMENTATION 
In the famous SCELBI tradition. The 

program manual describes the 

operation of the editor, presents 
detailed discussions of all major 
routines with flow charts, contains two 
completely assembled listings (one 
with addresses and object code in 
hexadecimal notation and one in oc
tal notation), and of course includes 
operating Instructions and tips on 
enhancing the program if desired. 

SPECIAL FEATURES 
Because the program has been 

carefully organized and written with 
all memory references assigned 
labels, it may be readily reassembled 
to reside in any general area in 
memory. This program may even be 
assembled to reside in just 1 K of ROM 
provided that some RAM area is 
available for scratch pad and text 
buffer usel 

OPTIONS 
A punched paper tape of the ob

ject code for this editor (as described 
In the documentation) is available. 
The object code tape is provided in 
the widely accepted "hexadecimal 
format." Also, the complete, com
mented source listing of the program 
as presented in the documentation is 
available in straight ASCII format on 
punched paper tape. Fan-fold paper 
tapes are provided for ease in han 
dling. Additionally, opaque paper 
tape is supplied to facilitate the use 
of low cost opticaJ paper tape 
readers now in widespread use. NOTE: 
Paper tapes are sold only as optional 
supplements to the documentation. 

ORDER YOUR COPY TODAY ... $12 95 

C. Ic:lEUl1 (Ol'llllrUIl 
.. (O~IIJI".~'-' .~(. 

Post Office Box 133 PP STN 
Milford, CT 06460 

Price shown for North American customers. Master 
Charge. Postal and Bank Money Orders preferred. 
Personal checks delay shipping up to 4 weeks. 
Pricing. specltlcatlons. availability subject to 
change without notice. SCELBI Books ore available 
In many tine Computer Stores. IMPORTANT! In
clude 75¢ postage/ handling for each Item 
delivered by U.S. Mall Book Rate; or 52 for each 
Item shipped First Class or via UPS. 
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The need for a personal 
computer telecommuni

cations network is rapidly 
becoming inescapable. 

14 BYTE February 1978 

elE Net: 
Mike Wilber 
920 Dennis Dr 
Palo Alto CA 94303 

A Design for a Network 

of Community 

Information Exchanges 

Part 1: The Beginnings 

Motivation and Background: 
Why Build a Network? 

A good, cheap and practical telecom
munication network can be extremely useful 
to the personal information processing 
community. It can provide a means by 
which people exchange programs and files 
of data. For example, a respectable dictio
nary can be built by 1000 people who each 
contribute 20 words. Just as important, a 
good telecommunication facility can help 
people tal k to one another, for instance, to 
advertise the presence of a good data file, or 
to explain just when one technique is supe
rior to another. These considerations and 
others are explored in more detail in an 
earlier BYTE article. (See "Homebrewery 
vs the Software Priesthood," by Wilber and 
Fylstra, October 1976 BYTE, page 90.) 

The need for a personal computer tele
communication network is rapidly becoming 
inescapable. Now that personal computers 
are economically feasible, manufacturers are 
selling cheap reliable systems in astounding 
quantities to personal users of information 
processing, each of whom stands to gain 
from freely shared interactive experience. 
Already, hobbyist clubs and other, more 
primitive, information exchanges have 
sprung up to fill the void. Telecommunica-

tion can greatly facilitate the free exchange 
of ideas and data that currently take p lace 
on a limited but increasing scale. 

How This Effort Got Started 

In response to this need, I designed a net
work for presentation at the First West 
Coast Computer Faire in April of 1977. 
That work was unfinished as the F aire 
proceedings press deadline loomed, so I 
wrote up the design considerations for 
publication there. Si nce then, I have finished 
the qesign, of which the main part of this 
series of articles is a detailed exposition. 

I was not alone in feeling this need and 
responding to it with action . After the Faire, 
Dave Caulkins organized a group to design 
and implement a personal computer net
work; this group has thus taken PCNET as 
its name. The PCNET committee started 
from many of the premises I feel are im
portant, but it has identified a slightly dif
ferent set of problems, and it has solved 
almost everyone of them differently, and 
so it is developing a design that differs 
considerably from mine in its details. 

The PCNET design was rapidly develop
ing at the press deadline for this articl e and 
is thus not detailed here. I ts broader aspects 

Continued on page 138 



The UlliRlale Turn-on 

Onloff control everywhere
by computer over the AC wiring 

Now it's simple and economical 
to control AC devices remotely from 
an S-lOO or Apple II computer. 
Mountain Hardware's new IntroFM 
system delivers on/off commands 
over the existing AC lines - so you 
don't have to string a foot of wire I 

Control at any AC outlet. The 
Introl system impresses a code
modulated 50 KHz control signal 
on the house wiring. Then decodes 
the signal at any outlet to switch 
AC devices on and off You can 
control lights, refrigerators, TVs, 
solenoid valves, sprinklers, burglar 
alarms - and many other things we 
leave to your fertile imagination. 
With the addition of input sensors 
to your computer system, you can 
automatically control variables such 
as temperature and soil moisture. 

Here's how it works. You plug 
in a single AC Controller board at 
the computer bus and connect the 
AC Interface Adapter to any con
venient 115 VAC outlet. The AC 
Controller is now connected to 
address as many as 64 channels 
remotely. But it's completely isolated 

from the 115v power, so there's no 
chance of short or shock 

At any outlet where you seek 
control, plug in a Dual Channel AC 
Remote Then plug one or two 
devices to be controlled into the 
box. Every AC remote has two 
independent 500 watt channels. 
When commanded by the computer, 
the Dual Channel AC Remote turns 
the devices on and off independ
ently When polled by the compu
ter; the Dual Channel AC Remote 
sends a signal back, telling the 
computer the status of each device. 
Bidirectional communication pro
vides error free operation. 

Simpleprogranuning. You write 
your control program in BASIC or 
Assembler language. Software sub
routines for the control programs 
come with the equipment - along 
with complete documentation. If 
you have an S-lOO computer, you 
can program on/off commands at 
any day and time using our option
al 100,000 day Calendar/ Clock 
Board. A self contained power 
source assures fail safe operation. 

Modest prices. The AC Con
troller, for both the So l 00 and Apple 
II computers, costs $149 in kit form 
or $189 completely assembled and 
tested. Each Dual Channel AC 
Remote costs $99 as a kit or $149 
assembled and tested. Thus, a fully 
operative system in kit form can be 
yours for as little as $248. 

The Calendar/Clock Board for 
S-lOO's costs $179 inkitform, $219 
assembled and tested. 

All prices are fo.h Ben Lomond, 
CA Prices are USA Domestic. Cal
ifornia residents add 6% sales tax. 

Where to find it. The Introl 
system can now be found at compu
ter shops throughout the US and 
Canada. Drop by and ask for a dem
onstration. Mountain Hardware, 
Inc., may be reached at Box 1133, 
Ben Lomond, CA 95005. Phone 
(408) 336-2495. 

Dual Channel AC Remote 

Ii Mountain Hardware 
Circle 78 on inquiry card. 

AC Controller (S-IOO) 
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The home computer thats ready 
to work, play ana grow with you. 

Clear the kitchen table. Bring in the color 
T.v. Plug in your new Apple II~ and connect 
any standard cassette recorder/player. Now 
you're ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that easy. It's a 
complete, ready to use computer-not a kit. 
At $129S, it includes features you won't find 
on other personal computers costing twice as 

much. 

Features such as video graphics in 15 colors. 
And a built-in memory capacity of SK bytes 
ROM and 4K bytes RAM -with room for lots 
more. But you don't even need to know a 
RAM from a ROM to use and enjoy Apple II. 
It's the first personal computer with a fast 
version of BASIC-the English-like pro
gramming language-permanently built in. 
That means you can begin running your 
Apple II the first evening, entering your own 
instructions and watching them work, even if 
you've had no previous computer experience. 

The familiar typewriter-style keyboard 
makes communication easy. And your pro
grams and data can be stored on (and re
trieved from) audio cassettes, using the built
in cassette interface, so you can swap with 
other Apple II users. This and other peri
pherals-optional equipment on most per
sonal computers, at hundreds of dollars extra 
cost-are built into Apple II. And it's 
designed to keep up with changing technol
ogy, to expand easily whenever you need it to. 

As an educational tool, Apple II is a sound 
investment. You can program it to tutor your 

children in most 
any subject, such 
as spelling, 

history or math. But the biggest benefit-no 
matter how you use Apple II - is that you and 
your family increase your familiarity with the 
computer itself. The more you experiment 
with it, the more you discover about its 
potential. 

Start by playing PON G. Then invent your 
own games using the input keyboard, game 
paddles and built-in speaker. As you experi
ment you'll acquire new programming skills 
which will open up new ways to use your 
Apple II. You'll learn to "paint" dazzling color 
displays using the unique color graphics com
mands in Apple BASIC, and write programs 

to create beautiful kaleidoscopic designs. 
As you master Apple BASIC, you'll 

be able to organize, index and 
store data on household fi-

nances, income tax, 
recipes, and record col
lections. You can learn to 
chart your biorhythms, 

balance your checking ac
count, even control your home 

environment. Apple II will go as 
far as your imagination can take it. 

Best of all, Apple II is designed to grow 
with you. As your skill and experience with 
computing increase, you may want to add 
new Apple peripherals. For example, a re
fined, more sophisticated BASIC language is 
being developed for advanced scientific and 

mathematical 
applications. 
And inaddi
tion to the 
built-in 
audio, video 
and game 
interfaces, 
there's 
room for 
eight plug-in 

options such as a prototyping board for ex
perimenting with interfaces to other equip
ment; a serial board for connecting teletype, 
printer and other terminals; a parallel inter
face for communicating with a printer or 
another computer; an EPROM board for stor
ing programs permanently; and a modem 
board communications interface, or a floppy 
disk interface with software and complete 
operating system . And there are many more 
options to come, because Apple II was 
designed from the beginning to accommo
date increased power and capability as your 

requirements change. 
If you'd like to see for yourself 

how easy it is to use and enjoy 
Apple II, visit your local dealer for a 
demonstration and a copy of our 
detailed brochure. Or write Apple 

Apple IITM is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 4SK bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces built-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
• Microprocessor: 6502 (1 MHz). 
• Video Display: Memory mapped, 5 

modes-all Software-selectable: 
· Text-40 characters/line, 24 lines 

uppercase. 
· Color graphics-40h x 4Sv, 15 colors 
· High-resolution graphics-2S0h x 

192v; black, white, violet, green 
(16K RAM minimum required) 

· Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

· Completely transparent memory 
access. All color generation done 
digitally. 

• Memory: up to 4SK bytes on -board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 
· Up to 12K ROM (SK supplied) 

• Software 
· Fast extended Integer BASIC in 

ROM with color graphics commands 
· Extensive monitor in ROM 

• I/O 
· 1500 bps cassette interface 
· S-slot motherboard 
· Apple game I/O connector 
· ASCII keyboard port 
· Speaker 
· Composite 

video 
output 

Apple II is also 
available in board-only 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $79S. 

PONG is a trademark of Atari Inc. 
*Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied). 

Computer Inc., 20S63 Stevens Creek Blvd., 
Cupertino, California 95014. 

pplcz computc!r Inc: 



Order your Apple II now. 
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from anyone of the following authorized dealers: 
ALABAMA 

Computerland 
3020 University Dr. N.w 
Huntsville 539-1200 
The Computer Center 
303 B. Poplar Place 
Birmingham 942-8567 

ALASKA 

i~5 t:P~~t~o~fr~~a~i'lfd 
Anchorage 279-1316 
Team Electronics 
Anchorage 276-2923 
Anchorage 272-4823 
fai rbanks 456-4157 

ARtZONA 
Byte Shop 
Tempe 894-1129 
Phoenix 942-7300 
Tucson 327-4576 

CALIFORNIA 
A-VIDO Electronics 
2210 Bellflower Road 
Long Beach 598-0444 
Byte Shop 
Citrus Heights 961-2983 
Palo Alto 327-8080 
Pasadena 684-3313 
San Jose 377-4685 
San Mateo 341-4200 
Santa Clara 249-4221 
Walnut Creek 933-6252 
Computer land 
EI Cerrito 233-5010 
Hayward 538-8080 
Inglewood 776-8080 
Mission Viejo 770-0131 
San Diego 560-9912 
San francisco 546-1592 
Thousand Oaks 495-3554 
Tustin 544-0542 
Computer Components 
5848 Sepulveda Blvd. 
Van Nuys 786-7411 
Computer Country 
506 E. 1st. 51. 
Tustin 838-4770 
Computer Playground 
6789 Westminster Avenue 
Westminster 898-8330 
Computer Store 
1093 Mission St. 
San francisco 431-0640 
The Computer Store 
820 Broadway 
Santa Monica 451-0713 
Electric Brain 
3038 N. Cedar Ave. 
fresno 227-8479 
Home Entertainment Emporium 
2100 Sepulveda Blvd. 
Manhattan Beach 546-2501 
Rainbow Computing, Inc. 
10723 White Oak 
Granada Hilts 360-2171 
Strawberry Electronics 
71 Glenn Way #9 
Belmont 595-0231 
COLORADO 
Byte Shop 
3464 S. Acoma St. 
Englewood 761-6232 
Team Etectronics 
Boulder 447-2368 
Colorado Springs 596-5566 
fort Collins 484-7500 
Grand Junction 245-4455 
Greeley 356-3800 
Longmont 772-7800 
Pueblo 545-0703 
CONNECTtCUT 
Computerland 
2475 Black Rock Turnpike 
Fainield 374-2227 
The Computer Store 
63 S. Main SI. 
Windsor Locks 627-0188 

DELAWARE 
Computerland 
Kirkwood Highway 
Newark 738-9656 
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FLORIDA 
Byte Shop 
FI. Lauderdale 561-2983 
Miami 264-2983 

GEORGIA 
oataMart , Inc . 
3001 N. Fulton Drive 
Atlanta 233-0532 

HAWAII 
Real Share 
190 S. King Street #890 
Honolulu 536-1041 

ILLlNOtS 
Com puterland 
Arlington Heights 255-6488 
Niles 967-1714 
Oaklawn 422-8080 
Data Domain 
161 2 E. Algonquin Rd. 
Shaumburg 397-8700 
Itty Bitty Machine Company 
1316 Chicago Avenue 
Evanston 328-6800 
Team Electronics 
Carpentersville 428-6474 
Decatur 877-2774 
Galesburg 344-1 300 
Moline 797-8261 
Peoria 692-2720 
Rock Island 788-9595 
Rockford 399-2577 
Schaumburg 882-5864 
Sp ringfield 525-8637 

INDIANA 
The Oala Domain 
fort Wayne 484-7611 
Bloomington 334-3607 
West Lafayette 743-3951 
Indianapolis 251-3139 
The Home Computer Center 
2115 E. 62nd 51. 
Indianapo lis 251-6800 

IOWA 
The Computer Store 
4128 Brady SI. 
Davenport 386-3330 
Team Electronics 
Ames 232-7705 
Bettendon 355-7013 
Cedar Rapids 393-8956 
Davenport 386-2588 
Dubuque 583-9195 
Iowa City 338-3681 
Sioux City 252-4507 
Sioux City 277-2019 
Waterloo 235-6507 
Video Midwest, Inc. 
2212 Ingersoll Ave. 
Des Moines 244-1447 

KANSAS 
Barney & Associates 
425 N. Broadway 
Pittsburg 231-1970 
Team Electronics 
Garden City 276-2911 
Hutchinson 662-0632 
Lawrence 841-3775 
Manhattan 539-4636 
Salina 827-9361 
Topeka 267-2200 
Wichita 685-8826 
Wichita 942-1415 
Wichita 682-7559 

KENTUCKY 
Computerland 
813 B. Lyndon Lane 
Louisville 425-8308 
The Oala Domain 
Lexington 233-3346 
Louisvi lle 456-5242 

MARYLAND 
Computerland 
16065 Frederick Road 
Rockville 948-7676 
Computers, etc . 
13A Allegheny Ave. 
Towson 674-4742 

MASSACHUSETTS 

i~5 g~~~~i1e~eS~~;~er'"c 
Burlington 272-8770 

MtCHIGAN 
Team Electronics 
Escanaba 786-3911 
Menominee 864-2213 

MtNNESOTA 
Team Electronics 
Minnetonka 544-7412 
Edina 920-48 17 
Eden Prairie 941-8901 
Bemidji 751-7880 
Willmar 235-2120 
SI. Cloud 253-8326 
Owatonna 451-7248 
Hibbing 263-8200 
Virginia 741-5919 
SI. Anthony 789-4368 
West 51. Paul 451-1765 
Minneapolis 377-9840 
SI. Paul 227-7223 
SI. Cloud 251-1335 
Minneapolis 869-3288 
Minneapolis . 378-1185 
Maplewood 777-3737 
Mankato 387-7937 
Eveleth 749-8140 
51. Paul 636-5147 

MISSOURI 

neJJ~%nSco~~m~~~e6nls IntI. 
Columbia 443-5225 
Team Eleclronics 

g~lc~~~i~~IIBIVd . 
Columbia 445-4496 

MONTANA 

Computers Made Easy 
415 Morrow 
Bozeman 586-3065 
Team Electronics 
Great fa lls 852-3281 
Missoula 549-4119 

NEBRASKA 
Team Electronics 
Grand Island 381-0559 
Lincoln 435-2959 
Omaha 397-1666 
Omaha 333-3100 
Nonolk 379-1161 
North Platte 534-4645 

NEW HAMPSHIRE 

Computermart 
170 Main Street 
Nashua 883-2386 

NEW JERSEY 
Computerland 
2 De Hart Street 
Morristown 539-4077 

~8f~~~~~~at 
I selin 283-0600 

NEW YORK 
Computerland 
Buffalo 836-6511 
Ithaca 277-4888 
Computer Mart 01 N.Y. 
118 Madison Ave . 
New York 686-7923 
Co-op Electronics 
9148 Main Street 
Clarence 634-2193 

NORTH CAROLINA 
Byte Shop 
1213 Hillsborough SI. 
Raleigh 833-0210 
Computer Room 
1729 Garden Terrace 
Charlolle 373-0875 
Rom's & Ram 's 
Crabtree Valley Mall 
Ra leigh 781-0003 

NORTH DAKOTA 
Team Electronics 
Bismarck 223-4546 
Fargo 282-4562 
Grand forks 746-4474 
Minot 852-3281 
Williston 572-7631 

OHIO 
Computerland 
1304 SOM Center Rd. 
Mayfield Heights 461-1200 
The Dala Domain 
Dayton 223-2348 
Cincinnati 561-6733 

OKLAHOMA 

Bits. Bytes & Micros 
1186 N. MacArthur Blvd . 
Oklahoma City 947-5646 
High Technology 
1020 W. Wilshire Blvd . 
Oklahoma City 843-9667 

Team Electronics 
Norman 329-3456 
Oklahoma City 634-3357 
Oklahoma City 848-5573 
Sti llwater 377-2050 
Tulsa 633-4575 
Tulsa 252-5751 
Yokon 373-1994 
OREGON 
Team Electronics 
Bend 389-8525 
Canby 266-2539 
Salem 364-3278 

PENNSYLVANtA 
Computer Mart 01 PA 
Route 202 
King of Prussia 265-2580 

SOUTH DAKOTA 
Team Electronics 
Pierre 224-1881 
Rapid City 343-8363 
Sioux falls 336-3730 
Sioux falls 339-1421 
Sioux falls 339-2237 
Watertown 886-4725 

TEXAS 
Byte Shop 
3211 Fondren 
Houston 977-0664 
Compulerland 
Houston 997-0909 
Austin 452-5701 
Computer Shops . Inc. 
13933 North Cenlral 
Dallas 234-3412 
The Computer Shop 
6812 San Pedro 
San Antonio 828-0553 

Computer Terminal 
2101 Myrtle 51. 
EI Paso 532-1777 
The KA Computer Store 
1200 Majesty Drive 
Dallas 

VIRGINIA 

The Computer Hardware Store 
818 Franklin St . 
Alexandria 548-8085 
Home Computer Center 
Virginia Beach 340-1977 
Newport News 595-1955 
Timberville Electronics 
PO Box 202 
Timberville B96-8926 

WASHINGTON 
Team Electronics 
423 W. Yakima 
Yak ima 453-0313 

WASHINGTON, D.C. 
Gerogetown Compuler Store 
3286 M. SI. NW 
Washington. D.C . 362-2127 

WISCONSIN 

Team Electronics 
Eau Claire 834-0328 
Eau Claire 834-1288 
Madison 244-1339 
Milwaukee 461-7600 
Racine 554-8505 
Sheboygan 458-8791 
Greendale 421-4300 
Rhinelander 369-3900 
LaCrosse 788·2250 
Wausau 842-3364 
Milwaukee 672-7600 
Janesville 756-3150 
Manitowoc 684-3393 
Milwaukee 354-4880 
Oshkosh 233-7050 

WYOMING 
Team Electronics 
Hilltop Shopping Center 
207 S. Montana 
Casper 235-6691 

CANADA 
future Byte 
2274 Rockland 
Montreal, Que . 731-4638 

AUSTRALIA 
Computerland 
52-58 Clarence SI. 
Sydney, NSW 29-3-153 

ppla computczr InC~\ 
10260 Bandley Drive 
Cupertino, California 95014 
(408) 996-1010 

EURAPPLE 
European Operations of Apple Computer, Inc_ 
2031 Byron Street 
Palo Alto, CA 94301 
(415) 964-7020 

Circle 5 on inquiry card. 



Complete ASCII 

David M Ciemiewicz 
533 N Holly S~ 
Elizabethtown PA 17022 

Most of the time when you see a maga
zine art icle that requires an ASCII tabl e, 
th e tab le accompanying th e arti cle is e ith er 
inco mpl ete or is in a numeri c system th at 
you cann ot use with out conve rtin g it. 

The ta bl e I have devised is compl ete 128 
character ASCII . Each ch aracter is ac
compani ed by its binary, octal, dec imal 
and hexadecimal equivalent. 

Thi s tabl e has prove n in valu abl e to me, 
as I am sure it will to you.-

~ 
u 
q 

(ij 

E 
Cij .~ 

E "i 'u x ., ., 
o J: 

, 01100000 140 096 60 
a 01100001 141 097 61 
b 01100010 142 098 62 
c 01100011 143 099 63 
d 0110Pl00 144 100 64 
e 01100101 145 101 65 
f 01100110 146 102 66 
g 01100111 147 103 67 
h 01101000 150 104 68 

01101001 151 105 69 
j 01101010 152 106 6A 
k 01101011 153 107 6B 

01101100 154 108 6C 

m 01101101 155 109 6D 
n 01101110 156 110 6E 
o 01101111 157 111 6F 

~ B 
co r-- 0 
.S ,t::.t= 
III III III 

~ 
" o 

p 01110000 160 112 70 
q 01110001 161 113 71 

01110010 162 114 72 
01110Qll 163 115 73 
01110100 164 116 74 

u 01110101 165 117 75 
v 01110110 166 118 76 
w 01110111 167 119 77 
x 01111000 170 120 78 
Y 01111001 171 121 79 
z 01111010 172 122 7A 
{ 01111011 173 123 7B 

01111100 174 124 7C 
} 01111101 175 125 7D 

01111110 176 126 7 E 
DEL 01111111 177 127 7F 

Note: The bit 7 in the binary column is somet imes a 1 or is some
times used as a parity bit. 

Abbreviations for Control Characters: 

null, or all zeros 
start of heading 

- start of te xt 
- end of te xt 

end of transmission 
enquiry 

device control 1 
device control 2 
device control 3 
device control 4 
negative acknowledge 
synchronous idle 

NUL 
SOH 
STX 
ETX 
EOT 
ENQ 
ACK 
BEL 
BS 
HT 
LF 
VT 
FF 
CR 
SO 
SI 
DLE 
DCl 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
E.M 
SUB 
ESC 
FS 
GS 
RS 
US 
SP 

# 
$ 
% 
& 

+ 

/ 

NUL 
SOH 
STX 
ETX 
EOT 
ENQ 
ACK 
BEL 
BS 
HT 
LF 
VT 
FF 
CR 
SO 
SI 
DLE 

- acknowledge 
- bell 

DCl 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
EM 
SUB 
ESC 
FS 
GS 
RS 
US 
SP 
DEL 

end of t ransmission block 
cancel 

backspace 
horizontal tabulation 
line feed 
vertical tabulation 

- form feed 
carriage return 
sh ift out 
sh ift in 
data I in k escape 

end of med ium 
substitute 
escape 
file separator 
group separator 
record separ&tor 
u nit separator 
space 
delete 

128 CHARACTER ASCII TABLE 

~ B 
co r--o 
.: .t=.~ 
III Illill 

] 
u o 

(ij 

E 
"iii .~ 

. § ~ 
" x ., ., 
o J: 

00000000 000 000 00 
00000001 001 00'1 01 
00000010 002 002 02 
00000011 003 003 03 
00000100 004 004 04 
00000101 005 005 05 
00000110 006 006 06 
00000111 007 007 07 
00001000 010 008 08 
00001001 011 009 09 
00001010 012 010 OA 
00001011 013 011 OB 
OQ001100 014 012 DC 
00001161 015 013 OD 
00001110 016 014 DE 
OP001111 017 015 OF 
00010000 020 016 10 
00010001 021 017 11 
00010010 022 018 12 
00010011 023 019 13 
00010100 024 020 14 
00010101 025 021 15 
00010110 026 022 16 
00010111 027 023 17 
00011000 030 024 18 
00011001 031 025 19 
00011010 032 026 lA 
00011011 033 027 lB 
00011100 034 028 1 C 
oooi 1101 035 029 1 D 
00011110 036 030 1 E 
00011111 037 031 IF 
00100000 040 032 20 
00100001 041 033 21 
00100010 042 034 22 
00100011 043 035 23 
00100100 044 036 24 
00100101 045 037 25 
00100110 046 038 26 
00100111 047 039 27 
001 Ql 000 050 040 28 
00101001 051 041 29 
00101010 052 042 2A 
00101011 053 043 2B 
00101100 054 044 2C 
00101101 055 045 2D 
00101110 056 046 2E 
00101111 057 047 2F 

o 
c:- ... 
co r--o 
c ...... 

III aiai 
~ 
" o 

(ij 

E 
ca .~ 
E ~ 'u x ., ., 
o J: 

o 0011 0000 060 048 30 
1 00110001. 061 049 31 
2 00110010 062 050 32 
3 00110011 063 051 33 
4 00110100 064 052 34 
5 00110101 065 053 35 
6 00110110 066 054 36 
7 00110111 067 055 :p 
8 00111000 070 056 38 
\l 00111001 071 057 39 

00111010 072 058 3A 
00111011 073 059 3B 

< 00111100 074 060 3C 
00111101 075 061 3D 

> 00111110 076 082 3E 
00111111 077 063 3F 

@ 01 000000 1 00 064 40 
A 01000001 101 065 41 
B 01000010 102 06642 
C 01000011 103 067 43 
D 01000100 104 068 44 
E 01000101 105 069 45 
F 01000110 106 070 46 
G 0100011110707147 
H 01001000 110 072 48 
I 01001001 11107349 
J 01001010 112 074 4A 
K 01001011 113 075 4B 
L 01001100 1140764C 
M 01001101 115077 4D 
N 01001110 116078 4E 
o 01001111 117 079 4F 
P 01010000 120 080 50 
Q 01010001 121 081 51 
R 01010010 122 082 52 
S 01010011 123 083 53 
T 01010100 124 084 54 
U 01010101 125 085 55 
V 01010110 126 086 56 
W 01010111 127 087 57 
X 01011000 130 0~8 58 
Y 01011001 131 089 59 
Z 01011010 132 090 5A 
[ 01011011 133 Q91 5B 
\ 01011100 134092 5C 
1 01011101 135 093 5D 

1\ 01011110 136 094 5E 
01011111 137 095 5F 
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1 MAN/PAK HORIZON-2 
COMPUTER 

• Z80 CPU 
• 32K Memory with 

Parity Option 
• 12 Slot Motherboard 
• Parallal & Serial Interfaces 
• 8 100 Pin Edga Connectors 

,.!!~!~;;._...::::::;;;..--~ • Dual Floppy (180,000 Bytes) 
~ • Enhanced DOS/Basic 

• Excellent Print Quality 
• Tractor Feed 
• Print Speed: 21-130 Ipm 
• Max. Print Width 8" 
• 80 or 132 char/line 

DOS with 110 Drivers for 
HAZELTINE & CENTRONICS 
All Cables 

10 Diskettes 

OPERATIONAL IN SECONDS: 
fA\Connect fa\lnsert DOS fc\Hlt 
~Cables \..!:IDlskette ~Reset 

SAVE TIME, ENERGY & MONEYI 
Components purchased separately cost $5693. 

Now for a limited time only - send $5145 to: 

Gentlemen : 
Please rush me my Complete Computer System. 
Enclosed is $5145 0 Check 0 M.O. 0 Master Charge 
o BankAmericard # Exp. Date : __ _ 

N.Y. Residents Add 8% Sales Tax. 
Shipped F.O.B. Hicksville , N.Y. - Coll ect. 

Name _____________________________ __ 

Add ress ____________________ Phone 

Circle 66 on 

CELT IC PIANO NOTES 

was ve ry interested in th e art icle, 
" Notes on Interfacing Play er Pianos" 
(S ep tember 1977 BYTE, page 112 ), 
especially since th is was th e subj ec t of a 
stude nt proj ect he re in 1973-74 by 
Stephen Cow les. The piano, wh ich I 
bought for th e uni vers ity laboratory, was 
a simple MORS 88 note nonreproducing 
model, and we found the elect ron ic! 
pneumat ic interface to be th e most 
difficu l t part. I was del ighted t herefore 
to hear about th e Reisner relay . 

The origin al system was a dual track 
cassette for ser ial clock and data plus 
circuitry whi ch looks very much like 
f igure 4 of your art icle , and in my 
opin ion hav ing constructed the specia l 
TT L electronics and go t i t to work, there 
is a better so lution. 

This year we are buildin g a ge neral 
interface which can be co nnec ted up to 
any player p iano having rubber tub ing, 
and strongly be lieve that the cheapest 
solut ion , bea ring in mind building tim e 
and faul t finding, etc, is to use a micro 
co mputer with about 98 paral lel output 
l in es (say Motoro la PIAs) driven by a 
microprocessor which rece ives the se rial 
data in any of the standard ways. 

Our origin al sys tem on ly played 
"Three Bl ind Mice" rather shak il y from 
a PDP-11!45, but we did write a PDP-11 
interact ive co mpi ler which constru cted 
key board images d irec t ly f rom typed-in 
sheet music, and we shall keep th at sys
tem for making the mag tapes. 

We will let you know how the new 
sys tem comes along. 

Prof F G Heath 
Gavin Weir 

Heriot-Watt University 
31-35 G rassmarket 

Ed inburgh SCOTLAND EH1 2HT 

ORGANS, MUS IC AND 
PROGRAMMING 

Chances are, it 's occurred to you long 
ago : th ere's an am using phi losophica l 
simil ar i ty betwee n organ stop li sts and 
co mputer mac hine language in stru ction 
l ists. 

Nicho las Bod ley 
300 W 108 

New York NY 10025 

One might consider the organ stop 
lis/ as being equivalent to initializa tion 
data for a complicated p rogram. Con
sider the score to be the equivalent of a 
music' program. The parallels are very, 
Ilery strong and tend to drive a number 
of people in/a music as well as p rogram
ming. We've heard it said by some people 



responsible for hiring programmers that 
musicians make excellent programmers. 

BAR CODE ON A BALL 

Regarding the letter on page 12 of 
the October 1977 ~YTE concerning an 
I BM ball that will print bar code and 
letters together: Datatype Corporation, 
1050 NW 163rd Dr, Miami FL 33169, 
(305) 625-8451, had such a system. Bar 
code was ASCII. I don't know if they're 
still in business. 

Joe Fisher 
Computer Consultant 

1120 E 52nd, Room 203 
Austin TX 78723 

NEWT POINTS 

have some corrections on your part 
and on mine regarding my article about 
"Newt: A Mobile, Cognitive Robot" 
(June 1977 BYTE, page 30). First (my 
mistake), on page 38, the stepping motor 
drive circuit motor cable color desig
nations are wrong. The single color 
labels "red" and "green" should be 
interchanged or the motor will just sit 
there and quiver. 

In several places the shading of Newt 
in figure 1 is incorrectly done, making 
a single surface appear broken into two 
surfaces, etc. 

On page 30, the caption on figure 1 
should have also mentioned that the 
turret is capable of panning left and 
right as well as tilting up and down. 

On page 44, it is not true that any 
mobile robot must incorporate programs 
for seeking electrical outlets. For 
example, a robot on Mars might have a 
hard time finding an outlet! 

On page 45, paragraph 1, the ph rase 
"such as already demonstrated by the 
Viking robots" is unfortunate, since the 
Viking landers do not qualify as cog
nitive robots in the context of this 
article. They are sophisticated tele· 
operators. A Mars "rover" robot project, 
however, is in progress at Jet Propulsion 
Laboratories. 

I am looking forward to writing more 
about Newt as things progress over the 
next few years. One possibility is a series 
of four articles. The published article 
was an overview of the system with 
emphasis on the motive subsystem. 
Three more articles would cover in some 
detail the manipulator, the sensory 
turret vision system, and finally the 
software experiments with Newt. All 
this depends, of course, on how much 
we can get done in the next several 
years . 

I have be en able to resume work on 
Newt almost immediately upon return· 
ing from France. The hand wired step
ping motor drivers have been replaced 
by compact printed circuit versions 
and next week an order will go out 
for about $400 worth of gears and 
bearings for the manipulator assembly. 
With luck, the manipulator should be 
working within six months. Other lower 
priority items being worked on at 

DATALYZER ... a 24 channel 
Logic Analyzer for your 5100 Bus 

-/ . 

24 Channel LOGIC ANALYZER, complete with 2 cards and 3 sets of probes. 

Features 
24 channels with 256 samples each. 

Display of disassembled program flow. 

Dual mode operation - external mode analyses any external logic 

system. Internal mode monitors users data and address bus. 

Selectable trigger point anywhere in the 256 samples. 

0-16 bit trigger word format or external qualifier. 

8MHz sample rate 

Synchronous clock sample with coincident or delayed clock mode . 

User defined reference memory. 

Displays and system control through keyboard entry. 

TTL Logic level compatible (15 pf and 15 fJa typical input loading.) 

Displays in Binary 

The DATAL YZER 

Displays in Hex Display of disassembled 
program flow. 

Designed to plug easily into your S-100 Bus, the DATALYZER is a 

complete system -- for only $495. Display of disassembled program 

flow is a standard feature, not an extra. And the low price includes 30 
logic probes, so you can hook up immediately, without additional 

expense. 

The DATALYZER is available in kit form ($495), and as a fully 

assembled device on two PCB's ($595). Operators' manual $7.50 . A 

substantial warranty, and the Databyte, I nco commitment to service 

make the DATALYZER a worthwhile investment. 

Databyte, Inc. 
Circl e 36 on inq uiry ca rd. 

7433 Hubbard Avenue 

Middleton, Wisconsin 53562 
Tel: (608) 831-7666 
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WARBLE ALARM 
CAR-VAN CLOCK 

WITH HEADLIGHT ALARM 

COMPLETE KIT $35.95. 
ASSEMBLED $45.95 

ELAPSED TIMER 

SECONDS DISPLAY SWITCH 

9 MINUTE SNOOZE ALARM 

SIMPLE 4 WIRE HOOK·UP 

JUMBO Y," lEO DISPLAY 

1 TO 59 MINUTE COUNTDOWN 
TIME" .... 'INS SIMUL TANEOUSl Y 
WITH I;LOCK! 

RUGGED ASS CASE 

QUARTZ CRYSTAL 
ACCURACY 

DIGITAL AUTO INSTRUMENTS 
.1 TACHOMETER SEVEN MODELS! 
.2 WATER TEMP. KIT INCLUDES: 
.3 FUEL LEVEL 
_4 SPEEDOMETER" 
.5 Oil PRESSURE 
.6 OIL TEMP. 
.7 BATTERY MONITOR 

• CA$E&ALL HAROWARE 
• PRESSUAE& TEMP. SENDEns 
• ASSEMBLED MAIN PC BOAilD 

feATURES: 

• 4W". 4"x2"ABSCASE 

' ADD $ 10 FOR REQUIRED SPEED SENDER . $15 FOR SPEED SENDER ALONE 

KIT: $49.95 ....... ASSEMBLED: $59.95 

ELECTRONIC 'PENDULUM' CLOCK 
SWING PENDULUM 

7" HOURS AND MINUTES DISPLAY 

TIME SET PUSH BUTTONS 

ALARM FEATURE 

KIT-UNFINISHED CASE . . ... .... .. . . $~9 .95 

ASSEMBLED-STAINED CASE .... ..... . $69.95 

QUARTZ DIGITAL AUTO CLOCK 
OR ELAPSED TIMER! 

ELAPSEO TIMER: HRS. MINS & SECS 
SIMPLE PUSHBUTTON RESET & . 
HOLO TOGGLE SWITCH 
K I T INCLUDES EVERYTHING. 
NOTHING ELSE TO BUYI4" LEOS! 
INTERNAL BATTERY BACKUPI 
NONPOLAR INPUT! 

12 OR 24 HR MODE 
DIMENSIONS 4 '," . 4 "" 2" 

KIT: $27.95 ....... ASSEMBLED: $37.95 

NOWWITH 
ELAPSED 
TIME! 

3Yz DIGITAL C'LOC 
• 4 DIGIT KIT $49.95 4 DIGIT ASSEMBLED . $59.95 
• G DIGIT KIT . $69.95 • G DIG IT ASSEMB LED . $79.95 
117 VAC 12 OR 24 HA MODE KIT COMES COMPLETE ! 

6 DiGIT VERSiON ' 27")( 5" )( , y,", ,, 4 DIGIT VER?'ON: le")( 5")( 11'/' 

TV-WALL CLOCK 
25' VIEWING DISTANCE 

.6" HOURS & MINUTES 

.3" SECONOS 

COMPLETE WITH WOOO CASE 

117 VAC 

KIT: $34.95 ....... ASSEMBLED: $39.95 

ECONOMY CAR CLOCK 
'II" LED MODULE! 

COMPLETE WITH CASE. 
BRACKET & TIME SET 
PUSH BUTTONS 

ALARM OPTION 

KIT: $19.95 ....... ASS~MBLED: $26.95 

PE N 0 U l UM GIVE VOUR9D~g'~:Vl~~~~~~::~:p~~tuMSW ING 
. SIMPLE HOOK UP TQANY CLOCK 

r-=,----:==-=_ 

CASE WITH BRACKET $3.75 

MARK FOSKETS~ 
SOLID STATE TIME 

P.O. BOX 2159 
DUBLIN, CALIF. 94866 

ORDERS (~15) 828-1923 

p2~ OHNRE 1"MJtt-!.l1 
CALIFORNIA RESIDENTS· ADD 6% SA,LES TAX . 
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present by myself and other persons 
in the group are th e power conversion 
~ Iectronics, ADC system, and the radio 
telemetry link . 

Ralph L Hollis Jr 
University of Colorado 

Boulder CO 80309 

Our thanks to Ralph Hollis for 
calling these errors to our attention. 
We eagerly await the further adventures 
of Newt . .. CM 

MORE ON TV SHIMMY 

am moved to write this because of 
the unsatisfactory answer given in "Ask 
BYTE," page 145 of the November 1977 
BYTE, with regard to cathod e ray tube 
(CRT) image "shimmy." 

Th e root cause of this is almost 
always 60 Hz power line interference 
with the CRT scanning waveforms as 
seen by the electron beam. Rippre in the 
internal power supplies of cheap moni
tors or TV sets can easily amplitude 
modulate the scanning waveforms, parti
cularly the horizontal waveform. AC 
magnetic fields emanating from the 
monitor's own power transformer can 
also deflect the beam. Sometimes the 
field from a nearby computer power 
supply can affect the display, parti
cularly if a "constant voltage" trans
former is used. These generally emit 
several times more field than a standard 
transformer does. 

Commercial TV uses a vertical scan 
rate ' which, for practical purposes, is 
exactly 60 Hz. This was done so that the 
interferen ce pattern on the screen would 
be static and therefore less objection
able : The fact that a video display image 
shimmies (swims, crawls, waves) is proof 
that the vertical rate of the video source 
is not dead-on 6Q 'Hz because of a design 
com prom ise, drifting oscillator, or other 
defect. ' 

The problem may be corrected or at 
least reduced by attenuating the inter
ference in the monitor. Ripple in the 
monitor's power supply may be reduced 
by increasing the main filter capacitor by 
a factor of five to ten. If a voltage doub
ling supply is used, two capacitors must 
be increased . Shield the power trans
former with a metal box from an old 
military type transformer. Find a big 
lamin at ion from an old transformer, cut 
ane! shape it into a cylinder, and slip it 
over the picture tube neck behind the 
deflection yoke. These measures should 
cut the interference by a factor of four 
or more and at least make the system 
liveable. 

Hal Chamberlin 
29 Mead St 

Manchester NH 03104 

IS VIRTUAL A VIRTUE? 

Mark Dahmke suggests, in an article 
titled "Virtual Memory and VSAM for 
Micros," November 1977, page 224, that 
virtual memory techniques be considered 

for new APL interpreters. Indeed , it 
might be a cure for th e problem of 
limited primary memory. However, one 
must ask what price must be paid for 
the vast increase in memory space 
available to the user. I submit the price 
is either increased cost for specialized 
addressing hardware to support virtual 
memory or a slower running machine 
if the virtual memory techniques are 
implemented in software. 

No matter how one chooses to 
implement a virtual memory scheme, the 
secondary memory must still be ac
cessed. This process takes time and 
effort by the machine to execute, just 
like the more traditional file access 
methods. 

While the concept of virtual memory 
may be practical for large machines like 
the IBM 370 or Univac 90/80, I believe 
virtual memory on a microcomputer is 
not a practical option, given the current 
state of technology available. 

Clayton A Dane III 
423 RobertsAv 

Conshohocken PA 19428 

COMMENTS ON THE MCM/70 
FROM A USER 

recently came across your August 
issue in which the desirability of imple
menting APL on a microprocessor is 
discussed with the inference that it has 
not yet been accomplished. I would like 
to inform you that an APL interpreter 
was written for an Intel 8008 micro
processor in 1972 by a company called 
Micro Computer Machines of Kingston 
CANADA. The resulting computer, 
which was called the MCM/70 , was first 
sold commercially late in 1974. 

The interpreter uses 32 K bytes of 
ROM and about 7 K bytes for 10 and 
special functions. In this space, a fairly 
complete subset of the APL language is 
implemented . Functions not imple
mented are matrix divide , factorial/bi
nomial coefficient for nonintegral values 
and lamination . 

My company purchased an MCM/70 
in August 1975 and it has been used 
extensively since then. The version we 
own has 8 K bytes of user available 
memory, two cassette drives and a 
Diablo Hi-type printer which can also 
be used as a plotter (with a horizontal 
and vertical resolution of 1{48th and 
1/60th of an inch respectively) . 

One of the most interesting and 
useful features of the MCM/70 is a 
virtual operating system which allows a 
cassette (or floppy disk) to be used as 
an extension to memory. In this way 
jobs that would take up to 110 K 
bytes on a timesharing com puter can 
be run on the MCM/70, provided no 
individual program is larger than about 
4 K bytes. (110 K bytes is the max imum 
capacity of the cassette; use of a floppy 
disk increases this capacity to 256 K 
bytes. ) 

. We have used the MCM/70 for many 
routine engineering problems, and esti
mate that it has already earned its 
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HORIZON 

Look To The North Star HORIZON Computer. 
HORIZON 1M _ a complete, high-performance microprocessor 
system with integrated f loppy di sk memory. HORIZON is 
attractive, profess ionally engineered, and ideal for bus iness, 
educational and personal applicatic ns. 

To begin programming in extended BASIC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor; 
16K RAM, minifloppy 1M disk and 12-slot S-100 motherboard 
w ith seri al termina l interface - all standard equ ipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZON includes the North Star Disk Operating System and 
fu ll extended BASIC on diskette ready at power-on. Our BAS IC, 
now in w idespread use, has everything des ired in a BAS IC, in
cluding sequentia l and random disk fil es, formatted output, a 
powerful li ne editor, strings, machine language CA LL and more. 

NORTH STAR * 

EXPAND YOUR HORIZON 
Also ava il ab le -Hardware f loat ing point board (FPB); add i
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical seria l and 
para llel I/O ports may be installed on the motherboard. Many 
w idely ava ilable S-100 bus periphera l boards can be added to 
HORIZON . 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS
TEM ca n be bought separately for either Z80 or 8080 S-1OO bus 
systems. 

HORIZON-1 $1599 kit ; $1899 assembled. 
HORIZON-2 $1999 kit; $2349 assembled. 

16K RAM -$399 kit; $459 assembled ; Parity opt ion $39 kit ; $59 
assembled. FPB $259 kit ; $359 assembled. Z80 board $199 kit; 
$259 assembled. Pri ces subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 

Write for free co lor catalogue or visit your loca l computer store. 

COMPUTERS 
2465 Fourth Street • Berkeley, California 94710 • (415) 549-0858 
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purchase pr ice in sav ings on t imeshar ing 
co mpute r costs. In part icul ar, the 
MCM/70 was used to sim ul ate the ther
ma l performance of a coo ling pond. Thi s 
in vo lved a f inite difference so luti on of 
the time depe nd e nt advection -dispersion 
eq ua tion of fluid mechanics. 

Because of th e ana lys is involved, the 
ca lculation required severa l months of 
effort. Most peop le w i th whom I have 
discussed the proble m fo und it hard to 
be li eve that it cou ld be ha nd led on s uc h 
a small machine. It wo ul d not have bee n 
possib le if it were n ' t for the' storage 
eco nomy and power of APL in con
jun ct ion with the capabili ty of the 
m ac hine to run in the virtu al mode . 

Th e program was set up to plot the 
re sults of calculations (ce nte rlin e tem 
peratures ) as they were produced . In 
this way the effect o n the te mpe ratures, 
of cha nges in thermal input and /or 
cl imat ic conditions, co ul d be monitored 
with the option to change e ith er the data 
o r the program without restart ing th e 
run . 

We have also used the mac hine for 
many other projects and f ind it a very 
useful tool for the type of throwaway 
programming that is t y pi ca l of m uc h 
engineer ing work. 

The MCM/70 has since been up 
graded to the MCM/800 through the 
use of a specially designed mi crop ro
cesso r th at has a simil ar instruction set 
to the 8008 but performs APL oper
ations about te n times faster . 
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R V Elliott PhD 
Ontario Hydro 

700 University Av 
Toronto, Ontario 

CANADA M5G 1 X6 

See page 2 76 of December 7977 
BYTE for a current report on the 
MCM/70. 

COPYRIGHTS: US VERSUS 
CANADIAN? 

Th e lon g le tter from the Ca nadian 
pate nt attorney Daniel A Me rsich does 
lit t le to c larify the situation, si nce it 
re vea ls ignorance of Amer ican law_ In 
fact, software is protected under th e 
Amer ican copyright law, ju st as new 
ha rd ware is protec ted und e r pate nt law . 
Enforcem ent of co py right is sim il ar to 
enforcem ent of patent : the owne r takes 
the vio lator to co ur t. 

American law seems c lea r to me 
(althou gh I am ass uming that the copy
ri ght office regulation s wh ic h impl e ment 
the law wi ll remain th e same) in th at a 
co py righ t of software must be presented 
in a printed form readabl e by a (know
ledgeable) hum an; it cannot be ju st a 
magne ti c tape or a binary li st ing. 

Since the philosoph y' of the patent 
law is t ha t it will provide protection 
while providing publi c access to new 
technology, a person atte mpting to 
patent a li tt le bl ack box wou ld have 
to describe the new technology inside 
to get a pate nt (like bubble memory) . 
If the function was in fac t ca rri ed out by 
prog ra mm ab le seque nti al steps, the de
scription wo ul d have to be car ri ed to the 
copyright office_ 

Th e US copyr ight off ice has a flier 
describing procedures and limits for 
software programming. 

Mike Firth 
104 N St Mary 

DallasTX 75214 

C LARIFYING PERSONAL USE 
OF PATENTED INVENTIONS 

I must take issue with Dani e l 
Mersich' s comments on patents in t he 
November 1977 "BYT E's Bits." Though 
hi s inform atio n is, fo r the most part, 
correct, he leaves readers with an impres
sio n wh ich is quite mistaken . 

It is qu ite true tha t a commercial 
producer in fr inges a patent eve n by 
in adve rtent " re in ve ntion ." The Patent 
Code gives th e owne r of a pa tent a n 
absolute commercial monopoly, good 
against anyone who see ks to profit from 
the same knowledge_ T he fact th at 
anothe r inve ntor de ve lops the same 
dev ice without knowledge of the patent 
is of no effect. 

Howeve r, a pate nt does not, desp ite 
the im pression left by Mr Mersich , pre
ve n t every person from developing and 
using a given device. In genera l, a non
com me rc ial user may create and use an 
id e nti ca l dev ice, even by directly copy
ing the patent, and regardless of lack of 
permissiun from the patent owne r. Su ch 
users are free to create and operate th e 
device so long as use is restricted to 
purely personal expe rimentation , amuse
ment , in struction , ed ucat io n , or curio 
sity . 

I' m afrai d that Mr Mersich may have 
co nvinced so m e readers tha t even such 
restricted personal use infringes, so that 
a pate nt search would be req ui red for 
every new deve lopm ent. The Patent 
Code is ofte n a pain in the lower bits, 
but it isn 't that restrictive _ 

C Kevin McCabe 
The Lawyer's Club, Room 8-14 

551 S State St 
Ann Arbor M148104_ 
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Figure 7: The Venn dia
gram universe is the collec
tion of all points in the 
rectangle; the points inside 
the circle (p) are points 
corresponding to terminal 
p being H. Those outside 
(;5) refer to p=L. 

Some Musings on Boolean Algebra 

The purpose of this article is to unify the 
concepts of digital electronics, the graphical 
representation of set theory and proposi
tional calculus, using Boolean algebra. Our 
motivation for the background work repre
sented in this article was the design of an 
encoder for a surplus keyboard . That was 
as much a problem in set theory and propo
sitional calculus as it was in digital design. 

First a note about the subject matter of 
this article. The availability of MSI and LSI 
makes the systematic reduction of many 
logic functions a waste of both time and 
money. For example you can buy an 8 bit 
addressable latch for about $1.50. Synthe
sizing it out of small scale integration can 
take some 75 gates or 30 integrated circuits. 
No money or time savings here! The fol
lowing techniques are quite general, though, 
and you can certainly find design problems 
that don't have off-the-shelf solutions. In 
this particular case (keyboard encoding), 
off-the-shelf solutions exist. But learning 
about logic design techniques requires 
illustrative examples. Encoding a large set 
of inputs serves well as such an example. 

In the various systems, digital, graphical 
and logical, analogous concepts are expressed 
differently. We're going to show the equiv
alences which exist. Digitally and logically 
we have a "system," where graphically 
we have a "universe ." Universe and system 
will mean the same thing to us. Our system 
is composed of "states," while our universe 
consists of "points." The meaning of point 
will be clearer after we've explained state. 
Physically we picture a device with several 
terminals, some input and output, the others 
internal, perhaps not even accessible. Sup
pose there are N terminals, each of which 
can have its signal level high (H) or low (L). 

Hand L are the two possible states of any 
terminal. We want to know how many states 
the system has. There are two states for the 
first terminal, times two states for the sec
ond, times two for the third, . . . times two 
for the Nth, giving a total of 2N states for 
the system . Another way to express this is 
to consider each terminal of the device to 
be represented by some bit in a binary word. 
For N terminals we need an N bit binary 
word, the pth bit representing the state of 
the pth terminal. Since an N bit binary word 
can take 2N different values, our system 
must have 2N different states. Each possible 
arrangement of Hs and Ls on the various 
terminals defines a unique system state, 
which corresponds to a point in our equiva
lent Venn diagram universe. The logical 
analogy to the digital terminal is the proposi
tion, merely a statement, which . is true 
(T) = 1 or false (F) = o. 

Think of any device terminal, call it p and 
define the proposition which is T when 
p = Hand F when p = L. Of course we call 
this proposition p also. Graphically we col
lect all the points of our universe which 
correspond to system states with terminal 
p = H and enclose them in a curve as in 
figure 1. I t is the interior of th is region that 
corresponds to p. In summary we equate 
propositions with regions and label them 
p, q, r, etc. If a device has two inputs, two 
outputs and four internal terminals then the 
universe has 28 = 256 possible states or 
points. The aforementioned keyboard en
coder is a 64 input, 7 output and n internal 
terminal device where minimizing the un
known, n, is one way of stating the logic 
design problem. 

Venn diagrams are an easy way to demon
strate the laws of logic. For example it's an 

Dan Bunce 
139 Morewood Av 
Pittsburgh PA 15213 

Art Schwartz 
740 Broughton St 
Pittsburgh PA 15213 
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Figure 2: The output of 
the inverter is the com
plement of the input. A 
small circle means invert 
the signal. The triangle 
symbolizes an amplifier or 
"buffer" of the digital 
signal. 

Figure 4: A degenerate 
case of figure 3a. Specifi
cally, the empty set: 
pl\q=O. Said differently, 
there are no states for this 
system with p=H and q=L. 

Figure 5: A 2 input AND 
gate is sho wn in (a) and a 
2 inpul OR gate is shown 
in (b) . EqUivalences for 
the "inverted" (orms of 
these gates are shown at 
(c), NAND; and at (d), 
NOR. 
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Figure 3a: The most gen
eral example of two vari
ables. Apparently different 
examples are degenerate 
cases of this figure. 

axiom of logic that (p) == p. (An axiom is 
something that you can't prove; you simply 
must assume it is true in order to build a 
system of thought.) Figure 1 makes this 
very plausible because p partitions the 
universe into the regions p and p (read as 
not p or complement of pl . p lies outside 
of p. Now what lies outside of p? It can't 
be p and it must be inside the universe. All 
that's left is p. I t seems reasonable to accept 
(fJ) == p. The inverter or inverter gate (fig
ure 2) is the digital device that generates the 
complement of its input. 

The excitement begins when we label 
some other terminal q and associate with it 
the proposition which is true when terminal 
q == H. Then p and q together partition our 
universe as shown in figure 3a. 

For even two variables there are many 
possibi lities, one of which is shown in 
figure 4. This relation is written p == > q; 
another common form is p<=q (read as p 
implies q or p is contained in q). In this 
example look at the areas p and q. Area q 
is smaller than and wholly contained 
within p. This il lustrates another of the 
axioms of logic, 

(p == > q) == > (q == > pl· 
Of course we might have the other case, 

q = > p. If we have p = > q and also have 
q == > p we then have the definition p == q. 
Implication and equation are distinct 
concepts. 

:=D-PAq :D-pvq 
a b 

=D---1>- IS THE Dr-SAME AS 

C 

=D--f>r- IS THE D-SAME AS 

d 

. ' 
Figure 3b: The region 
pvq is shaded. The region r 
of the text is unshaded. 

There are many other possibilities for two 
variables but they' re all special cases of 
figure 3a. In general some points will lie in 
both p and q. Call this set of states sand 
write s == pl\ q, read s == p and q. Th is is often 
written s == pq symbolic of ordinary multi
plication, since associating the possible binary 
values of 0 or 1 with the variables p and q 
gives numerically correct results for s. 
Digitally we realize this set with the AND 
gate as shown in figure Sa. We'll call it the 
set of states for which p == T and q == F. We 
see that we can write t == pl\q. A third 
region is u == P I\q . What about the fourth 
region, that for which p and q are both L? 
Certainly this set r == pl\(f. But we can 
describe it differently . First we form the set 
for which either p or q == 1. This is the region 
of both circles and is shown in figure 3b. It 
is the set PVq (p or q) which, since we're 
adding areas, is sometimes written p + q. It 
comes as no great surprise that the 0 R gate 
exists for just this purpose (see figure Sb). 
When we form the complement of PVq, we 
again get the set r! 

Our diagrams have given us one of De
Morgan's laws: pAq == (PVq) . We can get an 
equivalent form of the law by taking the 
complement of both sides of the equation, 
(PI\(f) == PVq· Figure 3a also gives us the 
other law, PVq = (PVq), which is equivalent 
to (pv(f) = pl\q . 

Now you begin to see where we're going. 
If we want our system to generate pl\q from 
p and q we have options. We could use either 
a NOR gate (NOR = > not OR), or an 
inverter each for p and q followed by a 2 
input NAND gate. In a NOR gate the inver
ter fo llows the OR gate. Use figure 3a to 
convince yourse lf that j5vCj is different from 
(p Vq). There are NAND gates as well and 
you've probably guessed what they do. 
It's worth noting that in the usual mode of 
operation a transistor inverts the signal. 
Consequently NANDs and NORs are more 
easily fabricated than ANDs and ORs, and 
more often used. 

Now a reminder about what all this 



Figure 6: Diagram used to 
show operations are associ
ative and distributive. 

means. The ps and qs are terminals, regions 
or propositions. But most of all they're 0 
or 1. p!\q is also 0 or 1. If p = 1 at the same 
time that q = 1 then p!\q = 1, if either (or 
both) is 0 then P!\q = O. What about 
pvq? If both are 0, pvq is 0, but if either 
is 1 then p Vq = 1. One objection to the 
notation + for OR is that 1 + 1 = 1. 

We can consider three variables by 
referring to figure 6. Convince yourself of 
the following: 

(p V q) V s = p V (q V s) = p V q V s 
(p !\ q) !\ s = P !\ (q !\ s) = P !\ q !\ s. 

I n words, the operation V and /\ are 
associative. The next two examples are only 
a I ittle harder to see: 

p V (q!\s) = (PVq) !\ (p V s) 
P /\ (qvs) = (p!\q) V (p /\ s). 

I n mathematical parlance, the operations 
are distributive. The formulas show that 
within a set of parentheses order doesn't 
count; that is p!\q = q!\P or pvq = qVp. 
This means the operators are commutative. 

We want to write equations in more than 
three variables but shading the subregions of 
five circles creates eye strain faster than un
derstanding. Our diagrams have been most 
helpful, though, for we can go on symbol
ically, by repeated application of what we've 
already learned. 

Let's work out an example. To reduce 
x = [(15 V q) V s] !\ t we define a new vari
able, and continue to define new variables 
as often as necessary: u = (pv q) vs, so the 
original expression takes the simplified form 
x = u/\t = (uvl). What's U? Just plug in 
u = (pv q) vs, so U = (p Vq vs). Substitute 

back and write: x = [(p V q V s) vt]. One 
circuit that generates x is shown in figure 7. 
We emphasize again, x is a number, either 0 
or 1, and its value depends on the values of 
p, q, sand t. 

For many variables, we'll run out of let
ters to designate propositions. There's an 
easy way around this. If we have a proposi-

p 
q 

tion a, and later in the problem we find we'd 
like to call a different proposition a also, we 
tack on subscripts. The first proposition 
becomes a(l), read a-one or a-sub-one, the 
second a(2). We never run out of subscripted 
letters, but more important subscripting 
allows a more compact notation. When we 
have a(l) va(2) V a(3) V ... va(n) we 
write this as 

n 
y (a(i)). 
1=1 

Similarly we can form 

m 
b(l )/\b(2)!\ ... /\ b(m) = /\ (b(j)). 

j=l 

The first time you encounter this notation 
it appears awkward. In fact it's very effi
cient, but like any unfamiliar concept it 
requires some mental accommodation. When
ever you feel uncomfortable with it just go 
back to the definition and expand it. It soon 
becomes second nature. 

We'll pose and solve a final problem. The 
Teletypewriter keyboard which started this 
article has 64 switches. We wanted a circuit 
which shows when any of the switches have 
been pressed. The goal is, in effect, a 64 
input OR gate. Nobody makes such a thing 
(if they did they'd need a 68 pin package 
to put it in), but we can synthesize it. Just 
follow the expansion: 

V[a(i)] =[~ (~ b (i,j))] 

where 

b(l, j) = a(j), b(2, j) = a(8+j), b(3, j) 
= a(16+j) . .. b(8, j) = a(56+j). 

Once you understand how to break OR into 
NOR then NAND (reading from inside th e 
parentheses since that's the way th e signal 
flows), you can nest successively, generating: 

Figure 7: Circuit repre
senting the equation : 
x=f(PVq) vsj At. 
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64 
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Figure 8: A 64 input OR gate. Dotted lines indicate repetition of the relevant 
element. For example, there are 32 2 input NOR gates at the leftmost level. 

~[y(~[y d(i,j,k,I~)J 
Working from the inside out we need NOR 
gates, NAND gates, NOR gates, NAND gates. 
2 input NORs are common, as are 4 input 
NANOs. If we feed the 64 input signals into 
32 2 input NORs, their outputs into eight 
4 input NANOs then on into four 2 input 
NORs and finally into a 4 input NAND, we 
have a 64 input OR. Using a logic circuit 
representation, figure 8 shows how this 
expression might be wired. 

At the first level we've used 32 2 input 

a(; ) 

Figure 9: Two different 
ways of building a 64 in
put OR gate. a 

I 
I 
I 
~ 
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NORs. Four of these come in one integrated 
circuit package which means we need eight 
packages at the input level. The second level 
requires four packages since there are two 
of these gates in each integrated circuit, the 
third two packages and the fourth one half 
package. The circuit uses approximately 15 
integrated circuits. 

We achieve the same result more directly 
if we begin with the complemented signal 
from each switch. In practice this means 
the switch is wired H rather than L. It is 
neither more' nor less difficult. We write the 
following: 

4 (4 [4 v(a(i)):= 1\ V 1\ 
1 1 1 

(c(j, k, I))J) 

beginning with complemented signals we 
need 4 input NANOs, NORs, and NANOs, 
as shown in figure 9a. 

An even more direct means to our end is 
the following formula which is illustrated 
in figure 9b: 

V(a(i)):=~ [~ (b(j, k))J 

where all NAND and NORs are 8 input. This 
requires only nine packages. The only thing 
wrong with the last method is 8 input NORs 
are unusual. They are available in newer 
CMOS, but not in low numbered (7400) 
TTL. Since there are other nearly as simple 
and certainly less expensive ways of doing 
the job it hardly pays to look for th e special 
integrated circu its. 

Having establ ished (or more correctly, 
justified) the laws of logic and worked a few 

a( i) 

Va( ; ) 

Va (;) 

b 



problems, we're ready to take on a multitude 
of simple reductions . 

A more formal and complete treatment 
of logic (at the introductory level) is 
presented in the monograph Propositional 
Calculus by P H Nidditch, Dover Publica
tions, New York. I t sells for about $1, is 
clearly written and aimed at the general rea
der. Armed with this basic knowledge of 
combinatorial logic, we were able to imple
ment a keyboard encoder.-

GLOSSARY 

AND gate: A binary circuit with two or more 
inputs and a single output. The output is logic 1 
only when all inputs are logic 1. The output is logic 
o if any of the inputs are logic 0 (A /\ Bl. 

Associative : When the result of an equation is 
independent of the groupings of the elements, 
provided the elements are kept in the same order, 
the operation performed on the equation is 
associative. 

Axiom : A proposition regarded (with good reasons) 
as sel f-evident truth . 

Commutative: When the result of an equation is 
independent of the ordering of the elements within 
the equation, the operation performed on the equa
tion is commutative. 

Complement: In a given universe, all of the ele-

ments not contained within one set are the com
plement of the set. 

DeMorgan theorem: Inversion of a series of AND 
implications is equal to the same series of inverted 
OR implications. The inversion of a series of OR 
implications is equal to the same series of inverted 
AND implications . A/\B = Ava and AVB = A/\S. 

Empty set : A set containing no elements. 

Gate: A circuit having two or more inputs and one 
output. The output depends on the combination of 
logic inputs. 

Implication: 
propositions. 

Logical relation between two 

Inverter: An operation or device which outputs the 
logical complement of the input . Inverting logical 1 
gives logical 0 ; Inverting logical 0 gives logical 1. 

NAND gate : Combination of a NOT circuit and an 
AN D circuit (A /\ Bl. 

NOR gate: Combin ation of a NOT circuit and an 
OR circuit (A V Bl. 

OR gate : Binary ci rcuit with two or more inputs 
and a single output. Th e output is logic 0 when all 
the inputs are logic O. The output is logic 1 if one 
or more of the inputs is logic 1 (A V B). 

Universe : Set containing all elements relevant to a 
specific problem. 

Venn diagram: Grap h employing circles to represent 
logical relations between and operations on sets . 

The Best of BYTE, Volume I 

Send now to: 
BITS, Inc 
70 Main St 

'-

Peterborough NH 03458 

Circle 9 on inquiry card. 

The volume we have all been waiting for! The answer to those unavailable early issues of 
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl. This 384 page book is 
packed with a majority of material from the first 12 issues. Included are 146 pages 
devoted to "Hardware" and how-to articles ranging from TV displays to joysticks to 
cassette interfaces, along with a section devoted to kit building which describes seven 
major kits. "Software and Applications" is the other side of the coin : on-line de buggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on "Theory" ex amines the how and why behind the circuits and 
programs. "Opinion" closes the book with a look ahead, as to where this new hobby is 
heading. It is now available through BITS I nc for only $11.95 and 50 cents postage. 

1---------------------------. 
I Name 

I 
I Address 

I I City State Zip 

I 
I I The Best of BYTE, Volume 1 

Price of Book $_---

Postage, 50 cents $ _____ _ 

I 
I 0 Check enclosed I 11111 0 Bill MC # _ _________ Ex p. Date _ _____ _ 

Total $ _____ _ 

I E~'I 0 Bill BA # Exp. Date I 
I - Signature I 
I ~~~s~ ~~.~~ssing ~~~e~3~days~ __ A~ ~~~~~P'::Paid.:J 

You may photocopy this page if you wish to leave your BYTE intact. 
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Addison-Wesley's Joy of Computing Series -
dedicated to worthwhile personal computing. 
Books that show you what to do and how to do 
it well. 

Programming a Microcomputer: 6502 
by Caxton C. Foster, 
University a/Massachusetts, Amherst 
Teaches microcomputer programming in 
machine language. Emphasizes KIM-I. 

BASIC and the Personal Computer 
by Thomas A. Dwyer and Margot Critchfield, 
University a/Pittsburgh 
An outstanding presentation of BASIC and 
extended BASIC showing a great diversity 
of applications. 

The Little Book of BASIC Style 
by John M. Nevison, 
JohnM. Nevison Associates 
Emphasizes style in BASIC. To be re;J.d, 
reread, and referred to often. 

Put a little joy in your computing experience -
order books or get more information by writing 
to Ann Whitworth, Business & Professional 
Division, Addison-Wesley Publishing Company, 
Reading, Massachusetts. Or, ask at your 
nearest computer book store. 
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Business & Professional Division 
ADDISON-WESLEY 

PUBLISHING COMPANY 
Reading, Massachusetts 01867 

Circle 1 on inquiry card. 

The Case for a 
"Compiler Interpreter" 

Richard A Rodman 

3041 Patrick Henry #202 

Falls Church VA 22044 

Your "Technical Forum," May 1977 
issue, presents a high er level language ap
proach which, althou gh based on ideals 
achievable on larger systems, is unrealizable 
on microprocessor devices within any realm 
of practicality . The charactel- set alone of 
PL-SKYE is unavailable on displays to 
anyone save ECD Micromind or Noval 760 
users, and hard , copy would be a fOI-egone 
conclusion. 

I have been working on high leve l lan
guage ideas myself and have already dis
carded the use of a direct compiler system 
of home computers because of its stri ngent 
demands on mass storage peripherals. Yet, 
as Mr Skye realizes, the resplendent lu xu ry 
of the source code in memory used by an 
interpreter is also far too costly for anything 
but the smallest programs. 

However, thel-e is middl e ground in the 
form of a semi-compiler or "compiling 
interpreter." This is a program, or set of 
programs, which reads the source code from 
tape, translates it into compact symbolic 
code, and then interprets this code. As a 
single program, this is of course too large for 
the amount of memory space in a home 
comput~r. However, it may be broken down 
by task into three segments: the translator, 
which creates the symbol table as well; the 
resolver, which resolves label references, 
allocates memory for variables and so 
forth; and the interpreter. These three seg
ments, would, each upon completion, load 
in the next segment. There wou Id be an 
optionq.1 fourth segment, the "recon
structer," which would be able to recon
struct the source code if desired. 

I feel that this arrangement would allow 
the use of slow speed devices, such as the 
audio cassette recorder, without sacrificing 
an enormous amount of speed. Translation 
would of course have to be done in a single 
pass, reading from one tape onto another. 

As far as specifying the pal"ticular ele
ments of the language, it would be best to 
start simple. I, as well as many others, share 



System 8 8 13 

1'u,;VI..~ph ... 
"".~1t·f1l" 

e-· 0 

The Computer for the Professional 
Whether you are a manager, scientist , educator, lawyer, 

accountant or medical professional, the System 88 13 will 
make you more productive in your profession. It can keep 

track of your receivables, project future sales, evaluate 
investment opportunities, or collect data in the laboratory. 

Use the System 8813 to develop reports, analyze and store 
lists and schedules, or to teach others about computers . 

It is easily used by novices and experts alike. 

Reliable hardware and sophisticated software make 
this system a useful tool. Several software packages are 
included with the machine: an advanced disk operating 
system supporting a powerful BASIC language inter
preter, easy to use text editor, assembler and other system 
utilities . Prices for complete systems start at $3250. 

See it at your local computer store or contact us at 
460 Ward Dr. , Santa Barbara, CA 93111, (805) 967-0468. 
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UP AND RUNNING 
TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 

TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 

John Montagna, computer engineer (above left) , 
lead t his successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs. were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time
sharing between the two USERS programs. 

TDL's XIT AN SYSTEMS have the capacity to do 
similar tasks for you . Write to us for XIT AN 
information and the name of your nearest TDL 
dealer. 
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Four screens were incorporated, two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy. Mon
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 

Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wide- results without flaw. 

"I chose TDL because they have all the soft
ware to support their hardware, and it 's good; 
it has the flexibility to do the job." 

John Montagna 

We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution . 

TECHNICAL 
DESIGN 

..... .." LABS 
RESEARCH PARK BLDG. H 1101 STATE ROAD 
PRINCETON, NEW JERSEY 08540 (609) 921-0321 

Ci rc le 115 on ·inq ui ry card. 



the visions of Mr Skye, but it is best to start 
with the humble and glorify it, rather than 
to start with the glorious and humble it. 

BYTE is to be commended for the publi
cation of the Tiny Assembler in bar codes. 
However, the dearth of bar code hardware is 
certain to lead to its gracing far mQre book
shelves than memory chips. Furthermore, 
even with suitable hardware, the reliability 
of bar code loading rem4ins to be demon
strated for most of us. Audio disks are more 
easily read but obviously more expensive 
and quite subject to physical damage. (One 
can imagine the record skipping and loading 
all of memory with "disposable interrupts.") 
(This has not been a problem with Interface 
Age's "Floppy ROMs," according to Bob 
Jones . .. CM) Surely there must be other 
possibilities for the publication of large 
programs. 

There is a very fine line between stan
dardization and ossification. Technological 
superiority must always come before stan
dardization, although the primary things to 
keep in mind are specific needs an'd available 
resources. I feel that too often these factors 
have been ignored in this field . I hope this 
will not be the case in the future.-

APL Charact~r Representations 

David Sloan 
628-555 Keenleyside St 
Winnipeg Manitoba R2K 3PG 
CANADA 

For those readers with a problem of 
representing APL characters, I have found a 
temporary solution . For those who have a 
video display with reverse video selectable 
for each character, the functions can be very 
easily displayed as reverse polarity char
acters. This is easily accomplished by cle
fining one of the keys as a special function 
key through software control. This will 
proquce the reverse polarity required. 

Since most of the APL characters are a 
close representation of the present keyboard 
characters, this will be sufficient for most 
applications. It also means that the lower 
case and special characters can still be 
represented. 

I n the APL interpreter, a special char
acter can then be easily detected, by looking 
to see if the cursor bit is turned on.-

Easy to use! Everything you need 
for I/O, mass storage, and a monitor. 

3 complete parallel parts with their 
own handshaking, latched outputs, bi
directional. 

OUR NEWEST BABY! 

DAJEN Electronics 
7214 Spring leaf Ct. 

Serial port with 20 ma, 60 ma, 
RS-232, speeds from 75 to 19,200. 256 
bytes of RAM for stack and buffer 
storage. 

Citrus Heights, Ca. 95610 
(916) 723-1050 

2708 PROGRAMMER 
3K of ROM, 2-2708's provided with 

monitor: complete video, software, cassette routines, 16 com
mands total. 

High-speed cassette system with 2 relays, simultaneous 
read and write, speed? from 500 to 40,000. 

Yes, please rush my SCI to: 

Name ... .......... .... ....... .... ......... .. .... .. .. ...... .... .. .... ... .. .. .. 

Address ............. ........ .... .... .. ...... .................. .. .......... . 

City .. .... .... .. .. .. ................... . State ... .. ... Zip .... ...... .. 

Mastercharge .. ...... .... ...... .. .. ...... ........ Exp ..... ...... .. 

Visa/B.A ..... .... .... .... ...... ........... ..... .... Exp ....... ..... . 

Signature ..... .. .... ..... .. ..... .... .......... .............. .. ............ . 
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Altair, Poly, 
IMSAI, Z-SO, 
Tarbell Com-

patible 
Kit 

$285 
Assembled 

$345 

The System Central Interface 
SCI 
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why Ihe lasl bus 
is Ihe besl bus 

If you want to be better, you 
have to be willing to make i; 
changes. So, when we started 
designing our H8 Computer 
back in 1975, we put aside a lot 
of pre-conceptiqns to design a ... 
better computer. For instance, 
instead of slavJ~hlyadopting 
an inferio:r: bus CIS a "standard:' 
we designed our own. We 
used fifty fully-buffered lines 
because that's all we really 
neeaed with tlie H8's built-in! 
systems controller. The result? 
Clean signals, minimum 
noise and great expansion 
capabilities. 

Next, we picked a male/fe
male connect()f> N()t only is if! 
less expensive than edge con
nectors, our tests show it's 

' also more reliable! And be-
cause it costs Jess, every H8 
motherboard includes all the 
connectors you need for ex
pansion. There's no~hing extra 
to buy. 

The connectors are mounted 
on the right . sid~ .. of th~ cabinet , 
at an angle so' the boards tilt 
back. That give,s us a couple of 
significant advantages. First. 

,it allows the boards to be 
larger without requiring a ,. 
taller cal;>inet. So our circuit , 
boar(;i layout is more open, 
which makes the boards 
easier to build- even if you've 
never built a kit before. Sec
,ond, the ,angled mounting:; 
provides easy accessibility to ,. 
all the components on the face 
of the boards without an ex
tender. (Many times an exten-

der alters the transmission 
characteristics of the bus, 
which masks the problem 
you're trying to solve or even 
causes new ones.) 

And we plan to support the H8 
bus. In the future you can ex
pec'! to see many new and 
exciting accessories for the H8 
bus like higher density, lower 
power memories and a variety 
of 'Unique I/O interfaces. 

We're very happy with our bus, 
and we think you will be, too. 

Who minds being diff~rent. .. 
as long as you're better. 

IRII 
Healhkil Calalog 

Read about neurly 
400 money .saving, 

fun·to·build 
electronic kits. 

Use coupon to send for 
l~~iiir-;:~~~.r~ mail order ca talog 

or bring coupon to a 
Heathkit Electronic 

for your catalog, 

r-----------------, I HEATH ~ 
I .1iiMIffi Heath Company, Dept. 334-380 I 

._IiiIIi_il.liIi_illllliI·!ii71il.· .. .:....... Benton Harbor, MI 49022 

I Pl ease send me my FREE Catalog ,· I am not on your mailing list. I 
I I I Name 

Md~s I 
I City State I 
I CP.138 Zip I 
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AVAILABLE LOCALLY AT 
HEATHKIT ELECTRONIC CENTERS 
(Units of Schlumberger Products 
Corporation) Retail prices on some 
products may be slightly higher. 

ARIZONA: Phoenix, 85017, 2727 W. Indian School 
Rd" Phone: 602·279·6247; CALIFORNIA: Anaheim, 
92805, 330 E. Ball Ad., Phone: 714·776·94Z0; El 
Cerrito, 94530, 6000 Potrero Ave" Phone: 415·236-
8870; Los Angeles, 90007, 2309 S, Flower St., 
Phone: 213·749·0261; Pomona, 91767, 1555 Orange 
Grove Ave, N., Phone: 714·623·3543; Redwood 
City, 94063,2001 Middlefield Ad., Phone: 415-365-
8155; Sacramento, 95825,1860 Fulton Ave., Phone: 
916·486·1575; San Diego (La Mesa, 92041), 8363 
Center Dr., Phone: 714·461·01 10; San Jose (Camp
bell, 95008), 2350 S. Bascom Ave., Phone: 406· 
377-6920; Woodland Hills, 91364, 22504 Ventura 
Blvd" Phone: 213-683·0531; COLORADO: Denver, 
80212 , 594C; W, 36th Ave" Phone: 303.422·3406; 
CONNECTICUT: Hartford (Avon, 06001) , 395 W, 
Main SI. (Ate, 44), Phone: 203·678-0323; FLORIDA: 
Miami (Hialeah, 33012), 4705 W. 16th Ave" Phone: 
305·823·2280; Tampa, 33614, 4019 West Hills
borough Ave., Phone: 613·886·2541; GEORGIA: 
Atlanta, 30342, 5285 Roswell Ad" Phone: 404·252-
4341; ILLINOIS: Chicago, 60645, 3462·66 W, De
von Ave" Phone : 312·583·3920; Chicago (Downers 
Grove, 60515), 224 Ogden Ave" Phone: 31Z-852-
1304; INDIANA: Indianapolis, 46220,2112 E. 62nd 
St., Phone: 317·257-4321; KANSAS: Kansas City 
(Mission, 66202), 5960 Lamar Ave" Phone : 913-
362·4486; KENTUCKY: Louisville, 40243, 12401 
Shelbyville Ad. , Phone: 50Z.245·7811; LOUISIANA: 
New Orleans (Kenner, 70062), 1900 Vete rans 
Memorial Hwy" Phone: 504·722·6321; MARYLAND: 
Baltimore, 21234, 1713 E, Joppa Ad" Phone: 301· 
661·4446; Rockville, 20852, 5542 Nicholson Lane, 
Phone: 301·881·5420; MASSACHUSETTS: Boalon 
(Peabody, 01960), 242 Andover St., Phone: 617-
531·9330; Boston (Wellesley, 02181), 165 Wor
cester Ave, (AI. 9 just west of At. 126), Phone: 
617·237·1510; MICHIGAN: Delrolt, 48219, 18645 
W. Eight Mite Ad" Phone: 313·535-6480; E. De
troit, 48021, 181 49 E, Eight Mite Rd" Phone: 313· 
772·0416; MINNESOTA: Minneapolis (Hopkins, 
55343), 101 Shady Oak Ad., Phone: 612·938·6371; 
MISSOURI: SI. Louis (Bridgeton), 63044, 3794 
McKelvey Ad., Phone: 314.291·1850; NEBRASKA: 
Omaha, 68134, 9207 Maple St., Phone: 402-391-
2071; NEW JERSEY: Fair Lawn, 07410, 36·07 
Broadway (Rte, 4) , Phone: 201·791·6935; Ocean, 
07712, 1013 State Hwy, 35, Phone: 201·775·1231; 
NEW YORK: Buffalo (Amherst, 14226),3476 Sheri
dan Dr., Phone: 716·635·3090; Jericho, Long la
land, 11753, 15 Jericho Turnpike, Phone: 516-334· 
8181; Rochester, 14623,937 Jefferson Ad" Phone: 
716·244·5470; White Plains (North White Plalna, 
10603), 7 Reservoir Ad " Phone: 914·761·7690; 
OHIO: Cincinnati (Woodlawn, 45215), 10133 ' 
Spring fi eld Pike, Phone: 513·771 ·8850 ; Cleveland, 
44129, 5444 Pearl Rd" Phone: 216·866·2590; Col
umbus, 43229, 2500 Morse Ad,. Phone: 614·475· 
7200: Toledo, 43615, 48 S. Byrne Rd" Phone: 419· 
537· 1887; PENNSYLVANIA: Philadelphia, 19149, 
6318 Aoosevelt Blvd., Phone: 215·288·0180; Frazar 
(Chester Co,), 19355, 630 Lancaster Pike (Rt. 30), 
Phone: 215·647-5555; Pittsburgh, 15235, 3482 Wm, 
Penn Hwy., Phone: 412·824·3564; RHODE ISLAND: 
Providence (Warwick, 02886), 558 Greenwich 
Ave., Phone: 401 .738·5150; TEXAS: Dalles, 75201, 
2715 Aoss Ave., Phone: 214·826·4053; Houslon, 
77027, 3705 Westheimer, Phone: 713·623·2090; 
VIRGINIA: Alexandria, 22303, 6201 Richmond 
Hwy " Phone: 703· 765·55 15; Norfolk (VirginIa 
Beach, 23455), 1055 . Independence Blvd .. Phone: 
804·460·0997; WASHINGTON: Seattle, 98121, 2221 
Third Ave., Phone : 206·682·2172; WISCONSIN: 
Milwaukee, 53216, 5215 W. Fond du Lac, Phone: 
414·873-8250, 
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Photo 1: Several typical stepper motors. In order of physical size from smallest to largest, the motors are rated as follows in 
regard to power consumption and torque: 2 W at 0.5 oz-in, 3 W at 2.0 oz-in, 6.5 W at 9.0 oz-in, and 72 W at 76.0 oz-in. 

Taking the First Step 

Stepper motors are coming down in cost 
now to the point where they can be designed 
into home projects. They are a natural for 
variable speed or precise angular movement 
controlled by a microprocessor. 

All stepper motors convert electrical 
pulses into mechan ical movements. In th is 
article I will be referring to permanent 
magnet stepper motors such as those shown 
in photo 1. Th is type of motor is classified 
as either a pulse stepper or a logic stepper. 
Pulse steppers usually are unidirectional and 
have one center tapped coil. Logic steppers 
are multicoil and bidirectional. I will confine 
my drive controls to the bid irectional logic 
stepper. 

Stepper motors have typical step angles 
from 3.75° up to 90°. The step angle is 
determined by the number of coil phases in 
the motor. For any motor design this is 

fixed and very accurate . Stepper motors can 
be readily obtained with operating voltage 
from 5 V to 48 V, with 12 V and 24 V the 
most common. The construction of the 
motor consists of a rotating multipole per
manent magnet and stationary multipole 
electromagnet coils. The rotating magnet is 
formed by taking a cylinder of ferromag
netic material and magnetizing alternate 
north and south poles. 24 pole pairs give 7° 
30' steps . 

The 4 phase stepper has two center 
tapped windings. Each winding surrounds 
one half of the rotor. Soft iron fingers 
arranged into pairs concentrate the magnetic 
flux from each winding near the rotor. As a 
wi nd ing is energized, the rotor moves to 
align its magnetic poles with the poles of the 
stator. The next coil in line will again shift 
the stator field and cause another rotor step. 

Robert E Bober 
449 Pleasant St 

Framingham MA 01701 
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Figure 7: Illustration of 
the magnetic fields sur
rounding a current carry
ing coil. A simple method 
for determining the direc
tion of the magnetic flux 
and the north pole of the 
system is shown in figure 
7 b. If the fingers of your 
right hand are wrapped 
around the cailin the di
rection of the current, 
your thumb will be point
ing in the direction of the 
magnetic flux. This is 
called the right hand rule. 

(a) 

Thus with each pulse, one precise step is 
made. The trick is to energize the coils in the 
proper sequence. 

Theory of Operation 

The basis for all motor rotation lies in 
magnetics. Like poles repel while unlike 
poles attract. The tricky part is in creating 
the magnetic poles and directing the mag
netic flux. The magnetic poles can be either 
permanent magnets or electromagnets. Per
manent magnets are made of a variety of 
materials, and once magnetized by a strong 
magnetic field will retain their strength. 
Electromagnets consist of a coil of wire 
surrounding a soft iron structure. When 
current flows in the coil , a magnetic field 
exists. When the current ceases, the field 

MAGNE TIC 
F LUX 

CURRENT 1 

(b) 

ceases. Figure 1 a shows a typical electro
magnet. When current flows as indicated, the 
magnetic flux creates north and south poles 
as shown. The magnetic flux is rel ated to the 
direction of current in the coil using the 
right hand rule illustrated in figure 1 b. If the 
fingers point in the direction of coil current 
flow, then the thumb points in the direction 
of magnetic flux and the north pole. If two 
magnetic systems exist in close proximity, 
their net magnetic flux is the vector sum of 
the two individual magnetic contributions at 
each point in space. 

A motor consists of a stationary part 
called a stator and a rotating part called a 
rotor. In a stepper motor the stator is an 
electromagnetic coil and a ferrous magnetic 
path. The rotor is a permanent magnet, 

Figure 2: Movement of a rotor in a motor using only two poles. In figure 2a the rotor does not have any outside forces acting on 
it. In figure 2b one set of coils is energized and the rotor swings to line up opposite poles. When the current in the coils is 
reversed the rotor poles will switch. However, we cannot tell in which direction they will turn to get there. 
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Meet The North Star Family 
THE NORTH STAR S-100 FAMILY-four high perform
ance products at attractive low prices. Our boards are 
designed for use in the North Star HORIZON computer 
and other 5-100 bus computers using 8080 or Z80 proces
sors. Visit your computer store for a demonstration, or 
write for our free color catalog. 

16K RAM BOARD 
No other 5-100 bus memory can match the performance 
of the North Star 16K RAM at any price. This low-power 
board has been designed to work at full speed (no wait 
states), even at 4MHz with both Z80 and 8080 systems. 
Memory refresh is invisible to the processor, bank switch
ing is provided and addressability is switch selectable in 
two 8K sections. Best of all, a parity check option is avail
able. Kit: $399. Assembled: $459. Parity Option - kit: 
$39. Assembled: $59. 

MICRO DISK SYSTEM 
The North Star MDS is a complete floppy disk system with 
all. hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to 5-100 bus com
puters. The North Star MDS is widely considered one of 
the best designed and most complete 5-100 bus products 

available. The MDS includes the 5-100 interface board 
with on-board PROM for system startup, Shugart mini
floppy disk drive, cabling and connectors, and DOS and 
BASIC software on diskette. Kit: $699. Assembled: $799. 
Additional drive - Kit: $400. Assembled: $450. Single 
Drive Cabinet: $39. Optional Power Supply: $39. 

Z80A PROCESSOR BOARD 
The North Star ZPB brings the full speed, 4MHz Z80A 
microprocessor to the 5-100 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys
tems both with and without front panels. The ZPB in
cludes vectored interrupts, auto-jump startup, and space 
for 1 K of on-board EPROM. Kit: $199. Assembled: $259. 
EPROM Option - kit: $49. Assembled: $69. 

HARDWARE FLOATING POINT BOARD 
If you do number crunching, then this board is for you. 
The FPB performs high-speed floating point add, subtract, 
multiply and divide with selectable precision up to 14 
decimal digits. Arithmetic is up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
10 times faster. A version of North Star BASIC is included. 
Kit: $259. Assembled: $359. Prices subject to change. 

NORTH STAR * COMPUTERS 
2465 Fou rth Street • Berkeley, California 94710 • (415) 549-0858 
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Figure 3: When an additional pair of stator coils is added to the system It is possible to turn the rotor in a definite direction by 
a predetermined amount. The net magnetic flux is indicated by the heavy arrow in each case. 

Figure 4: An exploded 
view of a typical stepper 
motor showing internal 
construction. 
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usually a hollow cylinder to reduce inertia. 
Figure 2a shows a 4 pole motor with 

none of its poles energized. When power is 
applied it will snap clockwise to position 2b 
if the direction of current is as shown. This 
is because the opposite poles are attracting 
and the like poles are repelling. However, 
when the direction of current is reversed it is 
not possible to predict the direction the 
rotor will turn in going from 2b to 2c. We 
must energize another pair of poles as in 
figure 3 before we gain control of rotation. 

In figure 3a the rotor is shown at rest 
aligned with the net magnetic flux field from 
the stator coils. All four coils now have 
current flowing . In figures 3b and 3c the 
current has been reversed through stator 
coils A and C. Therefore, the net magnetic 
flux now adds up as shown. In figure 3b the 
rotor has started to turn clockwise. This 

rotation is caused by the repulsion of the 
like poles as well as the attraction of the 
opposite poles. When the rotor poles again 
align with the magnetic flux of the stator , as 
in figure 3c, the rotor is again at rest. This 
motor requires four steps per revolution. 

In a realizable motor there are more than 
four poles and they are folded up around the 
rotor . More poles will result in smoother 
rotation. The windings, two in these small 
motors, contribute magnetic flux to a num
ber of poles. These coils may be center 
tapped to allow reversal of current in the 
windings with a single polarity power sup
ply. This is illustrated more fully later on. 
Figure 4 shows an exploded view of a typical 
small stepper motor . The two coils are 
enclosed by steel cups which complete the 
outer magnetic path . The inner magnetic 
path of the stator is a series of small 

Continued on page 102 
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Ohio Scieillific advances 
the state-of-the-art 
of smaD COlllpaters. 

From our inexpensive 8K BASIC in ROM Challenger liP to our powerful triple processor 
Challenger III, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 

Challenger UP 

Challenger liP from Ohio Scientific is our unique 
personal computer with BASIC in ROM and 4K RAM 
for programs in BASIC. 

Complete with audio cassette interface and a fuli 
computer keyboard, Challenger liP can be connected 
to a home TV via an RF converter and it's ready to go. 

Challenger liP comes fully assembled and tested 
for only $598.00. 

Challenger U 
Challenger II 

from Ohio Scien· 
tific is a disk 
based computer 

" , capable of stor
~) --: ing up to 500,000 

bytes of informa
tion on an Ohio 
Scientific dual 
drive floppy disk. 

Challenger \I comes with 16K of RAM (the disk 
BASIC is automatically loaded into the computer so 
there is no need for ROM's) and our powerful Disk 
Operating System (DOS) which allows the computer 
to perform big computer functions like random ac
cess, sequential and index sequential files in BASIC, 
and I/O distributors which support multiple terminals 
and industry standard line printers. 

And best of all a 16K Challenger II with serial inter
face, single drive floppy disk, (250,000 bytes) BASIC 
and DOS costs only $1,964.00 fully assembled. 

Challenger m 
Challenger III from Ohio Scientific is the revolutionary, new triple processor 

computer that allows you to run programs written for the 6502A, 6800 and Z-80 

11679 Hayden· Hiram, Ohio 44234 

processors. 
Incredible as this is, a disk based Challenger III costs 

only about 10% more than conventional Single processor 
microcomputers. A 32K Challenger III with a 
serial interface and a dual drive floppy disk 
assembled and tested costs $3,481.00. 

For more information send for our 
Free, short form catalog, or send $1 for 
our 64 pg. Small Computing Buyers Guide. 
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Introducing three boards only 
Ohio Scientific could build. 

Ohio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by far 
technologically superior to any other mtc rocomputer products on the market. And Ohio Scientific has the 
technology that made them possible . 

500 CPU Board 
This board gives you our ultra-fast 8K BASIC in ROM 

with plenty of user workspace (4K RAM) for as little as 
$298.00. Use it as a standalone or as the CPU in a large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of 8K BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest around! 

510 Systems CPU Board 
This is our unbelievable triple processor board! Com

plete with the 6502A, 6800, and Z-80 processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger III, the 
510 board is ideal for industrial development and re
search applications. There isn't another triple proces
sor board like the 510 anywhere, except at Ohio 
Scientific! 

560Z CPU Expander Board 
The 560Z board is our multiprocessing board with a 

Z-80 and 6100 chip. This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful PDP8 software with the 560Z. The 
560Z board is the only multiprocessing board available 
for small computers , and Ohio Scientific makes it! 

These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific 's aElvaAced tebh
nology offers you other unique features such as Multiport Memories, Distributed Processing , Big Disks with 
up to 300 megabytes on line, and Advanced Software. 

11679 Hayden • Hiram, Ohio 44234 
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Announcing the mast 
advanced disk 
anywhere far 56,000 
The 74 megabyte disk 
from Ohio Scientific 

C-074 from Ohio 
Scientific is the ultimate 
storage device for small 
computers. 

The C-074 is the first 
Winchester technology disk 
for small computers making 
big system technology af
fordable and reliable for the 
small system not under 
maintenance contract. 

The disk uses a non-re
movable sealed chamber 
drive with a unique rotary 
positioner to provide the 
highest performance disk 
available today. 

The Ohio Scientific 
C-074 can store all the 
records of a medium size 
company for instant access. 
And the Winchester tech
nology of the C-D74 means 
that the drive can run 24 

hours a day without worry 
of disk wear. 
There are other important 

C-D74 applications in business 
computing and research in computing 

itself. The disk makes small computers 
practical for much larger jobs than 

formerly thought feasible, particularly since most business computing is 
disk bound and not computer bound. 

C-D74 provides an unbelievable 35 millisecond average access time 
to any of 74 million bytes of information. With a 10 millisecond single 
track seek, the drive has an incredible data transfer rate of 7.3 megabits 
per second. 

Recommended minimum hardware for the C-074 is a Challenger 
with 32K RAM and at least 8K on a Dual Port 525 board, and a single 
or dual-drive floppy disk. . 

The drive , cable~nterfacefor an Ohio Scientific Challenger and 
OS-74 operating system software is $6,bOO FOB Hiram, OH. 
Equipment rack shown not included. 

