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6800/2 IS HERE 


The 6800/ 2 uses our new A2 processor board with 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 switch selector that allows 

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

memory that extends to 32K with memory external to the 

processor board itself. This lets you develop specia I pro

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

memory card where it can be modified 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 

M F-68 M inifloppy 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 compatible interface may be configured to op


erate serially 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 . 


4K Static MEMORY-

The 6800/2 comes wth 4K of static RAM memory on our 


MP·BM board. The memory may be expanded to 8K by the 


addition of eight more memory chips. No addit ional 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 


application . 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 


verifies EPROMs right in the machine-and more coming . 


6800/2 Kit . .... . .... . ......$439.00 ppd Cont. U.S. 


6800/ 2 Assembled ....... ... ..$495.00 ppd Cont. U.S. 


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

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 

Ci rcle 110 on inquiry carcl. 



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-20 computer. 

You can load fast because the 
Z-20 comes equipped with a 5" 
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-20 itself is our fast, rugged, 
professional-grade Z-2 computer 
equipped with disk drive and con
troller. You can get the Z-20 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-20 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 
1/0 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
gradc microcomputer 

for professionals 

ADVANCED CONTROLLER CARD 
The new Z-20 is a professional 

system that gives you professional 
performance. 

In the Z-20 you get our well 
known 4-MHz CPU card, the proven 
Z-2 chassis with 21-slol motherboard 
and 30-amp power supply that can 
handle 21 cards and dual floppy 
drives with ease. 

Then there's our new disk con
troller card with special features: 

• 	 Capability to handle up to 4 
disk drives 

• 	 A disk bootstrap Monitor in a 
1K 2708 PROM 

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

• 	 LSI disk controller circuitry 

Z-2 USERS: 
Your Z-2 was designed with the future 
in mind. It can be easily retrofitted 
with everything needed to convert to 
a Z-2D. Only $935 kit; or $1135 for 
assembled retrof it package. 

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 forward step of using LSI con
troller circuitry. 

STORE/FACTORY 
Contact your computer store or 

Cromemco factory now about the 
Z-20. It's a real workhorse that you 
can put to professional or OEM use 
now. 
Kit : Z-20 with 1 disk drive 

(Model Z2D-K) ........ . .. . . . $1495. 
Assembled: Z-20 fully assembled 

and tested (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-5) .. ...... $95 

Z-80 Assembler (Model FDA-5) ... . $95 


Cromemeo 
incorporated 
Specialists in computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 Circle 34 on inquiry card. 
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The easy way to get disk storage, 

FORTRANIV, and other programming power 


Control up lo Control up to CRT terminal 
four 811 drives three 511 drives Interface 

1 kllobyte 
PROM 

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'' drives. 

That means you can have enor
mous disk storage since the new con 
troller puts 92 kilobytes on each side 
of a 5" 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 µ. P. 

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-20) is for 
our Z-2 computer or any S-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 (ROOS) gives you key-
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disk drive 

board control of your disk drive 
and also includes a bootstrap to 
load our powerful COOS disk 
operating system supplied on all 
Cromemco diskettes. 

• 	 The controller will interface your 
CRT terminal through its RS-232 
serial port. May save you an 1/ 0 . 

• 	 It has 5 programmable interval 
timers. 

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

port and an 8-bit parallel output 
port. 

LOOK TO THE FUTURE 
This new disk controller equips 

you for the future as well 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. 

C3 Cromemeo 
i ncorporated 
Specialists In computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circle 34 on inquiry card . 

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 
Model 4FOC-K Disk Co ntroller kit •.••.• . .• .• $ 395 

Model 4FDC-W Disk Controller assembled •. . S 595 

Model WFD 5" single disk drive assembled • . S 495 

Model PFD-K 8" dual disk drive kit •. ••.••• .$1995 

Model PFD-W 8" dual disk d rive assembled • . $2495 


Disk drives are complete with 

power supply, case and cables. 


SOFTWARE 
Purchasers of Cromemco computers 

or d rives may purchase software on 5H 
or 8" diskettes as follows: 

511 8" 
Dl1kette Diskette 
Model Model Price 

FORTRAN IV FDF-S FDF·l $95 
Z-80 Assembler FDA·S FDA-l $95 
16K BASIC FDB-S FDB-l $95 
Daule ... games FDC-S FDG-L 595 
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Page 162 

In This E'1TI 

Page 6 

With good reason, many computers 
these days have no front panel for low 
level data entry and display. But some
times a real time pattern "signature" 
of an executing program can be useful. 
Th is month, Steve Ciarcia shows how 
to build A Penny Pinching Address 
State Analyzer which can be used 
with an X-Y osci lloscope to monitor 
the address bus of your computer in 
real time. If you bui ld this state 
analyzer, 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 multip le player 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 mode l r·ai lroad 's roundhouse 
turntable? Perhaps you need some 
motive power for a robot. For genera
tion of control led rotary motion, 
stepper motors as described in Robert 
E Bober's article Taking the First Step 
are essential. He provides readers 
with va luable background information 
on these fascinating mechanical out
puts for personal computers. 

PageJs - -
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When is a boat I ike a raft of bottles? 
When it is conceptually chopped into 
many individual buoyancy elements 
for the purpose of simulating Its per
formance on a choppy water surface? 

In this issue Stephen P Smith con
tinues his series of articles on the 
simulation of motion in personal com
puters with a discussion of motion of 
ex tended objects in Simulation of 
Motion, Part 4: Extended Objects, 
Applications for Boating. Turn to 
Stephen's article for more detai ls 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 zero 
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 -1 computer, 
here's an answer to the perpetual 
problem of entering and debugging 
large programs. Dan Fylstra's artic le 
SWEETS for KIM shows you how to 
add a mini text editor and assembler 
that fits in the KIM's 1 K bytes of 
programmable memory and still leaves 
room for your programs. Page 62 

In past BYTEs Mike Wilber and 
Dave Fy lstra have suggested the con
cept of a "Community Information 
Exchange." Read Jeff's Personal Com
puters in a Distributed Communi
cations Network for a discussion of 
some of the technological (and poli
tical) aspects of such a concept, which 
is well within reach of our present 
personal computing hardware and 
software. Page 80 

Last month, we began Ernest W 
Kent's series of articles on The Brains 
of Men and Machines. The discussion 
continues this month with the nex t 
installment, How the Brain Controls 
Output. Aspiring robotics hackers will 
find th is to be an invaluable back
ground input on the information sys
tems found in nature, which can serve 
as a source for ideas on new infor
mation systems designed by humans. 

Page 84 

The minifloppy has arrived, as 
many readers probably know, and its 
populari ty is increasing with time. 
If you'd like to take advantage of its 
low cost, then read David Allen's 
Minifloppy Interface and try your 
hand at adding a minifloppy to your 
system. Page T 74 

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

Have you ever needed to experi
ment with a circuit and ended up 
rewiring it again and again? Wouldn't 
it be nice to have a program that 
simulated the circuit and could be 
easi ly modified to change the para
meters? Read Robert Grappel 's A 
Simple Digital Filter and find out all 
about filter simulation on your own 
computer. Page 768 
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Figure 7: A 256 by 256 point address state analyzer that displays dynamic fluctuations of a computer's 7 6 bit memo1y address 
bus. Two 8 bit digi tal 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 ofunexpected memory locations which distort this "signature" becomes instantly visible for troubleshooting purposes. 

A Penny Pinching Address State Analyzer 

Steve Ciarcia Three years ago I got my first home a rudim entary video display and 300 bps 
POB 582 microcomputer, a Scelbi 8H. Thi s was cassette interface; but, if there was one 
Glastonbury CT 06033 before the advent of widespread interest in major physical characteristic of the first 

personal computers and it was natural ly generatio n home computers, it was the 
based upon the Intel 8008 processor. Back predo min ance of the front panel display 
then I was satisfied with th e tedio us task of and data entry switches. The concept of 
hand toggling a program in to the computer the in tegrated home computer "system" 
and watchi ng the front panel memory was yet to be seen. A comp uter req uired 
address an d data buffer lights twin kle, di splay and data entry switches if it was 
sign ifying that the program was executing to be powered up and exercised. Add itional 
something. After that I bought more 10 devices such as video displays and key
memory which consisted or 2102s. That boards were lu xuries. 
gave me enough space to write on ly the Well , it was inevitable. The pr ices of 
simpl est of monitor programs, aga in using components have dropped drast ically in 
the front panel as the disp lay medium. At the past few years and the ex perimenter 
the end of its evolution, my 8008 did have now thinks in terms of a home computer 
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Photo l: 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 printing 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 only memory systems 
software, keyboard and video display. 
Fewer and fewer microcomputers have front 
panels that display memory lines or data 
buffers. The memory address in addition to 
the contents of all other pertinent processor 
registers is now usually available 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 /he result of a power on resel 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 

8 U.YTL Fdin1.11 ~ PJ7~ 

panels, by any means. But recall how many 
times you have checked the rhythmic pul
sations of particular lights to assure yourself 
that your program was executing correctly. 
Or, how many times have you recognized 
that the program had obviously vectored off 
into the unknown by the graphical represen
tation of the 16 address bus lights? Adding 
16 lamps on the memory address lines can 
be done on any microcomputer, and this 
would give us some indication of what the 
program is doing. But the LEDs 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 LEDs 
are small when running programs written 
in languages like BASIC that jump around 
in memory as they interpret each statement. 
And with LEDs there are only 16 graphical 
elements; this gives poor resolution. 

A $15 Video Analyzer 

There is another way to watch the inter
nal program sequence that far exceeds a 16 
bit lamp display : a 256 by 256 point ana
lyzer that displays the dynamic fluctuations 
of the 16 bit memory address bus. This 
gadget can be added using only two inte
grated circuits and any X-Y oscilloscope 
with sufficient bandwidth . The result is a 
graphical presentation of the computer in 
action. It is not graphics in the classic 
sense: no pictures can be drawn, and alpha
numeric capability is nonexistent. It is 
instead a point plot of the memory address 
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. 
They directly address 64 K bytes of memory 
(ie : there are 65,536 possible address com
binations}. The address bus can be divided 
into eight bits of high order address and 
eight bits of low order address. 

If either of these address portions is 
attached to the eight input lines of a pair 
of digital to analog converters, two 
unique analog voltage values are produced 
for each address location. The two voltage 
outputs, one for high address and one for 
low address, can then be attached to the ver
tical and horizontal inputs of an oscillo
scope. The result is a fascinating animated 
display of a computer in action. 

Constructing the State Analyzer 

It isn't often that I can outline a design in 
which layout, physical components, absolute 
voltages, input and output polarities, or 
input attachments are so flexibl e. This 2 
chip circuit can be hooked up any way you 
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Software systems from TSC are designed tor 
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· $32.00 
SL68-24 6800 Text Editing System· $23.50 
SL68-26 6800 Mnemonic Assembler· $23.50 
SL68- 19 6800 Micro BASIC Plus· $15.95 
SL80-9 8080 Space Voyage S12.00 
SL68-5 6800 Space Voyage· $12.00 
SL68-27 6800 Disassembler S 9.00 
SL68-28 6800 Program Relocator S 8.00 
PD80-2 8080 Game Package II $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 $6.95. 
Paper tapes available for some programs. 
Send 25c for complete catalog. 

m'a TECHNICAL SYSTEMSl.C.!J CONSULTANTS, INC. 
,:;;..''f'z.-~ : -:; ·-·-~ BOX 2574 W. lAFAYETTE tNOIANA 4790& 

-1r.• ...lU'- - - ... ..,. _ .·- J17 · 742 · 7509 
._;..,:..;..,;.,; ... ._ ·... \ 

IPKCIALJSTI IN IOF'1'WARll: a H.&ADWARll ,.OR INDUSTRY & THI: H088VtlT 

Circle 116 on inqu iry card . 

Program-of-the-Month ClubTM 


One year membership for $2.00. Discounts 

offered with no obligations. 

To Order: Include 3% postage. Sl .00 handling . 

on orders under Sl 0.00. 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 allowing 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 " )0{2". 


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. 