OHIO SCIENTIFIC 
DEALERS 
AmerlCin IIlcroproclln" 

Equipment & Supply Corp . 
20 N. Milwaukee Ave 
Prarieview. I L 60069 
(312) 634-0076 
Century 23 . 
4566 Spring Mountain Rd . 
Las Vegas. NV 89102 
Computer BUllnen 
RR # 4 
Box 910 
Joplin. MO 64801 
Computer Hobby Shop 
4450 Trinity Avenue 
Salt Lake City. UT 84120 
Computer Mart of New York 
118 Madison Ave . 
New York , NY 10010 
(212) 686-7923 
Computer Power 
P.O. Box 28193 
San Diego, CA 92128 
(714) 746-0064 
Delaware Mlcrosystems 
92 E. Main SI. #1 
Newark, DE 19711 
(302) 738-3700 
Ollert Dati 
Microcomputer Sales 
P.O. Box 1334 
Tucson . AZ 85702 
(602) 623-6502 
HI B Computers 
217 East Main SI. 
Charlottesville, VA 22903 
(804) 295-1975 
Mierocomp 
P.O. Box 1221 
Fond-Du-Lac , WI 54935 
(414) 922-2515 
Microcomputer Workshop 
234 Tennyson Terr. 
Williamsville, NY 14221 
(716) 634-6844 

Omaha Computll St"l 
4540 S. 84th SI. 
Omaha, NE 68127 
(402) 592-3590 

REPRESENTATIVES 
Ablcuz Dltl 
p.o. Box 276 
all City. PA 16301 
Anoelatll Consullintl 
33 Ogden Ave. 
East Williston, NY 11596 
(516) 746-1079 
BRAG Microcomputers 
19 Cambridge SI. 
Rochester, NY 14607 
(716) 442-5861 
Computer BUilnen 
P.O. Box 171 
LaPorte, IN 46350 
(219) 362-5812 
Johnlon Computll 
P.O. Box 523 
Medina, OH 44256 
(216) 725-4560 
Omegr Computing. Ltd. 
Box 220, Station P 
Toronto, anI. M5S 2S7 
(416) 424-2174 

Tek·Alds. Inc. 
1513 Crain SI. 
Evanston, IL 60202 
(312) 328-0110 
Vlngco. Inc. 
2 World Trade Cntl. 
Penthouse 107th Floor 
New York, NY 10048 
(212) 775-1184 

Pan Atlantic Computer SYlteml. GmbH 
61 Darmstadt 
Frankfurterstrasse 78 
West Germany 
(08102) 3206 
Secom Systems 
541-1 New Peach Tree Rd . 
Chamblee, GA 30341 
(404) 934-3272 
Spectrum Technology SeIVlcII 
P.O. Box 942 
Palos Verdes Estates. CA 90274 
SYltems Engineering Enterprlill 
Suite 307 
1749 Rockville Pike 
Rockvi lle, MD 20852 
(301) 468-1823 

The state of the art in small computers. 
call 1-216-569-3241 

BYTE February 1978 41 



Stephen P Smith 
POB 841 
Parksley VA 23421 

42 BYTE February 1978 

Simulation of Motion 

Part 4: Extended Objects, Applications for Boating 

Have you ever wondered why the shapes 
of boat hulls differ so widely? Boati ng 
enthusiasts know that certain designs will be 
best in lakes and rivers, and certain others in 
open seas. Some boats are much roomier 
than others; some are safer in rough water; 
but what penalties in stabil ity and riding 
comfort might you pay for the extra room 
or seaworthiness? The motion of a boat 
depends on its response to the variety of 
waves it encounters. These motions can be 
simulated on your personal computer. You 
can determine how a given design will re
spond to any sea condition. The basic equa
tions for stepping speed and position into 
the future will still apply, as they were 
discussed in the earlier articles of this series; 
but you'll also need some new techniques. 
As you implement this simulation, you'll 
discover that forces in a linear degree of 
freedom can also produce moments and 
their resulting motion in an angular degree 
of freedom. In this article, I'll show how 
that interaction is handled. I'll also intro
duce the concept of distributed forces, and 
a numerical technique to handle them. 
Although developed for a boating applica
tion, these new ways of calculating forces 
should find use in updating many of our 
previous simulations. 

We have already seen quite a variety of 
ways to calculate forces. Gravity, a force 
present in every simulation in the last three 
articles, simply made a constant change in 
the vertical speed at each step . Thrust, used 
in rocket and aircraft simulations, came 
either from a user input or from a table 
interpolation. Forces in an automobile 

suspension were found to depend directly 
on the vertical position (spring force) and 
the vertical speed (damping force). Aero
dynam ic forces were computed by multi
plying a coefficient (ie: constant) by the 
sum of the squares of the speeds in each 
linear degree of freedom. While these ex
amples cover most of the situations you are 
likely to encounter in simple models, any 
new simulation might present some unique 
requirement. 

For example, in all the calculations, the 
forces have had one thing in common. They 
acted at a single point. We call such forces 
discrete. In reality, some are not discrete, 
but act at many points on a body simultane
ously. These are referred to as distributed 
forces. Aerodynamic drag is a typical distri
buted force. Although we used the drag co
efficient to calculate a single force, the 
retarding action of the air acts allover the 
body. A coefficient is just one tool used to 
convert distributed forces into discrete ones. 
Not all distributed forces can be converted 
using coefficients, so I'll introduce a more 
general technique using the boating simula
tion as an example. 

The principle forces on a boat are gravity 
and buoyancy, the floating power of the 
hull. Because buoyancy is an upward push 
provided by the water, it is not difficult to 
see that it is a distributed force covering the 
entire area of the boat below the water line. 
Converting this distributed force to a dis
crete one will allow us to simulate the verti 
cal motion of the boat. 

Perhaps more important to the boat de
signer or buyer will be the angular, rolling 



Price/Performance 
no one else has put together. 

IMSAI Introduces the PCS--80/30 
Integrated Video Computer 

D 3 mHz microcomputer 
D 3K ROM monitor 
D2KRAM 
D 8 expansion slots 
D 14 mHz integrated intelligent 

CRT (24 x 80) 
D Intelligent Keyboard 
D Parallel interface 
D 2 serial interfaces 
D Graphic and edit CRT 

functions 
D 28 amp power supply 
D All for $1499* assembled 

and tested. 

Software: 
ASSEMBLER, DOS, ITY and ACR 
BASIC, Commercial/Scientific BASIC, 
FORTRAN IV and more. 

Memory Options: 
4, 16, 32 and 64K RAM memory boards. 

Circle 57 on inquiry card. 

Peripherals: 
Printers, floppies- mix and match; 
standard, mini and high performance 
double density floppy disks on the same 
system (an industry first), '12" magnetic 
tape drive, CRT and TV monitors. 

Send today fo r your copy of the 250-page 
IMSAI PCS-80/ 30 User Manual. Price 
$5.00. The cost of the manual may be 
applied towards your purchase of a PCS-
80/30 In tegrated Video Computer. Use 
the coupon provided. 

Gentlemen: 
Send me the IMSAI PCS-80130 User Manual, price 
$5.00: I understand that the $5.00 may be applied 
towards the purchase of a PCS·80130 Video 
computer Sys tem. 

Check /Mo~ Order enclosed. AmI. $ ___ _ 
Charge my 0 BAC 0 M IC 

# _______ _ Exp. Date: __ _ 

Sig. _______ _ ____ _ 

Name ___________ ___ 

Address ___________ _ 

City _ _ __________ _ 

State/ Zip _______ ____ _ 

IMSA J 14860 Wicks Blvd. S~n Leandro, CA 94577 

The Standard of Excellence 
in Microcomputer Systems 
IMSAI Manufacturing Corporation 
14860 Wicks Blvd . San Leandro. CA 94577 
(415) 483-2093 TWX 910-366 7287 

·U.S. domestic price only. PCS·80 /30 kit available. Other pes·gO lOIS start 
at $699. Prices and specifications subject 10 change wit hout notice. 



Typical Bodies of Water 

Wind Speed Rivers Lakes Inlets Bays Open Sea 

2 mlsec 
period (sec) 0 .6 1 .0 1.5 2.0 3.5 
length (m) 0.56 1.5 2 .3 3 .1 20.0 
height (m) 0.02 0.06 0 .12 0.15 0.5 

5 mlsec 
period (sec) 0 .8 1 .2 2 .0 2.4 4.5 
length (m) 0 .1 2.25 5.0 9.0 30.0 
height (m) 0.05 0.08 0 .2 0 .25 0 .75 

10 m/sec 
period (sec) 1.25 2.0 3 .0 4.25 7.0 
length (m) 2.4 6.25 14.0 28.0 80 .0 
height (m) 0 .08 0.15 0 .35 0.7 2 .0 

20 m/sec 
period (sec) 2.5 4.0 6 .0 8 .5 14.0 
length (m) 10.0 25 .0 56.0 110.0 300.0 
height (m) 0.25 0 .65 1.4 2.8 7.5 

Table 7: Characteristics of waves. The height, period and length of waves all vary, but for 
certain conditions, average values have been established. The wave length and period are affec
ted by the depth of the water. The height depends on the wind speed, how long it has been 
blowing, and the width of the body of water. Readers who want to model real sea conditions 
should find a good oceanography text, but the above summary should prove adequate for 
casual use. 
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and pitching motion of the boat. Angu lar 
motion was introduced in a rocket flight 
simulation (see January 1977 BYTE, page 
144). In that case, it was entire ly indepen
dent of the linear motion. At the end of the 
same article I suggested th at the motion of 
an automobile body should also be simula
ted using an angular degree of freedom, but 
that the angu lar and linear motions could no 
longer be considered separately. Th is is also 
true in the boating example. The moments 
used to compute the angular motions will be 
calcu lated directly from the linear motions. 
Because the forces in the automotive example 
are discrete, we' ll develop the technique to 
handle combined angular and linear motion 
using the distributed forces of the boat 
example. In that way, one simulation will 
serve to demonstrate both of the new 
concepts. I'll leave the development of a two 
or four wheel automobile suspension simula
tion to interested readers. 

The motion of a boat is similar in many 
ways to that of the automobile body . When 
it is launched, a boat settles into the water in 
response to grav ity. As th e hu ll displaces 
more water, the buoyant force becomes 
larger, until at some point, it balances gravity 
and the boat stops sin king. Th is point is 
called equilibrium and is analogous to the 
equi librium of an automobile suspension. 
Un less there is a disturbance, the boat will 
re main at equilibrium. In the automotive 
example, disturbances came in the form of 
a rising or fall ing road. With boats, we en-

counter a rising and falling sea, in other 
words, waves. 

Sea waves occur in a variety of shapes. 
Their length (distance peak to peak), their 
height (distance peak to trough), and their 
period (time to rise and fall), all vary appar
ently at random. In fact, these parameters 
have fairly well defined relationships. 
Readers with an interest in modeling sea 
states should refer to a good marine science 
text. For this simulation, we'll represent 
waves with a sine function, and use the data 
in tab le 1 to compute their size. 

Deal ing just with forces for a moment, 
let's see how a small object is affected by 
wave motions. Figure 1 shows a bottle, float
ing in a body of water. We know from our 
previous simulations that every second, 
gravity subtracts 9.8 meters per second from 
the bottle 's vertical speed. If the bottle is to 
remain stationary, th e effect of buoyancy 
(force divided by mass) must be equal and 
opposite (ie: 9.8 meters per second per 
second upward). The mass of the bottle 
should be known. Let it be 0.1 kilograms . 
The buoyant force is equal to the weight of 
the water displaced by the bottle. Remem
ber that weight is a force , the effect of 
gravity acting on a mass. The weight of the 
water, in newtons, is equal to its mass , in 
kilograms, times the effect of gravity, 
9.8 meters per second per second . Each 
1000 cubic centimeters (cc) of water has .a 
mass of 1 kilogram, and thus a weight of 
9.8 newtons. Knowing this, and the mass of 



High performance, 
cost effective products 

for your microcomputer. 
The Extensys FOS100 Floppy Disk System provides a high 

performance floppy disk system based upon mu l tiprocessors 
in a multiuser env iron ment. The FOS 100 accomplishes this 
through a comp letely integrated hardware and software system. 
The hardware consists of a Fil e I/O board, a PerSc i controller 
board and one or two dual PerSci Model 277 f loppy disk drives. 
The File I/O board has an 8080A microprocessor, 1 K of PROM 
and 8K of RAM on-board to provide a separate I/O processor 
which wi ll hand le al l disk I/O functions of the system. The 
PerSci contro ller board is encased in an attractive cabi net 
w ith either one or two dual PerSci drives. 

The software, Extensys Multiprocessor Operating System, 
EMOS, provides many large computer capabilities, such as 
mu ltiprocessor,multiuser operation, individua l file security based 
upon user suppl ied passwords, system secur ity and IBM 

compatib le format. Add iti ona ll y, 
the FOS 100 has optional Direct 
Memory Access (DMA) 
capabi l ities when used 
in conjunction with 
the Ex tensys 
MM16 Memory 
Manager board. 

FOS100 

The Extensys RM64 Memory Board provides up to 64 K on 
one board . Designed for S-l 00 based computers, the RM64 
occupies only one bus slot. Four versions of the same board 
are available: 16K, 32K, 48K and 64K bytes with the less-than-
64K versions eas il y expandable by inserting memory chips into 
existi ng sockets. The Board uses dynamic RAM s with 300 ns 
access time and " invisible" on-board refresh . Other features 
include bank se lect logic for PROM / ROM coex istence plus 
expansion beyond 64K, write protect circuitry, and multilayer 
ground plane construct ion for noise immunity. 

The RM64 comes comp letely assembled and tested with 
a one yea r warranty . Del ivery is STOC K to 15 days upon 
rece ipt of order, w ith sh ipping and handling prepaid in the 
continental United States. 

RM64 

_ po,atio" 
Extensys Corporation 

Are you planning to produce a high performance, 
cost effect ive computer system or expanding the 
capabilities of your current line? If so contact US, 
the peop le who can make it happen for you NOW. 

380 Bernardo Avenue 
Mountain View, CA 94040 
(415) 969·6100 
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the bottle, we can calculate the amount of 
water that the bottle displaces. In other 
words, we can find the volume, V, of the 
bottle below the water line at equilibrium. 
Force divided by mass must equal 9.8 to 
balance gravity, so the equation 9.8 = 9.8/ 

1000 * V / 0.1 can be solved for V to find 
that 100 cc of the bottle is under water . If 
the bottle is 4 centimeters in diameter, we 
will find (from the formula for the volume 
of a cylinder) about 8 centimeters of its 
length must be below the surface. 

Now suppose that the surface of the 
water rises suddenly. More than 8 cm of the 
bottle will be underwater, and the buoyant 
force will exceed gravity. The vertical speed 
of the bottle will increase and it will rise 
with the water. When the bottle reaches 
equilibrium again it will still have a positive 
vertical speed, so it will pass through that 
point and continue to rise . Now, however, 
it is gravity which is the larger force, and the 
ve rtical speed will be reduced until the 
bottle begins to descend. Eventually, these 
motions will disappear (due to the drag force 
applied by the water) and the bottle will 
come to rest at equilibrium. This happens so 
quickly that the bottle appears to be mov
ing up and down exactly with the waves. 

Figure 7: A bottle sinks until it displaces an amount of water equal to its own 
weight. 

F or larger objects, boats for example, the 
actual motion may be more apparent. We 
could treat a boat exactly like the bottle 
and simulate its up and down motion. As I 
suggested earl ier, however, it is the angular 
rolling and pitching motion of the boat that 
is of real interest. To simulate these motions, 

IBM 2741 - compatible or 
standard ASCII (with Break and 

Control code features). RS232-C 
interface. 

RECONDITIONED SELECTRIC 

Gd 
TERMINALS 

CONTACT KEN PAYNE 

Dal-Data Inc. . 1111 W. Mockingbird lone 
Suite 1400' 001105, Texos 75247 ' 214-630-9711 
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I BM Correspondence 
or BCD Code .......... $795.00 

• IBM 2741 Compatible 
• RS232C Interface 

ASC II Code ............ $995.00 
• 300 Baud 200 Character 

Print Buffer 

• RS232C Interface 
• Break and Control Code features 

Circle 16 on inquirv card . 



SCREENSPLITTER 40 LINES 

86 CHARACTERS / LI NE A COMPLETE TV TEXT DISPLAY SYSTEM 
from 

IVUCPO Dive~ioJUi' Irt,c. 
--- - --- - -- - - --- - - G E NERAL------ - - -- - - --- --
Sr.UENSPLITTER is a se lf-contained TV text disp l ay system 
for your mi crocomputer . I t comes on a single , hip,h - qualitv 
5- 100 compatib l e board, comp l ete wi t h i t s un i que Window 
Package soft ware mo dule. Wi th tl)e 1U ndow Package, you can 
logical ly segmen t SCREENSPLITTER ' s hu ge 40 x 86 dis~ lay of 
upper-lower case character s i nto up to 50 i ndependent 
"windows " of various sizes. (You ge t t h e idea from our ad ~) 
Each window has its own optional frame I cursor , figure 
ground, and optional l abe l , and each wi ndow scro l ls and 
automatical ly formats its text i ndependently of a ll the 
others . QUICK ~ There ' s some interesting i nformation flash
i ng by in WI NDOW 1. Go r ead it: 

.-----------------------------------------
--------------- WINDOW 1 ---------------

time 

Whoops l Our output routine seems to be 
havi ng prob lems. Oh we ll , at least you 
get to see some of SCREENSPLITTER' S 
scien t ific symbols, (You can order a 
graphics cha r ac t er set optional l y.) 

And any char acter may be user-defined 
as a winking character . How? you ask, 
Simple: SCREENSPLITTER uses a 2708 
reprogr aUDDab l e memor y as its character 

~:~~~~t~rt 1~u~e 0~76~~ ~~~r:~;:~~ ~ 
'j t'd'J ,'01) till ,I< I, III " \,,) (' I ", t "Tl' 

., 1(,11 I 1\ '11\' 11' ! 1 j"lI, I "11T\d r,'\.,· " ·,d. p" " , : 

Frills, you say? No, th r i l ls I Just take a l ook in the 
window up there .", to see how SCREENSPLITTER puts these 
raw ma t eria l s to wor k in t he onboard l K Window Package ... 
(that back t here - i s t he cursor character). 

.------------------------------------------PARTIAL 

The Wind 
ow Packa 
ge's aut 
o-format 
ter does 
n ' t care 

how ski 
nny your 

windows 
are (i t 

' 11 hack 
your te 

xt down 
to one c 
olumn if 

you can 
stand i 

tl 

.-------. 

- - FUNCTI ON-- .---- POINTS OF INTEREST ----
SUMMARY 

INIT () 

OPEN(W,X, Y , DX, DY) 

CLOSE (1.1) 

FLASH (1.1) 

FRAME (1.1) 

UNFRAME(W) 

I , ,. , , , , ,. , , , , . 

Entire hard~vare/so ftware system on a 
sing l e, h i gh-qua l ity S- lOO buss com
patib l e boar d. 

Drives a 10mhz or better TV mon itor 
via standa r d 75 ohm coaxia l cabl e 
(supplied ) . 

4K static RAM -2ll4's- display buffer 
is memory-mapped into your CPU's 
a ddress space for fast, convenient 
access if you ever need to bypass t he 
Hindow Package software. 

• User- selectable wait state for opera
tion wi th 4mhz CPU's, 

• l K onboard 2708 is jumper changeab l e 
to a 2K 2716 for user exten s i ons to 
the Win dow Package. 

• Boar d presents one TTL load to hos t, 
yet drives u p to 20 TTL loads via 
74367 buffers. 

LABEL (1.1, STRING) 

SCROLL (1.1 , N) 

CURSORC!lAR (1.1 , CHAR) 

CURSORPOS (1.1, X, V)· 

PRINT (W, STRING) 

PRI NTC H (1.1 , CHAR) 

BACKSPACE (1.1) 

C!.EARLINE (1.1) 

CLEAR(W) 

BLANKLI NE(W, COUNT) 

COMPLEMENT (1.1) 

PLOT (1.1 ,X, Y, CHAR) 

MOVEW I NDOI' (1.1 , X , Y) 

•• Provision s for jumpering TV data, sync , 
• blanking off board for external mixing 
: (via 16 p i n socket). . --------------. .-----------------------------.. 

-------------- WHAT YOU GET -------------
• Complete SCREENSPLI TIER Kit , with al l IC's, low profile 

sockets, preprograntCled Window Package EPROM, assemb l y 
ins truc t i ons 

• Comprehensive Theor y of Operation Ma nua l 

• Complete source - code l isting , an d User 's Manua l for t he 
Window Package 

• 90 day warran ty on parts and labor . ------------------------------------------
---------ORDERING INFORMATION---------

1. Tel l us for which 8K boundary you woul d l ike your Win 
dow Package assemble d. 

2 . Tell us whether you want t he scientific symbols, or 
the graph ics charac t er s in ASC II codes 0 - 31 of your 
character genera t o r . 

3 . Send us a personal ch eck , Master Ch ar ge or BAC/VISA 
number and exp i r a t ion date. Kit price is $295. Assem
b l ed , $385 . (Vir g inia resident s please add sa l es tax.) 

4. We wi 11 s en d you the SCREENSPLITTER, pos tpaid ( i n the 
con t i nent a l U, S. ) from stock t o 60 days, . -------------------------------------------. 
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PLOT(W, 
X,Y, "+" ) 
t hickens 

.-------. 

ONBOARD WINDOW SOFTWARE 
FOR CONTROLLING UP TO 50 
LOG I CALLY INDEPENDENT WINDOWS 

• --THE CARE AND FEEDING OF WINDOWS--

OK . You have just powered on . Initial ize the Windolv ?ack
age and t urn on your first lvi ndow: 

INITO 
OPEN(l , lO , 15,20 , 30 ) 

Now, just to f l ex your bits, give 
t h e user a 'val~.e - up flash (a br ief 
figure - ground reversal inside the 
windou) : 

FLASH (1) 

r. ------, 
L _____ J 

w-indow 

NmY' that you have hi~ attent i on, go ahead and frame the 
windmY' (you don ' t have to. of course): 

FRAME ( 1) 
and, while you're at it, labe l it, and set the scro l l line 
count: 

LABEL ( l , "General I /O") 
SCROLL(l,5) (i . e., when the ·,..,.indow 

fi l ls up, pOP it UP 5 
b l ank l i nes) 

Just to keep him interested, switch the cursor character 
from the defaul t caret to the winking caret: 

CURSORCHAR( l , '" ) 

Notv that he's a l l excited, eyes bulging from the initial 
f l ash, transfixed by the hypnot i c winking cursor , hit him 
wi th some text through window 1 : 

PRI NT( l , " I hate to tell you this, Wil l iam, but 
last night the kids wired that chair 
you 're sit t ing i n with 110 volts AC. " ) 

Now ( this 'll really ki l l him), open a second window t o 
t h e r ight: 

OPEN(2 ,1 0 , 50 ,5 , 20) 
FRAME (2) 
LABEL(2, "Will's Will") 

and print out a second message through this netv windm¥': 

PRINT(Z . "P l ease type your la~t wi l l and testament It) 

Now, of course, you echo h i s input through window 2 , 
relying on the defaul t scroll ing of I-line "pop - up " when 
the window fil l s up. 

And on, and on. 

-------------------------------------------. 
----------- SOME APPLICATIONS-----------! 

1. You have a BASIC program. Open a number of windows , 
giving each important subroutine in the program its 
own window. l.[hen your program runs, you ge t a two
dimensiona l feel of the f l ow of the execu t i on - f lur 
ries of activity here, br i ef f lashes t here. You can 
have t he fee l ing of being able to conve r se with each 
subrout i ne individually~ 

2 . You have a page - ori ented text editor. Pick up a para 
graph here, a paragraph there. isol ating each in its 
own wi ndow while you rununage t h rough the main t ext in 
its own l arge window. Using the MOVEWINDOW function, 
you can move b l ocks of text around to p r oduce a fina l 
l ayout. 

3. You have an assembl y l anguage debugger . Allocate one 
window to the real.;time clock, another to the r un-time 
c l ock, and several more to disp l ay various registers 
in your 8080 or Z80. Then, you can keep the debugging 
information separate from your program's I/O, with the 
debugging information con tinua lly present . 

4. You have some fancy games. Give each p l ayer his own 
window and define some Itcormnunity windows." Let your 
imagin ation take over ~ 

.-------------------------------------------. , I 

• PS Hatch for our fu ll graphics board, also with ~ts on - I 
: board software Coming soon ' : 

.-------------------------------------------. 
Micro Diversions, Inc. 
7900 Westpark Drive, Suite 308 
Me Lean, Virginia 22101 
(703) 827 -0888 
DEALER INQUIRIES INVITED 

EVALUATlDN KITS AVAILABLE 

.-TIME-. 
I , 

: 0 6,01048: . ------. 
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GRAVITY 

Figure 2: The distribution of the buoyant force determines the angular 
motion about the center of gravity. 
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we will need to know not just the total 
buoyant force, but also how it is distributed 
over the hull. The device shown in figure 2 
will illustrate a general technique for finding 
the distribution. 

You can th in k of this device as two bottles 
joined together with a stick or as the two 
hulls of a catamaran. Just as we calculated 
the buoyant force on the bottle in figure 1, 
we can calculate separate forces on each of 
these two bottles. The sum of the forces 
can be used to compute the vertical motion 
of one point on the device. This point is 
called the center of gravity (CG). The loca
tion of the center of gravity is critical. If 
you were to place the stick on a knife edge 
and find the point at which it balanced, 
this would be the center of gravity. It is the 
point on a body where the effect of gravity 
appears to be concentrated. Because the 
mass of an object is distributed throughout 
its volume, weight is a distributed force. 
By locating the center of gravity, however, 
we have a tool that transforms it into a dis
crete one. 

We could also define a center of buoy
ancy, the point at which the total buoyant 
force appears to act. Unfortunately, the 
location of this point can move significantly 
as the boat rises and sinks in the water. The 
center of gravity is also subject to some 
movement, such as when a passenger moves 
from the back to the front of the boat. Un
like the movement of the center of buoy
ancy, however, changes in the location of 
the center of gravity are not tied directly to 
the results of our simulation, the linear and 
angular motion of the boat. For this simula
tion, we will treat the center of gravity as 
stationary, and try to avoid dealing with 
the moving center of buoyancy. 

Since we cannot deal with buoyancy as 
simply as we do gravity, we will have to deal 

with the individual parts of a body more 
directly to find a general method of handling 
the distribution. In the case of the "cata
maran" in figure 2, this is fairly easy. First, 
we assume that the bottles are small when 
compared to the length of the stick. Next, 
we assume that the center of buoyancy of 
each bottle is at its center, no matter how 
it sits in the water. Now, as far as our simu
lation is concerned, the entire buoyant force 
on the bottle acts at a point which is at a 
known distance from the center of gravity. 
This makes no difference to the vertical 
degree of freedom, but it is the key which 
allows us to simulate the angular motion. 

Remember from the last article that a 
moment is the product of a force times 
a distance. In the current exampl~, each 
bottle creates a moment equal to the buoy
ant force times the distance of the bottle 
from the center of gravity. Note that we 
define distances to the right as positive, and 
to the left as negative. T~us an upward force 
on the righthand bottle creates a positive 
(counterclockwise) moment. An upward 
force on the lefthand bottle creates a 
negative moment. In each simulation step, 
the moments are summed and then divided 
by the moment of inertia to find the change 
in angular speed each second. With this value, 
we can step the angular degree of freedom 
into the future, and return to compute new 
forces and moments . 

Now we must determine how the com
bined angular and linear motion can be used 
to compute the new buoyant force. The force 
is proportional to the volume of the bottle 
below the waterline. For a single bottle, it 
was computed from the position in the 
vertical degree of freedom, and the location 
of the water surface. With the two bottle 
device, the vertical degree of freedom tells 
us only the position of the center of gravity . 
We must use the angular degree to find the 
relative position of other points on the 
device. If there is a posi t ive angular position, 
the device will be turned counterclockwise 
around the center of gravity. Consequently, 
the lefthand bottle will be lower than the 
center of gravity and the right one will be 
higher. The exact difference is calculated 
by multiplying the sine of the angular posi
tion by the distance of the bottle from the 
center of gravity. Again, note that points to 
the left have a negative distance from the 
center of gravity. Positive angular positions 
move them down. 

Let's illustrate this with an example. 
Suppose the vertical position of the center 
of gravity is 0.01 meters, and the angular 
position is 2 degrees (0.035 radians). A 
bottle 1.2 meters to the left would be at 



0.01 + SI N (0.035) * (- 1.2) = - 0.32 meters 

in other words, about 3 centimeters below 
its equi librium position. A bottle 1.2 meters 
to the right would be 

0.01 +SIN (0.035) * 1.2=0.052metershigh. 

The vertical position of any other point can 
be found similarly. 

Having found the positions of the bottles, 
we must now find the positions of the water 
surface at each bottle. These will come from 
a sine function modified by a representative 
wave height, period and length. The argu
ment of the function will be the sum of the 
current time divided by the period, and the 
bottle location (distance from the center 
of gravity) divided by the wave length, all 
multiplied by two 7T (to convert to radians). 
Once evaluated, the function is multiplied 
by one half the wave height (amp litude) to 
arrive at a final surface position. Using this 
scheme the surface varies with both time and 
location in a good approximation of sea 
waves. 

The data in table 1 can be used to con
tinue the examp le we began above. Let's 
place our two bottle catamaran in an inlet 
with 5 meter per second winds. We have 
determined that the water surface is given 
by the following formula. 

S = HEIGHT/2 * SIN (6.28318*(TIME/ 
PERIOD + LOCATION/LENGTH) ) 

At TIME = 1.8 seconds, we would find that 
the water surface at the left bottle is 0.2/2* 
SIN (6.28318* (1 .8/2+(1.2/5) )=0.084 meters, 
just below the equilibrium position. At the 
right bottle, the surface is at 0.2/2*SIN 
(6.28318*(1.8/2+1.2/5))=0.077 meters. If 
we subtract the positions of the bottles from 
these values and add the 8 centimeter length 
of the bottles underwater at equilibrium, we 
will have calculated the length of each bottle 
below the surface at TIME = 1.8 seconds. 
For the left bottle this will be (-0.084) -
(- 0.032) + 0.08 = 0 .28 meters. For the right 
bottle this will be 0.077 - 0 .052 + 0.08 = 
0.105 meters. If the bottles are 4 centi
meters in diameter, then the left one d is
places 0.04**2 * 3.14159/4 * 0.028 = 3.45 
* 10 -5 cubic meters and has a buoyant 
force of 9800 * 3.45 * 10 -5 = 0.345 new
tons. The moment it produces is 0.345 * 
(- 1.2) = -0.414 newton meters. Similarly, 
the right bottle displaces 9.67 * 10 -5 cubic 
meters and produces a force of 0.948 new
tons and a moment of 1.14 newton meters. 
The sum of the forces, 1.293 newtons, is 
used to update the vertical degree of free-

Figure 3: The continuous hull of a boat can be divided into a series of dis
crete segments or "bottles." X is the distance from the center of gravity to 
the center of the bottle. Y is the length of the bottle below the water line at 
equilibrium. Note that the symmetry about the CG enables us to describe the 
hull while only segmenting half of it. 

dam. The sum of the moments, 0.534 new· 
ton meters, is used to update the angular 
degree of freedom. Now we can compute 
new positions, forces, moments, etc, and 
begin the cycle again. 

Simulating the motion of a two bottle 
catamaran may not be very useful, but the 
technique is easi ly extended to real boats. 
Instead of thinking of the hull of your boat 
as a continuous surface, think of it as a 
collection of "bottles. " Figure 3 shows a 
boat hull that has been divided in this 

X(m) 

±0 .05 
±0.15 
±0.25 
±Q.35 
±0.45 
±0.55 
±0.65 
±0.75 
±0.8q 
±0.95 

Student 
Hobbyist .. 
. Manufacturer 

8700 Processor: 6503 MPU, Wear free "Active Keyboard", 
Micro·Diagnostic~ Extensive documentation, Fully Socketed. 

Piebug Monitor: Relative address calculator, Pointei High-low, 

User Subroutines, Back-step key. 

Cassette Interface: Load £. Dump by file", Tape motion 
control. Positive indication of operation. 

Applications systems from $90 (to unit quantity) 
Development systems from $149 (single unit) 

:TELL ME MORE . ~ '\~.~~~ ~~ . ~~C' f~~·'I~l~:se'l~ 't;l~l~ 't~ ~ ~;~~ 'i~' '~'h C' ;\~·S~\~~ l:. 

: ( ) Plea se send documentation 
and Pl;CC li s t s. $ 11) e nclosed. name: ___ . _______ _ 

( ) J don't need documentation 
plea se sent! pr ice li s t s . add r css: __________ _ 

( ) Please send FHEE CATA L OG. 
City: _____ s t ale: __ zip: ___ : 

VIm) 

0.50 
0.49 
0.47 
0.45 
0.42 
0.39 
0 .36 
0.31 
0.37 
0.22 
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Listing 7,' This program simulates the vertical and angular motion of a boat in 
response to sea waves. Because it involves a lengthy summation, it is inheren tly 
slow. I have, therefore, used only the second order predictor corrector formu
las, and have employed a large step size. Readers who want more accuracy 
and who can afford to wait for results should implement the fourth order 
equations presented in my previous article on automotive applications 
(December 7977 BYTE, page 772). They should also increase the number of 
"bottles" used to describe the hull, and decrease the step size. 

It should a/so be noted that the program does not simulate the viscous 
damping action of the water. As a result, if you are unfortunate enough to 
specify a resonant frequency of the hull as the wave period, the boat will 
appear to leap out of the water. While this result is obviously erroneous, 
it will highlight a design to be avoided. 

190 REM SHIP MOTION SIMULATION 
110 REM DESCIBE HULL CROSS SECTIDN 
III REM X IS DISTANCE FROM CG TO CENTER OF BOTTLE 
112 REM Y IS LENGTH OF BOTTLE BELOW WATER AT EQUILIBRIUM 
129 DIM X(19),Y(19) 
149 DATA 9.95,9.5,9.15,9.49,9.25,9.47,9.35,9.45,9.45,9.42 
159 DATA 9.55,9.39,9.65,9.36,9.75,9.31,9.85,0.27,9.95,9.22 
160 FOR J=I TO 19 
179 READ X(J),Y(J) 
IB9 NEXT J 
199 REM SET BUOYANCY FACTOR; "BOTTLE AREA"*DENSITV*9.S 
299 B=9.91*1.93*9.8 
299 REM COMPUTE MASS(M) & MOMENT OF INERTIA OF CROSS SECTION 
219 M=9 
211 1=9 
212 FOR J=I TO 10 
214 MI=B/9.8*Y(J) 
216 M=M+HU2 
218 I=I+MI*X(J)*2 
229 NEXT J 
239 REM SET SEA STATE: HEIGHT(H),LENGTH(L),PERIOD(P) 
249 H=9.2 
259 L=5 
269 PK 2 
279 REH INITIALIZE INTEGRATION VARIABLES 
289 DATA 9,9,9,9,9,9,9,9,9,9,9,9,9,9 
299 READ Z,ZI,V,VI,A,AI,R,RI,Q,QI,C,CI,T 
399 REM INITIALIZE STEP SIZE AND PRINT INTERVAL 
319 0"9.1 
315 Ks 9 
329 KI K 9.1/0 
321 PRINT "TIME,SEC) VERTICAL POSITION'M ) ANGULAR POSITION(DEG)" 
330 REM SUM FORCES AND MOMENTS ON THE "BOTTLES" 
340 GOSUB 6B0 
345 REM PREDICT VERTICAL MOTION 
346 REM A,V,Z ARE ACCELERATION,SPEED, AND POSITION 
350 A I =F / ~1-9. 8 
360 l)=l)l +r.·*A I 
370 2=Z I +O*l)l 
375 REM PREDICT ANGULAR MOTION 
376 REM C,Q,P ARE ACCELERATION, SPEED, AND POSITION 
380 Cl=G/ I 
390 O=QI+D+CI 
400 R=RI+D*QI 
410 REM SUM NEW FORCES AND MOMENTS FOR CORRECTOR FORMULAS 
420 K=K+I 
439 T=T+D 
440 GOSUB 600 
445 REM CORRECT UERTICAL MOTION 
459 A=F/M-9.8 
460 V=VI+D/2*(A+AI) 
479 Z=ZI+D/2*(V+UI) 
475 REM CORRECT ANGULAR MOTION 
480 C=G / I 
499 Q=01+0/2*(C+CI) 
599 R=RI+D/2*(Q+QI) 
598 REM PREPARE FOR NE~T STEP 
519 l)l=l) 
529 ZI=Z 
539 QI=O 
540 RI=R 
550 IF K<KI THEN 349 
569 PRIHT T.Z.R*57.296 
579 IF T<19 THEN 349 
571 STOP 
600 REM CALCULATE AND SUM FORCES AND MOMENTS ON "BOTTLES" 
630 F=9 
640 G=O 
660 FOR J=I TO 10 
665 REM POSITIVE HALF OF HULL IS GIVEN 
666 REM W IS VERTICAL POSITION OF WATER SURFACE AT BOTTLE J 
667 REM WI IS LENGTH OF BOTTLE BELOW WATER SURFACE 
668 W=H / 2*SIN(6.283IS*(T/P+X(J) / L» 
669 WI=Y(J)-Z-SIN(R)*XeJ)+W 
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manner. The hull can now be described by 
a table of Xs and Ys. The Xs represent the 
distances from the center of gravity to the 
center of each bottle. The Ys represent the 
lengths of each bottle below the waterline 
at equilibrium . Now, instead of making a 
series of calculations for one or two bottles, 
we make them for many. Just as before, the 
sum of the forces influences the vertical 
motion of the center of gravity, and the 
sum of the moments- influences the angular 
motion around the center of gravity. 

We now have an effective method for 
dealing with distributed forces. We simply 
divide the area over which the force acts 
into small segments. Within each segment, 
we neglect the distribution and calculate a 
discrete force and moment. Finally, we 
sum the force and moments to find the 
effects on the I inear and angular speeds. 

I have included a BASIC program with 
this article to illustrate the technique as 
applied to our boating example. With the 
data supplied, it computes the rolling 
motion of the hull cross section pictured 
in figure 3. Boating enthusiasts will be able 
to insert some other hull cross sections (deep 
vee, trihull, etc) in the data statements and 
compare the response to the sample sea 
states. If lateral (side to side) sections are 
used, the program will simulate rolling 
motion. If longitudinal (fore and aft) sec
tions are used, the program will compute 
pitching motions. Interested readers should 
be able to extend the program to include 
three dimensional boat models and simulate 
both angular motions simultaneously . 

With the inclusion of techniques for 
handling distributed forc.es and combined 
angular and linear motion, your collection 
of software tools for simulating motion is 
fairly complete. When using these tools on a 
personal computer, you should try above all 
to limit the scope of your simulations. 
Determine which motions really interest you 
and neglect or restrict the others. Divide the 
simulation into degrees of freedom, pref
erably three or less if your program is to 
execute with reasonable speed. Compute 
each force and moment individually, then 
apportion and sum them within the degrees 
of freedom. Finally, step the velocity and 
the position into the future . Use a small 
step size in your early runs, 0.01 seconds or 
less. Increase it to save run time only as long 
as your results do not change significantly. 
Following this procedure, and using the 
BASIC programming examples I have pro
vided as a guide, you should be able to find 
some interesting new applications for your 
personal computer. 



Listing 7, continued: 

670 IF WI >9 THEH 672 
671 WI=9 
672 Fl=B*Wl 
673 Gl=X(J)*Fl 
675 REM MIRROR IMAGE GIVES NEGATIVE HALF 
678 W=H ' 2*SIN(6.28318*CT/ P-X (J)/L)) 
679 Wl=Y(J)-Z+SIN (R)*X(J) +W 
689 IF Wl )9 THEH 682 
681 WI=9 
682 F2=B*IH 
799 G2=-X(J ) *F2 
719 F=F+Fl+F2 
720 G=G+Gl+G2 
739 HEXT J 
749 RETURH 
750 EHD 

THIE(SEc) 
0.1 
0.2 
(1. :3 
0.4 
0.5 
~). f 
0,7 
0.8 
~1. '3 
1 
1. 1 
1 ';. 
1.3 
1.4 
!.5 
1.6 
1.7 
1.8 
1.9 
2 

UERTICAL POSITIONCM) ANGULAR POSITIONCDEG) 
0.00147774275297 0.579343661886 
0.80834856069988 2.1484430172 
0.0249789 139748 4.23893821533 
0.9488239037315 6 .19033468235 
0.0789839977127 7.39318099994 
0.10789765357 7.01051374777 
0.127464693145 5.02510841752 
0.130129340759 1.41142156817 
0.110974303896 -3.40279261698 
0.0695560412445 -8.66151908825 
0.0105695497413 -13.4108553239 
-0.0568528427092 -16.6916991803 
-0.12088364889 -17.7238637849 
-0.169478381978 -16.0583471104 
-0.193013619278 -11.6821229305 
-0.18645821109 -5.96270429258 
-0.150554633294 2.89982493065 
-0.0917208520104 10.9686349622 
-0.0206887363875 17.8818895739 
0.0503241234783 22.5634234899. 
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lRE COMPUTER AGE FOR lRE 
SMAll BUSINESS HAS ARRIVEDI 

The Computer Mart is offering the first complete line of off-the-shelf professional business software! 

APPLICATIONS INCLUDE: 
• General Ledger-Daily Journal. Balance Sheet. Income State· 

ment. G I L Report . 
• Accounts Receivable-Daily Journal , Aged Receivables. Sales 

Journal. Statements, Customer Li sting. Cash Receipts. 
• Accounts . Payable-Daily Journal. Open Payable, Vendor 

Checks, Check Register, Cash Disbursements, 

• Payroll-Payroll Regi ste r, Ouarter / Year-to-Date, Checks, 
941 's, W-2's , 

• Solar Energy Analysis-analysis of feasibility of so lar energy , 
• Mail-Label-add, delete and change functions, full sorting and 

letter writing capabi lity, 

COMING SOON! 
• Project Control Accounting - provides logistiC control and 

financial accounting of projects undertaken by the organiza tion. 
• Educationa l Performance Evaluation-a system to store and 

analyze student performance for any course which utilizes tests , 
quizzes and homework for grades , 

• Medical Billing & Scheduling-clinical accounts receivable 
package. 

• Point of Sale Inventory ContrOl-full inventory con trol from point 
of sale. 

• Micro Information Retrieval-sophi stica ted system for record 
access and manipulation , 

• Time Input Processor-stand -alone system for processing 
time cards, 

• Word Processor-full function, CRT display, editing. 
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We will not be undersold by any company with nationally ad
vertised prices on any of the following hardware: 

IMSAI SOLID STATE MUSIC 
DIGITAL GROUP SDSALES 
CROMEMCO HEURISTICS 
PROCESSOR TECH DATA GENERAL 
NORTH STAR NATIONAL MULTIPLEX 
VECTOR TELETYPE 
TDL DECWRITERS 
LEAR SIEGLER GRI 
ICOM ALPHA MICRO 
SWTP MICRO·TERM 
SEALS INTEGRAL DATA 
IMS 

Call for the lowest quote l 

(TDL Software Interfaced to North Star DiSk.) 

RICK INATOME - [lllrnlJIJlflr rn~rl 
1800 W. 14 Mile · Royal Oak, Michigan 48073 . (313) 576-0900 

Dearborn Hgts., 
Michigan 

OPENING SOON 

420 Park Ave. W, 
Chatham. Ontario 

(519) 354-2840 

Windsor, Ontario 
Canada 
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Photo 7: A general view of the authors' light pen and interface circuit. The 
pen itself was made from a fairly standard marking pen with a photo diode 
mounted at the tip. A length of shielded cable runs from the diode through 
the pen body to the miniature phone connector which plugs into the jack on 
the circuit board. 

Add a $3 Light Pen to Your Video Display 
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John Webster and John Young 
University of New Brunswick 

Audio Visual Services 
Kierstead Hall 
Fr~dricton, New Brunswick 
CANADA E3B 5A3 

The use of a light pen can greatly facili
tate entry of display characters on your 
video display. The layout of complex game 
boards, charts and graphs, or character 
editing can be accomplished more quickly 
and easily if you have the ability to add or 
delete characters anywhere on the screen 
without first having to position the cursor. 
This article describes the design and con
struction of a very inexpensive light pen and 
driver program to accomplish this function 
with a Processor Technology VDM-l. 

The Circuit 

Figure 1 shows the light pen circuit 
that can be constructed for well under three 
dollars . When used with a VDM-l it requires 
no additional 10 ports. Component layout 
of the circuit is noncritical. The authors' 
prototype was assembled on a small piece 
of perforated board and attached to the 
VDM-l board. It could be mounted any
where in the computer or keyboard en
closure. A four foot sh ielded cable con
nects the photo diode to the other 
components through an optional jack. 

Any discarded ball point or felt tip pen 
may be used to house the diode. Alter
natively it may be attached to the end of the 
cable with heat shrink tubing. The smaller 
the diameter of your light pen body, the 
easier it will be to use. 

Any surplus quality photo diode may be 
used as a pickUp. If the diode is of the type 



ALL 
TOGETHER 

o ! 

The acclaimed Equinox 100@ mainframe kit ($799) is now 
a complete 8-100 system. 

Because now there is an Equinox 100@ I/O interface kit 
($120) that handles the hard work of interfacing all your 
peri pherals. 

And Equinox 100@ 4K memory kits ($109). Assembled 8K 
memory boards ($188). EQU/ATE@ editor/assembler and 
BA8IC-EQ@ software on cassettes. 

It all goes together. It all works together. It's all together 
now at special system prices. 

See The Equinox 8ystem@ at your local computer shop. 
Call toll-free to 800-648-5311. BAC/MC accepted. Or write 
Equinox Division, Parasitic Engineering, P.O. Box 6314, 
Albany California 94706. 
THE EQUINOX SYSTEM@) When you put it together, it's really together. 
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OUTPUT 
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120K 

GND (FROM VDM-Il 

Figure 7: This fairly simple circuit transforms light from the video monitor 
output into a TTL signal which can be monitored by a program such as that 
shown in figure 2 and listing 7. A typical oscilloscope waveform of the out
put is shown in the figure. 

mounted in a plastic lens, a fine file and 
emery cloth may be used to flatten the end 
and provide a narrower angle of acceptance. 

When you have constructed the circuit, 
use an osci lloscope to monitor the output 
as you pass the pen across a television 
screen . A white area should produce an out
put as shown in figure one. A dark area 
should produce a 5 VOC level. Sensitivity 
can be adjusted by using the brightness and 
contrast controls on your television . 

Once you have a satisfactory output, the 
circuit may be wired to the VOM-1 . The 
output of the circuit is connected to pin 14 
of IC39 on the VOM-1 board. This is an 
input to a spare three state buffer on the 
status port. 

Then connect pin 13 of IC39 to pin 9 of 
IC39. This hooks the output of the three 
state buffer to data bit 017. The output 
signal from the light pen wi ll now appear 
on 017 when an inpu t from status port C8 
is performed . 

Program Design 

The light pen circuit will produce a nega
tive output whenever a white screen area is 
sensed. This condition may be used by 
appropriate software to locate the pen's 
position on the 16 by 64 grid of the VDM-
1 's display . 

First, the top line of screen informatio n is 
stored away and white cursors are written 

into all 64 positions of this line. The display 
is then scrolled so that this first line appears 
at the bottom of the screen and the rest of 
the screen is blanked. This is done by out
putting hexadecimal FO to the VOM-l 's 
status port (hexadecimal C8). 

The display is then scrolled upward one 
line at a time until an output from the pen 
is sensed indicating the proper line. Each 
time the value output to the status port is 
modified to scro ll up one line, the status 
port value is also saved on the stack. As soon 
as the proper line is located, this status word 
is retr ieved and decoded to find the actual 
unscrolled beginning of line address of the 
line the li ght pen is on. This decoding is 
achieved through a puzzling series of left 
rotations and additions in the BINGO 
section of the program. The resultant be
ginning of line address is then stored at 
locations hexadecimal EO and EH for future 
reference. 

Black is now written over the white 
line, position by position, until the output 
from the light pen disappears indicating the 
location of the pen . The value in register L 
now indicates the displacement from the 
beginning of the line. The values in hexa
decimal EO and EE are then recalled and L 
is added to the low order byte to produce 
the final H and L values for the light pen 
position. The information stored from the 
first line is returned to the screen and data 



Now, Arlee has 
an expandable elephant 

for everyone! 

8K·32K of static RAM memory. Fully assembled or in kit form. 
No matter what your needs, Artec has a 
memory board for you . You can start with 8K 
of TI 4044 memory on a 5.3" x 10" card and 
work your way up to a full 32K in 8K 
increments. The access time is only 250ns. 
The memory is addressable in 4K blocks 
and is perfect for S100 and battery aug
mented systems. The Artec 32K Expand
able Memory has four regulator positions, 
bank select and plenty of room for all 
necessary support hardware. It uses less 
than 1 amp per 8K of memory (3.9 for 32K) , 
and only + 8 volts. 

For five years Artec craftsmanship and 
reliability has been proven in tough industrial 
use. Now, you too can enjoy breadboards 
and memories that will work time after time . 
Send for an Artec board, your order will be 
sent the same day as received . 

Kit : Board & Fully Assembled Board: 
8K 01 memory- $ 290.00 8K-$ 440.00 
8K add on kits- $ 255.00 16K-$ 695. 00 
Full 32K board- $1,055.00 24K-$ 1,100.00 

32K-$1 ,205.00 

Ci rc le 6 on inqui ry card . 

GP100-$20.00 
Maximum design 
versatility along with 
standard address 
decoding and buffer
ing for S100 sys
tems. Room for 32 
uncommitted 16 pin 
IC's, 5 bus buffer & 
decoding chips, 1 
DIP address select 
switch, a 5 volt reg
ulator and more. High 
quality FR4 epoxy. 
All holes plated 
through. Reflowed 
solder circuitry. 

WW100-$20.00 
A wire wrap bread
board , similar to the 
GP100. Allows wire 
wrap of all sizes of 
sockets in any sizes 
of sockets in any com
bination . An extra 
regulator position for multiple voltage appli
cations. Contact finger pads arranged 
for easy pin insertion. 

Buffering Kit-$12.65 
All the necessary components to bootstrap 
any Artec board into your system. Buffering 
I/O, DIP switch heat sinks and every support 
chip you need. 

TO ORDER: Use your Mastercharge or 
BankAmericard. Or just sElnd along a money 
order. We can accept only U.S. currency. 
Please include $3 handling on all orders. 
California residents add 6.0% sales tax. 

FOR MORE INFORMATION: For more in
formation about these or any of Artec's com
plete line of circuit boards or for either indus
trial or personal use, please call or write. A 
catalog will gladly be sent. 

Please send me: (Include Quantity) 
_ 32K _ GP100 _WW100 
o I've enclosed a money order. 

o Mastercharge No. 
Exp. Date 

o BankAmericard No. ___ _ 
Exp. Date 

Name ______________________ ___ 

Address _____________________ _ 

City _ _________ State __ Zip _ _ _ 

Calif. Res. add 6% Sales Tax $3.00 Handling Encl. 

10% discount for students & computer club members. 

ARTE:C EIE:CTRONIC), INC. 
605 Old County Rd ., San Carlos, CA 94070 

(415) 592-2740 
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r------i 
I CHEK CHECK I 
I ~~~ STATUS 1- __ 
I 1/60 SEC. I L _____ -1 

MOVE: 
STORE aWRITE 
WHITE ON 
FIRST LINE 

BINGO:DECODE 
TO FIND 
BEGINNING 
ADDRESS OF 
LINE PEN IS ON 

DEC:SUBTRACT 
10H FROM 
SCROLLING 
STATUS WORD 

IN CR EMENT 
TO NEXT 
POSITION 

Figure 2: The general design of a cursor control algorithm for use with the 
light pen. The authors' version was used with the Processor Technology 
VDM-l, but a similar procedure should be achievable with other video 
generators. 
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Photo 2: Detail of the light pen interface, 
as constructed on Vero perforated board 
(a product which contains pre-etched copper 
runs to which components can be soldered). 
The three wires leaving at right go to the 
processor input, power and ground; the light 
pen input is through a miniature phone 
connector at left. 

from the keyboard is moved to the light 
pen position on the screen . The program 
then returns to the initiali zation section 
and waits for a new ch aracter. 

If speed of operation is more important 
than program length a more soph isticated 
binary search procedure may be used once 
the proper line is found. If half the lin e is 
written over with black before the output 
of the pen is checked then half the line may 
be eliminated with only one check. Six 
such checks will cover all 64 possible posi
tions on the line. 

Delay loops of at least 1/60 second must 
be incorporated into each check to insure 
that the scan lines at the pen location are 
actually being written to during th e check. 

Using the Light Pen 

With the LIGHT program running, the 
computer waits for a keyboard entry and 
then scrolls the screen and begins its search. 
If it finds that the pen is not on the screen 
it ex its to the location stored at hexadecimal 
addresses 35 and 36. 

If the pen is on th e screen its location is 
found and the data from the original key
board entry is entered at that location . The 
program then returns to INIT, restores the 
screen to its unscrolled format, and waits 
for another keyboard entry. 

In addition to facilitating the arrange
ment of complex displ ays or pictures, the 
light pen may be incorporated into any 
number of games (like tic-tac-toe) or utility 
programs. Editing of memory dumps, for 
example, can easily be accomplished by 
moving a block of memory to the screen, 
modifying it with the light pen, and then 
moving it back. 



Is your career growing 
as fast as ours? . 
NET SALES 

(M il lions of Doll ars) 
254.7 EARNINGS PER SHARE 

( In Dollars) 

• 1 I I I 
I I I 

I I I I 
.1 I I 
I I I I 

1973 1974 1975 1976 1977 1973 1974 1975 1976 1977 

(1977 Fiscal Year) 'Adjusted to ref lect a 3· for- 1 stock spl it effec ted in the 
form of a 200% stock dividend decla red in February 1973. 

New Products Engineers 
(Analog and Digital) 

Your responsi bilities will in
clude new product introduction 
of state-of-the-art processors, 
peripherals and controllers to 
our Systems Integration Divi
sion . A BSEE degree or the 
equivalent is required with a 
minimum of 3 or more years of 
related experience. 

Diagnostic Programmers 
You will design , code and 

debug assembler language 
programs for fault isolation , to 
the chip level , in digital sys
tems. You will also write func
tionallevel system exercisers 
for stand-alone and disc-based 
real-time operating systems. 
A technical degreeortheequiv
alent experience is needed , 
together with a thorough under
standing of digital system 
hardware. Hardware trouble
shooting experience and 3 or 
more years ' programming 
experience, preferably in 
diagnostics is very desirable, 
especially with strong assem bly 
language skills. 

To apply for one of the 
above positions mail your 
resume to Tom Aldrich. 

Test Engineers 
You will be responsible for 

PCB test engineering support 
for dig ital products such as 
CPU 's, memories and options. 
Experience is required in 
solving engineering problems 
as they relate to test equ ipment. 
diagnostics, test philosophy 
and component fault isolation. 
You will also initiate and imple
ment improvements to the 
testing process and equipment, 
and provide coordination for 
the introduction of new prod
ucts into production . A BSEE 
degree and two or more years ' 
experience in PCB test or 
Test Equipment Design . 

Manufacturing 
Engineers 

You will be responsible for 
providing floor support in the 
PCB assembly area. A BSME , 
BSIE or the equivalent with 
3 years ' experience in Manufac
turing Engineering is requ ired . 
A knowledge of auto-insertion 
equipment assembly technique 
and soldering equipment is 
helpful . 

To apply for one of the 
above positions mail your 
resume to Rene Santini. 

Senior Systems 
Technicians 

This position requires at 
least 3 years ' experience, mini
mum , and an ASEE degree or 
its eq u ivalent. You r background 
should include familiarity with 
CPU memory, moving head 
disks and related peripherals. 

Special Systems 
Technicians 

You will be working closely 
with the Special Systems Engi
neering Department in the 
design of non-standard com
puter products. A minimum of 
3 years' experience and an 
ASEE degree or its equivalent 
is necessary. 

To apply for one of the 
above positions mail your 
resume to John Prendergast. 

Data General Corporation , 
Route 9, Southboro, MA 
01772. Data General is an 
equal opportunity employer, 
M/F . 

• ., Data General 
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Address Hex Code Li ne State ment Commentary 

()()()() 31 F6 00 0001 INIT LXI SP, OF611 
0003 21 00 CC 0002 LXI H,CCCOOH H,I... to first screen position 
0006 01 40 AO 0003 LXI B,OA040H load B with white cursor, 

load C with length of line to be stored 
0009 11 AD 00 0004 LXI D,OADH first 's tore to' address 
OOOC AF 0005 XRA A zero accLJl1Ulator 
OOOD D3 C8 0006 cur OCBH init screen to unscl'olled fonnat 
OOOF DB 00 fXYJI STATIN I N 00 J wait for key pressed 0011 E640 0008 ANI 0-1011 
0013 CA OF 00 0009 JZSTATIN 
0016 CD 37 00 0010 CALL ~KJVE store and write whi te 
0019 3E FO 0011 MYI A,OFOH val ue for scrolling and blanking 
OOlB 4F 0012 my C,A 
00lC D3 C8 0013 cur cur OCBH 
DOlE C3 42 00 0014 J1IP arn:x 
0021 D610 0015 DEC SUI 010H scroll up line by line 
0023 B9 0016 (MP C 
0024 C2 1C 00 0017 JN2 cur 
0027 DB 01 0018 I N 01H pen not on screen, reset status port 
0029 1100CC 0019 LXI D, CCCOOH 

) getting ready to restore line one 002C 21 AD 00 0020 h~I H,OADH 
002F OE ED 0021 MYI C,OEDH 
0031 CD 37 00 0022 CALL ~KJVE to restore first line 
0034 C3VYXX 0023 JMP XX VY exit :fran LIGlIT i f line not found 
0037 7E 0024 MOVE my A,M store and write white routine 
0038 70 0025 mv M,B 
0039 12 0026 STAX D 
003A 23 0027 INX H 
003B 13 0028 INX D 
003C 79 0029 ~r:N A,C 
003D BD 0030 alP L 
003E C2 37 00 0031 JN2 MOVE 
00-1l C9 0032 1lli"T 
0012 C5 0033 = PUSH B 
0013 O1FF04 0034 LXI B,04FFH delay value 
0016 F5 0035 ruSH PSW 
0017 DB C8 0036 INruT IN OC8H test output fran light-pen 
0019 07 0037 RLC 
004A D2 5800 0038 JNC BI Nal found line 
004D AF 0039 XRA A J keep checking for 1/60 sec. 004E OB 0010 IlCX B 
004F Il8 0011 alP B 
0050 C2 47 00 0012 JN2 INPUI' 
0053 F1 0013 POP PSW 
0054 C1 0044 POPB 
0055 C3 21 0" 0015 JlIPDEC try nex t line 
0058 21 00 C 0016 BIl'rrl LXI H,CCCOOH decoding routine to find actual 
005B F1 0017 POP PSW line starting address 
005C E6 CO 0018 fu'lI OCOH 
005E 07 0019 RLC 
005F 07 0050 RLC 
0060 84 0051 AOO H 
0061 67 0052 my H,A 
0062 3B 0053 IlCX SP 
0063 3B 0054 IlCX SP 
0064 F1 0055 POP PSW 
0035 E6 30 0056 ANI 030H 
0067 07 0057 RLC 
0068 07 0058 IlLC 
0069 85 0059 AOOL 
006A 6F 0060 ~lOY L,A 
OO6B 22 ED 00 0061 SHill OEDH store begirming or line address 
006E 2100CC 0062 LXI H,CCCOOH 
0071 C1 0063 POPB to bal<Ulce s tack 
0072 3E 20 0064 CHEI( MYI A, 020H black square 
0074 77 0065 ~r:N M,A to screen 
0075 06 AD 0066 MYI a,OAOH delay value 
0077 AF 0067 XRA A 
0078 05 0068 IlCL OCR a 
0079 Il8 0069 alP B 
007A C2 78 00 0070 JN2 IlCL 
0070 O1FF04 0071 LXI B,04ffil ', .... heck de lay' value 
0080 DB C8 0072 DECL IN OC8H check for outpu t fran light pen 
0082 07 0073 RLC 
0083 D2 A9 00 0074 JNC HERE not this square , try ne.xt 
0086 AF 0075 XRA A 
0087 DB 0076 IlCXI3 
0088 Il8 0077 eMP B 
0089 C2 SO 00 0078 JN2 DECL 
OOSC 70 0079 DIOO MOV A, L decode to find actual v,llue of L 
008D 211 ED 00 0080 Will OEDH 
0090 85 0081 ADD L 
0091 61' OOS2 my L,A 
0092 22 ED 00 0083 SHill OEDH 
0095 llOO OC 0084 LXI D,CCCooH 
0098 21 AD 00 0085 LXI H,OADH 
0098 DE ED 0086 ~WI C,OIDH 
OO9D CD 37 00 0087 CALL ~KJVE res tore i nfonnation to Iirst line 
OOAO 2A ED 00 0088 U(llJ OEDH 
OOA3 0801 0089 IN 0111 input data 
OOA5 77 0090 ~KJY M,iI move data to screen 
OOA6 C300 00 0091 JlIP INIT 
00119 23 0092 HOlE INX H 
OOM C372 00 0093 JMP a ·IEK 

END 

Listing 7,' An 8080 program, hand assembled, to implement the flow chart 
of figure 2, A ddress constants and 10 port assignments are given for the 
authors'system. • 
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Rated[G] 
Great Locations 
ComputerLand'" 
Now Open: 

3020 University Drive NW 
Huntsville. AL 35805 

6743 Dublin Blvd . 
Dublin. CA 94566 

11074 San Pablo Avenue 
EI Cernto. CA 94530 

22634 Footh ill Blvd. 
Hayward. CA 94542 

6840 La Cienega Blvd . 
Inglewood. CA 90302 

24001 Via Fabricante. #904 
Mi SSion Viejo. CA 92630 

4233 Convoy Street 
San Diego. CA 92111 

117 Fremont Street 
San FranCISco. CA 94105 

42-42nd Avenue 
San Mateo. CA 94403 

171 E. Thousand Oaks Blvd 
Thousand Oaks. CA 91360 

104 W First Street 
Tustin. CA 92680 

2422 So. Colorodo Blvd . 
Denver. CO 80222 

2475 Black Pock Turnpike 
Fairfield. CT 06430 

Astro Shopping C enter 
Kirkwood Highway 
Newark. DE 197'11 

Cumberlond Square North 
CoblJ Parkway [Poute 41) 
At lanta.GA 

50 East Pond Poad 

(205) 539-1200 

[415) 828-8090 

(.'115) 233-5010 

(4'15) 538-8080 

(213) 776-8080 

(714) 770-0131 

(71l l) 560 -9912 

(415) 546-1592 

(415) 572-8080 

(805) 495-3554 

(714) 544-05112 

(303 ) 759-1I685 

[203) 3711-2227 

(302) 738-9656 

Arlington He igl'1ts. IL 60004 (312) 255 -6438 

9511 No. Milwaukee Avenue 
Niles. IL 60648 (3'12) 967-1714 

10935 S. Cicero Avenue 
Ook Lown. IL 60453 (312) 1I22-8080 

813-B Lyndon Lane 
Lou isvil le. KY 110222 (502) L125-8308 

16065 Frederick Poad [Pt 355) 
Pockville. MD 20855 (30'1) 948-7676 

2927-28th Street S.E . 
Kentwood. MI 49508 [6'16) 942- 2931 

29673 Norfhwestern Hwy 
Southfield. MI1I80311 (313) 356-8111 

1119 Amherst Street (Rt. 101-A) 
Nashua. NH 03060 (603) 889- 5238 

2 De Hart Street 
Morristown. NJ 07960 (201) 539-40n 

1612 Niagara Falls Blvd. 
Buffalo. NY 14150 [716) 836 -6511 

225 Elmira Road 
Ithaca. NY 111850 [607) 277-4888 

1288 SOM Center Road 
Cleveland. OH 411124 (216) ll6H200 

3300 Anderson Lane 
Austin. TX 78757 (512) 1I52-5701 

6439 Westheimer 
Houston. TX 77057 

1500 South 336th Street 
Parkway Center. Suite 12 
Federal Way. WA 98003 

52-58 Clarence Street 

(713) 977-0909/091 0 

(206) 838-9363 

Sydney NSW Australia NSW 2000 29-3753 

Franchises Available: 
Computerland Corp. 
1922 Republic Ave. 
San Leandro. CA 94577 
(415)895-9363 

Circl e 24 on inquiry card. 



Rated [G] 
The Best Game in Town. 

Welcome to ComputerLand. 
An incredible adventure into 
the world of personal 
computers. A one-of-a-kind 
shopping experience. 

Each ComputerLand store 
presents everything you ever 
wanted to know about 
computers. And then some. 

Take our Game Room, for 
starters. You'll find excitement 
for the whole family in our 
endless variety of challenging 
computer games. You can battle the Klingons in an 
out-of-this-world game of Star Trek. Create an elec
tronic work of art with a computer controlled lV. Test 
you r sk ill in a game of computerized hangman. 

You can even plot your biorhythm. 

But we're more than just fun and games. 
Each ComputerLand store offers a 
knowledgeable and person-
able staff of professionals 

to serve you. 
Plus the greatest avail-

able selection of micro components. Whether it's a data 
processing system for your business or a computer controlled 
sprink ler system for your home, you'll find whatever you need 
at ComputerLand. 

Read on. 

Genuine Service. 

We want to supply 
you with the one 
system that's right. 
Rather than a com
plete system that isn't. 
Or a limited system 
that is . 

That's why, at Com
puterLand, you deal 
with rea l professionals 
who are also real 
people. People who 
speak your language 

... in addition to BASIC, COBOL or FORTRAN. 

People, in short, who can offer both the novice and 
the old hand the same expert guidance in selecting 
the optimum system he or she needs. 

Yet, assisting in the purchase is only the beginning of 
ComputerLand's service. If the kit you bought requires a 
little more do-it-yourself than you yourself can do, we 
provide assembly assistance. 

If that complex program proves to be just that, we provide 
programming assistance. 

Circle 24 on inquiry card. 

And if your system breaks down, 
our in-store service department 
will get you back up and 
running. 

Right now! 

Great Selection. 

Your first stop at ComputerLand 
may well be your last stop. 

ComputerLand offers the finest 
quality and 

major brand names. 
Like Apple Computer, 

Cromemco, DEC, Diablo, 
Hazeltine, ICOM, IMSAI, Lear Sieg ler, 

National Semiconductor, North Star, Texas 
Instruments, Vector Graphics and more. 

Plus a complete inventory of tools, books and accessories. 

What's more, at ComputerLand, we deal in product. Not 
promises. Our inventory is on our own shelves. Rather than the 
manufacturer's. So you can take delivery on tomorrow's com
ponents today. 

Which means, 
simply put, that at 
ComputerLand, you 
get exactly what 
you want. 

Exactly when you 
want it. 

Be Our Guest. 

Begin with the 
grand tour of our 
exhibit areas. "Test
drive" any of our 
individual systems. 

Then tell us your needs. We'll sit down and talk about the system 
that's rightfor you. It's as easy as that at ComputerLand. 

The great computer store. RATED G. 

Call or write for the address ofthe ComputerLand store nearest you. 
Franchise opportunities available. 

Compute,land'M 
1922 Republic Avenue, San Leandro, CA 94577 (415) 895-9363 
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Our MacroFloppyTM 
goes twice the distance. 
For $695. Introducing the Micropolis MacroFloppyTt., 1041 and :1042 disk drive sub

systems. For the S-100/8080/Z-80 bus. Packing 100% more capacity into a 
5X-inch f loppy disk than anyone else. 143K bytes, to be exact For as little 
as $695. 

Tl,e MacroFloppy:1041 comes wit l, the Micropolis Mod I floppy packaged 
inside a protective enclosure (without power supply) And includes an 5-100 
control lee Interconnect cable. Micropolis BASIC User's Manual. A diskette con
taining Micropolis BASIC, and a compatible DOS witl, assembler and editol' 
The 1041 is even designed to be used either on your desk top, or to be inte
grated ri gl,t into you r- S-100 cl,assis. 

Circ le 72 on inquiry card. 

60 BYTE February 1978 

Tl,e MacroFIoppy1042 comes with everything the 1041 has, and mar-e. 
Sucl, as d.c. I'egulato r-s, its own line voltage power supply, and, to top it off, 
a striking cover- Making it look right at home just about anywhere. 

Botl, MacroFloppy systems are ful ly assembled, tested, IJurned-in, and 
tested again For- zero start-up pa in, and long term reliability They're also 
backed up by our famous Micropolis factory warranty 

And botl, systems are priced just right $695 for t l,e MacroFloppy:1041 
and $795 for the MacroFloppy:1042 

You really couldn't ask for anything more. 
At Micropolis, we have more bytes in store for you 
For a descriptive brochure, in the U.S. ca ll or write Micropolis 

Corporation, 7959 Deering Avenue, Canoga Pa rk, Ca liforn ia 91304. Phone 
(213) 703-1121. 

Or better yet. see your loca l dea lel' 

MICRorOLIS™ 
More bytes in store for you , 

Letter from the Publisher 

We wou ld like to thank our readers fo r the essentia l part they have played in the growth of 

BYTE , From its inception in September of 1975, BYTE has ex perienced colossa l growth to a 

circu lation of over 110,000. 

And we are sti ll growing, We have been doing everything we could to provide good service 

to the subscriber and have been suceeding, we believe, quite we ll. With such rapid growth and 

expansion, however, ther"e is always the chance that not al l things wi ll move as effic iently as 
they shou ld, and to some degree this has been the case with ser'v ice to our subscr ibers. 

BYTE first handl ed its own subscription fu lf illment, and it became apparent rather quickly 

that, w ith all t he other proced ures and duties performed to bring the reader a fi ne monthl y 

pub li cation, to cont inue handling subscription serv ice in-h ouse exceeded the bounds of practi

cali ty,. As soon as was possible we employed a fulfill ment service bureau to handle the bur

geoning roster of subscribers. In retrospect, it seems that no sooner did the new service take 

over our file than we outgrew them , As the size of the li st and volume of orders became too 

great for us to handle in-house, so did the same happen w ith our newly adopted service bureau. 

Solution? 



MetaFloppyTM goes 
Tile Micropolis Meta FloppyTM gives you more than four times the capacity of 
anyone else's 5X -inch floppy Because it uses 77 tracks instead of tile usual 35. 

The f ield-proven MetaFloppy, with thousands of units del ivered, comes 
in a complete fami ly of models. And, like our MacroFloppy'M fami ly of disk 
drives, MetaFloppy is designed for t il e 5-100/ 8080I Z-80 bus. 

For maximum capacity, choose our new MetaFloppy:1054 system Which 
actually provides you with more tllan a million bytes of reliable on-line stor
age. For less money tllan you'd believe possible 

beyond. 
The MetaFIoppy 1054 comes complete with four drives in dual conf ig

uration. A contro llel-. Power supply Chassis. Enclosure. All cabling A new BASIC 
softwa l-e package And a DOS with assembler and editol-. Thel-e's even a built
in Autoload RO M to eliminate tiresome button pusll ing 

If that 's more storage than you need I-ight now, try our 
MetaFloppy:1053, with 630,000 bytes on-line. Or OUI- Meta
Floppy 1043, with 315,000 bYtes on-line. Either way, you can 
expand to over a million bytes on-line in easy stages, wilen you 
need to. Or want to. 

In other words, if your application keeps growing, we've got 
you covered. With MetaFloppv 

The system that goes beyond the f loppy 
For a desCi-iptive brochure, in the US call 0 1- write Micropolis 

Corporation, 7959 Deering Avenue, Canoga Park, California 91304. 
Phone (213) 703-1121. 

Or IJetter yet, see your loca l dea lel-. 

MICROPOLIS™ 
More bytes in store for you, 

Yes_ BYTE went looki ng for a fu lf illment agency big enough to su it our present needs with 

the capacity to serv ice efficien t ly the many more subscl-ibers we project we w ill have in the 
future, _ .and we found one, 

If you are one of the people w ho have found our service a li tt le less than sat isfactory, we 

offer with this exp lanation our profound apo logies, and fee l that we can p rom ise even better 

service to our subscr ibers in the future. 

Again, we offer our gratitude to our readers for helping to make BYTE what it is. 

Virginia Peschke Londner 
Publisher 

BYTE February 1978 61 



SWEETS for KIM A Low Calorie Text Editor 

ENERG 

WAIT 
LOOP 

LDY 
JSR 
LDY 
STY 
RTS 
LDX 
DEX 
BNE 
DEY 
BNE 
RTS 

#10 
WAIT 
#0 
PORT 

#200 

LOOP 

WAIT 

SET UP FOR 10 MSEC DELAY 
LOOP FOR THAT LONG 
SEND O'S TO OUTPUT PORT 
TO TURN OFF MAGNET CURRENT 
RETURN TO CALLER 
NO. TIMES THRU INNER LOOP 
DECREMENT INNER LOOP COUNT 
LOOP UNTI L COUNT IS 0 
DECREMENT OUTER LOOP COUNT 
LOOP UNTI L COUNT IS 0 
RETURN TO CALLER 

Listing 7 a: A segment of 6502 assembly language code used to demonstrate 
SWEETS, a Simple Way to Enter, Edit and Test Software. SWEETS is a 
small text editor and assembler which operates on hexadecimal code and 
which is designed to fit in the KIM-7 's 7 K byte small memory while leaving 
room for the user's programs. The key sequence for editing is shown in table 
7b. 

@ F F 0 0 0 F F 0 1 0 0 

8@ A 0 0 A A 0 0 A 

8 @ 2 0 0 2 0 0 2 0 0 2 0 0 

8 @ A 0 0 0 A 0 0 0 

8 @ 8 C 0 0 7 8 C 0 0 1 7 

8 @ 6 0 6 0 

8 @ F F 0 2 0 0 F F 0 2 0 0 

8 @ A 2 C 8 A 2 C 8 

8 @F F 0 3 0 0 F F 0 3 0 0 

CD @ C A C A 

8 @D 0 0 3 D 0 0 3 

CD @ 8 8 8 8 

8 @ D 0 0 2 D 0 0 2 

CD@ 6 0 6 0 

Table 7 a: The sequence of keys used to enter the program in listing 7 a when 
using the SWEETS editor and assembler. The right side of the table shows 
the resulting LED readout seen at each step. Notice that an entire instruction 
is entered and displayed at one time. 
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Dan Fylstra 
22 Weitz St #3 
Boston MA 02134 

If you would like to experiment with 
microcomputers on a limited budget, the 
MOS Technology KIM-l is an excellent 
choice. For $245, it comes preassembled 
with, among other things, a 6502 micro
processor, a read on ly memory monitor, 
an audio cassette interface, 1 K bytes of 
programmable memory, and its own special 
peripheral: a 23 key keyboard plus a 6 digit 
LED display. The monitor lets you load a 
mach in e language program byte by byte 
from the keyboard, and once loaded the 
program can be saved on tape via the audio 
cassette in terface. The KIM-l manual shows 
how you can "hand-translate" an assembly 
language program into the absolute hexa
decimal form required for keyboard entry. 

This is fine for very small programs, but 
the pl'ocess of hand translation gets rather 
tedious after you've assembled a few hun
dred bytes of code. And, worse, once you've 
painstakingly worked out all the subroutine 
call addresses and branch displacements 
and keyed the whole program in, you in
variably find that you've forgotten some
thing. Often, instructions must be inserted 
or de leted in the middle of the program, 
which throws everything off by a few bytes. 

The obvious solution to this problem is 
to obtain a text editor and assembler pro
gram for the 6502. But, alas, such a program 
probab ly needs mo're than the 1 K bytes of 
memory provided on the K I M-l, and, more 
seriously, it requires an alphabetic charac
ter terminal device such as a Teletype. What 
if you can't afford the extra peripherals 
and memory? Are you doomed to spend 
most of your microcomputing hours keying 
in the same program over and over again? 

Maybe not. Perhaps we can avoid most 



LOADED WITH EXTRAS 
AT NO EXTRA COST 

• Microprocessor controller 
• Serial RS232C interface 
• Parallel TIL level interface 
• Full upper and lower case 

ASCII character set (96 
characters) 

• Full8V2 inch wide paper 
• Line length of 80 columns at 

10 characters per inch 
• Impact printing 
• 7 x 7 dot matrix 
• Ordinary paper - roll, fanfold, 

or sheet 
• Serial baud rate to 1200 bits 

per second 
• Multiple line buffer of 256 

characters 
• Built-in self test mode 
• Instantaneous print rate to 

100 characters per s8qond 
• Sustained throughput to 50 

characters per~econ~;~ 
• Multiple copiesMiithout' 

adjustment 
• Rein 

Circle 58 on inquiry card. 

Check the 
• • Impressive 
features on 
Integral's 

new1P-125 
Impact Printer 

only $799 
Complete, ready-to-operate ... 

tt"!e first impact printer to off~r 
big printer performance at a 

mini-printer cost. 
Write for complete informatiG~ 

. or call (617)926-1011 

... AND FOR VERY LITTLE MORE 

• Line lengths to 132 columns 
• Instantaneous print rate to 

165 characters per second 
• Sustained throughput to 80 

characters per second 
• Print densities of 8.3, 10, 12 

and 16.5 characters per inch 
• Options program selectable 

by control codes 
• Full CRT screen size multiline 

buffer (2048 characters) 
• Special set of graphic symbols 
• Graphics mode dot plotting 
• Form feed control 
• Eight switch selectable form 

sizes 
• Automatic page boundary 

skip 
• Remote printer selection/ 

de§~lecti@n . 
• ALl'fomatiC'line feed on 

return 
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of the tedium by concentrating on those 
features of a text editor and assembler 
which we really need. Although we'll be 
limited by the KIM-l keyboard to hexa
decimal instruction entry, perhaps we can 
provide an automatic way , to insert and 
delete instructions and to fix up all those 
subroutine call addresses and branch dis
placements. And perhaps by limiting our
selves to these features, we'll be able to cram 
the "editor and assemb ler" into some 
fraction of the KI M's 1 K of memory. 

This is the purpose of SWEETS. SWEETS 
is an example of a program invented to fit 
an acronym: It stands for Simple Way to 
Enter, Edit and Test Software. If you own 
a KIM-l and have grown tired of absolute 
machine language programming, now you 
can step up to "symbolic hex"! While it's 
not as convenient as a real text ed itor and 
assembler, SWE ETS can save you a lot of 
time and index fi nger soreness. 

SWEETS Functions 

Under the control of the KI M-l mon itor, 
the 6 digit LED display normally shows you 
the address and data of a single byte of 
memory. You can enter data using the 
hexadecimal keys, but this causes the data 

Table Ib: The procedure used in SWEETS to locate and delete an instruction, 
in this case the superfluous instruction LDY #0 (A 000 in hexadecimal code). 
The rest of the program is moved up in memolY and the next instruction is 
then displayed, as shown. 

0200 AO OA ENERG LOY # 10 
0202 20 09 02 JSR WAIT 
0205 8C 00 17 STY PORT 
0208 60 RTS 
0209 A2 C8 WAIT LOX # 200 
020B CA LOOP OEX 
020C 00 FO BNE LOOP 
020E 88 OEY 
02ciF 00 F8 BNE WAIT 
0211 60 RTS 

Listing I b: The absolute hexadecimal form of the program segment shown 
in listing I a dfter removal of the LD Y #0 instruction (see table I b) and 
execution of the S WE ETS assembler (shown for purposes of comparison 
in the format of an ordinary assembler output listing). 
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previously in the displayed byte of memory 
to be destroyed. 

Under the control of SWEETS, however, 
an entire instruction of one, two or three 
bytes in length is displayed on the LEOs at 
any given time. An instruction can be 
inserted just before the displayed instruc
tion by pressing the AD key followed by 
from 2 to 6 hexadecimal keys. When this is 
done, the instruction just entered appears on 
the display; the old instruction and every
thing following it in the program area have 
been moved down to make room. Similarly, 
pressing the DA key causes the currently 
displayed instruction to be deleted, and 
everything following this instruction in the 
program area is moved up to eliminate the 
sl ack space. 

Successive instructions can be examined 
by pressing the + key, wh ich advances to 
and displays the next complete instruction . 
And to go back to a previous point, or to 
find an arbitrary point in the instruction 
seq uence, you can press the GO key fol
lowed by a two byte (four hexadecimal 
digit) search pattern. SWEETS will search 
for the first instruction(s) whose initial two 
bytes match the search pattern, and then 
will display this as the current instruction . 

This much of SWEETS can be used by 
itself; but so far we're still burdened by the 
need to calcul ate and adjust submutine call 
addresses and branch displacements . To 
lift this burden, we can use hexadecimal 
"labels." A labe l is a 3 byte "pseudo
instruction" with an opcode of hexadecimal 
FF. The second byte is the " label number," 
any hexadecimal value, and the thi rd byte 
is ignored. A label is inserted in the hexa
decimal instruction sequence at each point 
where an alphabetic label appears in a 
normal assembly listing. When we key in a 
subroutine call, jump, or relative branch in
struction, we ente r the destination label 
number as the second byte of the instruc
tion, in place of a branch displacement or
abso lute address. As we insert and delete 
instructions, the "label" pseudo-instl-uctions 
move up and down in memory along with 
the rest of the code, 

When we're ready for a test run of the 
edited program, we can use the KIM-l 
monitor to execute the SWEETS "assem
bler." This pl'Ogram removes the label 



The difference is value. 
Take a look at our low-cost 
microcomputer's heavy duty 
cabinet. Even with the cover 
removed, it maintains its rigid 
structural integrity. But we 
don't stop there. Quality built 
Vector Graphic products, from 
boards and kits to complete 
systems - such as our 
Memorite turn-key text editor 
shown below - beat all 
competitors in mechanical, 
thermal and electrical design. 

Based on an 8080A 
microprocessor and the 8-100 
bus structure, Vector Graphic 
microcomputers are compatible 
(with the exception of minor I/O 
patches) with all ofthe current 
8080A software. 

If you're designing small 
business systems, text editors, 
control equipment, games or 
even mIcroprocessor 
development, it will pay you to 
look into our low cost 
microcomputers and interface 
boards, kits or assembled. 

Rush me details today. 
Yes, I'm interested in: 

D Systems D Boards, kits or 
assembled D Microcomputers 
Name ____________________ _ 
Firm ____________________ __ 
Phone __________________ _ 
Address ________________ _ 
City /State/Zip ____________ _ 

790 Hampshire Rd., Westlake 
Village, CA 91361 (805) 497·6853 

'

Vector Graphic Inc., 

~_~~~~~~!J-l~j~~l 
Sold and serviced nationally. 

Vector Graphics microcomputer: 

Whats in it for you? 

Word processing systems for $7,950 - features normally found in systems costing twice as much . 
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Figure 7: The subroutine calling tree structure of SWEETS. CMD, the control routine, maintains the LED display and scans 
the keyboard for a command key (by means of SCAN) and transfers to one of the four command processing subroutines, 
ADKEY, DAKEY, GOKEY or STPKEY. These routines perform the editing functions with the aid of three other subroutines: 
DETLEN (which determines instruction lengths), MVDOWN, and MOVEUP (which move portions of edited program down 
and up in memory, respectively). 
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pseudo-instructions from the instruction 
sequence, and replaces label references in 
branch, jump and subroutine call instruc
tions with the proper branch displacements 
or absolute addresses. Then the edited pro
gram is ready for a test execution. (Since 
the test is likely to fail, leading to further 
changes in the edited program, we should 
always dump the program on the audio 
cassette in "symbolic hexadecimal" form 
before executing the SWEETS assembler. 
Then we can reload it later, replacing the 
program in memory which has been con
verted to absolute machine language.) 

As an example, suppose th at you wished 
to enter the program segment shown in 
listing 1 a, which is taken from an earlier 
BYTE article of mine (see "Selectric Key
board Printer Interface," June 1977 BYTE, 
page 46) . Table 1 a shows the keys you 
would press and the resulting instructions 
displayed on the LEOs by SWEETS. You 
might then notice that the instruction 
LOY #0 is superfluous after the call to 
subroutine WAIT, so you would search for 
and delete this instruction as shown in 
table 1 b. Finally you would execute the 
SWE ETS assembler, leaving the contents 
of the program area as shown in listing 1 b. 

Of course, we will pay some penalty for 
use of these features of SWEETS, since we 
will have less memory available for the 
program to be debugged while SWEETS 
itself is loaded and running. But larger 

programs usually can be divided into seg
ments, and loaded, "assembled," and de
bugged that way. Also, since the SWEETS 
hexadecimal editor and assembler run 
separately, we can conserve memory space 
by load ing the assembler from tape when
ever we want to use it, overlaying the 
editor in memory and reloading it from 
tape in a similar way when we need it again. 

Although SWEETS is a useful tool in 
its present form, you will undoubtedly want 
to customize it for your own purposes. But 
to customize SWEETS you've got to under
stand exactly how it works, so let's take a 
look at the overall design of SWEETS 
before puzzling over its realization in 6502 
assembly language. 

The SWEETS Editor 

The subroutine calling tree in figure 1 
gives you a quick, "top-down" overall look 
at the SWEETS editor. CMO, the control 
routine, maintains the LEO display and 
scans the keyboard for a command key 
(using SCAN) and then transfers to one of 
the command processing routines: AOKEY, 
OAKEY, GOKEY and STPKEY. These 
routines perform the editing functions with 
the aid of three critical subroutines: OET
LEN, which determines the length of an 
instruction in bytes based on its opcode; 
MVDOWN, which moves a portion of 
the edited program down in memory to 
make room for an inserted instruction; 



The AJ 841 1/0. 

FEATURES: 

A completely 
refurbished IBM Selectric 

Terminal with built·in ASCII 
interface. Just s99S. 

• ASCI I code, 
• 14,9 characters per second p rintout, 

• Specia l introductory price - $995 
(regularly $1,195). 75% discount from 
orig inal price of new unit, 

• Cho ice of RS 232 Seria l 
Interface or Parallel 
Interface 

I 

• Order di rect from i 
factory 

: ;~~:~:~::~On~Y_ \' 
parts and labor. 

• High qual ity 
Selectric 
p rinting, 

• Re liable, heavy duty Selectric 
mec hanism, 

• Off- line use as typewriter, 

AJ 841 WARRANTY AND SERVICE 
IS AVAILABLE IN THE 

FOLLOWING CITIES: 

Los Angeles/Cincinnati 
Philadelphia / Detroit 
Hackensack / Dallas 

Columbus / Houston 
Cleveland / Atlanta 
San Jose/Chicago 

Boston / New York 
Washington,D,C 

For further 
information call 

(408) 263-8520 

.:. ANDERSON 
~.JACOBSON 

Anderson Jacobson, Inc , 521 Chorcoi Avenue 
Son Jose, Cali fornia 95131 

r··············-~ ~ ..................• 
• HOW TO ORDER AN CLIP AND MAIL WITH ORDER • 
• AJ 841 1/0 TERMINAL SELECT EITHER: • 
• 1. Make cashier's check or money order 0 RS 232 Serial Interface (available June, 1978) • 
• payable to : 0 Porallellnterface (connector to 3P + S included) • 
• ANDERSON JACOBSON, INC, • 

• 
Address your request to : Number of units @ S995 each S • 

Personal Computer Terminal 
• ANDERSON JACOBSON, INC. Sa les tox at delivery location S • 
• 521 Charcot Avenue • 

San Jose, CA 95131 Shipping and hondling S35 
• 2, Upon written notification , pick up your each (exc luding Son Jose) S • 
• terminal at the AJ service office • 

located in one of the above cities, TOTAL S 
• Allow six to eight weeks for delivery. -------- • 
• 3, A final check of your unit will be made NAME • 

• 
at the local AJ service office at time of • pickup, ADDRESS ____________________ _ 

• 4, For warranty or repair service, return ClN STATE ZIP • 
• unit to designated service location, • 
• 5, Available in U,S, only. PHONE ( • 

•••••••••••••••••••••••••••••••••••••••••• 
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Figure 2: Three 76 bit 
pointers are used to man
age the edited program 
area. BEGA D points to the 
beginning of the program 
area; ENDAD points to 
the location immediately 
beyond the end of the 
program area, and CURAD 
points to the currently 
displayed instruction. 

BEGAD -+--1 / 

CURAD 

ENDAD 

EDITED 
PROGRAM 
AREA 

; SET CURAD ; BEGAD 
1780 A5 EO BEGIN LOA BEGAD LOW-ORDER BYTE 
1782 85 E4 STA CURAD 
1784 A5 E1 LOA BEGAD+1 HIGH·ORDER BYTE 
1786 85 E5 STA CURAD+1 
1788 60 RTS RETURN TO CALLER 

; CURAD ; CURAD + BYTES, COMPARE TO ENDAD 
1789 18 ADVANC CLC CLEAR CARRY 
178A A5 E4 LOA CURAD LOW-ORDER BYTE 
178C 65 E8 ADC BYTES 
178E 85 E4 STA CURAD 
1790 A5 E5 LOA CURAD+1 HIGH-ORDER BYTE 
1792 69 00 ADC # 0 
1794 85 E5 STA CURAD+1 
1796 C5 E3 CMP ENDAD+1 COMPARE HI-ORDER 
1798 30 04 BMI ADRET 
179A A5 E4 LOA CURAD 
179C C5 E2 CMP ENDAD COMPARE LO-ORDER 
179E 60 ADRET RTS RETURN TO CALLER 

;ENDA D ENDAD + BYTES 
179F 18 ADVEND CLC CLEAR CARRY 
17AO A5 E2 LOA ENDAD LOW-ORDER BYTE 
17A2 65 E8 ADC BYTES 
17A4 85 E2 STA ENDAD 
17A6 90 02 BCC ADRET1 CHECK CARRY 
17A8 E6 E3 INC ENDAD+1 INCREMENT HI-ORDER 
17AA 60 ADRET1 RTS RETURN TO CALLER 

; ENDAD ; ENDAD - BYTES 
17AB 38 REDEND SEC SET CARRY 
17AC A5 E2 LOA ENDAD LOW-ORDER BYTE 
17AE E5 E8 SBC BYTES 
17BO 85 E2 STA ENDAD 
17B2 BO 02 BCS REDRET CHECK CARRY 
17B4 C6 E3 DEC ENDAD+1 DECREMENT HI-ORDER 
17B6 60 REDRET RTS RETURN TO CALLER 

Listing 2: Four utility subroutines used by SWEETS to manipulate three 
76 bit pointers which paint to the beginning of the program area, the loca-
tion just beyond the end of the program area, and the currently displayed 
instruction. 
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and MOVEUP, which moves a portion of 
the program up in memory to eliminate the 
empty space created when an instruction 
is deleted. 

The edited program area is managed with 
the aid of three 16 bit pointers : BEGAD, 
which points to the beginning of the pro
gram area; ENDAD, which points just 
beyond the end of the program area; and 
CURAD, which points to the currently 
displayed instruction. This layout is shown 
in figure 2. Whenever a new instruction 
becomes the "current" one, subroutine 
DETLEN is called fo determine its length 
in bytes, and this value is saved in the 
variable BYTES. 

The most basic functions we need in 
SWEETS are some utility routines to 
manipulate these 16 bit pointers on an 8 
bit machine such as the 6502. The rou
tines we need are shown in listing 2. The 
most important one is ADV ANC, which 
advances the current instruction pointer 
CURAD to the next instruction, and tests 
to see if the end of the program area has 
been reached. As we shall see later, STPKEY, 
the command processing routine for the 
+ key, is basically just a call to ADVANC. 

Another basic function is the subroutine 
DETLEN, which we've already mentioned. 
It is shown in lis ting 3. The logic of this 
routine clear ly depends on the system of 
encoding opcodes on the 6502: in most 
cases (DETLEN tests for the exceptions), 
the low order hexadecimal digit of the 
opcade tells us the instruction length . For 
examp le, all opcodes of the fmm x5 rep
resent two byte instructions, while all 
opcodes of the form xC represent three 
byte instructions. 

The heart of the SWEETS editor lies 
in the subroutines MOVE UP and MVDOWN, 
which are shown in listings 4a and 4b. The 
main concern in these routines is that we 
must be careful not to move a byte up or 
down to a location which contains another 
byte that will be moved later. For MOVE
UP, we must move bytes starting at CURAD 
and proceeding down to ENDAD, while 
for MVDOWN, we must move bytes in the 
opposite direction, as shown in figure 3. 

So far we haven't faced the issue of how 
to control our one and on ly peripheral, 
the KIM-1 keyboard and LED display. 



CHEA~ER BY THE BYI£~---. 

The Dual Digital Cassette Storage System 
Only $585. Only from Peripheral Vision 

For the first time ever there's an inexpensive, 
reliable system for mass data storage. Peripheral 
Vision introduces the Phi-Deck Cassette Storage 
System for the S-100 Bus. For only $585. 

That's right. $585. That gets you two Phi-Decks, 
controller card kit and power supply. Which 
means you get more bytes per buck. Take a look . 

The features: 
• Controller card supporting mutiple drives 
• Computer-controlled operating sysfem -

an 8080 version of PhiMon 
• Large data capacity: 

254,000 8-bit bytes on C-JO cassettes 
508,000 8-bit bytes on C-60 cassettes 

• Software error rate less than 1 bit in 108 

What our system allows you: 
• Indexed software controlled program file 
• Indexed random retrieval 
• Multipass compilers 
• Duplication and backup of important data 
• Large data files - lists, names, business 

accounts 
• System residence 

What our software operating system offers: 
• 8080-based design 
• Cyclic redundancy check (CRC) error 

detection 
• System retries after soft errors 
• Automatically bypasses hard errors 
• Block size from 1 to 256 bytes 
• Phi Deck Monitor Operating System 

Circle 94 on inq u iry card. 

How to get connected: 

With Peripheral Vision's new four-port I/O board. 
It's another one of our bargains. Only $85. To save 
you bucks. 

We've only given you a glimpse of our exciting 
new cassette storage system and the four-port I/O 
board. For more details, just fill in the coupon 
below. For cheap little bytes. 

PO Box 6267/ Denver. Colorado 80206 303/ 777-4292 

O.K., I'll byte! Send me details on your cheaper 
way to store data and get it connected! 
Name ________________________________ ___ 
Address ______________________________ __ 

City/State/Zip ___________ _ 
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Listing 3: DETLEN, a 0080 AO 00 DETLEN 

subroutine which deter- 0082 B1 E4 

length 
0084 AO 01 DETLN1 

mines instruction 0086 C9 00 
based on op code. 0088 FO 19 

008A C9 40 
008C FO 15 
008E C9 60 
0090 FO 11 
0092 AO 03 
0094 C9 20 
0096 FO OB 
0098 29 1F 
009A C9 19 
009C FO 05 
009E 29 OF 
OOAO AA 
00A1 B4 A6 
00A3 84 E8 DETERM 
00A5 60 
00A6 02 02 02 LENTB 
00A9 01 02 02 
OOAC 02 01 
OOAE 01 02 01 
00B1 01 03 03 
00B4 03 03 

17B7 A5 E4 MOVEUP LOA CURAD START MOVE FROM 
17B9 85 E6 STA MOVAD BEGIN OF PROGRAM 
17BB A5 E5 LOA CURAD+1 SEGMENT (CURAD) 
17BD 85 E7 STA MOVAD+1 
17BF A4 E8 UPLOOP LOY BYTES AMOUNT TO MOVE 
17C1 B1 E6 LOA (MOVAD),Y FETCH BYTE 
17C3 AO 00 LOY # 0 
17C5 91 E6 STA (MOVAD),Y STORE BYTE 
17C7 A5 E6 LOA MOVAD CHECK FOR 
17C9 A6 E7 LOX MOVAD+1 END OF MOVE 
17CB C5 E2 CMP ENDAD LOW-ORDER BYTE 
17CD DO 04 BNE INCMOV 
17CF E4 E3 CPX ENDAD+1 HIGH-ORDER BYTE 
1701 FO 09 BEQ MVURET 
1703 E6 E6 INCMOV INC MOVAD INCREMENT LO-ORDER 
1705 DO E8 BNE UPLOOP 
1707 E6 E7 INC MOVAD+1 INCREMENT HI-ORDER 
1709 B8 CLV 
17DA 50 E3 BVC UPLOOP BACK TO MOVE MORE 
17DC 60 MVURET RTS RETURN TO CALLER 

00B6 A5 E2 MVDOWN LOA ENDAD START MOVE FROM 
00B8 85 E6 STA MOVAD END OF PROGRAM 
OOBA A5 E3 LOA ENDAD+1 SEGMENT (ENDAD) 
OOBC 85 E7 STA MOVAD+1 
OOBE AO 00 MVLOOP LOY # 0 
OOCO B1 E6 LOA (MOVAD),Y FETCH BYTE 
00C2 A4 E8 LO Y BYTES AMOUNT TO MOVE 
00C4 91 E6 STA (MOVAD),Y STORE BYTE 
00C6 A5 E6 LOA MOVAD CHECK FOR 
ooca A6 E7 LOX MOVAD+1 END OF MOVE 
OOCA C5 E4 CMP CURAD LOW-ORDER BYTE 
OOCC DO 04 BNE DECMOV 
OOCE E4 E5 CPX CURAD+1 HIGH-ORDER BYTE 
0000 Fa 00 BEQ MVDRET 
0002 38 DECMOV SEC SET CARRY 
0003 E9 01 SBC # 1 DECREMENT LO-ORDER 
0005 85 E6 STA MOVAD 
0007 8A T XA 
0008 E9 00 SBC # 0 DECREMENT HI-ORDER 
OODA 85 E7 STA MOVAD+1 
OODC B8 CLV 
0000 50 OF BVC MVLOOP BACK TO MOVE MORE 
OODF 60 MVDRET RTS RETURN TO CALLER 

Listings 4a and 4b: Subroutines MO VEUP and M VDO WN, which form the 
heart of the SWEETS editor. MOVEUP moves a given program segment 
starting at address CURAD and ending at address ENDA D upward in mem-
ory (toward decreasing addresses) by the amount stored in BYTES. M V-
DOWN performs the same operation downward by the amount stored in 
BYTES. 
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LOY # 0 
LOA (CURAD),Y PICK UP OPCODE 
LOY # 1 ASSUME LENGTH IS 1 
CMP # 0 TEST FOR 'BRK' 
BEQ DETERM 
CMP # $40 TEST FOR 'RTI' 
BEQ DETERM 
CMP # $60 TEST FOR 'RTS' 
BEQ DETERM 
LOY # 3 ASSUME LENGTH IS 3 
CMP # $20 TEST FOR 'JSR' 
BEQ DETERM 
AND #$1 F STRIP TO 5 BITS 
CMP # $19 TEST FOR ABS, Y 
BEQ DETERM 
AND # $OF STR IP TO 4 BITS 
TAX TO TABLE INDEX 
LOY LENTB,X LENGTH FROM TABLE 
STY BYTES SAVE IN 'BYTES' 
RTS RETURN TO CALLER 
.BYTE 2,2,2,1,2,2,2,1 

.B YTE 1,2,1,1,3,3,3,3 

Fortunately, seve ral routines are provided 
for this purpose in the KIM-l monitor; the 
source listings for these routines are ava ilable 
on request from MOS Technology . In the 
SWEETS assembly code listings, we have 
underlined references to KIM-l monitor 
subroutines and variables for easy identi
fication . We will use the KIM-l subroutine 
SCAND1, which lights up th e LEDs momen
tarily and checks to see if a key is pressed, 
and the subroutine GETKEY, which returns 
a numeric value in the accumu lator telling 
us which particular key has been pressed. 

The six LED digits display the contents 
of three successive bytes in memory, de
noted POINTH, POINTL and INH in the 
KIM-l monitor. Unfortunately , the order 
of these bytes is the opposite of the normal 
order of the bytes in an instruction in 
memory, so we must reverse the order as 
the first step of our subroutine SCAN 
(listing 5). The main additional complica
tion in this routine is the need to "debounce" 
the keyboard's bare contact switches in 
software. Since SWEETS performs its 
operations so quickly relative to a mechani
cal event, the key from the last operation 
invariably is still pressed when we come 
back to the keyboard looKing for the next 
command. Also shown in li sting 5 is sub
routine RDBYTE, which ca lls SCAN to read 
two successive hexadecimal digits from the 
keyboard. 

With all of this machinery in place, the 
top leve l log ic is straightforward. The con
trol routine, CM D routine, and the com
mand processing routines are shown in 
listings 6a, 6b and 6c. The most complicated 
of the processing routines is ADKEY. It 
determines how many bytes to read for the 
inserted instruction, and displays each byte 
as it is entered; then it copies (in reverse 



THE FIRST 
AFFORDABLE 
MINICOMPUTER 

$895 
ASSEMBLED 

STANDARD FEATURES: 

Word Length 
Instruction Set 
Memory Size 
Extended Memory Control 
Serial I/O Port 
Parallel I/O Port 
Programmable Real Time Clock 

READY TO COMPUTE, 
CALCULATE, CONTROL, 

OR .... ? .... ? ... 

12 Bits 
PDP-8E Compatible 
8K, Expandable to 32K 
DEC Compatible 
DEC Compatible, current loop 
Compatible with DEC DR-8 - EA 
Compatible with DEC DK8 - EP 

Full Function Programmer's Front Panel 
Binary Load and Punch Routines in ROM 

III CORPORATION 
rF 

Circle 119 on inquiry card. 

P.O. Box 2298, Littleton, Colorado 80161 
303-922-6241 Telex 454541 
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~I-----------I 
---t-- ' - ~f---------------j 

CUR AD 

Figure 3: Correct pro
cedures for moving pro
grams in SWEETS. Figure 
3a shows that the upper
most location must be 
moved first when trans
ferring a section of pro
gram upward. Otherwise, 
some locations could be 
inadvertently destroyed. 
Figure 3b shows the anal
ogous situation for a down
ward movement of code. 

(a) 

ENDAD----+------~_------l 

~f------------I 

---t- :: :~I-------------l 
CURAD 

(b) 

ENDAD--+-_~ ____ -----1 

0100 20 80 00 

0103 AO 00 
0105 A6 E8 
0107 81 E4 
0109 95 F8 
010B C8 
010C CA 
010D DO F8 

010F 20 22 01 
0112 DO FB 
0114 20 22 01 
0117 FO FB 
0119 20 22 01 
011 C FO F6 
011 E 20 6A 1 F 
0121 60 

0122 A4 E8 
0124 A2 09 
0126 A9 7F 
0128 8D 41 17 
012B 20 28 lF 
012E 60 

012F 20 OF 01 
0132 C9 10 
0134 10 11 
0136 OA 
0137 OA 
0138 OA 
0139 OA 
013A 85 E9 
013C 20 OF 01 
013F C9 10 
0141 10 04 
0143 05 E9 
0145 A2 FF 
0147 60 

SCAN JSR DETLEN DETERMINE LENGTH 
; COPY INSTRUCTION TO DISPLAY AREA, 
; REVERSING ORDER OF INSTRUC. BYTES 

LDY it O 
LDX BYTES 

SCOPY LDA (CURAD) ,Y 
STA INH-l ,X 
INY -
DEX 
BNE SCOPY 

INSTRUCTION BYTE 
TO DISPLAY AREA 

• LOGIC TO 'DEBOUNCE' KEYBOARD CONTACT 
SCANl JSR SCAN3 WAIT UNTIL LAST 

BNE SCANl KEY IS RELEASED 
SCAN2 JSR SCAN3 

8EQ SCAN2 WAIT FOR NEW KEY 
JSR SCAN3 
BEQ SCAN2 BUT REJECT JITTER 
JSR GETKEY GET CODE FOR KEY 
RTS RETURN TO CALLER 

; SET UP PARMS AND CALL KIM-l DISPLAY SCAN 
SCAN3 LDY BYTES 

LDX =9 
LDA "$7F 
STA PADD 
JSR SCANDl 
RTS ---

SET UP DATA DIRECT 
CA LL KIM-l ROUTINE 
RETURN TO CALLER 

RDBYTE READS TWO HEX DIGITS, RETURNS 8YTE 
; VALUE IN ACCUMULATOR. IF A NON-HEX DIGIT 
; KEY IS PRESSED, IT RETURNS THE KEY CODE 
; IN THE ACCUMULATOR AND N FLAG = 0 

RDBYTE 

RDRET 

JSR 
CMP 
BPL 
ASL 
ASL 
ASL 
ASL 
STA 
JSR 
CMP 
BPL 
ORA 
LDX 
RTS 

SCANl 
it $10 
RDRET 
A 
A 
A 
A 
TEMP 
SCANl 
" $10 
RDRET 
TEMP 
it $FF 

GET FiRST KEY 
IS IT A HEX DIGIT? 
NO, RETURN 
SHIFT OVER 4 BITS 

SAVE FIRST DIGIT 
GET SECOND KEY 
IS IT A HEX DIGIT? 
NO. RETURN 

SET N FLAG = 1 
RETURN TO CALLER 

Listing 5: Subroutines SCAN and RDBYTE. SCAN displays the instruction 
at location CURA D, scans the keyboard for a depressed key, and places the 
code for that key in the accumulator. RDBYTE calls SCAN to read two 
successive hexadecimal digits from the keyboard. 
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order) the new instruction bytes from the 
display to the program area. If you've under
stood everything so far, you should have 
little trouble following the code for these 
top level functions . More important, once 
you're familiar with the basic SWEETS 
design, you can easily add customized top 
level routines of your own. 

The SWEETS Assembler 

None of the editor routines just dis
cussed were concerned with the processing 
of the hexadecimal "labels" described 
earl ier as one of the features of SWE ETS. 
This is because, as far as the editor is con
cerned, a label is just another 3 byte instruc
tion. Labels take on a special meaning only 
when the SWEETS assembler is invoked. 

The assembler operates in two passes over 
the program area. On th e first pass, the 
assembler searches for "instructions" with 
an opcode of hexadecimal FF (the labe ls) . 
When one is found, the second byte of the 
instruction (the label number) is moved 
to the end of the program area, and the 
current instruction address is also deposited 
there (figure 4a). The label instruction is 
then deleted using MOVEUP to take up the 
slack space. This process continues until 
all of the labels have been removed and 
stored in the "symbol table" at the end of 
the program area (figure 4b). Since the 
labels are (by design) three bytes long, we 
gain the space for the symbol table when 



Computer Mainframe System 
First in the TEl family . .. The MCS-112 and 122 Mainframe Systems. 

"The Base on Which to Build-

The cabinet 
A heavy duty, precision formed cabinet of fine 
craftsmanship. Completely machine.d and 
ready for assembly The exterior is fin-
ished in TEl blue. Vented for most 
efficient thermal character
istics . Furnished with all 

The front panel 
The front panel is blank 
except for an indicating AC 
switch and a reset switch. 
However, the chassis and mother 
board are designed so that you may 
remove the front panel and insert an IMSAI 
or equivalent. front panel. 

Specifications MCS-112 MCS-122 

Dimensions 17V4Wx12Dx7V4H 17'1.Wx19'1,D x7 '!.H 
Power +8 volt DC 17 amps 30 amps 
Power ±16 volt DC 2 amps 4 amps 

SPECIAL SYSTEMS GROUP 

An 5-100 Bus system high quality mother board with 100-pin edge connedors. Compatible with IMSAI, MITS, 
CROMEMCO, TDL and other 5-100 bus configured circuit boards. Plug connedions for reset switch. Voltage terminals 

are screw type to power supply leads. All card guides are provided. 12 slots for MCS-112 model and 22 slots for 
MCS-122 model. 

Edge connectors 
High quality edge connedors fadory mounted and wave soldered to eliminate this nuisance for 

you. Completely checked out for shorts or open traces. ALL edge connedors furnished, 12 for 
the MCS-112 and 22 for the MCS-122. No additional expense when you expand your 

system. 

The power supply 
One of a kind ... using a constant voltage transformer (CVT) with a very 

high immunity to input line noise ... greater than 100 db rejedion. 
Line regulation better than ± 1% from an input of 95 to 140 Volt 

AC at full load to 85 to 140 Volt AC at three quarter load. 
Designed to meet UL-478 specifications (EDP SPECS), 

Individual fusing on all input and output voltage 
lines. See specifications below for power 

ratings. 

cooling system 
A 115 CFM muffin fan with a 

commercial grade washable filter 
will provide clean airflow over all 

circuitry 

I.'-----The wiring 
All wiring is color coded and AlL is 

precut to length with conneding lugs 
fadory machine applied. 

NOW ... TEl puts it all 
together for you. Mainframe 

systems (12 and 22-sI0t) ... 
Floppy and mini-floppy disc drive 

systems (single, double and triple) 16K 
RAM .. . a Z-80 CPU with addressable 

"Jump to" and autostart capability ... 16 
Channel A/D and D/ A converter . . . 3 serial + 3 

parallel multiple I/O ... and other supporting boards 
.. and our newest item, the PROCESSOR TERMINAL - A 

CRT, keyboard, mini-floppy disc and 12-slot mainframe with a 
8080A CPU - all housed in one quality aluminum case. All of 
these fine products at prices you will like. Watch for them all. 

Mes 
MICROCOMPUTER SYSTEM 

Contact your local TEl Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp direct for more information. 

CMC MARKETING CORP 
5601 Bintliff Suite 515 • Houston, Texas 77036 • Phone: (713) 783-8880 
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(a) 

0148 20 2F 01 GOKEY JSR RDBYTE GET FIRST BYTE 
014B 10 2B BPL GCMD OF SEARCH PATTERN 
0140 85 FB STA POI NTH SAVE IN DISPLAY 
014F 20 2F 01 JSR RDBYTE GET SECOND BYTE 
0152 10 21 BPL GCMD OF SEARCH PATTERN 
0154 85 FA STA POINTL SAVE IN DISPLAY 
0156 20 80 17 JSR BEGIN CURAD := BEGAD 

, LOOP SEARCHING FOR 2-BYTE MATCH 
0159 AO 00 GOLOOP LOY " 0 
015B B1 E4 LOA (CURAD),Y COMPARE 1ST BYTE 
0150 C5 FB CMP POI NTH AGAINST PATTERN 
015F DO 07 BNE GONEXT 
0161 C8 INY 
0162 B1 E4 LOA (CURAD),Y COMPARE 2ND BYTE 
0164 C5 FA CMP POINTL AGAINST PATTERN 
0166 FO OA BEQ ~ MATCH, NEXT CMD 
0168 20 80 00 GONEXT JSR DETLEN DETERMINE LENGTH 
016B 20 89 17 JSR A DVANC ADVANCE TO NEXT 
016E FO 15 BEQ ERROR MATCH NOT FOUND? 
0170 DO E7 BNE GO LOOP CONTINUE SEARCH 

(b) 
0172 20 00 01 CMD JSR SCAN WAIT FOR A KEY 
0175 C9 10 GCMD CMP -" $10 TEST FOR VARIOUS 
0177 FO 2B BEQ ADKEY COMMAND KEY CODES 
0179 C9 11 CMP = $1 1 
017B FO 1E BEQ OAKEY 
0170 C9 12 CMP " $12 
017F FO 13 BEQ STPKEY 
0181 C9 13 CMP = S13 
0183 FO C3 BEQ GOKEY 
0185 A9 EE ERROR LOA = SEE OPERATOR ERROR : 
0187 85 F9 STA INH SET UP HEX ' EE ' 
0189 85 FA STA POINTL IN DISPLAY AREA 
018B 85 FB STA POI NTH 
0180 20 1 F 1F ERR1 JSR SCAN OS CALL KIM-1 ROUTINE 
0190 DO F8 BNE ERR1 UNTIL KEY RELEASED 
0192 FO DE BEQ CMD 

; STPKEY ADVANCES TO THE NEXT INSTRUCTION 

0194 20 89 17 STPKEY JSR ADVANC ADVANCE TO NEXT 
0197 10 EC BPL ERROR CHECK FOR ADVANCING 
0199 30 07 BMI CM D PAST END OF PROGRAM 

OAKEY DELETES THE CURRENT INSTRUCTION 

o19B 20 B7 17 OAKEY JSR MOVEUP MOVE UP REST OF PROG 
019E 20 AB 17 JSR REDEND ADJUST ENDAD UPWARDS 
01A1 B8 CLV 
01A2 50 CE BVC CMD 

(c) 

; READ OPCODE, DETERMINE INSTRUCTION LENGTH 
01A4 20 2F 01 ADKEY JSR RDBYTE ACCEPT OPCODE UNLESS 
01A7 10 CC BPL GCMD NON-HEX KEY PRESSED 
01A9 85 FB STA POI NTH SAVE IN DISPLAY 
01AB 20 84 00 JSR DETLN1 DETERMINE LENGTH 

READ REST OF INSTRUCTION INTO DISPLAY 
01AE 84 EA STY COUNT SAVE LENGTH 
o1Bo C6 EA DEC COUNT 
o1B2 FO 12 BEQ ADS ET 1-B YTE I NSTR UCTI ON 
01B4 20 2F 01 JSR RDBYTE READ SECOND BYTE 
01B7 10 BC BPL GCMD NON-HEX KEY PRESSED 
01B9 85 FA STA POINTL 
01BB C6 EA DEC COUNT 
01BD Fo 07 BEQ ADSE T 2-BYTE INSTRUCTION 
01BF 20 2F 01 JSR RDBYTE READ THIRD BYTE 
01C2 10 B1 8PL GCM£) NON-HEX KEY PRESSED 
01C4 85 F9 STA INH 

; MOVE CODE DOWN TO MAKE ROOM 
01C6 20 B6 00 ADSET JSR MVDOWN MOVE CODE DOWNWARD 
01C9 20 9F 17 JSR ADVE ND ADJUST ENDAD DOWN 

; INSERT INSTRUCTION INTO NEW SPACE 
O1CC AO DO L OY " 0 
o1CE A2 02 LOX ,, 2 
01 DO B5 F9 INSERT LOA INH X FETCH FROM DISPLAY 
0102 91 E4 STA ICURAD),Y STORE INTO PROGRAM 
0104 CA DEX 
0105 C8 INY 
0106 C4 E8 CPY BYTES UNTIL ENTIRE INSTRUCTION 
0108 DO F6 BNE INSERT IS INSERTED 
01DA Fo 96 BEQ CMD 

Listing 6: Processing routines used in the SWEETS editor, Listing 6a shows 
GOKEY, which searches the program for a given 2 byte pattern and makes 
this the current instruction. It can also search for labels, The CMD (for 
"command") routine, listing 6b, waits for a command key to be pressed 
and transfers to the processing routine for that key. If an invalid key is 
pressed, "EEEEEE" is displayed. ADKEY (listing 6c) accepts a new instruc-
tion, inserts it, and shifts the code following it downward to make room. 
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we delete the labels from the instruction 
sequence . 

On its second pass through the program 
area, the assembler searches for subroutine 
call , jump and relative branch instructions. 
When one of these instructions is found, its 
second byte, normally a labe l number, is 
used to search for a matching label in the 
symbol table. Assuming that the label is 
found in the table, the corresponding actual 
address is inserted into the second and third 
instruction bytes for jump or subroutine 
call inSti"uctions, or a branch displacement is 
calcu lated and inserted for relative branch 
instructions (figure 4c), Since at times we 
may wish to enter instructions with an 
actual address or displacement rather than a 
label number, no substitution is made if the 
label is not found in the-symbol table, 

The assembly source code for the SWEETS 
assemb ler is presented in listings 7a, 7b and 
7c. The subroutine FINDLB is used by pass 
2 of the assemb ler to look up labels in the 
symbol table, Note, too, that the assembler 
uses some of the editor's subroutines : 
DETLEN, ADV ANC, REDEND, and MOVE
UP. The addresses shown in the assembly 
code listing are designed to allow the as
sembler to overlay the main part of the 
editor without destroying those editor 
subroutines which the assembler must use. 

Some Operating Hints 

Except for subroutine call addresses, 
each SWEETS routine is relocatable: it will 
execute properly no matter where it is loaded 
in memory, The assembled code shown here 
is designed to provide the largest possible 
contiguous area (512 bytes at hexadecimal 
addresses 200 to 3 F F) for ed iting and 
assembling programs. This has the disad
vantage of breaking up SWEETS into four 
pieces: one in page zero, two in page one, 
and one starting at address 1780 (which 
makes it a bit cumbersome to load piece by 
piece from audio cassette). The SWEETS 
routines could be consolidated, however, 
to provide two or more noncontiguous areas 
for program editing. 

I n general, when starting up SWE ETS, 
or after reloading a "symbolic hexadecimal" 
program from tape, you must store the 
proper values in BEGAD, CURAD and 
ENDAD, Then, of course, you merely key 
in the CMD routine starting address and 
press GO. The assembler, which can be 
started up in the same way, automatically 
returns control to the KIM-1 monitor ; 
the editor can be interrupted at any point by 
pressing RS (reset). Avoid using the ST 



with the Real-World Interface from The Digital Group 
A computer should have a purpose . Or as many 
purposes as you can imagine. Because a computer 
belongs in the real world. 

And now, the Digital Group introduces the Real
World Interface. A system component that 's actually a 
system in itself, and specifically designed to help you 
get your computer to control all those tasks you 
know a computer can control so well. 

Automate your sprinkler system. Heat and cool your 
home. Guard against burglars. Shut off lights. . It's 
all a part of the Real World, easily controlled with the 
Digital Group Real-World Interface. 

Our Real-World Interface is initially made up of three 
basic components - motherboard and power supply, 
parallel CPU interface and cabinet - plus three types 
of plug-ins: AC controller, DC controller and 
prototyping card . The recommended software 
packages are Convers, Assembler or Maxi-Basic, in 
that order. 

Some of the features include: 

Motherboard & Power Supply 
• 12 slots - 11 control cards, one for the interface 

card 
• +SV DC±s% @ lA, +12V DC ±S% @ lA, -12V DC 

±S% @ lA contained on board 
• May be free-standing (with care) 

Parallel CPU Interface 
• All buffering for Data au t (25 TTL loads), Address 

(25 TTL loads) and Data In (10 TTL loads ) 

Circle 39 on inquiry card. 

• Includes cable and paddlecard for connection to dual 
22 on Digital Group CPU back panel. Two 22-pin 
edge connectors included 

• Requires two output ports and one input port 

AC Controller 
• Eight output devices (2N6342A-2N6343A, -12 amp 

Triacs); Each output 240V AC max , 12A max RMS 
• Control AC motors, lamps, switches, etc. 
• Opto-isolated (MCS-2400 or equivalent) 

DC Controller 
• Eight output devices (2N60SS) each output up to 

SOY and up to sA 
• Control DC motors, switches, solenoids, etc. 
• May use internal +12V DC for load or external DC 

up to SOY DC 

Price 
• For the motherboard and power supply, parallel 

CPU interface and cabinet, our kit price is only 
$199 .50, or $260 assembled. Now Ihal's down to 
earth. 

We've only just begun our Real-World Interface 
System. There are many more plug-ins and 
applications coming along soon. So write or call The 
Digital Group now for complete details. 

And welcome to our world. 

P.O. BOX 6528 DENVER, CO 80206 (303) 777-7133 
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Figure 4: Mechanics of pass 
7 of the SWEETS assembler 
are shown in figure 4a. The 
assembler first searches for 
"instructions" having an op 
code of hexadecimal FF 
(the labels). When one is 
found, the second byte of 
the instruction, which is 
the label number, is moved 
to the end of the program 
area and the current instruc
tion address is also de
posited there. The label 
instruction is then deleted 
using subroutine MO VEUP. 
Figure 4b is a continuation. 
of the process shown in 
figure 4a, showing that 
all of the labels have been 
arranged in a symbol table 
at the end of the program 
area. A typical result of 
pass 2 of the SWEETS as
asembler is shown in figure 
4c. Here a jump instruction 
has been modified so that 
the actual address of the 
destination appears in bytes 
2 and 3 of the instruction, 
and the actual branch 
displacement has been 
calculated and inserted for 
a relative branch instruc
tion. In general, this pass 
takes care of all jump, 
subroutine call, and re
lative branch instructions. 
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(a) 

0206 FF 

0230 JMP 

0238 BEQ 

0240 FF 

(b) 

0206 

0230 JMP 

0238 SEQ 

0240 

40 

06 

(c) 

0206 

0230 JMP 

0238 SEQ 

0240 

I 

I 

I 
I 

I 

I 

I 
I 

01 I 

02 I 

02 I 
02 I 

06 1 

08 I 

I 
I 

00 

02 

01 

02 

BEGAD 

ENDAD 

CURAD 

CMD 

ASSEM 

OOEO, OOEl 

00E2, 00E3 

00E4, 00E5 

0172 

011C 

Table 2: Locations of 
the variables BEGAD, 
ENDAD, CURAD, CMD 
and ASSEM. BEGAD, 
CURAD and ENDAD 
must be set up by the 
user to point to the 
area of memory which 
will hold the edited pro
gram. CMD is the entry 
point to the SWEETS 
editor, and ASSEM is 
the entry paint to the 
SWEETS assembler. 

(stop) key repeatedly, since this may cause 
the stack to grow in length to the point 
where it could destroy one of the SWEETS 
routines. The specia l add ress information 
yo u need is summarized in tabl e 2. 

Once you have SWEETS up and running, 
you can use it to develop improvements to 
SWEETS itself. In order to do this, you will 
have to edit code in the program area which 
is designed to run in another area of memory. 
One way to facilitate this is to add a 16 bit 
offset to jump and sub ro utine call addresses 
as they are resolved in pass 2 of the assem
bler. Another add ition to SWEETS would be 
a small rout ine to save ENDAD at the end 
of the program area, set up the starti ng and 
ending addresses for the KI M-1 aud io 
cassette dump routine, and then transfer 
contro l directly to this read only memory 
routine to carry out the tape dump 
operation. 

One of the peculiarities of SWEETS is 
that it tends to make itse lf obsolete. This is 
because of our insatiable desire to do more 
with our personal comp uters. As soon as 
you find that wr iting a 512 byte program 
isn't so tedious anymore, you' ll immedi
ate ly want to write a 1024 byte program 
(at least), and then you' ll be stretchi ng the 
capabi li ties of SWEETS and the KIM-1. 
In a sense, SWEETS, as its name suggests, 
is an enticement: It helps develop the 
market for assemblers. But why not give 
it a try? It's a lot sweeter than abso lu te 
hex. 



(a) 

01 00 Bl E4 FINDlB lOA (CURAD),Y PICK UP lABEL 
0102 AO FF lOY # $FF SYMBOL TABLE INDEX 
0104 C4 EB FDlOOP CPY lABELS 
0106 FO 00 BEQ FORET NO lABELS IN TABLE 
0108 01 EC CMP (TABlEl,Y DOES lABEL MATCH? 
010A DO OA BNE FDNEXT 
010C 88 DEY WE HAVE A MATCH 
0100 Bl EC lOA (TABlE),Y GET HI-ORDER ADDR 
010F AA TAX INTO X REGISTER 
0110 88 DEY 
0111 Bl EC lOA (TABlE),Y GET lO-ORDER ADDR 
0113 AD 01 lOY # 1 INTO A REG., Y=l 
0115 60 FORET RTS RETURN TO CAllER 
0116 88 FDNEXT DEY 
0117 88 DEY ADVANCE TO NEXT 
0118 88 DEY SYMBOL TABLE ENTRY 
0119 DO E9 BNE FDlOOP 
011 B 60 RTS UNLESS END OF TBl 

Listing 7: The assembly 
source code for SWEETS. 

(b) Subroutine FINDLB (list-
ing 7a) is used during 

011C 20 80 17 ASSEM JSR BEGIN CURAD := BEGAD pass 2 of the assembler 
011F 18 ClC to look up labels in the 
0120 A5 E2 lOA ENDAD ENDAD + 6 IS JUST 
0122 69 06 ADC # 6 BEYOND UPPERMOST symbol table_ FINDLB 
0124 85 EC STA TABLE lABEL IN TABLE looks the label at 0126 A9 FF lOA # $FF up 
0128 85 EB STA lABELS BEGINNING TBl INDEX CURAD, Y and returns 
012A 65 E3 ADC ENDAD+l ADJUST TABLE DOWN BY with Y=7, X=the high 012C 85 ED STA TABlE+l 256 FOR INDEX BASE 
012E 20 80 00 AS lOOP JSR DETlEN DETERMINE lENGTH order part of the address, 
0131 AO 00 lOY # 0 
0133 Bl E4 lOA (CURAD),Y PICK UP OPCODE A = the lower part of the 
0135 C9 FF CMP # $FF IS IT A lABEL? address, and Z=O. Z is 
0137 DO 10 BNE ASNEXT 
0139 C8 INY set equal to 7 if the label 
013A Bl E4 lOA (CURAD),Y YES, GET lABEL NO is not found. Listing 7b 013C A4 EB lOY lABELS GET TABLE INDEX 
013E 91 EC STA (TABlE),Y DEPOSIT lABEL IN TBl shows pass 7 of the 
0140 8B DEY 

assembler during which 0141 A5 E5 lOA CURAD+l HI-ORDER ADDRESS 
0143 91 EC STA (TABlE),Y DEPOSIT IN TABLE labels are collected and 
0145 88 DEY 

stored with their addresses 0146 A5 E4 lOA CURAD lO-ORDER ADDRESS 
0148 91 EC STA (TABlE),Y DEPOSIT IN TABLE at t/~e end of the program. 
014A 88 DEY 
014B 84 EB STY lABELS SAVE NEW TBl INDEX Listing 7c is pass 2. Dur-
0140 20 B7 17 JSR MOVEUP MOVE UP PROGRAM ing this pass, the operands 
0150 20 AB 17 JSR REDEND ADJUST ENDAD UPWARD 
0153 B8 ClV of the branch, Jump and 
0154 50 08 BVC AS lOOP BACK FOR NEW lABEL j S R instructions are con-0156 20 89 17 ASNEXT JSR ADVANC TO NEXT INSTRUCTION 
0159 30 03 BMI ASlOOP UNTil ENDAD REACHED verted from label refer-

ences to displacements or 
actual addresses. Note that 

(c) Jump indirect operands are 
not converted. 

015B 20 80 17 JSR BEGIN CURAD := BEGAD 
, 015E 20 80 00 RSlOOP JSR DETlEN DETERMINE lENGTH 

0161 AO 00 lOY # 0 
0163 Bl E4 lOA (CURAD),Y PICK UP OPCODE 
0165 C9 20 CMP # $20 JSR INSTRUCTION? 
0167 FO 04 BEQ JMPJSR 
0169 C9 4C CMP ;I $4C JMP INSTRUCTION? 
016B DO OE BNE CHKBR 
0160 C8 JMPJSR INY ADVANCE TO lABEL 
016E 20 00 01 JSR FINDlB lOOKUP IN TABLE 
0171 FO lC BEQ RSNEXT lABEL NOT FOUND 
0173 91 E4 STA (CURAD),Y lO-ORDER ADDRESS 
0175 8A TXA 
0176 C8 INY 
0177 91 E4 STA (CURAD),Y HI-ORDER ADDRESS 
0179 DO 14 BNE RSNEXT TO NEXT INSTRUC 
017B 29 IF CHKBR AND # $1 F 
0170 C9 10 CMP # $10 BRANCH INSTRUC? 
017F DO OE BNE RSNEXT 
0181 C8 INY ADVANCE TO lABEL 
0182 20 00 01 JSR FINDlB lOOKUP IN TABLE 
0185 FO 08 BEQ RSNEXT lABEL NOT FOUND 
0187 38 SEC 
0188 E5 E4 SBC CURAD DEST. - SOURCE 
018A 38 SEC 
018B E9 02 SBC # 2 DEST. - SOURCE - 2 
0180 91 E4 STA (CURAD),Y = DISPLACEMENT 
018F 20 89 17 RSNEXT JSR ADVANC TO NEXT INSTRUC 
0192 30 CA BMI RSlOOP 8ACK TO EXAMINE IT 
0194 4C 4F lC JMP START TO KIM-l MONITOR • 
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The disk system you want 
at a price you didn't expect from a 

company that understands systems. 



THE ISTAs50 
PPY DISCOUNT 

We know that one of the biggest problems in 
personal computing is that you 're buying with 
your own personal dollars. 

That's precisely why you 're going to like 
doing business with us. 

We're Vista Computer Company, the personal 
computer systems brainchild of the business com
puter systems people at Randal Data Systems. 

And our V80 Floppy Disk System is a perfect 
example of how we're prepared to help you get the 
most out of your personal computing dollars. 

5649 buys you the 
whole kit and kaboodle 

The $649 you spend on a Vista V80 Floppy 
Disk System ($749 assembled) gets you every
thing you need: 

An 80K byte minifloppy drive (assembled and 
tested) that can be powered directly by your 

8080 or Z-80 computer. (Case and power 
supply optional.) 

An I/O cable and a 
single card , S100 bus

compatible controller kit 
that handles up to four 

drives and includes a PROM 
for bootstrap loading (addi
tional drives just $399). 

VOS, the most advanced 
microcomputer disk operating 

system available, and our 
BASIC-E compiler, designed 

to work with VOS , all on a 

single diskette. Software functions include 
instantaneous program loading, named dynamic 
files, program editing, assembling, debugging, 
batch processing, and file copying on back-up 
diskettes. 

All backed by the Vista 90-day warranty, mem
bership in VUE (Vista Users' Exchange), and 
Dataforce, our associated service company with 
115 locations throughout the country. 

Test drive the vao 
at your local computer store 
Drop by your nearest computer store and run 

the V80 through its paces. Once you find out what 
it can do for you, you 'll see that our combination 
of high performance and low price is hard to beat 
and easy to take. 

We love to take orders 
If you 'd like us to ship you a Vista V80 Floppy 

Disk System, they're available now. Just send us a 
check or money order for the amount 
of purchase, or your BankAmericard/ 
VISA or Master Charge account 
number with expiration date and 
authorized signature. California resi
dents add 6% sales tax. Uncertified 
checks require six weeks processing . 

To place your order, or to obtain 
further information, call or write today. 

Vista Computer Company, 2807 
Oregon Court, Torrance, CA 90503. 
(213) 320-3880. 

Vi.lta 
We never forget it's your pocket. 
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Personal Computers in a Distributed 

Jeff Steinwedel W3FY 
715 Reseda Dr, Apt 2 
~unnyvale CA 94087 

The combination of many 
small processors with some 
way to communicate from 
one to another clearly has 
much potenti~1. 
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Since the first microprocessors became 
available I have been convinced that their 
most dramatic applications would be in 
connec'tion with ' a large-scale communi
cations network. The economics of a dis
tributed network would suit the individ
ualized structure of personal computing. 
The combination of many small processors 
with some way to communicate from 
one to another clearly has much potential. 
Already, the processor technology has 
arrived; but it seems that a simple, inex
pensive communications system is not 
fo rthcoming. Both the telephone system 
and cable TV could be technically work
able, but require central ized expenditures 
of large amounts of capital, as well as a 
politic'al commitment to the application. 
My argument is that there is an econom ic 
and technological short cut to a distributed 
network th rough use of the radio spectrum 
for communications. 

This article is speculative, in that new 
radio spectrum rules would have to come 
into effect for this network to ex ist. How
ever, I think the idea is technically feasible, 
and the political aspects perhaps provide 
a raison d 'etre for a national personal com
puting organization. Further , the FCC has 
already validated some of the principles 
involved. 

If participating individuals were to con
struct computer controlled VH F trans
ceivers around a common set of guidel ines , 
and if these radio stations were designed 

to transmit and receive data over a number 
of predefined channels for extended periods 
without operator intervention, such a 
communications network could be achieved . 
In many ways this type of system would 
parallel the 2 meter FM amateur radio 
repeater system, except that data and 
control would be com puter oriented . 

Standardization would necessarily be 
defined in a number of areas: frequency 
selection, routing algorithms, communica
tion mode encoding, data and communi
cation types, character codes and data rates, 
etc. One of the very desirable features 
(for the FCC) would be that the system 
could easily be made to be self-logging 
and self-monitoring. Ideally, the system 
could also be self-policing so that any 
"Citizens' Computer Radio Service" could 
be a model for efficient spectrum usage 
with minimum government interaction . 

Why Build a Network? 

What would be the characteristics and 
advantages of such a system? The actual 
mechanics of rad io transmission should 
be transparent to the user. The most com
mon type of communications would be 
station-to-station relayed data transfers. For 
example, if I were to initiate a data transfer 
(message) from my station, I would just 
create the message, define the destination, 
and let the operating system take over. 
My computer would then find a similar 
station suitable for relaying the message, 
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Hopefully, any "Citizens 
Radio Service" could be
come a model for efficient 
spectrum usage and a 
synergistic interaction of 
individuals across the 
country via computer con
trolled relays. 
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and (optionally) I-eturn the data path infor
mation to me. Full redundant error check
ing could be employed to insure data relia
b ility, a necessity for exchanging software 
through a number of relays . 

Hopeful ly, regulations affecting these 
communications would not have the restric
tions of the amateur radio sel'vice regarding 
commercial interest and entertainment con
tent. Thus, the network could become a 
truly democratic marketplace with wide 
distribution of a large range of intellec
tual products . Some data categories would 
require special transmission techniques. For 
example, data cou ld be defined in such a 
way to make it easi ly segmentable as a func
tion of dynamically avai lable buffers, opti
mum transmission rates, or communication 
time windows. 

Another possibl e use of such a com
munications network would be that indi
vidual stations could maintain data to be 
accessible by the network . For example, 
suppose an individual has a floppy disk or 
video disk with a li brary of Star Trek games 
that are public information . Standardized 
file access software would al low any net
work user to access these programs directly 
or make his or her own contributions to 
the library. Obviously, such data is not 
necessarily limited to computer programs. 

Essentially, a communications network 
of this sort, if defined with maximum 
general ity, would be a multiprocessor sys
tem of a unique sort. Advanced individuals 
would undoubtedly give the network arti
ficial intelligence attr ib utes, and the system 
might even becom e evolutionary like Con
way's LI FE. Wh at is necessal-y now is 
discussion of the viability of the idea and the 
creation of any optimal functional speci
fication. This is an opportunity for smal l 
processor hackers to cooperat ively produce 
a new and uniqu e ent ity that would cer
tainly have long-term cultural I'amificat ions, 
considering the acce leration of tech nology. 

Hardware Requirements 

A reasonable first step towards imple
menting this scheme would be to develop 
a useful subset within the present structure 
of radio frequency all ocations. It would 
be difficult to have a totally new communi
cations service gain regu latory approval and 
user acceptance from a zero start. Probably 
the easiest way to begin would be by usi ng 
amateur rad io as an in itial veh icle of ex peri, 
mentation. Obtaining an amateUl- license 
for VHF privileges is not difficult; Morse 
code proficiency of only five wOl'ds pel' 
minute is required along with a basic theory 
test. For the sake of demonstrating the max
imum potential for th e idea, let's assume 

a fairly elaborate structure for this feasibility 
model. However, it is probably more realistic 
to assum e that local groups will put together 
small netwol-ks that would suit specific 
needs, I.ater ex panding into something closer 
to what wi ll be explored here . 

The hardware could be structured as fol
lows: Some spectrum should be dedicated 
to this application. Within amateur radio, 
this amounts to a gentleman'S agreement, 
which in the amateul- environment has 
generally been a very successful mechanism. 
A portion of the 144 to 148 M Hz or 220 to 
225 MH z band would be a good choice. 
Beca.use the higher frequenc ies presently 
enjoy less use, let's postulate that 224 to 
225 MHz be set aside for personal com
puting. This band cou ld easi ly be sp lit into 
99 channels at 10kHz separation, from 
224.005 to 224.995. This channel spacing 
should allow data rates up to at least 1200 
bps. A good modulation scheme wou ld be 
audio modulated FM. FM is easy to syn
thesize and detect, and audio modulation 
would allow compatibility with conventiona l 
modems. Fl'equency shift keying, whi le 
potentially narrower than FM, would require 
greater frequency precision to receive 
accurate ly. 

Frequency determination shou ld be by 
digital frequency synthes is so that the com
puter wou ld have direct control over channel 
se lection. Because of advances in phase 
locked loops and other integrated circuit 
techno logy, synthesizers al-e becoming the 
preferred method of disCl'ete frequency 
generation, eve n in radios with manual 
control. Th e next few years wil l see the 
introduction of complete LSI synthesizer 
systems, many intended for the Citizens' 
Band market. 

The modem and synthesizer are two 
elements of the communications subsys
tem that would perform as a peripheral 
device of the personal computer system. 
This device, while basically a VHF trans
ceiver, must be organ ized to interact directly 
with the control ling software. For examp le, 
it could be structured in a way very similar 
to a UART (universal asynchronous receiver 
transmitter) device, with control and data 
registers accessible to the system bus. A 
first in first out data file would be useful 
to reli eve some of the data load from the 
processor, although this certain ly wou ld not 
be a necessity. The simpli city of a character 
oriented system would have large appeal. 

The communications subsystem probably 
should operate in an interrupt dl-iven mode 
with the processor, again, in much the same 
way as a conventional UART can be wired. 

Continued on page 94 
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The Brains of Men and Machines 
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With this second article on the brain's 
output control system, we begin a more 
detailed look at the mechanisms by which 
the brain accomplishes some of the func
tions which robot systems will also be called 
upon to perform. (A number of the terms 
which are used in this article were defined 
and discussed in the first part which began 
on page 11 last month.) As we reach a 
more concrete level of description of the 
bro,in's operation, we will encounter many 
points which are not yet entirely resolved, 
and many questions which are subjects of 
dispute between competing theories . Since 
it would seem that the present reader is 
more likely interested in potential applica
tions of brain architecture than in the exact 
nature of the debate on fine points of 
physiology, I will simply present the posi
tiqn which seems to me to be most strongly 
supported at the present time. I will also 
make some simplifications where they seem 
warranted by the intended purpos~ of these 
articles . . (To atone for these sins, I will also 
offer a list of references for the reader who 
is interested in ' pursuing the subject in 
greater depth.) 

It seems likely that any robotics system 
will require some kind of output controller 
concerned with the generation and execu
tion of patterns of movement in space, and 
the required control systems may be ex
pected to range from very simple to v~ry 
complex. The evolution of the biological 
brain of course has also had to solve this 
problem, and it has accompl ished it with a 
set of capabilities for control which are 
probably as complex as any that we will be 
likely to encounter for a long time to come. 
The jointed limb scheme which has been 
employed as the chief means of locomotion 
and manipulation in terrestrial animals 
requires a very complex control system. It 
is true that a robot, wh ich is free of such re
strictions as an uninterrupted blood flow 

to all of its parts, has other options; wheels 
and treads for example. These devices might 
permit simpler control systems, but I would 
like to suggest that for a system capable of 
operation in a general ized environment, 
the jointed limb scheme may be superior. 
Try to picture a wheeled or treaded robot 
scaling a cliff or climbing a tree, or even 
using a stool to dust the bookshelves. Since 
a motion control system which can hand le 
the jointed limb scheme can also handle 
simpler systems, it may be most appropriate 
to plan for the future by starting with this 
basic scheme in early designs. 

The Motor Control System 

With regard to the actual mechanisms 
which are to be controlled, it is interesting 
to note that they are of only two basic 
types. The only two things that you are 
capable of doing are contracting a muscle 
and releasing glandular secretions, period. 
Everything else is only some combination 
of these two. Muscles and glands are the 
only devices to which the brain interfaces. 
In the present discussions we wil l concern 
ourselves exclusively with the muscles and 
the system which controls them, usually 
called the "motor control system ." 

There are two fundamental principles 
employed in the brain's motor control sys
tem. The first is to buffer each level of com
mand with subprocessors which interpret 
the commands from higher levels as objec
tives; and compute appropriate outputs for 
achieving the objectives, while taking into 
account local feedback inputs and environ
mental information. A whole series of such 
steps is employed, with the "objectives" 
becom ing more concrete at each stage. In 
th is fashion, a pyramid of processors is 
defined which can accept very general 
directives and execute them in a reflex 
fashion with quite considerable flexibility 
in the face of varying loads, stresses and 



Part 2: How the Brain Controls O utputs 

other pertu rbations. Th is system by itself 
is quite capable of things such as bipedal 
locomotion with maintenance of balance 
on uneven terrain. It cannot, however, 
operate in a goal directed fashion. 

The second principle of the motor con
trol system involves the operation of higher 
leve l systems which generate output 
strategies in relation to behavioral goals. 
This principle is the division of output tasks 
on the basis of their relation to input infor
mation rather than type of motion required. 
We shal l examine some specific examp les 
which illustrate each of these ideas. 

Kinesthesis 

The operation of the motor control 
command chain depends heav il y on certain 
sensory inputs which provide feedback and 
status information for moment to moment 
operations, and it is appropriate to begin 
our investigation of output with a look at 
these inputs. Perform this small experi
ment. Close your eyes and put one hand 
somewhere out in front of you, then touch 
it with your other hand. Most people have 
no difficulty doing this quite accurately. 
The question is how, with your eyes closed, 
could you guide your hands to the right 
spatial locations? The answer is that we have 
a number of special sensory systems of 
which most of us are not even aware. These 
senses have the primary purpose of inform
ing the brain's output control processors 
of th ings such as the relative positions of 
the limbs, the tensions of the muscl es, the 
acce leration of the body in different direc
tions, etc. Most people are unaware of these 
senses because they do not have a conscious 
content or "experience" associated with 
them, as do senses such as vision and smell. 
Nonetheless, they are among the most 
extensive and intricate sensory systems of 
the brain, and when they are damaged, the 
resu lts are immediately apparent. With 

Ernest W Kent, Associate Professor 
Dept of Psychology 
The University of Illinois at Chicago Circle 
Chicago IL 60680 

damage to the systems which report limb 
position, some people are unab le to carry 
out the small experiment you just per
formed. In fact, such people are generally 
unable to execute any muscular action 
correctly without constantly watching what 
they are doing. 

The sensory system which reports on the 
status of the limbs is called kinesthetic sense, 
or kinesthesis, and it hand les three sorts 
of information. These are joint angle, 
degree of load on a muscle, and degree of 
stretch 01· extension of the muscle. These 
three types of input information are used at 
various levels of the motor system to contro l 
sequencing and provide feedback infor
mation. This is another instance where place 
coding specifies the particular unit and type 
of quantity in question, and frequency 
coding carries the intensity in formatio n. The 
transducers which translate these quantities 
into neural impulse streams need not be 
discussed in detail sin ce adequate mechanical 
counterparts are read il y avail ab le. 

Vestibular Sensory Inputs 

The other sensory system which is strong
ly related to the brain's output control is 
the vestibular sensory system . This is the 
system responsible for the "sense of 
balance" among other things. Specifically, 
it provides conti nu ous readout of the in
clination of the head with respect to gravity, 
and the accelerat ion of the head in three 
perpendicular planes. This sensory system 
is located in a single set of transducers on 
either side of the head near the middle ear, 
rather than a multitude of transducers 
distributed through the body as is the case 
with the kinesthetic sense. Although the 
output therefore only refers to the head, the 
position of the head with regard to all 
other parts of the body can be computed 
from the information provided by 
kinesthetic inputs. Accordingly, the output 
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of the vestibular transducers is made widely 
available throughout the system as input to 
most of the high and low level motor proc
essors. In this case too, the existence of 
easily available transducers for such quanti
ties makes it unnecessary to discuss them in 
detail. Any device capable of reading out 
inclinations and accelerations will do when 
designing our robots . 

The Typical J oint: a Control System 

In most cases, muscles work in opposing 
pairs, one to open or extend a joint and one 
to flex or close it. This is necessitated by 
the fact that muscles can only exert force 
in one direction {contraction} . Figure 1 
demonstrates the arrangement for a typical 
joint. This diagram also shows some of the 
neural elements which control the con
traction of these muscles. The principal 
neuron of this system, the one which pro
vides input to most muscle fibers, is called 
a lower motor neuron, and is labeled L in 
figure 1. This type of neuron {and the other 
neurons associated with it} is located in the 

spinal cord, and is the final processing stage 
before output to the actuator. This little 
system is a good place to illustrate some of 
the principles of the brain's motor organi
zation. We shall refer to the lower motor 
neuron and its associated elements as an 
"LMN system." Basically, LMN systems 
must accept commands from a multitude of 
other systems which desire access to the 
muscle in question, attend to them accord
ing to their priority, modify them according 
to inputs from kinesthetic and vestibular 
systems as well as status information from 
related LMN systems, provide an appropriate 
output to the muscle, and make their own 
status information available to other sys
tems. There are a great many LMN systems 
in the spinal cord. Every muscle is composed 
of thousands to millions of fibers, and in 
the case of muscles used for precise opera
tions, there may be an LMN system for each 
individual fiber. I n other cases, a single LMN 
system may control many fibers of a muscle. 

In a practical robotics application, I 
see no reason why a single servo actuator 
and "LMN" processor for each joint would 
not suffice. There are reasons why a single 
processor for many joints is less practical , 
but before addressing this issue, let us ex
amine the LMN system to see what sorts of 
things it does. 

In figure 1, for clarity, we show only a 
single LMN driving each muscle. The degree 
of contraction of the muscle is proportional 
to the output pulse frequency of the LMN; 
the higher the frequency, the stronger the 
contraction . The circuit shown on the right 
illustrates the simplest type of protective 
spinal reflex; a pain receptor in the skin 
{P} fires a neuron in the LMN system which 
fires the LMN driving the flexor muscle. 
This simple high priority operation quickly 
removes the limb from danger. Inhibitory 
cross connections of the LMNs driving the 
two muscles insure that they do not act 
antagonistically; one relaxes as the other 
contracts. This reciprocal circuitry is 
generally active in all LMN operations unless 
specifically overridden. Not shown are out
puts which inform higher centers of this 
action to allow for the necessary corrective 
action of other muscles and limbs which 
must take up the redistribution of weight, 
counteract shifts in center of gravity, etc. 

Inputs to the LMN system from higher 
centers may request a variety of actions, 
such as holding a particular position , moving 
to a specified position, moving with a par
ticular velocity, etc. The LMN attached to 
the extensor muscle on the left in figure 1 is 
shown with some of the associated neurons 
which are involved in the process of carrying 
out these instructions while compensating 
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for external loads. Note that there is a 
special muscle fiber (S) which receives its 
input from the small motor neuron (G) 
rather than from the LMN driving the other 
fibers in the surrounding extensor muscle. 
This special fiber is part of the transducer 
system for a kinesthetic monitor of muscle 
stretch. There is a sensory neuron (I) which 
has an input attached to the S fiber, and this 
neuron is fired when the S fiber is subjected 
to stretch, at a rate proportional to the de
gree of stretch. Since the S fiber is mechan
ically attached to the rest of the muscle, 
it is stretched or relaxed by inputs or forces 
which extend or contract the main muscle, 
as well as by its own private input signals 
from neuron G. The axon of the I neuron 
makes an excitatory synapse on the LMN, 
thus increasing its drive when the S fiber 
is stretched. Since increased output by the 
LMN tends to contract the main muscle and 
relieve the stress on fiber S, we have a nega
tive feedback loop. 

Suppose that the higher centers in the 
system wish the LMN system to maintain 
a particular angle on the joint. This is speci
fied by a set of constant inputs from above 
(X) to the LMN, and to neuron G. Now 
suppose that a stress such as increased load 
in the hand is suddenly app lied to the joint. 
This will tend to flex the joint further, 
causing the extensor muscl e to be stretched 
beyond the specified degree of contraction. 
This in turn stretches the S fiber and in
creases the output of neuron I, and thereby, 
the output of the LMN. Th e reSUlting in
crease in contractile force of the muscle 
compensates for the increased load . Th is 
allows the system which requested the 
maintenance of joi nt angle to remain ig
norant of loading conditions and 
fluctuations. 

On the other hand, a new input to 
neuron G can cause the S fiber to contract 
independently of the drive to the main ex
tensor muscle, thereby increasi ng the output 
of the I fi ber for the same degree of ex
tension of the main muscle. Th is defines a 
new "set point" for the system. (Hence the 
need for a separate joint angle kinesthetic 
system for output to higher systems wh ich 
don't want to untangle the effects of inputs 
to G on outputs from I.) 

From this point, it is clear that the nor
mal considerations of control theory are 
appl icable, and it does not matter whether 
the system is neural or electronic. For ex
ample, in this system the mechanical re
sponse time of the muscle and joint, which 
are in the feedback loop, may be slow com
pared to the response time of the neural 
elements. In this as in any other system, 
that means that instability and oscillation 

may result if the system gain does not roll 
off at higher frequencies. This roll off is 
accomplished by the small neuron R which 
produces a fast self-inhibitory action on the 
LMN with each LMN output pulse. At low 
input pulse rates from higher systems, 
the weightings of the synaptic contacts (as 
described in last month's article) is such that 
the pull down from firing threshold in the 
L cell produced by the R cell's input has 
substantially decayed away before the next 
positive input arrives, and thus has no effect 
on it. At higher input frequencies however, 
the positive input pulse will encounter 
increasingly greater antagonism from the 
recurrent negative input produced via R by 
the preceding output pulse, and will thus 
be less effective in bringing the axon hillock 
above threshold. This effectively reduces 
the gain of the system progressively as 
higher frequencies are approached. 

Fitting Lower Motor Neurons into a Larger 
Context 

Looking at the LMN system in the con
text of the whole hierarchical motor out
put system, it is apparent that the brain is 
using a "temporal byte" of frequency coded 
analog information to specify information 
about degree or quantity of action. In addi
tion, the set of all of the input lines to the 
numerous LMN systems constitutes a 
"spatial byte," or place code, wh ich is 
essentially digital in character, and in which 
the selected lines (bits) select the set of LMN 
systems which are addressed and thereby 
determine the nature of the movement to be 
performed, but not its speed, force, etc 

At first glance, it would seem reasonable 
to try to model the behavior of the LMN 
system with an analog device such as an op 
amp with a feedback loop. In practice, such 
an analog device might be quite tricky since 
the LMN system must integrate inputs from 
a wide variety of sources with different 
priorities. A real LMN has about 10,000 
synaptic inputs. There is also the difficulty 
of encoding the analog information from 
other systems. Given that we will have many 
fewer LMN type units to worry about, it 
may be more practical to do both addressing 
and value transfer with digital techniques. 
Th is would suggest a digital processor of 
some simple type to replace the LMN unit 
rather than the op amp, and it may be that 
this would in the long run be the easiest 
way of dealing with the interactions of the 
various inputs to the system. 

The next question that arises is, why not 
use one processor at high speed to run all 
the joints? There are several considerations. 
One that is immediately obvious is relia
bility. If one LMN system is lost, the others 



The end of Kit-Kits. 
The end of bad solder ioints, heat damaged 

components and sick Ie's. Introducing the 
Semikit.ltem 1, a 16KRA Memory Board, $369. 

Let's face it. Loading and 
soldering PC Boards is not much fun 
for the kit builder. Even more 
important, it's the place where most 
of the trouble gets introduced. The 
real fun and education comes in 
running and testing boards. 

Now the Semi kit with fully 
tested Ie's. 

At the price of a kit, Processor 
Technology Corporation introduces 
the Semikit. It's a fully stuffed , 
assembled and wave soldered PC 
Board loaded with IC's that have 
gone through Q.c. and final check
out (a first in the industry). 

We leave you the fun of testing 
with our fully documented set of 
instructions. We do the production 
tasks of loading, wave soldering and 
inspecting the boards. You do the 
more interesting and time 
consuming chore of testing and 
burning-in the boards. 

The result is one sweet deal for 
both of us. You get a board where 

Circle 98 on inquiry card . 

the primary causes of damage (poor 
solder joints, excess solder and bad 
IC's) are virtually eliminated. You 
get a board of highest professional 
quality. And we get the business! 

The 16KRA Memory Board's 
at your dealer now. 

Your Processor Technology 
dealer has the first Semikit, a 
16KRA Memory Board, in stock and 
ready to go right now. You can 
take it home tonight for $369 as a 
Semikit or for $399 fully assembled, 
tested and burned-in. 

You'll have a 16,384 byte memory 
with a better price performance 
ratio than anything on the market 
today. Now you can afford to add 
quality, high density memory to your 
system for remarkably little. And 
you can add enough to solve com
plex computing problems right in 
the main frame. 

The memory features invisible 
refresh. There's no waiting while the 
CPU is running. Worst case access 

time is 400 nsec. Each 4,096 word 
block is independently addressable 
for maximum system flexibility. 
Power is typically 5 watts, the 
same as most single 4K memory 
modules. Back-up power connection 
is built-in. 

Other Semi's are coming 
your way. 

The 16KRA Memory is 
Processor's first step in adding more 
fun, capability and reliability to 
your computer system at lower cost. 
Other modules are on the way to 
your dealer now. Come on 
down today. 

Or you may contact us directly. 
Please address Processor 
Technology Corporation, Box B, 
7100 Johnson Industrial Drive, 
Pleasanton, California 94566. 
Phone (415) 829-2600. 

Processor Technology 
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Figure 2: Principal ele
ments of the cerebellar 
cortex. The output cells 
(P) are fired in sequence 
by pulses traveling down 
the parallel fiber axons 
of the input cells (G). 
Each input axon selects a 
set of output cells for 
activation, and time delays 
in the parallel fiber axons 
help establish sequences 
of outputs. Other cells 
(O) handle interactions be
tween elements of this 
cortex. 
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can take compensatory measures almost 
automatically. Second, since the output of 
each LMN system is a factor in the output 
of each of the others, and since the LMN 
system is a part of several otherwise distinct 
feedback loops, a single central processor 
system would have to be quite complex. 
Essentially it would face the solution of a 
number of simultaneous differential equa
tions, or else have to deal with each com
ponent motion in sequence. This sort of 
sequential operation would produce a slow, 
jerky "movie robot," because each action 
would have to be completed to obtain the 
results as input data for computing the next 
action. A processor with sufficient speed, 
sophistication and core to handle the differ
ential equations might well be more complex 
and costly than the mUltiple simple parallel 
processor approach . At the other extreme, 
which the brain has apparently found to 
be the best approach, programming would 
be a very simple test-operate-test-exit 
sequence, in which the actions of other 
units performing other actions simultaneous
ly are entered as data each time around the 
loop . The moment we break out of this 
sequence to handle several "simultaneous" 
operations with a serial set of such se
quences, things get more complex. However, 
at processor speeds it should certainly be 
possible to do some of this without doing 
much more than adding a little scratch pad 
memory to the simplest robot system's 
ROM. The best compromise for a robot 
remains to be demonstrated. Finally, a hier
archical system with interactive parallel units 
at the bottom frees the upper levels of the 
system to engage in coordinating the actions 

PARALLEL FIBER AXON 

G2 AXON FIBER 

AXON FIBER 

GO AXON FIBER 

of the lower parts into complex actions of 
the entire organism or device. This function 
by itself may require substantial processing 
power and time without the added burden 
of those jobs which the brain delegates to 
the LMN systems and thei r immediate 
superiors. 

Reflex Automatons 

This organization of LMN units and their 
"su pervisors" forms a reflex mach ine 
capable of quite elaborate motion control 
and generation (although it does not initiate 
motion except in response to high level 
commands, or as a predetermined response 
to specified sensory inputs) . It is essentially 
an automaton, but a very complex one. The 
organization of the hierarchy is qu ite con
ventional, and similar to a military command 
chain . The processing elements which have 
the responsibility for coordinating the move
ments of different limbs, for example, out
put control commands to the LMN units at 
the local level, rather than to the muscles 
directly, and leave the LMN units to handle 
the details. They in turn receive orders from, 
and report to, processing units that are con
cerned with coordination of whole body 
actions, the maintenance of posture and 
balance, and so on . Its major departure 
from a "command chain" model is the exis
tence of elaborate lateral information trans
fer between processing elements at the same 
level in the hierarchy. The operational 
principles at each level are quite similar to 
those we have examined in detail in the 
LMN units which form the lowest rank in 
the system. 

In the brain, this hierarchical system is 
Continued on page 146 



Seven points 
to consider 
before 
you buy your 
small computer. 

In this magazine, alone, there are probably a dozen 
ads for small computers. New companies are breaking 
ground like spring flowers. 

How, then, do you determine which computer offers the 
features you need most . .. at the price you can afford? 

We'd like to propose seven basic questions to help you 
make an intelligent decision. 

1 How complete is the 
computer system? 

• Many buyers of small computers are in for a rude 
awakening when they have to spend additional money 
for interfaces. 

. The Sol-20 Terminal Computer was the first complete 
small computer system. Everything you need to make 
it work is included in the basic package. 

2. Is powerful system 
software available? 
It won't do if your system is "tongue-tied:' 

Processor Technology Corporation has devoted 
more effort to the development of software than any other 
small computer maker. Our latest offering is the first 
fully implemented disk operating system for a small 
computer: PTDOS. It contains over 40 major commands, 
several languages and numerous utilities. Our high 
level languages include Extended BASIC, Assembler, 
FORTRAN~ FOCAL and PILOT.* 

Is the system easy 
to expand? 3. More and more computer owners are 

expanding their small computers to handle business and 
other specialized requirements. 

The largest Sol system can handle 64K bytes of RAM 
memory and operate with a three megabyte on-line 
disk memory. Sol systems use the S-100 Bus. So you can 
use a wide variety of hardware. 

'Available soon. 

Is the computer 
well-engineered? 4. Our Sol systems are the most conservatively 

rated and ruggedly built in the industry, period. In 
addition we designed them with you, the user, in mind; 
Sols are easy to build and a joy to operate. 

5 Does it have proven 
reliability? 

• What is the track record? There are over 
5,000 Sol systems in the field. Our track record for reliable 
performance is unparalleled in the small computer field . 

6. Does it have good 
factory support? 
A computer is a complex piece of hardware. 

So you want to be sure it is backed up with complete 
manuals, drawings and a factory support team that cares. 

Processor Technology offers the most extensive 
documentation of any small computer manufacturer. And 
we maintain a patient, competent telephone staff to 
answer your questions. 

ZAre maintenance and 
service people accessible? 

• Where are they located? 
Processor Technology has maintenance and service 

people in over 50 cities around the U. S. 
As you continue turning the pages, see how we stack up 

to the other computers in this magazine. If we've 
succeeded in whetting your appetite, see your Sol dealer 
or write for information on the complete family of 
Sol computers. 

Processor Technology Corporation, Box B, 
7100 Johnson Industrial Drive, Pleasanton, CA 94566. 
(415) 829-2600. 

ProcessorTechnology 
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Collector's 
iteDl 
The first 16 issues of BYTE -

September, 1975 through December, 1976-

in two gold embossed hard cover volumes. 

complete set 
two volumes 

These individually numbered sets are person
ally signed by Carl T. Helmers, Jr., Editor-in
Chief of BYTE. 

As only 100 sets will be offered for sale, orders will be han
dled strictly on a first-come first-served basis. Send in the 
coupon today! These early issues of BYTE are packed with 
articles by your favorite writers: 
Helmers, Fylstra, Ryland, Dittrich, Chamberlin, Lancaster, 
Maurer, and many more. 

Carl T. Helmers, Jr., 
For your personalized set of BYTE's first 16 issues mail this Editor-i'YFhjef~Y;E Magazine 
coupon today! ~, /~ 

.-----------------------------------------, 
• Yes, rush me my numbered and personalized 2-volume set of the first 16 issues of BYTE. • 

• • 
• 0 Check enclosed for $100.00 I 
: D Bill BankAmericard/Visa D Bill Master Charge ; 

I Card Number Expiration Date I 
I Signature Name (please print) I 
• Address • 
I C~ ~~ ~ I 
I • 
I. Mail to: BYTE Publications, Inc. I 

70 Main Street * Peterborough * N.H. 03458 • 

I ______ -----------------------------------~ 
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Entomological Archives 

We l ike to set the record straight 
about bugs whenever we can, even the 
old variety. With th is in mind, we point 
out that there is a bug in figure 3 of the 
June 1976 article, "Build ing an M6800 
M icrocomputer" (see page 45). The 
Mikbug PIA (IC11) is shown with pins 
2 and 9 reversed; pin 2 (PAO) should be 
the output to pin 2 of IC1 6; and pin 9 
(PA 7) should be the input from pin 8 
of IC15 . Our thanks to author Bob 
Abbott fo r this information . Bob sent 
it to us over a year ago, but it got lost 
in the limbo of our files.-

Random Errors 

John D Leasia PE 

2005 N Wilson Av 

Royal Oak MI 48073 

Unfortunately, the pseudorandrom 
number ge nerator shown in page 2 18 
of the November 1977 BYTE will not 
generate a complete set of numbers from 
00 to FF as stated. The error lies in the 
programming, not in the method. Num
bers ending in 2,3,6,7, A, B, E and F 
cannot be obtained. 

As programmed, the seed is multi
plied by 11, not by 13. In the 6800 
program, if the opcodes at addresses 
0005 and 0006 are interchanged, the 
program will correct ly compute all 
256 numbers without a repeat. Inter· 
est in gly enough, as programmed, exact ly 
half of the possible numbers are gener
ated with no repeats. Th e missing 1 send 
in the digits shown above, which group 
in 2s. 

I found it necessary, on my KIM·1, 
to clear the carry before each add oper
ation. Otherwise the program wou ld 
repeat before all 256 numbers were 
generated . 

My program requires additional bytes 
due to the addit ion restrictions of the 
6502: 

Address Hexadecimal Code 

0000 08 
0001 A5 12 
0003 OA 18 
0005 65 12 
0007 OA OA 
0009 18 
OOOA 65 12 
oooe 18 
0000 69 01 
OOOF 85 12 
0011 60 
0012 XX 

Bugged Tidbit 

In your October 1977 issue, the pro
gramming tidbit on page 174 to sub
st itute for the absolute va lu e function 
wi ll not detect the condition when 
(A - B) is negative and within the interval 
spec i fied by a positi ve de lta. To correct 
your instruction you wi ll need another 
constant: NOEL TA = - DELTA to test 
(A - B) when it is negative. A shorter 
al ternative for the who le instruction 
would be: 

If ((A-B) < DELTA 
and (B -A) < DELTA) 
then 

If you look long and hard at your in 
struct ion, you wi ll notice two missing 
right-hand parentheses. I'm sure you 
know only too well how such slip s 
inspire an old-maidish compiler to nag, 
nitpick and fuss. 

Victor Kincannon 
720 Coolidge St 

Fennimore WI 53809-

A Slightly Sour SWEET 16. 

John Feagans from Commodore 
Business Machines In c has detec ted a 
slight bug in the program listing of the 
SWEET16 interpreter (see "5WEET16 : 
The 6502 Dream Machine" by Stephen 
Wozn iak, BYTE November 1977, page 
151) . The program, which normally 
starts at location F700 in hexadecimal 
on the Apple comp uter, was reassemb led 
to start at lo cation 0800 for the li sti ng 
in the arti cle. But the symbo l S16PAG, 
which defines the high order byte of 
the address pushed on the stack for the 
RTS instruction as described on page 
152 of the artic le, should have been 
changed from hexadecima l F7 to 08. 

Ed Voightman, Dept of Chemisty 
at the University of Florida, also spotted 
the bug.-

Op Code Commentary 

CLD Clear decimal 
LOA RND Load N 
ASL CLC Multiply by 2 
ADC RND Add N 
ASL ASL Multiply by 4 
CLC 
ADC RND AddN~13N 

CLC 
ADC# 01 Add 1 ~ 13N+l 
STA RND Store in RND 
RTS Return 
RND Seed location-

Your 
Sol dealer 
has it. . 
AZ: Tempe: Byte Shop, 813 N. Scottsdale, 
(602)894-1129; Phoenix: Byte Shop, 12654 N. 
28th, (602)942-7300; Tucson : Byte Shop, 2612 
E. Broadway, (602)327-4579. CA: Berkeley : 
Byte Shop, 1514 University, (415)845-6366; Citrus 
Heights: Byte Shop, 6041 Greenback, (916) 
961-2983; Costa Mesa: Computer Center, 1913 
Harbor, (714)646-0221; Hayward: Byte 
Shop, 1122 "B" St, (415)537-2983; Lawndale: 
Byte Shop, 16508 Hawthorne, (213)371-2421; 
Orange: Computer Mart, 633-B W Katella, (714) 
633-1222; Pasadena: Byte Shop, 496 S. Lake, 
(213)684-3311; Sacramento: Micro-Computer 
Application Systems, 2322 Capitol, (916) . 
443-4944; San Francisco: Byte Shop, 321 Pacific, 
(415)421-8686; San Jose: Byte-Shop, 2626 
Union, (408)377-4685; San Rafael: Byte Shop, 
509 Francisco, (415)457-931 1; Tarzana: Byte 
Shop, 18423 Ventura, (213)343-3919; Walnut 
Creek: Byte Shop, 2989 N. Main, (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut, (303) 
449-6233. FL: Ft. Lauderdale: Byte Shop, 1044 
E. Oakland Pk. , (305)561-2983; Miami: Byte 
Shop, 7825 Bird, (305)264-2983; Tampa: 
Microcomputer Systems, 144 So. Dale Mabry, 
(813)879-4301. GA: Atlanta: Computer Mart, 
5091-B Buford, (404)455-0647. IL: Champaign: 
Computer Co., 318 N. Neil, (217)359-5883; 
Numbers Racket. 623Y2 S. Wright, (217)352-5435; 
Evanston : itty bitty machine co, 1322 Chicago, 
(312)328-6800; Lombard : itty bitty machine co, 
42 W Roosevelt, (312)620-5808. IN: 
Bloomington: Data Domain, 406 S. College, (812) 
334-3607; Indianapolis: Data Domain, 7027 
N. Michigan, (317)251-3139. IA: Davenport : 
Computer Store, 4128 Brady, (319)386-3330 
KY: Louisville: Data Domain , 3028 Hunsinger, 
(502)456-5242 MI: Ann Arbor: Computer 
Store, 310 E. Washington, (313)995-7616; Troy: 
General Computer Store, 2011 Livernois, (313) 
362-0022. MN: Minneapolis: Computer Depot, 
3515 W 70th, (612)927-5601 . NJ: Hoboken: 
Computer Works, 20 Hudson PI. , (201 )420-1644; 
Iselin: Computer Mart, 501 Rt 27, (201)283-0600. 
NY: New York: Computer Mart, 118 Madison, 
(212)686-7923; White Plains: Computer Corner, 
200 Hamilton, (914)949-3282. NC: Raleigh: 
ROMs 'N' RAMs, Crabtree Valley Mall, (919) 
781-0003. OH: Columbus: Byte Shop, 2432 
Chester, (614)486-7761; Dayton : Computer 
Mart , 2665 S. Dixie, (513)296-1248. OR: 
Beaverton : Byte Shop, 3482 SW Cedar Hills, 
(503)644-2686; Eugene: Real Oregon Computer 
Co., 205 W 10th, (503)484-1040; Portland: 
Byte Shop, 2033 SW 4th Ave., (503)223-3496. 
RI: Warwick: Computer Power, M24 Airport Mall, 
1800 Post Rd., (401)738-4477. SC: Columbia: 
Byte Shop, 2018 Green, (803)771-7824. TN: 
Kingsport: Microproducts & Systems, 2307 E. 
Center, (615)245-8081. TX: Arlington: . 
Computer Port, 926 N. Collins, (817)469-1502; 
Houston: Computertex, 2300 Richmond, 
(713)526-3456; Interactive Computers, 7646Y2 
Dashwood, (713)772-5257; Lubbock: 
Neighborhood Computer Store, 4902-34th St., 
(806)797-1468; Richardson: Micro Store, 
634 So. Central Expwy., (214)231-1096. VA: 
McLean: Computer Systems Store, 1984 
Chain Bridge, (703)821-8333; Virginia Beach: 
Home Computer Center, 2927 Va. Beach 
Blvd., (804)340-1977. WA: Bellevue: Byte Shop, 
14701 NE 20th, (206)746-0651; Seattle: Retail 
Computer Store, 410 NE 72nd, (206)524-4101. 
WI: Madison: Computer Store, 1863 Monroe, 
(608)255-5552; Milwaukee: Computer Store, 
6916 W North , (414)259-9140. D.C.: 
Georgetown Computer Store, 3286 M St. NW, 
(203)362-2127. CANADA: Ottawa, Ont: 
Trintronics , 160 Elgin, (613)236-7767; Toronto, 
Ont: Computer Mart, 1543 Bayview, (416) 
484-9708; First Canadian Computer Store, 44 
Eglinton Ave. W, (416)482-8080; Computer 
Place, 186 Queen St. W, (416)598-0262; 
Vancouver, B.C.: Basic Computer Group, 1438 
E. 8th, (604)736-7474; Pacific Comp~ter 
Store, 4509 Rupert , (604)438-3282. 
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Continued from page 82 

A reasonable first step 
towards implementing this 
scheme would be to de
velop a useful subset 
within the present struc
ture of radio frequency 
allocations. It would be 
difficult to have a totally 
new communications 
service gain regJ.llator 
approval and user accept
ance from a zero start. 
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Also, there should be some hard wired func
tions implicit in the communications sub
system to ease the burden on the processor. 
Indeed, control of the subsystem might be 
a function to be delegated to a dedicated 
subprocessor. The communications subsys
tem controller must : operate the transmitter 
and receiver, communi cate with the main 
personal system processor, direct data to 
the synthesizer, recognize special signals, 
send control signals to the modem, detect 
busy channels, respond to "home " and 
"scan" modes, allow manual interaction , 
derive status inform atio n, and maintai n 
data and control registers or buffers. There 
are probab ly many other functions that 
could be allocated to the subsystem de
pending on the intelligence and complexity 
the designer desires or can afford. Using a 
dedicated microprocessor in the subsystem 
design would have the traditional advantage 
of easy expansion of functional capabili ty. 
However, most of these functions could also 
be carried out in main processor's soft
ware, which would make the communica
tions subsystem a simpler peripheral. 

Software Considerations 

So much for the bas ic hardware . Even if 
the communication subsystem has its own 
dedicated microprocessor, most of the net
work intelligence will be communicatio"ns 
operating system software. I t is this software 
that will determine what to do when the 
operator creates a communications module. 
Without resorting to com pi icated notational 
devices , a communications module is simply 
a command or a message; and the message 
is command{s) and data together. Com
mands could be oriented toward data trans
fer, such as, "Send the following data 
to ." or "Do you have data named 
--)-. ". Commands could control the 

current operating status; eg: " Do not accept 
data for relay; moni tor broadcast data 
only." or could reflect manual control, 
"Go to channel 22." Commands would be 
segregated into two types: internal and 
external. I nternal commands would be 
intended for one's own system only, al
though standardization would certainly 
occur and be useful. External commands, 
on the other hand, would require standard
ization because they would be transm itted 
as part of a message and would control 
the handling of the data by other stations. 

Besides handling explicit commands, the 
operating system must have other intelli
gence. A primary consideration is that 
each system should know its physical 
and logical location in the network so that 
appropriate relays can be worked out. 
If the initial experiments are carried out 

over a limited area so that everyone can 
directly communicate with everyone else, 
the physical map can be ignored. But even
tually the participants will become spread 
out enough to require the software to deter
mine the best direction in which to initiate 
a relay . One aspect of having logical and 
physical maps imbedded in the operating 
system is that each system will have some 
sort of address associated with it so that 
it can be accessed thrqugh the network. 
The address could be an encoding of the 
actual location (physical or logical) within 
the system, analogous to a phone number 
or mailing address; or it could be an entry 
point to a table of relevant data, such as an 
amateur radio call sign. Since the logical 
structure of the network would be some 
sort of tree, an explicit address code could 
be a sequential I ist of tree branches for
matted into a numerical code. 

The software will define how the chan
nels in the allocated spectrum are used. 
One technique that could be very success
ful is that of defining a special frequency 
for establishing initial contact between 
two stations. After this communication has 
been completed, the stations involved in 
the particular transfer can use other fre
quencies. Having such a standardly defined 
"monitor channel" greatly simplifies the 
logical structure of the network because 
it allows for open-ended participation by 
interested systems. If such a channel was 
not used, the continuity of the network 
might very well depend on stations meet
ing on particular channels by prearrange
ment or assignment. Thus, all systems not 
actively using the network would configure 
the communications subsystem to monitor 
a single channel and interrupt the central 
processor when the channel became active. 
Response delays could be assigned or de
termined dynamically so that not all moni
toring systems would simultaneously reply 
to a network request signal. 

Once contact has been established a 
software algorithm must determine the 
next action. Although present law requires 
the presence and control of a person operat
ing this radio station, the ultimate useful
ness of this sort of distributed network 
will depend on demonstrating the feasibility 
of a completely computer controlled sys
tem . At this point in the control flow it 
would be useful to discuss filtering, a type 
of algorithm in which information about 
a message is used to control the transfer 
of the message. One type of filter ing has 
already been discussed, ie: routing infor
mation. If there were other alternatives, 
a "message would not be relayed through a 
station in the opposite direction from the 
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Volume VI 

Yes and it still contains what was previously 
advertised. A fully disk interactive business 
package with AIR, Inv., AlP, ledgers, tax totals , 
payroll records, more. 

As a bonus it also contains the Users Manual for 
our Firmware Ledger package. These 100 extra 
pages contain report formats, file Creation rou
tines and our very powerful program ACBS1 usea 
to create the powerful file structured data base. 

$49.95 

r 

VOLUME 1-$24.95 
VOLUME II - 24.95 
VOLUME III - 39.95 
VOLUME IV - 9.95 
VOLUME V - 9.95 

I 

OUR SOFTWARE IS COPY
RIGHTED AND MAY NOT BE 
REPRODUCED OR.,SOLD. 
Due to the numerous copyright violations on 
our earlier volumes - until further notice we 
are offering a REWARD leading to the arrest 
and conviction of anyone reproducing our 
software in ANY way without our written 
permission. This Includes diskettes , paper and 
magnetic tape, cassettes , records , paper 
copies, etc. 

; 

.~ 

" 
" 

Volume VII 
Here is that Chess program you have been 
waiting for as well as a disk interactive Medical 
Billing package with patient history file. 

Also included is our disk interactive Word 
Processing package 
(revision 0). I 

'$39:95' / / 
Add $1 .50 /Vol. for U.P.S. and handl ing except to APO and PO addresses. 
Foreign orders add $8/Vol. for air shipment - US dollars only. No purchase 
orders over $50. 

220-B Knollwood 
Key BiscaY/ne, f L 3314,9 

! r 
Phone orders 800-327, 654'3 

Information,. 305-361-1153' 
I!. I if 

f :; 
I I.II!·~I / 

AVAILABLE AT MOST COMPUTE~ STORES 
I 

_I.,i 
". honored 

BYTE February 1978 95 



Figure 2: Control flow of 
a basic relayed transfer. 
This is an oversimplifica
tion of a two party trans
action. Station A wants to 
send a packet of data to 
station B. A more complex 
situation exists in the case 
where A is sending data to 
some siation Z which has 
no direct contact pos
sible; then B might be the 
first link in a multiple 
station relay of the data. 
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Station A initiates a network request on the 
mon itor channel. 

It 

Available stations reply after a response 
delay. A valid response fro m stat ion Blocks 
t he moni tor channel. 

Stations A and B move to a suitable work 
channel and transfer data from A to B. 

It 

Data is processed and both stat ions return 
to mon itor mode. 

destination. There are many other "filter
able" parameters that are dependent on 
message content. A specification of the 
universe of possib le destinations would allow 
some transfers to be designed as data for a 
specific addressee, and thus of interest 
on ly to that individual or to relaying sys
tems. On the other hand, data could also be 
declared to be of general interest, which 
would be an invitation for all those inter
ested to monitor the data transfer even if 
it was necessary for only one system to 
assume responsibi lity for relaying the 
information . 

Such '''addressed'' and "broadcast" mes
sage types are at the extremes of the filter
ing spectrum. As more and more data 
is transferred on the network, it will become 
more desirable to be selective about how 
the information is handled. At f irst, it wi ll 
be very attractive to accomplish the filter
ing on the monitor channel, but this would 
be very sensitive to the mean wait of time 
of this frequency. Thus, as network use 
increases, a hierarchy of fi ltering will de
velop. The monitor channel would support 
filtering based on the abi li ty and desire 
of answering stations to handle the type 

and quantity of the transfer involved , as 
well as selectivity based on the priority 
of the network request. This latter param
eter wou ld allow emergency messages and 
certain types of technical qiagnostics (a 
shutdown command from the FCC, for 
example) to receive maximum attenrion. 
Conversely, distribution i\nd interest codes 
would probably be best filtered off the 
monitor channel. 

I nterference Problems 

Another problem that wi ll develop as 
communications density increases is inter
ference between stations. This is not a trivial 
problem because the control algorithms will 
not be near ly as flexible in working around 
interference or interpreting garbled data as 
human operators. However, several ap
proaches do seem feasible . The most basic 
method is simply to search and wait, with 
a very sensitive channel busy detector that 
would eliminate any possibility of inter
ference once a clear channel is located . An
other scheme would involve time multiplex
ing so that stations being inadvertently 
jammed would have a specific time to com
plain to their neighbors. A third possibility is 
to employ split frequency modes where each 
station transmits on a channel that seems to 
be clear to it. 

Thus far, aspects of the operating system 
have been described that enable systems to 
establ ish contact and operate in a one-to-one 
or one-to-many transfer mode. For a basic 
architecture this capability is adequate, with 
all systems involved in the transfer returning 
to a monitor mode when a particular inter
action has been completed. It is possible that 
this methodology would give good perform
ance, even with a very busy network, be
cause of the potentially low overhead of 
changing modes and reinitializing communi
cations through programmed control. How
ever, it may also befound to be very desirable 
to integrate and concatenate network opera
tions so that many data transfers can be 
achieved when stations establish contact. 
This is an area where empirical results would 
be helpful jn evaluating alternate approaches . 

Limitations of Amateur Radio 

All of what has been described thus far 
can be done within the constraints of 
amateur radio; however, such an implemen
tation wou ld impose limitations that would 
only be eliminated by a broad redefinition 
of the regulations . The most desirab le situa
tion would involve spectrum dedicated to 
the network with a set of rules appropriate 
to the application. One of the most basic 
requirements of this scheme is that multiple 
ded icated frequencies be availab le exclusively 
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Even if the communica
tions subsystem (the net
work node of your home 
computer) has its own 
dedicated microprocessor, 
most of the network in
telligence will be in the 
communications operating 
system software. 
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for network use . As has been demonstrated 
by 2 meter FM repeater usage, this is a 
definite possibility if many enthusiastic 
individuals seek to dedicate an underused 
spectrum segment to a specific activity . To 
assume that this can happen again may be 
too optimistic. Portions of the 220 MHz 
band have already been proposed for a new 
hobbyist type application, sort of midway 
between present Citizens' Band and amateur 
types of communication. 

Another difficulty with amateur radio 
constraints is the requirement that trans
missions be under the direct control of the 
operator. One of the reasons that YH F was 
suggested is because the propagation charac
teristics are relatively constant and could 
allow 24 hour operation . An optimum 
scenario would involve minimum interaction 
by the system operator . There would be a 
short period of operator activity in the eve
ning (or morning or whenever) to see what 
data had been transferred during the pre
vious day or two , evaluate new data acquisi
tions, and initiate messages. Since the system 
would be designed to support data without 
an explicit address, full-time operation 
would allow individual systems to interact 
with the network to find new data according 
to program. I would not expect that most of 
the data transfers would be initiated manually 
when the network reached maturity . This 
would be the major unique characteristic of 
the entire system. In a nondistributed net
work, costs would accrue on a per transfer 
basis, so it would be unlikely that individuals 
would pay to have their computers talk to 
each other all day and all night. In this distri
buted system, the ongoing costs would be 
those required to run the computer system 
and a small radio, and would not be large, 
even if run intermittently 24 hours a day. 
System use with the constraint of manual 

. operation would probably not result in a 
synergistic multiprocessor environment 
either; watching a computer can become 
boring quickly. Compared to a timesharing 
system or other conventional data networks, 
the response time of this distributed system 
will be very slow, which would justify a 
longer time to get results. The slow speed of 
this network is not really a disadvantage 
because the application is quite different 
than timesharing, for example. The existence 
of the distributed network assumes each 
node includes a local computer to handle 
real time applications. It is the extent of this 
local processing capability that will give the 
network its unique characteristics . Therefore, 
it is essential that the network be organized 
so as to maximize these characteristics. 

The hardware and software that has 

already been described would not have to be 
substantially modified to supporta dedicated 
spectrum version of this network outside 
amateur radio's province. The major changes 
would be organizational and political with 
technical enhancements. The hardware model 
that has been designated the communica
tions subsystem would remain relatively 
fixed although there would be greater func
tional standardization, and more installations 
would include more highly evolved hardware. 
The commercial manufacture of peripheral 
communications hardware could certainly be 
expected at this point. The software would 
undergo more changes, although it should be 
a clear objective from the beginning to 
design the system, and particularly the soft
ware, so that it is modular and easily ex
pandable. New software features must be 
implemented and shown to be reliable to 
allow the individual systems to do useful 
work without operator intervention. Auto
matic logging and remote control would be 
two of these features. More effort than is 
now obvious would probably have to be put 
into completing decision trees, that is, ensur
ing a reasonable machine solution given any 
possible set of input conditions . The initial 
forms of many algorithms in the amateur 
radio context would probably have an 
escape, such as, "After N operations, or after 
T seconds, ring bell and wait for operator 
command." Obviously, structures like this 
will have to be different outside amateur 
radio in another band. Hopefully, the evolu
tion of the software will happen within the 
network itself, much more so than the hard
ware. The communications network is the 
ideal medium for individuals to define 
problems, and develop and distribute the 
solutions. 

Regulatory Aspects 

To distribute the solutions involves a 
regulatory change that would have significant 
effect. While I am hopeful that individuals 
would freely distribute some software that is 
created within this network, particularly 
software designed to enhance the operation 
of the network, I also hope that there will 
be a way to allow economics. Because the 
resource of radio spectrum time is limited, 
the economic characteristics must be regu
lated to preserve the values of distributed 
communications. On the other hand, a com
mercial influence could have beneficial 
aspects if it were properly applied . The goal 
of introducing economics is positive: Indi
viduals working at home, using their own 
equipment, could create and distribute 
products within a free market. The market, 
like the network, would have as its primary 
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All of what is described 
here can be accomplished 
within the constraints of 
amateur radio; however, 
such an implementation 
would impose limitations 
which could only be 
eliminated by a broad re
definition of the regu
lations and operating 
practices_ 
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attribute its distributed characteristics. Cen
tralized capital would be minimized, and 
individual creativity maximized. 

A subsidiary regulatory characteristic that 
would necessarily be modified to allow the 
implementation of economics is data secur
ity . Presently, there is no allowance for 
secret communications on frequencies ac
cessible to the public, presumably to prevent 
spies from using walkie-talkies for "cloak 
and dagger" schemes. The desirabil ity of 
secure communications and the impossibility 
of enforcing nonencoded computer conver
sations will force a change in this rule. 

It should be pointed out that the Federal 
Communications Commission has not been 
dogmatic about maintaining the regulatory 
sta tus quo. Significant changes have occurred 
when it could be clearly demonstrated that 
the largest public interest would be served 
by modifying the administration of the radio 
spectrum. The potential utility and benefit 
of distributed communications make the 
changes much more plausible than they 
would otherwise seem. Also, the network 
can only be considered a potential reality 
in conjunction with very recent technical 
innovations. Such a network was not a viable 
possibility in 1970; now is the proper time 
to begin its implementation. 

What sort of applications for the network 
might occur if it achieved special regulatory 
status? While there are many possibilities, a 
general application I call "library building" 
provides a useful illustration . The goal of 
this mode of operation is that systems with 
mass storage capability would interact so 
that each participant would share a subset of 
the file structure with the other partici pants. 
Because of the relatively large amounts of 
data involved, such exchanges would prob
ably not occur on a relayed basis; rath er, 
individual files could be relayed later by 
specific command. In order to participate in 
library building, systems would maintain 
directories of several types of files, eg: those 
maintained and available, those files desired , 
keys to file types (for example, "games" or 
1/8080 code"), both desired and not desired, 
and specific files that are not desired. This 
activity would most frequently be dyadic 
(that is to say, they would be initialized 
when a pair of stations determined mutual 
interest in the activity). Library work repre
sents a network activity that could best be 
carried on with little operator intervention. 
A typical command would be the equivalent 
of "get everything new and share anything 
except files A, B and c." In fact, this could 
be a standard background command to be 
executed when operator initialized transfers 
become null. The operator would interact 
with this function by requesting a regular 

summary of files acquired and dispersed. A 
prerequisite for this sort of file oriented 
activity is that standards be developed for 
file management within personal computing, 
so that transfers can be made with both 
processor independence and device inde
pendence. 

The unique characteristic of any com
puter is the ease with which it is given new 
capability by feeding it new software. Thus, 
the distribution of software through this 
interactive network could rapidly result in 
an explosion of new functions. Once the 
system has been bootstrapped, growth could 
be faster and more meaningful in terms of 
legitimate achievement than that exper
ienced in any other medium. Possible future 
scenarios may give more perspective to the 
implications of the network. 

The system should be interfaced to other 
networks. Common carriers and cable tele
vision are present possibilities, and local laser 
links and direct communications through 
satellites are likely to occur in the future. 
Nondistributed data networks will be a 
major feature of the cultural technology of 
the 1990s, providing many of the services 
already discussed on the scale of television 
today. Amateur computing in distributed 
networks could set trends and establish 
precedents for the revolution to follow. 

The hardware definitions for the network 
could evolve to allow the establishment of 
new categories of node stations with special 
functions . One such function could be the 
data concentrator, a large, fast processor 
with several wide channels assigned to it . 
Large amounts of data could be burst trans
mitted over longer distances to condense 
much relay work. Other specialties, such as 
computational batch processor, game play
ing adversary, etc, will evolve as the applica
tions do. 

Blue Sky 

New hardware should have a profound 
impact on the network, especially when that 
new hardware is a data oriented version of 
the video disk . Since the video disk is a 
highly cost effective way to reliably transfer 
large amounts of data {on the order of 1010 

bits\. it would be impractical to replicate 
this sort of transfer over a communications 
link. Further, nondigital data would require 
extra hardware, long transfer times and 
prohibitive bandwidths for even VHF radio. 
However, if we can assume the existence of 
another commercially oriented system fo r 
the economical creation and distribution of 
physical disks, even at very low volumes, 
then there is a definite place for a communi
cations network to interact with these disks. 
To assume such a support system is not un-



reasonable because of the extreme potential 
for commerc ial appl ication. However, the 
growth of such a suppo rt system probably 
woul d be acce lerated by demand fro m the 
comp uter enthusiast market. The interaction 
of video disks with the network w.ould occur 
as an interface to digitally controlled video 
disk drives and disk program material with 
imbedded software. If two communicating 
systems were using id entical or similar di sks, 
control in for mation could be exchanged 
through the network to access the common 
data. With th e huge amou nt of analog storage 
avai labl e, organi zed as video, vi deo stills or 
audio, the imbed ded software and t ra nsfe rred 
contro l wo uld provide much flexibility 
ap plied , fo r exampl e, as educational or crea
tive utilities . 

This aspect of video technology used in 
conju nct ion with the network would be 
helpful in sup port in g various sorts of syner
gist ic mUltipl e processor functions . In this 
mode, a number of systems would share a 
channe l or channels via time mUltipl exi ng. 
A useful ap plication , which has already 
und ergone ex perimentation via timesharing, 
is th e com puteri zed conversation, an on
going ro und table discussion that occurs out
sid e the constra ints of real time and space. 
Eventually, as the systems become more 
so phisticated, this mod e could support 
multip rocessor creative activities, such as 
music or video sy nth esis, as well as the 
creatio n and use of educat ional materials. 
Each communicating processor would use 
simil ar creative software, and the individuals 
wou ld supply data to prod uce a sort of 
compu ter symphony . 

On e of the most interesti ng applications 
of the network capabiliti es under discussion 
will be computer gaming on a very large 
sca le. Games co uld be hi ghly com pl ex, in
vo lve months of real ti me, and have teams of 
dozens or hundreds of systems . Th e network 
wi ll be in terfaced to the speciali zed large 
systems that wi ll be the amusements of the 
next decades, a development made more 
plausible by the mpny predictions of greater 
leisure tim e in the future. The games will 
evolve to the level where individual s may be 
more concerned with the construction of an 
optim um game pl ay ing system, rather th an 
playing th e games directly. This leve l of 
sophisticatio n ap proaches practical art ific ial 
intelligence. 

So What? 

What I have attempted in thi s art icl e is to 
demo nstrate the impli cations of using ex isting 
techno logy to co nstruct a new type of com
munications network that would radically 
effect much within personal computin g. 

There are two di fficu lties: Radio spectrum 
must be all ocated to the ac ti vity, and 
standardization of the technical deta ils must 
be achieved. I rea l ize that th is arti cl e has not 
gone too far with specific technicalities, and 
that is partially because I felt that the intelli 
gence of a di strib uted system should be 
dete rmined by a number of individuals and 
not predefined. Also , many as pects have 
been characterized that will involve a sub
stantial amount of technical detail , and I felt 
it wou ld be more useful at this point to 
describe alternatives, possibilities and general 
approaches rather than specific algor ithms. 

Always in the past, new technology has 
been greeted with a "so what" attitude. The 
ultim ate impli cation of the proposals in this 
articl e is that the home computer can be 
part of a dynamic ongoing process rather 
than an expensive toy that pl ays th e lates t 
tapes. Thi s is not a negative comment about 
"play" ap pli catio ns; rather , it is a statement 
that no technology is appropriate in the 
wrong environment. I t is my contention that 
as a tool the computer is pretty interesting, 
but no tool is of ultimate interest without 
real wonk. It 1 is my hope that others will add 
to these ideas to make the personal computer 
a necessary component of a useful system.-
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Continued from page 38 

DRIVE SOURCE, FOR EXAMPLE 
AN 8255 WITH SOFTWARE 
SETTING UP TI MING OF FIGURE 5b 

interlaced parallel fingers. The magnetic field 
strength is concentrated in the tiny air gap 
between these fingers, near the surface of 
the rotor. The rotor itself is a permanent 
magnet which has a series of poles mag
netized around its periphery. Th e number of 
rotor poles equals the number of stator air 
gaps. It is the attraction and repulsion 
between these poles of the rotor and the 
stepping magnetic field of the stator that 
cause the motor to rotate. 