SLS0-10 8080 Text Editing System $28.50 
PT80-3 Optional Paper Tape $ 9.00 
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Photo 3: Effect of a car
riage return while exe
cuting TDL 7 2 K BASIC. 
The long streamer shows 
the program's reference to 
the input port of the key
board. 

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

The 8 bit digital to analog converter I 
have chosen is the Motorola MCl 408. The 
L6, L7 or L8 version can be used si nee 
absolute accuracy is not important. What is 
being produced is a system sign atu re 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 MCl 408 works, see my 
previous artic le "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 simi lar, though not 
exact versions, should 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 th e Y ax is. Another 
pecu liarity 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 
oscil loscope, 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 monitor 
software; it regular ly vectors to another 
address, that of the cassette input (the 8 bit 
low order memory address lines of the Z-80 
or 8080 are also used to address input and 
outpu t ports) at port 001 . Later, when 
runn ing BASIC, repeated addressing of 
keyboard inpu t 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 
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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 ALT AIR• 
• 	 Fastest transfer rate : 187 (standard) to 540 bytes/ second 
• 	 Extremely Reliable - Phase encoded (self-clocking) 
• 	 4 Extra Status Lines, 4 Extra Control Lines 
• 	 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 


ALT AIR• 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 . Compatible Disc Drives• 	 PRICE: 
Kit $190 .. .. . . Assembled $265 Ask about our disc drives priced as low as $525. 

• Gold plated edge pins 

TARBELL • Takes 33 14-pin !Cs or 


• Mix 40-pin, 18-pin , 16-pin and PROTOTYPE 14-pin !Cs 
• Location for 5 volt regulator BOARD 
• Suitable for solder and wire wrap Model 1010 
• ALT 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 . 

20620 South Leapwood Avenue, Suite P 
Carson, California 90746 

(213) 538-4251 
Circle 11 4 on inquiry card . 	 BYTE f<brn•rv 1978 11 



Photo 4: A complex bus addressing pattern during the execution ofa 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
cient ly 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 BASIC 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 cal l the company and complain 
of a possible bad tape, I turned on the 
address state analyzer and loaded the tape. 
I cou ld 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. 
Fol lowing this, the computer went into 
visible convulsions (or the electronic equi
valent) on the oci ll oscope 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 something 
other than 24 K to 26 K. The address state 
analyzer (in which I now had considerably 
more fa ith) 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 plausib le. In a false case it got hung 
up. Resetting the memory bank decoding 
ci rcuit for 24 K to 26 K, of course, solved 
the problem. 

Next mo nth: "Programming EROMs 
with BAS IC."• 
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INTRODUCING I'111·IISCELBl's • • 

n111111 

lllilll11

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 I minimum of 2K memory (of which at least lK 

OPTIONAL HARDWARE 
Additional memory beyond 2K 

allows expanded text buffer storage 
area. Recommend 4K-8K for 
practical applications. Bulk storage 
1/0 devices allow text to be saved for 
future use/ modification. 

SOFTWA E REQUI fl) 
User provided 1/0 driver routines for 

whatever 1/0 devices will be utlllzed. 
Each 1/ 0 device Is linked to the 
program by a single vector for ease 
in adopting 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 
(hexadeclmal-000, port of 005 
and all of 006 octal) are left 
avallable for user provided 1/ 0 
routines. Pages 07 (hexadec
lmal-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. 

Circ le 102 on inquiry card. 

should be RAM); a text Input device, like a 
keyboard; and a display /text output device. 

This program is written In 8080 
machine language standard Industry 
accepted mnemonics for the 8080 
CPU (such as MOY A. B; INX H; CALL; 
etc.) (Note: SCELSI Is discontinuing Its 
use of special 8080 compatible 
mnemonics which hove character
ized Its 8080 programs In the post.) 

P OGRAM OPERATION 
This Is a standard line-oriented text 

editing program Intended for use In 
the creation of source listings and 
similar text manlpulallons. 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 on external 
storage device or filled from an exter
nal storage device. 

PROGRAM CO MA D 
APPEND (A) text to the text buffer; 

CHANGE (C) text; DELm (0) text; IN
SERT (I) text; LIST (L) text; character 
SEARCH (S); READ (R) from or WRITE CW) 
to on 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 

ORDER YOUR COPY TODAY .•. $12 95 


c. l<IEl.lll COMl>IJHll 
• <O,_.llllil,_.fii I,_.(. 

Post Office Box 133 PP STN 
Milford, CT 06460 

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 lK of ROM 
provided that some RAM area Is 
available for scratch pod and text 
buffer usel 

OPTIONS 
A punched paper tape of the ob

ject code for this editor (as described 
In the documentation) Is avallable. 
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 hon 
dling. Additionally, opaque paper 
tape Is supplied to facilitate the use 
of low cost optical paper tape 
readers now In widespread use. NOTE: 
Paper tapes are sold only as optional 
supplements to the documentation. 

Pl'lce shown for North American customers. Moster 
Charge. Postal and Bonk Money Orders preferred. 
Personal cheeks delay shipping up lo 4 week.s. 
Pricing. sp&clllcotlons. avolloblllty sublect to 
change without notice. SCELSI Books ore available 
In many fine Computer Stores. IMPORTANT! In
clude 75e postage/ handling for each Item 
delivered by U.S. Moll Book Role: "' S2 for each 
llem shipped First Class or via UPS. 
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The need for a personal 
computer telecommuni

cations network is rapidly 
becoming inescapable. 

Mike Wilber 
920 Dennis Dr CIE Net: 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 L!Seful 
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 talk 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 economicall y feasib le, manufacturers are 
selling cheap reliable systems in astounding 
quantities to personal users of informati~n 
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 fil l the void. Telecommunica

tion can greatly facilitate the free exc hange 
of ideas and data that currently take place 
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 Faire 
proceedings press deadline loomed, so I 
wrote up the design considerc1tions for 
publication there. Since then, I have finished 
the design, 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 F ai.re, 
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 every one 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 article and 
is thus not detailed here. I ts broader aspects 

Continued on page 138 
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The Ultimate Turn-on 


On/off control everywhere

by computer over the AC wiring 


Now it's simple and economical 
to control AC devices remotely from 
an S-100 or Apple II computer. 
Mountain Hardware's new Intro!™ 
system delivers on/ off commands 
over the existing AC lines - so you 
don't have to string a foot of wire! 

Control at any AC outlet. The 
Intro! 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 l 15v 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, tell ing 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-100 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 S-100 and Apple 
II computers, costs $149inkitform 
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 in kit form, $219 
assembled and tested. 

All prices are f.o.b. Ben Lomond, 
CA. Prices are USA Domestic. Cal
ifornia residents add 6% sales tax. 

Where to find it. The Intro! 
system can now be found at compu
ter shops throughout the U.S. 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. 

AC Controller (Apple) 

Dual Chfill!1el AC Remole 
AC Controller (S-100)IJ Mountain Hardware 
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children in most 
any subject, such 
as spelling, 

operating system . And there are many more 
options to come, because Apple Il 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 Il, visit your local dealer for a 
demonstration and a copy of our 
detailed brochure. Or write Apple 

The home computerthats ready 

to work, play anagrowwithyou. 


Clear the kitchen table. Bring in the color 
TV. 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 $1298, 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 BK 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 buiJt in. 
That means you can begin running your 
Apple II the first evening, entering yourown 
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 

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

Start by playing PONG. 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 ttp 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 beautifu l 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 LI 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 in addi
tion to the 
built-in 
audio, video 
and game 
intertaces, 
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 inte1iace with software and complete 

Apple II™ 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 48K bytes of 
RAM, and with cassette tape, video and 
game 1/0 interfaces built-in. Also in· 
eluded are two game paddles and a 
demonstration cassette. 

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


modes-all Software-selectable: 

· Text-40 characters/line, 24 lines 


uppercase. 
· Color graphics-40h x 48v, 15 colors 
·High-resolution graphics-280h x 

192v; black white, violet, green 
(16KRAM 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. AU color generation done 
digitally. 

• Memory: up to 48K bytes on- board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 

· Up to 12K ROM (8K supplied) 


•Software 

· Fast extended Integer BASIC in 


ROM with color graphics commands 
· Extensive rrionitor in ROM 

• 1/0 

· 1500 bps cassette interface 

· 8-slot motherboard 

· Apple game 1/0 connector 

· ASCII keyboard port 

·Speaker 

·Composite 


video 

Apple II is also 

available in board-only 

form for the do·it-yourselfhobbyist. Has 

all of the features of the Apple II system, 

but does not include case, keyboard, 

power supply or game paddles. $798. 


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

Computer Inc., 20863 Stevens Creek Blvd., 
Cupertino, California 95014. 

'- apple! computar inc; 




Order your Applell now. 

from any one of the following authorized dealers : 

ALABAMA 	 FLORIDA MASSACHUSETTS NEW YORK TEXAS 

Camputerland Byte Shop Compu1er1~na Byte Shop 
3020 University Or. N.W. m~~~~~~res~~:!etl nc Bullaro 836·6511 3211 FondrenFt. Lauderdale 56 1-2983
HuntSYitle 539-1200 Burlrnglon ~72-8770 	 Hous1on 977-0664llhaca 277-·1888 
Tile Computer Cen ter MICHIGAN Computerland

Miami 264·2983 
Computer Mart ol N Y

303 B. Poplar Place 	 GEORGIA Housmn 997-09D9Team Electronics 118 Madison Ave
Birmingham 942-8567 Da1aMan . Inc 	 New York 686-7923 Austin ·152-570tEscanaba 786·39 11
ALASKA 	 30D1 N Fulton Duve Co-op Elec1ronics Compu1e r Shops , IncAtlanta 233·D532 	 Menominee 864-2213 9148 Main Strcel 13933 Nonh Ceniral1~ ~~~1~0~rr~~a,;;~nd . HAWAII MINN ESOTA Clarence 634-2193 Callas 234·3412 
Anchorage 279-1316 Real Share Team Electronics NORTH CAROLINA The Computer Sl1op 
Team Electronics I 9D S King Street # 89D Mlnne1onka 544·7412 By te Shop 6812 San Pedro 

Honolulu 536·1041 San Antonro 828·0553Anchorage 276·2923 Edrna 920-4817 1213 Hillsborough St 
Anchorage 272-4823 Ralergh 833·02 l DILLlNOIS Eden Pra i11e 941-890 I Compuler Terminal 
Fa 11banks 456-4157 Computer Room 2101 Mynle SICompu te rland 	 Bemrdji 751·7880 

1729 Garden Terrace El Paso 532· 1777ARIZONA 	 Arlington Heighls 255·6488 Wiiimar 235-2120 Charlotle 373-0875 The KA Compuler SloreBvte Shop 	 Niles 967-1714 SI. Cloud 253-8326 Rom·s & Ram's 1200 Ma1esty Drive 
Tempe 894 · l t 29 Oaklawn 422-8080 Owatonna '151 ·7248 Crabtree Valley Mall Dallas 
Phoenix 942-7300 	 Da ta Domain H1bb1ng 263·8200 Raleigh 781-D003 

VIRGINIA1612 E. Algonquin Rd .Tucson 327·4576 	 NORTH DAKOTAShaumburg 397-87DD 	 Virginia 741·5919 Tne Computer Hardware Store 
St Anlhony 789·4368 Team Electronics 818 franklin SI.CALIFORNIA lrty Bitty Maclllne Company 

A·VIDD Electronics 1316 Chicago Avenue Wes1 St Paul •151 ·1765 Bismarck 223·4546 Alexandria 548·8085 
2210 Bellllower Reali Evanston 328-6800 Fargo 282-4562 Home Computer Cenler Minneapolis 377·9840
Lang Beach 598-0444 	 Team Electronics Grand Forks 746·4474 Virginia Beach 340 ·l 977St. Paul 227-7223
8vte Shop Ca rpentersville 428-6H4 Newpon News 595· 1955St. Cloud 251-1335 Mmol 852·328 t 
Citrus Heighls 961·2983 Decalur 877-2774 nm bervrlle ElectronrcsMinneapolrs 669·3288 Wrlliston 572-763t 
Palo Alic 327-8080 Galesburg 344· 1300 P 0. Box 202 