+12V 

W4 
.---~~------~ 

W2 

Figure 5a: Simple method for driving 4 phase stepper motors utilizing NPN 
transistors and a positive power supply. For larger motors two transistors 
connected in parallel, a Darlington amplifier, may be required as shown for 
winding 3 in this drawing. The values of the resistors and diodes will depend 
on the stepper motor being used and the drive source for each phase. 

ON (I) ,-----, 

WI OFF (O)J 

ONOI I 
W20FF (Ol~ 

ON(!) l 
W3 OFF (0) L __ ---l 

ON(I)~ 

W4 OFF (0) 
CLOCKWISE MOTION 

L 
I II L--_ 

~ 
COUNTERCLOCKWISE MOTION 

Figure 5b: Timing diagram for a 4 phase stepper motor has one winding being 
energized and one being de-energized at a time. One side of each winding is 
conducting current at any time. The energizing pattern is reversed to reverse 
the motor rotation. 
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Hardware Solution 

An easy way to drive the coils is with 
NPN transistors as shown in figure 5. Two 
transistors at a time are switched to ground 
to cause current to flow in the required di
rection . Note that windings 2 and 4 (w2 and 
w4) cause current to flow in opposite direc
tions of the same coil. A high power motor 
may require a Darlington drive, as shown in 
winding 3. This is just two low power tran· 
sistors driving a high power unit to insure 
that your 10 port will be able to drive the 
motor coi1 safely. A 1.0 mA output from an 
8255 10 port drives 20 mA with a single 
transistor and 400 mA with a Darlington. 
Each transistor multiplies the current by a 
factor of 20. Two is the limit though, be
cause the guaranteed output voltage of the 
10 port is 1.5 V. Each transistor requires 
0.7 V, so two of them require a total of 
1.4 V. The windings must be energized in 
the sequence shown in figure 5b. Notice that 
at any given time one half of each coil is 
energized. 

Let's take a quick look at a circuit to pro
duce this coil driving sequence. The circuit 
shown in figure 6 provides the proper se
quence for a reversible drive. Speed is con
trolled by the frequency of the clock input. 
For coarse control the clock can be gener
ated by. a 555 type oscillator. For very 
accurate control this clock can be generated 
by a crystal oscillator. Switch Sl, which 
could be an 10 line, controls the direction of 
rotation . The frequency is more difficult to 
obtain directly. A digitally controlled oscilla
tor whose setting is controlled by a digital to 
analog converter would provide very precise 
and accurate speed control. No processor 
timing would be required. A typical example 
of such an oscillator is shown in figure 7. 
The number of input bits used (in this case 
eight) determines the number of speed 
selections. 

If the number of steps is more important 
than precise speed, the circuit of figure 8 can 
be added to control the clock. The thumb 
switch inputs could be 10 port lines. The 
LOAD line transfers the selected count into 
the counter. The START line sets the gate to 
a transmission mode. When the counters 
count back down to zero, a pulse is emitted 
from the borrow line and resets the gate to a 
blocking condition. The selected number of 
pulses has been counted out to the motor 
drive . The motor speed is still controlled by 
the asci Ilator frequency . 

Software Solution 

If your only chore is to drive a single 
motor, then a microprocessor is probably 
not necessary. But if several motions are 



Have you considered the Central Data 16K RAM 

board? If you haven't, you should. We've combined 

quality engineering and low prices to come up with a 

memory board you 'Illike. Take a look at our 
features and find out for yourself. 

• completely assembled, tested and burned in 

• expandable to 32K 

• S-100 compatible 

• access time of 450ns 
• invisible refresh-absolutely no wait states 

• power dissipation one-half that of static RAM 

• one-year warranty. 

You can purchase a 16K RAM board with all these 

features for only $289. The cost of adding 16K to 

your present Central Data 16K board is $200. 

A 32K RAM board , assembled, tested and 

burned-in, is only $475. 

With all those features, don't you think you 

should be considering ours? 

Central 
data PO Box 2484, Station A 

Champaign, IL 61820 

--------------------------------------I I 
I Please send me the following: Name I 
I D 16K RAM board ($289) Address I 
I D 32K RAM board ($475) City I 

D additional information State Zip. _____ _ 

I I enclose $ I 
I Ill. residents add sales tax . I 
I Central Data P.O. Box 2484 , Sta . A Champaign, II 61820 I 
I I 
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+12V 

CLOCK 

IC2A 
7476 

a 15 

POWER CONNECTIONS 

NUMBER +5V GND 

Q 14 I C I 14 7 
IC 2 13 5 

CK 
I 

6 
CK 

a II 

Q 10 

IC2B 
W3 7476 

Figure 6: A pair of flip flops provide the memory and exclusive OR gates provide the steering to generate the drive patterns 
in a hardware solution to the stepper motor drive problem. 
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NUMBER TYPE +5V GND +12V 

IC I 1408 
I C2 741 7 

IC 3 741 7 
IC4 741 7 

IC5 741 7 

IC6 7 4 76 5 13 
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VCC 

IC I 
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2 .2K 
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39K Q 14 
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+5V 

+5V REFEREN CE 

+15V 

10K 

5K 

Figure 7: This digitally controlled oscillator generates a frequency proportional to the integer output to the digital to analog 
converter. The frequency can be used as the clock input of figure 6, providing a variable motor speed from a hardware driver. 
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Monthly Magazines are grea t for in-de pth articl es and 
deta iled technica l informati o n - a nd we' re not sugges ting 
yo u sto p reading this one. Wha t we are sugges ting is tha t 
we ca n give yo u a lo t tha t a magazine ca n' t. 

Firs t, we' re a newspa per - w hich means we cove r a lo t of 
things briefl y, ins tead o f a few things deeply. 

Second, we' re w ee kl y - so yo u wo n' t be saying " I w ish I 
had know n about tha t" when yo u hea r someo ne talking 
abo ut new micro hard wa re a nd softwa re. 

Third , we ha ve a low-cost Microcomputing Class ified 
Exchange, w he re you ca n find (or ad verti se) ba rga in s o n 

equipment or softwa re - o r look for people or informati o n 
you need . 

Fourth , we' re into a ll as pects o f computers; so yo u do n' t 
have to limit yo ur info rma ti o n to micros. We cove r every
thing fro m indu s try news to da ta process ing to e thica l 
issues, as onl y a newspa per ca n . 

Fifth , we' ll send YO Ll 52 issues fo r abo ut 
35¢ a wee k with a o ne-yea r s ub
scripti on (l ess tha n ha lf the news-
s ta nd price). Jus t use the fo rm below 
to s tart yo ur subscri p ti o n coming. 
It's a fas t way to s tay a head . 

Please send me COMPUTERWORLD fo r 1 year RA T ES: U.S .. $18 Canada and PUAS . $28 Europe & Middle East · $50 All Other Foreign · $65 

o Check Enc losed 
o Am Ex 0 BAlVisa 0 Me (Me Only · L ist fo ur digi ts above your name) 

111111111111111111111 
If charge we must have 
cardho lders signature: 

Your 
Title 

Compan y 
Nam", 

Send 10 

Add re ss 

Address shown is 0 Business 0 Home. 

o Check here if you do nOI wish 10 receive 

Expira ti on 
Date: 

COMPUTERWORLD 
promotional mail from Com puterworld . THE NEWSWEEKLY FOR THE COMPUTER COMMUNITY 

CIRCULATION DEPT. H. 797 Washington Stree t. Newto n. M ass. 02 160 

PLEASE CIRCLE 1 NUMBER IN EACH CATEGORY 
BUSINESS/I N DUSTRY 

10 Manulactu rer of Com put er or OP Hardware / Periph era ls 
20 Manu factu rer (other) 
30 OP Service Bureau / 50l tware / Planmn g / Consu illng 
40 PubliC Utili ty / Com munication Sysle m sl Tra nsponal lo n 
50 Wnolesale / Relall Trade 
60 F mance / In surance / Real Estate 
70 M ining / Construction / Petto leum / Re l ining 
75 BU Siness Serv ice (except DP) 
80 Eouca ll on / MedlClne f l aw 
85 Government· Federal l S la te flocal 
90 Prlnllng / Publlshlng f Other Communication Service 
95 Other 

----------------------------TIllE I OCCUPA TIO N / FU NCT ION 
11 PreSident I Owner ' Partner ' General Manager 
12 VP , ASS istant VP 
13 Treasurer / Controller / F inance Officer 
21 Dlre r. lor ' Manager of Opera lion {Planni ng I 

Adm inis trat i ve Serv ice 
22 D irec tor I M anag er / Supe rviso r DP 
23 Systems Manage r / Sys tems Ana lys t 
31 Manager / Supervisor Programmmg 
32 Programmer I M ethods Analyst 
4 1 Appli cation Eng ineer 
4 2 01her Engineering 
51 Mig Sates Represen tative 
52 O ther Sales / M arketing 
60 Consultant 
70 lawyer I Accountant 
80 Librarian I Educator I Student 
90 Other 

L _____________________________________________________________________ _ 
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Clockwise 

Generated Pattern 
(one line per clock state ) 

j Wg111 
W2 W3 
a a 
a 1 
1 1 
1 a 

Wg1141 Counterclockwise 

Table 7: The pattern generated by the circuit of figure 6. The number 7 re
presents current flo wing in a winding. Rellersing the drille pattern will rellerse 
the motor direction. 

I 
W3 

Cl ockwise ! W4 W1 
1 1 
a 1 
a 0 
1 a 

W21 1 Counterclockwise 

Table 2: If the drille patterns of table 7 are rearranged as shown, a pair of 
rotating 7 s becomes apparent. This simplifies the generation of these patterns 
through software. 

POWER CONNECTIONS 

NUM8ER TYPE +5V GND 

I C I 7400 14 7 

IC 2 7474 4 II 

IC 3 74192 16 8 

I C4 74192 16 8 

-

G 

BCD 7 
THUMB +5V 
SWITC HES 

\m (4) 

r-----'--

B 
'---

CLJCK IC2 
S 8 7474 

9 Q C 5 

U 2 

IC I ] 
7400 

.,/ 
+5V GATED 

CLOCK 

5. IK 
(4) 

r-'-:-::-::-'-, 

:: : ';::'::~} DI~~LAY 
9 0 QDrL-

LOAD rU--

4 5 
DOWN UP II 

LOAD .:.:....-

15 A IC4 QA~} 
I 7419 2 2 

B QBP---- TO 

10 C QC~ DISPLAY 

9 D QD~ 

13 

+5V 

START 

J 

Figure 8: This circuit will generate a selected number of pulses when the start 
button is pushed. The thumb switches and the two push buttons could be 
replaced with signals from an 10 port. If desired, a display may be added to 
the circuit to indicate the number of counts left. 
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required and the speed and position of each 
must be controlled, th en the micro processor 
saves co nsid erab le hal·dware. Th e ent il·e job 
can be done in sid e the processor, with onl y 
the Darlington power drive transistors out
sid e. Th e problem of generating and keeping 
track of the pulse t rain s becomes a software 
task. Let's first look at a ro ut ine to drive a 
single motor. 

If the winding drive pattern of table 1 is 
rearranged as in table 2, a rotat i ng pattern of 
1 s beco mes apparent. Now direction of 
ro tat io n is contro lled by the direct ion that 
the 1 s are shifted (left or right) . Speed is 
contro ll ed by the rate at wh ich these 1 s are 
sh ifted and transferred to the motor. I n
terna l cou nting can be used or external 
in terrupt driven ti ming can be used. Since I 
needed other time events, I chose to use the 
Texas Instruments TMS 5501 for my experi
ments. This versatile chip provides five sepa
rate t imers, eight input and eight output 
lines, an externa l sense line and a bidirec
tiona l serial lin k. All these priorities are 
taken ca re of, too. I wi ll deal on ly with o ne 
timer and merely ass ume its interrupt has 
been vectored to my subroutine properly. 

The basic scheme is to set the timer for 
an interval of from 64 J1S to ·16.32 ms and 
co unt off the desired number of interva ls. 
When the desired tota l time has elapsed, the 
mo tor drive pattern is rotated and output. 
The timing begi ns aga in . For higher speeds, 
above 60 steps per seco nd, on ly o ne ti mer 
interva l is I·equired between each step. By 
choos ing the t ime interva l and the number 
of interva ls, a wide range of motor speeds 
may be se lected. A flowchart is shown in 
figure 9, and th e code is in listing 1. The 
motor outputs are the fo ur low order bits of 
one port on an 8255 output port. Now let's 
look at some of th e details of the code. 

First, of course, the status must be saved 
and the interrupt re-enabled. Next check the 
number of elapsed intervals. If it's down to 
ze ro the n look at the number of steps 
r·equested. If the re's more to go the n decre
ment the steps co unter and upd ate memory 
location STEPS. Next update the number of 
timer interva ls (CONTR) because yo u' ll have 
to co unt them off aga in . 

The timer is sta rted and set by writ ing a 
word, in the range of decimal 0 to 255, to 
memory. 

In the hardware motor drive, each co il 
drive pattern is determ ined fro m the prev i
ous pattern by the feedback from two 
outp uts. In this software version it is not 
possib le to read the latched output so the 
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.iIU lc:nr~LC: ~l!tC: MAGAZINE PRESENTS 

MICRO BUSINESS '78™ 
CONSUMER 

SHOW 

MICRO BUSINESS '7S™ will provide a series of marketing 
forums and exhibits to introduce the small independent busi
nessman to the new low-cost, high-power business microcom
puter that will reduce his company's costs, place him in a more 
flexible marketplace and provide timely data information . 

Emphasis will be on the small budget requirements for pur
chase of an in-house computer. The show will demonstrate the 
latest systems, exhibiting complete hardware and software 
from small hand-held programmable calculators to full turn-key 
computers. 

• Latest in Word Processors 
• Newly-Released Business Software 
• Low-Cost Text Editing Typewriters 
• Modularized Computers 
THE LOW COST, dependability, simplicity of operation, and 

cost savings advantages of microcomputers will be discussed 
in a series of lectures to remove the many misconceptions the 
average businessman may have about the microcomputer 
technology . Lectures by such companies as IBM, Commodore 
Business Machines and Radio Shack will present the 
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CONFERENCE 
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businessman with the latest information about application , 
service and investment. 

Author Adam Osborne will discuss business software. 
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• Small Business Computing Systems 
• Evaluating Your Business Computer Needs 
• Software Companies 
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Ed Tavetian 
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Figure 9: Flowchart for 
the single motor drive rou
tine of listing 70 
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last pattern is maintained in memory loca
tion PHASE. I chose to use a full eight bits 
to store the 4 bit drive pattern and repeated 
the four bits in the high nybble . Then the 
overflow on rotate could be sensed in the 
carry bit. I used RAL and RAR for rotating, 
sensed overflow in the carry bit, and added a 
correct ion of either 01 H 80H respectively. I 
learned later th at if I used R RC and RLC, 
rotate right or left with carry, then this was 
taken care of by the processor. After rota
tion the new drive pattern must be stored 
back in memory to be availab le during the 
next cycle. The high nybble is then masked 
out. After th e four high order bits are 
masked out the motor drive pattern can be 
output via th e 8255 output port . All that 
remains is to return the status and registers 
to their former co ndition and then return to 
the main line program to await another 
interrupt. Four of the TMS 5501 output 

lines could have been used, elimin at ing the 
need for another outpu t chip. 

A word abo ut stepper motor speed is in 
order here. With a light load, the motor wi ll 
respond and fo llow commands at speeds of 
up to 250 to 300 steps per seco nd . With a 
frictional load this maximum speed will 
reduce linear ly in proport ion to the fri ct ion. 
An inertial load, such as a f lywheel, will not 
reduce the max imum speed. However, with 
an inertial load the speed must be pro
grammed over several steps from slow to 
fast. If the maximum speed is not ap
proached grad uall y, the electr ical steppi ng 
moves faster than the load can. The motor 
will just sit and stutter. A check with an 
oscilloscope would show the pro per pattern 
sequence occurring. Use of a more comp lex 
program with actu al motor speed feeding 
back into it via hardware co uld help so lve 
this probl em. 

'MOTOR COIL DRIVE. I~TERRUPT DRIVE~. I~TERVAL 3. RST3 
MOTOR. PUSH PSW ISAVE STACK 

PUSH B 
PUSH H 
EI 
LXI H.CO~TR 
MOV A.M I GET COU~T REMAINING 
DCR A I OECREME~T COUNT 
MOV M"A 
JZ MDCR 
LXI H"lN'TVL 
MOV A.M 
STA TIMER 
JHP MDOliE 

KOCH r LXI HI STEPS 
MOU A"l"I 
ANA A 
JZ MDO~E 
OCR A 
MOU H"A 
LXI H.COU~T 
MOV A,M 
LXI H.CONTR 
MOV M,A 
LXI H.INTVL 
MOV II.M 
LXI H.TIMR 
MOv ".fA 
LXI H,DIR 
MOU All" 
LXI H"PHASE 
STC 
CKe 
ANA A 
JP CCW 

CVt MOV A.M 
HAL 
JNC MDR 
ORI 00000001l! 
JNP MDR 

ccv. MOV A.M 
RAR 
JNC MDR 
ORI 10000000B 

MDR. MOV M.A 
ANI OOOOIIIIB 
OUT OUTMDR 

MIlONE. POP H 
POP B 
POP PSW 
RU 

'CHECK STEPS IF CONTR ZERO 
'IF NOT 
I GET I ~TERVAL 
'A~O RESET INTERVAL 

I GET STEPS 
I SET FLIIGS 
IEXIT IF DONE 
IDECREMENT STEPS 
ISTORE NEW STEPS 

'RESTORE ORIGINAL CONTR 

IRESET INTERVAL TIMER 

IGET DIRECTION 

ICLEAR CARRY 
ISET FLAOS 

18ET MOTOR DRIVE PATTERN 

ICORRECT roR OVERFLOW 

I CORRECT FOR OVERFLOW 

'OUTPUT SIGNAL TO MOTOR 

COUNT 
CONTR 
INTVL 
STEPS 
DIR 
PHASE 
TIMR 
OUTMOR 

NUMBER OF TIMER INTERVALS TOTAL 
NUMBER OF TIMER INTERVALS REMAI~ING 
TIMER INTERVALS 0-e~5 
NUMBER OF STEPS TO BE MOVED 
MOTOR DIRECTION 
MOTOR DRIVE PATTERN 
TIMER ADDRESS I~ MEMORY SPACE 
MOTOR OUTPUT ADDRESS IN 10 SPACE 

Listing 7: An 8080 assembly language pro
gram for driving a single motor. 

o 

8225 

10 PORT 

7404 

SAME CIRCUIT AS 

MOTOR I. 

Figure 70: By adding a pair of inverters to each motor drive, four motors can 
be driven from one 8 bit au/put port. 
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o 0 I I 

o I I 0 

I 0 0 I 

I I 0 0 

o I I 0 

o 0 I I 

I 0 0 I 

I I 0 0 

Table 3: A mismatch exists between the desired pattern of table 3b and the 
generated binary count of table 3a. 

HOMEI f LXI H .. OUTI 
MOV C .. M ' GET OUTPUT 
MUI B.OBOH J LOAD ew .. 100 STEPS 

HSTRT. LXI H.PHASl 'SELECT MOTOR M I 
CALL MOTOR2 'MOTOR STEP SUBROUTINE 
JZ LOADI ;EXIT IF DONE STEPPING 
MVI A .. OFFH ;ELSE 
STA TIMRS lRESTART MOTOR TIMER 

LOOPI . L XI H.HSTRT 
JMP LOOP I ' WAIT FOR MOTOR 

Listing 2: An 8080 assembly language mainline program for driving several 
stepper motors. 

FUNDAMENTALS OF ROBOTS AND MECHAN ISMS 

What is Torque? 

Torque is the force which produces, or 
tends to produce, motion about an axis 
of rotation in a mechanical system. It is a 
measure of the power of a mechanical out
put device such as a stepper motor or other 
device. A specification of the available tor
que from such qn actuator under various 
circumstances is an essential part of de
Signing it into a mechanical system, just as 

-)==============-- RIGI D LEVER ARM-- ..... +......, 

~---~----x-~-----~ 

~ 
ROTATION 
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After getting a moto r to turn on co m
mand , th e next cha llenge is ad dressi ng sev
eral motors while try ing to conserve 10 lines. 
I did this by changing the method of 
gen~rat ing th e drive pattem. In the first 
program the enti re pattem was stored, 
rotated and outpu t to the motor. In the 
seco nd program a different pattem was 
stored, one that wo uld allow two output 
wires to control each motor. It was neces
sary to add a pair of 7404 inverters outside 
the processor as in figure 10. At first it 
appeared that two bits could be incremented 
inside the processor to generate the output 
signals, but the sequence was wrong as 
illustrated in table 3b. The problem was 
so lved by sto ring the four pairs of bi ts in a 
register. 

Two memory locatio ns are reserved for 
each motol·. Th e fi rst, PHAS 1, stores the 
rotating bit pattern required to drive the 
motor. Each time a motor is to be step ped, 
its pattem will be rotated and output. This 
reg iste r always indicates the last pattem 

current ratings are crucial to power semi
conductor drive design . A torque is 
specified in units which reflect its origin 
as a magnitude of force available at some 
distance from an axis of rotation. In the 
English system of measurement, a typir;a/ 
unit is "ounce-inch;" 7 oz-in of torque 
means that at a distance 7 inch from the 
axis, a force of 7 ounce would be exerted. 
In the metric system, a typical unit might 
be dyne-centimeter (eGS) or newton-meter 
(MKS) where the metric units of force 
(dyne or newton) and distance (centimeter 
or meter) are used. . . CH 

If force F is measured at point A (a distance x 
from center 0 f rotat ion B). the torque is given by 

T = F.x 

Similarly. if a stepper motor has a rated torque of 
T . it can exert a force of 

F = T/x 

at distance x from its center of rotation . 



output. The second register, MASK1, con
tains a mask. For example: mask OC hexa
decimal (00001100 binary) is for the motor 
attached to output wires 2 and 3, motor 2 in 
figure 10. 

The subroutine must be entered with 
certain preliminaries taken care of. The HL 
register pair points to the drive pattern of 
the motor to be driven. Register B contains 
th e direction of rotation. If the most signifi
cant bit is 0 the rotation is counterclock
wise; if the most significant bit is 1 the 
rotation is clockwise. Register B also con
tains the number of steps to be made. The 
TMS 5501 was again used as a timer. One 
motor must complete its steps before an
other starts. 

The flowchart for this second motor drive 
routine (listing 3) is shown in figure 11. The 
registers and two memory locations are 
shown in figure 12 as they look before and 
after a pass through the subroutine. Remem
ber that bits 0 and 1 of register C are driving 
the motor of interest. Register 0 is a 
temporary storage location and bits 0 and 1 
of register 0 reflect the change in drive 
pattern. The most significant bit of register 
B is a 1 indicating clockwise rotation. The 
lower order bits are the steps count, and are 
decremented by 1 each pass. The most 
significant bit is masked out in the last 
operation . This sets up a zero test and jump 
upon return to the mainline program, if the 
count has been completed. 

Now let's look at how the subroutine is 
called. Mainline program HOME1, shown in 

ISTEPPER MOTOR DRIVE ROUTINE 

Figure 77: The flowchart for the motor drive routine of listing 3. 

ICALLED FROM MAIN LINE PROGRAM HOMEI 
MOTOR2 JrlIOV A,B 

ANA A 
JM CW 
MOV A.M 
RRC 
RRC 
JMP MTRJP 

cw. MOV A,M 
RLC 
RLC 

MTRJP. MOV M,A 
INX H 
ANA M 
MOV D,A 
MOV A"M 
CMA 
ANA C 
ORA 0 
MOV C.A 
LXI H,OUTI 
MOV M"A 
STA MTROT 
OCR B 
MOV A,B 
ANI 7Pl1 
RET 

I SET Fl.AGS 
IDETERMINE DIRECTION 
IGET PHASE 

IROTATE 

I GET PHASE 

IROTATE 
IPUT BACK 
IPOINT TO MOTOR MASK 
IMASK OY, MOTOR 
I TEMPORARY STORAGE 
IGET MASK 
ICOMPLEMENT MASK 
I GET OUTPUT 
ICOMBINE NEW AND OLD 
IREPLACE IN MEMORY 

J START HOTOR 
IDECREMENT COUNTER 

IMASK OUT DIRECTION 
IRETURN TO MAIN PROGRAM 

Listing 3: This is the 8080 assembly listing of a second motor routine. This 
one is called by mainline routine HOME7. Note that the zero flag is carried 
back to mainline program to indicate steps done. 
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Figure 72: The status of 
the H L, DE and Be regis
ter pairs before and after a 
call to the MOTOR 
routine. 
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Before 

H Phase 1 Address L 
0 00000011 E 
B 100001 11 0101 1011 C 

Phase 100001 11 
Mask 00000011 

listing 2, addresses OUT1, the motor drive 
storage, and puts it in register C. Literal 
value aBO hexadecimal is moved to register 
B indicating 100 steps clockwise. The HL 
register pair is pointed to PHAS 'I which 
selects motor 1, and then MOTOR2 is cal led. 
When the MOTOR2 routine I'eturns a jump 
on zero test, J2 jumps over the looping to 
continue the next part of the main pmgram. 
If 100 steps have not occurl'ed, the zero flag 
will not be set in MOTOR2, and the pmgram 
falls through the test. The motor t imer is 
then restarted. The HL register pair is set to 
HSTRT and the program loops, waiting for 
time-out. When time-out occurs, a PCHL 
in struction vectol's the progl'am to HSTRT 
and another MOTOR2 call. 

If yo u had the time, some extra bytes and 
several stepper motors, what m igh t you 
accomplish? The first mtation on command 
is pretty exc iting, but not to anyone but 
you. There are some useful applicatio ns right 
next to your computer. An XY plottel' 
might be useful in yoU!' graph ics work. If 
you are n't handy with mechanics you might 
modify the paper drive of an analog recorder 
to provide bidirectional steppel' contro l. An 
analog to digital convertel' to drive the pen 
and a relay to li ft the pen between points 
will give you a reasonable alternative to an 
expensive plotter, 

Other hobbies just cry out with applica
tions. The model railroad buff can contro l 
the neatest turntable, A stepper motor in a 
yard engine would give ultl'a low speed. A 
machinist might combine a coup le of beefy 
stepper mo to rs and a lathe to cl'eate a simple 
numerically controlled machine tool, One of 
the most interesting applicatio ns, robots, 
takes on added dimensions with precise 
control possible. A variation of th is might be 
to program the str ings of a puppet. (That 
one is going to need lots of pmgram StOI'
age ,) The radio amateur can automate his or 
her ex isting receiver by coupling to the 
turning knob. Any place where severa l 
motions have to , be sy nchronized , steppel' 
motors can be the solut ion.-

After 

H Out 1 Address L 
0 00000010 E 
B 10000110 01 01 10 10 C 

Phase 00011110 
Mask 000000 11 
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Where the little guy can get a stepper motor : 

Sigma I nstruments Inc 
Braintree MA 02184 

18-1408 $22 
18-2013 $23 

Minimum billing is $35. 

North American Philips Controls Corporation 
Cheshire Industrial Park 
Cheshire CT 06410 

Empire Electrical Company 
54 Mystic Av 
Medford MA 02155 

K82201 $17 
K82401 $17.85 

American Design Components 
39 Lispenard St 
New York NY 10013 

Berger-Lahr Corporation 
Peterborough Rd 
Jaffrey N H 03452 



ENTERPRISES, 
Everything you need in small computer systems! 

LEAR SIEGLER ADM 3A TERMINAL roNfIl CENTRONICS 779 PRINTER 

Kit $739.95 . $1099 00 
849.95 . · 

ADM 1A TERMINAL 
Assembled 

$1398.00 
ADM 2A TERMINAL 

Assembled $1895.00 
HAZELTINE 1500 
VIDEO TERMINAL 

Assembled $1149.00 
Kit also available 

MODULAR 1 
INTELLIGENT 
TERMINAL 

Assembled $1659.00 
IMSAI 8080 MICROCOMPUTER 

With 22 slot 

$649.95 

SPECIAL BUYS 
I MSAI Double Density Persci Drive .... .. . . . $2295.00 
Sorac IQ 120 Video Terminal . . . . . . . . . . . . . . 959.00 
DEC LA 180 Printer. . . . . . . . . . . . . . . . . . . . .. 2769.00 
Compucolor 8001 Colo(Computer . . . . . . . .. 2595.00 
ICOM Microfloppy System . . . . . . . . . . . . . . . 989.00 
North Star Microfloppy Disk Kit . . . . . . . . . .. 599.00 
Cromemco Z·2 Kit. . . . . . . . . . . . . . . . . . . . . . . 565.25 
Javelin 9" Video Monitor. . . . . . . . . . . . . . . . . 159.95 
Micropolis Model1053MOD 2. . . . .. . . . . . . .. 1799.00 
IMSAI AP44·44 Col. Printer Kit . . . . . . . . . . . . . 329.00 
TDL Xitan Alpha 1 Computer Kit . . . . . . . . . . . 699.00 
ICOM Model FD 3712 . . . . ..... . . .. . .. . .. . 2795.00 

We carry a full line of the following: TDL, 
Centronics, Seals, Hazeltine, Micropolis, 
Hayden, IMSAI , Cromemco, 
Compucolor, Icom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vision . 
Same day delivery and shipping on most 
items. Full modern repair facilities on 
premises for complete servicing of 
everything we sell . . 

Ci rcle 95 on inquiry ca rd. 

703 \\ ~~~~~~~1 RIAL PRINTER 
~ $2395.00 
\L..:;~---:JJ 761 PRINTER 

R with Keyboard $1695.00 
OKIDATA MODEL 110 LINE PRINTER 

Tractor Feed 

$1279.00 
RS 232C Serial Interface 

$260.00 

MODEL 22 LINE PRINTER 

Tractor Feed $2249.00 

TELETYPE MODEL 
43 PRINTER 

$1299.00 

IMSAI PC S·80/158085 
COMPUTER 

Kit 

$749.00 
Assembled 

$929.00 

SYNCHRO-SOUND ENTERPRISES. INC. 
The Computer People 

193-25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710-582-5886 
Hours 9-4 daily Visit our new showroom 
and Saturday I Working units on display 
Dept. BBB BarrkAmericard· MasterCharge 
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David Allen 
Electronics Consultant 
1317 Central Av 
Kansas City KS 66102 
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A Minifloppy Interface 

Floppy disk drives have been arou nd for 
some years now; the basic technology of 
such drives is well proven and the drive 
designs seem reliable as mass storage for 
small systems. Having used the standard 
size floppy for some time, my fi rst reaction 
to the introd uction of the "minifloppy" 
was to view it as a cute gimmick, since the 
minifloppy's price had not then dropped in 
proportion to its performance. 

However, after using the minifloppy for 
a while and having seen the inevitab le 
dropping in price as production expands, I 
am becoming much more enthusiastic. The 
reduction in bit rate will make it easier to 
interface, and the reduction in bit density 
should make it slightly more reliable in 
small user env ironments. Its performance, 
while reduced, is quite adeq uate for many 
applications, especially when its price is 
taken into acco unt. [One personal comput
ing manufacturer, for instance, markets a 
dual drive peripheral for their systems at 
a total of $ 7 000, which is hard to find in 
a dual drive standard size floppy disk . .. 
CH] Its small size and relaxed specifications 
allow room for more cost cutting than the 
full-size design. Competitive technologies 
like bubbl e memories are perhaps several 
years away from equivalent costs per bit. 
It is thus quite appropriate to give serious 
consideration to the small floppy. 

Shugart was first to arrive on the market 
with a small floppy, but is no longer alone 
there. Wangco has a competing drive in 
production. BASF has a drive which was 
displayed at the 1977 NCC show in Dallas; 
it is reportedl y just en ter ing production as 
of fourth quarter 1977. Micro Peripherals 
Inc has a minifloppy drive scheduled for 
production at this time. A notable feature 
of the drive is its use of a band driven head 
positioning mechanism designed to improve 
track-to-track access time by a factor of five 
or six. Pertec has also announced a drive, 
and Rad io Shack is reported to be work ing 
on a low cost version for use with their 
Z-80 based microcomputer system. 

Fortunately, Shugart's interface con
figuration has been copied in the Wangco 

and BASF drives right down to the use of 
the same connectors and pin assignments. 
This makes Shugart's interface a defacto 
standard, as well as a great improvement 
over the diversity experienced in full-size 
floppies. I hope the present plug compati
bility will continue. 

Wangco and others are advocating an 
ANSI (American National Standards Insti
tute) standard specification that includes 
40 tracks (as opposed to Shugart's current 
35 track maximum) . Both the Wangco and 
BASF drives write on 40 tracks. The first 
35 tracks are positioned in the same way 
as the tracks in Shugart's drive; the last 
five tracks were located closer to the center 
of the diskette than Shugart apparent ly 
thought safe. If the 40 track approach does 
get ANSI acceptance, though, it is reason
able to expect Shugart to make a 40 track 
version. 

How Small Floppies Differ 
from Full-size Units 

Several significant differences ex ist in the 
interfacing required for the small floppies 
versus the large floppies. One profound 
difference is that the former are all powered 
by DC motors. (AC motors are being investi
gated as an option by one manufacturer.) 
This allows the motor to be powered down 
during long periods of nonusage. The power 
saving is such that battery powered opera
tion is realistic; the fully powered Shugart 
drive uses only 15 W total (18 in Wangco's), 
and a sector can be read in less than two 
seconds of motor operation. This suggests 
usage in data logging applications, tradi
tionally the province of cassette drives. More 
noticeable to a large floppy user is the fact 
that the Shugart minifloppy stays almost 
stone cold during operation. (My Memorex 
651 got so hot recently due to the combined 
heating of the step motor and hysteresis 
synchronous drive motor that the pressure 
pad adhesive decomposed into a sticky 
goo, allowing the pressure pad to slide off 
center and causing the first hard errors since 
the 651 large floppy was interfaced to my 



THESSB SISD 
FLOPPY DISCOUNT 

Affordable 
The tribe at Smoke Signal Broadcasting took our 
BFD-68 disk system and scalped the price, but 
not the features to create the ABFD-68 (Affordable 
Basic Floppy Disk). We appreciate the fact that 
the computer hobbyist gave us our start and we 
haven't forgotten you . 

$649 Assembled 
Compare Price. Our SS-50 bus compatible disk 
system is $150 less than the assembled price of the 
leading S-1 00 disk system. And you can at least 
double that savings when you buy one of the 
computers manufactured by MSI or SWTPC that 
use the superior 6800 microprocessor. 

Programmable 
The BFD-68 is well known for its fine software. The 
system comes with the best disk operating system 
available and we offer a multitude of other com
patible software products. These include a BASIC 
interpreter with disk file handling capability. By 
the way, our DOS now easily handles true random 
access files as well as sequential . Also, we have a 
super fast BASIC compiler for business applica
tions. In addition, a Text Editor, 2 Assemblers, a 

Circle 105 on inquiry card . 

Trace Disassembler useful for program debugging 
and an Object to Source Code Generator are all 
stock items available for immediate delivery. 
A word processor will be available very soon. 

Reliable 
We delivered our first mini-floppy disk system a 
year ago - 6 months ahead of any other 6800 
based mini system. Thus, we've had twice the 
experience in building reliability into the system. 
Our NEW disk controller was designed using all 
we have learned in the past year about system 
reliability . 

The ABFD-68 contains all the built in reliability 
of our regular BFD-68 plus you save money by 
supplying your own cabinet and power supply 
for the disk. 

Available 
We've shipped literally tons of our BFD-68 disk 
system in the past year and have learned to keep 
our production up with demand. Give us a call and 
chances are we'll be able to ship you the new 
ABFD-68 from stock and charge it to your Master 
Charge or Visa card . Better yet, ask us for the name 
of the computer store nearest you that carries our 
complete line of computer products. 
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Figure 7: The author's minifloppy interface circuit. This circuit uses a 4 K bit buffer memory, IC10, as a key element of its 
operation. For output, this memory is addressed one bit at a time by writing to addresses 9000 to 9FFF of memory address 
space thru counters IC1 , IC5 and ICl 1. Bit 0 (low order) of the word written to memory is stored in the appropriate bit. For 
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6800 developmental system.) The Wangco 
82 warms noticeably during continuous 
operation (probably due to its slightly 
larger step motor), but this is not objection
able. The lack of heat should contribute 
significantly to long-term reliability in the 
small floppies. 

Fortunately, the DC motor chosen for 
use by both Shugart and Wangco is not a 
cheap cassette recorder motor. A tachom
eter, integral to the motor, provides feed
back to hold the speed constant. I ncreasi ng 
the motor's load (eg: thumb on flywheel) 
causes no appreciable change in motor speed 
as perceived on a strobe disk, and no data 
errors. The service life of the motor is 
quoted as 8000 hours, an order of magni
tude better than most cassette recorder 
types. At two seconds or less per data 
transfer, the motor should last almost 
indefinitely. 

The motor is turned on by introducing 
a TTL zero (low) logic level on one of the 
interface lines. Shugart and Wangco both 
recommend a one second delay for the 
motor to come up to speed following 
turn on, and Shugart suggests a one second 
oneshot to signal readiness for data move
ment. I provide this delay in software where 
necessary. Since many of my operations are 
manual (ie: keyboard entered disk operating 
system commands), inherent delay in usage 
masks the motor's startup latency. 

Power for the unit is simplified by the 
lack of any negative voltage. Only +12 VDC 
at approximately 1 A and +5 VDC at ap
proximately 0.5 A are required. 

Spiral Steps 

The Shugart and BASF dl-ives differ from 
full-size floppy units by not using a lead 
screw to drive the head carriage assembly. 
Shugart uses a disk with a spiral groove, 
rotated by a step motor; the head carriage 
rides in the groove on a single ball bearing. 
This can be the source of confusing prob
lems during improper operation, since no 
stops are provided at the track 00 and track 
35 points. The head carriage is free to run 
out of the groove somewhat like the needle 
on an old record player when the song is 
over. Once the groove is lost, numerous 
step pulses must be issued until the groove 
is again fou nd and track 00 accessed. During 
proper operation, however, this confusion 
should never arise. 

The small floppies use a track 00 switch 
to indicate head position over the outermost 
track, as do the full-size floppies. Except 
for the "lost groove" problem described 
above and timing of the step pulses, hard
ware and software techniques used on full-

size floppies are directly applicable to the 
small floppies. 

Recognition of Sectors 

In the Memorex units, the INDEX pulse 
is already separated from the SECTOR 
pulse. This is not the case with small floppies. 
It is a simple matter to add a oneshot and 
logic gates to extract the INDEX pulse from 
the combined pulse train, but this circuit 
must be provided by the user. 

The number of sectors for hard sectored 
systems may be either ten per track or 18 
per track and is solely a function of the 
diskette used. 

Speed 

The minifloppy data tl-ansfer rate is half 
that of most large floppies. This is due to 
the reduced bit density recorded on the 
media, and to the reduced diskette rotation 
speed (300 rpm). The extra delay due to 
increased rotational latency is quite notice
able to the user. 

Extracing the Data 

Similar to the SECTOR and INDEX 
pulse situation above, the user of the small 
floppy must also separate the data which is 
read from the clock pulses. The Memorex 
and other full-size drives provide these two 
signals individually, but the small floppies 
don't. 

The circuit which the user must provide 
to accomplish this separation may be elegant 
or simple, depending on the user's needs 
and tastes. Shugart complicates the data 
separation problem by discussing bit posi
tion shifts (in time) due to adjacent ones 
or zeros. They recommend different time 
windows depending on whether the previous 
bit cell was 1 or O. This technique is in
tended to provide greater reliability. I did 
not use either of Shugart's recommended 
circuits; I also ignored the bit shift problem. 
The circuit used (see figure 2) has a single 
6 J,lS oneshot and defines the data window 
somewhat differently. (More on this later.) 
The reliability of this circuit is such that the 
drive never makes hard errors and rarely 
(less than one per day) makes soft errors. 
In double density operation the more 
elegant approach to the problem of data 
separation would undoubtedly be needed. 
Fortunately, the low bit density of the small 
floppy allows me to take a relatively lax 
approach. 

Shugart versus Wangco 

Both the Shugart and Wangco mInI
floppies pass data with excellent reliability. 



32K/16K Static 
S·100 BUS COMPATIBLE: 
Such as ALTAIR™, IMSAI, SOL, 
POLY, XITAN, etc. 

Featuring: 
1. Capacity: 32768 Bytes for model 3200 

16384 Bytes for model 1600 
2. Addressing: Each 4k block separately addressable 

on any 4k boundary. Allows memory to be placed at the 
top, bottom, and anywhere in between. 
This feature overcomes the problem of working with 
software that requires memory in different places. 

3. Wait states: none 
4. Speed: under 500 ns. 
5. FULLY STATIC: no clocking, no refreshing. 
6. Memory chips: High quality/reliability 4kx1 , 18 pin 

static manufactured by Texas Instruments and second 
sourced by others. 

7. Fully socketed: even the 16k board contains sock· 
ets for al132k of memory. 

8. Fully assembled, tested , and burned in . 
9. Lower power than equivalent capacity of low power 

2102 type memory. And only one slot! 
10. DMA Compatible 
11. Fully Buffered: All address and data lines buffered 
with powerful state of the art buffers equipped with 
Schmitt triggers on their inputs. 
12. Special Thermal Design: Each 4k of memory has a 
separate regulator thereby distributing the heat 
dissipation over 8 separat~ regulators. They are placed 
at the top of board to allow the most efficient heat 
dissipation possible. 

Call:(215) 779-3677 or 
Use the coupon to order 
Assembled, Tested Model 3200: 32k $999. 
and Burned in: Model 1600*: 16k $599. 
"assembled with sockets for 32k but tested and sold 
with only 16k. 
16k Expansion Kit: Model 1601: 16k of memory to up· 
date the Model 1600 to a model 3200. $499. 

Circle 121 on inquiry card. 

Trace Electronics new, flexibly featured, state of the 
art , 32k STATIC RAM comes fully assembled , thor· 
oughly tested, burned in and warranted for only $999. 
For further information and fastest service call 215· 
779·3677. 
r - - - - - - - - - - - - i =o~l~ike 70 ~r:-e~; ~I::~:---------.. 

o Model 3200 32k Sialic Memory. Assembled and 
lesled 5999. 

[I Model 1600 16k of memory on Ihe above 32k board. 
Assembled with sockets (or 32k and 
lesled with 16k. 5599. 

C Model 1601 16k expansion kit for above. $499. 

My add ress is: 

Name -=============~======= Address 
~~Ibne----- Slate - - Zip ---

Enc losed is a check o r money order for: ___ _ 
Please charge the item(s) I 've marked above to my 

rrnnlil ffFnrrn 
~e~ii;;t:r: h a rg e ~~~:~~~~:bove name 

Z • (Masterchargeonly) ---

No te: Add ress for:i~e::lt~r:rd-o- rd- e-rs-m-us- t -be- I-he- s-am-e 

as that on fil e with the credit card company. 

1R4CE Mail this coupon to: Trace Electroni cs Incorporated 
P.O. Box 3247 Hampden Station , 
Read ing, Pennsylvania 19604 

L ___________________________________ ~ 
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Note: Since this article 
was written, author AI/en 
notes that both Shugart 
and Wangco have re
designed portions of the 
printed circuit boards and 
mounting hardware. The 
descriptions on this page 
are based on early models 
of the designs. 

DATA/CLOCK 
(FROM DRIVE) 

INCOMING 

DATA/CLOCK 

ONE-SHOT 
Q OUTPUT 

SEP CLOCK 

DELAYED 

SEP CLOCK 

DELAYED 
DATA /CLOCK 

DATA LATCH 
OUTPUT 

u 

Significant differences do exist between the 
units, but they are largely mechanical; it 
is difficult to fault either unit for its electri
cal performance, in single density operation 
at least. 

The most obvious difference is Wangco's 
use of a conventional lead screw for head 
positioning, as noted earlier. This makes 
the Wangco drive look like a miniaturized 
version of a standard drive. 

On Wangco's drive, all parts, including the 
motor controller, are mounted on a single 
printed circu it board. Wangco uses the 
Fairchild 7391 motor controller integrated 
circuit, while Shugart employs its own 
motor controller using a 741 op amp plus 
discrete components on a separate printed 
circuit board . Both Wangco and Shugart 
use the same Buehler DC motor and 
tachometer. 

+5 

47K 
5% 

200pF 
5% 

+5 

CLOCK 
EXTRACTOR 
CIRCUIT 

IC27a 
7474 

I DATA BIT 
I LATCH 
I CIRCUIT 

I 
I 
I 
I 
I 
I 

Wangco has a second set of index and 
write protect LEDs already installed in the 
drive that allow recording on the flip side of 
standard diskettes. Shugart uses a micro
switch to sense write protection, and there 
appears to be no provision for addition of 
either a second switch or second sector LED. 

Wangco's printed circuit board is an
chored by four standard 4-40 machine 
screws. The body of Wangco's power con
nector is mounted parallel to the plane of 
the printed circuit board facing rearward 
and anchored to the board with a nylon 
tie wrap. On the Shugart drive, the main 
board is gripped loosely at the edges by four 
spring clips which are held in place by 
Tinnerman style nuts over plastic posts. 
The board is susceptible to being pulled 
loose from the frame. Shugart's power 
connector is mounted at right angles to the 
board with the lower rear corner facing 
inward. If the power cable is given a good 

SEPCLOCK 

2 D 
_ 6 
Q I ~~8~12~ I ~ D 

IC27b 
7474 
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CK 
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u u 
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Figure 2: A circuit for separating data pulses from clock pulses in the author's system. Data and clock pulses arrive mixed to
gether at the input to IC25a. ~/C26, a oneshot, provides an output pulse to the data bit latch, IC27a, in such a manner that only 
clock pulses are outputted at SEPCLOCK. The timing diagram shows the effect of intentional propagation delays (exaggerated 
here for purposes of illustration). The delayed DA TAlC LOCK signal clocks data flip flop /C27b off during clock pulses because 
the clocking occurs during the time of the delayed SEPCLOCK low level. 
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Everything you've ever 
wanted to know about 
microcomputers in 
2~':$¥8~9~ book Over 400 pages. Fullaw' x 11" s;ze. 

The ultimate book 
about microcomputers. 
Written by experts 
... SCELBI and BYTE. Over 
400 pages. A collector's item, 
featuring The Basics 
from the first 16 issues of BYTE and SCELBI's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 

YOU can't buy information 
organized like this any
where. This is the book 

that everyone who is into micro
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com
plete, it features many glos
saries, and is illuminated with 
profuse illustrations and photo
graphs. 

The ScelbilBYTE Primer is 
divided into four logical sec
tions, that take you from point 
"0" through building and pro
gramming your own computer ... 
step-by-step-by-step. 

What can you do with a micro
computer? Checkbook balanc
ing. Recipe converting and food 
inventory. Heating and air condi
tioning control. Home and busi
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc
tion. Toys and games. Small 
business accounting and inven
tory. And lots, lots more. 

Circle 102 on inquiry card. 

How does a microcomputer do 
it? Lots of "how to" theory. In
troducing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 

Over 400 pages. Selected articles 
from BYTE and SeElBI books. 
Profusely illustrated. Many 
photographs. $10.95, plus 50¢ 
shipping and handling. 

How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor
age. Analog to digital conver
sion. How a computer can talk. 
Other 1/0 techniques. And more. 

Order your copy today! 
SCELBI COMPUTER 
CONSULTING INC. BITS 
Post Office Box 133 PP STN 70 Main Street 
Dept. 8 Peterborough, NH 
Milford, CT 06460 03458 

Pri ce s shown for North American customers . 
Master Charge. Postal and bank Money 
Orders pre ferred . Personal checks delay 
shipping up 10 4 weeks . Pri ci ng , specifica
ti ons, availability subject to change ' without 
noti ce. 

All about building a micro
computer system. Over 12 com
plete construction articles. Flip
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.C. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for lias - TV and CRT displays, 
cassette interfaces, etc. Mathe
matics functions. ROM program
mer. Plus much, much more. 

How to program a micro
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as
sembler. Lots more. 

And that's only the beginning! 
Others have spent millions ac
quiring the type of microcom
puter information found within 
the 400 pages of The Scelbil 
BYTE Primer. But, it costs you 
only $10.95, plus 50¢ for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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Table 7: Power wiring 
table for figures 7 and 2. 
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IC , +5 V Gnd 
Number Type Pin Pin 

ICl 74177 14 7 

IC2 7474 14 7 

IC3 7474 14 7 

IC4 74125 14 7 

IC5 74177 14 7 

IC6 74125 14 7 

IC7 74125 14 7 

IC8 74221 16 8 

IC9 7404 14 7 

IC10 TMSA044-45 18 9 

ICll 74177 14 7 

IC12 7442 16 8 

IC13 7430 14 7 

IC14 7474 14 7 

IC15 7408 14 7 

IC16 7408 14 7 

IC17 74175 16 8 

IC18 7400 14 7 

IC19 7404 14 7 

IC20 74177 14 7 

IC21 7420 14 7 

IC22 7404 14 7 

IC23 7400 14 7 

IC24 74177 14 7 

IC25 7404 14 7 

IC26 74122 14 7 

IC27 7474 14 7 

jerk, the board cou ld be dismounted and 
the comer of the board possibly broken 
off at the power connectm. 

The two units are indeed plug com
patible. The contro ll er described below, 
initially designed for the Shugar-t drive, 
passed data to and from the Wangco unit 
with no errors and no wir ing changes. One 
minm difference in inter-facing is that 
Wangco uses pin 2 of the, interface connector 
as a fo urth drive-select lin e; pin 2 is unused 
on the Shugart unit and on ly three Shugart 
units can be paralleled without making 
cabling changes. 

The Wangco unit's head would not load 
when first power-ed up in my demo unit. 
I t moved freely with fi nger pr-essure when 
power was off, and even pulled in with 

power on when given a littl e assistance . 
Minor adjustment might have been in order, 
but I thought that perhaps gravity could 
provide the needed assistance. This was 
verified when the unit was turned 180

0 

on its sid e and it began loading and working 
flawlessly. H -~ad load so lenoids have been a 
weak point of floppy disk drives at least 
si nce the Memor-ex 651. 

The Prototype Controller 

In mder- to get the minifloppy worki ng 
with the least fuss, I adapted the original 
contro ll er designed for- the Memorex 651 to 
the minifloppy (see figure 1). This per
mitted use of all existit;l g disk-based software 
with very few changes (see" A Floppy Disk 
Inter-face," page 58, Januar-y 1977 BYTE) . 

The contro ll er uses the same 256 byte 
hard sectors, buffered in the interface card, 
as before. Today, 256 bytes is unnecessarily 
small. Programmable memory pr-ices have 
dropped sufficiently to warrant the use of 
a 512 or 1024 byte buffer, wh ich could 
significantl y increase the ap parent speed of 
the disk. Logistics, not economics, dictated 
the co ntinu ed use of the 256 byte sector. 
The hardware and software can be easily 
changed to incor-porate a larger buffer. 

The simil arity of the small floppy con
troller to its par-ent will be readily apparent 
if the schematics ar-e compared . A reduction 
in chip count results from the smaller- num
ber of sector-s which saves a cou'nter and 
bus driver, and from the use of a single 4 K 
static programmable memory in place of 
the separ-ate 21 02s of the parent design. 

Two separ-ator circuits are built around a 
74221 dual oneshot: one for sector- and 
index pulses and the other- for the received 
data and clock pulses. Th e data and clock 
pulse separator circuit is really just a varia
tion of the sector and index circuit. In each, 
a missing pulse (either an index or data 
pulse, depending on which circuit) is being 
sought. 

Sector and Index Separator 

Sector pulses are consistently present, 
occur-ring at regular intervals in time. Since 
the anticipated ind ex pulse will occur 
approx imate ly midway between adjacent 
sector pulses, the secto r pulses are used to 
define the position of a sampling window. 
The oneshot is used as a gating signal to strip 
the index pulses out of the sector pulse 
trai n. 

In the sector and index pu Ise separator, 
the window begins at the trailing edge of 
each input pulse. The presence of the win
dow (ie: oneshot fired but not yet r-un out) 
enables J gate which will then pass any 



No, It Doesn't Cost 
a Million Bucks, 
ItJust Works Like 
ItDid! 

The MSDD-I00 Floppy Disc System offers 
you an inexpensive, modern way to get real 
data processing power from your S-lOO Bus 
Computer System. Disc storage is a must in 
every microcomputer. With tlie MSDD-I00 
system, this power doesn't cost much more 
than cassette, and is far faster. 

For business applications, disc storage is 
an absolute must. The MSDD-lOO has enough 
bulk storage capacity to handle hundreds of 
inventory entries, yet has enough speed to get 
you to any of these records in just a second or 
so. That's power! 

Computer programmers know the 
advantage gained with disc storage. P~ogra~ 
development is speeded up greatly. With a disc 
system, you spend your time writing software, 
not waiting for slow peripherals such as paper 
tape. For example, paper tape can be handfed 
at about ten characters per second. Cassette 
tape runs at maybe thirty characters per 
second or so. By comparison, the transfer rate 
with the MSDD-lOO Disc System is 15,000 
characters per second. That's fast! 

You can easily put over 90,000 characters 
of data on a single diskette, about 5" in 
diameter. The MSDD-lOO controller will allow 
you to hook up to three separate drives onto 
your system. That's over a quarter of a 
megabyte on line and accessable in a second 
or two. That's storage. 

For $599 you get the unique, modern 
MSDD-lOO Disc Controller Card, the industry 
standard Shugart SA-400 Floppy D.i~~ Drive, a 
comprehensive manual, system utilittes 
softWare and patches into altair basic, and a 
preas sembled cable. We offer fully integrated 
8K and extended basic languages at nominal 
extra cost. That's MSD! 

Circle 80 on inquiry card. 

MSD Gets Down to Basics. 
Microsoft, the company that created the 

popular, widely used altair basic, .wrote MSD 
Disc Basic, 8K and extended versIOns. 
Microsoft basic is well know for its power and 
speed. MSD bings you this language for the 
MSDD-lOO Floppy Disc System. MSD offers. the 
first really compact disc basic, our 8K verSIOn, 
and extended basic, with powerful feature~ 
such as double precision number processlllg, 
formatted data output, multiple data 
terminals, and most efficient memory usage. 
This fine software is now available to every 
MSDD-lOO user. MSD basic is also fully 
compatible with the MSDV-lOO video system. 

_'IIIlS.I., Ill., Vt.S\I1IlI!(Qoo:.lJ l~l., 1IIIO,au. 
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The MSDV-lOO video display system is a 
powerful, S-lOO compatible video output 
device. With a high resolution 80 x 24 format. 
The small system user can now have a 
sophisticated video display system 
comparable to the most expensive of video 
terminals. You don't have to settle for less 
anymore! 

The MSDV-lOO Video Display System is 
designed around a custom A(~II charac~er 
set. Vertical lines, horizontailines, and line 
intersections are part of its well thought-out 

repertoire. The upper and lower case 
alphanumeric characters are of the highest 
quality. The MSDV-lOO is a memory mapped, 
two board device that can be fed into a 
standard video monitor. Thoroughly 
developed software is included, with a wide 
selection of drivers supplied in both basic and 
assembly language. With MSDV-lOO driving 
software, the MSDV-lOO becomes an elegant, 
sophisticated video tenninal with scrolling 
and cursor control. Full compatability with 
MSD basic, of course! 

c~ msQl 
2765 So. Colorado Blvd . Suite 110 Denver,C080222 (303)758· 7411 

Sanyo Monitor (VM4209) .......... $150 
Micro-Floppy Disc System .... .... $499* 

(Assembled) .... ... . . .. ..... . . . $599* 
Video Display System . ..... . .. ... $285 

(Assembled) . ..... .. .. .. .•.. . .. $385 
Additional Drivers ............... $350 ea. 
Diskettes ......... . . . ... . ... . .. .. $4.25 ea. 
*Power Supply not included. 

Micro-Floppy Disc System . . . .. ... $599' 
(Assembled) ... . .. : . ...... .. .. . $699 

Price Increases EffectIve Feb. 1 
To place Order, send check, money order or SA 
or MC Card # with expo date and sIgnature. 
Uncertified checks require 6 weeks process
ing. Phone orders accepted. 
Please Send me the following : AMOUNT 

TOTAL: 
Name 
Address __________ _ 

City, State, Zip ________ _ 
o Send me more information 
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pulse so long as the window is still open. 
The window closes before the next input 
pulse, so only an index pulse, if prese nt, 
can pass through to the index output. The 

Double Density Operation 

Much of the interest surrounding 
floppy disks, large or small, centers 
on double density operation. Various 
schemes exist for recording twice the 
usual amount of data on each sector. 
This possibility stems from the fact 
that the FM encoding used on the orig
inal . floppies is inefficient in the number 
of flux changes used per data bit. By 
switching to a more effic ient encoding 
technique (eg: MFM, M2FM, Modified
Miller, GCR; see IEEE Spectrum, July 
1977) twice the amount of data can be 
recorded on each sector with li ttle 
or no increase in the number of flux 
changes. The new encoding techniques 
are a mixed blessing, however, since 
their bandwiclth requirements are dif
ferent from FM, their tolerance of the 
"bit-shift" phenomenon is different, and 
they require a more complex data sepa
rator and decoder. FM encoding is sti ll 
the eas iest, cheapest, and most reliable 
technique. 

Of the ai.ternative codes used to 
achieve double density, GCR (Group
Coded Recording) looks quite attractive. 
Micro Peripherals Inc has implemented 
double density using GCR in a fu ll size 
floppy disk and controller system cur
rently bei ng marketed . (For an all uring, 
albeit incomplete synopsis of GCR, 
see Computer Design, December 1976 
or Perkin-Elmer Data Systems News, 
June '14 1977.) GCR is nothing more 
than the old standby NRZ with its 
attendant advantages, but, since or
dinary NRZ has no clocking information 
and a potentially high DC content during 
long strings of ones or zeros, the data is 
reformatted to eliminate the long strings. 
The reformatting converts each four bit 
group of original data into five bits of 
group coded data; the five bits in the 
encoded version will always have a mix 
of ones and zeros, even if the real data is 
all in one state. Reformatting in GCR 
can be accomplished in software, as 
opposed to MFM, etc, which almost 
unavoidably must be encoded and de
coded in hardware. Thus, GCR has good 
possibilities as a low cost, high relia
bility scheme for achieving double 
density. 

complement output of the oneshot is also 
used: if the window is open for index pulses 
it is thu s closed to sector pulses, and vice 
versa. Thu s, the same window which keeps 
sector pulses out of the index pulse line 
also keeps ind ex pulses out of the sector 
pulse lin e. 

Data and Clock Separator: 

The FM data and clock separator used 
in this controller is considerably simpler 
than Shugart's recommended circuit. It 
evolved from an understanding of two basic 
functions which must be provided by any 
such separator: 

1. extraction of clock ing information 
2. latching data and holding it long 

enough for transmission to the using 
system 

Shugart's use of the oneshot mixed these 
two functions together, and complicated 
a simpl e task. The oneshot should be used 
only for the purpose of clock extraction; 
use of the oneshot to provide a window for 
data taking will result in reduced to lerance 
to bit sh ifts. The circuit of figure 1 shows 
the clock extractor and data bit latch 
separate ly. 

The clock extractor uses the oneshot to 
strip any data pulses out of the data and 
clock pulse train. The oneshot's time interval 
extends from the leading edge of the clock 
pulse past the trailing edge of any data pulse 
wh ich might appear within the bit cell. The 
oneshot will then be triggered on ly by clock 
pulses, and will likewise set the clock flip 
flop at each clock pulse's leading edge. The 
clock flip flop will be reset promptly at the 
trailing edge of the incoming pulse. The 
inverter, IC25b, provides propagation delay 
to help i·nsure that the clock flip flop can be 
set by the oneshot. The output of the clock 
flip flop is a train of clock pulses (no data 
pulses) which are synchronous with and 
sli ghtl y delayed (by a few nanoseconds) 
from the incoming clock pulses. 

Th ese derived clock pulses are subse
quently used in the data bit recovery process. 
The window during which a data bit might 
appear is ideally described as the inter'val 
between the trailing edge of one clock pulse 
and the lead ing edge of the following clock 
pulse. The data bit latch, IC27a, is therefore 
set by the trailing edge of any pulse other 
than the clock pulse. Although both data 
and clock pulses are present at the clocking 
input to the data flip flop, it discriminates 
agai nst clock pulses because the derived 
clock pulses are present at its data inpu t. 
The dual inverters, IC25c and IC25d, pro
vide propagation delay which facilitates dis-



crimination against clock pulses. Thus, any 
pulse that is not a clock pulse will set the 
data bit latch flip flop and be held until the 
trailing edge of the next clock pulse. 

Other Functions 

Since the derived clock pulses are ap
proximately 1 fJ.S wide, they can be used 
directly as write pulses to store the data bits 
into the programmable memory. The prop
agation delay mentioned above also provides 
a slight data hold time which insures that 
the data will be stable at the programmable 
memory's input throughout the duration of 
the write pulse. 

ICs 3a and 3b serve, as in the previous 
design, to synchronize the readi ng and writ
ing operations with the lead ing edge of the 
sector pUlses. As before, it is up to the host 
processor to request a read or write trans
action one sector in advance to allow 
the controller to take control at the ap
propriate time; ie: if the host processor 
wants to write to sector 3, it must request 
this sometime dUl'ing the reading of sector 2 
so that the controller will be set up and 
ready when sector 3 rolls aro und. 

Software 

I have modified the software, which was 

previously developed for use with the 
Memorex 651 IMge floppy, for use with the 
small floppies. The most notable change is 
in the number of sectors per track, which 
is now ten for the small f loppy with the 
SA-107 type media. Since the sector size of 
256 bytes is unchanged, no radical changes 
were necessary in the or igin al software. 
The software sti ll fits into a 1 K byte read 
only memory when used in con junction with 
a Motorola MIKBUG system . When used on 
nonM I KBUG systems, an overhead of 100 
or so bytes will be incurred to support the 
character printing and receiving routines. 

Su mmary 

A small floppy in conjunction with the 
controller of fig ure 1 represents perhaps the 
cheapest and easiest way to add a floppy 
disk to a small system. 22 common TTL 
integrated circuits and one MOS integrated 
circuit memory (which is second sourced 
and should be readi ly avai lab le) are used. 
The controller requires no adjustments 
providing that suitab le quality compone nts 
are used . Sector buffering on board is again 
used to facilitate independence of any 
particular processor or system configuration 
and permit concurrent interrupt hand lin g 
where desired.-

At last ... DIP Jumpers 
for Faster & Easier / ' 

~~D~~:~~~~':~S: high M\ 
quality solution to bussing between PC ~ 
boards, mother boards, backplanes and more. 
Available in 14, 16,24 and 40 pin single ended or 
double ended assemblies, in standard lengths of 
6, 12, 24 and 36 inches. Each assembly has 
molded-on strain relief and line-by-line 
probeability. Contact material is non-corro
sive nickel silver.Dielectric is 94 V-O rated. 
Cable options include stranded electric 
pink, rainbow or with ground plane. 

Order from your AP distributor today. 
Our distributor list is growing daily. For the 
name of the distributor nearest you call Toll Free 
800·321·9668. 

Send for our complete AP catalog The Faster & Easier Book. 

Faster & Easier is what we're all about. iii A P PRODUCTS INCORPORATED ~ 
Box 110. 72 Corwin Drive, Painesville OH 44077 ~ 
(216) 354·2101 TWX: 810-425·2250 

Circle 4 on inquiry card. 

Copies of the software 
for the interface are ava il 
able from the author (com
plete assembly listing only, 
no object tapes) for $10. 
Persons interested in a 
printed circuit board or 
complete kit, si ngle or 
double denSity, are in
vited to inquire about 
Altair ($-100) and $wTPC 
bus compatib le versions of 
this c·ontroller . Please ad
dress all correspondence to 
me at the address shown 
at the beginning of this 
article. 
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LEARN~~ 
PROGRAM 
~11(~ltO(~C'~II·ITTI~ltS 

And at an affordab le price. The 
Modu-LearnTM home study course 
from Logical Services. 
Now you can learn microcomputer 
programming in ten comprehens ibl e 
lessons. At home. In your own time. At 
your own pace. 
You learn to so lve comp lex problems 
by breaking them down into eas ily 
programmed modules. Prepared by 
professiona l design enginee rs, the 
Modu-Learn ™ course presents sys
tematic software design techniques, 
structured program design , and prac
tical examp les from rea l 8080A 
micro-computer app li cations. All in a 
modular sequence of 10 lessons. 
more than 500 pages , bound into one 
practical notebook for easy reference. 
You get diverse examp les, problems, 
and solutions. With thorough back
ground mate ri al on micro-computer 
architecture, hardware/software trade
oils, and useful reference tables. All 
for on ly $49.95. 
For $49.95 you learn design tech
niques that make software work for 
you. Modu-Learn™ sta rt s with the 
basics . Our problem-solution ap
proach enab les you to "graduate" as 
a programmer. 

Circ le the reader serv ice number be
low to rece ive our free descriptive 
brochure and course outline. 
Use your Master Charge or VISA 
ca rd to order today. Call Pat at (415) 
965-8365. 

Circ le 65 on inquiry card. 

711 Stierlin Road 
Mountain View, CA 94043 
(415) 965-8365 

LOGICAL 
SERVICES INCORPORATED 
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As" ~YTE 
TTL TO DRIVE LEOs? 

Are TTL integrated ci rcLiit devices 
ab le to drive lED disp lay devices with 
just a current limi t in g resistor? 

M V Amiot 
3R Marcel Doret 

92140 Clamart FRANCE 

Yes, it is done quite frequently both 
in production and in homebrewers' cir
cuits. The following is a typical con
figuration using a 7404. 

7404 
'" 220.n 

TO 
330.n 

+5V 

Note that the critical specification to 
consider is the low level output current, 
noted in the Texas Instrum ents TTL 
Data Book for Des ign Engineers as 
10 [, Most TTL integrated circuits can 
sink a current of 76 rnA, corresponding 
to a fanout of 70 unit loads at the inputs 
of other TTL gates. Using one LEDwith 
dropping resistor and a 76 rnA current 
would be within nominal specifications 
over the entire temperature range of the 
part; in fact, however, ratings are con
servative and an upp er bound on the 
actual LED drive current possible is 
the short circuit output current of the 
TTL gate, typically about 50 mAo 
(Manufacturers do not recommend 
shorting more than one output of a 
package at a single time.) What this 
means is that by using something less 
than a short circuit level of current 
it is possible to drive perhaps 20 to 30 
rnA and get a brighter display than 
that provided by the nominal 76 mA.-

WHAT DOES REFRESHING FROM 
MEMORY MEAN ? 

Since AP l uses scads of memory, 
and the most drast ic red L1ction in 
memory price ($ 1495 for 64 K from 
Ex tensys Corpo ration) is for a dynamic 
memory , a crucia l prob lem for APl 
wou ld be its use w ith a nonstatic 
memory. 

Allen Atwood's arti cle in August 
1977 BYTE (page 108) says "One wo uld 
not want to refresh a disp lay from 
memory using APl." Why wou ld n't I ? 
At these new low pr ices, I am very much 
in te rested . Is this memory refreshing 
d iffi cu l ty just fo r the 8080, which 
Mr Atwood's artic le is about, or for 
other microprocessors also? 

Z il og's tec hni ca l manual for the Z-80 
states that the Z-80's Memory Refresh 
Register "enables dynam ic memories to 

be used with the same ease as static 
memories ." Extensys says that its 
memory board has "com plete dynam ic 
refresh logic ." My ques tion is, ca n AP l 
be properly implemented on the Z-80, 
using the much cheaper dynam ic 
memory? 

Henry Williams 
4323 Gleneste-Withamsville Rd 

Cincinnati OH 45245 

Your question is due to two different 
uses of the concept of " refreshing" 
something. In the context of dynamic 
memory systems, refreshing re fers to the 
technique of assuring that every memory 
region of the chips is referenced re
peatedly with a certain minimum fre
quency of reference. This dynamic 
memory refreshing requirem ent is in 
variably satis fied in hardware, whether 
on the memory board itself as in many 
of the availabie memolY boards or by 
logic built into the processor design 
such as the refresh algorithm of the 
Z-80. 

Allen Atwood was referring to a 
different concept, namely refresh of 
visual displays, and in particular the 
classes of displays which require ex
plicit p rogramming to generate their 
data on a continuing basis. Typical 
classes of displays which require con
tinual programmed refresh include 
vector displays and point displays. 
(For an example of vector displays 
see Steve Ciarcia's article on page 78 
.of November 7976 BYTE; another 
example is provided by "The Beer 
Budget Graphics Interface" of Peter 
Nelson, seen on page 26 of NOI/ember 
7976 BYTE, and used for the output 
of Dave Kruglinski's program described 
in "How To Implement Space War" 
in October 7977 BYTE, page 86.) In all 
such programmed display refresh tech
niques, assembly language on the typical 
processor is barely fast enough for 
flicker free images of reasonably com
plex pictures. Use of any high level 
language interpreter (including APL, 
BASIC, etc) is more than likely to be 
too slow. But as in the case of dynamic 
memories, many display techniques 
involve hardware refresh, in which case 
the speed of programmed refresh is not 
a question. 

In short, since dynamic memory 
refreshing is a hardware task, there is 
no memory refreshing difficulty with 
respect to A PL, or any other language. 
An important point related to this is 
the fact that as for as APL or any other 
high lel/el language is concerned, there is 
not one bit of difference between a 
static and a dynamic volatile program
mable memolY technology: both forms 
of memory lose all data when power is 
removed; both forms aet as a main 
memory resource to the compuler. I t is 
true that dynamic memolY must use 
"hidden refresh" schemes to be truly 
equi~alent to static memory in all as
pects including access time and wait 



states; but this difference only has 
significance if you are trying to use 
programmed timing loops and the pro
cessor's crystal clock to make measure
ments of time, It is true that static 
memory has a higher parts count (32 
chips for 76 K bytes static versus 8 
chips for 76 K bytes excluding refresh 
logic for 76 K bytes dynamic). It is also 
true that static memory consumes 
perhaps twice as much power as the 
equivalent dynamic memory. But these 
factors are not major ones in many user 
oriented situations: it is memory capa
city which counts most in the choice of 
the product, not how the memory is 
implemented. 

In choosing a personal computer sys
tem, the choice between static and 
dynamic has 01/ the functional distinc
tions for the user of the choice between 
square headlights and round headlights 
in a car: both work, both perform their 
functions . . . CH-

~YTE's ~its 
The Future of Personal Computing 
at COMPCON 78 

The personal computer indu stry is 
just about three years old; in fact, the 
first personal compute r was introduced 
in January 1975, by MITS Inc, Albu· 
querque NM. Subsequently, an ent ire ly 
new industry has appeared, in cluding 
hardware manufacturers, software 
specia lists, retail stores, trade pub li
cat ions and computer trade shows. 
Personal comp uters have al ready had 
a profound impact on hobbyists and 
ind ustr ial users. With the development 
of new app lic atio n softwa re, micro· 
computers are rap idl y being adapted 
for business, professional and educa· 
tional uses. In just three years, personal 
computing has been placed wit hin the 
reach of every co nsumer with as yet 
undetermined and possibly far reaching 
consequences. 

With these points in mind, COMP
CON 78, Jack Tar Hotel, San Francisco, 
February 28 thru March 2 1978, will 
present a look at the phenomenon of 
personal comp uting. Four panel sessions 
have been arranged with experts who 
will be discussing vario us aspec ts of the 
comp uter revolut ion. These panel ses
sions start at 7 PM and cove r to pics such 
as "Women's Contribut ions in Innovative 
Computer App li cat ion s" on Monday, 
" Robotics and Bionics" on Tuesday, 
"Ed itors of Comp uter Magazines" on 
Wednesday, and "Comp ute r Art and 
Music" on Thursday. Each session is 
arranged to provide a broad spect rum 
of end users with the opportunity to 
hear about and d iscuss the latest ad
vances in each of these areas. Panelists 
in clud e experts in compute r based 

Introducing 
Bit Pad. 

The new, 
low-cost digitizer for 

small computer systems. 
Bit Pad is the newest product from Summagraphics. the leading 
producer of professional digitizers. I t has a smal l 11-inch active area and 
a small $555 price tag. But the list of applications is as big as your 
imagination . 

Better than a joystick or keyboard for entering graphic information , 
it converts any point on a page, any vector, any distance into its digital 
equivalents I t's also a menu for data entry You assign a value, or an 
instruction to any location on the pad At the touch of a stylus. it's 
entered into your system. 

Who can use it? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast. The data structure is 
byte oriented for easy compatibili ty with small computers, so you can 
add a power supply, stand-alone display, cross-hair cursor and many 
other options 

$1,000.00 creativity prize. YOu can also add $1 ,000.00 to your 
bank account as a reward for your inventiveness. Just write an article 
on an original Bit Pad application and submit it to any national 
small-computer periodical I f the editors publish it - and the decision 
is solely theirs - Summagraphics wi ll pay you $1 ,000.00. Contact 
Summagraphics for rules concerni ng this offer. 
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bio-feedbac k, members of the US 
Robotics Society, individuals in vo lved 
in ed ucationa l rep resentatives from 
seve ral of the major manu factu rers of 
microcomputer eq uipmen t, and experts 
in compu ter art and music_ 

PM to 10 PM Monday thru Wednesday, 
attendees will be ab le to get firsthand 
expe ri ence with a broad range of 
equipment in cluding speech sy nth es ize rs, 
video term ina ls, disk systems, code 
graphics, and a w ide range of micro
co mputer main frames and peripherals. 
The conference registration fee covers 
attendanc e at all personal comp uting 
sess ions and exhibits_ There is a regis-

tration fee of $5 fo r individuals wishi ng 
to only atte nd the personal computin g 
sessions and exh ibits. 

Organizers A li ce A hl gren, market ing 
manager, Cromemco In c, Mountain 
View CA 94040, (415) 964-7400; and 
Robert A lbrech t , Author, Drago n, and 
Friend of Children, Menlo Park CA 
94025, (415) 323-6117, w ill be glad to 
supp ly more information.-

Hopefu ll y these discussions cou ld 
he lp shape the f uture of personal com
puti ng. Special exh ibits wi ll also be 
avail able for hand s-o n learn in g: from 5 

Circle 84 on inquiry card. 
A Course 

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 

Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits - the very first night 
- even if you've never used a computer before! . 

A 2 week co urse in the fundamentals 
of digital electronics and microcomputer 
interfaci ng wili be held at Vi rgin ia 
Military I nstitu te from Jul y 17 thru 
Jul y 29 1978. 

SPECIFICATIONS 
ELF II features an RCA 
COSM AC COS MOS 8-bit 
mi c roprocessor address
ab le to 64k bytes with 
DMA. interrupt , 16 regis
:ers. ALU_ 256 byte RAM. 
full hex keyboa rd. two 
d igit hex o utput disp lay. 
5 slot plug-in expansion 
bus. stable crystal clock 
fo r tim ing purposes and a 
doub le- s i ded plated
through P C boa rd plus 
RCA 1861 video IC to dis
play any segment of mem
ory on a video monitor or 
TV screen. 

USE ELF II FOR .. . 
GAMES 
Play interactive keyboard games, 
games with analog inputs, game"s 
utiliz ing your TV set for a video 
display! 
GRAPHICS 
Create pictures, designs, alpha· 
numerics and fabu lous ani mated 
effects on your TV screen for 
hour after hour 01 lamily lunl 
CIRCUIT DESIGN 
Design ci rcui ts usi ng a micro
processor. Use ELF II as a 
counter, alarm system , lock, 
controller, thermostat, timer, 
telephone dialer, etc. The pos
sibilities are infinitel 
Coming Soon! 
Exclusive Netroni cs Plug·ln 
Program Debugger and monitor 
allows visual display of any 
program on a clock pulse by 
clock pu lse basis to help you 
learn programming f-a-s-ti • 4k 
memory • Cassette 1/0 • D to 
A, A to D • Controller plug-Ins . 

BYTE February 1978 

RCA COSMAC microprocessor/mini
computer 

ELFII $9995 
... ------ SENDTODAV ______ , 
• NETRONICS R&D LTD_, Dept. BY2 

I 333 Litchfi eld Road. New Milford. CT 06776 Ph one (203) 354-9375 
Yes! I wan, 10 run pror:wIII.I" al cont rollers. etc. (soon to be 
11011/ t! (III dIu1\' t! t! II C los ('(I: avai lable as kits). Manua l in-
o $99.95 plus $3 p&h for RCA eludes instructions for assembly . 
COS MAC ELF II kit. Fealurcd lesting. program min g. video 
In POPULAR ELECTRONICS. ~raphics and ~amcs I' I IIS how 
Include? a ll components plus you ca n get ELF II User's C lub 
everything you need to wr ite bulletins. Ki t can be assembled 
and run machine language pro- in a single evening and you'll 
gra ms plus the new Pixie chip still have t ime to run programs, 
tha t .Iets yo u display video including games. video g raphics, 
graphtcs on you r TV screen. Dc· cont rollers. etc .. before gOing to 
?igned to giv~ e ngineers prac tice bed! 0 $4.95 for 1.5 amp 6.3 
In. computer programmlOg and VAC power su pply, required for 
microprocessor ci rcuit des ign . ELF II kit. 0 55.00 for RCA 
ELF II is also perfect fo r college 1802 User's Manual. 
a nd college-bou nd s tudents (who 
must understand compute rs for 
any engineering. scienti fic or 
business career). Easy instruc
tions ge t you star ted right away. 
even if you've never used a com· 

o I want mine wired and tested 
with the pO\\'~r transformer and 
RCA 1802 User's Manual for 
$149.95 plus $3 Il&h. 
Conn . res. add sa les tax. 