Mrnneapolrs · 378-1185 OHIO 	 Timberville 896·8926Pasadena 684-3313 Moline 797-8261 Maplewood 777-3737 Compu1erlandSan Jose 377-4685 	 WASH INGTON Peoria 692-2720 1304 SOM Cen ter Rd. 
San Mateo 341-4200 Rock Island 788-9595 Mayfield Hmghls 461-1200 Team EleclronicsMankato 387-7937 

Eveleth 749-8140 423 W. YakimaSanla Clara 249·4221 Rockford 399-2577 	 The Data DomainSt. Paul 636-5147 	 Yakima 453-0313 
Walnut Creek 933-6252 	 Daylon 223-2348Schaumburg 882·5864 

MISSOURI 	 WASHINGTON. D.C. Computerland 	 Sp ringlield 525·8637 Cincinnau 561 ·6733 
El Cerrito 233-5010 	 Gerogelown Compu1er Store 

INDIANA 	 ne~J'.%"sc05~mJ1~~~js · Int l. OKLAHOMA N.W3286 M. Si .Hayward 538-8080 
The Data Doma in 	 Columbia 443-5225 Bits. Bytes & Micros Washm91011 . D C. 362-2127 

Inglewood 776-8080 Team Electronics 1186 N. MacAnhur BIYd .Fon Wayne 484-7611 	 WISCONSINMission Viejo 770·0131 	 Oklahoma City 947·5646 
Bloomington 334-3607 	 Team Electronics San Diego 560-9912 	 ~~1ct>:~~i~~11Btvd . High Tecrinology
Wesl Lafayelle 743 ·3951 	 Columbia 445-4496 Eau Claire 634 ·03281020 W. Wilshue Blvd. 
Indianapolis 251-3139 MONTANA Oklahoma City 843·9667 Eau Glaue 834-1288

San Francisco 546-1 592 
Thousand Oaks 495-3554 

The Home Compuler Center 	 Team Electron ics Madison 244-1339
Tustin 544·0542 	 Computers Made Easy2115 E. 62nd St. 415 Morrow 	 Norman 329-3456 Milwaukee 461-7600
Compuler Components 	 Indianapolis 251-6800 Bozeman 586-30655848 Sepulveda Blvd. 	 Oklahoma City 634 -3357 Racine 554-8505 
Van Nuys 786·741 l IOWA Team Electronics Oklahoma City 848-5573 Sheboygan 458 ·8791 
Compuler Coun try The Computer Store Greal Falls 852·3281 Greenda le 421-4300Stillwater 377-20504128 Brady SI.506 E. 1st. SI . 	 Missoula 549-4 i 19 Tulsa 633·4575 Rhinelander 369·390DOavenpon 386-3330Tusl in 838-4770 

NEBRASKA 	 Tulsa 252-5751 Lacrosse 788-2250Team Electronics Computer Playground 
Ames 232·7705 	 Team Electronics Yokon 373-1994 Wausau 842·33646789 Wes1minster Menue 

Grand Island 381-0559Weslminster 898-8330 Bellendorl 355-7013 OREGON Milwaukee 672· 7600 
Computer Store Cedar Rapids 393-8956 Lincoln 435·2959 Team Electronics Janesville 756-3t50 
I 093 Mission SI. Omaha 397·1666 Bend 389-8525 Mam1owocOavenpon 386-2588 	 68·1·3393
San Francisco 431-0640 

Dubuque 583-9195 	 Omaha 333·3100 Can by 266· 2539 Milwaukee 354-4880 
The Computer Store 

Iowa City 338·3681 	 Norfolk 379·1161 Salem 364-3278 Oshkosh 233-7050820 Broadway 
Sanla Monica 451·0713 Sioux City 252-4507 Nonh Plane 534-4645 PENNSYLVANIA WYOMING 

Eleclric Brain Sioux City 277-2019 NEW HAMPSH IRE Computer Mart of PA Team Electronics 
3038 N. Ceda r Ave . Hi lllop Shopping GenierWaterloo 235-6507 	 Computermart Roule 202
Fresno 227-8479 	 207 S. Montana170 Main Streel 	 King al Prussia 265-2580Video Midwesl , Inc. Casper 235·6691Home Entenainmenl Emporium 	 Nashua 883·23862212 Ingersoll Ave . 	 SOUTH DAKOTA 2100 Sepulveda Blvd. Des Moines 244-1447 	 CANADA
Manhanan Beach 54 6-2501 	 NEW JERSEY Team Electronics 

Fulure Byle
Rainbow Co mputing. Inc. 	 KANSAS Compu1erland Pierre 224-1881 2274 Rockland
10723 White Oak 	 Barney & Associates 2 De Han Sircet Rapid City 343-6363 Montreal. Que . 731-4638Granada Hi lls 360-2171 	 425 N. Broadway Morris1own 539-4077 

Sioux Falls 336-3730Pittsburg 231· 1970 	 AUSTRALIA Strawberry Electronics Sioux Falls 339-1421
1 Team Electronics ~8r~~~%~a7n Compu lerland~! 1~~~~ ~3J'5~~31 Garden Ci ty 276-29 11 lselin 283-0600 Sioux Falls 339·2237 52-58 Clarence St. 

Wa1enown 886-4725 Sydney. NSW 29·3· 153COLORADO Hutchinson 662-0632 
Byte Shop Lawrence 841-3775
3464 S. Acoma St. 
Eng lewood 761 -6232 Manhallan 539-4636 


Salina 827-9361
Team Eloclronics 
Topeka 267-2200Bouk!e r 44 7·2368 applcz computczr inc~,Wlchila 685-8826Colorado Springs 596-5566 
Wichita 942-14 15 Fo n Collins 484-7500 
Wichila 682-7559Gra nd Junction 245·4455 	 10260 Bandley Drive 

Greeley 356-3800 
Longmonl 772-7800 
Pue blo 545-D703 
CONNECTICUT 
Compulerland 
2475 Black Rock Turnpike 
Fair1481d 374-2227 
The Compuler Store 
63 S. Main SI. 
Windsor Locks 627·O188 
DELAWARE 
Compulenand 
Kirkwood Highway 
Newa rk 738-9656 
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KENTUCKY 
C-OmputMand
813 B. Lyndon Lane 
Louisvi lle 425-8308 
The Dala Doma in 
Lexinglon 233-3346 
Louisville 456-5242 

MARYLAND 
Compulerland 
16065 Frederick Road 
Rockvil le 948-7676 
Compulers. etc 
13A Allegheny Ave. 
Towson 674-4742 

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 i nqu iry card . 



128 CHARACTER ASCII TABLE

Complete ASCII 
iii 
E .. 

co ·~ ~ 
u ~ 2E ~] ~ ...... o·u x .. ~ c: ......i= u 

0" 0"' J: "' u co 05 iii 0 
David M Ciemiewicz 
533 N Holly St NUL 00000000 000 000 00 0 00110000 060 048 30 

SOH 00000001 001 001 01 1 00110001 061 049 31Elizabethtown PA 17022 STX 00000010 002 002 02 2 00110010 062 050 32 
ETX 00000011 003 003 03 3 00110011 063 051 33 
EOT 00000100 004 004 04 4 00110100 064 052 34 
ENO 00000101 005 005 05 5 0011Q101 065 053 35Mosl of th e I ime when you sec a maga	
ACK 00000110 006 006 06 6 00110110 066 054 36 

zine ar1 iclc th at req uires an ASCII tab le, BEL 00000111 007 007 07 7 00110111 067 055 37 
the ta hlc accom panying the article is either BS 00001000 010 008 08 8 00111 000 070 oss 38 

incomplete or is in a numeric system that HT 00001001 011 009 09 9 00111001 071 057 39 
LF 00001010 012 010 OA 00111010 072 058 3Ayou can no t use without co nverti ng it. 
VT 00001011 013 011 OB ' 00111011 073 059 38

The table I have dev ised is co mp le te 128 FF 00001100 014 012 oc < 00111100 074 060 3C 
cha1·ac ter ASCII. Each character is ac CR 00001101 015 013 OD 00111101 075 061 30 
co mpanied by its binary, octal, decimal so 00001110 016 014 OE > 00111110 076 062 3E 

SI 00001111 017 015 OF ? 00111111 077 063 3Fand hcxadeci mal equivalent. 
OL E 00010000 020 016 10 @ 01 000000 100 064 40Th is table has proven invaluable to me, 
DC1 00010001 021 017 11 A 01000001 101 065 41 

as I am sure it wil l to you.• DC2 00010010 022 018 12 B 01000010 102 066 42 
DC3 00010011 023 019 13 c 01000011 103 067 43 
DC4 00010100 024 020 14 D 01000100 104 068 44 

iii NAK 00010101 025 021 15 E 01000101 105 069 45 
E SYN 00010110 026 022 16 F 01000110 106 070 46

! co CIJ ETB 00010111 027 023 17 G 01000111 107 071 47 
·c:; 

" ~ B 	 E ~ ~ 	 ] CAN 00011 000 030 024 18 H 01001000 110 072 48" 	 .... 0 ·u x.E .... .., " .i=" ti 	 EM 00011001 031 025 19 I 01001001 111 073 49 u co co co 0 	 0" 0"' J:"' 
SUB 00011010 032 026 1A J 01001010 112 074 4A 
ESC 00011011 033 027 1 B K 01001011 113 075 46

' 	 01100000 140 096 60 p 01110000 160 112 70 
FS 00011100 034 028 1C L 01001100 1140764C 

a 	 01100001 141 097 61 q 01110001 161 113 71 GS 00011101 035 029 1 D M 01001101 115 077 40 
b 	 01100010 142 098 62 01110010 162 114 72 RS 0001111 o 036 o3o 1 e: N 01001110 1160784E 
c 01100011 143 099 63 01110011 163 115 73 us 00011111 037 031 1 F 0 01001111 117 079 4F 
d 01100100 144 100 64 01110100 164 116 74 SP 001 00000 040 032 20 p 01010000 120 080 50 
e 01100101 145 101 65 u 01110101 16S 117 7S I 00100001 041 033 21 Q 01010001 121 081 S1 
f 	 01100110 146 102 66 v 01110110 166 118 76 00100010 042 034 22 R 01010010 122 062 52 

# 00100011 043 035 23 s 01010011 123 083 S3g 	 01100111 147 103 67 w 01110111 167 119 77 
$ 00100100 044 036 24 T 01010100 124 084 54h 	 01101 000 150 1 04 68 x 01111000 170 120 78 
% 00100101 045 037 2S u 01010101 125 085 SS

01101001 151 10S 69 y 01111001 171 121 79 
& 00100110 046 038 26 v 01010110 126 086 S6 

01101010 152 106 6A 01111010 1 72 122 7 A 00100111 047 039 27 w 01010111 127 087 S7 
01111011 173 123 7Bk 	 01101011 1S3 107 6B { 00101000 050 040 28 x 01011000 130 088 58 

01101100 154 108 6C ' 01111100 174 124 7C 00101001 051 041 29 y 01011001 131 089 59' m 01101 101 155 109 60 } 0 1111 101 175 125 70 00101010 052 042 2A Z 01011010 132 090 SA 
n 01101110 156 110 6E 0111111 0 1 76 1 26 7E + 00101011 053 043 2B r 01011011 133 091 5B 

00101100 054 044 2C \ 01011100 134 092 SC 
00101101 05S 045 20 l 01011101 13S 093 50 

Note: The bi t 7 in the bi nary col um n is someti mes a 1 or is some 00101110 056 046 2E (\ 01011110 136 094 SE 
ti m es used as a pa r ity bit. I 00101111 057 047 2F 01011111 137 095 SF 

o 	 01101111 1S7 111 6F DEL 01111111 177 127 7F 

Abbreviations for Control Characters: 

NUL - null, or all zeros DC1 - device control 1 
SOH - start of heading DC2 device control 2 
STX - start of te xt DC3 device control 3 
ETX - end o f tex t DC4 device con trol 4 
EOT end of t ransm iss ion NAK negative acknowledge 
ENO enquiry SY N synchronous idle 
ACK - acknowledge ETB end of t ransm ission block 
BEL - bell CAN cancel 
BS - backspace EM end o f med ium 
HT horizontal tabulat ion SUB subst itute 
LF line feed ESC escape 
VT - vertical tabu lation FS file separator 
FF - f orm feed GS group separator 
CR - carriage return RS record separator 
so shift out us un it separator 
SI - shift in SP space 
OLE data lin k escape DEL delete 
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HAZl!LTINE 1500 
VIDEO TERMINAL 

Programmabla Brlghtneu Levels 
• Autamallo Rapaal on all Keya 

24x80 Dl1play an 12" 1creen 
Non-Glare/High l.eglblllly 

• Upper/Lower Cale 
• Reveralbla Video 

Audible Alarm 

1MAN/ PAK HORIZON·2 
COMPUTER 

• Z80 CPU 
• 32K Memory wllh 

Parity Option 
• 12 Slot Motherboard 
• Parallel & Serial Interfaces 
• 8 100 Pin Edge Connectors 
• Dual Floppy (160,000 Byles) 
• Enhanced DOS/Basic 

• Excellent Print Quality 
• Tractor Feed 
• Ptlnt Speed· 21-130 lpm 
• Max Print Width 8" 
• 80 or 132 char/line 

DOS with 110 Drivers for 
HAZEL TINE & CENTRONICS 
All Cables 

10 Diskettes ................. 

OPERATIONAL IN SECONDS: 

/;\connect @ Insert DOS l(i\Hu
~Cables Diskette ~Reset 

SAVE TIME ENERGY It MONEY! 

Components purchased separately cost $5693. 


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


120 Bethpage Rd. • Hlcksvllle, N.Y.11801 
or CALL COLLECT: (516) 433-0613 

Gentlemen: 

Please rush me my Complete Computer System. 

Enclosed is $5145 O Check O M.O. O Master Charge

D BankAmericard # Exp. Date : ___ 


N.Y. Residents Add 8% Sales Tax. 
Shipped F.0.B. Hicksville, N.Y. - Collect. 

Name ____________________ 

Address __________ Phone ______ 

City State Zip ____ 

Please send more Information 
Dealer Inquiries Invited 

Circle 66 on 1nqu1rv card. 

CELTIC PIANO NOTES 

was very interested in the article, 
"Notes on Interfaci ng Player Pianos" 
(September 1977 BYTE, page 112), 
especially since this was the subject of a 
st udenl project here in 1973-74 by 
Stephen Cowles. The pi ano, which I 
bought for the university laboratory, was 
a sim ple MORS 88 note nonreproducing 
model, and we found the electronic/ 
pne um atic interface to be 1 ~1 e most 
d ifficult part. I was delighted therefore 
to hear about the Reisner relay. 

The original system was a dual track 
casse tte for seria l clock and data plus 
circuitry which looks very much like 
figure 4 of your art.icle, and in my 
opi nion having constructed the specia l 
TIL electronics and got it to work, there 
is a better so lution. 

This year we are building a general 
in terface which can be connected up to 
any player piano having rubber tubing, 
and strong!\• believe that the cheapes t 
solution, bearing in mind building time 
and fault find ing, e tc, is to use a micro
comp uter with about 98 paral lel o utput 
lines (say Motorola PIAs) driven by a 
microprocessor which receives the seria l 
data in any of the standard ways. 

Our original system only played 
"Three Blind Mice" rather shakily from 
a PDP-11 /45, but we did writ e a PDP-11 
inte rac tive compi ler which constructed 
keyboard images direct ly from typed-in 
sheet music, and we shall keep that sys
tem or making the magtapes. 

We will let you know how the new 
system comes along. 

Prof F G Heath 
Gavin Weir 

Heriot-Watt University 
31-35 Grassmarkct 

Edinburgh SCOTLAND EHl 2HT 

ORGANS , MUSIC AND 

PROGRAMMING 


Chances arc, it's occurred to you long 
ago: there's an amusing philosophical 
·imi larity between organ stop li sts and 
computer machine language insiruct ion 
lists. 

Nicholas Bodley 
300 w108 

New York NY 10025 

One might consider til e organ stop 
Ii I a being equi11a/e111 to ini1ializrJ1ion 
data for a complica ted program. Con· 
sider 1he score to be the equi1,olent of a 
music . program. The parallels ore 11ery, 
ve1y srrong and tend to dril'e a number 
of people into music as well as program· 
ming. We've heard it said by some people 



responsible for hiring programmers that 
musicians make excellent programmers. 

BAR CODE ON A BALL 

Regarding th e letter on page 12 of 
the October 1977 BYTE co ncern ing an 
IBM bal l tha t will pri nt bar code an d 
lette rs together: Datatype Corporation, 
1050 NW 163rd Dr , Miami FL 33169, 
(305) 625 -845 1, had such a system. Bar 
code was ASCII. I do n 't know if the y're 
still in business. 

Ioe Fisher 
Computer Consultant 

1120 E 52nd, Room 203 
Austin TX 78723 

NEWT POINTS 

I have som e corrections on your pa rt 
and on mine regarding my article about 
"Newt: A Mo bile, Cognit ive Robot" 
(June 1977 BYTE , page 30). First (my 
mistake), on page 38, the stepping motor 
dri ve circuit motor cable color desig 
na tions are wrong. The single color 
la be ls " red " and "green" shoul d be 
inte rchanged or the motor will just sit 
there and q u ive r. 

In severa l p laces th e shading of New t 
in fig u re 1 is inco rrec tly do ne, making 
a s ing le surface appear broken in to two 
surfaces, etc. 

On page 30, th e cap t ion on figure 1 
shoul d have also me ntioned th at the 
turret is capable of panning left and 
right as well as tilt ing up and down. 

On page 44, it is no t tru e tha t any 
mobile robot must incorpo ra te p rograms 
for seeking elec t rica l outlets. Fo r 
example, a robot on Mars might have a 
hard t ime finding a n outlet! 

On page 45, pa rag raph 1, the phrase 
"such as already demonstrated by the 
Viking robots" is unfo rtu nate, si nce the 
Vik ing landers do not qua li fy as cog
ni tive robots in the contex t of th is 
art icle. They are so phist icated tcle 
operators. A Mars "rove r" ro bot pro;cct, 
howeve r, is in progress at Je t Propu lsion 
Labo rator ies. 

I am loo k ing forward to wr it ing more 
about Newt as thi ngs progress ove r the 
next fe w years. One possibi lity is a se ri es 
of fou r art ic les. The published a rti cle 
was an overview of th e sys tem with 
empf1asis on the motive su bsys tem. 
Three more arti cl es would cover in some 
deta il the manipu lator, the sensory 
turret vision system, and fin al ly the 
softwa re expe rim ents with Newt. A ll 
this depends, of cou rse, o n ho w much 
we can gel do ne in the nex t severa l 
years. 

I have been ab le to resume work on 
Newt almos t immed iate ly upon return
ing from France. The hand w ired ste p 
ping motor drivers have been replaced 
by compact printed circuit vers ions 
and next week an order will go out 
for about $400 worth of gea rs and 
bearings for th e manipulator assembly. 
With luc k, the ma nip ula tor sl1ould be 
wor king with in six months. Other lowe r 
pr io rity items bei ng wo r ked o n at 

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

/ ///f 
~--r~ ~t~·~?: 

24 Cha nnel LOG IC ANALYZER, com plete with 2 cards and 3 sets of probes. 

Features 
24 channe ls with 256 samples eac h. 

D isplay of di sassembled p rogram flow. 

Dual mod e operation - external mode ana lyses any externa l logic 

system. Interna l mode mon itors use rs d ata and address bus. 

Selec tab le trigger poin t anywhere in the 256 samples. 

0-16 bit trigger word forma t or ex ternal qua lifie r. 

BMH z sample rate 

Synchronous clock samp le with co inc id ent o r d elayed clock mode. 

Use r d e fi ned referen ce memor y. 

Disp lays and system contro l through keyboard en try. 

T TL Logic leve l compatible (15 pf and 15 µa ty pica l input loadi ng .) 

·-·-,_,_, ·-·-•-·t-·__ mm,.-.i·-·-·-~=j=.. _,._·-·-.: 
Displays in Binary Displays in Hex 	 Display o f disassemb led 

program flow. 

The DATALYZER 
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 th e low price includes 30 
log ic probes, so you can hook up immediatel y, without additional 

expense. 

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

assemb led device on t wo PC B's ($595) . Operators' manual $7 .50 . A 

substant ial warranty, and the Databyte , Inc. commitment to service 

make the DATALYZER a worthwhil e investment. 

7433 Hubbard Avenue 
Middleton, Wisconsin 53562

Databyte, Inc. Tel: (608) 831-7666 
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WARBLE ALARM 
CAR-VAN CLOCK 

WITH HEADLIGHT ALARM 

COMPLETE KIT $35.95 
ASSEMBLED $45.95 

EU.'F'SlOTlMEFI 

S~tDHOS 0 1.$P~i11Y SWITC H 

umruTE SN (]Dl E AlAllM 

SIMPU 'Yi!IA( H(J DK-UP 

JUMIC y,~ u:o OIS Pl..AY 

I Ta SH MJIWT E ClllJNTl'JllWN 
TIME,. "' 'INS S.JMDL Tili-NEOl/Sl 'I 
WITH L:lOCK I 

RU GCllD ABS CASE 

DllMHZ CR'fSTAl 
ACCURAC't 

DIGITAL AUTO INSTRUME NTS 
• • TACHOM£TE R SEVEN MODE LS! 
• 1 WA TER TEMfl'. Kil IN'ClU DES · 
• 3 F\JEL l EVH 
·~ Sf'HDO METfR~ 
• 5 QILPAES:SURE 
• & Oi l TE MP. 

• CA5 E"A, l11"-n ltWAlll 
• P.HfSSti nU o ltil,t.I' SCH(Jl fl S 
• ASSf M•UO MillN ~C BiUAMU 

FEA TUR ES · 

• q~ , ~ " 1 J"'1USCASI 

""-00$lQ FOR Rt!OUIAE'D SPE ED SENOEA , $1 5 FOR 'SPEED SENDER ALONE 

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

ELECTRONIC 'PENDULUM' CLOCK 
SW1NG PENDULUM 

7" HOU ns l\N 0 Ml NUlE s DISP L.A y 
TIME SET PUSH BUTTONS 

ALARM F£ATU!lE 

KIT·UN FI NISHED CASE ......... . .. .$59.95 
ASSEMB LED ·STAl NED CASE .... ... . . . $69.95 

DUARTZ DIG ITA LAUTO CLOCK 
OR ELAPSED TIMER! 

ELAPSED TI MER , HRS, MIN S & SEtS 
SIMPLE PUSH BunoN RESET & 
HOLO TOGGLE SW ITCH 
KI T mc:t. vDt' !i E\IERVfrllNG, 
N OTllllVC HS£ f(} BLJ 'i'f-''"l~DSI 
IN rE RIMIt. IM rT~Ry D'A t...'~UPI 
NONP0LAll lfllPU1' 

12 on,.. un MOO! 
U IJ.U, ttS.10N$ '1 ' • ~ " •, r" 

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

NOW WITH 
ELAPSED 
TIME ! 

3'li DIGITAL CLOCK 
• 4 DIG IT t::IT 

• 6 01GIT r.n 
$49.95 • 'DIG IT ASSEMBLED . $59.95 
$69.95 • GOIG IT ASSEMBLED. $79.95 

111 VA( 12 OR 'lt. HR MOD'E 1m COMES CO MPt..ElEI 

6 OIG tl VlFIS10r: v·· ~ 'l" ' l'r" 4 01Ci 1T VEKs; ION. ie·· J" S" ~ 1:/· 

TV -WALL CLOCK 117VAC 

zs· VIEWING DlSTANCE 

.6"" HDUAS g MINUTES 

.3" SECONDS 

COMPL ETE WITH WO OD CASE 

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

ECONOMY CAR CLOCK 
'//'LEO MOOULE ! 