pUler before! NAME ________ _ 

po~~r y~~~w~~e~v!O~a;dmg~~~~~ ADDRESS. _______ _ 

~~~~~~ ~~~~ncs~~~~~t~~~~a~od~~ CITY ________ _ 
bugger / monito r, cassette I/ O, A STATE----.ZIP·---,~--_ 
to D and 0 to A converte rs, 0 Send info on other kit s! 

..~~~~~b=~=,_~::!.e~=I~~e~..J 

For inform at ion and registration 
forms write to Dr Philip B Peters, Dept 
of Physics, Virginia Military Institute, 
Lex in gton V A 24450. -

A Note for Robot Experimenters 

The September 1977 issue of Dr 
Dobb's journal, vo lum e 2, number 8, 
arrived here recent ly . In i t readers will 
find a co ntribution entitled "An Inter
active Programming Language fo r Con 
t rol of Robots" by Lichen Wang. The 
item includes a description of th e lan
guage, as well as 8080 code for the inter
pretive language, assem bled beginning a.t 
location 0 in address space and assuming 
peripherals in th e form of a Processor 
Technology VDM-1 at lo ca tions CCOO 
to CFFF and an ASCII keyboard input 
port. Th e robots envisioned by th is 
software are represe nted as simulations 
on a grap hic display, a usefu l first step· 
towards debugging and impleme ntat ion 
of motion programs and strategies. Dr 
Dobb 's journal can be reached at POB 
E, Menlo Park CA 94025 . Back issues 
are available while they last at $1.50.-

ALPHA z- 80 $ 495 
ASSEMBLED 

• 12 SLOT MOTHER BOARD 

• 12 CONNECTORS (S-100 BUS) 

• 17 AMP POWER SUPPLY 

• HEAVY DUTY CABINET WITH FAN 

• Z-80 CPU BOARD: A ll Sockets I ncluded, Gold Con
tact Fingers, High Quality Glass Epoxy PC Board , 
Double-Sided, Plated Through Holes, Requires Only 
+ 8 V DC /800 MA. 

NOTE: 22 SLOTS/30 AMP POWER SUPPLY - $595. 

ADS also se lls IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 
Sl EGLER ADM 3A Assembled at $888.00_ TERMS: Cash with Order. 
Prices include Freight. (N .C. Residents add 4% Sales Tax .) 

ADS 

1111 

ALPHA DIGITAL SYSTEMS 
Data Arquisition, Computation and Contro~ 

ROUTE 4 BOX 171A 
BOONE, NORTH CAROLINA 28607 

Circle 2 on inquiry card. 
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Conducted by David Wozmak 

Apple I Library 

A software and hardware library for 
Apple I users has been started, and all 
material wi ll be avai lab le to in terested 
peopl e at cost. If you wish more infor
mation, wl'ite to Joe Torzewski, 51625 
Chestnut Rd, Granger IN 46530. 

Hobby Computer Club 

Located in Belgium an d the Netherlands, 
the Hobby Computer Club is a Dutch
speaking club with more than 230 members . 

Their first central meeting, held on 
October 31 1977, was a big success, with 
mOI'e than 140 members attend ing. Ten 
different types of computers were present, 
and the spirit of the members was high. 

At the present time about one third of 
the club 's members have computers up and 

Circle 79 on inquiry card. 

MPI 
QUALITY CONTROL TEST 

I(E'/BOAF:O TEST 3ee BHUO R5232 SER I AL FU:T 
KEV80ARO TEST 3ae BAUD CURRENT LOOP 
Of: L HIE TEST %il~ 8AUD RS232 SER I AL f1IRT 

BUFF E R WRAP AROUND 
1 i. 34 :.t:i"~?') : 234 5~· ;-8~~ ! :234S6789J.J 123456789C 

ll~~~~~~~~~~~~~l~~~~~J;~~~ 
~>::. _.CHAF~ACTER PATTERN 

:~~_;~~~~r~~~~~~~~~i~~~I 

Need Hard Copy? 
TRY OUR SOFT PRICES 

$425 
Co mplele st"nd"l one 40 co ilim n impClct clo t m" trix prin ter with " 64 
chil",cter ASC II set. Includes powe r sll pp ly. cilsework end in tf' rf ilce 
clp.c tronics for co n nec tion to (l m ini ' mic ro processor rJ<1 r<1 l! e l port. 
S(' ri CtI in tl""! rfi1 ce vers io ns fo r R S232 'ClIITc nt loop arp l ir.:-l li o ns s tCl rt Cl t 
S575 in sin qlf' q llan til y 

~~ nSENDFO I RIFREEB~~T:::~URE 
~ Sail Lake City,Utah 84122 
~ (801) 364-2411 

THE SCELBI/BYTE PRIMER 
The problem solver is here ! The Scelbi/BYTE Primer is more th an a reference book, 
more than an idea book. It is a truly authoritative wide ranging text, featuring articles 
by more than 50 recognized professional authors who know and love microcomputers. 
Whether you're just learning the basics of programming, a business person looking for 
efficient methods of inventory control and stock market analysis, or an old hand in need 
of information on deSigning your own assembler, the information you need is here. 
Many glossaries, profusely illustrated, over 400 pages. You won't want to be without this 
must text from the leaders in the field. Only $10.95 plu s 50 cents for postage and hand· 
ling. Send coupon today or dial your order on the BITS toll free hot line: 800·258·5477 
(book orders only). In New Hampshire, call: 924·3355,9 to 5 EST. 

r----------------------------
Please note: The BITS hot line operators 

are equipped to handle Bank Americard and 
Mastercharge customer orders only. Please 
have your cred it card number ready before 
you cali. 

We invite dealer inquiries on the Scelbi/ 
BYTE Primer. 

Send today to : 

BITS, Inc 

70 Main St 

Peterborough NH 03458 

Dealer inquiries invited. 

I Name 

I Address 

I 
I 
I 
I 
I 
I 
I 

City 

SCELBI/BYTE PRIMER 

o Check enclosed 

State Zip 

Book(s) @$ 10.95 $ ___ _ 

Postage, 50 cents $ _____ _ 

Total $ _----I 
I 
I 111)1 0 Bill Me # ___ I-I--~/L--___I_!~-- Exp. Date ___ _ 

I ~ .. ,,~,' 0 Bill BA # ---J.---I-I---I-I--- Exp. Date ____ _ 
I ' 

Signature 

I ln unusual cases, processing may exceed 30 d ays. I 
_.Al_l.o.r.d.er.s.ffi_u.s.t.b.e.p.r.e.p.aI.·d_. _______ .... _ ~~m.: PhotO:~ this~~i~: wis~~e:~o:~~ intact.:... ____ ~ 
Circle 9 on inquiry card. BYTE February 1978 129 



Circle 71 on inquiry card . 

THE BETTER BUG TRAP 

DEBUG 
AND 

CONCiUER 
Altair/IMSAI compatible board catches program bugs and 
provides timing for real-time applications. 

Four hardware breakpoint addresses. Software breakpoints 
only possible at instru'ctions in RAM. Better Bug T rap 
breakpoints can be in ROM or RAM, a nd at data or 
instructions in memory, input /output channels, or stack 
locations. 

Board can stop CPU or in terrupt CPU at a breakpoint . 

Real - time functions: watchdog timer, real-time clock (for 
time of day clock), interval timer. 

Sophisticated timesharing made possible! 

Unique interrupt structure: generates a CALL inst ruction to 
your subroutine anywhere in memory, not a RST! 

Addressed as memory . All parameters set easily by software. 

All this and more for about the price of a rea l-ti me cloc k 
board, but nothing else does the job of the Better Bug Trap. 

$180, assembled and tested . 2 manuals plu s software. 90 day 
warranty. Shipped UPS. Delivery from stock. 

flf r r n n f r.6 inc. 

BOX 3514, 123 WEST 3RD ST., SUITE 8 
GREENVILLE, NC 27834 

canada 
s~s'~ms. inc. 

"t·t~ --'-""""-"1 .· ... """·:=~ L .. ··· 
'\.i '~r~. ' :~I , ' I '~' .'·l.~"ii·-' -'~.-I ----......--

Boards DO Something 
Cl2400 

Real Time Clock 

S9B- Kit $135- Asse mbl ed 

If your system needs to know what time it is, our CL2400 is 
the board for you. The present time in hours, minutes , and 
seconds is always available for input , and is continuously 
updated by the highly accurate 60 Hz power line frequency . 
Need periodic interrupts? The CL2400 can do that, too , at any 
of 6 rates . Reference manual with BASIC and asse mbly 
language software examples included. 

PC3200 
Power Control System 

PC3232 S299-Kit 
PC3216 SlB9-Kit 
PC3202 S39.50-Kit 

S360-Assm. 
S240- Assm. 

S52- Assm. 

II your system needs on/off control of lights , motors , 
appliances, etc ., our PC3200 System components are for 
you. Control boards allow one I/O port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units, such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated . low voltage . current-limited co ntrol lin es are 
standard in this growing product line . 

canada __ 
systems, inc. 

(formerly comptek) 

130 BYTE february 1978 

P.O. Box 516 
La Canada, CA 91011 

(213) 790-7957 

Circl e 14 on inquiry card. 

running, and another 60 percent are going 
to be using the 6800 processor for their 
planned systems. 

For more information, write to HCC, 
Delftsekade 12, 2266 AJ Leidschendam 
NETHERLANDS. 

Cosmac Elf Club 

A user group fo r the Cosmac Elf has been 
started in Houston TX . The group sends 
out a monthl y newsletter with in terest ing 
art icles pertinent to the Cos mac El f, such as 
an ASCII keyboard interface for th e Elf. 

For more info rmation and a compli
mentary copy of the newsletter, write to 
Charles E Manry, 2012 Williamsburg Ct S, 
League City TX 77573. 

TI-59 Newsletter 

Th e main emphasis of th is newsletter is 
on the exchange of TI-59 calculator pro
grams re lated to gambling (especiall y horse
racing). It also deals with business and 
practical app lications of the calcul ato r. 

The club, masterminded by Hal Dav is, has 
over 1000 members. The membership fee is 
$24 per year, which includes th e newsletter, 
a program cata log, toll-free information 
numbers, a marketp lace, and mo re. 

Th e money goes toward paying for 
artic les an d programs published in the 
newsletter. To f ind out more about this 
organ ization, wr ite to Hal Davis, Mathe
matical Applications Service, POB 149, 
New York NY 10956. 

Boston Computer Society 

The Boston Computer Society (BCS) is 
an association of computer hobby ists, pro
fessiona ls and peopl e interested in the com
puter fi eld . Because BCS serves the con
stantly changing needs of its mem bers, the 
program varies at each meeti ng. I n genera l, 
the group functions as a resource center and 
information exchange for those involved or 
interested in the computer field . 

The monthl y gatherings are divided into 
three parts: a guest speaker, an "A nswers to 
Questions" session and an open period. The 
guest speaker is generall y a professional 
who presents an interesti ng computer 
application or rel ated skill. An attempt 
is made to ap peal to nearly all leve ls of 
interest. The "Answers to Questions" period 
all ows at tendees to use the combined 
knowledge of the society to so lve problems 
such as product searches, computer access, 
technical problem s, etc. The ope n period 
all ows members to meet one another, read 
the current co mpu te r magaz ines, tryout one 



or more of the available computers, or 
participate in various activities. 

At the present time, meetings are held at 
7:30 PM on the fourth Wednesday of each 
month, except July, at the Commonwealth 
School, 151 Commonwealth Av, Boston . 
The school is located on th e corner of 
Dartm outh St in Boston's Back Bay, one 
block from the Boston Public Library and 
the Copley MBT A stop . 

Admission to the first meeti ng is free. 
Dues are $5 per year. Membership includes 
ad mission to all Boston Computer Society 
sponsored act ivities, and notification of each 
meeting by mail. Write to the Boston Com
puter Society, 17 Chestnut St, Boston MA 
02108. 

BASIC 

Bridgeport Area Computer Club will now 
be known as BASIC (Bridgeport Area 
Society for Involved Computer ists) . The 
society meets on the first Wednesday of each 
month at Trumbull Town Library, located 
about four miles north of ex it 48 of the 
Merrit Parkway. The Society publishes a 
monthl y newsletter called Micro Flash. 
Membership is open to all interested in 
computers. Annual dues are $8 for regul ar 
membership and $6 for student membership . 
For further information, write to BASIC, 
12 Wildwood Dr, Trumbull CT06611,attn: 
AI Song. 

Sci-Fi Letter Network 

A science fact and science fiction letter 
network, called A EC Transfer, is being 
formed. Its purpose is to allow people inter
ested in computers and science fiction to 
find othel' people in their fields with whom 
to share this interest through corr'espon
dence. Send a SASE to Bill Call ahan, AEC 
Transfer, Computer Division, 8 Gedney Way, 
Newburgh NY 12550. 

PACC 

Pittsburgh Area Computer Club is part of 
the Midwest Affiliation of Computer Clubs, 
and holds meetings at different times and 
pl aces every month. The Febru ary meeting 
will be on the 19th; contact PACC, 400 
Smithfield St, Pittsburgh PA 15222, for 
locat ion and time. Th e club also publishes 
a monthly newsletter containing news of 
local events and articles by mem bers. 

TCHG-NT 

The Computer Hobbyist Group of 
Northern Texas is one of the oldest and 
largest computer clubs in the US. 

Circ le 27 on inquirv carel. 

We speak your 
language 
And we're giving you what you want. 
• a comprehensive product line. Hardware, assembled or 
kits , and software from major manufacturers. Plus books and 
current literature. Financing available. 
• a trained, enthusiastic staff. We'll help you choose or 
design the system that's right for you . No high pressure here. 
• service when you need it. We won't sell you something 
we can't keep running . .@/.> 

,.. .... ---

ffIj. 
. 

)( 

• a brand new facility 
in Pennsylvania. 
We 'll be able to 
serve our South Jersey
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We've 
enlarged our showroom 
in Iselin. Now there are 
more displays you can 

. :..... tryout. There's more 
room to stock the 
products you need. 

The Microcompuler People ' · 

Computer Mart of New Jersey 
Computer Mart of Pennsylvania 
New Jersey Store 
501 Route 27 
Iselin , NJ 08830 
201·283-0600 
Tue .-Sat. 10:00-6:00 
Tue . & Thur. Iii 9:00 

Pennsylvania Store 
550 DeKalb Pike 
King of Pru ssia, PA 19406 
215-265-2580 
Tue . -Thur. 11 :00-9:00 
Fri. & Sal. 10:00-6:00 

(our only locations) 
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21 START-AT-HOME 
COMPUTER BUSINESSES 

in the shoestring, start-at-home 
computer business hand book 

CONSU LTING . PROG RA MMIN G . SO FT WARE PACKAGES . COM 
FREELANCE WRITING .SEMINAR S .TAPE /D I SC CLEANING 
FIELD SERV I CE. SYSTEMS HOU SES . lEAS I NGeSUPP l I E S 
PUBlISHING.TIME BROKERS. HARDWARE D ISTRI BU TOR S 
SALES AG ENC I ES e HEADHUNTI NG e TEM PORARY SERV I CES 
USED COMPUTERS. FINDER' S FEE S . SCRA P CO MPONENT S 
COMPUTER PRODUCTS AND SERVIC ES FOR THE HOME 

lilt ,,},('i!:" 'fHr •. 

<;T.HH .~ 'I Hf)III 

Plus - - hundreds of i deas on 
moonl i g h ting, going fu ll -time, 
image building, r eve nue bu il di n g , 
bidding, co n tracts, ma rketing, 
profess iana 1 ism, and much more . 
No career p l a nni ng too l 1 ik e it 
<.:ver pub I i s h ed . Order now and if 
you 1 re n o t comp l ete l y sat'isf i ed, 
send it back wi th i n 30 days for 
a fu ll and im med i ate refund. 

• 8! XI I rin gbound .11 3 pp .• $ 12.00 
Call 31 2-945-2940 or ma il coupon -----------------------

D A T A 5 EAR C H 130 WAU KEGAN ROAD' SUITE 108 

Incorporated DEERFIELD, ILLINOIS 60015 

Rush_cop i es of "The Shoest ring Sfart-At-Home 
Comp ut e r Business Handbook to me r i ght away -

NAME/COMPANY ____________________________ ___ 

ADD RE SS 
CITY/ST~A~T~E/~Z-I~P---------------------------

[] CHEC K ENClOSED[]BANKAMERICARD[]MASTERCHARGE 

# 

r-------.. 16K RAM'. 

I 
I 
I 
I 
I 
I 
I 
I 

FULLY'STATIC I 
INTRODUCTORY 

$450 .KIT PRICE 

10 SLOT TABLE TOP I 
MICROCOMPUTERS I 
TT-80~0 ... KIT $475 

SYSTEM WITH 16K & I/O 
TT-8080-S .... ~IT $11251 

CARD CAGE I 
& MOTHER 'BOARD 

ECT-100 .. . KIT $100 
, , 

WITH CONNECTORS I 
& GUIDES 

ECT-100-F ... KIT $200 " 

CPU'S, MEMORY 
MOTHER BOARDS 

PROTOTYPING BOARDS 
EXTENDER CARDS 

I 
POWER SUPPLIES I DEALER INQUIRIES INVITED SHIPPING EXTRA 

I ELELH\[j~~L L[]~TRQL TELH~[]L[](jY 

I 
I 
I FACTORY ADDRESS : MAILING ADDRESS : 

763 RAMSEY AVENUE P.O. BOX 6 
• HILLSIDE,NEWJERSEY07205 U~ION,NEWJERSEY07083. --.. ----_ .. 
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They currently run two meet ings per 
month, one in Arlington, at the UTA 
University Hall , in room 108 on the third 
Saturday of every month at 1 PM , and the 
other in Richardson at the UTD Green 
Center, room 2.530 at 1 PM on the f irst 
Saturday of each month . 

Th eir newsl etter, The Printed Circuit, is a 
worthwhile source of comment. Each issue 
includes exte nsiv.e meeting summaries from 
both Arl ington and Richardson , product and 
publ ication rev iews, the "I t's Obvious" 
column of the not necessaril y obvious, 
technical articles, and so on. 

The mailing address is TCHG-NT, POB 
1344, G·rand Prairie TX 75051. Their in fo r
mation number, which is toll-free from 
either Dallas or Ft Worth, is (817) 265-9054 
or (214) 265-9054 . 

Amateur Computer Group of New Jersey 

The ACGNJ is an excellent club led by 
Sol ' Libes, Marty Nichols and a host of 
others. Clup activit ies include users' groups 
for the 6800, 650X, 8080, Z-80, Cosmac, 
and SOL. E»tensive 8080, Z-80, 6800, 650X 
software libr.aries are also available. 

Meetings fe~ture pr~sentation s by vari ous 
computer manufacturers and knowledgeable 
guest speakers. Locatigm j rd times vary. 

The A CGN J News, edited by Ru sse l Gorr, 
is one of the best month Iy newsletters I've 
seen. It has 'club information, technical 
data, a "Rum or Page" written by Sol Libes, 
bits of information fro m members, class i
fied ads, ~oftware, and the "Syste m of the 
Mon th." Membership , which includes the 
newsl ette r, is $6 per year. 

Prospec tive new members can get in for
mation by writing to Amateur Computer 
Group of New J!,! rsey, UCTI, '1776 Raritan 
Rd, Scotch Pl ains NJ 07076. 

Minnesota Computer Society 

The Minnesota Computer Society meets 
the f irst Monday of each month at 7:30 PM 
at Bl'Own Institute, 3123 E Lake St, 
Minneapolis MN (unless announced other-
wise). ' 

The December 7 1977 meeting featured 
Dick Finstad and John Ba ll enthi n describing 
arid demonstrating the system they designed 
and asse mbled. 

Earl Joseph, staff scientist with UN IV AC, 
will present his talk "Future Smart Com
puters and Other Fu tUl'e Things" at the 
February 6th meeting. For further infor
mation contact Minnesota Compu ter 
Society, c/o Jean Rice, POB 35317, Minnea-
poli s MN 55435. . 



Microcomputer I nvestors Association 

An association has been formed for the 
purpose of facilitating the exchange of data 
and information relating to microcomputers 
and investing, in the areas of stocks, bonds, 
warrants, stock options and commodities. 
The Microcomputer I nvestors Association 
is professional and nonprofit in nature. 

I n order to benefit from the experience 
of others, there is a basic requirement that, 
at least once each year, each member submit 
an article for publication in the association's 
journal. The initial issue of the journal, 
The Microcomputer Investor, has been 
mailed to members. Article titles included 
"A Proposed Format for Infol'mation 
Exchange," "Market Prediction Using 
Fourier Analysis and Synthesis," "Point 
and Figure Analysis (A Computer Pro
gram)," "Evaluation of Stock Options," 
"I nvestment Strategies: A Linear Program
ming Analysis." For more information, send 
a SASE to Jack Will iams, The M icrocom
puter Investors Association, 2415 Ansdel Ct, 
Reston VA 22091, or send $30 and an 
article for publication (ten pages or less, 
original, typewritten, double-spaced copy, 
on a subject in some way related to utilizing 
microcomputers for investment purposes). 

Toronto Region Association of 
Computer Enthusiasts 

TRACE began in February 1976 as an 
informal meeting of ten people interested 
in personal cOl'T]puting and quickly attracted 
followers. Since that time it has grown to 
approximately 100 active members and 
about as many casual followers. Approx
imately half of the members have personal 
systems of some form. 

The ideas behind TRACE are numerous. 
The main purpose is to foster communi
cation ' and resource sharing among people, 
both hobbyists and professionals, interested 
in personal computing. The meeting format 
usually includes a system demonstration and 
one or two talks on topics related to micro
computers. I n addition to the meetings, the 
club has a monthly newsletter, group pur
chasing, and a library of product literature, 
books and periodicals in the field of small 
computers. Other activities include flea 
markets, exhibitions and a software library. 

The club meets at the north campus of 
Humber College at 8 PM on the fourth 
Friday of the month, and at the Ontario 
Science Centre at 2 PM on the second 
Sunday of' the month. For more infor
mation contact TRACE, POB 545, Streets
ville, Ontario CANADA L5M 2C1.-
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~---------------~ I . Jil~ ~ 

I 
I 
I 
I 
I 

<> " • " • " ... , <"> " ., ~ ... 

" .. .. I' .. ... ~,,' -

- "" .. ~ . " ... .... -

ADM-3A $ ~s~!OO* 
IN KIT FORM and Handling 

.80 CHARACTERS/LINE 
• 24 LINES/SCREEN 
• ADDRESSABLE CURSUR 
.9, 10, or 11 BIT WORDS 

.75-19,200 BAUD 
• FULL & HALF DUPLEX 
• ODD/EVEN/NO PARITY 
• RS232 INTERFACE OR 

20 ma CURRENT LOOP 
GET COMPLETE DETAILS WITH A DIRECT CALL: 

• 800 527-3248 
~,~ 214 258-2414 TWX 910-860-5761 TelEX 73-0022 

capital . 
equipment brokers 

\ 930 N_ BELTLINE • IRVING, TEXAS 75061 " ,---------------
G INTRODUCES THE NEW 

R COMPUTER IN A 

I NOTEBOOK BASED 
ON THE M6800 MPU 

COMPLETE WITH BATTERIES 
FOR IN-HAND OPERATION 

INCLUDES INSTRUCTION BOOK 
AND SAMPLE PROGRAMS 

BASIC UNIT. .. $299 

p.o_ Box 10767 
Salem Station 

Winston-Salem, N.C 27108 
(919) 748-8761 
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Dr.C. William Engel's 

~It··,··· · J. 
~\ "," _ . 

",",,' .Ir.' nav i gat i on ,: .... ': 
\:: ~; . 

a r t auct i on 

A 64-page paperback book o f ten programs in BASIC for the computer hobby ist. Each prog r am 
contains a scenario. sample run, flowchart, Yllrhbles l1st i ng , pro!1 ram li sti ng , and 
suqgested modifications. $5 each. Send check or money order to; 

Engel Enterprises , P.O . Bo x 16612, TarJllII , Fl 33687 

Al so availabl e 
THE DEYIl ' 5 DUNGEON 

Unpackllged program listing. instructions, flowchart, sample run, and su gges ted mod ificat ions - - S2 . 

• 

Book -- $3 .50. 

Presenting a growing line of 

professional quality 5-100 
IMSAIIALTAIR 

COMPATIBLE 

[ID[l£~~ 
BOARDS 

SK aLANK RAM BOARD lor 2'02 Iype memory. $25.00 
- with MEMORY PROTECT/ UNPROTECT and SELECTABLE WAIT STATES 

l-SO CPU BOARD $35.00 
-with PROVISIONS lor ONBOARD 2708 and POWER ON JUMP 

PROTOBOARD $25.00 

(NEW) 270S/16 EPROM BOARD $25.00 
-accepts up to 16K 01 2708's Dr 32K of 2716's. 

All BOARDS FEATURE : 

FULL BUFFERING on ALL DATA and ADDRESS LINES' 
SOLDER MASKS and SILK SCREEN' 

DIP SWITCH ADDRESSING' 
GOLD EDGE CONNECTORS 
PLATED THROUGH HOLES 

1except for PROTOBOARO 

WATCH FOR OUR 16/64K DYNAMIC RAM BOARD AND 
ADDITIONAL BOARDS TO BE ANNOUNCED FORTHWITH. 

I MSAI SOSO Kit 
-with 22 Slot M.B. $560.00 

PLUS $10 .00 SHIPPING 

l-SO CPU CHIP ................ $22.00 
l-SOAcpu CHIP .......... . ... $25.00 

270S CHIP ................ $12.00 
PLEASE AOD S2 .00, SHIPPING PER ORDER. 

ITMca oU~IO PO BOX 91 
ITHACA, N.Y. 14850 

PLEASE CALL (607) 273-3271 
TO ORDER OR OBTAIN TECHNICAL ASSISTANCE. 

OEM and quamlty dlscounu available ' 
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Comments on 
APL Character 
Generators 

Olav Naess 

Welhavensgt 65 

Bergen NORWAY 

Some writers of letters to BYTE have 
asked for character generator read only 
memories with APL symbols for video dis
plays. 

I don't think a read only memory is a 
good solution. I have counted 33 APL sym
bol s wh ich don't belong to the ASC II set. 
If they replace the lower case letters, the 
computer is rather useless for text pro
cessing. Then comes the problem with super
imposing symbols. A video scan cannot 
backspace or rewrite a line like a typewriter, 
so each composite symbol would have to be 
represented in the read only memory as 
another symbol. (Displays with random 
access could indicate the composite symbols 
by changing the constituent symbols be
tween each frame scan, but I don't think 
this is a good and practical procedure.) That 
would mean 17 characters extra, and still 
26 in addition if underlined letters are to be 
written. So a 256 character read only 
memory would be required, which I think 
is rather impractical, particularly if ordered 
by hobbyists. Besides, future APL versions 
might introduce new symbol combinations. 

The solution to the problem should be 
to use a video system with programmable 
characters, as used in "The Detailer," 
an Altair (S-100) card made by Micro
Graphics. (I think the same principle is used 
by the Micromind and Noval computers.) 
The Detailer, which displays 16 64 char
acter lines, has a 1 K byte directly accessibl e 
memory whose contents in the usual way 
determine which symbols are to be dis
played . But it also has another 1 K byte 
programmable memory block whose con
tents determine the appearance of the 



symbols. By invert ing a bit in the symbol 
se lecting byte one gets the symbol descrip
tion information from the programmable 
memory instead of from an ord inary char
acter generator. Eac h symbol position is 
then described as a dot matrix, 8 dots wide 
and 12 dots high, wh ich extends out to all 
the neighboring matrices. Eac h of the 64 
software determined symbol patterns which 
are simu ltaneously avai lable is described by a 
12 byte vector in the on card memory, and 
50 of them are req uired for the APL sym
bols. (Underlined letters may be replaced by 
brigh tness inverted letters th rough inverting 
a bit in their symbol se lection bytes.) 
Replacing the APL symbol set (to obta in 
lower case letters or graphics) in vo lves just 
moving 64 x 12 = 768 bytes in the com
puter's memory. 

I t's nice to have the computer rea ll y pro
grammab le. -

Baking Baker 

We received the fo llowing letter in reply 
to Roxton Baker's letter (july 7977 BYTE, 
page 77) which referred to P M Lashley's 
"useless, self-serving, supercilious, unneces
sary attack on another man's efforts. " This 
is a reference to Mr Lashley's original letter 
(February 7977 BYTE, page 77) advocating 
structured programming. 

Shal Farley 

Caltech 1·53 
Pasadena CA 91126 

This being my first letter to the editor, 
at first hesitated to get invo lved. But the 

utter idiocy of " Lashing Lash ley," was the 
proverbial last straw. Let me address Mr 
Baker 's adj ectives individually : 

1. Useless. The on ly thing that cou ld 
make Mr Lashley's effo rts useless are the 
trul y ignorant who refuse to learn. 

2. Se lf-serv ing. I doubt that Las hley 
has any econom ic interest in whatever 
form of slow torture hobby ists choose 
fo r themselves. If he does, I don't. 

3. Supercilious. (Webster's Second 
Edition: "adjective: lofty with pride; haugh
ti ly contemptous.") In his efforts to be 
emphatic, Mr Lashley has apparently come 
across as snobbish to the likes of Mr Baker. 
Rather, I fou nd his letter refreshing amidst 
the Pong-Trek-Toe morass. Choosing 

Circ le 101 on inquiry card. 

Let us program you to 

SAVE 
1 0 % DISCOUNT 

ON MOST MAJOR LINES 

5 % ADDITIONAL FOR CASH 

SUPER SPECIALS 
TDL XITAN ALPHA 1 .5 KIT ....... . .... .. $ 73500 

[includes 12K Super BASIC Package A Software] 

IMSAI FABULOUS PCS 80/30 KIT ...... $ 1,01500 

[includes 5" CRT, Intelligent Keyboard 
8085 MPU-B board] 

PERC OM CI-812 KIT ..... . .. .. ........... $ 7500 

[multiple I/O cassette and RS-232] 

PERCOM CI-812 ASSEMBLED & TESTED $ 10000 

• These prices exceed normal discount schedule. No further discount applies. 

BUS .. . ...... .... . , S-100, INC. 
ADDRESS ..... . 7 WHITE PLACE 

CLARK, NJ 07066 
INTERFACE ... .. 201-382-1318 

FULL MINICOMPUTER 
BUSINESS SYSTEM 

Ready to use ... for only 

$ 3,99500 

• Keyboard • CRT 
• Memory • Printer 

• Z -80 Processor 
• Dual Mini-Floppies 
• BASIC and Full Set of Business 

Programs: AIR, AlP, Inventory, Payroll 
and General Ledger 

-ALSOAVAILABLE -

WORD PROCESSING SYSTEMS 
Dealer and Sales Ageht inquiries invited 

MiniMicroMart, Inc. 
1618 James St., Syracuse, NY 13203 

(315) 422-4467 
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2708 

~IJPD458 
---. TMS 2716 

PRAMMER III 
by xybek 

The Viti mate EPROM Memor,y Board 
For Your 5100-Bus Computer 

* Accommodates from 1 k to 30k of the above EPROMS, in 
any combination, each addressable on any 1 k boundary 
within the board's 32k address space. 

* 1 k of scratch-pad RAM. 

* On-board programming for all three EPROM types. 

* Tri-state buffers on all address and data lines. 

* Empty EPROM sockets do not require address space. 

* Available February 1978 for$369.50, assembled, tested, 
ready to run. 

xybek • P.O. Box 4925 • Stanford, CA 94305 
Telephone: (408) 296-8188 

16K STATIC RAM 
THE WAY YOU LIKE IT 

AssemblM and tested ....... _ ................. $595 
CWr.lnteed 1Q; one fulr Year 

16Kkit ._ .................................... $525 
8Kkit ......................................... $295 
Kit with all but 2114 memories ......... , ........ $88 
BI ANK BOARD ......... -.................... $35 

COMPARE THESE FEATURES: 
• 5-100 BUS COMPATABLE 
• COMPlETElY STATIC WITH NO ClOCKED CHIP·SHKT 011 R(fRESH 
• Will RUN ON Z-80 SYSTEMS' AT <I Mhz WITH NO WAIT STATES 
• WILL RUN ON AlPHA MICROSYSTEMS AM· 100 AND ON DMA SYSTEMS 
• USES 211<1 MEMORIES-AN INOUSTRY STANDARD 
• HAS INDIVIOUAll Y ADDRESSABLE <lK BLOCKS Of MEMORY 
• SOFTWARE WRITE!'IIOTECTlON IN 4K BlOCKS 
• PAGING OR BANK SELECT FEATURE FOR MEMORY EXPANSION AND LOW 

SOFTWARE OVERHEAD TIMESHARING SYSTEMS 
• COMPlETELY BUFFERED ADDRESS AND DATA LINES 
• SING.LE 8 VOlT POWER SUPPI. Y 
• HIGH QUALITY, LOW PROFILE SOCKETS fOR ALL IC'S 
• SOlDER MASKED P.e. 80ARD AND SCREENED PARTS PlACEMENT LEGEND 

FOR EASE Of CONSTRUCTION AND DEPENDABILITY 

S- 1 00 BUS TERMINATING BOARD $25 
~ noise, <M!f'5hoo(, riOfling. ...tlection. 

S-l00 EXTENDER BOARD $16 
With jumpers in power supply lines for current measurements, Low profile 
so card can remain in !he machine wilt. covet' on. Wide edtle connector. 

PRICES SHOWN INCLUDE U.S. SHIPPING. WE ACCEPT VISA, MASTER CHARGE, 
CASHIERS CHECK, M.a. ALLOW TIME fOIl PERSONAL CHECKS TO ClEAR. C.O.D. 
ORDERS ADO 51. UTAH RESIDENTS ADD 4Y.~ TAX. 

()~Jl~TI1L f:1~LR[] SYSTE~S 
BOX 1212, OREM, UTAH 84057 

(801) 224-2102 
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ALGOL or PASCAL over FORTRASH is 
not a matter of reinventing the wheel. All 
three languages have been implemented for 
well over a decade. Rather it is a matter of 
choosing radial ply or steel belted tires over 
wagon wheels. 

4. Unnecessary. In view of the current 
state of micro software, Mr Lashley's com
ments were among the most useful things 
I'd read. The thrust of his article was that 
history need not repeat itself. Start with the 
more usable languages, 

5. Is Mr Baker going to throwaway the 
decade of work put into structured pro
gramming just to conform to the noun? 

Structured programming languages are 
not the toys of wild eyed dreamers, nor are 
they an intellectual curiosity. To put it in 
perspective, they are the natural outgrowth 
of progress in computer science. Program
mers' frustrations with machine code led 
to the first assemblers. Frustration with the 
limitations of assembly language, the need 
for defined control and data structures (eg: 
IF - THEN - ELSE, DO, COMPLEX declara
tions, ARRAY declarations) , led to the 
development of FORTRAN. Then the ex
perience gained with FORTRAN's limited 
control structures, and the knowledge of the 
most common programming errors made 
while using FORTRAN led to the develop
ment of structured programming languages. 
FORTRAN is painful in part because of 
numeric labels that lead to confusion and 
misguided GO TO's. The lack of block struc
ture leads to fragmented code with GO TOs 
weaving thru the text. When writing pro
grams of great length, block structure helps 
to divide and conquer as a strong ally of 
subroutines. By coding and testing the low 
level blocks and routines first, one may be 
sure of their operation when testing the 
higher levels. Thus the location of bugs is cir
cumscribed to as small a portion of code as 
possible. While it is perfectly possible to 
write well structured code in FORTRAN, it 
is a big pain to do so. Also there are several 
types of data structures that cannot be im
plemented in FORTRAN that turn out to be 
quite useful (for example, dynamic array 
bounds at run time) , 

By starting with a structured language 
microcomputer software could leapfrog 
ahead and save all that effort. If only 
hobbyists will learn from the past. I lear ned 
to program in FORTRAN on an IBM 
370/158, and the number of sleepless nights 
I spent resubmitting my prog after getting 
rid of yet another bug .. , well, it's just 
painful to think about. Since then I've been 
ru nning on a DECsystem 10. Their 
FORTRAN is much better, but I still found 



myself tracking down GO TO wrong num
bers and correcting random syntax errors. A 
friend suggested structured languages and 
the difference is dramatic, from days of de
bugging FORTRAN, to hours of debugging 
ALGOL-60. The coding time is also reduced 
as the language is more "natural" to program 
in. PASCAL is a derivative of ALGOL-68 
and although I've not used it the reports 
from those who have are very favorable. 

Lest you have any fear, it is not a black 
art. It is in fact much less so than assembly 
language or FORTRAN. It is part of the 
continuing process of learning to control 
the computer in the most convenient 
manner possible . That's what higher level 
languages are for. Th at's the way of the 
fu ture. As programmers' time becomes 
more valuable it becomes economic to 
shape the software and hardware to the 
needs of the programmer. This is already 
true of the hobby computer; each user 
adds the memory and the peripherals of his 
or her choice. It would be advantageous for 
the software to be equally facile. 

I didn't mean this to be a tutorial , but I 
feel we stand at a crossroads. The hobbyists 
can jump for the manufacturers' first and 
easiest product and be stuck on the same 
compatibility treadmill as the mainframes, 
or you may start with a better product and 
go from there. There are some historic paral
lels : The Europeans didn't adopt a television 
standard until many years after the US. 
As a result they now have a much better pro
duct. I would strongly recommend that 
hobbyists demand, thru their purchasing 
power, that structured languages be imple
mented as cross or resident compilers for 
their systems. The time, effort and frustra
tion saved while developing software will be 
worth it.-

Languages Forum is a 
feature which is intended as an 
interactive dialog about the 
design and implementation of 
languages for personal com
puting. Statements and 
opinions submitted to this 
forum can be on any subject 
relevant to its purpose of 
fostering discussion and 
communication among BYTE 
readers on the subject of 
languages. We ask that all 
correspondents supply their 
full names and addresses to 
be printed with their com
mentaries. We also ask that 
correspondents supply their 
telephone numbers, which will 
be printed unless we are ex
plicitly asked to omit them. 

Circle 60 on inqu irv card. 

Telephone (703) 536-7373 

88·MODEM: A complele se rial 1/ 0 pori and an Originatel Answer MODEM on an 
St 00 bus compatible board . The 88·MODEM leatures automatrc auto·d ialer (not 
software timed). operates al any soltware se tected baud rate between 66 and 600 
baud, has separate 8-pole transmit and receive aclive fil lers, and all fu nctions are 
software selected, The 88-MODEM provides communicat ion to -58 dbm and is intended 
for use with ei ther a CBS ( t OOt D) or CBT Da ta Access Arrangement for connection 
to the telephone system, The kit price is $245.00, 

88 -UFC UN IVERSAL FREQUENCY COUNTER: The 88-UFC is an S100 compatible 
frequency and period measurement module, The 88-UFC has four soltwa re selected 
inputs, Frequency measurement to above 600MHz and period measurement to I I I 01h 
microsecond are s1andard. The counter provides nine digits of readout and is priced 
al $179.00 in kit form . 

88 -SPM CLOCK MODULE: The 88-SPM provides a time of day clock and an inde
pendent realtime clock on one S100 compatible module. ProviSions are included for 
battery backup so lhe 88-SPM can maintain lhe time during power-off condi l ions, 
$96.00 kit 

10010 (Type CBT) Data Access Arrangement 
88 -RCB 16 Channe l Retay Control Board Kil 
MCTK Morse Code Tralnerl Keyer Kit 
TSM T empera lure Sensing Module Kit 
DAC-8 8-Bi t Digilal to Ana log Converler Kit 
88-TCXO Temperature Compensated Crysta l 

Oscillator lor 88-UFC 
88-XT AL Cryslal Timebase uption for 88-SPM 

$125.00 
$179,00 

29.00 
24.00 
19.00 

145,00 
25,00 

TERMS: Payment with order shipped prepaid, added for COD, Master Charge accepted 
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Continued from page 12 

This design is a plausi
bility argument ... it is 

complete (though skele
tal) and provides a basis 

for discussion. 

You can speculate all 
you wish and design as 

carefully as you wish, but 
it remains speculative un

til you try it out ... 
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are pretty well settled, though, and so this 
series closes with a comparison of the two 
designs, to the extent that they can be com
pared. That comparison should illustrate 
the wide range of so luti ons that the prob
lems admit and thus the importance of 
identifying the problems in a design effort 
like this. 

Why You Want to Read This Article 

Since another network design will follow 
this one very soon, you cou ld rightly wonder 
why this one should be published at all. 
There are several reasons. At the vel"y least, 
this design is a plausibility argument in
tended to counter the skepticism with which 
some people view the prospect of a network 
for personal users of information processing. 
It is also a learning experience: it is a com
plete (though skeletal) design that can be 
compared with the PCNET (and other per
sonal computer net designs when they are 
published) in order to learn about the design 
issues involved and the stances one can take 
on them. It can also be implemented; that 
would get people into communication quite 
soon, learning from the experience as well as 
filling the immediate communication needs. 

In an age of throwaway material goods, 
a throwaway design or a throwaway imple
mentation should not seem altogether 
inappropriate. In fact, they are especially 
appropriate where the problem at hand is 
a novel one or has novel constraints, as is 
the case here . You can speculate all you wish 
and design as carefully as you wish, but it 
remains speculative until you try it out. 
The motivation for building a throwaway 
net is not entirely intellectual: even if you 
consume it in the very act of building it, 
you will leave behind a very valuable thing : 
a useful communication facility. It is more 
likely, though, that the first few personal 
computer nets will persist for a while and 
that they will serve as media for sharing the 
experience and insights needed for building 
their successors. This very persistence will 
also force people to face an important 
problem often ignored in fledgling nets, 
that of interfacing to other nets. 

What Is a Net? 

Let us pause, before plunging into de
tailed considerations, to gain a broad per
spective on the task at hand. A computer 
network typically consists of some hard
ware and some software. The hardware 
includes all the physical fac ilities used by 
the net: phone lines, radio links, computers, 
etc. Since hardware costs money and must 
be maintained, the design should minimize 
the required hardware and distribute it so 

th at its cost can be recovered gracefully. The 
software includes the necessary ag reements 
governing the use of the hardware, together 
with the procedures and computer programs 
implementing the agreements. The agree
ments include the rendezvous conventions 
by which conversations are estab lished, the 
language in which conversations take place, 
and the rules of behavior und er which con
versations are conducted . Under the linguis
tic heading, I mean to include everything 
from message formats to the representations 
of characters and bits, etc . 

Network specialists have come to use the 
term "protoco l" to refer to these agree
ments, ranging from all of them down to 
just the rules of conduct; in this series of 
articles, I will take "protocol" to mean the 
extreme of all agreements. Protocols are 
most easily formulated in layers, with each 
layer using the one just below it and other
wise almost completely independent of the 
others. (In this regard, the PCNET and mine 
resemble one another quite strongly. For 
example, each has a protocol to transmit 
bits from one network node to the next and 
to detect erroneous transmissions; each then 
uses that layer to provide an errorl ess, 
correctly sequenced stream of bits (thence 
characters) to the higher layers.) 

This design exercise concentl'ates almost 
exc lusively on protocols . Since hardware is 
relatively expensive, the design requires 
only a modest amount of hardware, and 
that of quite readily ava ilab1e kinds. The 
PCN ET, however, looks as if it will trad e a 
modest amount of inconvenience to reduce 
the hardware requirement even further, but 
it may also optionally reduce the incon
venience with some highly specialized hard
ware if some thorny problems can be solved. 
Actually, though, the distinction between 
my design and the PCNET alternative with 
minimum hardware is more one of emphasis 
than one of substance; either des ign can be 
eas il y adapted to the hardware I-equire
ments of the othel-. 

The Experience of the ARPA Net 

The ARPA Net embodies an enormous 
body of experience that can be bmught to 
bear on the desi gn of a person al compu ter 
network . However, the ARPA Net ex
perience shou ld be used with caution: both 
des igns have a lot in common but have 
several important diffel-e nces. Th e most 
important difference is th at, while the 
ARPA Net is heavily subsid ized (The ARPA 
Net is a research tool developed for the US 
Department of Defense under the auspices 
of the Advanced Research Projects Agency. 
It ties together a multitud e of large proces-
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sors nationwide at uniYersltles and around 
the world using satellite links.), a network 
for individuals should (and can I believe) 
support itself right from the start. That 
consideration has a most important ramifi
cation in my design: the inclusion of "Com
munity Information Exchanges" (CIEs) that 
serve as focal points and buffers between 
the other nodes of the network. Further, the 
ARPA Net design includes the notion (in
applicable to a personal computing network) 
that most network nodes will be connected 
to the net most of the time. Thus, its proto
cols provide a general interprocess communi
cation facility and include useful services 
as special cases of it. A personally oriented 
network by contrast should be optimized 
toward the two facilities that are most im
mediate ly applicable t~ the personal com
puter community (and that have, inciden
tally, proved most useful in the ARPA Net): 
sending mail and sending files of programs. 
Finally, I think a personal computer net
work should be oriented to an overall archi
tecture in which internode connections are 
sporadic, fleeting and relatively infrequent. 

An Overview of The CI E Net: The Basic Idea 

A Community I nformation Exchange 
(CIE) Net should be designed from the start 
to gracefully accommodate any foreseeable 
circumstances to which it might eventually 
need to adapt. Thus, the suggestions pre
sented here allow for a large number of 
nodes to eventually become attached to the 
network. The protocols have room to ex
pand into, and they identify themselves so 
that several incompatible sets of protocols 
can be · accommodated at a given time. 
Addressing is defined for the United States, 
but the addresses can be expanded to coyer 
other countries as well. A separate mech
anism is included to let this net gracefully 
interface to other networks serving the same 
territory. 

The suggestions included here amount to 
a partial design. They are quite definite 
so as to form a firm basis for discussion . 
Some suggestions were arbitrarily chosen 
just to make the design more definite, while 
other suggestions embody principles that are 
important to the overall concept. 

The overall design is formulated in such 
a way as to enable it to be implemented 
cheaply and at maximum convenience to 
the implementers. Its backbone is a network 
of Community Information Exchanges (CIEs) 
that serve as buffers for network traffic. 
The overall network is designed to work 
even when the exchanges are connected 
only fleetingly and at only loosely scheduled 
intervals. One party to each connection must 



be capable of timing out the other party 
and taking corrective action when necessary; 
otherwise the protocols are designed so that 
they can be implemented in string BASIC 
on computers that do not allow access to 
lower levels of programming, such as direct 
binary manipulations or input and output. 
The required hardware support is minimized 
to equipment that is read ily available to 
homebrewers. 

The Four Kinds of Stations 

A CIE Net would be composed of four 
kinds of nodes, with communication lines 
between them . By default, they will com
municate by telephone lines in a universal 
language discussed in another section, but 
any two nodes are free to use any other 
mutually agreeable medium when they talk 
to one another. The four kinds of nodes are 
the Community Information Exchange (CIE) 
th at buffers network traffic; the subscriber, 
a person wishing to take part in a CI E Net; 
the relay station that moves messages from 
one CI E to another; and the gateway con
necting a CIE Net to other networks. In 
the rest of this series, I will use the term 
"station" for these four kinds of nodes in 
order to avoid confusion with anyth ing that 
is of no interest here but might be called a 
node in more general network terminology. 
The various stations can be thought to in
habit different computers, and the design 
uses that model. However, any particular 
computer can be host to several stations of 
possibly different types, and the design 
specifically allows them to optimize their 
own intercommunication using any facili
ties provided by their host. 

A CIE serves as a communication buffer 
among subscribers and relay stations. That 
is, it must have file storage that a program 
can access fairly exped itiously, and it should 
have some complement of answer-mode 
modems which subscribers and relay stations 
can call at their convenience during the 
night when phone rates are lowest. While 
different realizations of file 'storage have 
different requirements and capabilities in 
their technological, financial and opera
tional aspects, there are a few functions that 
a CIE will require of its file storage facili
ties. It must be able to read or allocate and 
write multiple thousands of charactel's 
worth of buffers which it may need to hold 
for several hours or several days. I t should 
be able to gain access to almost any part 
of this storage within a few seconds, and it 
should be able to read or write succeeding 
character positions at very nearly the trans
mission rate of the lines on which it will 
receive calls from subscribers or relay 
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The CIE Net is designed 
with four classes of nodes 

in mind: the community 
information exchanges 

with mass storage re
sources, individual sub
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and software ... hardware 

of computers, phone lines, 
etc, and software of "proto

col agreements and com
puter programs imple
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stations. The CI E can encryp t or comp ress 
data as it sees fit; the protocols are struc
tured in such a way that no intervening 
stations need give any special treatment to 
an encrypted or compressed message trans
mitted from one CIE to another. Finally, 
its subscribers may wish it to provide them 
with long-term storage, but it should also be 
prepared to gracefully recover temporary 
storage that is no longer needed by the 
network. 

A subscriber is thought of as a station 
possessing an originate-mode modem, some 
local processing power and file storage and 
a terminal or other interface to a human 
being. (Of course, the subscriber may be 
realized as a set of programs cohabiting a 
host computer with a CIE and reachable 
by a person having only a terminal and an 
originate-mode modem; the implementation 
details are irrelevant, and the functional 
distinction is still useful.) The subscriber 
station need not be able to rapidly position 
its file storage because the person operating 
a subscriber can easily anticipate the require
ments and because subscribers are involved 
only at the end points of a message's transit 
through the net. The su bscriber, not the 
CI E, has charge of all programs that handle 
files of messages, selective display and rapid 
retrieval of messages and whatever negotia
tions with its human are necessary to gen
erate a message in the format described in 
these protocols. Although the subscriber is 
extremely important to the CI E Net, the 
protocols by which a CI E and its subscribers 
might communicate are idiosyncratic to the 
stations' realizations, the subject of a large 
body of literature, and irrelevant to the 
process of transmitting messages between 
endpoint CIEs; therefore this article ma kes 
no attempt to enlarge the current stock of 
such suggestions. 

A relay station; like a subscriber, can be 
modeled as havingan originate-mode modem, 
a terminal, some processing power and some 
file storage. A relay station, however, nee"d 
have no file storage, but cim instead have a 
second originate-mode modem and thus 
connect two CIEs quite directly with only 
fleeting use of buffer storage. A relay 
station can be thought of as providing a 
communication link between two CIEs: 
it would first phone one and collect mes
sages headed in the general direction of the 
other; then it would phone the second and 
both unload those messages and collect 
messages headed in the general direction of 
the first, which it would then call back. 

Finally, a gateway is conceptually an 
answer-mode modem and a connection to 
some other network, along with whatever 

processing power or file storage is required 
to connect the CI E Net to the other net. 
Depending on the desires and resources of 
the people connecting the gateway to the 
CIE Net, it could be capable of transmitting 
traffic in either direction or both directions 
between the two nets, or it could be con
nected to any arbitrary number of networks. 
These protocols provide a frame to hold 
messages headed th rough a CI E Net to an 
outward facing gateway; the content of a 
message inside the frame is completely 
unspecified and can reflect any idio
syncrasies of the gateway and the other net. 
An inward facing gateway is treated exactly 
like a CIE by its neighboring relay stations, 
but it does not serve subscribers the way a 
real CI E does. These protocols completely 
ignore the content of a message headed into 
a gateway and require messages coming out 
of a gateway to conform to the same rules 
as any other CIE Net messages. The motiva
tion is that the network on the other side of 
a gateway might cover territory that doesn't 
overlap that served by the CI E Net, or it 
might thinly cover the same territory, say 
by providing high speed links between major 
cities. This opacity also frees the CI E Net 
from any necessity to commit itself to any 
of the possible internetwork message for
mats currently under discussion in the 
International Network Working Group. 
These protocols make no attempt to handle 
the problem of choosing a gateway through 
which to route messages that should be 
routed through some gateway; instead, they 
presume that the source CI E can choose the 
proper gateway or can send the message to 
some other CI E that agrees to make such a 
decision and then forward the message 
appropriately. 

These comments describe functional 
nuclei of the conceptual CIE network; they 
make only mild commitments to the imple
mentation details by which the four kinds 
of stations are realized. For exam ple, it is 
easy to imagine a gateway cohabiting a host 
computer with a CIE or a relay station . 
Also, a computer on the ARPA Net typi
cally contains a CIE, a relay station and a 
large number of subscriber stations sharing 
programs among themselves and each sharing 
file storage with the CIE and relay station. 
These cohabitation possibilities serve to 
emphasize the freedom with which stations 
can agree to speak any language other than 
the universal language specified here. Finally, 
don't forget that the commitments in this 
proposed design are structured in this 
way to specifically allow a CI E to be put 
onto any dial-in time sharing computer 
without its operators needing to cooperate 
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The US Postal Service 
has provided an invaluable 
service in the form of the 

ZIP code of mailing ad
dresses, which is highly 

correlated with the geo-
graphic location of the 

individual mailing address. 
By incorporating the ZIP 

code into each individ
ual's CI E Net address, 

message routing informa
tion is inherently made a 

part of the address ... 
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Simulation Games and Networks 

In the realm of possibility, but hardly a 
real world phenomenon until a network such 
as PCNET or CIE Net is implemented, is the 
idea of multiple player simulation games. A 
simulation game is a game of considerable 
flexibility and considerable complexity 
which forms a model of some aspect of the 
real world and explores the parameters 
of the model. Crude example~ of such 
games are the familiar Star Trek, Kingdom, 
Wumpus, etc: games of personal computing 
as it stands today. The extension of game 
ideas which can happen over a network is 
the multiple user game, for example, a trad
ing game involving 700 or so active players, 
a battle simulation game involving several 
hundred active members of various teams, 
or wild fantasy games in mythical worlds 
with mythical creatures and dangers. The 
network concept provides a vehicle for 
interpersonal computer aided intellectual 
sports whose players could grow into a 
vigorous subset of the users of this com
munication channel. 

with (or even suspect) the effort; presum
ably, a CIE handling any moderate volume 
of traffic could be connected to a relay 
station operated by the staff of its host 
computer to their mutual benefit. 

Addresses 

The add ressing scheme proposed here has 
several interesting properties. It refers to a 
geographic location in a transparent enough 
fashion that messages can be routed to any 
place in the US by stations having a mini
mum amount of specific routing information . 
Conversely, when a new station must choose 
an address, the range of choice is limited 
in such a way that only local negotiations 
are necessary. On the other hand, the limits 
are so generous that those local negotiations 
should quickly terminate in universal satis
faction. This scheme also ensures that, in 
a direct interstation conversation, each 
station can easily mark transmissions to dis
tinguish echoes of its own transmissions 
from those sent by the other station. 

The basis of th is addressing scheme is 
the US Postal Service ZIP code. As a perusal 
of the first few pages of the ZI P code 
directory will show, the first digit designates 
one of ten major areas of the country, the 
next two digits designate a sectional center 
within the national area, and the last two 
digits specify a nearby post office (or 
branch). Thus, any network making a rout-

ing decision for a message can compare the 
intended destination address with its own 
address. If they differ in the first digit, 
the routing station can consult a table of 
nine entries to decide the appropriate 
general direction. If they agree in the first 
digit position but differ in the next two, 
then the right direction can be found in a 
second table of 99 entries. Otherwise, a 
third table of no more than 99 entries will 
show the proper direction in which to for
ward the message. Thus, routing to the 
proper ZI P code area can be accompl ished 
by using tables with no more than 207 
entries in a given computer; actual programs 
will probably use far fewer table entries and 
capitalize on the high degree of regularity 
with which ZIP codes have been assigned. 

The power of the add ressing scheme 
proposed here is extended in two directions 
from the ZIP code basis just outlined. In 
the upward direction, this scheme antic i
pates a possible future requirement for 
network addresses outside the US by speci
fying the optional prefix USA for addresses 
that the ZIP code can reach. Thus addresses 
become partially self-identifying: an address 
that doesn't start with a digit or the letters 
USA cannot possibly be mistaken for an 
address specified by these protocols. In the 
downward direction, the precision of the 
ZIP code is refined by the addition of a 
suffix bo;th for the sake of the inters tation 
protocol and in anticipation that several 
alternative (or competing CIEs) might be 
set up in a given ZIP code area, perhaps 
even on the same host computer. The 
suffixes are three digit numbers ; blocks of 
suffix values are preassigned, and assignment 
of a specific suffix within a block is a matter 
of local negoti ation. The preassigned blocks 
are: 

0-9: (reserved for testing interstation 
protocol) 

10-99: forwarding centers (see below) 
100-899: CIEs and gateways 
900-999: relay stations. 

Since anyone ZIP code seems to serve a 
maximum of about 20,000 people, the block 
preassigned to CI Es is big enough to allow 
a CIE for each 25 people; that ought to be 
generous enough for almost any eventual ity. 

The block assigned to relay stations has 
a deceptive appearance that merits further 
elaboration. The interstation transmission 
blocks need to be marked with the identity 
of their sender. Since a transmission block 
is quite short and since any interstation 
transmission has only two parties, the send
er's identity can be reduced to a single bit 
derived from a comparison of the two net-



work addresses. That comparison is poss ible 
if a CIE also serves as the relay station, bu t 
the relay station needs its own address if 
it is not also a CIE. If the relay stations in 
an area come from a large, highl y variable, 
loose ly organi zed pool of vo luntee rs, it may 
not be practical to perman entl y ass ign net
work addresses to them. Th e problem can 
be neatly solved, however, by all owi ng relay 
stati ons to ar bitraril y pick network addresses 
as the need ar ises. Since the block from 
wh ich they pick an address cann ot include a 
CI E address, then there is no danger of the 
add resses coi ncid in g, and so a short address 
can always be found. 

Th is scheme has the di sadvantages, be
cause it is entirely numeric, of being prone 
to human error and of bei ng somewh at 
opaq ue to people. The situation can be 
pa rti all y alleviated by the ad dition of 
symb oli c addresses (eg: San Franc isco) and 
forwarding centers. The genera l id ea is that 
people might be willing to set up forwarding 
centers (probably in conjunction with CI Es) 
that would be willing to interpret symbo li c 
addresses, reformat the messages with proper 
network addresses, and forward them in the 
proper direction. The details are less than 
clear to me at the moment. FOl'wal"ding cen
ters could also so lve the prob lem of mob ile 
subscr ibers: a subscriber, before leav ing a 
CIE, could tell a nea rb y forwarding center 
where messages should be redirected . When 
messages are subseq uently routed through 
the forwarding center, it can send them on 
(or discard them) approp ri ate ly. Wh en a 
forwarding center is not acting as a blin d 
mail drop, it should also tell the se nder of 
the message where futul'e messages should 
be sent. 

An additional di sadvantage of this scheme 
is that, sin ce the add ress space can poten
tially name 80 million CIEs, there is no 
practical way to broadcast a message to all 
CI Es. Should that prove desirable, a few 
suffixes (eg : 890-899) could be given special 
meanings, such as, " Deli ver copies of thi s 
message to yourse lf and to all CI Es with 
higher addresses." -

This completes an introduction to the 
concept of the Community Information 
Exchange Network (CIE Net). In the 
second part of this three part series, the 
discussion next month turns to the de
scription of the CIE Ne t protocol details. 
In the final installment of this series, 
several issues of a technical and legal 
point of view will be considered in more 
detail, as well as comparison of CIE Net 
with the PCNET design in more detail. 
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BUILD YOUP. OWN 
VID€O T€P.MINAL FOR 

$85 "PLUS"· 

• Serial ASCII or BAUDOT • 16 lines X 64 characters 

• Full X-Y Cursor control • S100 Compatability 

• 128 Characters, including 
upper and lower case 

• No Supporting Software 
required 

• The SCT-100 Single Card Terminal interfaces directly to any 
computer or modem having seria l ASC lI or BAUDOT capability. 
It requi res only the additio[1 of a standard ASCII keyboard, and a 
TV monitor. It is ava ilable as a partial kit for $95.00 including 
the PC board, character generator ROM, and the 3870 micro
computer. The comple te SCT-1 00 kit is $155.00 ($185.00 
prew ired &. tested). 
To order, call or write today. MC, BAC Accepted. 

XITEX CORP. P.O. Box #20887, Dallas, Texas, 75220 
Phone (214) 620-2993 

KIMSI 

The KIM to S-100 bus 
Interface/Motherboard 

• Combines the power of the 6502 with the fl exibility of 
the 5-100 bus 

• Attaches to any unmodified KIM 
• Complete interface logic and full y buffered motherboard 

in one unit 
• On-board regulation of power for KIM 
• Eight slots of 5-100 compatibility for additional RAM. 

Video and I/O boards, PROM Programmers. Speech 
processors. 

• Includes all parts , sockets for ICs. one 100 pin connector, 
and full Assembly/Operating documentation 

• Kit $125, Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
_ P.O. Box 386-F t I 
.. . . Coburg, OR 9740] VISA· • 

Circle 51 on inquiry card, BYTE Fcbn,ar\' 1978 145 



Continued from page 90 

Figure 3: A functionally 
equivalent logic circuit for 
one row of a cerebellar 
cortex fiber system. The 
tapped delay line is the 
logical equivalent of the 
parallel fiber axon's prop
agation characteristics. 
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capable of receiving and executing com
mands to perform such high level reflex 
actions as running, carrying, etc, without 
further attention. Beyond this point, we find 
several more specialized systems which may 
issue commands to this "motor automaton," 
or reach around it and access the LMN sys
tems directly, or enter the automaton at 
any level. To understand the division of 
labor among these systems, we need to focus 
on the way in which the execution of the 
output is related to the data which directs 
it. There are basically two systems which 
can be used, and both have been used in 
robot systems. The first is the "dead reckon
ing" approach, in which the details of the 
required action are computed in advance, 
and then executed without regard to their 
results. {An interesting example of this in 
a robot system is described in Ralph Hollis' 
article on NEWT in the June 1977 BYTE, 
page 3D}. The other approach of course is 
to continually monitor the results of the 
movement and apply corrections as required. 
Both of these systems have their uses, ad
vantages, and weaknesses, and the brain 
employs both systems, usually cooperatively 
in the same actions, although "pure" ex
amples of each can be found. 

One of these systems is associated with 
the part of the brain called the cerebellum. 
The cerebellum is not an instigator of action, 
nor is any conscious experience associated 
with its activities. I t plays an important 
role however in the expression of actions, 
of both reflexive and voluntary types, 
which are generated elsewhere. Among the 
functions which the cerebellum performs are 
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MOTION SELECT 
INPUT 

FEEDFORWARD 
CORRECTIONS 

the translation of parallel to serial output, 
and the control of feedforward correction in 
open loop control circuits. 

Before describing these functions further, 
it will help to examine the circuitry of the 
cerebellum. This structure, which lies above 
the pons, consists of two parts, an overlying 
cortex and a set of nuclei. The neurons of 
the cerebellar cortex are arranged in a dis
tinctive pattern which is endlessly repeated 
over the surface of the structure. A few 
elements from this pattern are shown in 
figure 2. Simplified to the bare essentials, 
this consists of an input element {G} which 
has an axon that runs for some distance, 
spatially parallel to the axons of all of the 
other input elements, and which in the 
course of its passage activates a row of out
put elements {P}. Firing an input element 
thus selects a particular set of outputs. Since 
pulses may travel rather slowly in small 
diameter axons such as those of the input 
elements, the time of arrival of the select 
pulse at successive output elements may be 
long compared to the duration {or transmis
sion time} of their outputs. Thus the cere
bellar cortex may act as a tapped delay line, 
as well as a decoder. If the final output ele
ments are switched to other input elements, 
elemental sequences may be serially cas
caded to form larger patterns. There are a 
number of auxiliary elements associated 
with the G and P types, and these are 
lumped as 0 elements in our diagram. They 
are capable of performing such functions as 
selectively inhibiting individual output ele
ments, and controlling interactions between 
adjacent parallel row systems. Thus, these 
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Figure 4: Feedforward as a 
means of correction in sys
tems where feedback is 
too slow. This technique 
involves an open loop 
correction based on other 
systems' input data. 
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OUTPUT 

elements may impose modifications on 
output sequences, or calion adjacent sys
tems (which control similar muscle func
tions) for assistance. Some of these func
tions have actually been simulated on large 
digital machines in experimental motion 
control systems. A schematic of a circuit 
modeling the essential features is shown in 
figure 3. 

The outputs of the cerebellar cortex fall 
on the neurons of the cerebellar nuclei, 
which relay them widely throughout the 
brain. Inputs to the cerebellum likewise 
originate in many portions of the system. 
There is evidence in fact that different 
motor system functions may time-share 
the device! A major function of the cere
bellum however is to allow for interaction 
between different command systems. 

Feedforward Controls: Cpordination 

To illustrate this point, let us see how it 
is applied to feedforward modification of 
output. In any system which is not amenable 
to feedback control, such as one involving 
actions that are more rapid than the loop 
time that would be required to control 
them, or ones that would require very ex
tensive processing of feedback input, it is 
nonetheless possible to achieve considerable 
correction for moment to moment condi
tions by passing the basic output command 
to both the next level of the output system 
and to a controller which computes the 
necessary deviations from the basic com
mand and forwards these to the lower 
echelons of the output system. The concept 
is diagrammed in figure 4. Thus, a reflex 
motor loop which performs some function 
such as walking sequences may need to be 
modified from its basic pattern by infor
mation about head tilt from the vestibular 
system, while at the same time the reflex 
vestibular motor systems which keep the 
head level may require information about 
what the stepping generator is about to do, 
in order to allow for impending body tilt. 

The whole sequence needs to take place 
before any muscle action occurs which could 
generate feedback information if we wish to 
move swiftly and still avoid a fall. 

The process is popularly called "coordina
tion," and the quality of yours is dependent 
on the excellence of your cerebellum. What 
happens in this process is as follows : se
quences of motor actions generated at any 
level of the hierarchical reflex "automaton" 
system, or at any high level system which 
inputs to it, are also sent to the cerebellum, 
either as inputs to the parallel fiber decoding 
systems or as inputs to the "other" elements 
which control interactions across parallel 
systems and gate individual output elements. 
Thus, the waves of parallel fiber activity 
generated by different command systems 
can interact in the cerebellum and modify 
one another in predetermined fashions. The 
reSUlting modified command is sent forward 
as a set of corrections to the basic command, 
and the two interact at lower echelons to 
produce a corrected action. (Yes, they can 
get there at the same time. We've got control 
of transmission speed, remember.) One clear 
advantage is the provision of a common site 
of interaction for systems which are func
tionally related, but do not possess physical 
elements in common. 

Now that we've got it taking care of 
interactions and corrections, how do we get 
"dead reckoning" of movement parameters? 
This process relies on a parallel to serial 
conversion which uses time as an analog of 
position. A basic function of the cerebellar 
nuclei is holding or maintaining positions by 
appropriate outputs to the biasing elements 
in systems such as the LMN system. The 
output elements of the cerebellar cortex 
however act to inhibit the cerebellar nuclei . 
Thus, damage to the cerebellar nuclei results 
in tremor, oscillation, and similar signs of 
excess activity. Damage to the cerebellar 
cortex on the other hand results in deficits 
related to underactivity, motions that fall 
short of the target or fail to initiate. In the 
case of a pure example of the "dead reckon
ing" type of motion (frequently referred to 
as saccadic motion), such as the motion of 
the eyes in fixing on a new point of focus, 
the motion itself is of constant velocity. 
(More accurately, it is driven by a constant 
input, it clearly can't accelerate and deceler
ate instantaneously.) Given this, it follows 
that the extent of the motion is determined 
solely by the duration of the driving signal. 
If the motion generating "automaton" 
circuits are held in check by the cerebellar 
nuclei, then action of the cerebellar cortex 
which inhibits the cerebellar nuclei dis
inhibits the fT1otion generators and the move
ment begins. If the outputs of a group of 
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output elements from the cerebellar cortex 
which are fired in sequence by the same 
parallel input fiber fallon the same group of 
neurons in a cerebellar nucleus, they will 
keep that group inhibited, and the associated 
motion in progress, for as long as the 
sequential firing of output elements is main
tained in the cerebellar cortex. This will then 
determine the extent of the motion. The 
cerebellar nuclear cells are OR gating the 
output sequence of the cerebellar cortex. 

It follows then that if some high level 
command system computes the type, direc
tion and extent of a required motion, it can 
pass this information to the cerebellum in a 
parallel form as a select request for a 
particular set of input elements, and perhaps 
a set of gating and switching elements as 
well. This request will set in motion a time 
sequence of activity in the cerebellum, 
which will be appropriately modified by 
interaction with other current activity in the 
cerebellum, and output as a motion in space 
with a particular duration of action and 
spatial extent. Meanwhile, the requesting 
device is free to go about its business. 

There are many kinds of activity which 
rely heavily on this type of control, and 
many of them are learned activities. A good 
example is playing the piano. This is clearly 
a learned sequence of movements, but once 
learned, the action is too rap id for gu idance 
by feedback from ear or eye. I t has been 
suggested that the learning of such motor 
sequences may proceed through the forma
tion of new functional connections in the 
cerebellum, so that the end elements of one 
sequence become select inputs for the next 
sequence. In any event, we certainly could 
do it this way. 

The action of the cerebellum involves a 
large analog component, and although this 
could be, indeed has been, modeled with a 
fast processor and an array of digital words 
to represen t the states of output elements, 
this may not be the best approach. A device 
which offers great promise for a very close 
analog to cerebellar operation is the surface 
acoustic wave (SAW) device which trans
forms electrical signals into surface waves on 
a piezoelectric medium, manipulates them in 
unique ways related to their travel time, and 
regenerates electrical signals at th e outputs. 
A similar result can be achieved with charge 
transfer devices. Tapped delay lines are 
easily made, and many such in parallel on a 
chip have been used for such tasks as 
electronic focusing of imaging systems. This 
technology would seem to offer a splendid 
opportunity for developing a "cerebellar 
chip." An excellent review of these devices 
can be found in Brodersen and White's ar
ticle in the March 18 1977 issue of Science. 

Higher Motor Systems 

Turning now to the motor structures of 
the higher brain regions, we find two which 
stand out as particularly important, the basal 
ganglia and the motor cortex. These struc
tures operate in an interactive fashion in a 
supersystem which also involves parts of the 
thalamus, and which has important inputs 
from systems whose principle functions are 
best regarded as cogn itive and emotional 
rather than motor. At this level of motor 
organ ization, the distinction between con
cept, desire, and action begins to blur, and 
these "motor" systems may also be involved 
in at least certain motor oriented aspects of 
other functions. It is somewhat misleading, 
but probably necessary, to discuss separate 
functions for the higher motor systems. The 
fact that they are parts of a functional 
supersystem should be borne in mind. 

The motor cortex, more accurately called 
the somato-motor portion of the cortex, was 
once thought to be the highest level of 
motor integration in the brain because of the 
late evolutionary development of the cortex. 
It now appears however that it is more 
properly viewed as a specialized parall el 
processor system which has been developed 
to refine and increase the resolution and 
processing speed of functions which are 
directed from older structures. A notable 
feature of the somato-motor cortex is a 
massive projection of large fast axons wh ich 
run all the way down the spinal cord and 
end directly on the LMNs. Along the way, 
these axons give off many branches to higher 
level motor centers of the medulla, pons, 
cerebellum, etc. It appears that this direct 
communication from highest to lowest levels 
of the system allows high level command 
systems to reach around the motor auto
maton hierarchy for direct intervention. It is 
obvious that this type of control must be 
available to a system which is to have a 
behavioral repertoire that is not built solely 
of stereotyped action patterns. This is partic
ularly true if the system is to have the 
capability of constructing novel behavior 
patterns, either to meet a particular prob
lem, or to serve as a basis for learning new 
behavioral repertoire items. 

A Sense of Touch 

Although systems such as the cerebellum 
and the basal ganglia have direct communica
tion with the hierarchical motor system to 
control the many motor stereotypies which 
it automatically generates and regulates, 
they also both access the somato-motor cor
tex , and apparently provide most of its 
direction and control. The somato-motor 
cortex then may be viewed largely as an ex
tensive decoder for cerebellar and basal gang-
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lia initiated actions. There is one situation, 
however, in which the somato-motor cortex 
is itself the originating device for motor 
function . That situation is the control of 
action based on feedback information from 
the sense of touch. The reason we refer to it 
as the "somato-motor" cortex is that th is 
region not on ly contains the neurons which 
give rise to the axons controlling th e lower 
motor systems, but also the neurons which 
receive th e input from the touch receptors in 
the skin. The sense of touch is technicall y 
referred to as "somesthesis." The special 
relation of th e sense of touch to this system 
is explained by the fact that a great deal of 
fine motor control is under feedback control 
derived from the various transducers for 
pressure and other sensations which com
prise the sense of touch. This is especially 
true of organisms such as hum an beings 
which place so much behavioral emph asis on 
the contro l of prec ise manipulati ve move
ments. Whil e a great many movements which 
are under feedback control may initi ally be 
under visu al guidance in reaching the general 
area, th e fine control of th e later stages is 
generally under the contro l of feedback 
from touch receptors. When you pick up an 
object with your hand, it is not your eyes 
which tell you how hard to squeeze, or just 
how to grasp. (Have you ever used a key
board that didn't provide tacti le feedback?) 
Th e somato-sensory function of the 
somato-motor cortex involves elaborate 
encoding schemes which are sim il ar to those 
which we will consider later with the other 
cortical sensory systems. For now, suffice it 
to say that this information may act directly 
on the motor output aspects of this region 
to initiate motor activity in those cases 
where touch information is the appropriate 
controlling input. In other cases, this inform
ation may be used to provide correction to 
outputs of the somato-motor region which 
are being initiated and controlled from other 
structu res. 

The somato-motor cortex receives its 
principal control inputs from a group of 
nuclei in the thalamus, which in turn receive 
the major share of their input from the 
cerebellum and the basal gangli a. These 
thalamic nuclei thus serve as preprocesso rs 
which synthesize directives for th e sensori
motor cortex out of requests from several 
systems. 

Homing in on a Stimulus 

The final portion of the high er motor 
system which we shall consider in detail is 
the co ll ection of nuclei known as th e basal 

ganglia. I shall use this term to include some 
nuclei of the mesencephalon and dience
phalon as well which function large ly in 
conjunction with the basal gangli a. 

Just as the cerebellum is heavily involved 
in the operation of feedforward and dead 
reckoning kinds of control, the basal ganglia 
are primarily involved in graded, feed back 
controll ed movements, particularly those of 
a learned nature, or those under direct 
conscious control. It can probab ly be 
regarded as the highest level in the command 
system which has a primarily motor ori ented 
funct ion. 

Th e structure of the basal ganglia at the 
neuronal level is entire ly different from that 
of th e cerebellum. There is no obvious 
pattern of spatial arrangement to its 
neurons, although both local and output 
elements can be identified. The local ele
ments are much more numero us than the 
output elements, and form an extensive ly 
branch ed system within th e basal ganglia. It 
appears that most of these have an inhibi
tory action, so that neighboring elements are 
quickly turned off by any activity. Some of 
these connections are recurrent, so th at 
input driven elements, too, tend not to 
remain active beyond an initial response to 
input. This is in sharp contrast to the 
situation in the cerebellum where the entire 
principl e of operation is based on a propa
gated response in a neuronal network , 
initiated by a single input. The action of the 
basal gangli a is of a sort called "self-quench
ing." That is, an input will initiate a burst of 
activity, but unless the input is mai ntained, 
or augmented by anoth er input, it will 
rapidly inhibit itself. This is tru e not only 
because of th e local I·ecurrent inhi bitol"y 
neurons of the basal ganglia, but also 
because of negative feedback loops from the 
basal gangl ia to its inputs which tend to 
damp their initial activity. Notice th e sim
ilarity of basal ganglia action to th at of a 
differentiator. If one cou ld consider the 
space coded byte of th e active input ele
ments to the basal ganglia as encoding some 
static scheme of output for motor behavior , 
th e temporal output byte of the basal 
gangli a might be thought of as having 
properties similar to the first time derivative 
of the behavior specified . This output would 
then be decoded into commands to the 
motor cortex, cerebellum, and reflex motor 
system. By outputting this tim e decay ing 
command, it is ensured that th e behavior 
will not continue unless (1) th e command is 
sustai ned by some other means, or (2) a new 
command set is tried, producing a new set of 
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self-quenching output pulses. This feature is 
essential if the continuation of a behavior is 
to be made contingent on its consequences . 
The basal ganglia in fact have sets of inputs 
which are precisely configured to achieve 
this contingency. 

The outputs of the basal gangl ia run 
principally to: the thalamus and thence to 
the motor cortex; to the motor nuclei of the 
mesencephalon and thence to the sub
systems of the reflex motor apparatus; and 
to the motor nuclei of the pons and thence 
to the cerebellum. The basal ganglia are thus 
in a position to transmit information and 
commands to all aspects of the motor 
system. There is little here that is not 
understandable in terms of principles we 
have already dealt with, and it requires no 
elaboration. 

The inputs to the basal ganglia, on the 
other hand, are the key to understanding its 
function. There are three major components 
of the input. First, the entire cortex projects 
fibers into these nuclei. These fibers, and 
those of the second cOmponent which arises 
from the thalamus (a structure which organ
izes the activity of the cortex, and processes 
10 for it), tend to make contact with a few 
specific neural elements in the basal ganglia. 
These two input groups may be thought of 
as specifying discrete patterns of activation 
which are encoded by an action like a series 
of cascaded AND gates into a pattern of 
activity, or potential activity, on the output 
lines of the basal ganglia. If output contin
uously, these outputs could be decoded by 
lower motor structures into specific move
ments. It appears however that these inputs 
alone are insufficient to sustain much 
activity in the face of the strong local 
inhibition generated by their own action. 

The third input component to the basal 
ganglia arises from a group of nuclei which 
are related to other brain systems that detect 
the rewarding or punishing quality of the 
stimulus pattern being decoded by the 
sensory systems. This input component has a 
very different distribution ; it branches 
widely within the basal ganglia, each axon 
making synapses with tens of thousands of 
neurons. As a result, it cannot specify any 
very specific pattern of activation in the 
basal ganglia. Its action is diffuse, and 
principally temporarily coded. On the other 
hand, it can exert a widespread gating action 
on all ongoing basal ganglia activity. Thus, 
an input containing information about the 
intensity of the organism's emotional 
response to the results of ongoing behavior is 
capable of sustaining or inhibiting the next 
phase of the behavior. Given the self-quench
ing nature of activity in the basal ganglia, it 
is easy to envision a process by which a 

behavior "suggested" by the cortical and 
thalamic inputs is only sustained if the initial 
input results produce a sustaining input 
which strengthens the initial activation 
pattern, perhaps by summing with it to 
overcome the self-inhibition. The third input 
component is of course ideally situated for 
such a function. 

I n its most primitive form, th is scheme 
results in a sort of "homing device" which 
will cause an organism to follow an increas
ingly intense stimulus, such as odor, to its 
source, such as food. That is, as the search
ing and locomotor patterns generated by the 
animal result in increases or decreases in the 
intensity of the pleasurable stimulus, they 
are appropriately facilitated or eliminated. 
Out of this simple feedback guidance mecha
nism, a host of more elaborate behaviors are 
developed, by evolution and learning, with 
the aid of the immense processing power of 
the cortex to provide detailed analysis of the 
environment and to generate more complex 
patterns of behavior for trial. 

At the present time, we cannot precisely 
specify the pattern of detailed connections 
in the basal ganglia which resul ts in these 
actions. The nature of its operation is 
inferred indirectly from evidence derived by 
stimulating its inputs or disabling its 
outputs. This evidence seems to establish 
that normal operation of the basal gangl ia is 
essential to orientation and approach to 
stimuli, and initiation of voluntary behavior 
and complex learned behavior, particularly 
that involving anticipatory actions. The con
vergence in the basal ganglia of processed 
sensory information from many areas of the 
cortex provides a source of feedback infor
mation which can interact with and modify 
basic action plans generated by other 
cortical areas. Damage to the basal ganglia 
causes a loss of the ability to modify 
complex actions and judgements on the basis 
of sensory feedback. (This sort of feedback 
modification is distinct from the nonspecific 
sustaining action of feedback from the 
reward detector circuitry.) Finally, as predic
ted by the model outlined above, damage to 
the diffusely connected third input com
ponent results in failure to initiate behavior 
or orient to and approach stimuli, while 
stimulation of this component results in 
continuation of the immediately preceding 
behavior. 

There is also a growing body of evidence 
to indicate that the type of learning called 
"operant conditioning" (see the preceding 
article in this series) may depend on, or even 
occur in the basal ganglia. This type of 
learning essentially involves an increase in 
the future ability of a behavior pattern to 
compete with other potential behaviors if it 
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Figure 5: An equivalent 
block diagram approximat
ing some of the basic 
relations of the brain's 
basal ganglia (striatum). 
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is followed by activation of the reward 
system. To achieve this, all that would be 
required in addition to the basal ganglia 
model we have described here would be 
provision for activity in the diffuse input 
from the reward system to lower the firing 
threshold of neurons which were active at 
'the time of this input. No such mechanism is 
presently known, although it is suspected, 
but in our robots it would be easily 
contrived. 

An electronic analog of the model of 
basal ganglia action described here is shown 
in figure 5. (This model does not include the 
learning function just described.) The 
essential features are: the provision of a set 
of gates to encode the simultaneous inputs 
from the many cortical regions which con
tribute to the design of the behavior; a 
circuit which shuts off the encoded output 
after a brief delay; and an enabling bus 
representing the input from the reward 
system which inhibits the shut off circuit on 
active gates. This model is only illustrative, 
and better ones could be designed to mimic 
basal ganglia function. For example, the 
intensity of activity in the enabling bus 
should be employed to modulate the 
intensity of the outplJt. 

In practice, considering the very large 
number of gates required, and the fact that 
operation of the system is slow since it 
requires direction from physical results of 
actions, it will probably be best to simulate 
much of the gating and modulation in 
software on a fast processor. A few relevant 
principles are worth noting here. The ratio 
of input to output lines in the basal ganglia 
is very high. It receives input fibers from the 
entire cerebral cortex, which is by far the 
largest structure in the human brain. Output 
neurons on the other hand comprise less 
than five percent of the neural complement 
of the basal ganglia. Clearly a great deal of 

CORTICAL AND THALAMIC INPUT 

TO LOWER MOTOR SYSTEM 

encoding takes place here; output line per
mutations are selected by gating an enor
mous number of inputs. Consistent with 
this, the outputs undergo an equally enor
mous decoding and fan out into the entire 
downstream motor system, ultimately speci
fying the actions of billions of LMN units. 
The basal gangl ia outputs thus represent a 
"narrow spot" in the system, through which 
most of the organism's complex goal direc
ted behavior passes. Similarly, the reward 
system which provides the gating or modu
lating input to this information flow repre
sents the ,ultimate distillation of analysis of 
the entire sensory world of the organism as 
it pert<!ins to reward. The amount of 
processing going on at higher levels to 
generate behavior patterns, and the amount 
required to evaluate their effectiveness is 
awe inspiring. Yet, the closing of this most 
complex feedback loop of all time is carried 
out relatively easily thanks to interaction at 
the "narrow points" of the two systems in a 
simple decision to keep going or quit doing 
what you're doing. The need for specific 
feedback to the behavior generating ele
ments is thus eliminated. They simply try 
something else which they derive from estab
lished hierarchies or generate from similar
ities with past situations. 

If we are to provide the capacity for 
robot behavioral systems to modify large 
scale behavioral strategies on the basis of 
evaluation of their effects, or if we wish to 
provide an operant conditioning capability, 
it will be necessary to gate or modify 
massive amounts of information. The most 
hardware conservative approach may well be 
to emulate the basal ganglia system by 
allowing a simple statement of the evaluative 
system's reaction to perform a "more or 
less" modulation of the output of the 
behavior generators at a highly encoded 
"narrow spot," and leave the behavior gen
erators to try again according to trial and 
error algorithms, rather than trying to 
correct them directly. Specific feedback 
information of a nonevaluative sort, such as 
corrections to intended position from visual 
observation of the limb, become part of the 
command pattern prior to modulation by 
the evaluative system, simply by being part 
of the input pattern to be processed in 
generating the next attempted output 
patterns. These inputs could be handled by a 
software gating system, given processor 
speed, and the intensity of the evaluative 
function could be digitally coded and 
applied by software arithmetic rather than 
by mimicking the brain's analog system. 

Having looked at the detailed operation 
of some of the important components of the 
brain's motor output system, let us finish 
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Figure 6: Overall pattern 
of information flow in the 
brain's motor output sys
tem. A "top down" hier
archy of control is modi
fied by inputs at mUltiple 
levels. 

with it by looking at a schematic summary 
which emphasizes the interactions of the 
different parts of the system. Figure 6 shows 
the main routes of information flow in the 
system, together with the major controlling 
inputs. Some of the "black boxes" such as 
"reward system" will be covered in future 
articles. 

One of the outstanding features of the 
system taken as a whole is that it does 
function in an organized and integrated way, 
despite the fact that its parts are in many 
ways autonomous, and certainly not 
synchronized in their operation. A key to 
this capability is th e provision of status 
information to each un it of the system by 
each of its neighors, and the ability of each 
to employ this information in an intelligent 
way in formulating its own output. A 
furth er refinement is the provision of a 
structure such as the cerebellum where 
status information from diverse systems can 
interact to generate correction information 
which returns into the main line of the 
relevant systems. Wide scale availability of 
information from special movement relevant 
sensory input systems is another unifying 
feature. 

If we leave out the "behavior generating 
system," which is properly a decision 
making system to be considered later, not a 
system for execution, we can discern four 
major portions of the motor system 
(although some structures service more than 
one portion). The first is a system which 
handles most of the routine traffic according 

to establ ished rules, and provides automatic 
elaboration according to established rules 
when given high level commands. The 
second is a system which converts parallel 
statements of action patterns into serially 
executed instructions to the first system. 
The third system provides a highly intel· 
ligent output terminal which can access the 
final output elements directly in the service 
of any of the higher systems on req uest. The 
essential feature here is that it is a para ll el 
control for refined special purpose control, 
and is not necessary for most routines. 
Finally, a fourth system provides for inter· 
action of the high level decision making 
systems with elaborate ly processed feedback 
information to generate complex instruc· 
tions to the other systems, after screening 
them for effectiveness. 

In this constellation of functions, we find 
the capability to deal with rapid emergency 
movements, automatic compensation for 
externally imposed deviations, fine graded 
control under the direction of any sensory 
input, and the execu tion of arbitrary novel 
patterns. The organizing principle which 
seems to best define the system is its 
emphasis on successively more abstract com· 
mand functions at higher levels in the 
system, and a corresponding increase in 
"situation free" statements. That is, a high 
level element can issue a "walk" command 
without being concerned about the nature of 
the terrain. It has distirict analogies to high 
level programming languages. We shall see a 
similar organization in reverse in the sensory 
systems, where detailed information at the 
receptor level is gradually reduced to 
powerful statements of object recognition, 
independent of details of the sensation as 
the information ascends in the system. 

Even with all of this elaborate apparatus 
to direct and coordinate body motion, the 
problem of movemen t in the generalized 
environment remains a challenging one. 
Despite the massive investment in processing 
power that the brain has devoted to the 
problem, we still fall down sometimes. 
Producing a robot system that even 
approaches the brain's abilities will be a 
great challenge.-
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I'd like to comment on some of the items 
in your November 1977 Languages Forum, 
page 190. 

I think Glen Taylor's idea for a "personal 
computer language development society" is 
great! I only hope he gets people whose 
minds are open enough to be able to borrow 
the strengths of any existing language. Alas, 
I am not experienced in microcomputers nor 
language design ; the only thing I could offer 
is enthusiasm and a little experience in using 
some of the current languages (although I 
never did discover how to actually use 
LISP) . 

If Jeffrey Kenton can't offer Peter Skye 
anything other than a prophecy of failure, 
he should have saved his time and stamp. 
("The proposed PL/Skye will make no one 
happy." You never know, Jeff, it might be 
ecstatic.) RPG on a micro? Super idea! (The 
premise is that anything which helps make 
any computer easier to use is a good idea.) 
Terrible early experiences with PL/I? That's 
no reason to quit; surely we can learn from 
that and do better in the next attempt. 

My only contact with PASCAL has been 
via A Primer on PASCA L by Conway, Gries 
and Zimmerman which leaves out a lot of 
stuff (because it is really a primer on pro
gramming which merely uses PASCAL for 
its examples). My objections to what I've 
seen of PASCAL are: the apparent necessity 
of "declaring" every symbol in the program 
before using any of them; the apparent re