COMPLETE WITH CASE, 
BRACKET & l' IME SET 
PUSHeunONS 

ALARM OPTION 

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

PEND U l UM G•v1 "'1Ju11011~6•:,~1..~~0~ 1~:~~.~~LtJMSWI NO 
Slf.IPl.E 1100(( UP' ra ANY Cl.CJ"' " 

$14.95 CASE \V ITH BRACKET $3. 75 

MARK FOSKETS'•1 SOllO STATE TIME 
P.O. BOX 2159 

m!!!i! DUBLIN, CALIF . 94866 

iiiiiiml ORDERS (tH5) 828-1923 

[8 ]/~oHNRE li!!Miijj.:i'''I 
. 

presen t by myse lf and o th er persons 
in the gro up are th e power convers ion 
electronics , ADC system , and the rad io 
telem e try link . 

Ralph L Hollis Jr 
University of Colorado 

Boulder CO 80309 

Our thanks to Ralph Hollis for 
calling th ese errors to our attention. 
We eagerly await rhe further adventures 
of Newt.. .CM 

MORE ON TV SHIMMY 

am moved to write this because of 
the unsatisfac tory answer given in "Ask 
BYTE," page 145 of the Novembe r 1977 
BYTE, wi1h regard to cathode ray tube 
(CRT) image "shi mmy." 

Th e root ca use of this is almost 
always 60 Hz power lin e interfere nce 
with th e CRT sca nning waveforms as 
seen by th e elec tron beam. Ripp le in t l1 e 
in terna l power supplies of cheap mon i· 
to rs or TV sets can easi ly am pli tude 
modulate the scanni ng waveforms, parti
cul arly the hor izo nta l waveform . AC 
magnetic fi elds ema nating from the 
monitor's own power transformer can 
also deflec t the beam . Sometimes the 
field from a nearby comp u ter power 
supply can affect the d isp lay, part i
cularly if a "co nstant vol tage" t rans· 
fo rmer is used. These generally em it 
seve ral times more fiel d th an a standard 
tra nsformer does. 

Commercial TV uses a vertica l scan 
rate 'which, for pr;1ctical purposes, is 
exactly 60 Hz. This was done so that the 
in te rfe rence pattern on th e scree n wou ld 
be static and therefore less object ion
able. The fact that a video disp lay image 
shimm ies (sw ims, crawls, waves) is proof 
tha t the vert ica l rate o f the video so urce 
is not dead-o n 60 Hl because of a design 
compromise, drifting qscil lator, or othe r 
defect. 

The problem may be co rrected o r at 
least reduced by atte nuati ng the inte r
ference in th e monitor. Ripp le in the 
mon ito r's power supp ly may be reduced 
by in creas ing the main fi lter capac itor by 
a fac to r of five to ten. If a voltage do ub
ling supp ly is used, two capac itors must 
be in crease d. Sh ie ld the power trans· 
former with a meta l box from an old 
mi li tary ty pe transformer. Find a bi g 
lam in atio n from an old t ransformer, cu t 
and shape it into a cy lin der, and sli p it 
over the pic ture tube neck behind the 
deflect ion yoke. These measures should 
cut th e interfe rence by a facto r of four 
or more and at least make the sys tem 
live a bl e. 

Hal Cha mberlin 
29 Mead St 

Manchester NH 03104 

IS VIRTUAL A VIRTUE ? 

Mark Dahmke suggests, in an arti cle 
titled " Vi rtual Memory and VSAM for 
Micros," Novembe r 19 77, page 224, that 
virtual memory techn iques be considered 

for new APL inte rpreters. Indeed, it 
might be a cure for the prob lem of 
li mited primary memory. However, one 
must ask what price mus t be pa id for 
the vast increase in memory space 
avai lable to the use r. I submi t the pr ice 
is ei th er increased cos t for specia lized 
addressing hardware to support virtual 
memo ry or a slower running mach ine 
if th e virtua l memory techniques are 
imp leme nted in software. 

No matter how one chooses to 
implemen t a virtua l memory scl1eme, the 
secondary memory must sti ll be ac
cessed. This process takes time and 
effort by the mach ine to execu te, just 
li ke the more traditiona l fil e access 
methods. 

Whi le the concept of virtua l memory 
may be prac tical for large machi nes like 
the IBM 370 or Univac 90/80, I believe 
virtua l memory on a microcomputer is 
not a pract ical option, given the curren t 
state of technology avai lab le. 

Clayton A Dane 111 
423 Roberts Av 

Conshohocken PA 19428 

COMMENTS ON THE MCM/70 
FROM A USER 

rece ntly came ac ross your August 
issue in which the des irability of im ple
me nt ing APL on a microprocessor is 
discussed witl1 the in fe rence that it has 
noL yet been accomp li shed. I wou ld like 
to inform you that an AP L interprete r 
was wr itten for an Inte l 8008 micro
processo r in 1972 by a company called 
Micro Compute r Machines o f Kingston 
CANADA. Th e result ing comp uter, 
which was ca lled the MCM/70, was first 
sold commerc iall y late in 1974. 

The interpreter uses 32 K by tes of 
ROM and about 7 K bytes for 10 and 
spec ial functions. In th is space, a fai rl y 
complete subset of the APL language is 
imp lemented. Functions no t imp le· 
mentcd are matrix divide, fa ctoria l/bi· 
nomia l coefficient for nonintegra l va lues 
and laminat io n. 

My company purchased an MCM/70 
in August 197 5 and it has been used 
extensive ly since tlle n. T he version we 
own has 8 K bytes of use r available 
memory, two casset te dr ives and a 
Diablo Hi -type printer wh ich can also 
be used as a plotter (with a horizontal 
and vertica l resolution of 1/48th and 
1/60th of an inch respective ly) . 

One of the most in tercs ting and 
usefu l fea tures of the MCM/7 0 is a 
virt ual operat ing system which allo ws a 
cassette (o r fl oppy disk) to be used as 
an extensio n to memory. In this way 
jobs th at wou ld take up to 110 K 
bytes on a t imeshari ng computer can 
be ru n on the MCM/70, provided no 
individua l program is larger th an abo ut 
4 K by tes. ( 110 K bytes is the maximum 
capacity of the casset te; use of a floppy 
disk increases th is capac ity to 256 K 
bytes.) 

We have used the MCM/70 for many 
routine engin eer ing prob lems, and esti
mate that it has already ea rn ed its 

CALIFORNIA RESIDENTS · ADO 6%SALES TAX 
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HORIZON ; 

LookToThe North Star HORIZON Computer. 

HORIZON ™- a ompl -te. high-perforrnan e mi roprocessor 
ystem with integra ted floppy d isk memory. HOR IZON is 

attractiv " pro es ·ionally engine reel, and id al for busin ss. 
educational ancl per onal applicaticns. 

To begin programming in ext ncled BAS IC, merely add a CRT 
or hard-cop terminal. HORIZON-1 includes a Z80A pro essor. 
16K RAM, minifloppy TM disk and 12-sl t s-·100 motherboard 
with serial terminal interface - all tandard eq uipment. 

WHAT ABOUT PERFORMANCE? 
Th Z80A proce sor operat s at 4MHZ - doubl the power of 
the 8080. And our 16K RAM board lets th Z80A execute at 
fu ll speed. HORIZON can load or ave a 10K byte disk program 
in les than 2 se onds. Each d iskette can store 90K byte . 

ANO SOFTWARE, TOO 
HOR IZON includes the orth Star Disk Operating Sy t m and 
fu ll extended BASIC on di kett ready at power-on . Our 13ASIC. 
now in widespr ad use, has everything desi red in a BAS IC. in
luding cqu ntia l and random disk files, formatt cl ou tpu t, a 

pow rful lin editor. trings. ma hine languag , CALL and more. 

EXPAND YOUR HORIZON 
Also ava ilable - Hardware floati ng poin t board (FPB); addi
tional 16K memory boards with parity option. Add a second 
disk clriv and you have HORIZO -2. Economical serial and 
para llel 1/0 ports may be installed on the motherboard . Many 
widely ava i I ab le S-'IOO bus peripheral boards can be added to 
HORIZON. 

QUALITY AT THE RIGHT PRICE 
HORIZO processor board, RAM, FPB and MICRO DI SK SYS
TEM can b bought separately for either Z80 or 8080 S-100 bus 
system . 

HORIZON-1 $1599 kit; $1899 assembled. 
HORIZON-2 $'1999 ki t ; $2349 assembled. 

'161< RAM-$399 kit ; $459 a mbled ; Parity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit ; 

219 as mbl cl . Pri es subj ct to chang . HORIZO off red 
in choice of wood or blu m ta l cover at no extra charge. 

Write for free color atalogue or visit your local computer store. 

NORTH STAR COMPUTERS 

2465 Fourth Street • Berkeley, Cali fornia 94710 • (41 5) 549-0858 
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purchase price in savings on timesharing 
computer costs. In particular, the 
MCM/70 was u cd to simu late the Lhcr· 
mal performance of a cooling pond. This 
involve d a fi nite difference sol ution of 
1he time depend ent advection·dispersion 
equ, ti on of fluid mechanics. 

Because of the ana lysis involved, the 
calculation req uired several months of 
effort. Most people with whom I have 
discussed the problem found il hard to 
believe that it cou ld be handled on such 
a small machine . IL would not have been 
possible if it weren't for the· storage 
economy and power of APL in con· 
junction with the capabi lity of the 
machine to run in the virtua l mode. 

The program was set up to plot the 
resu lts of calculat ion s (centerl ine tem· 
peratures) as they were produced. In 
this way the effect on the temperatures, 
of changes in thermal input and/or 
climatic conditions, could be monitored 
with the opt ion to change either the data 
or the program without restarting the 
run. 

We have also used the machi ne for 
many other projects and find it a very 
useful too l for the type of 1h rowaway 
programming 1hat is typical of much 
engineering work. 

The MCM/70 has since been up· 
graded to the MCM/800 th rough the 
use of a special ly designed micropro
cessor that has a similar instruction set 
to the 8008 but performs APL aper· 
ations abo ut ten times faste r. 

RV Elliolt PhD 
Ontario Hydro 

700 University Av 
Toron to, Ontario 

CANADA MSG 1X6 

See page 2 16 or Decemher 19 77 
8 YTE for a c11rre111 report on 1/Je 
MCM/70. 

COPYR IGHTS : US VERSUS 

CANAD IAN ? 


Th e long letter from the Canadian 
patent attorney Danie l A Mersich does 
little to clarify the situation , since it 
reveals ignorance of American law. In 
fac t , software is protected under the 
Ame rican copy right law, just as new 
hardware is protected under patent law. 
Enforcement of copyrigh t is similar to 
enforcement of pate nt : the owner takes 
th e violator to cour t. 

American law seems clear to me 
{a lthough I am assumi ng that the copy· 
right offi ce regu lations which imp lement 
the law wi ll remain the same) in that a 
copy ri ght of softwa re must be presented 
in a prin ted form readable by a (know· 
ledgeable) human; it can not be just a 
magnetic tape o r a bi nary lis ting. 

Since the phi losophy of the pa tent 
law is that it will provide protection 
wh ile providing pub lic access to new 
tec hnology , a perso n attempti ng to 
pate nt a little black box would have 
to describe the new technology inside 
to ge t a patent (like bubb le memory). 
If the fu nction was in fact ca rried out by 
programmab le sequential ste ps, the de
scription would have to be carr ied to the 
copyright office. 

The US copy right office has a flier 
describing proced ures and limits for 
software programming. 

Mike Firth 
104 N St Mary 

Dallas TX 75214 

CLAR IF YING PERSONAL USE 
OF PATENTED INVENT IONS 

I must take issue with Daniel 
Mersich's comments on patents in the 
November 1977 "B YTE 's Bits." Though 
his in ormation is , for tl1e most part, 
correct, he le aves readers with an impres· 
sion which is quite mistaken. 

It is quite true tha t a commercial 
producer infringes a patent even by 
inadvertent "l'einvention ." The Patent 
Code gives the owner of a patent an 
absolute commercial monopoly, good 
aga inst anyone who seeks to pro it from 
the same knowledge. The fact that 
another inventor develops the same 
device without knowledge of the paten t 
is of no effect. 

However, a patent does not, despite 
the im pression left by Mr Mers ich, pre· 
ve nt every person from developing and 
using a given device. In general, a non· 
commercial user may create and use an 
identical device , even by directl y copy· 
ing the patent, and regardless of lack of 
permiss ion from the pa tent owner. Such 
users are free to create and operate the 
device so long as use is restricted to 
purely personal experimentat io n, amuse
ment, ins truction, education, or curio· 
sity. 

1'm afraid that Mr Mersich may have 
convinced some readers that even such 
restricted personal use infringes, so that 
a patent search wou ld be required for 
every new development. The Patent 
Code is often a pain in the lower bits, 
but it is n't tha t restrictive. 

C Kevin McCabe 
The Lawyer's Clu b, Room B-14 

551 S State St 
Ann Arbor Ml 48104 • 

MORE 6800 SOLUTIONS: 

FOR SWTPC 6800 

AS-1 ANALOG INTERFACE MODULE 
• 	 FAST, ACCURATE AID, DIA 

CONVERSIONS 
• 	 EIGHT ANALOG INPUT CHANNELS 
• 	 ONE HIGH-SPEEDANALOG OUTPUT 
• 	 OCCUPIES ONE J/ O SLOT 
• 	 $87.50 KIT $115.00 ASSM. 

SC-1 SERIAL INTERFACE CARD 
• 	 RS-232 SERIAL INTERFACE 
• 	 FULL CONTROL SIGNALS 

IMPLEMENTED 
• 	 MOST VERSATILE SERIAL 1/ 0 

AVAILABLE 
• 	 $30.00 KIT $40.00 ASSM. 

U.S. Orders Postpaid 

FOR MOTOROLA "02" 

DA-1 UPGRADE KIT 
• 	 CONVERTS D2 TO TERMINAL 1/ 0 
• 	 RETAINS FULL CASSETTE 1/ 0 

CAPABILITY 
• 	 INCLUDES RT / 68MX ROM • 

MONITOR / O.S. 
• 	 ALLOWS USE OF BASIC, EDITORS, 

ASSEMBLERS, ETC. 
• 	 RS-232 SERIAL INTERFACE 
• DAl w/70 p . MANUAL $69.95 

MOTOROLA MMS68104 16K RAM 
• 	 16K BYTES DYNAMIC RAM 
• 	 ENGINEERED SPECIFICALLY FOR " D2" 
• 	 EXORCISOR - TYPE BUSS 
• 	 $395.00 ASSEMBLED 

Master Charge & VISA Welcome 

M6800 SOFTWARE 

A/BASIC COMPILER 
• 	 BK EXTENDED BASIC COMPILER 
• 	 CONVERTS BASIC PROGRAMS TO 

f ..\ST, MEMORY EFFICIENT 

MACHINE LANGUAGE 


• 	 DESIGNED' FOR RT / 68 - SUPPORTS 
MULTIPROGRAMMING 

• 	 EXTREMELY VERSATILE 1/ 0 
• KC CASSETTE + MANUAL - $49.95 

RT/ 68MX OPERATING SYSTEM 
• 	 EXPANDED CONSOLE MONITOR ROM 
• 	 REAL TIME OPERATING SYSTEM 
• 	 DIRECT MIKBUG REPLACEMENT 
• 	 PIA OR MULTl-ACIA 110 
• 	 RT / 68MX ROM w/ MANUAL $55.00 

Write or call for Free Catalog. 

MICROWARE SYSTEMS CORPORATIC)N 
P.O. BOX 954 • DES MOINES, IOWA 50304 • (515) 279-9856 
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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 
(p) refer to p=L. 

Some Musings on Boolean Algebra 


Th e 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 surp lus keyboard. That was 
as much a problem in set theory and propo
sitional calculus as it was in digita l design. 

First a note about the subject matter of 
this article. The availability of MS I and LS I 
makes the systematic reduction of many 
logic functions a waste of both time and 
money. For example you can buy an 8 bit 
addressab le latch for about $1 .50. Synthe
sizing it out of small scale integration can 
take some 7 5 gates or 30 integrated circuits. 
No money or time savings here! The fol
lowing techniques are quite general, though, 
and you can certain ly 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 graphical ly 
we have a "universe." Un iverse and system 
will mean the same thing to us. Our system 
is composed of "states," whi le 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). 

H and L are the two possib le 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 termina ls we need an N bit binary 
word, the pth bit representing the state of 
the pth term inal. 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 un ique system state, 
which corresponds to a point in our equiva
lent Venn diagram universe. The logical 
ana logy to the digital terminal is the proposi
tion, merely a statement, which is true 
(T) = 1 or fa lse (F) = 0. 

Think of any device terminal, call it p and 
define the proposition which is T when 
p = H and F when p = L. Of course we call 
this proposition p also. Graphicall y 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. It is the interior of this 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 termi nals then the 
universe has 28 = 256 possible states or 
points. The aforementioned keyboard en
coder is a 64 input, 7 output and n internal 
termina l 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 A v 
Pittsburgh PA 15213 

A rt 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 Jo. Specifi
cally, the empty set : 
pA(j=O. Said differently, 
there are no states for this 
system with p=/-1 and q=L. 

Figure 5: A 2 input AND 
gate is shown in (a) and a 
2 input OR gate is shown 
in (b). Equi valences for 
the "inverted" forms of 
these gates are shown at 
(c), NAND; and at (d), 
NOR. 
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Figure ]a: 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 though t. ) Figu re 1 makes this 
very plausib le because p partitions the 
universe into the regions p and p (read as 
not p or complement of p). p lies outside 
of p. Now what lies outside of p? It can't 
be j5 and it must be inside th e universe . All 
that's left is p. It seems reasonable to accep t 
(p) = p. The inverter or in verter gate (fig
ure 2) is th e digital device that generates the 
complement of its input. 

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

For even two variables there are many 
possibi lities, one of which is shown in 
figure 4. This re lation is written p = > q; 
another common form is p<=q (read as p 
im plies q or p is co ntained in q). In this 
exam ple look at the area p and q. Area q 
is smaller than and wholly contained 
within p. This illustrates another of the 
ax ioms of logic, 

(p = > q) = > (q = >p). 

Of co urse we migh t have the other case, 
q = > p. If we have p = > q and also have 
q = > p we the n have the definition p = q. 
Implication and equation are distinct 
concepts. 

:=o-pAq :D-pvq 

a b 

IS T HE 
SAM E A S 

c 

IS THE 
SAME AS 

d 

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

There are many other possibil ities 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 s and 
write s = p/\q, reads= p and q. This is often 
written s = pq symbolic of ordinary multi
plication, si nce associating the possible binary 
values of 0 or 1 with the variables p and q 
gives numerically correct results for s. 
Digitally we reali ze this set with the AND 
gate as shown in figure 5a. We' ll call it the 
set of states for which p = T and q = F. We 
see that we can write t = p/\q . A third 
region is u = pr-q. What about the fo urth 
region, th at for which p and q are both L? 
Certainly this set r = p/\q. Bu t we can 
describe it differently. First we form the set 
for wh ich either p or q = 1. This is the region 
of bo th circles and is shown in f igure 3b. It 
is the set pvq (p or q) which, since we're 
add ing areas, is sometimes written p + q. It 
comes as no great surp rise that the OR gate 
exists for just this purpose (see figure 5b). 
When we fo rm the complement of pvq, we 
again get the set r ! 

Our diagrams have given us one of De
Morgan's laws: p/\q = (pvq). We can get an 
equ ivalent form of the law by taki ng the 
complement of both sides of the equation, 
(p/\q) = pvq. Figure 3a also gives us the 
other law, pvq = (pyq), which is equivalent 
to (pvq) = pr-q. 

Now you begin to see where we 're going. 
If we wa nt ou r system to generate p/\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 
inpu t NANO gate. In a NOR gate the inver
ter fol lows the OR gate. Use figure 3a to 
convince yourself that pvq is different from 
(p vq) . There are NANO gates as well and 
you've probably guessed what th ey do. 
It's worth noting that in the usu al mode of 
operation a transis tor inverts the signal. 
Consequently NANDs and NORs are more 
eas ily fabricated than ANDs and ORs, and 
more often used. 

Now a reminder about whaL all this 



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

means. The ps and qs are term inals, 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 = 0. 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 
referr ing 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. 

In words, the operation v and /\ are 
associative. The next two examples are o nl y 
a little harder to see : 

P v (q/\S) = (p v q) /\ (p v s) 
p /\ (qvs) = (p /\ q) v (p /\ s). 

In mathematical parlance, the operations 
are distributive. The form ulas show that 
within a set of paren th eses order doesn't 
count; that is p/\q = q/\p or pv q = qv p. 
This mea ns the operators are comm utative. 

We want to write equations in more than 
three variables but shadi ng the sub regions of 
five circ les creates eye stra in faster than un
derstanding. Our diagrams have been most 
helpfu l, though, fo r we can go on symbol
ica lly, by repeated ap pl ication of what we've 
already learned . 

Let's work out an example. To reduce 
x = [(p vq) vs] /\ t we define a new vari 
able, and continue to define new variables 
as often as necessary: u = (p v q) v s, so the 
or iginal expression takes the simplified fo rm 
x = u /\ t = (Ii Vt}. What's U? Just plug in 
u = (pv q) v s, so Li = (p v q v s). Substitute 

back and write: x = ((p v q v s} vtJ. One 
circuit that generates x is shown in figure 7. 
We emphasize agai n, x is a number, e ither 0 
or 1, and its value depends on the va lues of 
p, q, sand t. 

For many var iab les, we'll run out of let
ters to designate proposition . There's an 
easy way around this. If we have a proposi

p 
q 

ti on a, and later i 11 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 l"Lln out of subscr ipted 
letters, but more important subscripting 
allows a more compact notation. When we 
have a(l) v a(2) v a(3) v .. . v a( n) we 
write this as 

n 

y (a(i)).

1=1 

Simi larly we can form 

m 
b (1 )/\ 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 unfam ili ar concept it 
req uires some menta l accommodation. When
ever you fee l uncomfortable with it just go 
back to the definition and expand it. It soon 
becomes second nature. 

We' ll pose and so lve a final problem. Th e 
Teletypewriter keyboard which started th is 
article has 64 switches. We wanted a circu it 
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 
fo llow th e expansion: 

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

where 

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

Once you understand how to break OR into 
NOR then NANO (reading from ins ide the 
parentheses si nce that's the way the ignal 
flows}, you can nest SL1ccessively, generating: 

Figure 7: Circuit repre
senting the equation: 
x=f (pvq) vs/ /\t . 
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O( i) 

64 
v 0 ( i ) 
i • I 

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. 

Working from the inside out we need NOR 
gates, NANO gates, NOR gates, NA NO gates. 
2 inpu t NORs are common, as are 4 input 
NAN Os. If we feed the 64 input signals into 
32 2 input NORs, their outputs into eight 
4 inp ut NANOs then on into four 2 input 
NORs and finally into a 4 input NANO, 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 

NO Rs. Four of these come in one integrated 
ci rcuit package which means we need eight 
packages at the input le vel. 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 comp leme nted 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: 

v(a(i)) = ~ ( ~ [ ~ (c{j, k, I}}]) 
beginning with complemented signals we 
need 4 input NANOs, NORs, and NANDs, 
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(i, k))J 

where all NAND and NO Rs are 8 input. This 
requires onl y nine packages. The only thi ng 
wrong with the last method is 8 input NO Rs 
are unusual. They are availab le 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 the special 
integrated circuits. 

Having established {or more correctly, 
justified) the laws of logic and worked a few 

I 
I 
I 

• 


O( i ) 

o( i > 

VO( I ) 

Vo (I) 

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



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

A more forma l and complete treatment 
of logic (at th e introductory level) is 
presented in the monograph Propositional 
Calculus by P H N id ditch, Dover Pub I ica
tions, New York. It sells for about $11 is 
clear ly written and ai med 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 
0 if any of the inputs are logic 0 IA/\ B) . 

Associative: When the resu lt 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. 

AKiom: A proposi tion regarded (with good reasons) 
as self-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
t ion 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 equa l to the same se ri es of inverted 
OR implications. The inversion of a series of OR 
implications is equal to the same series of inverted 
AND impl icat ions. A/\B = AVB and AVB = A/\B. 

Empty set: A set containing no elements . 

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

Implication: Logical relation between two 
propositions. 