quirement of numbering a statement to go 
to (I want to name it); and the clumsiness of 
character string handling.-

AVAILABLE FOR 
IMMEDIATE DELIVERY 

An Advanced, Comprehenelve, 
Commercially oriented, Compllerl 
InterpreterBAiSlClanguage facility 

designed for use with the 

CPIM'·OPERATING SYSTEM 

CBASIC FACILITIES INCLUDE: 

DISK ACCESS - Sequential and 
Random Files. Fixed and Variable 
length records. 
PRINT USING allows sophisticated 

. formatting of output to both the 
Printer and Disk Files. 
FOURTEEN DIGITS of numeric 
precision. 
LIBRARY FACILITY supports 
"Canned" procedures which are 
included at compile time. 
LINE NUMBERS are not necessary 
on every line. They are needed only 
to transfer control. 
VARIABLE NAMES can be up to 
31 characters long. 
STRING manipulation facilities 
include MATCH, LEFT$, RIGHT$, 
MID$, LEN, Concatenation, Arrays 
and More. 
PEEK, POKE, CALL, WHILE . . . 
WEND, TRACE, PrinterSelection, 
Multiple lines per statement. Re· 
marks that don't take space, IF . . . 
THEN . . . ELSE, Logical Operations, 
INPUT 1I NE to enter text including 
commas and special characters, 
READ LINE to read text files and 
MORE. 

FORONLY $9995 
Including Extensive User's Manual 

Manual only $15.00 

BUSINESS APPLICATIONS 
PROGRAMS For CP/M Users: 

OSORT - A Full·Diskette Sortl 
Merge (in 8080 code) with 
Documentation $ 95 
UTILITIES - Including a Full·Disk 
Copy and Memory Test $ 40 
GENERAL LEDGER-A Generalized 
Business GL designed for Account· 
ants or Small Businesses. Includes 
complete documentation. 
Written in CBASIC $995 
NAME AND ADDRESS FILE 
SYSTEM - Interactive Entry 
program Adds, Changes , Deletes, 
or Displays records. Prints labels 
or reports of all or selected portions 
of a file. Written in CBASIC $ 79 

To Ordaror For,More Information, Write: ' 

Itructured IY/teml Group 
5615 KALES AVENUE 

OAKLAND. CALIFORNIA 94618 
(415) 547·1567 

California residents add 6V, % Sales Tax. 
Prepaid or COO only, 

Dealer Inquires Invited 

CP/M is a trademark of Digital Research. 
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A BIT 01 The Best 
_ _ Build Your Own Working Robot by 
David L Heiserman, published by Tab 
Books. This book will not tell you how to 
build Robbie, the robot of Forbidden 
Planet, or a classical android of science 
fiction. What it will introduce you to is the 
problems of making a robot mobile device 
called Buster III , using pre-m icroprocessor 
TTL integrated circuits for all logic func
tions . It is a must book for background 
reading, but much of the logic can be 
extremely simplified usi ng today's micro
processor technology . Use this book as a 
first look at these problems from which you 
can build further and more elaborate solu
tions. Softbound, $5.95. 

__ Getting Involved With Your Own Com
puter by Leslie Solomon and Stanley Veit 
answers the questions: "What can small 
computers do? Which is best for my pu r
poses?" Whether your interest is business 
applications, word processing, education, 
security, etc., this lucid text will bring you 
in touch with an exciting new world des
tined to affect us all. $5.95. 

The Texas Instrument Reference Library 

__ Fingertip Math, $2.95 

__ Software Design for Microprocessors, $12.95 

_ _ The Great International Math on Keys Book, $4.95 

__ TTL Data Book, $4.95 

__ Semiconductor Memory Data Book for Design Engineers, $2.95 

__ Transistor and Diode Data Book, $4.95 

__ Power Semiconductor Handbook for Design Engineers, $3 .95 

_ _ The Op~oelectronics Data Book for D esign Engineers, $2 .95 

__ Understanding Solid State Electronics, $2.95 

__ Designing With TTL Integrated Circuits, $28.50 

__ Bipolar Microcomputer Components Data Book , $2.95 

NEW! __ Wi lliam Ralph Bennett Jr's Scientific 
and Engineering Problem Solving With The 
Computer is one of the most exciting 

__ Computational Analysis on the pocket __ The First West Coast Computer Faire books we've seen in years. Besides teaching 
Calculator contains some 35 programs qonference Proceedings. Here's a big pack- BASIC (which it does admirably), this 
written for a specific programmable pocket age of fascinating information and practical lively, lucid book presents a wealth of 
calculator, the HP-25. These programs guidelines from the symposia held at the imaginative and unusual applications pro-
implement algorithms in number theory ', )977 'West Coast Computer Faire, The First grams taken from many disciplines (A 
equation solving, ~Igebraic stability theory, West Coast Computer Faire Conference sample exercise: "Using the algorithm 
calculus of power series, numerical intagra- Proceedings contain 336 pages covering: in the text with the pair-correlation matrix 
tion as well as algorithms for the evaluation tutorials for the computer novice; human from Hamlet, compute the most probable 
of special higher transcendental functions, aspects of system design; robots (including diagram path which starts with the letter 
such as the Gamma function, various Bes~el the text of a talk by science fiction writer T " ). The exercises ru n the gamut from 
functions, the error integral, and the Fred Pohl) ; comput!lr's for the physically random processes to the dynamics of 
Riemann zeta function . disableq; legal aspects of personal com- motion, from entropy in language to the 

A unified format has been chosen for puters; education ; electronic mail ; music Watergate problem. You'll discover BASIC 
the preparation of the programs. By means with computers; hardware; software- the applications in lasers and in the Fourier 
of the flow diagrams and the detailed qe- list goes on . This compendium wi ll make a series and the law (!). In its diversity and 
scriptions that are provided, the programs useful addition to your reference shelf, since elegant sty le, it ranks with Donald Knuth 's 
are easily adapted to run on any calculator it contains many hard-to-get items. You works as a milestone in the art of com-
of comparable capacity . $11.50. can't miss for $12! puting . Hardcover, $13 .95. 

~-------------------------------------------- ----------------------------------------- -
160 BYTE February 1978 



,----------------------------------------------------- ---------------------------------~ 

__ Scelbi "6800" Software Gourmet 

Guide & Cookbook Old Favorites 
__ Scelbi "8080" Software Gourmet 
Guide & Cookbook, both by Robert F ind
ley . Have you tried cooking up a program 
lately on your 6800 or 8080 processor? 
Have you needed a dash of ideas on how to 
add spice to a program? Then the Scelbi 
"6800" Software Gourmet Guide & Cook
book and the Scelbi "8080" Software 
Gourmet Guide & Cookbook may prove to 
be quite useful additions to your library. 

Both books contain a wealth of infor
mation on the 6800 and 8080 instruction 
sets, plus general programming techniques 
applied to the 8080 and 6800, conversion 
routines, floating point routines, decimal 
arithmetic routines, and much more. Order 
yours today and get a taste of what your 
processor can do. Both books are priced at 
$9.95 each. 

__ Basic BASIC by James S Coan. If 
you're not already familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about th is popular 
computer language. BASIC (which stands 
for Beginner's All-purpose Symbolic Instruc
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter
minal , writing programs, using loops and 
lists, solving mathematica l problems, under
standing m atr ices and more. The book con
tains a w ea lth of illust rations and example 
programs, and is suitable for beginners at 
many different levels. It makes a fine refer
ence for the experienced programmer, too. 
$7.95. 

__ Advanced BASIC by James S Coan. 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC_ In this book 
you ' ll learn about some of the more ad
vanced techniques for programming in 
BASIC, including string manipulation, the 
use of files, plotting on a terminal, simula
tion and games, advanced mathematical 
applications and more. Many useful algor
ithms are covered, including some clever 
sorting techniques designed to reduce 
program execution time . A s with Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $6.95. 

The Art 01 Computer Praised by many CritiCS as the best books in their field, The Art of Computer Pro
gramming, Volumes I, II and III, are part of a projected seven volume omnibus survey of 
computer science now being completed by Donald E Knuth . 

Programming __ Volume I, Fundamental Algorithms, begins with a thorough discussion of the 
mathematics used in computer programming, followed by a- treatment of information 
structures, stacks, arrays, linked lists, dynamic storage allocation, and trees . 634 pp ; 
$20 .95. 
__ Volume II , Sem inumerical Algorithms, is concerned with random numbers, statisti
cal tests, random sequences, as well as arithmetic (floating point and multiple precision) , 
polynomials, and rational arithmetic. 624 pp; $20.95. 
__ Volume III, deals with Searching and Sorting, and as the name implies, the em
phasis is on algorithms fo r sort ing, including combinatorial properties of permutations, 
internal sorting, optimum so rting, and external sorting . Also included is a section on 
sequential sea rching , hashing, digital sea rching, and more. 722 pp ; $20.95. 

A hypothetical assembly language called M I X has been developed by the author to 
illustrate programming examples throughout the series. MIX is easily convertible to other 
assembly languages. 

Prof Knuth writes with style and wit (among many memorable quotes is one from 
McCall's Cookbook!), This classic work belongs on the reference shelf of everyone 
se riously interested in computer sc ience . 

Order By Telephone 
WATS up? The BITS toll free hotline is now ava il able for customer orders. Dial your bank card orders 
Monday through Friday between 9:00 a.m. and 5 :00 p.m. Easte rn Standard Time. 1-800-258-5477. In 
New Hampshire, call 924-3355. Before you dial, please have ready your BankAmericard or Master Ch arge 
credit card number and expiration date, the titles of t he books you wish, and your shipping address. 
To call about an order-Pl ease dial (603) 924-3355. 

DIAL YOUR ORDERS ON THE BITS TOLL FREE HOT LINE: 1-800-258-5477. 

I n New Hampshire, call collect: 924-3355 
Send to : 

Check Payment method : 

BITS, Inc. -....... 
• 

__ My check is enclosed 
. __ Bill my MC No. ___________ Exp. date ____ _ 

70 Main Street 
Peterborough NH 03458 

Name 

Address 

State 

Signature 

-

ZiP Code 

-_ __Bill my BAC No. Exp . date ____ _ 

T ota l for all books checked $---

Postage, 50 cents per boo k for ___ books $---

Overseas, 75 cents per book for ___ books $ __ _ 

Grand Total $---

Pr ices shown are subiect to change Wit hout notice . 
All orders must be prepaid . 

__ ~~_~a~:~:t:~o~~~~s:~~e~~~o~_W~s~~:~~v~~:u~~:~~~n~:~ ____________ I~~:~~a~~a~~:~:c~:i~~:~y_~:e~~~~~a~~.~ 
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Programming Entomology 

Clobbered Value Bug: 
Your program changes the 
value of a variable at a 
time and place which is 
unintended. The detection 
difficulty ranges from the 
obvious (after if is found) 
to the subtl" (before it is 
found). 
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An entomologist is a bug expert. When he 
sees an insect, it isn't just a bug to him (in 
fact, he will vociferously protest that not all 
insects are bugs); it has a particular habitat, 
lifespan, favorite food, and breeding pattern. 
Nor is his knowl edge just academ ic; he can 
tell you how to protect yourself from a 
harmful one by killing it or keeping it away. 

The same sort of knowledge is necessary 
for programming. The skilled programmer 
knows what kinds of bugs may attack a 
program, how to track th em down, and how 
to keep them from getting there in the first 
place. He knows the ways to get at particular 
bugs, as well as the general treatments which 
are effective against all of them. 

The first thing to realize about bugs 
is that they don't appear by spontaneous 
generation. Th ey have a cl·eator, and their 
Creator is the programmer. (Throughout 
this article, I am speaking only of user 
program bugs; hardware bugs are an enti rely 
different breed, subject to different laws, 
and systems software may be beyond your 
control. No matter how outrageously the 
program is acting, it's only following orders. 
So what you have to ask about a bug in 
your program is: how did you put it there? 
What kinds of mistakes are you prone to 
make? If you caught a certain bug in one 
part of the program, might you have put 
the same kind of bug elsewhere as well? 
"Thou art God" ... and thou must take 
care of thy creation. 

But the fact that each programmer 
creates his own bugs doesn't mean there 
aren't species of bugs found in everyone's 
programs. Knowing about these species can 
be a great timesaver, especially when the 
species can be identified by the effects. 

One of the most common bugs is the 
Clobbered Value, found where the pro
grammer assu mes the content of a register 

Gary McGath 
7 Silver Dr 

Nashua NH 03060 

or the value of a variable is the same as 
before, but it isn't. Take this attempt to 
exchange the values of two variables: 

10 LET X = Y 
20 LET Y = X 

This fails because when statement 20 is 
executed, the value of X has already been 
clobbered by the previous statement, with 
the result that Y never gets changed at all. 

Clobbered Values are frequently found 
on subroutine exits. It's easy to write a 
harmless looking CALL or GOSUB (possibly 
to a routine you haven 't written yet) and 
assume everything will remain the same. But 
strange things can happen if the subroutine 
unex pectedly changes some values. 

A not too distant relative of the Clob
bered Value is the Zapped Stack, found only 
in machine and assembly code. It appears 
most often by push ing items onto the pro
gram's stack at the start of a subroutine, 
then failing to pop them, or popping too 
many th ings at the end. Another way to 
invite this bug is to use the stack pointer 
for some other purpose durin g the course 
of a subroutine. 

Subroutines are also the habitat of the 
Botched Call. A certain protocol is needed 
to call any particular subroutine. If, when 
you write a call to a subroutine, you ex pect 
a value to be returned in the wrong place, 
or you assume the subroutine will do some
thing which it actually won't (or vice versa), 
this bug will have gained a foothold. Th e 
difference between a Clobbered Value and 
a Botched Call is that when you have the 
latter, the subroutine is doing the right 
thing; the calling program is just mistaken 
in its expectations. 

Another species of bug lurks in jumps, 
branches, and GOTOs. The Branch Bug 



Zapped Stack Bug: 
Stack oriented mach ines 

and software are both 
very egalitarian with 

respect to pushes 
and pops. They like 

to have the same 
number of items pushed 

as are later popped, or 
else they'll transform 

themselves from tranquil 
and placid programs into 

memory zapping monsters. 

is so difficult to fight that serious attempts 
have been made to wipe out its habitat; 
langu ages and programming styles (struc
tured programming) have been developed 
that use no jumps. The Branch Bug comes 
in two varieties: jumping to the wrong 
place, and jumping to the right place with 
inadequate preparation. The first of these 
is easy to produce in languages where 
statement labels have to be numbers (eg: 
BASIC and FORTRAN, especiall y BASIC, 
where every statement has to be numbered 
whether it's ever going to be a jump destina
tion or not). The jump with inadeq uate 
preparation is simi lar to the Botched Call, 
but it can often be harder to figure out if the 
program has a complex flow pattern. 

A few special methods are applicab le 
to fighting the Branch Bug. One of these 
is program flow ana lys is. A look at the 
possible paths a program can take will 
often reveal some of these bugs. I s there 
a part of the program that can never be 
reached? Are there traps in the program, 
loops that can never terminate? Are there 
jumps which wi ll result in variab les being 
used without having been set to a value? 

In languages like BASIC, where every 
statement is labeled, it 's helpful to set off 
statements that can be reached by jumps 
either by using special statement numbers 
or by pointing them out in comment state
ments. In any language, the statements 
that can be reached by jumps shou ld be 
logical breaking points in some sense, 
places where a new unit of work begins. 
Except in desperate situations where 
economy is all-important, jumps shou ld 
be used to satisfy the logic of the program, 
not to save a few instructions. 

If a subroutine call can be used instead 
of a jump, it probably should be used. A 
subroutine will send you back where you 

came from, so figuring out the flow of the 
program is eas ier. For many purposes, 
you can treat a subroutine as a unit when 
studying the program ; as a single instruction 
that happens to do complicated things. 
You can't do this with the instructions 
reached by a jump. 

The next bug in our survey feeds on 
apples and oranges. More general ly speaki ng, 
the Mismatched Unit is found where the 
units or dimensions of the quantities being 
used in a program aren't the ones actually 
needed. Take the program statement LET 
V = D * T, where D is a distance in miles, 
T is the time traveled in hours, and V is 
intended to be the traveler's average velocity 
in miles per hour. By using simple algebra 
on the units, you can see that the result 
obtained will be units of miles times hours, 
not miles per (ie: divided by) hour. 

Bugs of this type are harder to spot when 
the mismatched variables are further apart 
in the program, but consistency wil l keep 
them from occurring. Simply be su re you 
know in advance what units each variab le 
has to come in. 

Assembly and machine language program
ming al low an especially messy type of 
Mismatched Unit to show up: mismatches 
between addresses and data, or between 
abso lute addresses and relative addr·esses 
(values to be added to a base address). To 
avo id this bug, watch out for the different 
addressi ng modes of different instructions. 

Another bug with a specialized habitat 
is the Fencepost Bug, named for its ten
dency to rest in problems like this one: 
" If you are putting up a wire fence 100 
feet long, supported by posts every 10 feet, 
how many posts do you need?" Another 
name for this bug is the Boundary Condition 
Bug; it's always found in connection with 
the start or end of some sequence, where 

Botched Call Bug: The 
Botched Call Bug is like 

the proverbial square peg 
in a round hole : Unless 

the peg or the edge of the 
hole yields, sparks will fly . 
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Branch Bug: Jumping 
blindly about in memory, 
the Branch Bug is always 
on a collision course with 
valid execution of a 
program. 
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special treatment is needed. One form 
manifests itself in confusion over whether 
the first element of a group is number 0 or 
number 1. Another is found in the attempt 
to relate each element of an array to the 
next, as in this statement: 

IF T{I) <T{1+1) GO TO 100 

Try this one setting I eq ual to the dimension 
ofT. 

Finally, we come to the most in sidiou s 
of all bugs, the Timing Bug. The character
istic that makes this bug so fearsome is that 
a program infested by one may run correctly 
once but not the next time; it may even run 
correctly 99 times but fail on the hundredth, 
using exactly the same data each time. To 
make matters worse, running programs in 
single step mode will usually drive Timing 
Bugs into undetectable hiding. 

As the name suggests, the Timing Bug is 
one that shows up depending on the order 
in which asynchronous events (events that 
have an unpredictab le relationship in time) 
occur. Systems that have interrupt facilities 
are especially prone to being attacked by 
Timing Bugs, since an interrupt routine may 
be executed at a different point in the pro
gram each time it's run. An interrupt routine 
may, for instance, set up certain variables 
to be used by the mai n program. If another 
interrupt of the same kind can occur before 
the variables have been processed by the 
main program, and if that interrupt changes 
those variables, unpredictable results can 
occur. Yet most of the time, interrupts 
may not occur that close together, so the 
bad result is said to be nonrepeatable. This 
means that repeated runs of the program 
can't be used to systematically close in on 
the bug. 

A Timing Bug can also live on direct 
memory access (DMA). Some mass 
storage devices can read or write data in 
bulk without the interve ntion of the 
processor, using those memory access 
cycles wh ich th e processor doesn't use. 

Mismatched Unit Bug: A 
result of inadequate 

analysis of a calculation, 
the Mismatched Unit Bug 

results in strange elixirs. 
When both apples and 

oranges are thrown into 
the analytical engine, 

what is the nature of the 
juice which flows out? 

The length of time a DMA transfer will 
take is, at best, very difficult to predict; 
so a Timing Bug can strike if memory 
wh ich is accessed by DMA can be accessed 
or modified by the processor. 

Since Timing Bugs are so hard to hunt 
down, extra efforts should be made to avoid 
giving them a foothold. Be extra careful in 
writing interrupt han dl ers or DMA com
mands. Watch for places where interrupts 
need to be disabled. As for the indentifica
tion of Timing Bugs, the following rule is 
useful: if you can prove, in a prec ise instruc
tion by instruction study, that what 
hap pened couldn't possibly have happened 

The Timing Bug: This 
most subtle of all bugs 

spends most of its time 
relaxing, and suddenly 

taking a swipe at appar
ently random times. 



from th e execution of those instructions, 
suspect a Timin g Bug; something else was 
happening during the execution of those 
instructions. 

Incidentally , it's possible to encou nter 
bugs much like Timing Bugs even without 
interrupts or DMA. An input or output 
device, such as a key board, is asy nchronous 
with the program; the exact behavior of the 
program will depend on the behavior of 
these devices . For instance, a program 
which accepts keyboard input and accu
mulates it in a buffer may work fine for 
you, yet a faster typist may make it fail 
because no provision was made for th e 
chance of exceeding the buffer's capacity. 
But in a situation like this, it's at least 
possible to look at every call to an input 
routine and tell what its effects might be. 

This completes our survey of important 
species of bugs (I have nothing useful to say 
about th e Common Typo, though it does 
have to be fought). Others will no doubt 
discover voracious breeds which I have 
ove rl ooked, and perhaps they will improve 
on some of the classifications I have men
tioned. But knowing about the species 
which al'e listed here will hopefull y be 
a help in identifying and killing the bugs 
in yo ur own programs. 

This doesn't mean that classifying 
bugs is all there is to entomology, neith er 
the biological kind nor the kind bein g 
di scussed here. Entom ology wouldn't 
be a sc ience if it couldn't say things th at 
are true of all bugs, regardless of species. 
Wh at I have discussed so far is differenti a
tion; but integration is equally important. 

The basic fact that unifi es all bugs is the 
one which I mentioned at the beginning of 
this arti cle: th ey 're all creations of the pro
grammer. And this fact allows the use of a 
broad-spectrum kill er against all bugs: 
DDT, standing for Design, Docum entation, 
and Test ing. Let's' take them in order: 

• Design . Th e best way to stay bug-free 
is to write programs without bugs. This may 
sound like su perfluou s advice, but pro
gram mers (myse lf included) are often 
tempted into writing programs quickl y, 
rather than writing them well. Th e attem pt 
usually fails, since such programs will 
usuall y cost more in debugging time than 
the time saved in writing them. 

An error born of pragmatism is to 
suppose that it doesn't matter how you 
design a program, as long as it works. 
There are two problems with this id ea. 

The first is that if you use any method 
that ap pears to do the job, without 
rega rd for well orga nized design, it will 
be a lot harder to ever make the program 
work. Th e second probl em is that even if 
the program wOI'ks for its immediate pur
pose, it will be harder to make changes to 
mee t new needs, since a particular ad hoc 
solution may not be generalizable. 

The first step in designing a program ,i s 
to layout a complete pl an of attac k before 
writing it. Dec ide what data structures you 
will need, and what method you will use. 
Data structures are often the key to the 
whole program. First pl an the program in a 
few large steps; the n decide what each step 
will consist of in more specific terms; then 
repeat the procedure until you're down to 
the leve l of your chosen programming lan
guage. Thi s is the principle of structured pro
gramming, and also of mental unit-economy: 
avo id hav ing to think about more things at 
once than yo ur mind can handle. If you can 
keep everything relevant to a particular 
operation in your head, you're no t likely to 
put bugs into its implementation. 

Flowcharting is often I'ecom mended for 
program design, but it 's cumbel'some and 
doesn't lend itse lf to represe nting a hierar
chica l design. Another approach is to use a 
well designed progl'a mming language, such as 
ALGOL 0 1- APL, to wl-ite the des ign. Since 
yo u aren't ac tu all y go ing to run the program 
in th at language, you can assume any fea
tures that would make the job easier. Th e 
po int of this is to have a represe ntation of 
the program that you can understand with
out stra in, so that yo u don't lose sight of 
yo ur overall plan wh il e chas ing down details 
of implem entat ion. If you do have bugs 
after doing this, at least they won't be part 
of the whole design of th e program. 

• Documentation. Th e main reason for 
wr iting up the way a program works isn't to 
exp lain it to someo ne else; it's to make sure 
yo u understa nd it yourse lf. Documenta t ion 
shouldn't be an afterthought; it should begin 
with the des ign of the program (when you 
wl-ite what it is go ing to do), and continue 
with comments written along with the 
in structi ons. 

Good documentation isn't found in sheer 
number of comme nts (though there should 
be a lot); it's found in comments that ex
pl ain the operat ion of the program. Com
ments are espec iall y needed for data, sub
rout ines, and points reachabl e by jumps. 
Variables and co nsta nts should be ex pl ained 
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so that the r"eader will see how they can be 
used; this allows us to spot threats to 
them, such as Mismatched Units and Clob
bered Values. If the language allows, give 
constants names rather than using their 
numeric values throughout the pmgram; 
this makes updating easier and renders 
the Common Typo's attacks more con
spicuous. Subroutines should be pr'efaced 
with a description of how th ey are called, 
what inputs Me needed, what values are 
returned, and what information may be 
destroyed in the process. Jump points 
should have an explanation of the con
ditions under which they are reached. 

To make a program at least partly self
documenting, the name of a mutine or 
variable should indicate its use. One of the 
major weaknesses of BAS IC is that it doesn't 
allow this to be done very much; this is a 
reason for having a lot of comment state
ments to explairl what BASIC variables 
and subroutines are used for. 

Just as a sample, here's a preface to a 
hypothetical 8080 assembly language sub
mutine (see box) . The comments explicitly 
define linkage conventions. 

COMPUTE PROBABILITY OF WIDGET BREAKAGE 
INPUT - MASS OF WIDGET(GRAMS) IN REGISTER PAIR BC 

AGE OF WIDGET (DAYS) IN REGISTER PAIR DE 
OUTPUT - PROBABILITY OF BREAKAGE (PERCENT) IN REGISTER PAIR BC 
ALL OTHER REGISTERS ARE CLOBBERED 
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The protection provided aga inst Botched 
Calls should be obvious. 

• Testing. If you follow the approach 
outlined so far, you'll have a better chance 
of getting your pmgram to work, but you 
may still have planted a few bugs inadver
tently. So you have to test the program 
before dec I ari ng it bug-free. T esti ng 
should begin with a simple ver'sion of the 
program, if possible; but it should begin 
only after th e pr"ogram has been wr"itten 
with enough care so that there's a chance 
of not finding any bugs. 

Use whatever debugging tools are avail
able. High-level languages will usu ally pro
vide useful infor'mation when the program 
goes wmng. Versi ons of BAS I C that allow 
single statements to be executed make it 
possible to find something about the 
conditions under which an erTm occurTed. 

When working in machine language, a 
debugging program will ease discovery of 
bugs. Such a prograni allows th e user" to 
put br"eakpoints into the pmgram being 
tested (returning contml to the debugger 

when the pmgram counter reaches a cet"tain 
addr"ess) and to examine and modify regis
ters and memory These programs range 
from simple 1 K monitor's to powerful 
symbolic debuggers like Digital Equipment 
Corpor'ation's DDT (Dynamic Deb ugg ing 
Tool, no relation to the name as used here). 
Having one of these in ROM can be a 
tremendous hel p. 

If the program works the first time, try it 
again with different data to make sure. 
Check out simple cases. Sometimes a pro
gram will work in complicated cases, but be 
bitten by the Fencepost Bug in simple ones. 
Check out mme complicated cases. If 
possible, use a random number table as a 
source of test data, along with handpicked 
cases. 

If the program doesn't work the first 
time, try it again with different data. Aim 
for the simplest case possible. If you can 
get the program to do someth ing ri ght, 
that will cut down the number" of pl ace s 
where bugs may be lurking. 

When a program is being tes~e d, the work 
is easiest if execution comes to a screeching 
halt as soon as something goes wrong. A 
program may be able to r'un a while afte r' 
crucial damage has occurTed, only to 
clobber all of memory before stopping. 
If this happens, it can be almost impossible 
to localize the sour'ce of the disaster. But 
if the program makes periodic checks for 
error conditions (such as impossible values 
or invalid relationships) and r'eports them, 
there's a better chance of discovering just 
where things went wmng. For instance, 
a routine that fills a block of memory 
between two addresses might check to make 
sure that the low address is r"eally lower 
than the high addr"ess. Redundant tests 
may slow down the program, but they 
can be taken out when all ' the bugs are 
known to be dead. 

The overriding consideration to rem em
ber in the use of this Design, Document and 
Test technique is that it's open-ended. It 
wi"ll, in principle, kill any kind of bug; but 
a new approach to design, a bette r" scheme 
of documentation, or" a novel test may be 
needed for subtle species. Appmaching 
bugs scientifically means thinking about 
them. It means recognizing that any bug 
will have important similarities to pre
viously encounter"ed bugs; and that it may 
have equally important differences. So 
when you find yourself struggling to dis
cover what's wrong with a pmgr"am whose 
behavior is incomprehensible, yo u can 
console your'self with the thought that you 
may be about to make an exciting entomo
logical discovery that you can use repeat
edly.-



I n March 1977 BYTE (page 106) David 
Price presents a Star Trek program which is 
apparently written in Hewlett-Packard's 
BASIC, and he states that the program is 
9382 bytes long. This figure can be mis
leading in that, unlike many computers, HP 
does not store programs in source code, but 
rath er in an internally coded form. Thus the 
length of a program is dependent on factors 
different from ones which would be relevant 
on another system. 

For example, a constant uses two words 
of memory any time it occurs in the pro
gram, but a variable uses no more memory 
if it occurs 50 times than if it occurs only 
once. Hence a program can often be signi
ficantly shortened by setting variables 
equal to commonly used constants at the 
beginning of the program, and thereafter 
using these variables instead of the corres
ponding constants. 

On the other hand, while eliminating 
nonessential spaces from a program can 
decrease its length in many other BAS ICs 
(eg : Honeywell's), it will have no effect 
on an HP BASIC program. When a line 
of source code is entered on an HP, the 
computer translates it into the above men-

SWTPC BUlinall Programs 

Math Package. 5 by te mantissa, 1 byte exponent 
11'/, digit accuracy. Fortran -type fo rma tt ing (I nteger, 
Floating Point and Free Fo rlnatting on both 
read and w rite) $ 100 .00 

letter Writing Editor. No line numbers needed. Subset 
of Hone,,'weJl's 1648 Time Sharing Editor. 5 100.00 

Pay roll. S400 .00 

Accounts Receivable. Phone for details. 

Powe r Supply Modification Kit for SWTPC 
Computer. F ill motherboard Wit h as much 
m emory as you Wish With ou t brown out 520 .00 

Disk Based SWTPC Business Systems. Phone for deta il s. 

Dealer for SWTPC, Smoke Signal Broadcast ing, Percom, 
Telelvpe®, GE, TI, Centronics, Motorola, 
G IM I X, e tc. 

To Order: Include 3% postage, Illi nois residents add 
5% sa les tax. 

AAA Chicago Computer Center 
3007% W. Waveland Avenue 

Chicago, lL 60618 
(312)539·5833 (3 PM - 5 PM) 

Circle 87 on inquiry card. 

Measuring Program Size 

tioned internal code, ignoring irrelevant 
spaces, leading zeros in line numbers, etc. 
Then if the line is listed, the computer 
"uncompiles" this code and prints the line 
in a standard format. This is why there 
are always two blanks after the line number, 
and a blank preceding and following any 
keyword (except REM and implied LET) 
or multicharacter operator. 

I t is natural for any computer language, 
even if initially standardized, to evolve into 
a collection of dialects. Every system has 
different requirements and resources. Un
fortunately the hobbyist can run across 
programs written in many different dialects, 
often without having any easy way of judg
ing how they need to be modified to run on 
his or her system. A possible (partial) solu
tion might be to have an article or series 
of articles in BYTE comparing the better 
known versions of BASIC, both those used 
on microcomputers and the ones found on 
the more popular timesharing systems. In 
addition to providing hobbyists with infor
mation to help them convert programs 
written in foreign BASICs, it would also 
provide some insight on how different sys
tems handle the execution of programs.-

Stefan T Dobrowolski 
4419 N Pershing Dr, #1 

Arlington VA 22203 
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filters provide error· free operation over 
the most marginal telephone circuits. 
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Figure 7: Simple resistor-capacitor (RC) low pass filter. 

A Simple Digital Filter 

At f irst glance, using a computer to bui ld 
an ana log fi lter seems li ke the height of 
overki ll . Im agine an ana log to dig ita l con
verter, a microprocesso r wi th memory and 
pe riph era l interfaces, a di gita l to analog con
verter, and more, just to do the job of a 
capacitOl', a I-es istor and a coil of wire! 
People have been building analog fi lters fOI
years with out computers. How can an analog 
fi lter be constructed with a digital device 
like a microcomputer? Digital fi lteri ng may 
be th e answer. 

All right, you say, we mu st have some 
ana log to dig ital conversion stage in there . 
True enough . A digita l fi lter uses pel-iod ic 
samp les of an analog waveform as input. 
These samp les are digitally man ipulated in a 
computer of some sort and then converted 
back to ana log form by a digita l to analog 
conve rter. One i npu t samp le is converted to 
one output voltage. By integrating this 
output sequence, the di gital process appears 
to have a cont inu ous analog output. 

The rest of this articl e describes the mani
pulations we must perform on the digital 
samp les in order to simu late the perfor
mance of simple filters. Th e mathematics 
is quite comp lex and is ava il ab le in many 
texts. We will try to concentrate hel-e on the 
practical implementation of such a f il tel-. 

Let us take fOl' examp le the simp le RC 
(resistor-capac itor) low pass filter shown in 

ATTENUATOR 
at 

A+8 

figure 1. Thi s circu it passes frequencies 
in the input vo ltage that are lower than 
some cr itical frequency (ca ll ed the cutoff 
fl'equency) determined by the resistor and 
capacitor valu es, while severely attenuating 
any higher frequencies. 

The output vo ltage Vout> then, is simp ly 
a se lective ly reduced ve rsion of Vin (input 
vo ltage). The resistor drops the output 
vo ltage, as does the voltage that goes into 
charging C. At first, Vout = a x Vin (where 
the constant a is the amount of atten uation 
caused by R and C) . It can be shown that 
a=l/RC (where R is in ohms and C is in 
fMads) . 

Th e vo ltage change with time across a 
capacitor is an exponential function . If the 
vo ltage at tim e zero is V, then the vo ltage 
at time t is given byVe- at (a is the same con
stant as above), 

Now, let us consider that the input is a 
series of samp les, where samples occur 
every t seconds. Th e output voltage at any 
given t ime is just the algebl-a ic sum of the 
attenuated input vo ltage and the vo ltage on 
the capac itor at that time. In other words: 

t=O output=aV 
t=l output=aV +a V e- at 

t=2 outp ut=aV+aV e-at+aVe-2at 

After a number of samp les, the output 
voltage becomes the sum of a !lumber of 

DELAY 
t 

Figure 2: Filtering process performed by the circuit of figure 7 in block form. 



Figure 3: Flowchart for 
performing a low pass 
filter function. 

such terms. Since the terms are sim il ar, and 
e -nat = (e- at)ll, we need to compute the 
exponential term only once, and mUltiply 
it by itself repeatedly to get the extra terms 
of the ser ies. Figure 2 shows the eq ui valent 
ci rcuit of the RC low pass f ilter in figure 1, 
shown in block diagram fO I'm. It consists 
of an attenuator (factor a), an ex ponentia l 
and time delay (the capacitor), and a sum
mer. We them jump to figure 3, wh ich shows 
a flowchart of th is process, The onl y change 
is that the atte nuat ion factor is give n as at, 
where t is the period between samp les, Much 
of the inpu t to the f il ter is lost because its 
frequency is outside the f ilter range. This 
does not cha nge the shape of the outpu t 
(the important factor), but on ly the magni
tude of the output (like add ing ga in to the 
fi lter). If you have accepted that last bit of 
sleight of hand, you can see that f igure 3 
is a block diagram of a program to perform 
low pass fil ter ing, 

Figure 4 shows the outp ut of such a 
digital fi lter program when the input is a 
sq uare wave with maximum and minimum 
va lues of + 10 V and - 10 V, respect ive ly, and 
a freq uency of 50 Hz. The sampling rate 
is 20 samp les per cycle, thus t=1 ms. The RC 
co nstant a is arb itrari ly set eq ual to 360. The 
removal of the high frequency co mp onents 
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Figure 4: Result of passing a 50 Hz square wave through the digital low pass 
f il ter program. 
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Figure 5: Result of passing a 50 Hz triangular wave through the low pass 
digital filter program. 
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Figure 6: Simple resistor
capacitor (RC) high pass 
filter. 
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Figure 8: Result of passing the 50 Hz square wave used in figure 4 through a 
high pass digital filter program. 
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.-at DELAY 
t 

Figure 7: Filtering process 
performed by the circuit 
of figure 6 in bl ock form. 
By changing a sum to a 
difference we convert the 
block diagram from a low 
to a high pass filter. 

VOUT 

of the square wave is evident. Figure 5 shows 
the fi Iter response to a triangular wave at the 
same frequency . The output is ne arly all at 
the fundame ntal frequency of the input, as 
one woul d expect of a low pass f il tel'. 

Now, how do we simu late high pass fi lter's 
li ke the one in fig ure 6? Here the output 
vo ltage is the diffe rence of the attenuated 
inpu t and the capacitor- vo ltage (s ince the 
capacitor resists rapid changes in its charge). 
Thus, figure 7 is a simulation of a high pass 
filter. It is identical to the low pass filter 
except that A+B becomes A- B, 

Figures 8 and 9 show the response of a 
high pass fi lter program to the same inputs 
as those in figures 4 and 5. The co nstants 
are the same, but the change in output is 
strik ing. 

One of the main features of software 
in stead of har-dware implementation is the 
ease wi th wh ich software can be modified. 
A low pass fi lter changes to a high pass f il ter 
by changing an add to a subtract! Fi lter 
constants can be easily modifed, amplifica
tion added, etc . More compli cated fi lters, 
such as band pass types, can be simu lated 
by combining appropr iate high and low pass 
feedback loops with adders and subtracters. 
The fi lters can be dynamic, adapting to the 
input. They can be programmed . This wou ld 
seem to suggest uses in computer generated 
music systems, audio pl"Ocessing, removing 
noise from signals, etc . If one has to convert 
analog signals to digital form at some point 



in a design, then it may be useful to do 
much of the fi lter'ing at the digital level. 

How can you perfor'm digital filtering in 
r'eal time without an exponent ial routine 
in your comp uter? Th e answer is that the 
exponentia l function is a consta nt. It can be 
programmed in, or provided by a table . The 
critical points are the two multiplications: 
one by at and the other bye-at. Both of 
these va lues are usually less than 1 for a real 
fi lter'. (In the examp les, at=.360 and 
e- at=.697 .) What we can use is a routine 
called a fractional mUltiply. Th is is a rou tine 
that multiplies two va lues, one treated as an 
integer, and the othe r treated as a binary 
fr·actio n. 

One such routine, reproduced in li sting 1, 
was written by Ira Chayut. For a detailed 
discussion of how it works see Programming 
Quickies, page 124, September' 1976 BYTE. 
This 16 byte subroutine for'ms the heart of 
a digital filter program for the 6800. In the 
program of li sting 2 this subroutin e is given 
the name FRACMUL. An analog to digital 
converter and samp ler is assumed to pro
vide 7 bit samp les avai lab le at the location 
SAMPLE. The routine FILTER (see listing 
2) is set up as an interTUpt handler. A 
per'iodic interrupt is provided which initiates 
the sampl ing and causes a branch to the 
routine. Since the Motorola processor takes 
a minimum of 12 ps to respond to an inter'
rupt, a fast ana log to digital converter should 
be ready with a new samp le by the time the 
program needs it. Thus, no delay loops or 
tests are performed. 

FILTER assumes that the analog to digi
tal converter is r'eady when it is. It is also 
assumed that the locat ion BVAL is zeroed 
initially. BVAL is the output of the filter. 
The constants in the li sting are those of 
the examp les (92=:=.360 x 256, and 
179=:=.697 x 256). FILTER shou ld execute 
in abo ut 300 to 400 cycles on each inter
r·upt. Assuming alms samp ling period, 
FILTER wi ll consume about 33% of the 
time of a 1 MHz 6800 processor. The 
memory occupied is negligible. FILTER is a 
practical program for use wi th aud io fr-e
quencies. Listing 3 shows how easy it is to 
make FILTER either a high or low pass 
fi Iter. 

Of course, more comp lex filters will 
be harder to design and wi ll take more 
processing time. For- really interest in g 
filter app li cations, an externa l h'ardwar'e 
multiplier wi ll probably be needed, but 
such circuits are ava il ab le reasonably, and 
they can be used for other app lications 
in th.e computer system when not filtering. 

Now, get in there and attack the math r 
It rea ll y isn't a!1 that har·d. -

FRACHUL STAA ARG1 
eLRA 

!'!LOOP LSR ARGI 
A5LB 
Bce NON ADD 
AOOA AHGI 

NONADD BNE ""LOOP 
RTS 

AHGl RHB 1 

;ARGlz=<A, 
JA z-O 
JARGlz-ARGl/2 
'CYz~MSB(B); Bz·ASLC8~1) 

JIF CY~O THEN SKIP THE ADDITION 
;ELSE Ar-A+ARGI 
:IF ARG2 NE 0 THEN REITERATE 
JELSE RETURN WITH RESULT IN A 
;SINGLE ByTE TEMPORARY DATA AREA 

Listing 7: The fractional multiplication routine. The result is returned to 
the main program in the accumulator. 

CLR BVAL I INI,IALIZATION 
FILTER LDA A SAMPLE ;Ar= AID SAMPLE (7-BlTS) 

LDA B '92 .lEI= 'At ' 
JSR FRACMUL JMULTIPLY 
STA A TEMP JTEMP." ANSWER 
LDA A BVAL JA • .; BVAL 
LDA B 1119 18.- E (LN BASE) RAISED TO THE (-AT> PO IlER 
JSR FRACKUL lMULTIPLY 
ADD A TEMP JSUMMATION FOR LOW PASS FILTER 
STA A BVAL IRETURN ANSIlER 
RTI 

BVAl. RMB 
TEMP RMB 

Listing 2: Low pass filter routine. ' This routine can be followed using the 
flowchart of figure 3 or the bloc/? diagram of figure 4. 

SUB A TEMP 
NEG A 

JCHANGE TO HIGH PASS 

Listing 3: To convert the low pass filter routine of listing 2 to a high pass 
filter routine, replace the ADD instruction with the above two lines. It can be 
seen that this is the only difference between the block diagrams of figures 
2 and 7. 
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and Home Computing 
Ever try to find the addresses of some manufacturers of, say, 
tape cassette or floppy disk interfaces for micros? Frustrat· 
ing, isn't it? Well PCC has done something about it. This 
book list s hundreds of companies and stores selling hardware, 
software, and services. Survey articles on software, hardware, 
kits, appl ications and the future for the experienced and the 
not-50-experienced user of micros. Also included in this edi
tion are bibl iograph ies for further reference. book reviews, 
and an index of the articles from the major hobbyist maga
zines. All for the low price of $4 .95, plus 50 cents postage. 
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BITS, Inc. 
70 Main Street 
Peterborough NH 03458 
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BankAmericard Welcome . 
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T P Roberts 

Some Plotting C9mments 
Kern I nstruments Inc 
111 Bowman Av 
Port Chester NY 10573 

Figure 7: Layout for the articulated plotting method. The primary ser
vomotor is stationary with a secondary servomotor on the far side of its 
lever arm. The secondary servomotor moves a second lever arm which con
tains a pen on its far end. 

(a) PLOTTING SURFACE 

PRIMARY 
SER VO 

SECONDAR Y 
SERVO 

(b) 

SLIDE 
MECHANISM 

Figure 2: The intersection plotting approach uses two stationary servomotors. 
The pen is held precisely under the intersection of the two lever arms. Figure 
2a is a graphical view of the plotter on the plotting surface. Figure 2b is a 
close-up view of the slide mechanism and the pen holder. 

SECONDARY 
SERVO 

Y-AXIS 

PLOTTING SURFACE 

X -A XIS 

Figure 3: The polar plotting method uses a primary servo to swing the entire 
assembly across the plotting surface. A second servomechanism moves the 
pen along the lever arm. 
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The Servo Plotter 

There are several ways to tackl e th e prob
lem of building a plotter using the hobby 
servomechan ism described briefly on pages 9 
and 10 of March 1977 BYTE. As might be 
expected, the designs span the ran ge be
tween hardware and software intensive 
operation, the latter being less stable mech
anical ly. The simplest to bui ld , for examp le, 
requires by far the most software, is mech
anically the least precise, and has the least 
theoretical accuracy. 

This "articulated" design proposed in 
the earlier article is in the form of a chain 
as seen figure 1. A base mounted servo 
(primary) · controls an arm with the secon
dary servo mounted on the far end. Th e 
second servo in turn controls an arm 
carrying the drawing pen. 

The next simp lest design is the intersec
tion plotting method, where the x, y pen 
position is a function of two angles, deter
mined by the servomotors, and the base line 
(distance between servos). Figure 2a shows 
the plane view of such a plotter. Figure 2b 
shows a close-up view of the two arms, slide 
mechanism and pen holder. Notice that the 
pen must fit within the slide mechanism to 
eliminate offset errors. This design does not 
utilize the full 180 0 sweep of the motors; 
thus accuracy is reduced over the plotting 
surface. 

Figure 3 shows the polar meth od of 
plotting which uses the familiar polar 
coordinate system. Standard Cartesian-io
polar conversion can be used to produce 
the control data. The analog angu lar-to
linear conversion is accomp li shed by the 
simple pulley arrangement. 

The servo portion of this device may, of 
course, be located anywhere along the radial 
arm of the plotter. A small offset correction 
is required if the pen trave l is not ali gned 
with the primary servo ax is. 

The final design shown in figure 4 uses 
two of the linear devices shown in figure 3. 
The primary device is rigidly attached to the 
plotting table,but the pen holder has been 
replaced with the secondary device mounted 
at right ang les to the first. This, then, is·an 
XY plotter. The only software required to 
operate this type of plotter with the se rvos 
being discussed is to scale the coordinates 
into timing data. 



Accuracy 

Let's now take a look at two important 
aspects of each system: ease of constructio n 
and accuracy. 

As these se rvomechani sms are to be 
operated by computer in discrete steps, 
position ing is poss ible only to the nearest 
grid intersection corresponding to these 
steps. The theorectical pl otting accuracy is 
limited to one half the grid spacing. 

Th e tangential distance between rad ial 
lin es 25 cm long and 0.04 0 apart is 0.17 mm . 
An XY plotter would give a sq uare gr id with 
spacing of 0.054 mm over a 25 cm sq uare 
area. Repeatability or prec ision of pen place
ment depend large ly on mechanical design 
and construction. 

Due to the com pounding of errors and 
large moment arms in its de sig n, the art icu
lated plotter has poor precision relative to 
the other designs. The polar plotter suffers 
from the same problem to a lesse r ex tent. 
The problem with the polar design, as with 
the XY plotter, is the mounting of one 
dev ice upon another without causing undue 
instability. The intersect ion plotter suffers 
from theorectical, rather than mechanical, 
instability. As with the art iculated plotter, 
its full range of 180" can not practically 
be used. Also, the area near the base line 
does not have frequent gr id intersections. 

Plotting with Servomechanisms 

The servomechan isms consid ered here 
I'espond on ly to positioning commands. The 
XY plotter, fo r exam ple, is restricted to 
drawing straight lines parall el to each ax is 
and at a 45 0 angle. Other plotter designs 
have sim il ar limitations. All lines not so 
situated must be composed of small incre
ments of these lines, giving the final pro
duct a sawtooth appearance. Computer 

Figure 4: The XY plotter 
uses two of the polar 
plotting devices. The 
moving pen is replaced by 
another servomechanism. 
with the moving pen con-
tained on its lever arm. 

time req uired to comp ute these small 
in creme nts will be significant, except in 
the case of the XY plotter where servo 
motions fo r sma ll li ne segments .are pro
portional to motions for the en tire line. 
This property, in add ition to the conver
sion fo rmulas, makes the XY plotter by far 
the most attract ive from a ca lculat ion point 
of view. 

CONVERSION FORMULAS 

Articulated Plotter 

In orde r to position the primary and 
secondary se rv os at their proper angles (81 
and 82 respectively) to prov ide the required 
x, y pen position, it is conven ient to first 
convert these values to the polar coordinate 
system. Equation '1, below, shows the con
version by which the radial distance, R, from 
the or igin (the primary servo ax is), and the 
angle 8 (th e slope from the origin to x, y) 
(see figure 5) are found. 

Equation 1 : 

R = SQRT( X ** 2 + Y ** 2) 

8 = ARCT AN (Y /ABS (X) ) 

or 8 = 180 - ARCT AN(Y/ABS (X )), w hen X 

is negative . 

'2 

Figure 5: Coordinate plot
ting scheme for the articu
lated plotter. The lever 
arms are indicated by L 7 
and L2. 87 is the angle 
generated by the position 
of the lever arm with re
spect to the primary lever 
arm. 
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Figure 6: Arrangement for 
the intersection plotter. 
The distance B is the dis
tance between the two 
servomotors. The two 
lever arms intersect at 
point x; y. 

Figure 7: The plotting 
arrangement for the polar 
coordinates. Length L is 
the total length of tfie 
plotter's arm. The value R 
is the distance of the pen 
from the plotter arm's 
origin. C is the closest the 
arm can approach the 
origin. 8 is the angle of 
the primary servomech
anism at the origin with 
respect to the horizontal 
(lx is. 
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The values of 81 and 82 are then found from 
equation 2 where L 1 and L2 are the lengths 
of the primary and secondary arms respec
tively: 

Equation 2: 

82 = ARCCOS((R* *2 - L 1 **2 - L2 **2 ) 

/(2*Ll*L2)) 

81 =8- ARCTAN(L2'SIN(82)/(L1+L2* 

COS(82))) 

or 81 = 8 - 82/2, when L 1 = L2. 

Note that using this formula the ang le pro
duced at the origin by the pen position and 
primary arm is exactly one half the angle at 
the secondary servo, when the arms are of 
equal length . [The formulas needed for 
plotting with this arrangement are funda
mentally similar to positioning a singly 
jointed robot arm . .. RC) This conversion 
would no doubt be difficult to handle in a 

. low level language. 

I ntersection Plotter 

The formulas required by the intersection 
method (see figure 6) are considerably less 
complex. 

Equation 3: 

81 = ARCTAN(Y/X) 

82 = 180 - ARCTAN(Y/(B-X )) 

B is the distance along the X ax is between 
servos. 

V- A XIS 

Polar Plotter 

The polar plotter (figure 7) also uses 
eq uation 1 to convert Cal·tesian coordinates 
to polar form. In addition, the value of R 
must be scaled into angular form as follows: 

Equation 4: 

8 = (R - C)*180/L 

L is the radial distance produced by rotating 
the secondary servo 180 ", and C is the 
minimum radial plotting distance. 

XY Plotter 

Equation 5 gives the angular values re
quired by the XY plotter. 

Equation 5: 

81 = X*180/Ll 

82 = Y*180/L2 

L 1 and L2 are the linear motions produced 
by 180" rotation of the primary and secon
dary servos, respectivel y. 

Converting Angle Requirements to 
Timing Data 

Assuming required pulse widths from 
1.3 to 3.6 ms, as noted in March 1977 
BYTE, equal steps of about 0.04 " through
out the 180 " range of the mechanism would 
be provided with counts from 2600 to 7200, 
assuming a 2 MHz clock rate. The number of 
counts needed to produce a given angle is 
then given by equation 6. 

Equation 6: 

N = 2600 + 8*230/9. 

The count value, N, is simply truncated, 01· 

rounded off, for better precision . 
This high precision timing would require 

external hardware to receive the data, count 
down at the proper rate, and interrupt the 
processor at completion. The alternative is 
a software loop with steps of 0.0075 ms, 
based on an 8080 chip requiring 15 cycles 
for decrement and branch on zero. With the 
XY plotter this would give a grid spacing, 
over a 25 cm square area, of 0.81 mm . 

Conclusions 

From the information presented so fal·, 
it appears that the more easily constructed 
plotter designs have inherently less precision, 
use a larger grid spacing, and require more 
complex, time consuming software. Th e 
most easily programmed device, the XY 



plotter, requires more exacting construction. 
As a compromise, the intersec tion plotter is 
a good choice, being simple of construction 
without requiring too much computation. 

Those hackers who pl an to do any great 
amount of plotting, though, will do well to 
consider the XY plotter. For many uses too, 
software timing should prove sufficient. 

Further Refinements 

To fully automate plotting, a solenoid 
could be attached to the pen holder to lift 
and drop the pen under program control. 
A small servo should be able to be activated 
directl y fro m the output latch, at least 
th rough a transi stor. 

Servo speed control would be another 
nicety, allowing fast , processor efficient 
straight-line drawing, and producing a 
hi gher quality line. For example, if the 
X axis servo were to move at a speed twice 
that of the Y ax is servo, a straight line at 
an angle of 25 0 would be produced . Simi
larly, lines could be drawn at any angle.-

A Standard for Writing 

Standards 
David A Wallace 
146 Westford St 
Chelmsford MA 01824 

I'm sick to death of save th e world arti
cles proposing standards for software data 
structures and object code formats which 
start by assuming that the author's pet 
descriptor is the ultimate and final word 
to be said about the subject. I am therefore 
proposing the following as a standard for 
software standards: 

• Be humble: Don ' t make grandiose claims 
about th e universal applicability of your 
structuI·e. Instead, define the limits of 
the range of applications to the best of 
your abi li ty. Often it is as useful to 
know where something cannot apply 
as to know where it can. 

• Plan for change: Every thing in this 
uni ve rse either evo lves or becomes de
funct, including software . For example, 
set up the stru cture of your construct so 
that the first byte (word, field, whatever) 
represents the revision number of the 
specification which describes this struc
ture. That way, if you have a data base 
wh ich corresponds to revision 3 of the 
specification for random files and you've 
just reco mpiled the program which up
dates the data using a compiler whose 
random fil e operators correspond to re-

Circle 53 on inquiry ca rd. 

• Completely compatible with your IMSAI, AL TAIR* 
SOL** or other S-100 microcomputers. . 
Trademarks of *MITS, **Processor Technology 

• Designed for use on the dial telephone or TWX 
networks, or 2-wire dedicated lines, meets all 
FCC regulations when used with a CBT coupler. 

• All digital modulation and demodulation with on 
board cyrstal clock and precision filter mean that 
NO ADJUSTMENTS ARE REQUIRED 

• Bell 103 standard frequencies 
• Automated dial (pulsed) and answer 
• Originate and answer mode 
• 110 or 300 BPS speed select 
• Complete self test capabil ity 
• Character length, stop bit, and parity 
• 90 day warranty and full documentation 

PRICES Bare Board and Manual 49.95 
Assembled (48 hour burn in) 279.95 

DC Hayes Assoc. 

MINATURE SOLID STATE 

202 VIDEO CAMERA KIT 
FEATURING A ... 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 

FEATURES 
• Sensitive to in f ra red 

as well as vis ib le light 
• May be used for IR su rvei ll ance 

with an IR li ght source 
• Excellent for standard 

surveil lance work, because 
of li ght we ight and smal l size 

• All com ponents mounted on 
parallel 3 3/4" X 6 1f2 " sing le 
sided boards 

• Tota l weigh t under 2 Ibs. 

ADVANTAGES 
• All c lock volt ages operate at 6V 

reguir ing no adjus tm ents 
• Higher video output s ignal 
• We supp ly th e power board , so only 

a 5V 1 Amp power sou rce is needed 
• The circuitry has been suppl ied for 

easier assembly 
• Two leve l TTL outpu t is supp li ed fo r 

interfacing 

• In the future we w ill sup pl y a co m puter 
video interface card 

We .supp ly all semicond uc tors, board s, data sheets, 
diagrams, resistors and capac itors. 

Sorry we do not supp ly the case, batteries and 5V supply . 1...';";'';';;;;;';;';;;;:::'''..1 
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SELECTRIC@) 
TERMINALS 

Offer good while supplies last. 

Loaded with features 
• Typewriter print quality 
• RS232 Interface levels 
• 14.8 cps 
• 13 inch line length 
• 10 characters/inch 
• Ideal lor text editing & word pro

cessing 

• Software & documentation 
available lor easy interfacing to 
most popular mini & .microcom
puters 

o Now a heavy duty Selectric@ ter
minal for less than the cost of a 
Selectric@ typewriter! 
These recently manufactured (1 to 4 years old) Terminal Communica
tions, Inc. terminals originally cost over $3.800. They are PTICI 
EBCO terminals running at t 34.8 BAUD. Intended for the demanding 
commercial environment, they are designed to be computer driven. 
Such key components as clutches and bearings are heavier duty than 
the office typewriter mechanism. 

By purchasing an enormous inventory of these terminals NCE was able to buy them at a very 
low price. We have added a minimum markup in order to sell them in large quantities quickly. 
These terminals have been cleaned, adjusted, checked for completeness and operated in local 
mode. Although they are not tested in terminal mode , a check is made to see that there are 
no oOvious problems. For a period of 30 days after shipment any defective parts may be returned 
Tor repair or replacement at no charge. Includes ribbon & typeball. 

0$339 AS IS 
A great buy for those willing to do some 
refurbishing, these machines are believed to 
be complete, but did not work when plugged 
in. Typical problems include sticky cams, bad 
solenoids or broken springs. We recommend 
your seeing them at our giant Ann Arbor 
warehouse store before you purchase. In
cludes used ribbon & type ball. At this price 
there is no warranty. However, they may be 
returned within 3 days of receipt for a full 
refund . Applies to prepaid orders only. 
Purchaser is responsible for freight both 
ways. 

@'Seleclric is a trademark of the IBM Corporation. 

o Please send me all items checked above. Add 
4% for tax if Mich. resident. F.O.B. Ann 
Arbor, Mich . - Total enclosed $ _ _ _ . 
Send check, money order or Bank charge card 
number(include all raised leners & numbers .) 

o Please send me more information. 

o $695 Refurbished 

Refurbished machines have been chemically 
cleaned, lubricated and tested. Worn metal 
parts were replaced. Platens, as well as plastic 
and rubber parts are always replaced . Our 
warranty is limited to replacing any defective 
parts for a period of 90 days following receipt 
of equipment. Includes a new ribbon and 
typeball. 

o Optional documentation package $30. 

Includes schematics, operators and 
functional specifications manuals . 

Name _ _ _ ____ _ _ _ 

Address _ ___ ____ _ 

City, State, Zip 

Signature _~_c_:_:__:_-,___,___---:--_ 
'You will be notified of freight charges prior to 
shipment. 

@. ... " ...... .... ... .. 

NCE/CompuMart 
1250 North Main Street, Department BY28 

P.O. Box 8610 Ann Arbor, Michigan 48107 
\ 994-4445 
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vision 7, the reVISion 7 processor can 
figure out trat it has been passed an 
obsolete structure and call the revision 3 
processor to sort out the mess. 

• Don't begrudge the space used by an 
obsoleted field: Far too often a pro
gr.ammer will remove a data field which 
was made obsolete, thus moving all 
subsequent fields out of their previous 
positions. This misguided attempt to 
conserve space has the effect that the 
positions of fields whose meanings did 
not change are constantly shuffled from 
revision to revision, resulting in confusion 
to programmers and needless complexity 
in programming. 

If instead of removing the obsolete 
field, the field is merely ignored, the 
current revision program would find 
data in expected places and perhaps 
process nearly all of the structure before 
having to invoke some sort of routine to 
process the obsolete fields. This tech
nique involves less execution space than 
having to roll in an entire program to 
process the obsolete data when the cur
rent revision finds all fields misplaced. 
Additionally, this technique implies that 
the newer format specification is always 
at least as long as the older format. This 
means that when an earlier revision must 
be invoked by the current one, all data 
wh ich the older revision program needs 
has already been fetched by the newer 
revision program, which simplifies para
meter passing. 

• Wait at least one major revision of your 
system before redefining an obsoleted 
field for another purpose. This gives 
you time to change your mind if it 
turns out that the field in question 
really is recessary after all. 

If all of the above rules are followed 
rigorously, you should never again have 
to translate or reformat files and recompile 
programs when you make a change to the 
operating system of your machine. If all 
of the above sounds suspiciously like 
another of those save the world software 
standards, I'm sorry; I guess the disease must 
be contagious!. 

Technical Forum is a feature intended 
as an in teractive dialog on the technology of 
personal computing. The subject 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. We also 
ask that correspondents supply their tele
phone numbers, which will be printed unless 
we are explicitly asked to omit them. 



--_., .... ,,,, SPECIAL ONE CENT SALE IS FOR MAGAZINE ADS ONLY .--~!'IIi"------"-----------------------" 

TrL'S, BUY ONE 
AT SALE PRICE, 
GET 2ND FOR 

Type 

§ 5N7483 
$H7485 
5N7486 

8 5"7488 
5N7490 o $N7491 

o 5N7492 o 5N7493 
C 5N7494 o 5N7495 

ONLYt~ 
B 5N7496 

5"7498 o 5N74100 o 5N74107 

Each ... 
1.49 
.3' 

l.V5 .6. .7. 
.4' .4. 
. ~. 
.6' ... 
.6' 

1.49 .3. 
.25 
.1' 
. 2S 
.4' .6' ... 

(0 ' 

1 .00 
1.50 

.40 
1.98 

.70 
•• 0 
.46 
•• 0 
.70 
.70 
.70 
.70 

1 .50 
.40 
.2' 
.20 

MORE 
o 5N74112 o 5N74113 o SN74114 o SN74121 
o SN74123 
o SN74125 

8 SN74126 
SN74132 

o SN74140 o SN74141 o SN7414!5 

.3' 
1 .2S ... 
1.49 

.2' 

. 5 0 

.70 

.60 

.40 
1 .26 

Honest Abe 
o SN74148 o SN7 4150 o SN74151 

§ 5N74153 
5N74 154 
SN74155 
SN74156 

l.25 
1.75 ..• ... ... 
1.75 

1 . 00 
1.50 
1.28 
1.78 
1 .00 
1 .00 
1.00 
1.76 

.80 Penny Sale! 
8 SN74157 

SN74158 

.7. 

.6' ... ... 
1.25 

.70 
1 .00 . 
1 .00 
1 .26 
1.26 
1.20 
1.00 
1 .20 
1.26 
1.26 
1 .50 
1 .00 

TyP. Each 2 fo r Typ. 
o 5N7400 $ . 19 $ . 20 C 5N7444 
lJ 5N7401 . 1' .2. o $N7445 B $N7402 .35 .3. o 5H7446 

5H7403 .1' .2. o 5"7447 
C 5"7404 .2' .2. o 5N7448 
Er 5H7405 .1' .2. o 5"7450 

5N7406 . 1' .2 0 o 5N7451 B 5N74011 .21 .22 o 5N7453 
5N7410 .1. . 20 o 5N7454 o 5N7413 .3. .40 o 5N7455 o 5N7414 ... ... 8 5N7480 o 5H7416 .2. .30 5N74&2 o 5"7417 .3' . 3' D 5N7464 S 5N7420 . 1. • 20 o 5N7465 
5N7423 .2. .3. D 5N7470 8 5N7426 .2 ' .2' o 5H7471 
5N7427 .25 .26 o 5N7472 § 5N7430 .2' . 3 0 D $N7473 
5H7432 .25 .26 o 5H7474 
5"7437 .2. .2' S 5N7475 o 5N7438 .2' • 30 5N747& 

o $N7440 . 1' .20 o 5N7478 o 5N7442 ... .70 8 5N7480 
D 5N7443 . 6' .70 5N 7 482 

Each 2 for ... ... ... 1 . 00 
1.35 1.36 
1.25 1 .28 
1 .35 1.3& 

. 1' . 20 

. 1' .20 
. • 19 .2 0 

.1' .20 
• 1' . 20 
.1' . 20 
.1' .20 ... .20 
. 1 • . 20 
.2' .2. 
.2' . 2. 
.2' .26 ... .56 
.2' .30 
.7' •• 0 ... .60 ... . 6 0 
.2 • .30 
.3 • .40 

o SN74160 
o SN74161 

8 SN74163 
5N74164 o SN74165 

C SN74166 o SN74173 

8 5N74174 
SN74175 o 5N74177 o 5N74179 

8 SN74180 
SN74182 o 5N74190 

D SN74191 
o SN74192 

8 SN74193 
SN7 4 194 

8 SN7419S 
SN74197 o SN74199 

D 5N74200 o SN742S1 o SN74284 
o SN74285 

1 .25 
1 . 19 ... 
1.25 
1.25 
1.25 
1.49 ... 
.7' 

1 .49 
.4' 
.6' 

1.49 
1 .75 

.85 

.8S 
1 .25 
.4' 
.75 

1 .75 
5 .50 
1.75 
4.50 
4 .25 

.60 
1.50 

.50 

.70 
1.50 
1.76 
.8. ... 

1.26 
.50 
.76 

1 .76 
5 .51 
1.76 
4 . 51 
4 . 26 

POP·AMPS AT "CENT·CIBLE" PRICES 
Buy ONE At Sale Price, Get 2ND For Only 1C Mo~e· Order By Type No. 
Typ e e t=ig~~ .v 

E 
LM3 07V·N 
LM308Y· H 
LM309K 

8 LM31lH. V 
LM318V 

§ LM320H· 5 , 12, 15 
LM320K. 12, 15 
LM320T. 6 , 15, 24 
LM322N 

B LM324N 
LM339N o LM340K· S. 8 , 8 , 
12. 15,18,24V 

o LM340T·S, 6, 8, 
12, IS, 18, 24 

o LM3S0N o LM370N. H 

Each 2 for 
$.49 $ .50 
.45 .46 
,45 .46 
.79 .80 

1 .79 1 .80 
.79 .80 

1 .29 1 ,30 
1 . 19 1.20 
1.19 1 .20 
1 . 19 1.20 
1.19 1.20 
1 .75 1 .76 
1 .09 1 . 10 

1 . 19 1 .20 

1 . 19 1 .20 
.59 .60 

1 .29 1 .3 0 

Typ. Each 
o LM374H 1 .79 o LM376V ,29 
o LM377N 2.25 o LM379 7 .95 o LM381N 1 ,69 

8 N:;~;I~ t~: 
c LM532H· N .29 o LM55SV .75 o LM558V ,79 o LM561N 1.00 o LM56SN .99 o LM567V 1 .95 
o LM703H .49 o LM704H .29 o LM709N· H .25 o 1M710N .39 o LM733N .79 o LM739H .89 

2 tor 
1'.80 

.30 
2 .26 
7 .98 
1.70 
1 . 20 
1 .50 

.30 .7. 

.80 
1 .01 
1 . 00 
1 ,96 

.50 

.30 

.2' 

.40 

.• 0 

.• 0 

Ty pe Each 2 for 
o LM741V·N·H .29 .30 o LM1304 .79 .BO o LM1310 .99 1.00 o LM1312 1.99 2 .00 o LM1414V .79 .80 o LM145 8V .69 .70 o LM1800N .99 1 .00 o LM302&H .65 .68 o LM3800N .49 .50 o LM3909V 1.75 1 .76 o LM4195 1.95 1.96 o LM4250 1 . 19 1.20 o LM7S451 .39 .40 o LM754&3 .39 .40 
o LM75491 .79 .80 

§ LM75492 .79 .80 
. LM7 5 494 .59 .SO 

PA239 1 .29 1 .30 o PA263 1 .50 1 .51 

PENNY SALE PRICES LISTED ARE GOOD TILL MAR . IS . 1978 

WE RESERVE THE RIGHT TO LIMIT QUANTITIESII!!!! 

, "\ II//,/ 

~ WOW! ~ MORE 'PENNY SALE'ITEMS! 
;1" / ' I III I I \ " Cat. No. Out p u t V. Amp~ Ml'.c. ~:~h t; lo~'· 

o 25'3399 fi.:IV 500mll ~1 ~1 1I1 enclls ed $1.98 $1 .98 

TRANSFORMER B ~~~:t~ ~~IJf :\~ Omn g~:~ :~::~: :~::= :~::~ 
PENNY SALE! 8 2~402' l 2V l A Open (",me 52.4' $2.50 

BUY ONE AT SALE PRICE, 0 ~~I;g~; ~~~CT ~l~o ml\ bt;:~lr~:~~ed :t:~ :t:: . 
2ND FOR ONLY te MORE 0 253937 24V l A Open trllme Sl.95 $1.96 

• 110VAC PrimarIes 8 ~~~~~ 1 ~civr ~~Onlll I t!~tl~: i c~:CI\.'1ed ;t~; ;~'.~~ 

• Mln'a turel 
• 1.5 Ampl 

Colt. No. 
o 25'2377 
o 2Sl2378 o 2512379 o 2~380 
B ;:~~:~ 

PENNY 
SALEI 

Orde r by Ca t . No. and Ty pe No. 

Typa No. PIV S.I. Ie S.I. 
IN4001 SO 10 for $.85 2 0 for $.66 
IN4002 100 10 for . • 75 20 for .76 
IN4003 200 10 for .85 20 tor .88 
IN4004 400 10 for .99 20 'ot 1 .00 
IN4005 800 10 'or 1.2V 20 'or 1. 30 
IN4008 8 00 10 for 1.39 20 for 1 .40 

3-Amp BpO'"31 Brld,_ RectIfIers 1~ 501. 

PENNY SALEI BUY ONE PlY Sa" bch .2 tor 
AT SALE PRICE, 'lET D 50 $.59 $ . 60 
2ND FOR ONLY '1e MORI 8 ~gg :;: :~g 

• Full Wave' • TO· S caul lO 400 .89 o 600 .99 

Order by c::~ Np~'y 25134& B 1999 t~: 

Circle 96 on inqu i ry card. 

DIP SWITCHES 
BUT ONE AT SALE PRICE, 
2ND FOR ONLY 1< MOREl 

Cat. No. 
o 25.3668 o 2S 3689 o 2-53021 
o 25:3670 
o 253871 o 2$2877 

Switch •• 
2 
3 
4 
5 

• 7 

Sal. 
[.eh 2 for 
$.77 $.78 

.88 .89 
.99 1.00 

1.19 1.20 
1.29 1 . 30 
1.79 1.80 

1st TIme Ofrered.: It's Different: 
It's Inflation Ftghting: New: 

rIOT 
KITS BY POLY PAKS® 

""""""f""""""'" """"","", 
SUPEROCOl\TO KITS 

,\\"11""", ' 
:.QN~Y I$.~,·~~: CH~i~I~~:EE! 

• MONEY BACK GUARANTEE .• AVG WT. 6 OZS. 
Quanti ty Descrip ti on (Order b,. CaL No.. ... par.nth ... ) 
O .IG--CALCULATOR KEYBOARDS, up t o 2 0 k eYII (251524) .. 
O B-L1NE CORDS, ~-(t. 19, twi n 1/ 1 8 wi re, plug (253843, •. , o 3O-NEON LAMPS, N":-2 s t yle, r e d Rlow, lends (252613) .. . 
o 3-1702A ROMS, IUetor) f ll ll uut!S, hohby, usenbl e (253729) o 40· fT SHIELD CABLE, l -cnnd · n -sh leld, t!22 .... . re. Yin)' ) jack (253577) o 50-TRANSI STOR EL[CTRO'S, nss td vnlu es, up r!t es, nxin llf (252747) 
o 3--s0UHD TRIGGERS, hn ndcl ilp triJtJ(c r8 Ac r , w/llmp (253625) o 8-IC SOCKETS, In cl •. 1 · 1 ,1·K n nd -1. I H's, low prof (2S~621) . o 15-6V T[ST INDICATORS, ,, / Iend :l, p;rllm·u·whent (251528) 
o 3--GLOW'N PANELS, .~x l ", 110VIIC, p; low. n ·dark, gree n (253650) 
0 400 PARTS ON A BOARD, p; rcn l est MUll o n p.c. h llnrd$l (253401) o ISO-METAL FILM RESISTORS, 1/ ... wntts, colo r· coded . leads (2S3413) o Is-JUMBO " LEOS" RED, p ri m e. lend K, li k e MVli Ol')4 (253369) o 30-MINI TRIM POTS, t il 1 m e g, 1 tu r n , V" W (25334&) .. ...... . 
o 10-VOLTAG[ R£GUL'ATORS, To ·a c nse, a0 9}\ clc. h obb)' (253330) 
D .3O-PANEL SWITCHES, n ; l nri eK, II li de. mod . 110 \' lIc, e tc . (253268) o 2 00 · PC. RESISTOR SPECIAL, 1/ 4 t o 2 W , m elnl, e llrho n (253054) ... o 4o-AXIAL ELECTRO' S, " ,,)lt d \ln IUCK t o 1 0 0 nl f , volt l! (253227 ) .. o 4o-UPRIGHT [LECTRO'S, n!lKl d \lo ltl!, va lu cR t o 110m! (253226) 
o 15Q--MOLEX SOCKETS, "illil fi l nil le's, mos t jlup'lr (2·53144) o 100-TERMINAL STRIPS, t ie. t o B IUSC II, fo r Kohlcr (253138) .... 
o IS-SLIDE CONTROLS, !l1I"t ,·nl u es . \'01. lrb le. h nllK, etc . (253057) 
o 10-PHOTO ELECTRIC CELLS, enR pll ncllkc K1)' lcl>, M"l (253052 ) 
o 200-HA1F WATTERS, color ended , carh o n . p rec , m e t al (253046 ) ......... . o 100-NATIONAL IC BONANZA, li nell rx. ' 400'x . roml!, cloc kll, un t ell le rl (252860 ) o 40-HOBBY LEOS, aSKt s h npclI, r e d , u nt e!\ t e d nlost!)· Ullejlh le (252859) .• .• . . . o 15..-L,.,340T VOLTAGE REGS hobb)', lI >1cnhle !i til 2 4 V, TO·220 (252835) o 10O-CAPACITOR SPECIAL, poly's. dips , m o lde d, micn . di Re" (252735) . 
o 10o-TWO WATTERS, Cl\rhon . met a l. p rcc. ctc, nln r ked . ICRII l'! (252735) o 10o-POLYSTYRENE CAPS, ass t '·nl ucs. '·fllt ll.ltCl". h i · Q (252729) ..... . . 
o 30-SLIDE SWitCHES, :<,I,. t t o d p d t , many t}' I,e lt (252726) ..............•. o 1 5-NPN POWER TRANSISTORS, TO· :I 2N:IOf,li re jects . u llf'nhl e (252617) . . o 20o-PRE·FORMED RESISTORS, colur ·(:fldcd, p .c. work, ItA!> t ,·n lue.ll (2;;2609 ) . 
o 10o-PLASTIC TRANSISTORS, TQ·92. Mst \, nlu ell. mOll tl y useable (252604) 
o 100-DISC CAPS. nllo ·lI. 1\' , 5 0 , lo nsc l(!Ildll (252598) ...... . . . .. . 
o 60-DIPPED MYLAR CAPS. RKK t ,·"lueK &. \'o lt nSCell. fin cKt (252597) .. o 20o-PRECISION RESISTORS. 1 o:r, 1/" to 2. m arked. Ic ndll (252428) 
o lO-VOLUME CONTROLS, I'Il nscl e, riouhl ell , nlllll IIhnU K " lI lu e ll (252421 ... o ISO-SWITCHING DIOD ES, IN' 41 ·1 R, nlwH pon' lr, mOl'! tl y good (252418) o 75-SN7400 IC'. , marke d , mOl'l tl )' u llenhl e, w id e IIl1s t , o f SN~ 's (252415) .... o J,OO-IN4000 R[CTIFIERS, l nm p, lI i l , mo!!! POll, nllll t . m Oll t ly ~oOtI (25241 7) 

"lilT KING" " •• 19 lilTS - "The Eeouo's" 

Sale 
. $1 .98 

1.98 
1 .98 
1 .98 
1.98 
1 .98 
1 .98 
1.9. 
1 ,98 
1 .98 
1.98 
1 .98 
1,98 
1.98 
1 .98 
1 .98 
1.98 
1.98 
1.98 
1.88 
1 .98 
1.98 
1 .98 
1.98 
1.98 
1 .98 
1 .98 
1 .98 
1 .98 
1 .98 
1 .98 
1.9a 
1.88 
1.9a 
1.98 
1.98 
1.98 
1 .98 
1 .98 
1.98 
1 .98 

BUY 5 KITS - CHOOSE THE 6TH FREE! MONEY BACK GUARANTEEI 
Quantity Desc ription (Ord.rb,. Cat. No ••••• paranth.) Sale 
o J O-RADI O.N.TV KNOBS, a ss t s i7.clI . co lo r.!!, IS hnlleH (25217) . ...... . . . . . •.. . . $1.19 
o 10-PRS PHONO PLUGS. N . JACKS, }teA Sl)' l\), 10 Ill ugs, 1 0 jac ks (2S35· 402) . 1.19 
o l5-DIPPED SILVER MICA CAPS, inc1ud c:l reel t)'pes tuo, IUI s t (2S455) . ... . . . 1 .19 o 75-PREFORMED DISC CAPS, fo r ,).c. ut;e. USKt \·n lue!f. U II t o 2K V (251219) •.. 1 . 18 o 10-NE· 2' . WITH RESISTOR, for 1 to"'lC usc , neon . IClldll (251222) . .... . ..... 1 . 19 
o 12-TO· 5 HEAT SINKS, for T O' I> me l ul & plastic t rnnlli li l Orlt, tin t y p c (25 1832) .. 1 . 19 o 12-TRANSI5TOR SOCKETS, UUll t Utyl t'K fo r N J>N I) PN P l )' lles (251905) . . .... . 1 . 19 
o 20-THERMISTORS, /I resis t u r t hut c h llngell wi th temp. pro tect s ! (2S2048 ) ..• . . 1 . 19 o 40--INSliLATED RF CHOKES, resistor n !ill . 8 t )' lcs. cud t'd (253203) ........•.. 1 . 19 o 30-WIRE NUTS, l ie!i, 2 hll re e nded wires to scet h er (253724) . . . . . . .. . . . . . • 1 . 19 
o 3-BLANK PC BOARDS. ·l xC,·II , double :c ided, C·I O (253833) 1 . le o 2-BLANf( PC BOARDS, Gx6's , d ouble Kided. C- I O (253824) .. . .. • ...... 1 . 19 o 10-0PEN FACE READOUTS, ui ngl eK, dou bl e s , sume mhuli ng tleg s (2539&2) . . ... 1 .1. o 3-"PICCY·SACK" IC SOCKETS, w ill hold 2· 1-1 'Il in IC·s · an·n·s ln b (253486, .. . 1 . 19 
o FIBER OPTIC LIGHT PI PE, 12" long high ly po lillhed emili , \' In)' 1 jack (252693) . . . 1 . 19 
o 4-FERRITE "STICK" ANT[NNA. 7 "xl/2". 1111 Scott. F b.hc r h i·fi c q pt (253400 ) .. 1 . 18 

8 :~~~t:.u~~:'s~~[~,~~~tR~,o~~~dl; I~~~II:,~el"in,~':~~ ~';~oU C'i~ ~~ I ~II\v'~~~~~~) ' : .. . .. t~: 
o 50-POWER RESISTORS, wirc\\'ollnd , "it, 1111, UII 2G w. II Sli t (25228, ..... 1 . 18 o 6Q--COILS AND CHOKES, r·t. lint , parnll ilic . j·f, e t c. (25297) ..... . . . . . 1 . 19 
o 7S-HALF WATTERS. rcsill t or ll. color· cod ed, corbo· film . m ost pop (205454) 1.19 o lo-S0LAR CHIPS, lI ill con, " b roken e llerg)"', ollc h c hi p 0 .5\'. nsst mila . (2SS083) . 1.19 

, Low 
, Ord.r II,. C.t. 
, t),pe S a l. 

, B ;:t~gg $ :~~ 
~ ~ 74L504 .35 • 74L508 .32 
, 74L510 .32 

, ~:t~~~ ::~ 
, 7 4LS20 .32 
~ ~ 74L521 .32 
~ 74LS22 .32 
, 74LS27 .39 

.. ;:t~~~ :~~ 
~ E 74LS37 . 4S 
, 74LSl8 .45 
.. 74LS42 1.19 • 5 741547 .99 , 74LS74 .49 
.. 74LS90 .89 
~ § 74L592 .89 

74L593 .89 

, ;:t~~~; :~: 
, B 74L5113 :!: 

ICs ~.t;~ ~IJBLE BONUS 
&T ... No. OUR $25 < SUR~k:i~TEM. PLUS 

o 7':(:;32 ~~:~ GET IIO'IH ITEMSftiEE 
8 mm: t~: ~ ANY '15 ORDE.J 
o 74LS1S1 1 .25 I add 2Sc for 

8 ~:~~:~: t~; .. I 
o 74LS160 1.47' 

8 ~:t~l:i ~ ::~ \ 
D 74LS163 1.47' 

~ ~:t~~:; t:: ',' o 74LS173 1.68 o 74LS174 1 .05 

B ~:t~t:~ t~; ~ 
o 74LS192 1.75 ~ o 74LS193 1 .75, 

B ~:t~~:~ t~;, 
B ~:t~~~~ 1 :~:, 
B ~:t~~:: :::.' o 74LS390 2.95 , 

"'~~'isi:I2 •• C;)'~::o. 
Type 

( CD4000 

g~:ggi 
CD4006 
CD4007 
CD4008 
C04009 
C04010 
CD4011 
CD4012 
CD4013 
C04 015 
CD401& 
CD4017 
CD4018 
CD4018 
CD4020 
CD4021 

Sa'. 
$ .29 .2. 

.28 
1.19 
.2' .7. ... ... 
. 2' .2. ... 

1 . 19 .4. 
1.19 
1 . 19 .4' 
.• 9-

1 .28 

Type SAle 
D CD4 022 1 . 19 

§ CD4023 .28 
CD4024 .19 
CD402$ .34 

8 gg:g~~ ::: 
D CD4029 1 . 19 

8 ~~:g~g 1::~ 
§ CD4035 .88 

CD4040 1 . 19 
CD4041 1.25 

§ CD4 042 .88 
CD4048 1.79 
CD4049 ,49 

8 gg:g;~ :i: 

FEATURING THE WORLD 'S 

BEST BARGAINS 
IN 

'Term.: Add pos tage Rated : net 30 
Phone: Wakefield. Mass. (617) 245·3829 
Retail: 16-18 Del Carmine St .. Wakefield , 

MINIMUM ORDER - $6.00 

POLY PAKS 
P.o. BOX 9425 

LYNNFIELD, MA. 
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Photo 7: Entrance to the New York Coliseum Personal Computer Expo 
Show. Gulf and Western building is to the right. 

Photo 2: A young computer fan attempts to hit the enemy ship in Apple 
Computer's Star Wars game at the Computer Mart of NY booth. 

Photo 3: Some of the 74, 000 people who saw the show. 

New York's Coliseum, the location of 
many IEEE, AFIPS (NCC) and other tech
nical shows over the years, played host to 
the first annual Personal Computer Expo last 
October 28, 29 and 30. Over 80 exhibitors 
were on hand at 150 booths, selling every
thing from resistors to complete computer 
systems with floppy disks and color 
graphics. 

The exhibition floor filled rapidly on 
Friday morning. Many of the people I spoke 
to said the show was their first exposure to 
personal computing. Visitors flocked to the 
more spectacular exhibits like the Digital 
Group's talking computer and Heathkit's 
Star Wars game, or tried their skill at pro
gramming the new appliance computers, 
such as the Commodore PET and the Radio 
Shack TRS-80. 

At the M ITS booth, the emphasis was on 
business software. The business men and 
women who attended the show were able to 
choose from a number of sophisticated 
systems on view at M ITS and other booths. 

Some of the Highlights 

Summagraphics featured an interesting 
device called the Bit P-ad, apparently the first 
of its kind in the personal computing 
market. The Bit Pad is a digitizing tablet 
complete with stylus that allows you to 
quick'ly enter drawings or writing into a 
computer. For the floppy disk enthusiasts, 
Alpha Micro Systems displayed their 
AM-400 hard surface disk; more floppies 
were on hand at Per Sci and Realistic Con
trols. Ohio Scientific showed their Chal
lenger III, a most unusual computer that 
contains three processors : the 6502A, 6800 
and Z-80. 

A nonprofit organization called Com
puters for the Handicapped was represented 
by Warren Dunning (5939 Woodbine Av, 
Philadelphia PA 19131) and Richard Moberg 
(404 South Quince St, Philadelphia PA 
19147). The purpose of the group is to be a 
clearinghouse of information regarding the 
use of computers to help the handicapped. 
The goal is to get the people with the 
ideas and needs together with the people 
with the computer know-how so that 
development of these systems can begin. 

A Record Crowd 

By Sunday evening, over 14,000 people 
had attended the Expo, making it the 
biggest personal computing show ever, and 
giving added impetus to this young and 
growing field.-



New York 
Notes 
by Chris Morgan, Editor 

Photos by Fritz Wetherbee 

Photo 6: An array of new 
and used equipment 
offered by the Computer 
Warehouse Store (of 
Boston). 

Photo 4: A happy flroup plays Space War at the Heathkit booth. 

Photo 5: Alpha Micro Sys
tem's hard surface disk, 
one of the most sophis
ticated devices at the 
show. 
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Tennis·Handball 

: .. -~ ~ . . ,'} . _., ' ACllon,p~C~~dk~J;rSo~~r~l~men l for 

itJ!!
,pt'!!* .. ~ ... , .... - .~. !he whole family , AdJuslab!e skill level 

$179~e~ 
•.•.... . conllols allow players of all ages to com-

pele In l ennls, hockey and handball. 
---",,_. This lour game enlertalnmi'lnl center 

~....... turns your television inlo a video play· 
-- ground. 

On screen scoring, live acHon sound and 
true camponenl color makes ttils video 

Color 524.8 8 ~~~~~:;e e;1~~I~~~~~~~ ~~~~~d$!~8a8daPtor . 
We also have 10f sale a limited quanlily of used Modcl3S's, 
Priced a! on ly $449.50 

7 I 
Manufactured by TAW Data Systems for the fast food industry. Designed lor error· free 
data entry. The operator simply blackens the appropriate box on a mark sense card 
and inserts il into the form reader. The CPU searches internal programable drum 
memory for unit price and extends it by quantity, displaying the customer's grand 
total on the LED module. 
Memory system Is capab le' of retaining over 40 register items. Accumu lated data may 
be pulled by a master computer. 

BARREL STOCKlm 
TEST 'EM YOURSELF 'N SAVE 
15 . . NE555 Timers, 100% functional 
15 . . TRW Power Darlingtons. TO:3 
15 .. .. 2N3055 & 2N3772 NPN power trans. 
50 ... . .... General Purpose TO:92 Transistors 
100 . . ......... Silicon Signal Diodes 

SPECIAL 

REG·ULATED 
POWER SUPPLY 

Delivers 5 vol ts at 8 Amperes 
along wi th three o ther regu
lated outputs. 

This point of sale computer makes a super mark sense data terminal. The TRW 1336 is 
shipped complete with cables and self ·contained + 5 & ± 12v. power supply. 
Brand new in factory cartons. Original cost $7,000. Weight 100 Ibs., sh ipped freight 
collect. Complete documentation no t secured at press time. 

GENERAL INSTRUMENT ASCII Keyboard Encoder 
AY 5-3600 Prime but house marked only $4.95 

This used supply Is sold "as 
is," but we still leel that this 
is the best buy you'll ever see 
in a regulated power supply. 
75Ibs., Schematics included. 

~.; 
iJ. ,. :'.1 

o Used 

CONNECTORS 524.88 

bd RS-232 

DB25P 
male plug & hood 

at:I:::;;E::I:,~ S3~5 &100. GOLD PLATED • . 125" CENTERS 
Altair. 140 row, soldertail. . $5.98 31$16.50 

R~'r c ~~ UNIVAC 
KEYBOARD 

1M ramOIJS Sperry Un'v~e Ii l 0 HOllaro lh ~eybo~'d IIssembly 
,s now ~V.,18ble hom C~hlo<n'~ IndUS1r141 lor only 124 sa 
Tn~ ,d~1I1 com pule, ,npul Ot·vlce lOt accounlan lS IIno 
mllll(·m,u,e;8ns. 1hu mm,e"c keys ",e pleced on Ihu lowe, 
lh,uO! '0w' 10 1C5f.UfllJle ~ lun key ad,long maChine Th,s 
10'mal arrows olle rlalldOfi nu,ne", dal~ unify 

Imsai .250 row, soldertalJ. .... $4.98 31$13.00 
3 Level Wire Wrap .250 row ... $4.98 3/$13.00 

SPECIALS 10 <{:::.:::;.::::) 01 D B ~3.95ale 
wrw same as above without ears$3.50 31$10 
72 (dual 36) WIW ,156" eenlers. $2,5031$6 

O"ginlr eOSl was $J9~ USII(I hul !lLJaran1eed in o~eellullr 
condl:.on. ComplelC wl ll1 dOelJmonl~hon 

-ScDtcH Certified Digital 

CASSETTES 
I!l'fANO Won't dropa BIT! 

DISKETTES $5 5D 

•

. CALIFORNIA 
INDUSTRiAl 

is an 
Authorized 
De aler of 

Scotch Brand 
Data Product s 

.59 

.79 
,89 
,99 
,99 
,99 
,25 
.25 
,25 
,'5 ,25 

7496 .79 4033 1.99 
7497 3.99 4035 1.69 
74100 1.19 4040 1.99 
74107 .39 4041 1.49 
74109 .49 404' 1.49 
74110 1.79 4043 1.49 
74116 1.99 4044 1.49 
74120 1.79 4046 2.49 
74121 .39 4047 2.49 
74122 39 4049 .7. 
74123 .69 4050 .79 
74125 .59 4051 1.99 
74126 .59 
74128 .49 CPU's 
74132 99 

_A 
14.95 

74136 .89 6800 24.95 
74'~1 .99 
74145 .99 '50 39.95 

74147 2.49 
74148 1.99 
74150 1.19 
74151 .99 
74153 .89 
74154 .99 
74155 .99 
74156 1.29 
74157 .99 
74159 2.99 
74160 1.19 
74161 .99 
74162 1.49 
74163 .99 
74166 1.19 300H .79 
74167 4.99 301H .39 
74170 2.49 3Q1CN .39 
74173 1.49 302H 1.29 
74174 1.19 3D4H 1.29 

~~H~ .99 ~~~ :~ 
741n :~ ~~~N :~ 
74t92 .99 308CN ,99 
741Q3 .99 309H 1.09 

CMOS 309K ,99 
4001 .25 310H 1.19 
4002 .25 310CN 1.19 
4006 1.99 31tH ' .99 
4007 .25 311N .99 
4008 1.49 312H 1.99 
4009 .69 318H 1.79 
4010 .69 318CN 1.49 
4011 .25 3t9CN 1.29 
4012 .25 320K·5 1.39 
4013 .49 320K·12 1.39 
4014 1.49 320K·15 1.39 
4015 1.39 320T·5 1.75 
4016 .69 320T-8 1.75 
4017 1.29 320T·12 1.75 
4018 1.69 320T·18 1.75 

MEMORY 

1702{1 4·.95 
62523 2.95 
82s123 2.95 
2102 1.79 
2102·1 1.89 
21L02 1.19 
250nS, 1,49 

CLOCK', 
5314 2.95 
5316 4.95 
5375 3.95 

J O'lSTICK $4S· 
. ·0 ."3 ' \. ' ::'IJ!I' for 

) 510,00 
This joysllck 101llUre lour l OOK polontio· 
mete,s. rl1111 ~ary fesisrance proporr,onal 10 
the lInglo ollha stiCk. Perleet lor l elovision 
games. quad ,'ereo ana fao lo controrled 
aircra!t . 

Ideal supply for 5·100 sy.lems. Can · 
talns all the necessary componen ts 
to produce 5 volts @ to A., :t 12 @ 

2.5 A. (vollage aclually higher). New 
surplus lrom Memorex Corporation. 

Kit Includes t t7 ac. transformer. 
diodes, six computer grade electro· 
Iyllcs. chussls. circuit breaker and 
grounded power cord . Translormer 
has 50ulput windings . 

Include $9.00 shipping Eas t 01 the 
Mississippi: $4.00 lor Calli.: all other 
Slates $7.00. $24.88 

. Plus Shipping 

Power Ada ter 

MJ3055 
2N3772 1,59 1~91.391~9 

Qulet8uli 
S-100 M'OTHER 
The Quiet Buss Irom~ CaWornla Industrial Is 
Qual!!y engineelcd. No Shol! cuts have been taken 
to produce this mother board. Active termination 
circui try prevents noise and crosstalk. Manufac· 
tured Irom extra heavy FR·4 epoxy glass. Features 
2 ounce double thickness copper traces. Pu rchase 
thi s board along with the power supply kit below 
and you have the start of a super Mlcro·System. 

a! 29.95 

TRIMMER 
POTEN TlOMETERS 

Shipped Freight Coiled 

FREE 
mAmJAl GRAPHiTE 
mspuw GEnERATOR 
t.lode'" h!cllnology has p'Onel!rOi:l Hie dt.'velopmenl 01 lhll 
Unique eharaC le, pronle' Om Manual Grapll, l e D,sPh .. y 
Gcnef1110,haSIM capab,l,lyorj)IOOUClng lherl,lrluDp.efan<l 
Iowcr C;l!>C ASCII sel SeH·eontaJnoo curWl' aS$enlDly allows 
r!le OpCfalor 10ellm,nalcermlloouslv ell lClcd ullormalloll 
EacllunlllsmanUlaClIJ1C0 10S1UC110hllanCCS ilsp'IlSC r',DOO 
lly Sl,lndar(lssellor lhbyCitlolom,a huluSll1i)10nc lrcew,lh 
cvcryorder 

513.95 ~ 
Converts signal from APPLE 11 
and other vidio sources into TV 
frequency. Complete with dtrec· 
tions and metal case. Assembled 

your choice 

2K SK 10K SOK~' 
51.,5.98 .' . 

ELECTROLYTICS 

10 SO 100 Ik 
$.98 5.88 .81,73.66 
SPDT Miniature Toggles 

7101 C&K ON , NONE,ON 
7107 ibl ON , OFFCmnt.ON) 
7108 CK ON·(momenl. ON) 
Rocker J8T __ DPDT 

20 50 100 ' . ' 

16' 14' 12' ' 

RELAYS 
SPDT MINIATURE 

10 25 100 
Sl~gea, HIS 104 ,89 

ea. 10 SO 

80,000 / 10., 3,5 3~9 2,95 
4500 / 50.,51+9 135 1J.9 
1000/ 15. 5,55 49 ,45 

axial 

.1 disc 
.01 disc 

5,12.09 
.06 .05 

Rotary 3P- 4·Pos. 
Ratary 3P- 6-Pos. 
Push B !N,O') 5,3gea, 3/ 51 

DIP Switch 

wire wrap 
ea. 25 SO 

low profile 
ea. 25 SO 

.'5 
,39 
.39 
,35 
,4Q 
.39 

3,99 
.79 
,99 
.99 
,99 
.49 

3.40 
2.79 

.49 

.99 

.49 

.49 
,79 
.79 

4019 1.79 320·24 1.75 
4020 1.39 324N 1.79 
4021 lA9 339N 1.69 

340T·24 
350N 
351CN 
370H 
370N 
373N 
377N 
380N 
391N 
39,N 
NE555v 
NE556 
NE565H 
NE565N 
NE566N 
703eN 
70gH 
709N 
7tON 
711H 
711N 
723H 
723N 
725H 
733H 
733N 
739N 
741N 
747N 
748H 
748N 
14t4N 
1456 

2N3904 .15.11 .09 .07 ..... ....:.;,.::;:.;;.;;;;...:::.:.:.:.;;.:;;.:.._.j-::::.:.~~:.::.::::::.::.!.!:::.::--1 
2N3906 .15 ,II .09 ,07 37' 36 35 

38 37 36 

99 93 85 

17' 16 15 
18 17 16 

19 18 17 

36 35 34 

4022 1.25 340K·5 1.95 
4023 .25 340K-8 1.95 
4024 1.19 340K·12 1.95 
4025 .25 340K·15 1.95 
4027 .69 ' 340K·18 1.95 UART 

:~ l:~ ~~~~g4 U~ AY5·1013A 

~ :~~ t~t:l~ U~ $4.98 
factory prime 

2114/4045 IK by 4 STATIC MEMORY 
450nS, 511~S 650 n5, 59~S 

Diodes 
10 25100 

lN4002 100',:0&06.05 
lN4005600".10.08.07 
IN4148 sign. I ,07 .05.04 

169 155 139 63 60 58 

KYNAR:m 



COMPUTER ENGINEERING 
THE MIDNIGHT SPECIAL . . . 
. . . a full color limited edition poster for your Casey 
Jones fantasies . 

The poster is 16}6 by 21 }6 inches (41.9 by 54.6 cm) with 
a white border. The colors are the same as the original 
by Robert Tinney, which graces our July cover, minus 
the BYTE logo. The price is $3.00 , plus 50¢ postage. It 
is shipped unfolded, in a mailing tube . 

ORDER NOW. SUPPLIES ARE 
LIMITED. 

BITS Inc 

70 Main Street 

Peterborough NH 03458 

o Bill BankAmericard 

o Bill Master Charge • No . ______________________ ___ 

Posters $3.00 each 

plus $ .50 mailing 

o Check Enclosed 

$ 
Exp . Date ____ _ 

Name __________ ~---------------------------------

Address ________________________________________ __ 

Ci ty _____________________ State ____ Zip __________ _ 

..... _----------------...;----;..-.;..--------_ ... _----------------!111-------------_______ _ 

ESAT-100 
Eco nomi ca l Stand ,Alone Terminal 
Assembl ed, Tested , Burned-ln ... .. ... $2 39 .00 

F-OI Teletype, SCMP, Jolt . Kiln sac 80 Users A re li able , IIlex 
pen Si ve, ~e lf CO ,H1Imcd G:)mmulllcallng Terminal. completely 
35SCI'llJled, blHned ·lIl. an d le~led $239 .00 
9>ECS 32 charact er )( 16 lilies )( 2 pages o f 5 x 7 dOl matll)! 64 
character .ASC II commUllIca l lllg wllh a serla' , awm:hrOIlOUs 11 
un, t code . TTL com pat ible fr o m 300 to 9600 baud . Keyboard 
Contr ols are back and forward ~ pace . l ine feed, clear page, or to 
end o f line, sel l!!.:\ page 1 or 2. fuilihaff 0'. · ;cx. local/remote . 
cur$QI on /o ff . o lld ,'even fno pan ty . Output to T V ~~0!11 1 0f IS 

ComPOs.te Video . 75 Ohm\ Keyboard reqUired is parallet out 
pu t 7 UIlI I ASCII w.th nega t .ve true ~ tr obes KeybO<lrd may lap 
u p to 200 Mo fr om t~)e ESA T 100 on ·board 5V power su pply . 
Powe r reQUired I~ 1 10VAC@ 7 walts 
OOMMEN TAR Y Al Ih ls vmt 'IlY (10· 1 771 . th e ESAT 100 IS the 
onty Stand ~Ile Termmal boa rd requ .(lIlg on ly bta ck and 
wh .Te TV ~el and ASCI! Key boa rd You du nOT have TO have 
a 5- 100 ~\Js Mar:hlne. 0 1 even ,) com puler ~~ av be useel l" can · 
lunct.on With a ~~odl'm and youl homl' TV sct to prOV ide a time' 
~hare Iypc lenn ,nal al ill'y Baud , ;t\{~ you deSire. 

Note. comme rcl dl lerm,ndls IIS I! an 80 charact er ", 24 I,ne lor 
ma l However . we have cho~e" 32 character x 16 IlIles fo r lele · 
Vls,on ~el appl lca l10 m becau se 0 1 th e li m'ted resolut io n available 
on most Tv sets. 

NOne theless. lor IhO$(' o f VOU who ar e the owner ~ o f el lher 
high qualltv v,deo rnO"'To r ~ . Of the bl'SI 0 1 Japan'5 T V rece,vers. 
we o ff e r the 

CAP. SPECIAL : 

LINEAR 
LM 380N 1.39 

LM340T·5. 1 2. 1 5 

.99 

N E 56 0 

NE 56 1 

NE565 

N E56 6 

2.95 

2.95 

1.95 

1.4 9 

NE 5 6 7 1.49 

L M 18 12 4 .95 

LM 1889 4 .95 

CPU SPECIALS 
8 0 8 0 A 10.95 

Z8 0 12m H z I inc l . 
18m H z Xta l 33.95 

Z8 0 A 14 rn H z) inc l. 

36m H z X t a l 3 9 .95 

OPTOCOUPLERS 
4N26 

PROMS 
822 3 Spec ial 

.00 

VERBATIM Removable Magnetic Storage Medi a 
PRICE REDUCTION! 
Minidiskettes 1-9 10-25 

4.65 

26-100 
4.45 

MD525-01 

MD525-10 

MD525-16 

Standard Size 
Diskettes 
FD34-1000 
FD32-1000 
FD65-1000 
Cassettes 
R-300 

4 .79 

(So ft Sector) for: Intelligent Systems, 
Magnovox , Microkit , and V ector Graph ics 
(10 Secto r, Hard) for : Oigi -Iog , No rth Star , 
Polymorphic, T ei Inc. , and Wang 
(1 6 Secto r, Hardl fo r : Altair, Comtek , 
Micropolis, R2E , Reali sti c Control s, 
and Teleray - Research Inc. 
1 -9 10-25 26-100 
5.99 5 .33 4 .79 

(So ft Sect or, IBM Std .1 
(Hard Sector , Inn er dia .1 
(Hard Sect o r, Ou ter dia .) 

1-9 10-25 26-100 

Digital Direct 5 .25 4.99 4.35 
Scrollhoard Adapter K,t Ide signed 10 fit Oil ESAT · JOO) With 64 
chiHd r. lcr~ x 161 '"e~ and Automa t iC SCIOII.n<J lo r 529 .95 
M & R SIIPCrnlou R F Modulator l or all1!!'lIlil connec tion with 
yOur T V sct. Ru ra o ff o f ESAT 100 r>ower su pply color ,md 
blilck& wh ' le lor 51495 

Th e H ighest Qua l i1Y, 825 11 58 x 51 2 
10 /9.95 

15. 9 5 
RAMS and OTHERS 

By ·pass anywhere : EPROMS 
VK06 0 . 1 / 100 V for SO.29 

2 1 L02 · 1 4 5 0nS 1.25 
2 1 L0 2 2 50nS 1.50 

AY 5· 1013 4 .95 

1. 6 9 

Full Color TV Game Kit : 
I n c ludes MM57 1 0 0 Game Chip, MM53 104 C l ock Gen . , LM 1889 N Co lo r 
MOdu lat or, 3.58 MHz co l o r burst osc ill ator crystal, variabl e ca p fo r c r ysta l 
adj . and PC board. Ve r y imp ress ive on co lor sets. A ll data sh ee ts and 
sc h ematics inc luded ... $25.95 
Direct Reading Capacitance Meter Kit : 
Here is a handy sh op item incorporati n g a r eliab le and accu rate mea· 
surem ent method which works f rom 01 pico + d to 1 0 mi c ro + d . I ncludes 
l arge 6" sca le analog mete r moveme n t. a ll e lect ronic parts and ful l docu · 
men tation and theory of opera t ion. R equi res 5\1.. and +· 1 2V power . M akes 
accurate readings di r ect l y an d instant ly ! No tuning, fidd l ing or i n t erpo la · 
t i on required. Full documentation an d t h eory , .. S39.95 
5V Regulated Power Supply Kit : 
Provides regu lated 5V @ approx. 25 0 ma for benc h wo r k, breadboa rds and 
sma ll p rojects. Inc l udes L M340T·5 regu lator , rect ifi e r s, fi l ter caps, and 
w all -p l ug t ransformer. Fu ll notes ... $6.95 
Nicad Batteries and Charger : 
2 ea 2A H 'C' size N icads (great f o r memory power -fai l CK T 5, cold wea
ther f lash li ghts, etc . and c h arger ... $ 1 3.95 

Circl e 45 on inq uiry card. 

27 0 8 

27 0 8 
C 17 0 2A 

65 0nS 
450nS 

1000nS 

12.95 

16.95 
4 .95 

MM52 03Q 4 .95 

MM5204 Q 9.95 

8K Static Memory Boards 
T es t ed, Bu rn ed- I n, Comp le te 

2 111 A L ·4 450nS 2 .30 
C3107 B 60nS 1.9 9 
PD41 1 D ·4 135nS 3 .99 

Electrolabs 
!1 79 .00 for 450nS POB 6'"721 2 3 9. 00 f o r 250nS ,/ 

19 .00 f o r Bare B oar d • 

MM 5369 
MM 5 320 6. 00 

251 3 U p. 5.95 

2513 La. 6.95 

IN4005 11 11 .00 

IN4148 15/1.00 

AtW.,,{ ~:'TNV\S\ l~ Stanford, CA 94305 
415-321-5601 SATI S FACTION 

TO ORDER : 100% GU A RANTEED ! 

Se n d ch eck o r mo n ey ord er and i n c lude $1 .00 f o r shipping, 1.00 (o p 
tional) f o r insu rance, an d please inc lude 6%% sales tax .if you are a 
Ca lifo r n ia st ate res ident . C O D o rder s ad d .8 5 Than k you . 
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Text Handling Term inal Features 
Automatic Justification 

The Delta 4300E, a new video 
displ ay ter~inal designed for text 
processing applications, features auto
matic word wrap, automatic ragged right 
sentence and paragraph justification , and 
automatic justification of new insertions. 

Editing features include searching for 
a specific word or word string, and op
tionally deleting or replacing the strin g 
found with a new word or word string. 
Text is stored in a 4 K character 
memory, ex pandable to 8 .5 K. The 
display presents a full 128 upper and 
lower case character set in 25 lines of 
80 characters each . Automatic scrolling 
is provided, and a "paging" feature 
permits recall of informa'tion that has 
been scrolled off the screen. Communi
cation speeds up to 9600 bps are avail
able, and a serial printer port can be 
added as an option . The 4300E is 
offered by Delta Data Systems Corp, 
Woodhaven Industrial Park, Cornwells 
Heights PA 19020, (215) 639-9400.-

Circle 615 on inquiry 'card . 

Daisywheel Printer Takes 
Byte Sized Commands 

Interfacing a daisywheel printer to a 
microcomputer is simplified with this 
new OEM model, which takes its 
commands in serial or parallel byte 
format instead of the 13 bit format 
of prior mechanisms. The Sprint Micro 5 
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Time and Date Board for LSI-11 
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This battery operated accessory 
board provides calendar and real time 
clock functions for the LSI-11 or 
PDP-11 computer. The TCU-50 board 
for the LSI-11 provides the month and 
day, and the time in hours, minutes 
and seconds in response to a read 
instruction . The TCU-100, for the 
PDP-11, also includes an interrupt 
feature which can be set to interrupt 
the system at a specific time or at 