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

NANO gate : Combination of a NOT circuit and an 
AND circui t (A/\ B). 

NOR gate : Combinat ion of a NOT circu i t and an 
OR circuit IA V B) . 

OR gate : Binary circuit with two or more inputs 
and a single output. The output is logic 0 when al l 
the inputs are logic 0 . The output is logic 1 if one 
or more of the inputs is logic 1 (AV B). 

Universe : Set containing all eleme nts relevant to a 
specif ic prob lem. 

Venn diagram : Graph employing c ircles to represent 
logical relations between and operations on sets. 
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Addison-Wesley's Joy of Computing Se1ies -
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 of M a.ssachusetts, Amherst 
Teaches microcomputer programming in 
machine language. Emphasizes KIM-1. 

BASIC and the Personal Computer 
by Thomas A. Dwyer and Margot Critchfield, 
University of 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, 
John M. Nevisan Associates 
Emphasizes style in BASIC. To be read, 
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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The Case for a 
"Compiler Interpreter" 

Richard A Rodman 
3041 Patrick Henry #202 

Falls Church VA 22044 

Your "Tech nical Forum," May 1977 
issue, presen ts a high er leve l language ap
proach which, alth ough b<1sed on ideals 
achievable on larger systems, is unreali zable 
on m icrop roccsso r devices withi n any 1·ealm 
or practical ity. The character set alone of 
PL-SKYE is unavai lable on displays to 
anyone save ECD Micromind or Naval 760 
users, and hard copy wou ld be a foregone 
co nclusion . 

I have been working on high leve l Ian· 
guage ideas myself and have already dis
carded the use or a direct com pil er system 
of home computers beca use of its stringent 
demands on mass storage perip herals. Y ct, 
as Mr Skye realizes, th e resplendent luxury 
of the source code in memory used by an 
interpre ter is also far too costly for anything 
but the smal lest prngrams. 

However, there is mid die ground in the 
form of a semi-compiler or "compi ling 
in terpreter." Th is is a prog1·am, or sci of 
programs, which reads the SOLJl"Ce code from 
ta pe, translates it in lo compact symbolic 
code, and then interp r·ets this code. As a 
single program, this is of course too large for 
the amoun t of memo ry space in a home 
comput!'!r. However, il may be broken down 
by task into three segments: lhe uanslalo r, 
which creates the symbol tab le as wel l; the 
reso lver, which resolves label 1·eferences, 
allocates memory for variables and so 
forth; and the interp1·ctcr . These three seg
men ts, would , each upon completion, load 
in the next segment. There wou Id be an 
optionq. I fourth segment, the "recon
structer," which wou ld be ab le to recon
struct the source code if des ired. 

I feel that this arrangement would al low 
the use of slow speed dev ices, such as the 
audio cassette recorder, without sacr-ifici ng 
an enor·mous amount of speed. Trans latio n 
would of course have to be do ne in a single 
pass, reading from one tape onto ano ther. 

As far as speci fying the particu lar· cle
ments of the language, it wou ld be best to 
start simple. I, as well as many others, shar-e 



Sysre1T1 8813 

Tue Computer for the Professional 

Whet her you are a manager, scientist, educator, lawyer, 

accountant or medical professional , the System 8813 will 
make you more productive in your profess ion . It can keep 

track of your receivable , project future ales, evaluate 
inve tment opportunities , or collect data in the laboratory. 

Use the Sy tern 8813 to develop reports , analyze and store 
lists and schedule , or to teach other 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 
ystem supporting a powerful BASIC language inter

preter, easy to use text editor, assembler and other system 
utilities. Prices for complete system start at $3250. 

See it at your local computer store or contact us at 
460 Ward Dr. , Santa Barbara, CA 9311 l (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 this 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 t ime
sharing between the two USERS programs. 

TD L's XIT AN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XITAN 
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 
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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 hu mble 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 more book
shelves than memory chips. Furthermore , 
eve n with suitab le hardware, the re liab ility 
of bar code loadi ng remains to be demon
strated for most of us. Audio disks are more 
eas il y read but obviousl y more expensive 
and quite subject to physical damage. (One 
can imagine the record sk ippi ng and loading 
all of memory with "disposable interrupts.") 
{This has not been a problem with In terface 
Age's "Floppy ROMs, " according to Bob 
Jones . . . CM/ Sure ly there must be other 
possibi lities 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 th ings to 
keep in mind are specific needs and available 
resources. I fee l that too often these factors 
have been ignored in this field. I hope this 
wi 11 not be the case in the future. • 

APL Character Representations 

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

For those readers with a prob lem of 
re presenting AP L characters, I have found a 
temporary so lution . For those who have a 
video disp lay with reverse video selectable 
for each character, the functions ca n be very 
easily displayed as reve rse polarity char
acters. This is easily accomp lished by de
fin in g one of the keys as a special function 
key through software contro l. This wi ll 
produce the reverse pola rity required. 

Since most of the APL characters are a 
close representation of the present keyboard 
characters, th is wil l be sufficient for most 
app lications. It also means that the lower 
case and special characters can stil l be 
represe nted. 

In the APL interpreter, a specia l char
acter can then be easi ly detected, by look ing 
to see if the cursor bit is turned on .• 

Easy to use ! Everyth ing you need OUR NEWEST BABY! for 1/0, m ass storage, and a monitor. 
3 complete pa ra llel parts with t heir The System Central Interface 

own handshaking, latched outputs, bi  SCI 
direct ional. 

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 
2708 PROGRAMMER

(916) 723-1050 
3K of ROM, 2-2708's provided w ith 

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

High-speed cassette system with 2 relays, simu ltaneous 
read and write, speed~ from 500 to 40,000. 

Yes, p lease rush my SCI to : 

Name ·· ·····- ·· ·········-· ······· ···· ·· ···-· ····-- ------· -···- --·--···-- ----  Altai r, Poly, 
IMSAI, Z-80, Address ··· -- -- ···· ····· ··-- -------- ----------- ------- -- --· -- --·--- -·-······ Tarbell Com 

patibleCity --· --------- ----- ----- -·-- ----·- -·-· State -- -- -··· Zip ........... . 

Kit 

Mastercha rge ... ....... ..... .. .. ... .. .... ........ Exp . ........ ... . $285 
A ssembled 

Visa / B.A. --· ··- -- ·· ········ ·-·· ·················· ·· Exp............ . $345 

Signatu re .. ....... ........... .... .. ...... .. ..... ........................ .. . 


DAJEN Electronics 
7214 Springleaf Ct. 
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why lhe lasl bus 

is lhe besl bus 

If you want to be better, you 
have to be willing to make 
changes. So, when we started 
designing our HB Computer 
back in 1975, we put aside a lot 
of pre-conceptions to design a 
better computer. For instance, 
instead of slavishly adopting 
an infe.rior bus as a " standard." 
we designed our awn. We 
used fifty fully-buffered lines 
because that's all we really 
needed with the HB's built-in 
systems controller. The result? 
Clean signals, minimum 
noise and great expansion 
capabilities. 

Next, we picked a male/fe 
male connector. Not only is it 
less expensive than edge con
nectors, our tests show it's 
also more reliable! And be 
cause it costs less, every HB 
motherboard includes all the 
connectors you need for ex 
pansion. There's nothing extra 
to buy. 

The connectors are mounted 
on the right side of the cabinet 
at an angle so the boards tilt 
back. That gives us a couple of 
significant advantages. First, 
it allows the boards to be 
larger without requiring a 
taller cabinet. So our circuit 
board 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 HB 
bus. In the future you can ex
pect to see many new and 
exciting accessories for the HS 
bus like higher density, lower 
power memories and a variety 
of unique 1/0 interfaces. 

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

Who minds being different . .. 
as long as you're better. 

Bealhkil 

Compal 

rREE 

Healhkil Catalog 

Read about nearly 
400 money-saving, 

fun-to-build 
electronic kits. 

Use coupon to send for 

·~Ol!!'ll~-....:;.;::_11Your mail order catalog 


or bring coupon to a 

Heathkit Electronic 


~z::===~~::S::~(Center for your catalog. 


HEATH,-----------------,
I 
I 
--!"ilf1Tiil 

~ 
Heath Company, Dept. 334-380 I 

•:"li"ili-"ill'.iii-illlllill'1liltf!&;''•.:..._- Benton Harbor, Ml 49022 

I I
Please send me my FREE Catalog . I am not o n your mai l ing list. 

; ,... I 

Address I 

I City State I 
I I
CP-136 Zip 
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AVAILABLE LOCALLY AT 
HEATHKIT ELECTRONIC CENTERS 
(Units of Schlumberger Products 
Corporation) Retail prices on some 
products may be slightly h igher. 

ARIZONA: Phoenix, 85017, 2727 W. Indian School 
Rd., Phone: 602-279-6247; CALIFORNIA: Anaheim, 
92805, 330 E. Ball Rd., Phone: 714-776-9420; 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 Mlddlelield Rd., Phone: 416-365
8155; Sacramento, 95825, 1860 Fulton Ave., Phone : 
916-486-1575; San Diego (La Mesa, 92041), 8363 
Center Dr .. Phone: 714·461-0110; San Jose (Camp· 
bell , 95008). 2350 S. Bascom Ave., Phone: 408
377-8920; Woodland Hills, 91364, 22504 Ventura 
Blvd .• Phone: 213-883-0531; COLORADO: Denver, 
80212, 594C w. 38th Ava., Phone: 303-422-3408; 
CONNECTICUT: Hartford (Avon, 06001), 395 W. 
Main St. {Rte. 44), Phone: 203-678-0323; FLORIDA: 
Miami (Hialeah, 33012), 4705 W. 16th Ave., Phone: 
305-823-2280; Tampa, 33614, 4019 West Hiiis· 
borough Ave., Phone : 813-886-2541; GEORGIA: 
Atlanu1, 30342, 5285 Roswell Rd., Phone; 404-252
4341; ILLINOIS: Chicago, 60645, 3462-66 W. De
von Ave., Phone: 312-563-3920; Ch icago (Downer• 
Grove, 60515) , 224 Ogden Ave., Phone : 312-852
1304; IN DIANA: Indianapolis, 46220, 2112 E. 62nd 
St., Phone: 317-257-4321; KANSAS : Kansas City 
{Mission, 66202) , 5960 Lamar Ave., Phone: 913
362-4486; KENTUCKY: Loulsvltle , 40243, 12401 
Shelbyville Rd., Phone: 502-245-7811; LOUISIANA: 
New Orleans (Kenner, 70062), 1900 Veterans 
Memorial Hwy., Phone: 504-722-6321; MARYLAND: 
Baltimore, 21234, 1713 E. Joppa Rd., Phone: 301
661-4446; Rockville, 20852, 5542 Nicholson Lane, 
Phone: 301-881 -5420; MASSACHUSETTS: Bo1ton 
(Peabody, 01960) , 242 Andover St., Phone: 617· 
531-9330; Boston {Wellesley, 02181} , 165 Wor
cester Ave. (RI . 9 just west of Rt. 128), Phone: 
617-237-1510; MICHIGAN: Detroit, 48219, 18645 
W. Eight Mite Rd .. Phone: 313-535-6480; E. De
troit, 48021 , 18149 E. Eight Mile Rd., Phone: 313
772-04 16: MINNESOTA: Minneapolis (Hopkins, 
55343). 101 Shady Oak Rd ., Phone: 612-938-6371; 
M ISSOURI: St. Louis (Bridgeton), 63044, 3794 
McKelvey Rd., Phone : 314-291-1850; NEBRASKA: 
Omaha. 68134. 9207 Maple St., Phone: 402-391
2071; NEW JERSEY : Fai r Lawn, 07410, 36 -07 
Broadway (Ale. 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 : 716-835-3090; Jericho, Long 11
land, 11753, 15 Jericho Turnpike, Phone; 516-334
6181 ; Rochester, 14623, 937 Jelferson Rd., Phone: 
716-244-5470; White Plains (North Whllo Plalna, 
10603) , 7 Reservoir Rd., Phone: 914-761-7690; 
OHIO : Ci ncinnati (Woodlawn, 45215) , 10133 
Springfield Pike, Phone: 513-771-8850; Cleveland, 
44129, 5444 Pearl Rd., Phone: 216-886-2590; Col
umbus, 43229, 2500 Morse Ad.. Phone: 614-475
7200: Toledo, 43615, 48 S. Byrne Rd ., Phone : 419· 
537-1887; PENNSYLVANIA: Philadelphia, 19149, 
6318 Roosevelt Blvd., Phone: 215-288-0180; Frazer 
(Chester Co.), 19355, 630 Lancaster Pike (Rt. 30), 
Phone: 215-647-5555; Plltsburgh, 15235, 3482 Wm . 
Penn Hwy .• Phone: 412-824-3564; RHODE ISLAND: 
Providence (Warwick, 02886), 558 Greenwich 
Ave. , Phone: 401-738-5150; TEXAS: Dallas, 75201, 
2715 Ross Ave., Phone: 214-826-4053; Hou1ton, 
77027, 3705 Westhelmer. Phone: 713-623 -2090; 
VIRGINIA: Alexan dria, 22303, 6201 Richmond 
Hwy .• Phone : 703-765-5515; 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 7: 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 Wat 0.5 oz-in, 3 Wat 2.0 oz-in, 6.5 Wat 9.0 oz-in, and 7 2 Wat 76.0 oz-in. 