regular intervals . The rechargeable 
batteries are good for three months 
of use. The units are shipped running 
and preset to the correct date and local 
time at the customer's location. The 
TCU-50 is $325, and the TCU-100 is 
$495 in single quantites, from Digital 
Pathways Inc, 4151 Middlefield Rd, 
Palo Alto CA 94306, (415) 493-5544,-

Ci rc le 6 17 on inqu iry card . 

includes a built-in microprocessor with a 
set of 58 commands, which can be used 
to define format and characte r spacing, 
hammer intensity, ribbon color, vertical 
and hori zontal tabS, and select normal, 
program or graphics modes. The optional 
RS232C interface, which includes a 
224 character buffer, allows the printer 
to receive parallel and serial data from 
two sources simUltaneously. For ter- I 

mina l bu ilders, a send receive cover and 
plug-in faciliti es for a keyboard are 
offered . The control panel includes 
11 switch selectable functions, such as 
full or half duplex , data rate, form 
length, and 10 or 12 pitch spacing. 
The Sprint Micro 5 is available in two 
models, with printing speeds of 45 or 
55 characters per second. The 45 cps 
model is priced at $1675 in quantities 
of 50, and th e optional RS 232C inter
fa ce is $100 from Qume Corporation, 
2323 Industrial Pky W, Hayward CA 
94545, (415) 783-6100.-

Circ le 616 on inquiry ca rel. 

Cassette Recorder Meets ANSI, 
ECMA Standards 

This new compact, lightweight digital 
cassette recorder can be used with any 
ECMA-34 compatible reader, minicom
puter or terminal as well as ANSI com
patible devices such as the Texas I nstru
ments Silent 700. The Model 819-34 
measures 4 .5 by 4 by 7 inches (11.4 
by 10.2 by 17.8 cm), we ighs 3 pounds 
(1.4 kg) and requires 500 mW while 
running or 20 /J.W in standby mode. 
The unit features parallel input of up 
to 32 bits, a data rate of 50 bits per 
second and a formatted capacity of 
1 million bits. Analog to digital and , 
16 channel multiplexer cards may be 
added to the unit's card cage. The 
Mode l 819-34 is $995 from Memodyne 
Corporation, 385 Elliot St, Newton 
UPRer Falls MA 02164, (617) 527-
6600.-

Circle"61 8 on i nqu iry card . 

Credit Card Magnetic Stripe Reader 

This device reads or writes infor
mation on the magnetic stripes of 
credit cards conforming to the I nter
national Standards Organization (ISO) 
and American National Standards 
Institute (ANSI) conventions. The 
magnetic head travels along a precision 
lead screw running in ball bearings to 
read or write on the stripe, and a spring 
loaded design minimizes card wear 
and provides optimum signal output. 
The ANSI stalldard provides for re
cording of up to 600 bits per track, but 
an improved design" for which patents 
are being sought, is capable of reading 
and writing up to 1024 8 bit by te s on 
the stripe. Interfacing options include 
TTL clock and data levels , buffered 
RS232 signals and a direct micropro
cessor bidirectional bus interface . Prices 
start at $296 for the read e r mechanism 
with TTL interface in single quan t ities, 
from Vertel Industries, 167 Worcester 
St, Welles ley Hills MA 02181, (617) 
235-2330.-

Circl e 619 on inq uiry ca rd. 



~ ctJ:Hcrrn BOARDS 

MB-1 MK-8 Computer RAM. (nol S-100). 4KX8. uses 2102 
type RAMs, PCBO only . . .$22 
MB-3 1702A EROM Board. 4KX8. 5-100. switchable ad
dress and wait cycles. kil less PROMS . .$65 
MB-4 Basic 4KX8 ram. uses 2102 type rams. may be ex
panded to 8KX8 with piggybacking. S-100 buss . PC 
board .. . . ... . $30 

MB-6 Basic 8KX8 ram uses 2102 type rams. memory pro
tect in 256 to 8K switchable S-100 buss. PCBO ... $35 
MB-7 16KX8. Stalic RAM uses,IJP410 Protection. fully bul
fered . 

. PCBO . ... $30.00 KIT .$525.00 
MB-6 2708 EROM board. S- l 00. 8KX8 or 16KX8 kil without 
PROMS . . ... . ... . $85 

MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or 
82S129 PROM kil without RAMs or PROMs . . ... $80 
1()'2 S-l 00. 8 bit parallell/Oport. 'h of board is lor kludging. 
Kit . . ... $55 PCBO . . .$30 

10-4 Two serial 1/0 porls wilh lull handshaking 20/60 ma 
current loop. Two parallel 110 ports. 
Kit. . $150 
VB-1 64X 16 video board. upper lower case Greek. com
posite and parallel video with soHware. S-100. 
Kil . . $150 PCBO . . $30 
SP-, Music synthesizer board. S-l 00. computer controller 
wave forms, 9 octaves, 1 V rms Y2% distortion, includes 
software kit . . $200 
Altair Compatible Mother Board. 11 x l1V, x Va" . 
Board only . $45 With 15 connectors .. .. $105. 

Extender Board full size. Board only . .$9 
With connector .$13.50 
Solid state music Cybercom boards are high quality glass 
board with gold linger contacts. All board s are check for 
shorts. Kits only have solder mask. 90 day guarantee on 
Cybercom kits. 
Non-eleclrical cosmetic rejecled PCBO from Cybercom. 
10-2 . $21 MB-6 .... $21 VB-1000 .... $25 

wmc;nc. WAMECO INC. 

MEM-1 8KX8 lully buHered. S-100. uses 2102 type rams. 
PCBC .. . ...... $30 

Mother 80lrd 12 slol, lerminaled. S-100. board only$35 

CPU-1 8080A Processor board S- l 00 with 8 level vector 
inlerrupl PCBO . $30 
10% discounl on 10 or more of WAMECO PCBO in any 
combination . 
NEWI All les Sockels & hardware for WAMECO CPU-1 
inc lude all prime Eowa. 8214. 8224. 8212. PCBO nol in
cluded .. $65 

AIlICs . sockets & hardware for WAMECO MEM-l includes 
prime 2102AL-4·s. PCBO nOI included . Order PCBO sepa
ralely .. $135 

Special 2102AL-4 1 K x 1 ram V3 less power than 21 L02 
type rams. with power down. prime lrom NEC . Ea. 2.00; 32 
ea. 1.80; 64 ea. 1.70; 128 ea. 1.60; 256 ea . 1.50. 

9080A AMO 8080A (Prime) 
8212174S412 Prime 
8214 Prime 
82 16 Prime 
8224 Prime 
8228 Prime 
8251 Prime 
8255 Prime 
1702A-6 AMO 402A Prime 
TMS-6011 UART Prime 
2513 Char Gen Upper Prime 
2513 Char Gen Lower Prime 
1702A Intel Not Prime 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC. Xis tor 
and Computer parts list. 

20.00 
4.00 
8.30 
4.95 
5.00 
8.90 

14.50 
1450 
5.00 
6.95 

11 .00 
11 .00 
4.00 

74LOO .25 
74LOl .25 
74L02 .25 
74L03 .25 
74L04 .30 
74L05 .40 
74L06 .30 
74L08 .40 
74L09 .40 
74Ll0 .30 
74L20 .35 
74L26 .40 
74L30 .40 
74L32 .45 
74L42 1.50 
74L51 .35 
74L54 .45 
74L55 .35 
74L71 .30 
74L7355 
74L74 .55 
74L75 1.20 
74L78 .90 
74L85 1.40 
74L86 .75 
74L89 3.50 
74L90 1.50 
74L91 1.50 
74L93 1.70 
74L95 1.70 
74L98 2.80 
74L123 1.50 
74L164 2.50 
74L165 2.50 
74L192 1.25 
74L 193 1.20 
MH0026 2.95 
MC1488 1,50 

Circ le 76 on inquiry card . 

74LSOO .40 
74LSOl .50 
74LS02 .40 
74LS03 .40 
74LS04 .45 
74LS05 .45 
74LS08 .40 
74LS10 .40 
74LS12 .55 
74LS20 .40 
74LS22 .45 
74LS27 45 
74LS30 .40 
74LS37 .60 
74LS38 .60 
74LS42 1.50 
74LS51 .40 
74LS54 .45 
74LS55 .40 
74LS73 .65 
Z4LS74 .65 
74LS76 .65 
74LS151 1.55 
74LS174 2.20 
74LS175 1.95 
74LS192 2.85 
2501B 1.25 
2502B 3.00 
2507V 1.25 
2510A 2.00 
2517V 1.25 
2519B 2.80 
2532B 2.80 
2533V 2.80 
OM8131 2.50 
N8263 3.50 
MC 1489 1.50 
OM8837 1.50 

1101 1.25 
1103 1.25 
2101 4.50 
2111 -1 3.75 
2112 4.50 
2602 1.60 
4002-1 7.50 
4002-2 7.50 
MM5262 1.00 
7489 2.00 
74200 4.95 
74C89 3.00 
82S06 2.00 
82S07 2.00 
82S17 2.00 
8223 2.50 
82S23 3.00 
82S123 3.00 
82S126 3.50 
82S129 3.50 
82S 130 \ 3.95 
82S131 3.95 
IM5600 2.50 
IM5610 2.50 
IM5603 3.00 
IM5604 3.50 
IM5623 3.0.0 
IM5624 3.50 
MM16330 2.50 
OM8573 4.50 
OM8574 5.50 
OM8575 . 4.50 
OM8576 4.50 
OM8577 3.50 
OM8578 4.00 
2.4576 MHZ 
XTAL 7.20 

Check or money order only. If you are nol a regular customer and )Our 
order is large please send either a cashier's check or a postal money 
order. otherwise there will be a delay 01 two weeks tor Itle check to 
clear. All items post paid in the U.S. Calif. residents add 6% lax. 
Money back 30 day guarantee. We cannot accept returned IC's thai 
have been SO ldered to. Prices subject to change without notice. $10 
minimum order. $1.00 service charge on ordera te .. than $10. 

THE ALPHA·1 SYSTEM 
.,RATEDA BEST BUY 

IN MASS STORAGE 
SYSTEMS 

., HARDWARE 
• Stores greater than 500K bytes per side of a C-60 

tape. 
• Access a file in 17 seconds average on a C-60 tape. 
• Load 8K of data in less than 11 seconds (6250 baud). 
• 100% interchangeability of cassettes with no adjust

ments required or allowed. 

., APPLICATIONS 
• BUSINESS applications include mailing lists,. payroll , 

billing, and inventory. 
• CASSETTE BACKUP for disk-based Systems not 

only provides large amounts of storage at low cost, 
but also provides for convenient storage of hist.ori
cal records. 

• DEVELOPMENT SYSTEM features include a power
ful operating System with 'an Editor, Assembler, and 
Debugger, plus a variety of System utilities which 
speed development. 

• OEM applications include P.O.S. data capture, word 
proceSSing systems, audio-visual presentation sys
tems, telephone call transfer systems. 

Circle 67 on inquiry card. 

• Compatible with all popular S-100 Bus Microcom
puters. 

• Audio track under computer control. 
• Eliminates the need for ROM/PROM monitors . 

.,SOFTWARE 
• MCOS, a powerful stand-alone cassette operating 

system , is operationally much simpler than a D.O.S., 
handles variable length named f i les, will upeate a 
file in place, packs or copies tapes with a Single 
command. . 

• EXTENDED BASIC with MCOS permits array hand
ling and concatenation of files , plus all capabilities 
of MCOS . 

., PRICES START AT $240 

V FREE BUYERS GUIDE 
If you are shopping for a tape or disk system for your 
S-100 Bus Computer System , you do not have all t he 
facts until you have the MECA "BUYERS GUIDE TO 
MASS STORAGE." This 10 page guide book provide s a 
fram ework for evaluating cassette, cartridge, and disk
based systems. Write for your copy today. 

For co mplete information including th e Dealer nearest 
you , write or phone: 

IlleC;) 
7026 OW.S. Road , Yucca Vall ey, CA 92284 
(714) 365-7686 
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loom and Pan with 
This Graphics Terminal 

'Low Cost Hobbyist Keyboard 

This inexpensive keyboard features 
a versatile inte rface which allows user 
selection of data and strobe polarity, 
parity sense , upper case alpha lock, 
and access to three user definable 
keys for custom code or function 
assi gnment. Th e Model 753 keyboard 
provides ASCII encoding for 53 keys 
in the standard Teletype format, 
employs' KBM keyswitches for relia
bility and is said to be guaranteed. 
When built from a kit, estimated con
struction time is two hours. The Model 
753 is $59.95 in kit form or $7 1 .25 
assembled and tested. Also available 
is a custom plastic enclosure, Model 
701 ($14.95), which is precut for 
the Model 753 keyboard. Delivery 
is from stock, from George Risk 
Industries Inc, GRI Plaza, Kimball 
NB 69145 , (308) 235-4645,-

Ci rcle 621 on inqui ry card . 
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This raster scan graphics terminal 
with a built-in microprocessor performs 
a variety of graphics operations inde
pendently of the computer to which 
it may be connected _ The terminal 
features separate alphanumeric and 
graphics memories, with 8 K bytes of 
memory (expandable to 12K) allotted 
to a 24 line by 80 character alpha
numeric display with 9 by 15 dot 
character cells, and 256 K bits of 
memory for graphics with a 360 by 
720 dot resolution. Graphics capa
bilities include "rubber band" line 
drawing, zoom magnification of any 
portion of the graphics memory up to 
16 times, and panning t hrough any 
portion of the magnified display which 
is not in the viewing window. An auto
matic plotting feature for tabular data 
guides the operator through a simple 
menu of questions about plotting 
parameters, and then generates a 
fully labeled plot with as few as three 
keystrokes. Optional built-in cartridge 
tape drives provide up to 220 K bytes 
of local data storage. The Hewlett
Packard 2648A graphics display terminal 
is $55'00 in single quantities, or $7 1 00 
with cartridge tape drives, from Hewlett
Packard Company , 1501 Page Mill Rd, 
Palo Alto CA 94304, (415) 493-1501.-

Circle 620 on inquiry card . 

Analog Boards from lilog 

Two new analog boards have been 
added to lilog's MeB family of l-80 
microcomputer boards. The l80,AI B 
board features 32 analog input channels, 
analog to digital converter gain ranges 
up to 0 to 10 V, amplifier gain ranges 
of 1 to 1000, and 12 bits of conversion 
resolution. The 180-AIB is $575, or 
$675 with an optional DC to DC con
verter. The 180-AIO board features 
32 input channels and two analog 
output , channels. Output resolution 
is also 12 bits. The 180-AIO is $775, 
or $875 with the DC t6 DC converter, 
from Zilog, 10460 Bubb Rd, Cupertino 
CA 95014, (408) 446-4666.-

I Circle 622 on inquiry card . 

Peripheral Boards for l-80 

This new family of peripheral and 
accessory boards for the Z-80 based 
MCB series includes the MAD-ONE 
mUltiple channel analog interface card 
with software programmable gains 
($595), the Model 606 programmable 
gain amplifier and filter card with dual 
channel inputs ($395), the Model 602 
prototyping board with or without 
wire wrap pins ($75), the Model 605 
extender card ($95) , and the Model 
604 card cage with eight card slots 
($210). The boards are availal.ile from 
Signal Laboratories Inc, 202 N State 
College Blvd, Orange CA 92668, (714) 
634-1533.-

Circle 623 on inquiry card . 

Smart Terminal 

This "smart" editing terminal fea
Hires an option for use with the 
Burroughs TD-800 series polling pro
tocol. The detachable keyboard gener
ates the full ASCII character set and has 
16 or 32 special function keys. Editing 
features include tab, back tab and 
columnar tab operations, protected 
fields, absolute cursor addressing and 
cursor position reading. The Burroughs 
polling features include specific , broad
cast and fast selection and multipoint 
contention ~ode. The 0300 Teletype 
compatible version is $1645, and the 
D400 with Burroughs polling features 
is $1895, both in quantities of 25 with 
45 day delivery, from EECO, 1441 E 
Chestnut Av, Santa Ana CA 92701, 
(714) 835 -6000.-

Circle 624 on inquiry card . 
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* YOUR BEST BUY IN WIRE WRAP SUPPLIES * WIRE WRAP SOCKETS 
PRECUT WIRE .!.:! 10-24 2 .... 100-240 250-iIXI lK-5K WIRE WRAP BOARDS 

WHY BUY WIRE ON ROLLS? 8pln" ." .36 .35 .31 29 .27 WW 

PRECUT & STRIPPED WIRE IS: 

14pin" ." .39 .36 .32 .29 .27 
16pln " ." .4J .39 .35 .32 .30 ~ ~ 10-24 Connector 

l apin " .63 .56 .54 ." .44 .41 H·PCB· l 4)(4~ 44 Buses on both sides 4.75 4.50 4.00 3.00 
• FI" - No more cutting & stripping by hand 
• Reliable - Good, clean, uniform strip 

20 pin .S< .7. .71 .6.3 .59 .54 
22p1n" 1.30 1.20 1.10 .95 .90 .S< 3662 4x6 44 Blank 6.25 5.85 5.50 3.00 

3682 4x10 44 Buses on one side 10.50 10.00 9.50 3.00 
• Economical - Cheaper than using bulk wire 24 pin .91 . S< .7 • .66 . S< .5 • 

Precul Wire Bulk Wire 
28 pin 1.25 1.15 1.06 .95 ... .• 2 
40pin 1.85 1.55 1.42 1.25 1.15 1.09 

3682·2 4x6 44 Buses on one side 9.50 9.00 8.25 3 .00 
40664 4x6 72 Buses on both sides 13 .50 13.00 12.50 4 .00 

Gold 3-level Closed Entry Sockets 4.00 100 pes 013" al $.B2 " 3'1.C/tt 50 It. ro ll 81 $1.99 ~ 4t/tt. 
100 pes olS" a1 1.06 " 2C/n. 100 It. roll 111 2,95" 3Cm, End & Sido Slack.ble All prices Include gold 

3719· 1 4x6 72 Blank 9.00 8.50 8.00 

Wlro Kl, I al S6.9S = 21 / )CJtt. 

" 30 Kynar stripped 1 ~ on each end. lengths are overall 
CololS: Red,Blue,Green,Yellow,Black,Orange.Whil& 
Wire packaged In pla,Uc bags. Add 25¢ilenglh lor lubes. 

.!.!!!. ~ .!.Q!!!l. .-. 
2 'hln. .78 2.40 4.301K 3.89/K , '0. .82 2.60 4.71/K 4.22/K 

Tin sockets and 2-levelsockets evallable 

INTERCONNECT CABLES 
Ribbon cable conneCl0r, 10f connecting boarda 10 

Iront panels. or board to board. 

37194 
4350 
8800V 

169P84 

4)(10 72 Blank 11 .00 10.50 10.00 4.00 
7)(9!4 80 Buses on both sides 17.50 16.50 16.00 7.00 

10x5.3 100 Buses on both sides 19.50 17.96 16.95 5.00 

8)1,)(17 - Blank 6.25 5 .75 ',5.25 

3'11 In. .86 2.80 5.121K 4.55/K SINGLE ENDED DOUBLE ENDED 
4 '0. .90 ' .00 5.521K 4.88IK 

4 'h m, .'" 3.21 5.931K S.21 / K 
5 in. ... 3.42 6.34/ K 5.521K 
SYri n. 1.02 3.65 8.75/K 5.86/K 

• in. UlS ' .65 7. 16/K 6.19/K 

6'h In . 1.15 4.05 7.57/K 6.521K 
7 '0. 1.20 4.25 7.98/K 6.B5/K 
7'h ln. 1.25 4.45 6.39/K 7.181K 

• '0. 1.29 ' .65 8.8OIK 7.5J/K 

8'11 In. 1.32 4.65 9.21/ K 7.B4/K 

• '0. "'6 5.05 9.621K 8.171K 
9 'h in. 1.40 5.25 10.03IK 8.50/K 
l Oin. 1.45 5.51 10.44/K 8.831K 

Addl. i nches .10 .41 .821K .861K 

WIRE KITS 

" $1&.95 

250 3~ 100 4!11" 250 2'11"' 250 4 .".' 250 6" 

6-
1~· ,,-
4a" 

14i:!:in 

1.24 
1.33 
1.52 
1.91 

16 12;0 

1.34 
1.« 
1.65 
2.06 

241:!;n 14 e1n 

2.05 2.2'" 
2.24 2.33 
2.6.3 2.52 
3.40 2.91 

WIRE WRAP TOOLS 

$34.95 
HOBBY WRAP 
Model BW 630 

With Free Wire Kit 1 
($6.95 Va lue) 

SOCKET 
1Jl ~ 2Q..'!E 

14 pin Gold WW .34 .32 .30 

SALE! 
16 pin Gold WW .36 .35 .33 
24 pin Gold WW .75 .70 .68 

1Sl:1:In 24 eln 
2 . .(5 3.37 
2.55 3.92 
2.76 4.31 
3.17 5.06 

Prices good through 

3/1178 
when purchased with 

Wire Kit # 1 or # 2 

Ordering Inlormallon: 
• Orders under $25 and COD's, add $2 

250 311l"' 100 5'" 500 3" 250 5'" 100 6.".' 
100 4N 100 6" 500 3'11" 100 SW' 100 r Batteries & Charger $11.00 All o thers, shipped Ppd in U.S. via UPS 

• For Blue Label (Air) or 1st Class. add $1 

PAGE DIGITAL 
ELECTRONICS 

500 ".. 1 250 II. Roll Sulk WSU 30 Hand Wrap-Unwrap Strip Tool 5.95 
• We accept Visa & Mastercharge 135.E. Cheslnut Sireel 4A 

Monrovia, California 91016 
Phone (213) 357-5005 

Choose One Color 
or A9sortment 

WSU 30M, lor Modified Wrap 6.95 
• Most orders shipped same day 8T 30 Extra Bit 2.95 

APPLE II I/O BOARD KIT 
Plugs Into Slot of Apple II Mother Board 

FEATU RES: 
I 8 Bit Parallel Output Port 

(Expandable to 3 Po rts) 
Iinput Port . 
I SmA Output Current Sink 

or Source 
TTL or CMOS Compatible 
Addressable anywhe re in mem

ory o utput area 
Can be used for peripheral 

equipment such as printers. 
tloppy disc s. cassettes. pape r 
tapes . etc. 

KIT INCL UDES : 
P.e. Board. I.C.'s Sockets and 
Assembly Manual. 

PRICE : --------------~ 

I Input and I Output Port 
fe." S49 .00 

I Input and 3 Output Port s 
for S64.00 

DEALER INQ UIRI ES INVITED 

INSTRUCTION MANUAL with SOFTWARE 
for Interfacing to SWTPC PR-40 Printer, $10.00 

LD- 130 
3 Digits 

AID Conv. 
$/1.95 

6800 mpu 15·95 
6820 pia 13_00 

6850 acia 12.00 

2708 
EProm 

IKx8450ns 
$14_95 

SHIPPING AND HANDLING KEYBOARD 53.S0. OTHERS - 51.00. 
_____ California residents add 6% sales tax --------

ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

REDONDO BEACH, CA. 90278 
TEL. (213) 376-8005 

WRITE FOR FREE CATALOG 
You are Invited to visit our store at the above address 

Circle 48 on inquiry card. 

Dealer Inquiries Invited 

3RD GENERATION 0 NL Y $63.00 
ASCII KEYBOARD KIT 

FURTHER IMPROVEMENTS. MORE FEATURES 
• TTL Logic Circuits 
• Power: +5V. 275mA 
• Upper and Lower Case 
• Full ASCII Set (Alpha 

Numeric . Symbols. 
Control) 

• 7 ot 8 Bits Parallel Data 
• Optional Serial Output 
• Selectable Positive or 

Negative Strobe. and 
Strobe Pulse Width 

• 'N' Key Roll-Over 
• Fully DeboUl1ced 
• Carriage Return Key 
• Repeat Function Key 
• Shift Lock. 2 Shift Keys 
• 4 User Defineable Keys 
• P.e. Board Size : 

17-3/16" x 5" 

OPTIONS : 
• Metal Enclosure (Paint

ed IBM Blue and White 
.......... S25 .00 

• 18PinEdgeCon. S2.00 

• I.e. Sockets . .. S4 .00 

• Serial Output (Shift 
Register) .. . .. S2.00 

• Upper Case Lock 
Swttch (for Capital 

~ett.e~s .an~ ~~s~eos6 
KIT Includes: Key-
board, P.C . Board, all re
quired components and as
sembly manual. 

NOTE : If you have this 
63 Key Teletype Key
board you can buy the 
Kit without it for $44.95. 
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MASS STORAGE 

Intelligent Floppy Available 
in Several Styles 

These floppy disk drives feature 
vo ice coi l posit ioning for faster access 
and a microprocessor based inte lligent 
controller. The Model 277 Du al Diskette 
Drives can be packaged in a variety of 
co nfigurations: 1) a system with one or 
two dual drives, controller, power supp ly 
and cabling enc losed in a 19 inch rack 
mountab le chassis; 2) a one or two drive 
system with power supply and cab inet 
but without the contro ller, and 3) a 
"slim line" system which incorporates 
one dual drive and power supply in a 
tabletop chass is. The intelligent con
tro ller has its own 8080 microprocessor 
and internal disk operating system in 
firmware . On command, the 1070 con
troller can perform all file management 
functions including disk formatting and 
initializing. Voice coil positioning is sa id 
to be seven to ten times faster than other 
methods, with an average seek time of 
36 ms. Interfaces are avai lable for most 
of the popular microcomputers . The 
systems range in price from $7 40 for the 
contro ller only to $3995 for the two 
drive (four spindle) system with co n
trol ler, from PerSci Inc, 12210 Nebraska 
Av, W Los Angeles CA 90025, (213) 
820-3764.-

Circle 625 on inquiry card. 

Minifloppy with FORTRAN IV 

r:- --
j , .-dill 

.1 f""""-"I;!, , -'. ~ .. 

This Altair (S-100) bus compatible 
floppy disk kit allo ws you to run 
FORTRAN programs on an 8080 based 
system with at least 20 K bytes of 
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New 74 Megabyte Hard Disk 

Priced at $6000, the C-D74 disk drive 
provides a 35 millisecond average access 
time to any of 74 million bytes of 
inform atio n. With 12 tracks on a cy
linder, the device can access any of 
220,000 bytes in 5 ms. Single track 
seek time is 10 ms, and th e d isk's data 
transfer rate is 7.3 million bits per 
second. With its large storage capac ity 
and fast access time, the device is sa id 
to be adequate to store all the records 
of a medium size company. The C-D74 
uses "Winchester" technology in a 
nonremovable sea led chamber drive 
with a rotary arm posit io ner, and can 
run 24 hours a day without worry of 
disk wear. The C-D74 disk drive, cab le, 
interface for an OS I Challenger and 
OS-74 operating system software is 
$6000 FOB the shipper's plant, from 
Ohio Scientific Instruments, Hiram OH 
44234, (216) 569-7905.-

Circle 627 on inquiry card. 

progrkmmable memory. The kit includes 
a Shugart SA400 minifloppy disk drive, 
cables and cabinet, a floppy disk inter
face board kit, a disk operating system 
with file management, a text 'ed itor, 
and FORT//80, a FORTRAN IV system 
for the 8080 from Unified Technologies 
of Canada. The interface board can 
control two minifloppy drives and 
includes a bootstrap and diagnostic 
program in ROM . Also included are 8 bit 
parallel inpu t and output ports. The 
disk operating system (FDOS) manages 
named fi les and includes a "sysgen" 
program for custom tailoring of the 
operating system 10 routines. The 
FORTRAN system includes double 
precision arithmetic, in line machine 
code, FORTRAN control over inter
rupts, and direct interface of custom 10 
drivers to FORTRAN READ and 
WRITE statements. A 90 day warranty 
and a 2 yea r software and documen
tation upd ate service are provided. The 

Million Byte Floppy Disk System 

This floppy disk system comprises 
four drives in a "dual dual" configur
ation, a controller, power supply and 
chassis, enc losure, cab ling, and a new 
BASIC software package : The Meta
Floppy 1054 Mod II will plug into any 
8080 or Z-80 based computer using th e 
Altair (S-100) bus and features an all 
steel head positioner system, electronics 
capable of reading disks whose signa l 
strength is weak, fi le protect circuitry 
and a disk insertion in terlock, and 
li ghted numerals to show the logical 
address of each drive . Track to track 
access time is about 30 ms, and the . 
data transfer rate is 250,000 bytes pe r 
second. The BASIC language system 
supports lin e printer spoo lin g and 
chaining af program segments. The 1054 
is $3220 in si ngle quantities, from Micro
polis Corp, 7959 Deering Av, Canoga 
Park CA 91304, (213) 703-" 21.-

Circle 633 on inquiry card . 

AC Capstan Motor for 
Cassette Transport 

The Phi-Deck cassette tape transport 
is now available with a fi xe d speed AC 
capstan motor. Features of the new 
model include four motor contro l, 
remote control capabi lities, fast start 
and stop, less than 30 seconds rewi nd 
time, and speeds from 1 to 10 inches 
per seco nd. TTL compatible control 
boards are avai lable for th e transport, 
as are options such as beginning and end 
of tape sensing, cassette in place sensing, 
etc. The -transport is $ 1 49 in sing le 
quantities and less than $ 100 in q uan
tities of 500, from Triple I Inc, POB 
18209, Oklahoma City OK 73118, 
(405) 521-9000.-

Circle 634 on inquiry card. 

package costs $ 1 095 as a kit, or $ 1 220 
assembled and tested. A second mini
floppy drive is available as a kit for 
$449, or $495 asse mbled and tested, 
from Realistic Controls Corporation, 
3530 Warrensville Center Rd, Cleveland 
OH 44122, (216) 751-3158.-

Circle 626 on inquiry card. 



Circle 8 on inquiry card. 

All Prime Quality - New Parts Only 
Lowest Prices Satisfaction Guaranteed 

EDGE CARD CONNECTORS: 

Bifurcated Contacts. Not tin . Gold over nickel. 50/100 Pin (.1 00, 
1.25, + .156 Pin spacing). Double Read out. 

50/1 00 Altair Type - Dip Solder Pins 
50/100 I msai Type - Dip Solder Pins 
50/100 Imsai Type with Guides 

Imsai Guides only 

$4.25 ea 5 pes $4.00 ea 
$4.25 ea 5 pcs $4.00 ea 
$4.50 ea 5 pcs $4.25 ea 
$ .30/pr 5 pr $ .25/pr 

All other contacts available : Solder Eyelet, Wire Wrap, etc. All gold. 
Many other types available : 10/20, 15/30, 18/36, etc. 

When ordering: specify type of contact. 

2708 1 KX8 PROM 450 NS 
$16 .75ea 

5 pes or more $15 .70 ea 

8080A - PRIME 
$12.00 ea 

5pcs$11.50ea 

25 PIN SUBMINIATURE CONNECTORS: 

Gold Plated Contacts. 

DB25P Plug 
DB25S Socket 
D851212-1 Hood (grey) 
DB51226-1A Hood (black) 

SAVE: 
Buy a complete set: 

$2.60 ea 5 pcs 
$3.75ea 5pcs 
$1 .00 ea 5 pcs 
$1 .10 e@. 5 pcs 

1 Plug, 1 Socket, 1 Hood (any) $6.50/set 
5 Sets $6.25/set 

$2.25 ea 
$3.50 ea 
$ .95 ea 
$1.00 ea 

Write for larger quantity discounts. 

Dealers welcome. 

Minimum order $10.00: Add $1.00 for shipping and handling. 
Orders over $25.00: We pay the shipping: Calif residents add 6% tax. 
No COD's: For immediate shipment send, money order or cashier's check. 

When ordering: 
State method of shipment: 

Mail or UPS. 

ORDER FROM: Beckian Enterprises 
P.o. Box 3089 Simi, Calif. 93063 

4K RAM BOARD 
Assembled and tested. $89.95 

See kit below. 

4K RAM BOARD KIT 
450ns Access RAMs 
Fully Buffered 
Low Power 
Static 
5Vonly 
4'h x 6 inch board 

$79.95 

Buy 4 RAM Board kits at 
$79.95 each and an 8 slot 
Mother Board is yours 

Includes 8 connectors and card gu ides. FREE. 

MOTHER BOARD 
8 SLOT 44 PIN BUS 

50 Pin Edge Connector 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card gu ides for above $10.00 per set. 

Circle 7 on inquiry card. 

KIM INTERFACE 

Board plugs into Kim expansion connector 
Connector for our Mother Board . 
Full memory decoding 
Write protect for (4) 4K b-ytes 
Address and data Bus buffers 

2102 - $1.20 Multiples of 25 only. 
Low power, 450 n.s. Access and cycle. 

8K EPROM BOARD 
5 Volt only For our bus 

MAKE CHECK OR MONEY ORDER PAYABLE TO: 

Kathryn Atwood Enterprises 
P.o. Box 5203, Orange, CA 92667 

Di scounts available at OEM quantities. For orders less than 
$25.00 total, add $1.25 for shipping. California residents 
add 6% sa les tax. Esti mated shipping time 2 days ARO with 
money order. For checks allows 7 days for check to clear . 
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MEMORY 

CompuTime Offers Clock, Calendar and 
Calculator on One Board 

Memory Board for EXORciser 
and MEK6800 

188 BYTE February 1978 

Semibuild This Semikit 

A se mikit is a fully assemb led and 
wave soldered printed circuit board with 
pretested integrated c ircuits , which the 
user need only test and burn in on his 
or her own computer. It is designed to 
eliminate common kit bu ildin g problems 
such as bad solder joints, heat damaged 
components and faulty integrated cir
cuits. Documentation is included with 
the semikit for the test and burn in pro
cedures. The first sem iki t is the 16KRA 
memory board, which inc ludes 16K 
bytes of programmable memory in 4 K 
independently add ressable blocks, with 
an invisible refresh and a worst case 
access time of 400 ns . The 16KRA is 
$369 ,in semikit form and $399 tested 
and burned in, from Processor T ech
nology Corp, 6200 Hollis St, Emeryville 
CA 98608, (415) 652-8080.-

Circle 628 on inqu iry ca rd. 

CompuTime has anno unced an Altair 
(S :100) bus co mpat ibl e PC board which 
combines a real time clock, calendar and 
40 function scientific ca lcul ato r in one 
package. 

Applications for the clock and 
calendar include stamping output listings 
with time and date, plus alarm and 
timing operations which can be imple
mented by means of two coincidence 
counters provided on the board. If 
power is shut down, a battery backup 
system is provided . 

The 40 fun ction calculator ena bles 
the co mputer to handle floating point, 
trigonometric and algebraic problems as 
well as basi c math f un ctions. 

The pack age is available in three con
figurations: time , date and ca lculator, kit 
price $199; time and date only, kit price 
$165; and calculator only, kit price 
$ 149. The boards are also available 
assembled and tested. Contact Compu
Time , POB 417, Huntington Beach CA 
92648, (714) 638-2094.-

Circle 631 on inqui ry card. 

An 8 K static memory board now 
available is pin and signal compatible 
with the bus used in the Motorola 
EXORciser, Micromodules, and the 
MEK6800D1 and MEK6800D2 Evalua
tion Kits. The 9626 board features full 
16 bit address decod ing and buffe red 
address , data and co ntrol lines. The 
9626 is $350 in single quantities and 
$210 in lots of 100 from Creative 
Micro Systems, 6773 Westminster Av, 
Westminster CA 92683, (714) 892-
2859.-

Circle 6 29 on inquiry card. 

Add-on Memory for LSI -" 
and PDP-" /03 

A new high density memory card for 
the LSI- 11 and PDP-11/03 is ava ilabl e 
from Fabri-tek In c, 5901 S County Rd 
18, Minneapolis MN 55436, (612) 
935-8811. The LS-IN-11 provides 8, 
16,24 or 32 K bytes of memory on a 
single card with a 2 slot connector, 
us ing 8 K o r 16K dynamic MOS 
n-channel memory chips. A typical 
low quantity price for the 16K versio n 
of the card is $ 1 085 with a 12 month 
warranty.-

Circle 632 on inquiry card. 

A ttenti on Readers and 
Vendors . .. 

Where Do New Product Items 
Come From? 

Th e information printed in the 
new products pages of BYTE is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. I f in 
our judgment the neat new whiz
bang gizmo or save the world 
software package is of interest 
to the personal computing experi
lJ1enters and homebre wers who 
read BYTE, we print the informa
tion in some form. We openly 
solicit such in formation from 
manufacturers and supp liers to 
this marketp lace. Th e information 
is printed more or less as a f irst in 
first out queue, subject to oc
casional priority modifications. 



LOW PROFILE IC SOCKETS 
14PIN · $.18 22PIN ·· $.33 

AUGAT WIRE WRAP SOCKETS 
16 PIN . Cold Plated 

TRIMMER CAP 
2·20 PF . CER. 4/$1 

Mil . Quality 

P. C. MOUNT VOLUME CONTROL 
Nylon Shaft. 1 K or lOOK . 

1(, PIN · $.20 28 PIN · $.48 $.49 ea . 10 FOR $3 .95 YOUR CHOICE 4/$1 
18 PIN · $.25 LIMITED STOCK 

16,K E-PROM CARD $69.95 (KIT) 
S-I 00 (I MSAI / ALTAIR) BUSS COMPATIBLE IMAGINE HAVING 16K 

OF SOFfW ARE ON LINE AT ALL TIME! 

KIT FEATURES: 
I. Double sided PC Board with solder mask and silk screen and 

Gold plated contact ,fingers. 
2. Selectable wait states, 
3. All address lines and data lines buffered! 
4. All sockets included , 
5. On card regulators. 

WOW\ DEALER INQUIRES INVITED . 
KIT INCLUDES ALL PARTS AND SOCKETS! (EXCEPT 2708's) 

ADD 525 FOR 
SPECIAL OFFER: Our 2708's (450 NS) are $12.95 when purchased wi th above kit. ASSEMBL D AND TESTED 

FULLY STATIC! $149.00 KIT 
8K LOW POWER RAM KIT! 

KIT FEATURES: 
I . Double s ided PC Board with solder mask and silk screen layout. USES 

21L02·1 
RAM'S. 

Gold plated contact fingers. 
2. All sockets included! S-IOO(IMSAljALTAIR) 
3. Fully buffered on all address and data lines . BUSS COMP A TIBLE 
4. Phantom is jumper selectable to pin 67. 
5. FOUR 7805 regulators are provided on card. 

PRICE WAR! 
For a limited time only: 

Buy two 8K Kits for $129 ea. 

Fully assembled and tested. 
With schematic. 4, 8 or 16 
OHMS. 

$3.95 NEW! 

MOTOROLA 7805R 
VOLTAGE REGULATOR 

Same as standard 7805 except 750 MA 
OUTPUT. TO·220. 5VDC OUTPUT. 
S .44 each 10 FOR $3.95 

Fully Assembled and Burned In -
Blank PC Board With Documentation 

Low Profile Socket Set -
Support IC's (TTL and Regulators) -
Bypass CAP's (Disc and Tantalums) -

$179.00 
29.95 
13.50 
9,75 
4.50 

JUMBO RED LED'S 

New by G,B, Like MV5024 
#SSL-22 

RCA HOUSE #2N3772 
NPN Power Transistor. 30 AMP. 
ISO W. VCEO-60. TO-3 , Vastly out 
performs 2N3055. Reg, List $3.04 

6 FOR 51 25 FOR 53.75 2 FOR SI 

~£~\ 4K STATIC RAM'S NJi;W! 
2114. The industry standard. 18 PIN DIP. Arranged as IK X 4. Equivalent to 
FOUR 21L02's in ONE package ! TWO chips give IK X 8, with data. 

2 FOR 524 450 N.S.! 8 FOR $85 

450 NS! 2708 EPROMS 450 NS! 

Now Full Speed! Prime new units from a major U.S. Mfg. 450 N.S, Access 
time, lK x 8, Equiv. to 41702 A's in one package! 

$15.75 ea. Special Offer: 512.95 ea. when purchased with our 
16K EPROM Kit. 

Z - 80 PROGRAMMING MANUAL .. PRICE WAR! * 
By MOSTEK , the major Z - 80 second source. The most detailed explanation 
ever on the workings of the Z - 80 CPU CHIPS. At least one full page on each 
of the 158 Z - 80 instructions . A MUST reference manual for any user of the 
Z - 80.300 pages. Just off the press! A D.R.C. exclusive! $12.95 

21L02-1 LOW POWER RAM! Prime. 
500 N.S. FAST! 8 FOR S9.95 

8 POSITlON DIP SWITCH 
By CTS. Fits 16 Pin Socket. S1:95 

TERMS: ORDERS UNDER $15 ADD S .75. NO C.O.D. WE ACCEPT VISA, MASTER CHARGE AND AMERICAN 

EXPRESS CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5% SALES TAX. 

Digital Research Corporation 
P. O. BOX 401247· GARLAND, TEXAS 75040. (214) 2?1 -2461 

CALL FOR OUR CATALOG! 

WE PAY POSTAGE! 
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SYSTEMS 

6800 Based System for OEMs 

Designed especial ly for orig in al 
equipment manufacturers, the MBC. 
Microcomputer System comes complete 
with a keyboard and 6 d igit hexadecimal 
display, a syste m monitor, genera l pur
pose board, four slo t motherboard and 
flex ible mounting system. Th e mounting 
frame, which will accept three peripheral 
boards, is provided with brackets to 
allow for front, back, side or 19 inch 
rack panel mounting. The main com
puter board has room for up to 768 
bytes of programmable memory, 2.5 K 
bytes of read only memory, and a cur
rent loop, RS232 and cassette interface. 
The M68-MBC is $695 from Electronic 
Product Associates In c, 1157 Vega St, 
San Diego CA 92110, (714) 276 -89 11 .-

Circle 641 on inqUIry card. 

I ntegrated Package Based on LSI-11 

The LS I based system includes a large 
backplane, dual drive floppy disk and 
and power supply all in one package. 
The SS-11 / 15 is ava ilable in a single 
10.5 inch rack or a tabletop mount
ing enclosure, and includes a 15 quad 
slot backplane, console interface and 
switch registe r, diagnostic and boot
strap ROM bus term inator, and dis
tributed refresh contro ll er. The system 
is compatib le with Digital Equipment 
Corp software such as th e RT-ll and 
RSX-11/S operating systems and multi
user BASIC, FORTRAN, and MACRO-
11 . The SS-11/15 is backed by a one 
yea r warranty and .is delivered with all 
unused card slots occupied by bus 
grant continuity boards to simp lify 
testing of custom inter'faces, from 
Unicomp Inc , 8950 Westpark, Suite 
312, Hou ston TX n063, (713) 782 -
1750. -

Circle 640 on inquiry card. 
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A New Single Board 
1-80 Computer 

Monolithic -Systems Corporation has 
introduced the SBC-80 Multibu s com
patible computer featuring 8 K bytes of 
stat ic programmable memory and 8 K 
of erasab le programmable read only 
memory sockets with serial and parallel 
10 ports. Designated the MSC 8001, 
the single board computer uses the Z-80 
processo r and has up to 4 M Hz clock 
speed . I t is electrica ll y and mechanica ll y 
compatib le with the SBC 80 systems, 
operating as a maste r module in th e 
Multibus scheme. 

The two parallel fo ports cons ist of 
parall el peripheral interface circu its 
with buffers and terminators to protect 
all internal MOS circu itry. A total of 48' 
lin es are ava il able. They can be con
figured for either positive or nega ti ve 
logic signals. 

The seria l 10 port of the MSC 8001 
supports RS232C, TTL or current loop 
compatibl e seria l 10 dev ices with pro 
gra mmable data transfer rate. Asyn 
chronous and synchronous data formats 
can be programmed. Th e 'curre nt loop 
interface is optica ll y isolated to protect 
the MSC 8001 from transients or gro und 
loops caused by peripheral eq uipm ent. 

Real t ime process ing is provid ed with 
the 8253 interval timer. The timer con
tains three 16 bit counters which operate 
independentl y. One is dedicated to the 
seria l 10 port and the oth er two are 
avai lab le for general use. Th e unit pro
vides eight levels of fully vectored 
priority interrupts. The memory is 
avai lable with either 4 K or 8 K of stan
dard 18 pin, 4 K x 1 stat ic program
mable memory . 

The MSC 8001 single board com
puter is $845 , including all interface 
elements and 8 K bytes of programmable 
memory. 

Contact Dick Lorimor, Monolithic 
Systems Corporation , '14 In ve rness Dr E, 
Englewood CO 80110, (303) no-7400.-

Circle 637 on inquiry card. 

LSI-ll Based Floppy Disk System 

This dual drive floppy disk system 
is avai labl e with or without an integra l 
LSI-11 processor and is said to be 
id entical in funct ion to t he PDP-11 V0 3. 
The Micro-Flop 11 uses th e Shugart 
SA800 disk drive with the SA850 
double sided disk availab le as an option. 
The disk controller features a dedica ted 
8080 microprocessor which implements 
a disk se lf-test feature independently 
of the LS 1-11 . A front pane l console, 
10.5 inch (26.7 cm) enclosure, and the 
Digital Equip ment Corporat ion H9270 
backplane are in cluded. The Micro-Flop 
11 is $3,350 without the LSI-ll and 
$4 ,290 with the LSI-ll included, from 
Charles River Data Systems, 235 Bear 
Hill Rd, Waltham MA 02154, (617) 
890-1700.-

Circle 638 on inquiry card. 

Commodore S hips First PET Computers 

The PET computer made its debut 
recently as the first 100 units were 
sh ipped to - waiting customers in mid 
October 1977. Here Commodore 
Systems Division Director Chuck Ped dl e 
is pictured with the PETs undergoing 
final checkout. Shipments were made 
about six weeks later than expec ted , 
according to Peddle . Th e delay was due 
in part to time consuming quality con
trol measures and th e material flow 
problem in starting up the production 
lines. " In this business," Pedd le argued, 
"s ix weeks is actually pretty good." 
Many of th e f irst units were delivered to 
customers who intend to develop soft
ware for the PET. Commodore plans to 
create a publishing hou se for programs 
developed by users as well as employees. 
The comp any plans to increase pro
duction of the PET computers to several 
thousand pe r month by early 197 8. The 
basic PET with 4 K memory is pr iced at 
$595, whi le the 8 K memory version is 
$795, from Commodore Business 
Machines In c, 901 Cali fornia Av, Palo 
Alto CA 94304, (415) 326-4000.-

Circle 639 on inquiry card. 



Bobby Colftputer Kits ••• 
1 MODEM Part no. 109 
Type 103 
Full of half duplex 
Works up to 300 baud 
Originate or Answer 
No coils, only low cost components 
TTL input and output 
Connect B ohm speaker and crystal mic. directly to board 
Uses XR FSK demodulator 
Requires +5 volts 
Board only $7.60, with parts $27.50 

2 RS-232/TTL INTERFACE Part no. 232 
Converts TTL to RS-232, and con~erts RS-232 to TTL 
Two separate circuits 
Requires + 12 and -12 volts 
All connections go to a 10 pin gold plated edge connector 
Board only $4.50, with parts $7.00 

3 TAPE INTERFACE Part no. 111 
Play and record Kansas City Standar-p tapes 
Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 
Digital in and out are TTL 
Output of board connects to mic. input of recorder 
Earphone of recorder connects to input on board 
Requires +5 volts, low power drain 
No coils 
Board only $7.60, with parts $27.50 

4 TELEVISION TYPEWRITER Part no. 106 
Stand alone TVT 
32 char/line, 16 lines, modifications for 64 char/line included 
Parallel ASCII (TTL) input 
Video output 
1 K on board memory 
Output for computer controlled curser 
Auto scroll 
Non destructive curser 
Curser inputs: up, down, left, right, home, EOL, EOS 
Scroll up, down 
Requires +5 volts at 1.5 amps, and -12 volts at 30mA 
Board only $39.00. with parts $145.00 

Circle 47 on inquiry card. 

• 

5 UART and BAUD RATE GENERATOR Part no. 101 
Converts serial to parallel and parallel to serial 
Low cost on board baud rate generator 
Baud rates: 110, 150,300, 600, 1200, and 2400 
Low power drain +5 volts and -12 volts required 
TTL compatible 
All characters contain a start bit, 5 to B data bits, 1 or 2 stop 

bits and either odd or even parity 
All connections go to a 44 pin gold plated edge connector 
Board only $12.00, with parts $35.00 . 

6 RF MODULATOR Part no. 107 
Converts video to AM modulated RF, Channels 2 or 3 
Power required is 12 volts AC C. T., or +5 volts DC 
Board only $4.50. with parts $13.50 

4K/8K STATIC RAM Part no. 300 
BK Altair bus memory 
Uses 2102 Static memory chips 
2·4K Blocks 
Blocks can be addressed to any of 16 4K sections 
Vector input option 
TRI state buffered 
Board only $22.50. with parts $160.00 

TlDMA Part no. 11 L 
Tape Interface Direqt Memory Access 
Record and play programs without bootstrap loader (no prom) 
Has FSK encoder/decoder for direct connections to low cost 

recoder at 625 baud rate, and direct connections for inputs 
and outputs to a digital recorder at any baud rate 

S-100 buss compatible 
Comes assembled and tested for $160.00 

APPLE 1 MOTHER BOARD Part no. 102 
10 slots -44 pin (.156) connectors spaced % inch apart 
Connects to edge connector of computer 
Pin 20 and 22 connects to X & Z for power and ground 
Board has provisions for by-pass capacitors 

. Board costs $15.00 

7 D. C. POWER SUPPLY Part no. 6085 
Board supplies a regulated +5 volts at 3 amps., +12, -12, and-5 

volts at 1 amp 
Board has filters, rectifiers, and regulators 

'Power required is B volts AC at 3 amps., and 24 volts AC C. T. 
at 1.5 amps 

Board only $12.50 

TO ORDER 

Mention part number and description. For parts kits add "A" to 
part number . Shipping paid for orders accompanied by check, 
money order, or Master Charge , BankAmericard , or VISA 
number and signature. Shipping charges added to C.O .D . orders, 
Calif. res. add 6.5% for tax. Parts kits include sockets for all ICs, 
components, and circuit board. Documentation is included with 
all products. Dealer inquiries invited. 

ELECTRONIC SYSTEMS 
P.o. Box 212, Burlingame, CA 94010 
(408) 374-5984 
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SYSTEMS etc 

Low Cost 16 Bit Microprocessor 
Development System 

Th is low cost developmen t system 
(LCDS) lets - the user gain experience 
with and develop programs for the 16 bit 
PACE microprocessor for a basic cost of 
only $585 . Fully assembled on a printed 
circuit card, the LCDS includes the 
microprocessor, 1 K 16 bit words of pro
grammable memory, sockets for 1 K 
words of programmable read only 
memory, a 20 key dual function key
board, a six digit light emitting di.ode dis-

COSMAC Based Kit Aimed at Hobbyist 
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play, a timer, input output buffers and 
bidirectional transceivers_ On board 
ROM contains a system monitor for the 
keyboard, display ; and control of input 
output subroutines_ Both a 20 mA cur
rent loop interface and an RS232 port 
are provided . Three prewired, 72 pin 
sockets allow for additional memory or 
for expansion of the LCDS interface bus. 
Expansion boards may be plugged di
rectly into these sockets, or a prewired 
cable assembly can be used to connect 
the unit to an expansion chassis. Maxi
mum system memory is 60 K words. The 
LCDS microprocessor can be isolated 
from the system bus, allowing an exter
nal PACE to use LCDS memory and 
peripherals_ This feature makes it easier 
to check out prototyping hardware as it 
is developed_ Documentation includes an 
80 page Microprocessor System Design 
Manual, a 96 page LCDS User's Manual, 
a 112 page Assembly Language Program
mer's Manual, data sheets and schematic 
drawings. The unit requires a 5 Y power 
supply delivering 2.8 A plus additional 
current for any memory expansion 
cards, and a 12 Y supply for the RS232 
interface_ The LCDS is priced at $585; 
expansion options include the IPC-16C/ 
011 card including 1 K words of pro
grammable memory for $170, the IPC-
16C/012B card providing sockets for 2 K 
words of read only memory for $139, 
and the IPC-16P/802 expansion cable 
assembly for $145, from National Semi
conductor Corp, 2900 Semiconductor 
Dr, Santa Clara CA 95051, (408) 
737-5000_-

Circle 642 on inquiry card. 

. This low cost hobby computer kit 
features video display and audio cassette 
recorder 10 as well as a low level inter
pretive programming language especially 
designed for the creation of compact 
games and graphics . The COSMAC YIP 
is based on the CDP1802 microprocessor 
and uses the CDP1861 video chip to con
trol the video display. The YIP is built 
on a single 8.5 by 11 inch printed circuit 
card and provides 2 K bytes of program
mable memory using 4 K bit static 
memory chips, and 512 bytes of read 
only memory containing a monitor 
prog~am which permits the user to 
examine and al ter memory, save and 
load programs on cassette tape, and 
examine the processor registers. The 
cassette interface operates at 100 byte's 
per second using any reasonably good 
audio cassette recorder. The CH I P-8 
programming language simplifies the 
task of programming video games in 
hexadecimal code. CHIP-8 has 31 
instructions in a 2 byte format for 
functions such as displaying a pattern 
on the video display, generating a 

Correct(on 

On page 208 of the December 1977 
BYTE we gave the incorrect address for 
ordering Hewlett-Packard's HP-01 wrist
watch calculator. The unit is presently 
being marketed only through jewelry 
stores. To .obtain the name of the store 
nearest you, call toll free (800) 
648-7111; in Nevada, call 329-2700. Our 
thanks to HP's Mik~ Rosenthal for this 
information .• 

For Z-80 Users 

The Z,80-PDS program development 
system includes a floppy disk drive with 
up to 300 K bytes of online storage , 3 K 
bytes of read only memory and 16 K 
bytes of programmable m~mory , and 
serial 10 with RS232 or strappable 
current loop interface . Software for the 
system includes a disk resident oper
ating system, editor, assemble r, debugger 
and file handling utilities . The Z80-PDS 
can be used with any standard CRT or 
hard copy terminal at data rates from 
110 to 19,200 bps. The system may 
also connect directly to a soon to be 
available optional keyboard and video 
monitor by means of the Z80-Y DB 
video display hoard . Other optional 
modu les are the Z80-PP B program mer 
board, Z80-IOB input output board, 
and the Z80-SI B serial 10 board. The 
card enclosure measures 15 by 10 by 
4 inches and weighs only 5 pounds, 
while the disk unit, 16 by 4 _75 by 9 
inches, weighs 10 pou nds. The program 
development system is priced at $2850 
in single quantities 'from Zilog, 10460 
Bubb Rd, Cupertino CA 95014 , (408) 
446-4666.-

Circle 643 on inquiry car~ . 

random number, sounding a tone , etc, 
and provides 16 one byte variables 
and subroutine nesting capability. Mem
ory expansion to 4 K bytes and parallel 
10 expansion to 19 I ines can be ach ieved 
by inserting additional integrated cir
cuits on the printed circuit board, and 
additional memory and peripherals can 
be added through the 44 pin memory 
and input output expansion connector 
sockets on the board. The YIP user's 
manual, said to be written by a hobbyist 
for hobbyists, contains detailed informa
tion on kit assembly, operating proce
dures, CHIP-8 programming techniques, 
test programs and trouble shooting 
hints, and system expansion instruc
tions. The manual also includes program 
listings for 20 video .games which can be 
immediately entered and p.layed by the 
user without having to learn . program
ming. 

Priced at $275 , the COSMAC YIP 
is available from RCA Solid State Divi
sion, POB 3200, Somerville NJ 08876, 
(201) 685 -6423 .• 

Circle 644 on inquiry card. 



74L$OO TTL 
74LSOO S .21 74LS93 .52 
74LS02 .21 74LS1 09 .36 
74LS04 .24 74LS112 .36 
-74LS08 S .21 74LS113 .36 
74LSI0 .21 74LS114 .36 
74LS1 4 .85 74LS125.46 
74LS20 .23 74 LS126 .46 
74LS21 .23 74LS132 .75 
74LS22 .23 74LS138 .70 
74L530 .23 74LS139 .70 
74LS32 .30 74L$151 .65 
74LS37 .31 74LS153 .66 
74LS38 .31 74LSI 54 1.00 
74LS42 .60 74LS157 S.62 
74LS47 .75 74LS160 .82 
74LS48 .72 74 LS161 .82 
74LS73 .35 74LS162 .82 
74LS74 .35 74LS163 .82 
741:$75 .53 74LSl64 .98 
74LS76 .37 74LS1 74 .75 

74LS192 .90 
74LS196 .80 
74LS197 .80 

. 74LS221 1.06 
74LS257 .71 
74LS258 .70 
74LS266 .26 
74LS283 .72 
74L$365 .55 
74LS366 .55 
74LS367 .55 
74LS368 .55 
74LS386 .39 
81LS95 .77 
B1 LS96 .77 
81LS97 .77 
81LS98 .77 

SUPPORT DEVICES 

~:t:~~;~ ;:t~i ;g;~ 6820 5.00 
74LS92 .52 74L$i 9 1 .90 6850 5.00 
~----..;....;.::.:..::.:.:..-=~ 8212 3.45 

KITS 

WAMECO 
5-100 P.C . Boards 
8K RAM 
Z-80 CPU 
12-Slot Mother 

Board 
ITHACA AUDIO 
5-100 P. C. Boards 
8K RAM 
Z-80 CPU 
SOLID STATE MUSIC 

28.00 
2B.00 

5-100 Kits & Bare Boards 
MB-3 2K/4K EPROM 

Uses 1702A EPROMS 
Kit w/o EPROMS 59.95 

MB-4 4K STATIC RAM 
Kit 95.00 
Bare Board 25.95 

M B6A 8K STATIC RAM 
Kit $179.95 
Bare Board 25.95 

MB7 16K STATIC RAM- . 
Kit 435.00 
Bare Board 25.95 

MB8 8K/16K EPROM 
Uses 2708's 
Kit Less EPROMs 75.95 

8214 9 .50 
8216 3.75 
8224 3.75' 
8228 6.50 
8226 3 .85 
8238 7 .95 

LM 301H .35 
LM 301AH .38 
LM 301AM .30 
LM 304H 1.00 
LM 305H $ .60 
LM 307M .30 
LM 308H 1.00 
LM 308AH .95 
LM 308N 1.00 
LM 311M .90 
LM 311N .85 
LM 311H .90 
LM 312H 1.25 
LM 317H 3.45 
LM 317K 3.70 
LM 318M 1.15 
LM 319H 1.25 

MEMORY 

CMOS 
MEMORY 4001 

4002 
1702A 4 .75 4006 
2708 13.50 4007 

2716 32.95 
4008 
4009 

21L02450ns 1.25 4010 

21L02250ns 1.60 4011 

1101 .75 
4012 
4013 
4014 

MICROPROCESSOR 4015 

$11.95 
4016 
4017 

24.95 4018 

34.95 4019 
4020 

. 16.50 4021 
4022 

2708 Special 

Buy 10 
get 1 free 

LM 358M .99 LM 309H 
LM 379M 3.99 LM 309K 
LM 380M .99 
LM 380N .75 LM 320H-5 
LM 381N 1.79 LM 320H-6 
LM 386N .99 320H-8 LM 3B7N .69 
LM 3900N .40 320H-12 
LM 555M .39 320H-15 
LM 556N .88 
LM 567M 1.25 320H-18 
LM 723N .49 320H-24 ' 
LM 741H $ .35 320K-5 

7.00 .11 
7401 .13 
7402 .13 
7403 . 13 
740. .15 
7405 . 13 
7.06 .16 
7407 :23 
7.OS .17 
7409 .17 
74 10 .13 
74 11 .Ie 
74 12 . 13 
74 13 .25 
74 14 .61 
7416 .2. 
7417 .22 
7420 .13 
7423 .25 
7425 .25 
7426 .22 
7427 .17 
7430 .13 
7432 .23 
7437 .21 
7438 .2 1 
7439 .25 
7440 .13 

4023 
4024 

.16 4025 

.1 6 4028 

.99 4030 

. 16 4035 

.79 4040 

.37 4049 

.37 4050 

.16 4051 

.16 4052 

.29 4053 

.74 4066 

.74 4071 

.29 4081 

.79 4082 

.79 4507 

.23 4510 

.84 

.89 

.89 

LM320K-18 
LM 320K-24 
LM320T-5 

1.10 LM 320T-12 
.99 LM 320T-15 

1.19 LM 340K-5 
1.19 LM 340K-8 
1.19 LM 340K-12 
1.19 LM340K-15 
1.19 LM340K-18 
1.19 LM340K-24 
1.19 LM 340T-5 
1.35 LM 340T-8 

74 100 
74107 
74109 

7441 .70 74 121 
7442 .37 74122 
7443 .59 74 123 
7444 .59 74132 
7445 .65 74141 
7446 .62 74145 
7447 .59 74150 
7448 .60 74151 
7450 .13 74153 
7451 .13 74 154 
7453 .13 74157 
7454 .13 74161 
7460 .1. 7 4163 
7470 .26 74164 
7472 .21 74 165 
7473 .21 7 4170 
7474 .27 74173 
7475 AS 74175 
7476 .2. 74175 
7 4 79 5.00 74176 
7<1S0 .31 74177 
7<1S1 .95 74180 
7482 .50 74181 
7<1S3 .62 74190 
7485 .7S 74191 
7<1S6 ,26 74192 
7<1S9 1.75 74193 
7.90 .40 74 195 
7491 .5 1 7422 1 
7492 040 74251 
7493 .. 0 74365 
7494 .60 74366 
7495 .60 . 74367 
7.96 .60 74368 

SOLID STATE MUSIC 
MB9 STATIC PROM/RAM 

Kit Less Memory 72.00 
VB1A VIDEO INTERFACE 

Kit 129.95 
Bare Board 25.95 

102 PARRELL I/O 
And Kludge 
Kit 
Bare Board 

1042+2 I/O 
Kit 

SB-1 MUSIG 
SYNTHESIZER 
Kit with 
Software 

MT-1 
15-Slot Mother 
Board 39.95 

XB-I EXTENDER BOARD 
Bare Board B.99 

SSM BOBO MONITOR VI 
ON 2-2708 47.00 
ON 8-1702A 47.00 

LM 321H 2 .02 LM 741M .19 
LM 322H 2 .02 LM 747H .79 LM 320K-6 $1.75 LM 340T-12 

Charge My 

o M .C. o BAC (VISA) 

LM 324N .72 LM 747N 
LM 325H 2.25 LM 1458M 
LM 339N .99 LM 14558H 
LM 343H 2.99 LM 4250CH 

5716 W. Manchester Ave. 
Suite #q 
Los Angeles , CA 90045 

TELEPHONE ORDERS : 
Call (213) 641-4200 

Sig. _______________ _ 

Name ___________________ _ 

Address, _____________________________ _ 

City, ____________ State' _______ Zi p, _______ _ 

.79 LM 320K-8 

.59 LM 320K-12 .55 

.89 320K-15 

o Send your complete catalog, I 
qu ickly. I 
o Please send me the foll.owing 
items I have listed below: 
Stock No Qty Price ' 

Postage/Handling $1.50 

Satisfaction 100% Guaranteed 
California Residents Add 6% 
Sales Tax 

1.75 LM 940T-15 
1.35 LM 340T-18 
1.35 LM 340T-24 

NEW 
1978 

Ie MASTER 
• Over 40,000 

IC's listed . 
• Over 2,000 

pages. 
• Updated every 

90 days. 

Retail Value 

$55.00 
Your Price 



PUBLICATIONS 

" Guide Cross Indexes Personal Computing 
Magazines 

The January to June Periodical Guide 
for Computerists indexes 1080 articles 
from 23 hobby and professional com
puter publications. Articles, editorials, 
book reviews, and letters from readers 
which have relevance to the personal 
computing field are indexed by subject 
under 90 categories. The 32 page book is 
available postpaid for $3 from E Berg 
Publications, 1360 SW 199th Ct, Aloha 
OR 97005, (503) 649-7495, or from 
local computer stores.-

Circle 645 on inquiry card. 

Guide to Small Business Computers 

L lti.1.. !1l.Hi'. .'\t1.l1l),\ '''' \')l! 1)\,1\ 1:,\\ ~·"\!in.,;· hd~lf 
'Illt "'1I(1 )~ ' .• ,1, Ill! , ,'llli'lIh r, III "Ill l"-hlJ .... ~· •. 
• \ In\\ \" ,p.1 \..)\.Ij~!Jlt·\ 111 n~~ P,Wlllilf,11'I'IP<"J.'!11( 'n?" 
"\\ IMI ~·\. h1h ,If' Ii), h. H," '!! >, ~., OI\~.'" 11.1\\ dill t;\ 1 
.)l'l(lul gl 'ttH 1:4 ')1 ~ ~Ir \ ......... Udl ,/n"I.l!I"l'?' 

I ht .. i~1t ,}..1I1 ;' d. '~l:'.·1I'~1 ,.1 ~kJI With 1 h."··,, , 
11tt ..... lk'n~ 11\ hllll;.:.lll!-' :!w,,;,. h, -I., ... t.t"'\~d .. If "null 
bll""ne ... \ (·n'l'ilh4

j" flilt; i-I'll< J It'!, II" 

This free brochure, said to unravel 
the mysteries of small business com
puting systems, details a step-by -step 
approach to matching · computer' capa
bilities with business needs. Copies 
are availabie from Digital Equipment 
Corporation, Communications Services, 
Brochure EA 07430, '444 Whitney St, 
Northboro MA 01532, (617) 897-5111.-

Circle 646 on inquiry card. 
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Computerlogue Stardated Fall 1977 

This 22 page microcompute r cata log . 
includes products from a ll the major 
manufacturers. Separate prices a re given 
for cred it ca rd purchases and fo r cash 
purchases, which rece ive a discount. 
Computerlogue is available from Com 
puter Enterprises, POB 71, Fayettev ill e 
NY 13066, (315) 637-6208.-

Circ le 647 on inquiry ca rd . 

Signature Analysis: A New Applicat ions 
Note from Hewlett·Packard 

Signature analys is is a new technique 
, for debugging microcompqte r circuitry 

and other circuitry design ed around bus 
architecture. Data bit streams, which 
are common in this type of architecture, 
present special problems when fault 
analysis is required . Hewlett-Packard 
details some of the ne w techniques used 
in signature analys is in its free 50 page 
Applications Note 222, available from 
the Inquiries Manager, Hewlett-Packard 
Company, 1501 Page Mill Rd, Palo 
Alto CA 94304, (4 15 ) 493-1501._ 

Circle 648 on inquiry card. 

Bubble Memory Report 

This report analyzes the impact 
of bubble memory technology on end 
user products such as point of sale ter
minals and word processors, program
mable calculators and home computers 
and the implications for competitive 
memory systems such as cassettes and 
disks, charge coupled devi ces and MOS 
memory. A complete facilities plan for 
production of bubble me mori es is 
includ ed. Other reports such as " Small 
Business Systems I ndustry Report" 
and "Data and Word Processing Oppor
tunities in the Automation of Legal 
Work" are also available . The bubble 
memory report is $995 from Small 
Business Syste ms, 4320 Stevens Creek 
Blvd, Suite' 230, San Jose CA 95 129 
(408) 243-8121._ 

Circle 649 on inquiry card. 

Brochure Describes Analog Peripherals 

This 16 page brochure provides the 
specifications for the SineTrac 800 se ries 
of data acquisition cards for the Inte l 
MDS-800 and SBC·80/20/10 mi crocom
puters. Accept ing 32 or more analog 
channels, th e high speed Sin eTrac 800 
co mmunicates over the processor bus as 
an addressable 10 dev ice . The brochure 
is avai lab le from Datel Systems Inc , 
1020 Turnpike St, Canton MA 02021, 
(617) 828-8000.-

Circle 650 on inquiry card. 

At Last, a Microcomputer 
Troubleshooting Manual 

Wh at do you do when your 'newly 
assembled microcomputer kit doesn't 
work? Thousands of hobbyists un
doubtedly have been in this predica
ment , and most lea rn the art of trouble
shooting digita l circuits the hard way. 
This manual, written by a test e ngineer 
and technical writer, may provide a 
short cut. It offers general hints and 
specific procedures for finding and 
curing common problems arising with 
the components of microcomputer sys
tems. Separate sections treat genera l 
problem so lving approaches, trouble
shooting newly assembled equipment, 
and fi x ing a system which has wo rked 
properly prior to the latest failure. 
Typical problems with processor boards, 
memory boards and television interface 
boards are treate d in some detail. A 
glossary of terms and a list of recom
mended _component suppliers is In
c lu ded. $5 from Micro-Info Associates, 
POB 849, Castroville CA 95012.-

Circle 651 on inquiry card. 

Notes for Altair Computer Users 

Computer Notes is a monthly publi
cation for owners of Altair computers, 
providing tutorial articles, hints and 
projec t id eas. Th e September 1977 issue 
includes articles on bu il ding your own 
video disp lay and on robot mechanics. 
Computer Notes is free to Altair com
puter owners; 50 ce nts per issue or $5 
per year from MITS Inc, 2450 Alamo 
SE, Albuquerque NM 87 106.-

Circle 652 on inquiry card. 



DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEOS, etc. 
lN914 100v 10mA .05 8-pin pcb .25 ww .45 2N2222 NPN (Plastic .10) .15 
lN4005 600v lA .08 14-pin pcb .25 ww .40 2N2907 PNP .15 
lN4007 1000v lA .15 16-pin pcb .25 ww .40 2N3906 PNP .10 
lN4148 75v 10mA .05 18-pin pcb .25 ww .75 2N3054 NPN .35 
lN753A 6.2v z .25 22-pin pcb .45 ww 1.25 2N3055 NPN 15A 60v .50 
lN758A 10v z .25 24-pin pcb .35 ww 1.10 T1P125 PNP Darlington .35 
lN759A 12v z .25 28-pin pcb .35 ww 1.45 LED Green, Red, Clear .15 
lN4733 5.1v z .25 40-pin pcb .50 ww 1.25 D.L.747 7 seg 5/8" high com-anode 1.95 
lN5243 13v z .25 Molex pins .01 To-3 Sockets .45 XAN72 7 seg com-anode 1.50 
lN5244B 14v z .25 

2 Amp Bridge 100-prv 1.20 
FND 359 Red 7 seg com-cathode 1.25 

lN5245B 15v z .25 
25 Amp Bridge 200-prv 1.95 

CMOS - T T L -
4000 .15 7400 .15 7473 .25 74176 1.25 74H72 .55 74S133 .45 
4001 .20 7401 .15 7474 .35 74180 .85 74Hl0l .75 74S140 .75 
4002 .20 7402 .20 7475 .35 74181 2.25 74Hl03 .75 74S151 .35 
4004 3.95 7403 .20 7476 .30 74182 .95 74Hl06 .95 74S153 .35 
4006 1.20 7404 .15 7480 .55 74190 1.75 745157 .80 
4007 .35 7405 .25 7481 .75 74191 1.35 74LOO .35 745158 .35 
4008 .95 7406 .35 7483 .95 74192 1.65 74L02 .35 74S194 1.05 
4009 .30 7407 .55 7485 .95 74193 .85 74L03 .30 745257 (8123) .25 
4010 .45 7408 .25 7486 .30 74194 1.25 74L04 .35 
4011 .20 7409 .15 7489 1.35 74195 .95 74Ll0 .35 74L500 .35 
4012 .20 7410 .10 7490 .55 74196 1.25 74L20 .35 74LSOl .35 
4013 .40 7411 .25 7491 .95 74197 1.25 74L30 .45 74LS02 .35 
4014 1.10 7412 .30 7492 .95 74198 2.35 74L47 1.95 74 LS04 .35 
4015 .95 7413 .45 7493 .40 74221 1.00 74L51 .45 74L505 .45 
4016 .35 7414 1.10 7494 1.25 74367 .85 74L55 .65 7i1L508 .35 
4017 1.10 7416 .25 7495 .60 74L72 .45 74L509 .35 
4018 1.10 7417 .40 7496 .80 75108A .35 74L73 .40 74L510 \ .35 
4019 .60 7420 .15 74100 1.85 75110 .35 74L74 .45 74L511 .35 
4020 .85 7426 .30 74107 .35 75491 .50 74L75 .55 74L520 .35 
4021 1.35 7427 .45 74121 .35 75492 .50 74L93 .55 74L521 .25 
4022 .95 7430 .15 74122 .55 74L123 .55 74L522 .25 
4023 .25 7432 .30 74123 .55 74HOO .25 741.532 .40 
4024 .75 7437 .35 74125 .45 74HOl .25 74500 .55 74LS37 .35 
4025 .35 7438 .35 74126 .35 74H04 .25 74502 .55 74LS40 .45 
4026 1.95 7440 .25 74132 1.35 74H05 .25 74S03 .30 74LS42 1.10 
4027 .50 7441 1.15 74141 1.00 74H08 .35 74504 .35 74LS51 .50 
4028 .95 7442 .45 74150 .85 74Hl0 .35 74505 .35 74L574 .65 
4030 .35 7443 .85 74151 .75 74Hll .25 74508 .35 74L586 .65 
4033 1.50 7444 .45 74153 .95 74H15 .30 74510 .35 74LS90 .95 
4034 2.45 7445 .65 74154 1.05 74H20 .30 74511 .35 74LS93 .95 
4035 1.25 7446 .95 74156 .95 74H21 .25 74520 .35 74LS107 .85 
4040 1.35 7447 .95 74157 .65 74H22 .40 74540 .25 74L5123 1.00 
4041 .69 7448 .70 74161 .85 74H30 .25 74550 .25 741-S151 .95 
4042 .95 7450 .25 74163 .95 74H40 .25 74551 .45 74L5153 1.20 
4043 .95 7451 .25 74164 .60 74H50 .25 74564 . .25 74LS157 .85 
4044 .95 7453 :20 74165 1.50 74H51 .25 74574 .40 74LSl64 1.90 
4046 1.75 7454 .25 74166 1.35 74H52 .15 74511.2 .90 74LS367 .85 
4049 .70 7460 .40 74175 .80 74H53J .25 745114 1.30 74L5368 .85 
4050 .50 7470 .45 74H55 .25 
4066 .95 7472 .40 
4069 .40 
4071 .35 LlNEARS, REGULATORS, etc. 
4081 .70 8266 .35 LM320K5 179051 1.65 LM340T24 .95 LM723 .50 
4082 .45 MCT2 .95 LM320K12 1.65 LM340K12 2.15 LM725 1.75 

8038 3.95 LM320T5 1.65 LM340K15 1.25 LM739 1.50 
9000 SERIES LM201 .75 LM320T12 1.65 LM340K18 1.25 LM741 (8-141.25 

9301 .85 LM301 .25 LM320T15 1.65 LM340K24 .95 LM747 1.10 
9309 .35 LM308 (M inil .75 LM339 .95 LM373 2.95 LM1307 1.25 
9322 .85 LM309H .65 7805 (340T5) .95 LM380 .95 LM1458 .95 
95H03 .55 LM309K (340K·51 .85 LM340T12 1.00 LM709(8 ,14 PIN) .25 LM3900 .50 
9601 .75 LM310 1.15 LM340T15 1.00 LM711 .45 LM75451 .65 
9602 .50 LM311 D (Mini) .75 LM340T18 1.00 NE555 .50 

LM318 (Minil .65 NE556 .95 
MEMORY CLOCKS NE565 .95 
74S188 (8223) 3.00 INTEGRATED CIRCUITS UNLIMITED NE566 1.75 
1702A 6.95 NE567 1.35 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 7889 Clairemont Mesa Boulevard, San Diego, California 92111 
2102L-l 1.95 (714) 278-4394 (Calif. Res.) SPECIAL 
TR 1602B/ DISCOUNTS 

TM56011 6.95 All orders shipped prepaid No minimum Total Order Deduct 

8080AD 15.00 Open accounts invited 
, 

COD orders accepted $35 - $99 5% 

8T13 1.50 $100 - $300 10% 

8T23 1.50 Discounts available at OEM Quantities California Residents add 6% 5ales Tax $301 - $1000 15% 

8T24 2.00 All IC's Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20% 

2107B-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 MasterCharge / BankAmericard / AE 
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CDMflUlTIME 
CT tOO 

SlClO BUS COMPATIBLE 

CQMPUITIME offers 
A 
Real Darn Clever 
Enhancement to users of 
IMSAI/AL TAIR 

Microprocessors 

TIME & CALENDAR 
COMPU/ TIME CTlOO S199 KI1 
COMPU only C1 0 1 S1411 KI1 
TIME only Tl02 S165 K" 
COMPU/TIME PC BOArd only 

S245 Asse mbled 
S189 Assembled 
S205 " .. embled 
sao 

MM16 M 
• Utilizing up 10 16 2708 EPROM S 
• 5 100 Bus Com pu ier Sys l ems 
• Memory ca paCI I ~' at 8K or 16K by tes by DI P 

• 8K Doundary addreSSing b y DIP SWi tCh $99 00 
· 0 104 wall cycles by DIP SWJlch • 

• Oata ou tput address InpLtI li n e s t ul~y bu ll ered 
• H' -glade glass-epollY With pl aled- Ih ru holes 

• EpCIlY Solder ma~ltted 

FCS 8000A - 3'0 0 '0" · I · nlSpl.y 
Jrj l W' I~ PIlI V''llOl'l . ,'" UlI(I.n ,\ ~,.. pm ,n~lt./I I O' 

[2@J\ 
• Connetls .Imo~ · on. 
lOt )M . ' I ~ Jal' }311' 
Ot (I 1181.' 1 ' 4 ,1~IHr .1 

SLIT ·N·WRAP WIRE WRAP TOOL 

I~OOr.c . 
IROJrl tvl[W fr.t1)OO 

SPECIAL 
$4.95 EA. 

• IfP<U' w gmelll ; ~"t'" 
SmA r . upl COlO., 10 MS 
0 4 r ,no 10 mIn ~ & d 
. ~'Cl\ .I f Ib 'TlA 

• SIII5 anll opens InSulaTIon e_pOStng 

Oare Wile 

• t-4 o pre -curl ing 01 P1e ·::.lIl ppl ng 

• Comes i:ompiele With Tw O 100 II SPOOlS 

# (8 AWG ,'me • I,U ),I IrI UIrrI lOA WA AD • 101 •• '0 'OIl4Qt a,oo 
I ~ .on ~ CUA AlN \ ~~ <n,l 

Mod.1 P180 12UlI 

J/ei1Ol Plugboards 8800V 

'-', . 
~l '~1 .-, llllll" o .. ' r~ 

U n i ve r sa l M l c 1ocompu l e r l 
Processol plugooard u se wrth 
5 100 Ou~ comp.ell! ,.. ,1" r'e"l s,m. & 
'ar()ware !l J. 10 . 1 16 

$19.95 

I I I 1 I I 

NEL1f1'- --"""-""'" Ctt.4N ~ .r:.J • Freeze Action . Spee<l OpliOn 

~ 
. • AulomailC lime riM ~(ore+.eep ln lJ 

11 ' • Banery rree At: \J pera llon 
~ • Dual contr ols with 8·way aCllOn $129.95 . 8U11t ·1O Pro Hockeyancl TenniS game::. 

• buy hook·up on any B,W Or COIOf T .... 
• Factorywarl'lnry 

Chinn, I f - addltion,l c,r1,idge, - $17 .95 ea . ~::~ - ~;"~:~.':,'; ~~,.~;', 
Gal l _ TIC · Tat · lotf5hoQIlog WJllry 081 ~ Sp.iUW.ir,}PfI'l't '" 0819 · DrlQSlnp l l 0r2 pl~f'5 

Ou.IOf'll ·dQO(l It 'Ooodle 0 1118 - M~OI( NlImoe,::. 08lO Mu t 12 pU,.. r~ 1 
MI 2 • Ots.n t OI ShOOlll'lO G.llIt ,., lcomplJtt. IoO IC, 0922 -~11 12 p.yer51 

D-SUB CONNECTORS 
NO . PINS PART NO . P RICE COVER PR ICE 

9 OE ·9P 1.49 1 25 

9 OE·9S 2. 15 
I S OA· 15P 2. 11 1.50 
15 OA· 15S 3. 10 
25 O B·25P 3 .00 1.5tJ 
25 O B·255 4 .00 
37 OE·37 P 4. 14 2.00 
37 OE·37S 6.0 0 
50 00·50P 5.4 0 2.25 
50 00 ·50S 8 .00 

EDGE CONNECTORS 
~ !..!.!!c 

'0 D~ A l 10 PIN GOlt. S . so 
)0 DU AL II PI N GOLD . J; .. DUA L 11 PI" GOLe . 91 .. DUAL 11 PI N GOLD 10 
80 DU AL 40 PI N GO LD 4. 91 
86 DUAL 43 PIN GOLO( 6 8001 1 00 

100 DU AL 10 PI N GOL D( I HSAI/AL TAl R) • 2\ 
100 DUAL 10 PIN GO L D( IH SAI/ AL TAl Rl • . 91 
100 DUAL 10 P1N GOLD( NO [ AR§ · IM SA] ) 10 
100 DUA L 10 PI N TI N (. ' " SP ACI NG) ) 11 

AL T Al R/ I IrI SA ] CAR D GUI DE S · . 25 ( EA CH 

CLOCK CHIPS 
MW5J09 6 0'11". 8(l) OutpW. I\ts.It PIN '99~ 
.... SJ l l 6 OIQl'l . BCD OUlpuis. 12 or 24 Hou! U, 
.... ~ 1 2 4 091 BCD OUlDUtS \ PPS Oillpltl . ., 
MMs) U 6Drgrt 11o! 24 Hour ~ of fijJHI ." 
\lMSlI6 • 01Qfl AI~rm 1 PPS Otlpul ." 
IIIWSlUI Y'Oto 00dI CIllO fOI UK WrtlI IMMS&4 I 599S1 '" CT700' 6 DIg.l . c...IenGll AII rm 11 or 24 Houl ,,, 

WireW,ep ICSOCKETS 
, ,. '\·99 100· 999 " 

Lo ~ofil.Solder Tin 

'0 J9 36 31 26 1·2' 2!>-99 100·999 lU I.\> 

" )< 33 ), 29 1 81 15 .. 13 12 
' 6 36 )< j2 3(1 11" 25 10 16 " 18 10 60 SO ' 0 1181 25 10 18 16 
10 118 1\ 61 5S 1111 18 1: I ! 10 n 9!i 110 11 59 1201 3-t 31 30 139 

" !IO 110 11 59 1221 36 3\ )4 2~ 
21 9!i 84 80 11 1241 36 JI j J l A9 36 140 ' IS '01 IIJ tal " J ) J' 367 
40 156 ' .0 110 II 1401 60 ~8 ; ' ' 93 
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7400 TTL Series 
7400 . '8 744 1 .75 7496 .80 74 160 ' .30 
740 1 .20 744' .SO 7497 ' .00 741 6 1 1.30 
74 02 .'0 744 3 1.20 74100 1.25 741 62 1.90 
740 3 .20 7445 1.05 74 107 .AO 74 163 1.40 
7404 .'0 7446 '-05 741 09 .4' l:l~ '-so 
7405 .25 744 7 .8' ~:l lg ,:1l8 1.40 
7406 j~ 744 8 ... 741 66 '-SO 
7407 74SO .'0 74 120 1.25 7 41 67 3.00 
7408 25 7451 .20 74 12 1 ... 74170 '.00 
7409 .25 7 453 .20 74 122 .4' 741 72 9 . 75 
741 0 . 20 745-4 .20 74 123 ... 7 41 73 ' .SO 
741 1 .25 7'60 .20 74 125 .55 74 174 1. 10 
74 12 .40 7 470 .• 0 7'026 .60 74 17 5 1.20 
741 3 .75 7472 .3' 74 128 .6' 7 41 76 , .SO 
74 16 .3' 747 3 . 0 74132 '-SO 741 77 .90 
74 1 7 .40 74 74 .'0 74 136 1.80 741 80 '-00 
14 20 .20 74 75 .70 74 14 1 1.1 5 74 18 1 2.00 
74 22 .75 7476 .40 7414 2 ' .00 74 18 2 .• 0 
74 25 .3' 7479 '.00 74 144 ' .00 74184 '.00 
7426 .30 7480 .6' 74 145 1. 10 " 4 18 5 '.00 
74 27 .3' 7482 '-SO 74 14 7 2 .50 7 41 8 6 12 .00 
74 28 .40 7483 .8' 14 148 1.75 74 190 1.40 
7429 .40 7 485 1.1 0 74 150 '-00 74 19 1 1.25 
7430 .2' 7486 .'0 74 151 1.1 0 74 192 1.10 
74 32 .30 7489 2.25 74 153 1.10 74 193 1.1 0 
74 33 .40 7490 ... 74154 1. 10 7 41 9 4 '- 20 
7437 .30 7491 1.1 0 74 155 1.1 0 7 41 95 100 
7438 . 35 7492 60 74156 1. 10 74 196 1.1 0 
7439 .36 7493 .60 74 157 '- 20 74 197 '-30 
7440 .20 7494 .8' 14 158 1.75 14 198 I .SO 

7495 90 14 159 3.60 74199 1.75 

74LSOO 19 74LSOO 
NLSI92 2.25 

14LSOI 19 74LSI93 2.25 
14l S02 .29 74lS194 , .. 
74lSD3 .29 NlSl9S L87 

74l504 .29 74lS I96 \.87 

74 lS05 J5 74lS60 29 14LS I 38 12' 74L5197 1.87 

74 lSOB .19 74lS73 ., 74 l SIl9 1.25 741522 1 '.00 
74l S I0 29 741574 .. 14 LS I 5 1 1.15 74lS240 3.00 
74 l S 11 .'" 74 l S75 6' 1415 153 1.25 74L5241 300 
7415 12 .SO 74 lS76 .49 14lS 154 3.6 5 Nl524 2 3.00 
74 LS I 3 .69 74lS78 " 14lS155 125 NlS243 '.60 
14 l S 14 170 14l583AN 175 74 LS I56 1.85 74lS244 199 
N lSI5 ." 14lS85 2.25 74 lS 157 I.SO 74LS247 

74lS20 29 741586 .6' 74 LS I 58 1.55 ~:t~~~f I :a~ 
74 L52 1 ." 74lS90 89 14LS I60 1.95 14lS253 1.75 
74lS22 " 14 lS9 2 .8' NLS I6 1 1.95 
74lS26 .39 74l59l 8' 14 LS 162 1.95 74LS257 17. 
74L S2 7 .39 74 LS95 ' .SO 14 lS 163 1.95 74 lS258 1.95 

74 l S28 .39 74LS96 18, 14 LS I64 1.95 74lS259 4 .25 
74lS260 .SO 

74lSJQ .29 14 l S IQl .55 74L5165 '.00 NlS2£6 68 
N l,S32 .39 14LS 109 .. , 74lS 166 ' .00 74 lS27J 2.SO 
74 l S37 ... 14lS 112 ., 74lS I68 7.00 
74lS38 .48 14LS 1 13 GO 74LS 169 2.00 74 lS279 .79 
74lS4 0 .39 14lS 11 4 .60 14 LS110 4.00 74 l S283 1.85 

74 LS4 2 ' .20 74LS I 22 .60 74L5173 7.00 7415289 6 .16 

74L S41 1.2. 14lS 123 '25 14lS174 1.87 74 l S:?90 1.56 

74 lS4 8 1.68 74L5 124 1.80 74lS175 , go 74lS293 1.56 

741551 .19 7415125 .87 14L518 1 3.69 74 lS295 2.00 
74lS52 .29 1415126 1.07 74lS 189 6 . 16 74 l S298 2.00 
74 l S54 .29 74lS132 1. 25 7415 190 2.49 74 l S352 1.65 

74LS367 87 
74lS55 . 29 14lS 136 .9 7415 19 1 ,.. 

74 l SJOO 3.00 
14lS670 39' 

CMOS 
,.00' " 

4050 6i 4517 8SO 
4000 25 4051 1. 10 4518 '" 
'00 ' .25 4052 110 4519 90 MMUCI?3N '" 4053 1. 10 4520 1.65 
"Jil2 .25 

'060 3 .25 452 1 32. MM7.CI14N '" '004 3SO MM14CI15N :~ '006 140 '06' '00 4520' 1.15 '-1M74CI9'N 
'007 .25 4063 2.50 4527 300 Mt.lHC19ltl 'il 

'008 '25 4066 .8' 450'8 17' MM1.CI9~rl '61 
'009 '8 "167 6 .00 4583 1.45 ~".n.CXXlN 10.15 

4010 .'8 '068 3' 4SfN .15 "'IM7 4Cn1N '" 
~011 25 "169 . J5 

r.1M14C90Ir~ " 40 12 .25 4070 .85 
""M14C901N .,. 

4013 .60 4011 .J5 
MM7~C903N ,. 

4014 1.15 4071 3. MM14COON 38 I.!M14C905N 11:70 
40 15 ' 25 4073 .35 MM14C07N 38 
4016 .59 4075 3. MM74C04N 38 MMHC!106N " 4017 1.25 4016 '85 MM74C08N 38 1.IM74C907N ." 
4018 1.25 4071 ." MM14CION 38 ""M74C908N 3.80 

4019 10 .1078 3. M""74e1411 
'" 

M""74e909N 7.5' 

'020 125 "lS' 35 ""M74Cl0N 38 """"'4C9 10N 10.45 

'082 35 1.IMI4CJON 38 """"'4C9 ' 4'" '" 01021 1.25 
408!:! 1.35 ""M74eJ2'" 38 

MM74C!l15N .1022 ' 12. M",,74C.'N ,<7 1. 11 
4023 3' 4086 1.45 

MM14C918N .. , 
4024 ' .00 '08' 3.00 MM74C48'" '" 1.IMI4C972N '" 402!:! .35 '093 "' MM74C1JN " MMHC923N 5.15 
4026 2 .2!:! '098 2.SO MM74ClIN 87 MM74C915N 17.00 
4027 .60 4160 11. MM74CI6N " ",. 1.25 4161 "' MM74C83N 700 MMHC!l16N 11.00 

4 162 US MM14C85N 200 
"29 1.50 MMlIC86N " "30 .60 4163 US MM74C89N G.7S 

MM7<1C!l77N 1200 

.. 032 1.60 41M "' M""'4CooN '" MM14C!I:78N 12.00 
4033 ' .00 4175 '-60 MM74C93N '" 
"" 3.SO 4194 1.80 MMJ~C95tl '61 
40JS 1.60 'SO' Ja MMI~C I 01t~ 189 

MMBOC91N ". "38 1.60 4S07 1.15 '.IMJ4CISO~ !i.61 
MI.1 BOC!l8N ,. 

40<0 '-50 4S03 l i S MM"CI5IN 380 

' 04' 1.45 '506 .70 MM1'CI54N 5.67 
'0<2 125 'S07 1.00 MM14el!>1N 340 

"''' 120 'S08 ' .00 I.IMI4C160rj 1.11 
'044 1. 25 451C 17' MM74CI61N '" "", 250 <1511 200 MM14CI61N 7" 
'046 1.95 4517 1.50 MM14CI6JN 1.1\ 

4047 2.SO 4514 475 MI>474CI6411 '61 
4048 ' 00 45 15 'us 
'04' " 4516 17' 

LMJOOH '70 
LMJO I AH 3. 

LINEAR t~=~ I l S lMJOIAN 3. 
LMJ02H 75 90 
LMlO6H ,SO ;?!l5 

LMlO7H ., LM?901N 300 
lMJ07N 35 lM70111 " 

LM:>90J N , GO 
lM308AH 37. LM19CMN ,GO 
lM308AN 300 lM70llN " lM1!)I/N '00 
I M30SH ' 00 

lMl0JCli " lMJ04ijN I:.'!> 
lMJOBN 1.00 

lM 709C1 . " LM30S l N ,SO 
lMJIOH " ' 

lM7 10Ctl 60 LM3Or,4 N 115 
lM310N '00 

lMl 10N 75 LMJ065N , 00 
LMJ II D 700 lMl1lCIi J9 LMJOGm 2.60 
LM]I IH 90 LM] 11CN J9 l MJ01!oN 115 
lMJI I N 80 lMI:.'JCH 5\. lM30H!lN JOO 
LMJ 11 N 80 LM71JCN !)!o lMJI46N '00 
LM:!11H >70 lM725CI·. 150 lMJ30J.N '''0 
lMJ I81" , 50 LM125CN :100 I.M340lN '0 
LMJ I8N ">I' LM73JCII , 00 LMl900N ." 
LMl19N 125 LM l lJCN , 00 I MY.lO!.rN "' lMJ2 1H JOO I.M7J9N , ,. I MJ909N 9<l 
LMJ12N 300 LM741CIl :15 IM3!l11N 11'. 

LMJ24N 16S lMI ... ICN 35 
LMJ39AN 3.00 LM141CJ J9 LM40:;>~N 2. 75 

lM339N .. , LM141CN J9 lM.I{)ol4N 300 
LMJ48N ' 8' 

lMN -'CI' 7' lM4150CH 1.00 

LM350N '-00 lM147CN " lM47SOCN 2.00 

LMJ58N '00 
LM748CH 3' lM455/lN 75 

LMJ70H '" LM748CN J9 
lM5556N "' lMl70N >7, lMlr,ocN 300 
l"'5558N 1.00 LMJ7JN 2" 

lMJ15N JOO lMI30JN 90 
LM311N ' .00 lMI304N "' RCA LINEAR SERIES 
lM380N '01 lM I30SN 1<0 
lM380N 105 LMlJ07N " CAJOIJ 71' LM380N '01 lM1Jl0N 115 
lMJ8IN 175 lMI358N '00 . CAJ01l 2.56 
lMJ82N 17. lMI414N "' CA30J5 2AB 

lMJ86H " 
lM145B1I , 30 CA303!1 13' 

LM387AN 75 LMI458N 59 CAJ046 '-30 
lM387N 95 lMI468N 790 CAJ05!I J2' 
l M388N 12. lM148BN 1.95 CAJOGO 3.15 

LMJ89N 17. LMI48!1N 1.!l5 CAJORO .. 
lMI4!1GH os CAJOlJl 2.110 NE5:lITIV100 lMI4!)f>N os 

CAJ082 NE550A 130 lM 1556N 175 '.00 
NE555V 39 lM1596J ,,, CAJOBJ I.GO 
NE5!i68 1.25 lM I800N '90 CAJ086 8S 
NE560a 5.00 lM I80ijN 

~,gg 
CA.JOII!I J .75 

NE561U ' .00 LMI8 10N CAJ I JQ "'9 
NES65B iSO LM 18 11N <0O CAJ1,m 115 

NE566 B 2.00 LMI B20N 17. CAJ40 1 40 
NE566TIV US LM 18JON 2"" t;A3600 J ~.o 
NE561V 1.59 LM184 5N 1 75 

MICROPROCESSOR CRYSTALS 

fREQUENCY 
1.0 MHz 
1.8432 MHz 
2.0 MH z 
2.097152 MHz 

2.4576 MHz 
2.667 MHz 

3.00 MH z 
3.20 MH z 
J 2768 MHz 
J 579545 MH; 
4 0 MH z 
40 MH z 
4 i94304 MHz 
4.91520 MHz 

p r ic e 

5 .95 
9 .80 
5 .95 
8.50 

8 .50 
8 .50 

l'i~5·ci · 
8 .50 
8 .50 
1. 2 5 
4 .9 5 
4 .95 
4 .95 
4 .9 5 

FOR PROCESSOR TECH 
14.318 $4 .95 

DIP SWITC HES 

4 POSITION 
5 POSITION 
6 POSITION 

$1.50 
1.60 
1.70 

fllLQU€1IC Y 

SO MHz 
50688 MHz 

5185 MHz 
571'] MHz 
6 00 MH z 
6144 MHz 
640 MH z 
65536 MHz 

8.0 MH z 
IJ O MH z 
18 00 MH z 
184]1 MH z 

200 MH1 
.~: J 184 MHI 
: 70 MHz 
)D 0 r;~H ! 

':81) MH: 

7 POSITI ON 
8 POSIT ION 
9 POSIT ION 

10 POSITION 

WIRE WRAP CENTER 

p n C'e 

4 .9 5 
4 .95 

4 .95 
4 .9 5 
4 .95 
4 .95 
4.95 
4 .95 

4 .9 5 
4 .9 5 
4 .95 
4 .95 

4 .95 
4 .95 
4 .9 5 
4 .95' 
4 .95 

1.80 
2.00 
2.25 
2.50 

HOBBY-WRAP TOOL-BW-630 
• Bane,,! Operale<! ISile C) 
• Weigh. ONL V 11 Ounces 
• W"ps 30 AWG Wile onlo 

Standard DIP Sockel. I 025 Inch) 
Complete With bUilt · In bit and sleeve 

WI:~~~:r~~T .U:~2p-~' ... ' 
• Tool 101 30 AWG Wile ,_ 
• Roll 01 50 fl While or 81ue 30 AWG Wile " . ~ 
• 50 pcs each 1". 2 3 & 4 lenglhs -- '. 

pre ·strlpped wire '. 0 
$11.95 

WIRE WRAP TOOL WSU-30 
WIIAI' • STRIP. UIIWRAp · 15 .• 

WIRE WRAP WIRE - 30 AWG 
50" $1 95 1000" $15.00 

SPECIfY COLOR - White · Vellow . Re<! . Green · 81ue • Black 

WIRE DISPENSER - WD-30 
• 50" roll 30 AWG KYNAR wire wrap wife $3.45 el. 
• Cuts wire 10 desired length 
• Slrips I" 01 insulalion ...... ., - 8Iue ·Vellow ·WMe ·Re<! 

LIQUI D CRYSTAL DIGITAL 

LC D· l0 l or LC D· l02 
your choice . . 

·CALENDAR 

For Aula. Home. Offi ce 
!Small In size (21C 2 'fu In ) 

IPusn Dutton tor seconds . elease lor date. 
I mounl an)' w"ere .... ,t., I!lIher 3M COuble. 

o · VELCRO .ncluoed 
.c.VI>.lll>.BlE 

portal)le model 'uns on sel! ·con l iliined 
lo r beller Ihan a year 

12 Val l syslem ana IS back· 

Clear desk stand for . 

$33.95 e. 

... $2.00 



FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809 

MICROCOMPUTER 
MICROPROCESSOR ', IOIOA SUPPORT OEVICES CHARACTER PROM'S 
F·B 19.95 
l ·BO 25.00 
Z·80A 35.00 
CDPl802CO 24.95 
A M 290 1 22.95 
6502 12.95 
6800 1995 
BOOS- ' 8 .75 
8080A 15.95 
n"'S ·9900T L 89.95 

8212 3.95 GENERATORS !702A 5.00 
8214 9.95 25 1]UP 6 .75 

2704 15.00 
8216 4.50 2708 13 .00 
8224 4 .95 

2513 DOWN 6 .75 27 16 38.00 251 J UP !5vl 9 .95 360 ' 4 .50 8228 8.75 2513DOWN(Sv l 10.95 520JAO 4.00 8238 8 .00 
fl2S! 12.00 

MCM6571 10.80 5204AO 6.00 
8253 28.00 

MCM657 1A 10.80 6834 16.95 
MCM6572 10 .80 68 34- 1 14.95 8255 12.00 MCM6S74 14.75 825238 4.00 825 7 . 25.00 MCM65i'5 14. 75 82238 8259 25.00 270 

6100 SUPPORT 
sa l OP 495 
6820P 8.00 
6828P 11.25 
68J4P 1695 
6850P 9 .95 
6B52P 11 .95 
6860P , 4.95 
6862P 1 7.95 
68BOP 2 70 

MISC. 
OTHER COMPONENTS 

NHOO25CN 
NHOO26CN 
N8T20 
N8T26 
74367 
DM8098 
1488 
1489 
O·3207A 
C·3404 
P·3408A 
p·420 1 
MM-53 20 
MM·5369 
OM·8130 
OM8'3 1 
OM·B831 
OM ·8S33 
OM·8835 
S~74LS367 
SN74LS368 

1.70 
2.50 
3.50 
2.45 

.90 . 

.90 
1.95 
1.95 
2.00 
3.95 
5.00 
4.95 
7.50 
1.90 
2.90 
2.75 
2.50 
2.50 
2.50 

.90 

.90 

8K STATIC RAM BOARD 

250n5. 
450n5. 

ASSEMBLED & TESTED 

$199.95 
$150.00 

* WILL WORK WITH NO FRONT PANEL * FULL DOCUMENTATION * FULLY BUFFERED * SI00 DESIGN * ADEOUA TEL Y BYPASSED * LOW POWER SCHOITKY SUPPORT IC S 

ZIO SUPPORT OEVICES 
3881 12.95 
3882 12.95 

KIT 
24500 $169.95 

12.95 . 

KIM 
KIM. , 

,i~· $129.95 
15.95 ' 

F.I SUPPORT DEVICES 
3851 14.95 
3853 14.95 

LATE ADDITIONS 
TMS 4044 $ 14.00 117 18 

1171B·Ol 
55.95 
59.95 

6530·004 
6530·005 

USRT :~~~ RD $25.00 
TMS 5501 $24.95 

S·2350 '0.95 .---:-:::-=-:~~~~':':':":";:"':';::" ___________ -I 
ADAPT YOUR MOTOROLA 8S.O.D 
SYSTEM TO OUR S·100 BK RAM 
BOARD. KIT PRICE $12.95 JADE VIDEO INTERFACE KIT 

FEATURES $89.95 
S-100 Bus Compatible 
32 or 64 Characters per line 

~
6 lines 
rap'hics ( 28 x 4~ matrix) 
arctllel & ~omposltive video 

On board low-power memory 

Powerful softwjlle in~luded for 
c;;.ursor, home, EOL, Scroll Graphics/ 
Character, etc. 
Upp!!r case lower case & Greek 
Brack-on-white & white-on-black 

MOTHER BOARD 
• 13 SLOT MOTHER BOARD w/front 

panel slot 
• S-l00 DESIGN 

FULL GROUND PLANE ON ONE SIDE 
• RC NETWORK TERMINATION ON, 

EVERY LINE EXCEPT PWR & GRD 
• KLUGE AREA 
• STRONG lIB" THICK DOUBLE SIDED 

BOARD 

E BOARD 

PERSCI DISK DRIVE FOR S-100 
Info 2000 S-100 DISK SYSTEM IMP 

COMPLETE 
Info 2000 S-100 DISK SYSTEM 

(includes dual drive, power supply, case, 
intelligent controller, adapter, cables, and 
disk monitor on EPROM) $2,650.00 

COMPLETE TDL SOFTWARE 
PKG. FOR DISK $195.00 

REAL TIME CLOCK FOR S-100 BUS 
BARE BOARD $30.00 KIT $124,95 

JADE PARALLEl/SERIAL 
INTERFACE KIT 
S-100 $124.95 KIT 
2 Serial Interfaces with RS232 
interfaces or 1 Kansas Citv cassette 
interface. 
Serial interfaces are crystal controlled. 
Selectable baud rates. 
Casselle works up to 1200 baud. 
1 

EDGE CONNECTORS 
S-100 Altair Spacing $4.45 
S-100 Imsai Spacing $4.45 

HE PROM SETTER 
WRITE and READ 

EPROM 

1702A-2708-271q 
5204-6834 

• rlu~s Olrc c: ri y Inlo your ALTA IR IIMSA I ComrUl er 

• rn r-ltlcl e.~ M it ln Module Board a nd E)(terna l EPROM 
S"de cl l l ntl 

• Til,. EPROM Socket Un it is r:onnec led 10 Ihe Com
ru t f'r ' hrllu~h <I l S Pin Cnnn p.c rnr 

• f'nIRr;lInllllnR IS <lccnmplished h y th e \.o mputer 

• Just RI' ;HI In Ihr ProRram to h e Wr irl r.n on Ihe 
EPROM Inln y our Protessor find le i Ih e COmpU!p.f 
dn rn,. (Ps t 

• l ls(' S lIdf'1 l l nll to Read EPROM's r.on tents into 
Vll ilf Cf1Inruler 

.. Snfl\\ ;t rp tnrluderl 

I Nil /-:'( II' ro ;11 Power Suppli es . Your Cn mptJlf'r does 
II all 

• " " lI hlps as ,In EIRhl BII Parallel 1/0 

THE PROM SETTER 
KIT ASSEMBLED 

$210.00 $375.00, 

SIIIC 10120 
TElllOl 

A CAPABLE LOW 
COST. APPROACH TO 
REMOTE VIDEO 
DISPlAY TERMINALS. 

$97500 
Assembled 

Price Includes 

Circ le 62 on inquiry card . 

• CUrtO! Co·, I, o' 1( • ..,. Stl"dl,d 
• NU"lrrl( K.~ Pld St.nd . ,d 
• Llnr .nd P'gr era •• S t.ndlfd 
• Addr"ubl, CliflO' St.ndl,d 
• S_IIc.h S.~IIIb" T ' .",mIMlon 

I,om 7510 19.200 b~1 S llnlilrd 
• Communlclt,on MoM. 

HOX I f Or. Block 

• l"t,r1.c.I' Prtnl.,I"'.,-,IC' 
RS232 htlntlon 

• AS232C tnlMK>t 
• N o n ·Gt.,. R.ld OUI s(,_" 
• P' OIec;1 M~ Ste"cYr-cI 
• Tlb S .. ndlrd 

• Block Mode 
• ,Lower Case 
.24 Line Option 
• and shipping 

'<;harge is on us. 

IMSAIiAlTAIRS-IOOCOMPATIBLE 

JADEZ80 
-with PROVISIONS for KIT 
ONBOARD 2708 and POWER ON JUMP 

$135.00 EA. (2M HZ) 

$149.95 EA. (4MHZ) 

BARE BOARD $35.00 

JADE 8080A KIT 
$100.00 KIT 

BARE BOARD $35.00 

TU-~ VIDEO INTERFACE 

You will want to know about the TV-l Video 
to Televisior Interface Kit . 
No need to buy a separate Video Monitor if 
you already own a TV set. Just connect the 
TV -1 between your system video output and 
the TV set antenna terminals - that's all there 
is to it - to convert your TV set to a Video 
Monitor, and at a much lower cost! PRICE $8.95 

'-.I 

I.E: 
Computer Products 

5351 WEST 144th STREET 
LAWNDALE , CALIFORNIA 90260 

12131 679·3313 

RETAIL ST O RE HOURS M ·F 9 ·7 SA T . 9 ·5 

D,scounts ava1lable at OEM QLJant,t,es. Add $1 .25 

for shipping , Callf ~)rn la reSidents add 6 % sales ta x 
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7400N TTl 
'5N7400N .16 '5N7472N .39 5N74160N 1.25 
5N1401N ." SN741JN .39 5N74161N .99 
SN1402N .20 Sti7"7.tN .35 5N14162N 1.95 
5N7403N .20 5N7415N' .50 5N74 163N .99 
5N7404N .20 SN7476H .35 5N741&4" .99 
SN140~ .20 8N7479'" 5.00 SN74165N .99 
SN1406H 35 5"'7480N .50 8N1<1166N 1.25 
5N1401N .35 5N7482N .99 5N74167H l;~ SNH08N .20 5N7483N .10 5N74170N 
5N7409N .25 5N7485N .89 5N74172N 6.00 
5N7410N .20 SNHBfiN .39 5N74173N 1.50 
5li74"N .30 5N7488N 3.50 5N74174N 1.25 
5N7412N .35 5N7489N 2.49 5N74175N .99 
5N7413N .69 SN1490N .45 SN74176N .79 
5N74,4N .70 5N749 1N .75 5N74177N .79 
5N74'6N .35 5N7492N .49 5N14179N 2.49 
5N7417N .35 5N7493N .49 5N74180N .99 
SN74:lON .20 5N7494N .79 5N74181N 2.49 
SN74Z1N .39 5N7495N .79 5N74182N .95 
5N1422N .49 5N7496N .79 SN741~N 1.95 
SN742JN .37 5N7497N 3.00 5N741 85N 1.95 
5N7425N .29 SN14100N 1.25 SH7411SH 15.00 
5N7426N .29 5N74107N .39 5N14187N 6.00 
5N1427N .37 SN74 109N .95 SN74188N 3.95 
SN7429N .'2 SN74116N 1.95 SN74190N 1!79 
SN7430H .25 SN74121N' .39 SN74191N 1.25 
SN7432N .25 SN74122N .39 SN74192N .89 
SN74J7N .35 SN74123N .50 SN74193N .89 
SN74J8N .35 SH74125N .60 SN74194N 1.25 
SN7439!i .25 SN1<U26N .60 SN74195N .75 
SN74j(]N .21 SH74132N 1.25 SN74196H 1.00 
SN7441N .89 SN74136N .95 SH74197N 1.00 
SN7.t42N .69 SN7.t141N 1.15 SN74198N 1.15 
SN7443N .75 SN7.tl.t2N 2.95 SN74199N 1.75 
SH~4.t4N .75 SN74143N 3.25 SH7421)ON 5.59 
SN7.t45N .75 SN74144N 3.00 SN74251N 1.79 
SN7446N .89 SN74145N 1.15 SN74279N .90 
SN7447N .69 SN7U47N 2.35 SN1428JN 2.25 
SN7448N .89 SN74148N 2.00 SN742B4N 6.00 
sm450N .25 SN741SON .1.25 SN74285N '.00 
SN7451N .25 SN74151 N .79 SN74365N .75 
SN7453N .25 SN7415JN .89 SN74306N .75 
SN14S4N .25 SN74154N 1.25 SN74367N .75 
SN7459A .25 SN74155N .89 SN74368N .75 
SN7460N .25 SH74156N .89 SN74390N 2.25 
SN7470N .45 SN74157N .89 SH74393N 2.25 

Comblnod 7400', 

004000 .23 CD4044 .B9 C04520 1.29 
C04001 .23 C[)4046 1.79 

MC14562 14.50 
CD4002 .23 CD4566 2.25 
CD4006 1.19 CD4047 2.SO MCI4583 3.50 
CD4007 .25 00404' 1.35 741:00 Seriu CO<D49 .49 C04009 ... C().40SO .49 "COO .39 
C04010 .49 CD4051 1.19 "CO2 .55 
C[)4011 .23 

C04053 1.19 "CO< .75 
C04012 .25 

C04056 1.49 HCID .65 
C04013 .39 CD4059 9.95 

74CI4 3.00 
CD4014 1.39 

C04060 1.49 7.tC20 .65 
CG4015 1.19 C04066 .79 "C30 .65 
C04016 .49 C04068 .39 74C42 2.15 
CD4017 1.19 C04069 .• 5 74C73 1.50 
CD4018 .89 C04070 .55 

74C74 1.15 
C04019 .49 C04071 .23 74C89 '.00 
CD4020 1.19 

C04072 ... 74C90 3.00 
CD4021 1.39 C04076 1.39 74C93 2.00 
CD4n22 1.19 CD4081 .23 "C95 2.00 
CD4023 .23 CD4082 .23 74CI07 1.25 
C04024 .79 C0409Il 2A9 74CI51 2.90 
CD4025 .23 MC14409 14.95 74CI54 3.00 
C04026 2.25 MCI4410 14.95 74C157 2.15 
C04027 .69 MCI4411 14.95 74CI60 3.25 
CD4028 .89 MCI4419 4.95 74CI61 3.25 
C04029 1.19 MCI4506 .75 74CI63 3.00 
C04030 ... MC14507 .89 7.tCI64 3.25 
CG4035 .99 C04508 3.95 74C173 2.60 
C04040 1.19 C04510 1.39 74C193 2.75 
C0404I 1.25 C04511 1.29 74CI95 2.75 
C04042 ... dOC95 1.50 

6OC97 1.50 

o.MJUOH .60 LM7J9N 1.19 
LMJOIH .35 LM340T-8 LM14111 .35 
LM30ICN .35 lM340J.12 LM741CN .35 
LM302H .75 lM340T-15 lM74 1-14N .39 
LM304H 1.00 LMJ40T·18 LM747H .79 
lM305U .60 lM340T-24 lM147H .79 
LM307CN .35 LM350N lMH8H .39 
lMJG8H 1.00 lM351CN LM748N .39 
lM30BCN 1.00 78MG LMI303N .90 
lM309H 1.10 l M370N LMI304N 1.19 
LM309K 1.25 lM373N LMI305N l AO 

,LM31OCN 1.15 LM317N lM1307N .'5 
lM311H .90 lM380N LM1310N 2.95 
LM311N .90 LM38OC' lM1351N 1.65 
lMl17K 7.50 LM381N LMI41~N 1.15 
LM318CN 1.50 LM"" lMI 458CN .59 
LM319N 1.30 NE50IK LMI496N .95 
LM320K·5 1.35 NE510A l.M1556V 1.15 
LM320K-5.2 1.35 NE529A LM211IN 1.95 
LM32{IK'12 1.35 NE5J1H lM290IN 2.95 
LM320K·15 1.35 NE536T LM3053 1.50 
lM320T·5 1.25 NE540L LM3065N .69 
LM320T·5.2 1.25 NESSON LM3900Nj3401) .49 
LM320T·8 1.25 NES55V LM3905N .M 
LMJ20T-12 1.25 HE560B LM3909 1.25 
LM320T·15 1.25 NE5618 lM5556N 1.85 
LM320T-18 1.25 NE5628 MC5558V 1 .• 00 
LM320T·2.t 1.25 'E565H LM7525H .90 
LM323K -5 5.95 NE565N LM7534N .75 
LM324N 1.60 NES66CN 60,.. ' .95 
LMJJ9N .99 NE567H LM7S<1SO .49 
lM3COK-5 1.35 NES67V 75451CN .39 
LMJ40K·6 1.35 LM703CN 75452CN .39 
LM3401(-8 1.35 LM709H 75453CN .39 
LM340K·12 1.35 LM709N 154S4CN .39 
lM340K·I5 1.35 LM710N 75491CN .79 
lM340K·I8 1.35 LM711N 75492CN .89 , 
LM340K·24 1.35 LM723H 15494CN .89 
lM340T·5 1.25 LM723N RC41e.4 5.95 
LM340T·6 1.25 LMl33N RC41g5 3.25 

14lSOO .29 74LSOO TT L ;:t~~;; us 
74LS02 .29 l.SO 
74lS03 .29 • 14lS75 .69 14lS160 1.95 
74lS04 .35 74LS16 ... 74LSI61 1.95 
74lS05 .35 74LSSJ 1.75 14LSI62 1.95 
74LS08 .29 74lS85 2.49 7~LS I53 1.95 
74LSIO .29 74LS80 ... 14LSI 64 1.95 
74LSI3 .69 74LS90 .M 14LS175 1.95 
74lS14 1.75 l~LS92 .89 74LSI 81 3.69 
74lS20 .29 74lS93 .89 14LSl90 2.49 
74lS26 .39 14LS95 1.50 74lS191 2.49 
74LS27 ... 14lS96 1.89 74LS192 2 . ~9 
74LS28 .39 ' 74LSIOl .59 74LS193 2A9 
74LSJO .29 14LSI09 .59 74lS1g4 1.89 
14LS32 .39 74LS112 .59 1~LS 1 95 1.89 
14Ls-tO .39 14LSI23 1.25 14LS253 1.15 
74LS42 1.25 14LS132 1.25 14LS257 1.15 
14LS41 1.25 74LS136 .5' 74LS260 .55 
74LS51 .29 74LSI38 1.25 74lS279 .79 
74lS55 . 29 _ 14LSI39 1.25 74LS367 .99 
14lS73 .49 14LS151 1.25 74LS368 .99 
74LS74 .49 74LSI53 1.25 14LS670 3.95 
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Gleen 

DISCRETE LEOS Olange 
Vellow 
.200" dl. • I!S" dl • . .200"dl • . 

XC22 Roo 51$1 XC526 'or 5~ 1 XCSS6 R., 
XC22 Green '~ I XC526 ''''0 415\ XC556 Green 
KC22 Vellow 4151 XC526 Vellow 'ISI XC556 Vellow 
XC22 Orange 41$1 XC526 Clear '~1 XC556 Ol,mge 
SSL ·22 AT 41$1 '<C556 Cleal 

DISPLAY LEOS ' TYPE POLARITY HT PRICE 
MAN 6630 Common Anode-orange .560 1.25 
MAN 6640 Common Galho~-oran~-D .D . . 560 125 

mE POLARITY HT PRICE MAN 6650 Common Cathode·oq,nge : 1 .560 1.25 

MAN I Common Anode'fed .210 2.95 
MAN 6660 Common Anode 'Oringe 560 125 

MAN 2 5 x 7 OotMalrix-red .300 4.95 MAN 6680 Common C;athode-oq,nge .560 1.25 

MAN 3 Common Cathode"ed .125 .39 MAN 6710 Common Anode-IeiI·O.O. .560 1.25 
MAN 6730 Common Anode'fed ! I .500 1.25 

M ... ' Commontathode-red .187 1.95 MAN 6740 Common CatiKlde·red-O.O . . 560 1.25 M",7 Common Anode-led .210 1.25 MAN 6750 Common COllhode.red : 1 .560 125 MAN 7G Common Anode-gfeen .270 1.95 MAN 6760 Common Anode·red .560 1.25 MAN7Y Common Anode-ye"ow .210 1.95 MAU 6780 Common C3lhode.red .560 1.25 
MAN 52 Common Anode·oreen .lOO lOll 
MAN 71 Common Anode-red .300 1.25 

OL701 Common Anode·red ::: 1 .300 1.00 

MAN 72 Common Anode·red .300 1.25 
DL702 Common Clthode·red 300 1.25 

MAN 74 CommontaUX)(je'fed .300 1.50 
OL704 Common Galtlode-fed .300 1.50 

MAN 81 Common Anode-ye!1ow .300 1.00 
Ol707 Common AnO!le 'fed .300 1.50 
DL741 Common Anot\e·red .600 1.95 MAN 82 Common Anode-yeltow .300 1.00 Ol7~6 Common Anode·red !: 1 .630 1.95 M ..... Common calhode·yen .300 1.00 OL747 Common Anode-red .600 2.25 MAN 3620 . Common Anode·onnge .300 1.00 OL749 Common Cilmode·red : 1 .630 1.95 MAN 3630 Common Anode,oJ1nge : 1 .300 1.35 Ol150 Common CathOile-fed .600 2.49 

MAN 3640 Common Galhode,ofanll! .300 U5 DL33B CommonCalhode'fed . 110 .69 MAN 4810 Common Anodfi-or;1nge .300 1.00 FN070 Common Call1ooe jFN0359) .2SO .75 MAN 4640 Common calhode-or;ange .400 1.00 fNDSOJ Common Galhode jFNOSOO) .500 1.29 
MAN 4710 Common Anode'fed : 1 .'00 1.00 FN0507 Common Anode rFND510) .500 1.29 
MAN 4130 Common Anmle·red .'00 1.00 5082·73004 x 7 Sill. DIgil·RHDP .600 19.95 
MAN 4140 Common cat/lolHHed .'00 1.00 5082 ·7302 x 7 Sill. OlgHHDP .600 19.95 
MAN 4810 Common Anode·yell:!w .400 1.00 5082·7304 .600 15.00 
MAN 6610 Common .560 1.25 5082 ·7340 

XR·2206KB Kif $19.95 XR-2206KA Kit $14.95 
CAJO l3 215 CA3082 2.00 WAVEFORM 

EXAR 
TIMERS 

CA3023 2.56 CAJ063 1.00 GEMERATORS XR·555CP SA9 

CAJ035 2.48 00066 .85 XR·205 5840 XR·J2DP 1.55 

CA3OJ9 1.35 CAJOB9 3.75 XR·2206CP 5.50 XR·556CP 18S 

CAJ046 1.30 CA309r 3.50 XR·2207CP J.85 MISCELLANEOUS XR-2556CP 3.20 

CAJOSJ 1.50 CA3102 2.95 XR ·2211CP 56 70 XR-224OCP ' .60 
00059 3.25 CA3123 2.15 STEREO OECOOERS XR·4136 2.00 PHASE LOCKED LOOPS 

CAJ060 3.25 CAlI 30 1.39 XR ·13IOCP 13.20 XR· 1468 365 XR·210 5.20 

CA3060 .85 CA3140 1.25 XR·1310EP 3.20 XR ·I488 5.60 XR-2 15 660 
CAJOBI 2.00 CA3401 .49 XR·I800P 3.20 XR ·1489 460 XR·567CP 1.95 

00600 1.75 XR-2567 299 XR·22D8 520 xR-S67CT 170 

IC SOLOERTAIL - lOW 
1·24 25·49 ~·100 S,. 37 " '5 44 43 

60 59 58 
63 " 61 

, 99 90 " 139 126 11:) 

15' 145 130 

1-24 25·49 SO· 100 
8 pin 517 16 IS • ,.. 24 pm 

14pm 20 19 .18 28 pm 
16pm 22 .21 20 36 pm 
18 pin 29 " .27 40pm 
22 pin 37 36 35 SOLOERTAIL STANOARD (TIN) 
14pm .27 25 " - .. 28 pm 
16pm .30 27 25 36pm 
18 pin 35 " 30 40 pin 
24 pin 49 '5 42 SOLOERTAIL STANDARD (GOLO) 

S 10 63 57 
110 1 00 90 
175 140 126 
175 159 145 

8 pin .30 .27 " III 24 pm 
14 pin 35 " 29 28 pin 
16 pin 36 35 " 36 pm 
18pm 52 47 ., 40 Pin 

WIRE WRAP SOCKETS (GOLO) LEVEL # 3 
.'5 .75 
'5 '5 

125 110 

8 pin SAO .,. .35 .. - 22"" 
10prfl 45 41 37 24 pin 
14 pm 39 .36 37 28 pm 

43 " 41 36 pm 1 130 
140 

50 pes. RESISTOR ASSORTMENTS 
10 OHM 12 OHM 150HM 18 OHM 

ASST. 1 5u. 27 OHM 33 OHM 39 OHM 47 OHM 1/4 WAn 5· ... 50PCS. 

" OHM 82 OHM 100 OHM 120 OHM' 1500HM I 
ASST. 2 5u. 180 OHM 220 OHM 270 OHM 330 OHM 390 OUIA 114 WAn 5% D 50PCS. 

470 OHM 560 OHM 680 OHM 82001tM " ASS.T.3 5u. '" I S' IB' 2" 27,( 1/4 WATT 5% ., 50PCS. 

3.3K 39' '" 56K 6.8K 
ASST. 4 5ea. 8.2k 10' ," IS' 16K 114 WAn 5% " SO PCS . 

2" 27' 33< 3" 47K 
ASST. 5 5811. 56' '" '" """ 120K 114 WATT 5% ~ 50PCS. 

150' "OK 220K 271lK 330k 
ASST. 6 5801. 390< 4701< 560' 68IJI( 8201( 1/4 WAn 5% .. 50PCS. 

1M 12M ISM IBM 22M 
ASST. 7 5 ea. 27M 13M 39M 47M 5 6M 1/4 WAn $% . 50PCS. 

ASST. 8R Includes Resistor Assortments 1-7 $9.95 ea. 
15.00 Mlnlmam Ord.r - u.s . Funch Only Spec Sheet •. 25~ - Send 3~ $lImp lor 1978 Clltalog 
ClUfoml1 RnJunb - Add .,. Sal .. Til Dlllllr In!orm.Upn AII.II.bl, 

~,;~~Ja."es 
,+O;S 
~ 

ELECTRONICS 
1021 -A HOWARD AVE" SAN CARLOS . CA_ 94070 

PHONE ORDERS WELCOME - (415) 592-B097 
Advllf1lled Prices Good Thru Februery 

1978 
CATALOG 

NOW 
AVAILABLE 

• BaneIY Operated (Size C) 
• Weighs ONLY 11 Ounces 
• Wraps 30 AWG Wire onlo 

Standard DIP Sockets (.025 lOch) 

-W __ . __ -- • 
WRAP • STRIP • UNWRAP \iI;;i~~~' 

• TOOl tor 30 AWG Wire 'P-
o ~Oll of 50 Ft. White or Blue 30 AWG Wire ' ~ 
o 50 pes . each 1" . 2". 3" & 4" lengths - '. ' 

pre -stripped wire. \ @ . 
$11.95 ...-

.- 7 WIRE WRAP TOOL WSU-30 
WRAP 0 STRIP 0 UNWRAP -S5.95 

WIRE WRAP WIRE - 3D AWG 
25ft. min. S1.25 SOIl. $1 .95 100ft.S2.95 100011. SI5.00 
SPECIFY COLOR .- White - Yellow - Red - Green - Blue - Black 

WIRE DISPENSER - WD-30 

Sl.9B/spool 

DIP/IC INSERTION TOOL WITH PIN STRA1GHTEN 
Inse rts both 14 and 16 pin packages . Pin Straightener 
built into Handle. 
Mode11NS-1416 $3.49/8a. 

HP 5082-7400 SERIES - MULTI-DIGIT 
1 

o Va" hI. • Common Cathode Red 2 Digit S.49 
• 3-5 volls @ 5 mils/second 3 Digit .59 
• 7 segment MonOlithic 4 Digit .69 
• Dip Package 5 Digit .79 

TYPE VOLTS W PRICE TYPE VOLTS W 
IN746 3.3 400m 411.00 IN4oo5 600PIV 1 AMP 
IN151A 5.1 '00m 41100 lN4006 800 PIV I AMP 
lN752 5.6 'OOm 411 .00 lN4007 IOOOPIV 1 AMP 
IN753 6.2 .00m 411.00 lN3600 50 2"'" 
IN754 6.' ."'" 411.00 lN4148 75 10m 
lPi959 ' .2 '00m 811. 00 lN4154 35 10m 
lN965B IS '00m 411,00 lN4305 75 25m 
IN5232 5.6 SOOm " lN4734 5.6 1. 
lN52346.2 500m " IN4735 6.2 1. 
IN52356.8 SOOm " IN4736 6.8 r. 
IN5236 7.5 SOOm " iN4738 8.2 1. 
IN456 25 40m 611.00 lN4142 12 I. 
IN458 150 7m 6n 00 IN4744 15 r. 
IN46SA 180 10m 6/1.00 INII83 50PIV l5AMP 
IN4001 50Pry I AMP 1211.00 INII84 100 PIV 35AMP ,.4002 100 PIV 1 AMP 1211 .00 INII6S AMP 
"4003 INI186 AMP 

l NII88 AMP 

so VOLT CERAMIC 
OISC CAPACITORS 

10+ 
.39 
.49 
.59 
.69 

PRICE 
10/1 .00 
1011.00 
1011.00 
6/1 .00 

1511.00 
12/1 .00 
20/1 .00 

" " " " " " 160 

1·9 10·49 SO·I00 1-9 10-49 SO-IOO 
10pl .05 .04 .03 .00l",F .05 .04 035 
22 pI .05 .04 .03 .0047#,F .05 .04 035 
47 pI .05 .04 .03 .01",F .OS .04 .OJ5 

100 pi .05 .04 .03 .022#,F .06 .05 .04 
220 pi .05 .04 .03 .047",F .06 .05 .04 
470p! .05 .04 .035 .1 ... F . 12 .09 .075 

100 VOLT MYLAR FILM CAPACITORS 
.00Im! . 12 .10 .01 .022mr .13 . 11 
0022 .12 . 10 .07 .D47ml .21 .17 

.0041mr .12 . 10 .07 .Im! .27 .23 
.0Im! .12 . 10 .07 .22m! .33 .27 

+211% OIPPED TANTALUMS JSOllO) CAPACITORS 
.11J5V .28 .23 .17 1.5/J5V .30 .26 
.15135V .28 .23 . 11 2.2/25V .31 .27 
.22/35V .28 .23 .11 3.3J25V .31 .21 
.33JJ5V .28 .23 .17 4.7fl.5V .32 .26 
.41135V 28 .23 .17 6.8125V .36 .31 
.68135V .28 23 .17 10125V AO .35 

1.0/35V .28 .2J .11 15J25V .53 .50 
MIHlATURE ALUMINUM ElECTROLmc CAPACfTOflS 

lXI.' L .. d Rldl.l L .. d 
A7/5OY .15 .13 .10 .47fl.5V . 15 . 13 

1.015OY .16 .14 .11 .47f5fN .16 . 14 
3.31SOV . 15 .13 .10 1.0116V . 15 .13 
4.7J25V .16 . 14 .12 1.0J25V . 16 . 14 

10125V .15 .13 .10 1.01SOV .16 .14 
10/SOY . 16 .14 .12 4.7/16V .15 13 
22I25V .17 .15 .12 4.1J25V .15 .13 
22fSOY .24 '.20 .18 4.715(JV .16 . 14 
41125V .19 .11 .15 IO/ I6V .14 . 12 
4715(N .25 .21 . 19 l0/25V .15 .13 

lOOJ25V .24 .20 . 18 IOI5OV .16 14 
lOOIS()lJ .35 .30 .28 471SfN .24 .21 
220125V 32 .28 .25 loo/16V . 19 .IS 
22O/SOV .45 .41 .38 l00!25V .24 .20 
410125V .33 .29 .27 10015011 .35 .30 

lOOOl 16V .55 .50 A5 220116V .23 .17 
2200/16V .70 .62 .55 470/25V .31 .2B 

.06 

. 13 

.17 

.22 

.21 

.22 
.22 
.23 
.25 
.29 
.40 

.10 

.11 

.10 

.11 

. 11 

.10 

.10 
11 

.09 
.10 
. 12 ... 
. 14 ... 
." .16 



Each kll conlalns 350 wires 
cul lo14dillerenilenlllhs 

JU~PER,WIRE KIT 1"~~'~i~:5.0;"i'" ao' 

~ 
lhe Iuds are benl 90"1()f 

,lJI\ easy Insertion. 
Wire lenglh Is I 

I _I. ~ by color coding. 
»~ . ~\:. __ _ All wi~ is solid tinned 

·JKl , .. . S10.00 / kit 

GOO) SOCKET Mates with two rows of .025~ sq. or 
.. dia . posts on paHerns of . 100 ~ 

J U M PER S ~~~~~r~c~~~s sh~I~I~~~ ~~~~.Pt~~~j~~ 
01 6" or 18" lenglh. 

Part No. 
924003-18R 
924003-06R 
924005-18R 
924005·06R 
924006-18R 

No. 01 Conlacls Lenglh 
26 18"' 
26 6" 
40 18" 
40 6" 
50 18" 

Price 
$ 5.38 ea. 

4.78 ea. 
8.27 ea. 
.7.33 ea. 
10.31 ea. 

plug-in access via socket-connector 
jumpers .. 025" sQ. posls. Choice 
of stl'3ight or right angle. 

No, 01 Posls Angle 
26 straight 
26 ri ghl angle 
40 straighl 
40 righl angle 
50 slraighl 
50 

Pnce 
$1.28 ea. 

1.52 ea. 
1.94 ea. 
2.30 ea. 
2.35 ea. 

8080A 
8212 
B214 
8216 
8224 
8228 

250~ 

2518 
2519 
2522 
252': 
2525 
2527 
Z529 
2532 
2533 
33JI 
iJlS670 

A·q·l013 

25 1312140) 
251313021) 
2516 
MM5230 

CPU 516.00 
8 Billnpul/Dulpul 4.95 
Priority Inlerrupl Control 15 .95 
Bi-Directional Bus Driver 6.95 
Clock Generator/Driver 9.95 
System Controller Bus Driver 10.95 

CPU'S 
SuotlBOO8 16.00 
8BITM~ 26.50 
CP\i 29.95 

SR 'S 
t02J DynlmlC $3.95 
He. 32BlT 700 
Hex JOBIT Joo 
Dua! 132 BItSSR 2.95 
512 OynamlC 1.95 
102~ DFnamlC 3.00 
Ou~J 255 BIT '" Ou~ 1 512 BIT Joo 
QuaD 80 BIT '" 10V SIlIIC 5.95 
Fllo 695 
16,JRI!9 3" 

U~RrS 

3OK8aUll SS.95 
ROM 'S 

Chu. Grn.·upper case 
Char. Gen.-lowercase 

CDPI802 
MC6800 
MC6820 P"iph. Inlertace Adapl" 
MC6810APl ;28 x 8 Sialic RAM 
MC6830L8 1024 x 8 Bil ROM 
Z80 CPU 

R~M 'S 

1\01 256_ 1 Slalll: 
2101 256)14 SialiC 
2102 102Jxl Sialic 
210715260 ~096 x I DynamiC 
211\ 256 ~ J Sialic 
7J89 16 .J SIalIc 
8101 2S6xJ SI~IIC 
8111 256101 SIalic 
8599 hi •. 1 SIalIc 
21LD2,g IL02 102Jl1 Slahc 
7J200 256.' SialiC 
93421 256.' Static 

1~"M~~2 1 04)1~·' t:'~ 18 P1n 
PROMS 

9363 3.95 
LDII ofll1 
95H91l 

25.oo/set 

MC3061P 
MC4016(H~16) 
MC1408L7 
MC14G8L8 

11 .95 
3.50 
7.50 
e.95 
9.95 

Foatured on Fobruary's Front Cover of Populor Electronics 

Logic Analyzer Kit •• ", ,''' •• ",10 

$ 1 . ~9 

5.95 
U!' 
~ . 95 
6.95 ,J, 
'.95 
6.95 
JJ9 
2.25 
6.95 

210<11 

M~~~---;';';"';'~';';;';;';';"'-"";"--f Model 100A 
INTRA-SWITCH III. .... -Permits instant line -by-line switching for diagnostic or 

testing. Switches actuated with pencil or probe tip. Mates 
standard .10" x .10" dual-row connectors. Low profile design. 
Switch buttons recessed to eilminate accidental switching. 
Part No.: IS-26 No_ 01 contacts: 26 Price 513 .80 ea. 

- -~] CRYSTALS : -
- ':':':'-~ THESE FREQUENCIES ONLY ~-
~~~/ F~~600 n~YHZ ~~~~j~YI , S; .~1I5 
CY2A 2.000 MHz HC33/U 55 .95 

ICY2.01 2.010 MHz HC33JU 51 .951 
. CY3A 4.000 MHz HC,SIU 54.95 

CY7A 5.000 MHz HC161U 54 .95 
CY12A 10.000 MHz HC181U 54 .95 
CY14A 1431818 MHz HC18U 5495 
CV19A 18 .000 MHz HC18iU $4 .95 
CY22A 20 .000 MHz HC1B/U 54 .95 
CY30S 32 .000 MHz HC'SIU 54 .95 

CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 

.156 Spacing-Tin-Doub le Read-Dul 
Bifurcated Contacts - Fits .054 to .070 P.C. Ca rds 

lS/30 PINS (Solder Eyelet) Sl.95 
8/36 PINS (Solder Eyelet) S2,49 

PINS (Solder Eyelet) S2.95 
PINS (Wire Wrap) $6,95 

SO/100A (.100 Soad,,) PINS (Wire Wrap) $6,95 
25 PIN-D SUBMINATURE (RS232) 

PLUG 
SOCKET 

$3 .25 
S4.95 

$229.DD/kit 
Mod,1100Au •• mbl.d S295.00 II··· ... ··• 

• Analyzes any type of digital system 
• Checks data rates in excess of 8 <i~ 

• ~~~~~ ~~~~~ ~~,s~~~~. OTl , RTl. ~ • Some applications are: 
Schottky and MOS families - Troubleshooting microprocessor 

• Displays 1610gic slales up 10 8 digits wide address, instruction, and data flow 
• See ones and zeros displayed on your - Examine contents of ROMS 
Tid If - Tracing operation of control logic 

• ~:st~ ~~rt~ui~; ~~~:r ~~~:I o~e~:lting conditions - Ch~cking coun~e r and shift 
• Easy to assemble - comes with step-by-step construction regls,ler .operatlOn 

manual which indudes 80 pages on logic analyZer opefatbn. - MO~lt~nng 110 sequences . 
- VenfYlng proper system operatIOns 

(Modell00A Manual - 54.95) . i testing 

3Y:- Dlglt Portable DMM 

• Ovtrloa<lProl!d!!l 
• .3" tligh LEO Oisplay 
• B~t1ery or AC operation 
• AUloZeromg 
• lmv. IVa. 0.1 ohm resolution 
• Over1n~reidlng 
• 10 meg input impendente 
• DC Accuracy 1% lypical 
Rangel: DC Vollage :!: O·I00OVI 
AC Voltage: O-tOOOV 
freq . Response: 50·400 HZ 
OC/AC Current: 0-I00mA 
ResiSlanC8. 0-10 megohm 
Size: 6.4".4.4'.2" 

Model 2800 Acc .... rl •• : 
ACCESSORIES FOR MAX 100: $99.95 AC Adapler BC-2B 59 .00 

_
Comes with lest Rechargeable EA T SIN K S 205-CB I",,,. ,,,on,, mao",' BaH.n .. BP-26 20.00 

Mobile etlefler EUmlnrtOl' 
use power from car bantry 
Chll'QlrfEl lmlnator 
use 110V AI', 

11I.P.nn.,.tll.tI'103 1s~bItotrecording to and 110m ludio tape withOut 
Cfitital speed requirements lor the ~COflltr ilnd it is able to commLln~te dlredly 
with another modem and terminal lor telephone "hinvnlno" and communlc.atlons 
forthedeal . ln additJon,lt lsfr~ofcrlllcaladJuslm8nlsandiSbLllttwlth non -precision. 
readllyavallablepalts. 
oafa TrsnsmlnJon Mttllod .... Fl'tq llel1C)'·Shift Keyifl9. lull·duphDl: (halt-duplex 

selecrlbIe). 
Mulmum Dlia RII. .300 Baud. 
0111 Form.1 . . .............• Asynchronou5Seriil ( r8Iurntomari!levelreq~red 

belWeell each ct\arader). 
RIC.ln Ch. n",1 ~'MI'I .. 2025 Hz lo r space: 2225 Hz lor mari!o 
Transmll Chlnllli F ...... 1ItiI1 .. Switch se~ble: Low (normal) .. 1070 spaa!. 

1270 mari!; High . 025 space. 2225 mtri!. 
R.c.iVl Stntitlvlty .......... - ~6 dbm aa:ousticallyCOupled. 
Tran'mtl lInl .. .-15 dbm nominal . Adju5tab~ l rom -6 dbm 

10 - 20dbm . 
RK.I,.Ff8tIUenCYTo~ranCl .. .frequency relarence automatically adjusts to 

a1k1w IOf operation between I800Hz and2~OO Hz . 
DlglI.1 0111 Intal1lce •.• EtA RS-132C or 20 rnA CUf~nt lOop trrseeiYer i! 

optolso\a~andl'lOn·po\aI) . 
........ 12C11JAI',. 10 Walts. 

.••• All 

• Brighl 6 0igil LEO Display 
• Times 10 59 minutes 59.59 seconds 
• CrystaJ Controlled Time Base 
• Three Stopwatches in One 

Tlmn Singte Event-Spli1 & Taylor 
• Size ~ . 5· · x 2.15" x .90'· t~Yr ounctS) 
• USM 3 Pl!nlite Cells. 

and spare luse. Canylng Case le·28 7_60 

Aluminum ~~;P:~_~;~I~~::~:::~o~ TO-5 $ .25 t--;;;;;;:ii':pi"i';;::'ii':pii'i;-ni=\i;::;;;'I;;;;-:;Fii;::; .. r--:PR=O:TO::-:C:-:lI:PS:--"1-"':'':::'':'::::~------~~~:'=~~~-.. 
Regulators 5 .25 
Black Anodized Aluminum for TO-3 51.50 
Black Anodized Aluminum - predrilled 
mounting holes for TO-3 - 4;', x 1 V, x 2~ $1.75 

(cannot be stliooedvia air) 

529.95 ea. 

Com~lele 0;11 - only add waler S 9.95 ea .u.", .. " 

S 6.95 ea. $84.95 
$ 2.95 ea . J.::::::==~-::;:~~'-'!L~=-"""'-"''''--"'----'~~~~'-::::~--1 

Circle 63 on inquiry card. 

519.95 ea. 1:::::=:='-== = or-ISS 
• ~H U' "'" ~" ' ,c. ......... ~ ;,." "'~ "" • aT -598 

_~OT.oI 7S 
. - .................... ~ . OT·478 

, OT·12S 

~, 
:~.~OT.8S 

OT·35S 1;01.7S 

James 
ELECTRONICS 

1021-A HOWARO AVE. , SAN CARLOS, CA, 94070 
PHONE OROERS WELCOME - (415) 592-8097 

1978 
CATALOG 

NOW 
AVAILABLE 

• , - 0 
, A8C DEf 
• Shift Key 
• 2 Oplional Keys 

$10_95 each 
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SOFTWARE 

Chess Program for SOL and KIM -1 

This remarkable chess program runs 
in about 1 K bytes of memory on the 
KIM-l microcomputer, yet plays an 
acceptable level of chess. No ex tra 
memory or peripherals are needed for 
the KIM-l version; the built in hexa
decimal keyboard and display are used 
to enter the play ~ r 's moves and display 
the computer's replies . Another version 
of the program is tailored to the SOL 
computer, and enough documentation 
is provided to en<)ble the user to adapt 
the appropriate version to other 6502 
and 8080 based computers. The com
puter can be set up to play white or 
black, and can also play against itself. 
The program will follow a book opening 
which can be changed by" the user, and 

Data F ile Program 

Practical Programming Company, 
POB 3069, North Brunswick NJ 08902, 
has introduced a program product called 
the "Data File Program," designed for 
the 8080 or l-80 processors and as
sembled to start at either address 0 or 
address 2000. This program is a form 
of editor which uses memory to create 
named files of data , with each file 
consisting of a number of records . T he 
program includes a search feature, as 
well as facilities for editing data. This 
1024 byte program is available for $10 
(specify which origin, hexadecimal 0 or 
2000, with your order).-

Circle 656 on inquiry card . 

Word Processing System for 
iCOM Floppy Users 

This word processing system features 
text filling and justification .. line cen
tering and underlining, page numbering 
and top and bottom page titles , and 
variable line spacing. It comes in hexa
dec imal ASCII format on a data diskette 
ready to run under iCOM's FDOS II .or 
III. I nput to the word processor is 
created using the FDOS text editor, and 
formatted output is written back to a 
diskette. A driver for the Anderson 
Jacobson AJ 841 Selectronic terminal 
is also available. The package is $235 
from Ortronics, 4753 Irvine Av, N 
Hollywood CA 91602, (213) 763-0404.-

Circle 657 on inquiry card. 
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data is provided for the French Defe nse, 
Giuoco Piano, Ruy Lopez, Queen's 
Indian and Four Knights openings. The 
level of the computer's play can be ad
justed so that moves on the KIM-l take 
3 seconds ("super blitz"), 10 seconds 
("blitz") or 100 seconds ("normal " ). 
Because of size constraints the program 
doesn't handle castling, en passant 
captures and queening of paw ns , but 
provision has been made for the user 
to manually execute these moves for 
either side. The program documentation 
includes a complete pl aye r's manual , a 
programmer's manual with a discussion 
of the playing strategy and method of 
analysis, basic flowcharts and state 
va riabl e definitions, instructions for 
modify ing the input and output rou
tines, and suggestions for implementin g 
strategy improvements. A commented 
assembly source code listing with symbol 
table and cross references is included, 
as well as a hexadecimal object code 
dump . The MICROCHESS program is 
available on a KIM-l cassette for $13, 
on a SOLOS CUTS cassette for $18, and 
on paper tape for other 8080 based 
computers for $15, from Micro-Ware 
Ltd , 27 Firstbrooke Rd, Toronto 
Ontario CANADA M4E 2L2.-

Circle 653 on inquiry card. 

Assembly Language Aids for 
North Star Disk Users 

The XEK package includes an 
assembler, autoline edi tor and disas
sembler, all using the North Star Disk 
Operating System for disk and terminal 
10. Source and object programs can also 
be loaded from Tarbell format cassette 
tapes or from Intel hexadecimal format 
paper tapes. As many as six source or 
object files may be simultaneously resi
dent in programmable memory. XEK 
comes with a user manual for $48 from 
the Byte Shop of Westminster, 14300 
Beach' Blvd, Westminster CA 92683, 
(714) 894-9131.-

Circ le 658 on inquiry card. 

Get Your Editor and Operating 
System in a Poly Bag 

Here 's 8080 software offered on 
cassette and paper tape media, packaged 
in polyethylene bags. Offerings include 
the EDIT 3.0 text editor ($22.50), the 
COS 1.0 cassette operating system ($15), 
and the 50S 1.0 small operating system 
($15) which includes utilities for the 
Tarbell cassette interface and Oliver 
paper tape reader. The 50S 1.0 and 
EDIT 3.0 user manuals contain 4.8 and 
56 pages respect ively. Dealers may place 
single quantity orders at the dealer dis
count to try the software and look over 
the documentation . Contact LSM Engi
neering, POB 3243, Orange CA 92665.-

Circle 571 on inqu iry card. 

BUGBOOK Writers Write Debug Book 

DBUG: Ix.n 8080 
Interpretive 
Debugger 

RING. ueBUGGING tJ.'D 
A PROGRAM FOR EN:~ • ~GUAGE PRoGRAMS 
STORING ASSEM61 tV 

I .1.' 

This 100 page paperback, first in 
the BUG BOOK Application Series on 
assembly language programming, de
scribes an interpretive debugger pro
gram for the 8080 which e nables the 
user to enter and modify a program 
in memory and single step through 
program execution . The DBUG pro
gram was written for reading and 
punching paper tape on a Tele type
writer, but the 10 routines can be easily 
changed to accommodate other peri
pherals. DBUG resides in 1 K bytes of 
memory, and a bootstrap loader for the 
DBUG: An 8080 Interpretive Debugger 
and hexadecimal listings of the DBUG 
program are given in the appendices . 
DBUG : An 8080 Interpretive Debugger 
sells for $5 from E&L Instruments Inc; 
61 First St, Derby CT 06418, (203) 
735-8774.-

Circle 654 an inquiry card. 

A Personal Data Base 
Management System 

This data base management system 
should be useful in man y applications 
where information must be stored, 
retrieved and modified. Commands are 
provided to create files, add, delete or 
list records in sequence or selectively, 
change fields within existing records, or 
search fields for a string or for integer 
values. The current system is designed 
for . an Altair 8800b computer with one 
or two floppy disks and a minimum of 
32 K by tes of memory. The PDMS 
system is supplied on an 8 inch floppy 
disk for $795, includin g a 40 page 
manual which contains a source listing of 
the program. The manual, which illus
trates typical applications of the system, 
is available separately (without the 
source listing) for $20, from the Micro
ware Division of Physical Biological 
Sciences Ltd, POB 47, Blacksburg 
VA 24060, (703) 951-9469.-

Ci rcle 655 on inquiry card. 
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WIRE WRAP WIRE 
TEFZEL blue # 30 Reg. price 
$13 .28/1QO ft. Our price 100 ft $2 .00; 
500 ft $7 .50. 

TOUCH TONE ENCODER KIT MULTI COLORED SPECTRA WIRE 

Simplicity itself to complete . No other parts required, no 
crystal required. The back of the touch pad has etched & 
drilled PC board and you solde r the encoder chip to it. Add 
your own small speaker & 9 volt battery and you are done.
A touch of the pad produces th e proper tone signal from 
the speaker. We furnish schemat ic and instructions. 

Footage 10' 50' 100' 
8 Condo #24 $2.50 9.00 15.00 

12 ~2 3.00 11.00 18.00 
14 22 3.50 13.00 21.00 
24 24 5.00 20.00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1/4 
book prices. All fresh & new. SP-149-B $12.95 

TOUCHTONE ENCODER CHIP LAMBDA POWER SUPPLIES 

Co mpat ibl e w ith Bell syste m . no cry· 
sta l req uired . Idea l for repeaters & 
w/specs. $6.00 

LM-D-12-0 V P 12 volts DC 10 am p 
$60. L V -EE 5-0 V P 5 V DC 74 Amp 
$75 .00 

VIATRON CASSETTE 
DECKS 

The computer cassette deck alone 
$35 . Set of Control boards for 
above $40. 

Circle 68 on inquiry card. 

VIDEO DISPLAY from Viatron systems. Accepts 
composite video signals. 9 inch transistorized 
CCTV black & white CRT monitor. Ready to go, 
checked out. 115 volt AC 60 cycle. With circuit 
diagram . 

$75.00 

FAST CHARGE AA NICADS $1.25 each 

/ - ----- ~.--= '\ 

.!}l 
J -~1. 

IR NIGHT VIEWER $199.00 

Custom made, complete with light source & viewer in one 
piece. Comes with carrying strap. Ready to operate with 6 
volt lantern battery . Guaranteed by the manufacturer. See in 
total darkness. Great for scientists, viewing nocturnal animals 
& birds, criminal investigation . .. observe without being ob
served, and a ball for just plain snooping!!!! Sorry to say but 
no shipments to Calif. (lens may vary slightly from pic) 

SPL-21 $199.00 

PleaS8 add shipping cost on abo III!. Minimum ord8r $10 

FREE CATALOG NOW READY #SP-10 
P.O. Box 62, E. Lynn, Massachusetts 01904 
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MISCELLANEOUS 

Backgammon, Anyone? 

This backgammon board comes with 
something extra : a built-in opponent in 
the form of an I ntel microprocessor con
trolled by a program in read only 
memory_ The program ge nerates random 
dice rolls, interacts with the playing keys 
and is said to base its moves on an ana
lysis of the current board position using 
game theory and probabilistic methods. 
The backgammon game should be 
available in many retail outlets, and has 
been selected for inclusion in th e 
Horschow's Collections and American 
Express gift catalogs_ Priced at about 
$200 retail, the game is produced by 
Texas Micro Games Inc, 6230 Evergreen 
E, Houston TX 77081, (713) 
778-9547., 

Circle 572 on inquiry card. 

6800 Based Microcomputer 
Trainer from Heath 

The EE-3401 self-instructional course 
provides tutorial material and hardware 
and software experiments in micro
processor operation, interfacing and pro
gramming_ The course is designed to be 
used with the ET-3400 microprocessor 
trainer, which features the 6800 micro
processor, 256 bytes of programmable 
memory, 1 K byte read only memory 
monitor, and a 6 digit hexadecimal 
display and keyboard. Breadboarding 
sockets permit fast construction of 
experiments and special prototype cir
cuits. The EE-3401 course and ET-3400 
microprocessor trainer, priced at $89.95 
and $189.95 respectively, are described 
in a free catalog available from Heath 
Company, Dept 350-460, Benton Harbor 
MI 49022, (616) 982-3236 .• 

Circle 578 on inquiry card. 
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. Low Cost Power Surge Protection 

1 

Has your computer ever lost its mind 
and memory du ring an electrical storm? 
This line cord t ransient supp ressor will 
absorb repeated power surges from li ght
ning or heavy duty electrical eq uipment, 
protectin g delicate elec tronic c ircuits. 
Available in two prong ($11.50) or three 
pron g ($14.50) plug form, these units 
can also be obtained with integral power 
line hash filtering, from Electron ic 
Specialists In c, POB 122, Natick MA 
10760, (6;7) 655-1532.-

Circle 57 3 on inqui ry ca rd . 

Paper Feeder for Word Processing 
Printer 

This device elimir. ates the manual 
task of inserting f resh paper and re
moving typed documents f rom a printer 
in high volume word processing app li
cations. The Speed Feed interfaces to a 
Qume dai syw hee l printer, inserts sheets 
into the printer's platen, removes com
pleted sheets and stacks t hem in an 
internal ho pper. The hoppe r can hold 
up to 180 sheets of paper in sizes up 
to 12 by 14 inches (30.5 by 35.6 cm). 
Sensors automatically detect an end of 
paper condition. The Speed Feed is 
$1390 in single quantities with 90 day 
delivery; substantial quantity discounts 
are avai lable, from Qume Corporat ion , 
2323 Industria l Pky W, Hayward CA 
94545, (41 5 ) 783-6100 . • 

Ci rcle 579 on inquiry card . 

Low Cost Logic State Analyzer 

The Modell OOA logic state anal yzer 
is said to be the lowest priced data 
domain instrum ent avai labl e. The basic 
unit operates as an 8 clia nn el stand alon e 
analyzer, offering a 16 wo rd truth table 
display of ones and zeros on a n ordinary 
oscilloscope, post-trigger and pre-trigger 
data collection, hexadecimal and octal 
formats, and both snapshot and repeti
tive d isp lay presentations. The Model 
100A ca n be mated with the Model 10 
expansion unit on an optional baseplate 
to provide a 24 bit logic ana lyzer capab le 
of monitoring a microprocessor's full 
address and data bus. The expa nded 
package also provides a user program
mable digital delay for paging through 

, programs up to 1000 steps lon g and 
a pass cou nter for monitoring loops. 
Selected ' bus operations can be captured 
and displayed with the clock and trigger 
qualifiers on th e combi ned package. 
Th e units can be used with a varie ty of 
logic families and are capable of handling 
data rates in excess of 8 megabytes per 
second. Th e Model 100A basic unit 
and Model 10 expansion unit are each 
priced at $295 assemb led or $229 as 
a kit. The optional baseplate is $9.95, 
and a separate owner 's manual is avail 
able for $4 .95 , from Paratroni cs Inc, 
800 Charcot Av, San Jose CA 95131, 
(408) 263-2252.-

GlI'ele 576 on InqUiry card. 

Upgrade Kit for PolyM orphic 
Systems Users 

The Pol y 88 Disk Kit contains all 
mechanical parts and electronic assem
blies needed to co nvert a Pol y 88 micro
computer into a new System 8813 disk 
based system. Th e kit inclu des a chassis , 
walnut cabinet with brush ed alu minum 
front panel, a 10 slot back p lane, power 
suppl y and fa n, floppy disk controller, 
2 K bytes of read only memory, one 
floppy disk drive and two system disk
ettes. The co nversion kit costs $1450 
and is said to take only a few hours to 
install. Up to two more disk drives nlay 
be added at a cost of $590 eac h. The kit 
is ava il able fronl PolyMorphic Systems 
In c, 460 Ward Dr, Santa Barbara CA 
93111, (80S) 967 -0468 or from Poly
Morph ic Systems dealers._ 

Circle 577 on IIlqUi ry C<lrd . 



Fantastic $avings 
on Terminal Components 

We have obtained a fairl y large supp ly of professional CRT v ideo monitors, encased in attractive 
metal cabinets w ith a simulated mahogany fi nish. We do not know the bandwidth capabilities of these 
12" (diagonal) units; we have _ used them, however, to test our 24 x 80 video display board and have 
found them perfectly sati sfactory. These un its were manufactured for one of the largest data com
munications firms in the country. We are not allowed to use the name, and the nameplates had to be 
removed. Many of you have probab ly seen these units functioning. They are equipped with a standard 
video connector and have all the norma l contro ls. They operate at 110 V, 60 cycles. 

The units are in reasonably good cond ition cosmetica lly, although nearly all of them have a defect 
in the plasti c ant i-g lare screen in f ront of the CRT tube. This screen could be readily removed or 
rep laced. 

We estimate that these units w ould sell new for between $150 and $200. We are offering them 
for sa le in both functional and non-fu nct iona l condit ion . 

MDACP (acoustica l) . . . . . . $ 59.95 
MDHW (ha rd w irel . . . . . . . 44.95 
MDACP-NF (used, suspect 

non-functional) . . . . . . . . . . 39.95 
MDHW-NF (used, suspect 

non-functional . . . . . . . . . .. 24.95 
Add $2 tor hand ling-shipping-insurance. 

12CRT Used, operable* .. .. $ 5995 , 

12CRTN F Used, complete, 
'known non-functioning .. .. . $ 3995 

'Units have been tested but are sold as-is. They are not rep
resented as recondit ioned units and may requi re minor 
repairs or adjustments. 

Add the fo llow ing charges for hand ling-shipping-insurance : 
$2.50 Eastern Time Zone $3 Central $4 Mountam $5 Pacific 

.MiniMicroMart, Inc. also stocks a complete 
line of kits for building video display units. 

COMM~RC IAL MODEMS - Limited 
Supply - Acoust ical coupler type and direct 
hard wi re variety. Both operate at standa rd Bel l 
Telephone frequenc ies. at up to 300 baud; they 
are Bell 103 compatible. They appear to be in 
new or equal·lo-new condition. They are in
tended fo r communicating from a termina l to a 
time-share computer. Standard RS232C type 
connec tors are supplied . 

KEYBOARDS - Limited Supply 
Att ractive comm unications style k~yboa rds; 
some in cases which match the moni tor shown 
above. Th yare no t ASCII encoded, but the 
cod ing could be changed in so ftware with 
PROMs or by replacing the ci rcui try wi th an en
coding I.C. They key switch modules are ot 
Cherry manufacture wi th an dxcellen t fee l. A 
schematic and limited modificat ion in format ion 
is supplied. . 

Write for info rmation 

KBN brand new, in case .. ...... . . . $ 37.95 
KBU used, in case. . . . . . . . . . . . • . . . 27.95 
KBUD used, in case, minor 

cosmetic defects. . . . . . . . . . . . . . . . 22.95 
KBUNC used, no case. . . . . . . . . . . . 19.95 

Add $2.50 for hand ling-shipping-insurance. 

Write for free 64-page catalog fea turing hundreds of items for minicomputer systems. 

MiniMicroMart, Inc. 1618 James St reet, Syracuse, N.Y. 13203 (315) 422-4467 
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Circle 19 on inquiry'card, 

MISCELLANEOUS 

Arabic and Farsi Character Sets 

The I nteco lor 8001 data termi nal is 
now available with an Arabic and Farsi 
character set option which a llows text in 
these languages to be entered from the 
keyboard and manipulated in BASIC. 
The shapes of certain characte rs are 
automatically changed depending on 
their position in a word as is the custo m 
in these languages, Prices for the I nte
co lor systems with the Arabic and Fars i 
o ption start be low $5000 from Inte lli
gent Systems Corporation, 5965 Peach
tree Cors E, Norc ross GA 30071, (404) 
449-5961.8 

Circle 574 on inquiry card. 

Universal Wire Wrap Panels 

Th ese w ire w rap packaging panels 
consist of 30 columns, with 64 terminal s 
per column, on 0,001 inch centers, The 
low profile ' IC socket contacts have 
0,025 inch squ a re terminations , Avail
able with or without 108 pin co nn ectors, 
the panels are priced at $1 to $2 ,50 pe r 
IC position from Garry Manufacturing 
Company, 1010 Jersey Av , New Brun~ 

wick NJ 08902, (201) 545 -2424, . 

Circle 575 on 16quiry card. 
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~
. Terms : VISA. MC, BAC, check. Money Order. C.O.O .. U.S. Funds Only . CA residenlS add 6"10 sa les lax. Mini· 
~ mum order $10.00. Orders less Ihan $75 .00 include 10% shipping and handling : excess relunded . Ju sl in case 
~ .. please include your phone no . Good thru MC:lrCh lS,l978 

Send for our lalest brochure . phone orders welcome (213) 893~8202 . OEM and Insil iutional inquiries I 
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FOR SALE : 2708 programmer with prepro· 
grammed PROM. Plugs into K I M- ' expansion 
connector and uses K-l and K-2. Includes 6530 
PIA, $95. -5, 12, 26 V power supply, $45 . James 
Grina, 1284 Fifield PI, St Paul MN 55108. 

I 

WANTED : Manual or timing information for a 
Burroughs A 560 punch. R Six, 30725 Tenn essee , 
Rosevill e MI 48066 . 

I 
FOR SALE : Minicomputer, Digital Equipment 
PDP8·L, 4 K x 12 memory , T eletype 10, w ith 
compl ete original documentation , spare parts and 
much software $500. Hewlett·Packard 120A 
oscilloscope excellent condition with manual 
$100. Viatron cassette drive $15 . Gary Hansen , 
POB 1337, Ft Dav is TX 79734 . (9151426·3331. 

WANTED : Datapoint 2200 processor version 2, 
used, fo r reasonable price. Send details by air 
mail to Carl DuBois, 69 Nasun , Malaybal ay . 
Bukidnon 8201 PHILIPPINES. 

FOR SALE : BYTE number I for $10, BYTE 
numbers 2, 3, 4 and 5 for $5 each . These BYTES 
are now classics. All magazines in mint condition. 
Will sell any combination . Pl ease send money 
order to 0 Mathews, POB 469 , Lynden WA 
9B284. 

WANTED : BYTE issues, June. 1976 to March 
1977. Evan H Foreman, POB F, Mobile AL 36601. 

FOR SA LE : Two running bit 4B3 - 16K core 
memory minicomputers and an extra 4 K x 10 core 
memory (with all drivers and ps). Over 150 com
puter programs, including FORTRAN, timesharing 
on paper tape (source and object tapes) for the bit 
483, all LBDs, wire list, some PCB negatives, 
almost complete set of tested spare PCB for bit , 
all above on'ly $2500 FOB Phoenix . Ralph 
Greenthal, 5009 E Windsor Av, Phoenix AZ 
8500B. 

SWAP : For computer of equal value : Heathkit 
HW· l00 5 band radio, 10 thru 80 meter 180 W 
SSB / CW transceiver, converted to cover 11 meter 
CB in addition . AC power supply , speaker console 
and 4 BTV HUSTLER antenna . Perfect condi · 
tion. Ron Dudeck , 1504 WISt, Ontario CA 
91762. 

FOR SALE : Honeywell 200 computer, tape 
drives, line printer, card reader; Dura Mach 10; 
Bendi x G· 15; Royal LGP·30. For details send 
stamped self·addressed envelope to SLang, 730 
Bridge, Apt 7, Davenport I A 52803. 

ASSEMBLED SHERE BOARDS FOR SALE : 
CRT/1, CPU/2, 16 K memory . Contact Richard 
Likwartz (307) 362·5316. 

Readers who have equipment, software or other 
items to buy, sell or swap should send in a clearly 
typed notice to that effect. To be considered for 
publication, en advertisement should be clearly 
noncommercial. typed double spaced on plain 
white paper, and include complete name and 
address information. These notices are free of 
charge and will be prin ted one time only on a space 
available basis. Insertions should be limited to 100 
words or less, Notices can be accepted from 
individuals or bona fide computer users clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of 8 YTE. 

Please note that it may take three or four 
months for an ad to appear in the magazine .• 
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WANTED : Issue number 3 , BYTE , November 
1975, in good condi tion. Vincent M J Sumoski, 
A 6· 10 Leh igh Av, Glou""ster H ts NJ 080 30 
(609) 456-4298. 

WANTED : Back issues of BYT E. Issues I thru 10, 
12 th ru 13, Volume 2. Number 2. Good condi tion. 
John Berry, 1520 Aberdee n Av, Baton Rouge L A 
708 0B. 

FOR SA LE : IMSA I 4 K ER OM board with 
EROMS. Never used, $350 . Associated Electronics 
PR OM burner (bu rns 1702 and 8702 EROMS) 
with p ower suppl y, $260. J Will iams, 24 15 A nsdel 
Ct , Reston VA 2209 1. 

F OR SA LE : T V T·3 Term inal. never used. S95 o r 
best off er takes. A lso, I 'm selli ng an ASC II key· 
board wi th MOS encoder. adjustable panty. etc, 
for $20 " li ke new." David T ucker, 23681 Ma rl ow. 
Oak Park M I 48237 . Or call after 4 :00 (3 131 
9 67·3 130. 

TELEPRI NT ERS FOR SALE : Model 15 (Baudot) 
w ith tabl e, $6 5 ; Mode l 28ASRs. KS Rs or ROs 
(Wr i te l ; Model 33ASR w i th modem , 56 75. Some 
Model 35 (ASC II ) equipment. Parts and supplies 
(paper, tape. ribbons). Model 33ASR wi ring 
diagram packet, 55.75 ; Model 33 copy holders, 
5 14 ; Model 33 readers and parts (writel. Send 
SAS E for complete li st. Lawrence R Pfl eger. 
2141 N 52 nd St. Milwaukee WI 53208 . 

USED COM PUT ER T A PE FOR SA L E : Standa rd 
y, inch tape, 9 leve l 1600 bpi on 2400, 1200 and 
600 foot reels. Came from a large data cen ter 
wh ich just switched computers. Also have about 
100 old 2 foo t by 2 foo t programming boa rds 
pl us several boxes of jumper wires. Also fou r boxes 
of ha rdware for raised computer room flooring. 
Call (9041 5 75·2 1B3 o r w rite Loren Mol tedo, 
2636·273 Mission Rd, Tallahassee F L 32304. 

FOR SA LE : ASR ·33 Teletype wi th stand, paper 
punch and reader, for data 16 10 modem, and 
documentat ion for all , $775. R uss T remai n, 1324 
Miss ion St : Santa Cruz CA 95060. (4081 427·3656 . 

FO R SA LE : Brand new 4 K EROMS, type MM· 
5204 A O 512 x 8 bit uV erasab le. 750 ns, wi t h 
rubber carr ie rs and da ta shee ts. S6 .50 each. or all 
12 (6144 by tes) for $75. Steven Hain , 40 Wilshire 
Dr. Sharo n M A 0206 7. (6 171784·3374 week nigh ts. 

FOR SA L E : Tektronix RM 15 osc ill oscope w ith 
instruction and mai ntenance m anual and new 
probe. Ask ing 160 ; I am wi ll ing to trade for a 
terminal (any type) or memory. Philip Kaaret, 
I I 13 E State St , Ithaca N Y 14850 . (6 071 272· 
9 119. 

WANT ED : A ny or all of the followi ng issu es of 
HP·65 KEY NOTE : vo lume 1, numbers 1 thru 5 
and volume 2. number 1. Also interested in EE 
Pacs 1 and 2 an d MATH Pacs 1 and 2 (soft ware 
for discontinued HP-65'l . Wi ll pay any reaso nable 
price. James D amon, 161 9 King St, A lexa ndria 
VA 22314 . 

FOR SA LE : Fi rst four issues of BYT E (Se ptembe r 
th ru December 1975) in new co ndition. Best offer 
over 520. Only h ighest bidder notified. Robert 
Ki nd t. 26 Russe tt D r, RD =3. A ll entown PA 
18104 . 

FO R SA L E : IMSA I MPU·A boa rd with docu· 
menta tion and Intel 8080 User's Guide, all ICs are 
socke ted. b rand new. carefully asse mbl ed and 
tes ted, $ 13 0 . Also four memory boards; two 
Vec tor 8 K stat ic, $225 each , two M ITS 4 K 
dy namic, $ 100 each and M ITS 2 SI'O board, $ 135 . 
For more in format ion call (51 8) 456 ·8 7 17 or send 
SAS E to M ichae l Favi tta, 4 Sherwood Fo rest Rd , 
A lbany NY 1220 3. 

FOR SALE O R TR A DE : Digi ta l Group PHI ·F 
assembled interface for cassette sto rage system. 
Purchased at $1 95. never opened or used. guar· 
ant eed bran d new. 6400 bps rate, search speed 
100 inches per second. recording density ; 1600 
FC?!. T est program tape. instruction manual, 
and board connectors included. F irst cashier's 
check or money order for S135 takes it. Also, 
wi ll take best cash offer or trade for scope. DVM. 
or ca mera of equal valu e if not purchased out· 
right. Let 's ma ke a deal ! Mark A nglin, 929 Mills 
Rd, Wad swo r th O H 44 2B l . Phone : (2161 336·5769 . 

FOR SA LE : Co mplete IMSA I 8080 System, 22 
slot motherboard with ten connec tors and fan; 

.TDL 16 K memory board (250 nsl; M ID board 
wi th cabl es; Processor T echnology VDM board; 
Honey well keyboard, XA M 100% sol id state T V 
w ith video hookup ; 2708 PROM Board with soft · 
wa re for loading operating system from cassette. 
A ll m anuals prov ided. plus inst ruc.tion manual on 
operation of the compl ete system. Ready to be 
pl ugged in and ru n. 5250 0. Programming service 
also avail abl e. T Ta i, 115 Bonny Ln , Collegeville 
PA 19426 . 

FOR SALE : !\Jew factory assembled Altair 8800b 
wi th 20 K stat ic programmable memory (14K 
board. 1 16 K board), 88 ACR casselle interface. 
serial interface. ADM·3A complete cursor control 
CRT. Extended BASIC software and all manuals; 
everything for only S2500 or best offer. Will can· 
sider selling un its separately for best· offer. Going 
away to coll ege and must sell system . Please can· 
tact B Roberts , 50 5 E 82 St, New Yo rk NY 10028. 
(2 121734·5703. 

FOR SAL E: Okidata CP 11 0 printer (pri n ts up 
to 11 0 characters per second) with RS ·232 tractor 
feed. bidirectional printing and onboard self· test 
electronics. Less than one year old. N ew unit costs 
over 51700. Will sacrifice for S850. You pay 
shipp ing . Send SASE for sample of printout. 
Write to P Grivas. POB 3 153, Walnut Creek CA 
94598. 

FOR SA L E : O li ver paper tape reader, S75, Po ly· 
morph ics VTI 64 v ideo board, S190, IMSA I 
audio cassette interface board. S50. Practically 
unu sed. J Will iams. 24 15 Ansdel Ct, Reston VA 
2209 1. 

FOR SA L E : M ITS 8080a mainframe. Never used, 
works, and is in good condition. Wi ll sell fo r 
$400. Contact Tyrone Throop at 7 13 Erskine 
NW, Hun tsvi ll e A L 35B05, or ca ll (2051 837 ·9246. 

FOR SALE : DE C PDP 11' 05 ,uns perf ect ly, has 
B K x 16 core memory. Extra boards. cables. 
service informat ion, test tapes and documentation 
included . First cer tif ier;:i check for $ 1,500 plus , 
shipp ing. Gera rd C Pl asse, 53 Main St. Ox ford 
MA 0 1540. (61 71987 ·5588 . 

FOR SA LE : New TEC·9900·SS·U super starter 
system kit 16 bit TI microprocessor. 32 bit 10. 
hardware multiply and divide, buffered bus, 20 rnA 
or RS232. eight inte rrupt and sockets . Won at 
Hartford Ham Co nven tio n. list 5299, fi rst S175 
ta kes it. Bun ke r Ramo keyboard =2200 and video 
d isplay Model 22 17 with se lf contained PS, 
schemat ics and manuals 595. John Keslo, 5 Belvina 
Cir, Pelham NH 03076. (6031 635·2508. 

FOR SA L E: SwTPC 6800 Computer with 4 K 
programmable memory . New and well co nstructed. 
100% guara nteed. S250. A Cunningham. 1151 
Seneca PI , Charlotte NC 28210. 

TR A DE : Amaleur radio eq uipment and test ing 
equipment for an Altair 8800 or Imsai. Send for 
information to Dale Hutchinson. 10818 Brentway 
Dr, Houston T X 77070. 

FOR SA LE : A l ta ir 8800a with 20 K p rogram · 
mabi e memory and ASA 33 Te letype (almost 
newl, reader, punch, inte rfaces. fa n, manuals, 
etc, 8 K M ITS BAS IC on paper tape. COSt almost 
$4000 neVJ. Works perfectly but want to bui ld 
my own now. Sacrifice th is whole quality system 
for $2495, or just $ 1895 without th e Teletype. 
F irst cash ier's check or money order reserves this 
powerful computer and T eletype. Brian J Dowd. 
DDS, 1770 Cen tu ry Cir NE, Atlan ta GA 30345 . 



S. D. SALES CO.AN EMPIRE IND. CO. 

P.O. BOX 28810 DALLAS, TEXAS 75228 

B ORDER BY PHONE CALL TOLL FREE 1-800-527-3460 

vM -
EXPANDO RAM KIT S.D. SALES NEW .., 

32K FOR $475,00 
MEMORY CAPACITY 

MEMORY ADDRESSING 
MEMORY WRITE 

8K FOR $151 .00 
INTERFACE CAPABILITY 

Control , data and address in
puts utilizes low power 
Schottky devices . 

POWER REQUIREMENTS 
+ 8VDC 400MA DC 

EXPANDABLE EPROM BOARD 
16K or 32K EPROM $49.95 w/out EPROM 
Allows you to use either 2708's for 16K of 
Eprom or 2716's for 32K of Eprom, 

+ 18VDC 400MA DC 
-18VDC30MA DC 

KIT FEATURES: 
PROTECTION 

BK . 16K , 24K, 32K using Mos
tek MK41 15 with 8K bound
aries and protection . Utilizes 
DIP switches. PC board comes 
with sockets for 32K operation . 

1. All address lines & data lines buffered, 
~ . ~~~~~~~~:~~I~) ~;rr~~h 2. Quality plated through P.C .. Board, in-

cluding solder mask and silk screen, 

~rJ~~6 I~08 w!:~~~orC:~~~~ : 

is provided with no walt states 
or cycle stealing required. 

MEMORY ACCESS TI ME 
IS 375ns. 

3. Selectable wait states. 
Memory Cycle Time is 5OOn8. 

Buy an 5100 compatible BK Ram Board and upgrade the same board to a maximum of 
32K in steps of 8K at your option by merely purchasing more ram chips from S.D. 
Sales! AI a guaranteed price - Look at the features we have built Into the board . 
PRICES START AT$151. FOR 8K RAM KIT 

4. On board regulation provided. 
5, All sockets provided w/board , 

Add $108.00 for each additional 8K Ram 

WE CAN SUPPLY 450ns2708's AT $11.95 
WHEN PURCHASED WITH BOARD. 

Z-80 CPU BOARD KIT - $139. 
CHECK THE ADVANCED FEATURES OF OUR Z-80 
CPU BOARD: Expanded set of 158 instructions. 8080A 
software capability . operat ion from a single 5VDC power 
supply; always stops on an M1 state, true sync generated 
on card (a real plus feature!) . dynamic refresh and NMI 
available, either 2M HZ or 4M HZ operation, quality double 
sided plated through PC board; parts plus sockets priced 
for all IC·s. · Add $10 exira lor Z-80A chip which allows 
4MHZ operation Z-80 chip with Mllnual- $39.95 

MUSICAL HORN 
One tune suppl ied with each kit. Addi tional tunes - $6 .95 
each. Speciallunes available. Standard tunes now available: -
Dixie - Eyes of Texas - On Wisconsin - Yankee Doodle 
Dandy - Notre Dame - Pink Panther - Aggie War Song -
Anchors Away - Never on Sunday - Yel low Rose of Texas -
Deep in the Heart of Texas - Boomer Sooner - Bridge over 
Ri ver Kwai. 
CAR & BOAT KIT HOME KIT Special Design 

$:14 .95 $26.90 Gase $3.50 

6 DIGIT ALARM CLOCK KIT 
Features: Litron ix dual 1/2" displays, Mostek 
50250 super clock ch ip, single I.C. segment 
driver, SCR digit drivers . Kit includes all ne
cessary parts (except case) . Xfmr optional. 
Eliminate the hassle. 
AC XFM R - $1.50 Case $3.50 

Bowmar 4 Digit LED Readout Array 
Full V2" Litronix Jumbo Dual 

Digit LED Displays 
4 JUMBO .50" DIGITS ON ONE STICK! 
W ITH COLONS & AM/PM INDICATOR 

$3.95 
DL 722 - C.C. 
DL 7218 C.A. 

99c 

DL728-C.C. 
DL 727-C.A. 

$1.29 

8K LOW POWER RAM - $159.95 
Fully assembled and tested . 
Not a kit. Imsai - Altair -
5-100 Buss compatible, uses 
low power static 21 L02-500ns . 
fully buffered on board regulat 
ed , quality plated , through PC 
board, Including solder mask . 8 
pos. dip switches for address 
select. 

Jumbo LED Car Clock Kit 
FEATURES: ~ 
A. Bowmar Jumbo .5 inch LED array . . 
B. MOSTEK - 50250 - Super clock chip. ~. ..... . ! ",~ 
g~ ~; ot;o~~dh~~~~~~~ ~r~~~~:~a~ .base . ~~ ~ 
E. Perfect for cars, boats, vans, etc. 
F. PC board and all parts (less case) Inc. 

~~r:F~~o~ S; .~5O $16.95 

5 Digit Countdown Utility a~-"" 
Darkroom Timer Kit ,.. 
Features: Large LED 1/ 2" displays C "",,,",, 
oper. from 0.1 sec. to 59 min . ,;/ 
59.99 sec. 5A-115V. Relay included to 
con trol appliances. Operates on 115V ~ 
AC. Displays can be turned off for total 
darkness while counting . All necessary 
parts Included. $44.95 
Special design case $3.75. 

NEW COMPETITION CHESS TIME KIT 
WITH TWO INDEPENDENT FIVE DIGIT 

1/2" LED DISPLAYS 
The timers can be used in- ~ 
dependently or coupled. ;. 
The timer can be set to 59 : . . •• " •••• 

~~~~~:~s~9~i~~~~:~ O~ll, $79.95 
~r~~f::r~':;~~a~~~~at- Compl~te Kit 

FLAT PACK 

RAM'S TANTALUM CAPS Ie ASSORT. elECTRI CAL COil 
2 TRANSISTOR THERMISTORS FLAT PACK 5400 13TTYPEC 

21 L02· SOO NS ... B/ l1.5O 
21L02-250NS . 8/ 15.95 
21 14-4K ......... . ... .. .. 14.95 
I lOlA - 256 ........ .. • . .. .. 8/ S4 .00 
1103- 1K .......... ... .. ... ... 35 
MK411S-8K . 1S.45 
74S 200 · 256 . 3.95 

CPU'S 
Z-80 includes manual . 
Z - BOA includes manual . 
8080A CPU 8 BIT 

. .... 29.95 
... 34 .95 

11 .95 

MEPCO-NEWI 

* 

1.5KOHM 
51S1 .00 

DI$C CAPS 
FOR BYPASS 

. 01 MFO-100 
WoIDC. PC leads. 

401S1 . 

1 MFD. 2OVOC. 
P.C. LEADS 
15 10rS1.00 

* 
DALUM 

Used In TV Tuners 
Can be rewound 

lor Ham Iroq . 
81S1 

SEAlES. SPECIAL tOTTYPEC 
BUY FROM ITI. YQUACHQICE 

2Q A .. orted 
Devh:es for IUIO 

121S1 

* * 
STANDARD COILS AUTO COIL 
USe In TV Sets. 1.2 TRAN F. 
uh 5% and 1.5 uh Ideal lor the exp8f" . 
10%. Your choice. 

12/$1 121$1 

AUDIO 
amf. W/Specs . 

6/S1 

* 
NEWCAMBION 

JACKS 

PAAT'C~352 
Gold Platad 

SOlSl 

4K LOW POWER RAM KIT 
Fully Bulfered - on board regulated -
reduced power consumption utilizing 
low power 21 L02 - 1 500ns RAMS -
Sockels provided lor all IC 's . Quality 
plated through PC board . 'Add $10. lor 
250ns RAM operalion . 

llli
a .. ,.. 
a-

, . 

The Whole Works - $79.95 

DIGITAL LED READOUT 
THERMOMETER - $29.95 

Features: litronix dual 1/2" displays. 
Uses Silicoaix lD131 single chip CMOS 
AID converter. Kit includes all neces
sary parts (excep t case): AC line cord 
and power supply Included. 0-149- F. 

6 Digit General Purpose or 
Computer Timer Kit - $29.95 

Features: urge LEDI 12" displays , Mostek ~. 
50397 counter display/driver, counts up to ii--
59 minutes, 59.99 seconds with crystal con- '. - -
trolled 1/100 second accuracy, operates on , '" .... 
115V AC or 12V DC supply. All necessary ~ 
parts Included. Special design case 53.75. 

Low Cost Cassette 
Interface Kit 

$14.95 
Features: K.C. standard 240011200 Hz, 300 Baud, TTL, I/O 
compatible, phase lock loop, 22 pin connector. Feeds serial data 
via microprocessors 1/0 ports and from cassette tape recorder . 
$1~.95 

TRIMMER POTS 
10K, 2OK, 20K 
OHM. Mini lor PC 
boards. 

YOUR CHOICE 
101S1 . 

* 
SILICON 

RECTIFIER 
Specf811 

lN4001 . 1 AM P 
1000 PIV. 

PRIME UNITS 
101S1·. 

MICROPROCESSOR 
CHIPS 

8212· If 0 port . .. ... ..... 3.50 
8214 - P.I.C.. . .. t2.95 
8216 - Non Invert Bus .. . ... . ... 4.95 
8224 - Clock Gen ... . ' .. . .4.95 
8226 - Invert Bus . .. 3.95 
PIO lor Z-BO . .. .............. 14 .95 
CTC lor Z-BO .. . ...... .. .. .. t4 .95 
822Q Sys. Controller. . .. 8.20 
8251 Prog. comm. Interface .... . . 10.95 
8255 Prog. perp. Interface ...... 13.50 
8820 Dual Line Aeer 1.75 
6830 Dual line Dr ................ 1.75 
2513 Char. Gen. . . . . . 7.50 
8838 Quad Bus. Recvr .. . .. •. ... . 2.00 
74lS138N - 1/8 decoder . . .. 99 
8T97·Hex Trl-State Buffer ......... 1.25 

. 6.95 I-*.:....---~~*----+*.:....----t-'-*-----+..:.*-----+.;.*-----i BOOB CPU B BIT t488/1489 RS232 .. . . t .5O 
TR 1602B Uart .: ........... 3.95 

PROMS 
1702A· 1 K· 1.5us .. . .... 3.95er 101 35 . 
2708· BK inlel · 450ns . . .. . .. 14 .95 
520' · 'K ... .. .. .. 7.95 
82S129-1K ................ 2.50 
270858 8K Stgnellcs 650n5 ... ... . . 9.95 

COU NTER CHIPS 
MKS0397 6 Digit elapsed l imer . 8.95 
MK502SO Alarm clock . . 4.99 
MK50380 Alarm chip . . . . . . . .. .. 2.95 
MK50396 6 digit up/ down counter 12.95 
MK5002 4 digit counter . .. . .. ... . 8.95 
MK5021 • Cal. chip SQ. rool . 2.50 

Photocell A .. t. 
We bOughl "lmOSI 
200K Irom a big US 
mig. Three produci 
I"mllles: ' small, 
moolum and dual 
phOlocolis. PerlOCI 
lor all IIghl sonsi· 
live application, . 

* 12/ $1 .00 

MICA TRIMMER 
PC 402 M in iature 

I.S-20P.F. 
p.e. Mounl 

4/S1 

* 
'Choose $1 . 

PLASTIC READ
OUT FILTERS 

. Or iginal ly used In 
desk lop calcula· 
tors . Perfect l or use 
with LED and other 
type readouts. 
AMBER - e 10r Sl . 

TTL ASSORTMENT 
• Contains a high 
yield 01 usable parts. 

SO/SI .SO 

* * 
MICRO-DIP $1.95 

New - SerIes 2300 
The World's Smal lest 

Coded BCQ Dual-in-Une 
Switch! PC Mount 

2300 02G BCD 1-2-4-8 
2300 12G BCD 1-2-4-8 

Compl iment 

RESISTOR 
Specl.11 

22 Ohm. I Wall . 
Carbon Comp. 10%. 
Handy value. Parol· 
lei to make low ohm· 
aga power reslslors . 
Help! We bought 
100.000 plecm! * 25'orSl . 

DISC CAP ASsT. 
PC leads . AI l&aSt 
10 di llereni value3 ; 
include! .001, .01, 
.05 plus other stan· 
dard values. 

80111.00 

* 
JOY STICKS 

FOUR 100 K-OHMS 

POTS~ 
Ideal for ' 
electronic ' .' . . 

games $3.95 

P.C . LEAD DIODES 
lNCUS/1N914 

-100/$2.00 
l NC002·1A 
-100PIV 
40/$1.00 

* 
STANDARD 
ANT. TER. 

Used lor AnI . Hook· 
up on all TV Sel,. 

1211 

* 
Free Merchandise From Asterisk Items on each $15 order! 

Z-80 PROGRAMMING 
MANUAL 

IN DEPTH DETAIL OF 
THE Z-80 CPU 

MICRO-COMPUTER 

S.D. Sales Special 
$9.95 

CALL IN YOUR BANKAMER. Texas Residents Call Collect : 

ICARD (VISA) OR MASTER 214/271-0022 
CHARGE ORDER IN ON OUR 
CONTINENTAL TOLL FREE 1-800-527-3460 
WATTS LINE : DEALER INOUIRIES tNVITEDI 

7:erlHs - 00 'DIlU 
)1.oHeu Hllcl vllllrllHtee! 

NO COD's. TEXAS RESt DENTS ADD 
5% SALES TAX . ADD 5% OF ORDER 
FOR POSTAGE & HANDLING . OR
DERS UNDER $10. ADD 75c HAND· 
LlNG . FOREIGN ORDERS - U . S .. , 
FUNDS ONLYt . .... 
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To get fu rther information on the products advertised in BYTE, fill out the reader 
service card with your name and address. Th en circle the appropriate numbers for the 
advertisers you select from this list. Add a 73 cent stamp to the card, then drop it in the 
mail. Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE, bringing you a bigger BYTE. 

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. 

87 AAA Chicago Computer Center 167 42 Digital Systems 7 . Ohio Scientific Instruments 39, 40, 41 
1 Addison-Wesley Publishing 30 44 Elcom Enterprises 167 88 OK Machine & Tool 101 
2 Alpha Digital 128 45 Electrolabs 181 89 Oliver Audio Engineering 51 
3 Anderson Jacobson 67 46 Electronic Control Technology 132 90 Osborne & Associates 99 
4 AP Products 125 47 Electronic Systems 191 91 PAIA 49 
5 Apple Computer 16, 17, 18 48 Electronic Warehouse 185 92 Page Digital 185 
6 Artec Electronics 55 49 Extensys 45 93 Parasitic Engineering 53 
7 Atwood Enterprises 187 50 CW Engel 134 94 Peripheral Vision 69 
8 Beckian Enterprises 187 51 Forethought Products 145 • PolyMorphic Systems 31 
9 BITS 29, 129,147,160,161 , 171 52 Gallagher Research (GRI) 133 96 Poly Paks 177 · BYTE Binders 147 53 DC Hayes 175 97 Prior ity I 205 · BYTE Bound Volumes 92 54 Heath CIV, 34 98 Processor Technology 87, 89, 91, 93 · BYTE Index 147 55 Heuristics 97 99 ROM 149 

11 Byte Shop , Tustin 141 56 Hobby World 193 101 S-100 135 
12 CaJifornia Applied Technology 147 57 IMSAI43 102 Scelbi 13, 121 
13 California Industrial 180 58 I ntegral Data Systems 63 * Scientific Research 83, 95 
14 Canada Systems 130 59 Integrated Circuits Unlimited 195 103 SD Sales 207 
15 Capital Equipment Brokers 133 60 I nternational Data Systems 137 104 Silver State Enterprises 147 
16 Carterfone 46 61 Ithaca Audio 134 105 Smoke Signal Broadcasti ng 115 
17 Central Data 103 62 Jade 196, 197 106 Software Records 141 
18 CMC Marketing 73 63 James 198, 199, CIII 107 'Solid State Music 5 
19 Component Sales 204 64 Jensen Tools & Alloys 147 108 Solid State Sales 175 
21 Computer Corner 157 65 Logical Services 126 109 Solid State Time 22 
22 Computer Enterprises 140 66 Manchester Equipment 20 110 Southwest Technical Products CII 
23 Computer Hardware Store 157 67 Meca 183 11 i S~ructured Systems 159 
24 Computerland' 58, 59 68 Meshna 201 112 Summagraphics 127 
25 Computer Machine Service 157 69 Micro Business 78 107 95 Synchro Sound 113 
26 Computer Mart of NH 157 70 Micro Diversions 47 113 Systemathica 157 
27 Computer Mart of NJ 131 71 Micronics 130 114 Tarbell Electronics 11 
28 Computer Mart of Royal Oak MI 51 72 Micropolis 60 115 Technical Design Labs 32 
29 Computer Place 167 73 Micropolis 61 116 Technical Systems Consultants 9 
30 Computer Systems Store 157 74 Microware 24 18 TEl 73 
31 Computer World 105 75 Midwestern Scientific Instruments 143 119 TLF 71 
32 Cox, Roger 147 76 Mikos 183 120 Touchstone 147 
34 Cromemco 1, 2 77 Mini Micro Mart 135, 203 121 Trace Electronics 119 
35 DaJen 33 78 Mountain Hardware 15 122 Vamp 157 
16 Dal Data Inc 46 79 mpi 129 123 Vector Graphic 65 
36 Databyte 21 80 MSD 123 * Vista Computing 78, 79 · Data General 57 81 National Digital Diagnostics 157 124 West Coast Computer Faire 153,1 55 
38 Data Search 132 82 National Multiplex 139 125 Wintek 131 
39 Digital Group 75 83 NCC 78 151 126 Worldwide Electronics 147 
40 Digital Micro Systems 136 .84 Netronics 128 127 Xitex 145 
41 Digital Research 189 85 Newman Computer Exchange 176 128 Xybek 136 

86 North Star Computer 23, 37 129 Yestronics 157 

"'Reader Service inquiries not solicited. Correspond directly with company. 

-
Article No. ARTIClE 

Ciarcia: A Penny Pinching Address State Analyzer 

2 Wilber: CIE Net: A Network of Community Information Exchanges 

3 Bunce-Schwartz: Some Musings on Boolean Algebra 

4 Bober: Taking the First Step 

5 Smith: Simulation of Motion: Extended Objects, Applications for Boating 

6 Webster-Young: Add a $3 Light Pen to Your Video Display 

7 Fylstra : SWEETS for KIM 

8 Steinwedel: Personal Computers in a Distributed Communications Network 

9 . Kent: The Brains of Men and Machines: How the Brain Controls Output 

JO Allen: A Minifloppy Interface 

11 McGath: Programming Entomology 

12 Grappel: A Simple Digital Filter 
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Tightly Clustered 

November's BOM B analysis provided two tight 
"clusters" of ratings in readers' reactions. The first 
cluster was a tie for first place between Steve 
Ciarcia's " Memory M apped 10," page 10, and 
Burt Hashizume 's tutorial on ' "Floating Point 
Arithmetic," page 76. Each will receive a $100 
bonus check for placing 1.6 standard deviations 
above the mean . The· second place cluster con
sisted of two complete computer pl ans: "Kom
puutar" by David Brader, page 94, and " Bu ilding 
a Computer From Scratch" by Hilary Jones, page 
80. Each will receive a $5 0 bonus check for placing 
0.7 stand ard deviations above the mean in readers' 
preferences. For November 's voting , the standard 
deviation (a) was 17% of the mean of 14 artic les. 
Fill out your BOMB card w ith rati ngs f rom 0 to 10 
for each article, plus any uncensored com ments 
you have for this direct line to th e editor's desk.-



in1-pak: 
electronic components 

One-Stop 
Cotnponent Center 

TTL 
, .100 ~90 
1402 101 91 
14~ 1493 
/ 01 08 74 10} 
""'0 14 111 
14'20 74 112 
'''30 74 123 
/.131 14 11!! IOM809JI 
/4·: 2 74 15': 
/·14 7 141(;110"'9 )1 61 
/ ,113 7-11 7610 '-182801 
7·\ 74 7': 1 11 (D ~.:8 28 1 I 
IH~ 74 191 
1'176 741!)3 
1·: 8~ ] 4 367Im.1H09 7) 

Low Power TT L Schottky 
],11.500 74 1.$83 
/4L501 74 1.585 
14 1.504 74L586 
Io1L508 NLS90 
741.510 14 LS 109 
/4 1.520 74 L51 23 
/4 L530 74 L5136 
141.537 I <l LS I38 
'/ 4 1.573 74 LS151 
/II LS74 74 L$115 
NLS15 N LSJ6 7 

C/ MOS 
4000 40]9 
4001 4 0 01.' 
4010 .:1 046 
4011 4049 
40 13 4050 
40 16 4051 
4011 4069 
4020 4071 
<on 4081 
4014 4 511 

QUALITY PRODUCTS 
LINE A R 

LMJ OI V ~OT 154181S1 
L~IJ01V LM555V 
LMJ09K LM556N 
LMJ I I V LM~G 7V 
LMJ10 K 509051 LM72J N 
LMJ20T 5090S1 LM1J9N 
LMJ10 T 121791 21 LM N 1 V 
LMJ20 T 15179'51 LM IHN 
LMJJ9N LM'4 51!VI555!1V) 
LMJ40T5178 051 LM1 55GV 
LMJ4 0l 12 178 1:l1 LMJ900N ICAJ4 0 1 I 

MICROPROCESSO R 
l 80 
8080A 
82 12 
Bn4 
B228 
6800 
6810 
G8JO 
A Y- !>-I OI J 
151311 140 

IN7!>I 
lN4 7JJ 
IN47J4 
IN474 2 

210 1 
] 10:l 
:l'L02 
7489 
MM5262 
1702A 
8 2S2J 
270B 
OM8835 N 
NIP91 

DIODES 
~811N91 4 1 

IN400 1 
lN4004 
lN400 7 
MOA·980J 

TR ANSISTORS 
Cl06(11 2NJOS5 
1Nn]"}A 1NJ904 
1N2901A 1 NJ906 
MJE 295S 2NSI 29 
~.IJEJ05S ]N51J9 

RESISTORS 
ASS1 1~ 
ASST1 :'SST6 
ASST J .'SST 7 
ASS14 

CAPAC ITORS 

Aluminum Electro lytic 

1 ... 1o! 50V 
4 7 ..... ,,, 50V 
10." ' ,,50 1,1 
22", ' ''5Ov 
4 7m ' <I SOV 

loomhl50V 
12Om',, 50V 
4 7OmloJ SOV 
IOOOmlu ~SV 
71OOml<l 16v 

Ceramic Disc 
10pi SOV 
4 7,,1 SOV 
l()()pl SOV 
nOpl SOV 
3JOI" SOV 
4 7Or,' SOV 

OOlm ' [ISO\l 
00<1 7mhISOV 
01mhl50V 
022m ' "SOV 
0 .1 7ml"SOV 
Imlu 50V 

Dipped Tantalum 

,m" ,JSV 
22mhlJ5V 
33m',' JSV 
.: 1mlllJ5V 
68ml<l J5V 
Iml.1 JSV 
I S,"'" 3~V 

]2ml<l :l5V 
J 3''' ' d2Sv 
4 lmld1SV 
68m'<l2SV 
IOmln2SV 
ISmld:lSV 
33'"'<l1SV 

SWITCHES 
SPSI4\'3~'\"bt, ,'()n 
SPSl 11.,3.101' SPOT Pu, " Dullo" 
SPOI on ott on Sf> ST pu~" ' )UHon 

' O,~,h· Sf> ST pu,h bU Hun 
SPOT on non,· on SPST pu,h bUHon 

I<)[~II.· OPOT ~I,, '~ 
01'0 1" 0" o il "n l)f>OT O,H'O'''''"" 

I<)(Jgl~ 

SOCKETS 
a l "" low~, ... ",ew""' 

14" ,n low rHu l oit 16 PI<, w"" wr ~p 
lup, ,, 'owp' o l .l ~ 2<1 p." w " e W["" 
24p", lo w p, ,, I , , ~ 40 P'" w,,~ w, ~p 

40p,,' 'own'o l ,l" f O·J Soc ~~ t 
MOl" . 1' '''1 TO·S Su<; kel 

Display LEOS Discrete 
s . Jdntm" ' ., .~Ocom ~n<Xl" 
300 cum ~nudt· 6(10 co"'. (,>! hod" 
JCO enrn nlhod~ 200 LEO La m,,", ,,d 

CONNECTORS 
08 :l~1' l"uQ 0 825SSoek" , 

DAT A BOOKS· 
1400 !14 LS 0 .. 13 8 0u" 
CMQS/ L, nC3' OJla Uuu~ 

l.t",o l"OCUIO. / LEO Oa,a aOO~ 
'JIM ·PAI( P.ud uC n O"'~ 

A component product line developed for the independent dealer. Guaranteed, nationally advertised products. Complete 
JIM-PAK program includes national advertising, direct mail programs, store display racks, stock rotation plan and return 
policy . For dealer information, write or call JIM-PAK , ~ 021 Howard Avenu e, San Carlos, CA 94070 (415) 592-8097 . 

*********************************** 
SEE YOUR LOCAL J~~tR~~ DEALER TODAY ... 

A LABAMA 
Mobile 

AR IZONA 
Fountain f-/ills 

CALI F OR NIA 

Bellffower 
Berkeley 
Fontana 
Long Beach 
Monrerey 
Palo A/co 
Pasadena 
Sacramento 
Sacramento 
San Carlos 
San Francisco 
San Jose 
Sunnyvale 
Val/eia 
Walntll Creek 

CANADA 

Lafayerre Radio Electronics 

P & C Communic.uiOlls 

Earl 's Hobby Shop 
AI L1sher Electronics 

Fon tana Electronics 
Scott Radio SupplV 

Zackit 
Zack Electronics 
Dow Radio Inc. 
The Radio Place 

Zacki t 
J&H Outlet Storl' 

Zack Electronics 
Ouement Electronics 

Sunnyvale Electron ics 
Zackit 

Byte Shop Computer Store 

Alberra (Calgary) The Computer Shop 
COL ORADO 

Aurora Com Co Electronics 
S teamboat Springs Norm 's TV & Electronics 

CONNECTICUT 
Bridgeport Compurer World 

FLORIDA 
Lakeland 
Orlanelo 
Tampa 
Tampa 

FRANCE 
Paris 

GEORG IA 
A rlanta 

HAWA II 
Aiea 
Honolulu 

IDAHO 
Idaho Falls 

ILLINOIS 
Evanston 
Groveland 

Lakeland Specialty Electronics 
Altair Compl/rer Cen rer of Orlando 

AMF Electronics 
Microcomputer Sys tems 

Computer Boutique 

Atlanta Compurer Mart 

Delcoms Hawaii 
Integrated Ci rcuit SupplV 

Audiotronics 

Itty Bittv Mach ine Co. 
Mover Elect ronics 

Circ le 63 on inquiry card. 

ILLIN OIS (Cont"d) 
Mount Prospec t 
Oak Park 

INDI ANA 
East Chicago 
Hammond 

KENTUCKY 

Tri-Staw Electronics 
Speccronics 

Acro Electronics 
Ouantum Computer Works 

Lexington Radio·Electronic Equipment Co. 
LOUISIANA 

Baton Rouge Davis Electronics SupplV 
MARYLANO 

Baltimore 
Baltimore 
Rockville 

Computer Workshop 01 Baltimore 
Evervtlling Electronic 
Compllrer Workshop 

Computers. Etc. Towson 
MASSACHUSETTS 

Medford 
North Adams 
Waltham 

M ICH IGAN 
Grand Rapids 
Lansing 

M INNE SOT A 

Tufts Elect ronics 
Electronics SupplV Center 

Compllfer Mart Inc. 

Micro Computer World 
Fulton Radio Supply 

Duluth Northwest R,1(lio of Duluth 
Eagan Dacom Amateur Radio Center 

M ISSOURI 
Parkville Computer Workshop of K.1f1sas City 

MONTANA 
Billings Conlev Rc1dio SupplV 

NEBRASKA 
Lincoln Altair Computer Center 
Omaha Om,1ha Compu ter Store 

NEVADA 
Las Vegas 

NEW JERS EY 
Cherry Hiff 
Hoboken 
Pomp/on Lakes 

R,'1fTlsey 
NEW YO RK 

Albany 
New York 
New York 
Trov 
White Plains 

NORTH CARO LINA 
Raleigh 

Century 23 

Computer Systems Unlimited 
Hoboken Computer Works 

Computer Corner 
of New Jersev 

Tvpe tronic Compu ter Store 

Fort Orange Electronics 
Tile Compu ter Stores Inc. 

Computer Mart of New York 
TlOjan Electronics 

The Compu ter Corner 

Bvte Shop of Raleigh 

OHIO 
Bucyrus 
Cincinnati 
Dayton 
Reynoldsburg 
Steubenville 

OKLAHOMA 

Mead Electronics 
Digital Design 

A ltair Computer Center 
Universal Amateur Radio 

Hosfelt Electronics 

Guvmon Sound Service 
Oklahoma City Bits, Bvtes & Micros 

OREGON 
Beavertan Alwir Computer Center 
Coos BaV Herrick Electronix 
Ontario Miller Electronics 

PANAMA 
Panama City Sonitel. S.A. 

PENNSYLVANIA 
Hershev M icrocomputer Systems Inc. 
Murravsville Computer Workshop 

of Pittsburgh 
RHODE ISLAND 

Cranston Jabbour Electronics City 
Pawtucket Jabbour Elecrronics City 

SOU TH CAROLINA 
No. Charles ton 

TENNESSE E 
Knoxville 
Memphis 
Oak Ridge 

TEXAS 
Dallas 
Houston 
Houston 
San Antonio 

V IRGINIA 
Alexandria 
Alexandria 
Richmond 
Springfield 

Virginia Beach 
WASHINGTON 

Bellevue 
Longview 
Pasco 
Spokane 

WEST VIRGINIA 
Morgantown 
Morgantown 

Technical Services Inc. 

Byte Shop 
Sere-Rose & Spencer Electronics 

Computer Denn 

Computer Shops Inc. 
Altair Computer Center 

Interactive Computers 
Sherman Electronics SupplV 

Computer Hardware Store 
Computers Plus 

Computers· To·Go 
Computer Workshop 

of North Virginia 
Heathkit Electronics Center 

Altair Computer Center 
Progress Electronics 

Riverview Electronics 
Personal Compu ters 

The Computer Corner 
Electro Distributing Co. 
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