Taking the First Step 

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

All stepper motors convert electrical 
pulses into mechanical movements. In th is 
artic le I wil I be referring to permanent 
magnet stepper motors such as those shown 
in photo 1. This type of motor is classified 
as either a pulse stepper or a logic stepper. 
Pulse steppers usually are unidirectional and 
have one center tapped co il. Logic steppers 
are multicoil and bidirectional. I will confine 
my drive controls to the bidirectional logic 
stepper. 

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

fixed and very accurate . Stepper motors can 
be readily obta ined with operating voltage 
from 5 V to 48 V, with 12 V and 24 V the 
most common . The construct ion of the 
motor co nsists 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 surro und s 
one half of the rotor. Soft iron fingers 
arranged into pairs concentrate the magnetic 
flux from each winding near the rotor. As a 
winding is energized, the rotor moves to 
align its magnetic poles with the poles of the 
stator . The next coil in line will agai n shift 
the stator field and cause another rotor step. 

Robert E Bober 
449 Pleasant St 

Framingham MA 01701 
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Figure 1: !lfustration 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 
1b. If the fingers of your 
right hand are wrapped 
around the coil in 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) 

Th us 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 al I motor rotation lies in 
magnetics. Like poles repel while unlike 
poles attract. The tricky part is in creating 
the magnetic poles and directi ng 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 fie ld 
exists. When the current ceases, the fie ld 

MAGNETIC 
FL UX 

CURRENT I 

(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 coi l 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 
cal led a stator and a rotating part cal led 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 ofa 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 perfo rm
ance products at att ractive low prices. Our boards are 
designed for use in the North Star HORIZON co mputer 
and o ther S-100 bus computers usi ng 8080 or ZBO proces
sors . Visi t your computer sto re fo r a demonstrat ion, o r 
wri te fo r our free co lo r cata log. 

16K RAM BOARD 
No o th er S-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 fu l l speed (no wai t 
states), even at 4MHz w ith both ZBO and 8080 sys tems. 
Memory refresh is invisib le to the processor, bank swi tch
ing is provided and add ressabi l ity is swi tch se lectable in 
two BK sections. Best of all, a par ity check option is ava il 
ab le. Ki t: $399. Assembled : $459 . Pari ty Option - kit : 
$39. Assemb led : $59. 

MICRO DISK SYSTEM 
The North Star M OS is a complete fl oppy disk system w ith 
all hard wa re and so ftware needed to add floppy disk 
memory and a powerfu l d isk BASIC to S-100 bus com
puters. The North Star MDS is widely considered one of 
the best designed and mos t complete 5-100 bus products 

ava ilable. The MOS includes th e S-100 interface board 
w ith on-board PROM for sys tem startup, Shugart mini
flop py d isk drive, cabling and connectors, and DOS and 
BASIC software on diskette. Ki t: $699. Asse mbled: $799. 
Add i tional drive - Kit : $400. Assembled: $450. Singl e 
Drive Cabi net: $39 . Optional Power Supply: $39. 

Z80A PROCESSOR BOARD 
The North Star ZPB brings the full speed, 4MH z Z80A 
microprocessor to the S-100 bus. Execution is more than 
tw ice the speed o f an 8080, and the ZPB operates in sys
tems both with and w ithout front panels. The ZPB in
cl udes vecto red in te rrupts, auto-jump startup, and space 
for 1 K of on-board EPROM. Kit : $199. Assembled : $259. 
EPROM Option - ki t: $49. Assembled: $69. 

HARDWARE FLOATING POINT BOARD 
If you do number crunching, then th is board is for you. 
The FPB pe rfo rms high-speed floa t ing point add, subtract, 
mult iply and divide with se lectable precision up to 14 
decimal d igits. Arithmetic is up to 50 times fas ter than 
8080 software, and BASIC programs can execute up to 
10 times fas ter. A version of North Star BASIC is incl uded. 
Kit : $259. Assembled: $359. Prices subject to change. 

NORTHSTAR COMPUTERS 

2465 Fourth Street • Berke ley, California 94710 • (41 5) 54 9-0858 
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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. 

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. Th is 

STOTOR 
POLE TIPS 

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 

COILS 

Figure 4: An exploded 
view of a typical stepper 

ROTORREAR OUTSIDE INSIDE FRONT FRAMEmotor showing internal (CYLINDRICAi.FRAME AND FRAME OUTSIDE FRAME END CAP PERMANENT MAGNET!construction. MOUNTING BRACKET 
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Challenger Ill from Ohio Scientific is the revolut ionary, new triple processor 
computer that allows you to run programs written for the 6502A, 6800 and Z-80 

processors. 

•c 
of. rt 

• 
From our inexpensive BK BASIC in ROM Challenger llP to our powerful triple processor 

Challenger Ill, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 

Challenger llP 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 full 
computer keyboard , Challenger llP can be connected 
to a home TV via an RF converter and it's ready to go. 

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

n 

D 
Challenger II 

from Ohio Scien
tific is a disk 
based computer 
capable of stor

~ 

' 
·~ 

- _ 

'.· mg up to 500,000 
bytes of informa· 
tion on an Ohio 

-4!J Scientific dual 
drive floppy disk. 

Challenger II 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 1/0 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. 

arm 

Incredible as this is, a disk based Challenger Ill costs 
only about 10% more than conventional single processor 

microcomputers. A 32K Challenger Ill 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. 

11679 Hayden• Hiram, Ohio 44234 
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In roducing hree boards only
Ohia Sci ntific co Id 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 mi-crocomputer products on the market. And Ohio Scientific has the 
technology that made them possible. 

500 PU o r 
This board gives you our ultra-fast SK BASIC in ROM 

with plenty of user workspace (4K RAM) for as little as 
$29S.OO. 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 SK BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest around! 

10 Sy t m CPU B ard 
This is our unbelievable triple processor board! Com

plete with the 6502A, 6SOO, and Z-SO processors, this 
board allows you to run virtually all programs published 
for small computers . Available in the Challenger Ill, 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! 

60 C U Ex nd r Bo rd 
The 560Z board is our multiprocessing board with a 

Z-SO and 6100 chip. This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful POPS software with the 560Z. The 
5602 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 aElvaAee<i--teGh
nology offers you other unique features such as Multiport Memories, Distributed Processing , Big Disks with 
up to 300 megabytes on line, and Advanced Software. 

II TFIU 

11679 Hayden• Hiram, Ohio 44234 
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Announcing th mo t 
adv need disk 
anywhere for ,ODO 
The74 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-074 means 

that the drive can run 24 


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

C-074 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-074 provides an unbelievable 35 mill isecond 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 SK on a Dual Port 525 board, and a single 
or dual-drive floppy disk. 

The drive , cable , interface for an Ohio Scientific Challenger and 
OS-74 operating system software is $6,000 FOB Hiram, OH. 
Equipment rack shown not included. 
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Simulation of Motion 

Part 4: Extended Objects, Applications for Boating 

Stephen P Smith 
POB 841 
Parksley VA 23421 
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Have you ever wondered why the shapes 
of boat hulls differ so widely? Boating 
enthusiasts know that certain designs will be 
best in lakes and rive rs, and certain others in 
open seas. Some boats are much roomier 
than others; some are safer in rough water; 
but what penalties in stability 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 
simu lated on your personal comp uter. You 
can determine how a given design wil l re
spond to any sea condition. The basic equa
tions for stepp ing speed and position into 
the future wi ll sti ll ap ply, as they were 
discussed in the earlier articles of this series; 
but you'll also need some new techniques. 
As you implemen t this simulation, you'l l 
discover that forces in a linear degree of 
freedom can also produce moments and 
their resulting motion in an angu lar 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 appl ica
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 1 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 sim ulations, 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
dynamic 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 simp le models, any 
new simulation might present some unique 
requirement. 

For example, in al l 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 simul tane
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 all over 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 1 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 
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Typical Bodies of Water 

Wind Speed Rivers Lakes Inlets Bays Open Sea 

2 m/sec 

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 m/sec 
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) 0.06 0 .08 0.2 0 .25 0.75 

10 m/sec 

period {sec) 1.25 2.0 3.0 4.25 7.0 

length {ml 2.4 6.25 14.0 28.0 80.0 

height (ml 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 summaty should prove adequate for 
casual use. 

and pitch ing motion of the boat. Angular 
motion was introduced in a rocket flight 
simu lation (see January 1977 BYTE, page 
144) . In that case, it was entirely indepen
dent of the linear motion. At the end of the 
same article I suggested that the motion of 
an automobile body should also be simula
ted using an angular degree of freedom, but 
that the angular and linear motions could no 
longer be considered separate ly. This is also 
true in the boating examp le. The moments 
used to compute the angular motions wi ll be 
calculated 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 
usi ng the distributed forces of the boat 
examp le. In that way, one simulation will 
serve to demonstrate both of the new 
concepts. I 'II leave the developm ent of a two 
or four wheel automobile suspension simu la
tion to interested readers. 

The motion of a boat is simi lar in many 
ways to that of the automobile body . When 
it is launched, a boat settles into the water in 
response to gravity. As the 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 
ca lled equilibrium and is analogous to the 
equi librium of an automobile suspension. 
Unless there is a disturbance, the boat will 
remain at equi librium. In the automotive 
examp le, disturbances came in the form of 
a risi ng or falling road . With boats, we en

counter a rising and fa lling 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}, al l vary appar· 
ently at random. In fact, these parameters 
have fairly wel l 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 table 1 to compute their size. 

Dealing 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, the 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 
shou ld be know n. Let it be 0.1 kilograms. 
The buoyant force is equal to the weight of 
the water disp laced 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 
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cost effective products 


for your microcomputer. 

The Extensys FOS100 Floppy Disk System rr vides a high 
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MM16 Memory 
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64 K versions easily expandable by inserting memory chips into 
existing sockets. The Board uses dynamic RAMs with 300 ns 
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include bank select logic for PROM/ ROM coexistence plus 
expansion beyond 64K, write protect circuitry. and multi layer 
ground plane construction for noise immunity. 

The RM64 comes completely assembled and tested with 
a one year warranty. Delivery is STOCK to 15 days upon 
receipt ot order. with sh ippi ng and handling prepaid in the 
cont inental United States. 

• 

RM64 

exgporaUon

Extensys Corporation 

Are you planning to produce a high performance, 380 Bernardo Avenue 
cost effective computer system or expanding the Mountain View, CA 94040 
capabiliti es of your current line? If so contact US, (415) 969-6100 

Circl e 49 on inquiry card. 
the people who can make it happen for you NOW. 
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the bottle, we can calculate the amount of 
water that the bottle displaces. In other 
words, we can find the vo lume, 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/ 

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

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 wil l 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 
vertical speed will be reduced until the 
bottle begins to descend. Eventually, these 
motions wit I 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. 

For larger objects, boats for example, the 
actual motion may be more apparent. We 
cou ld treat a boat exactly like the bottle 
and simulate its up and down motion. As I 
suggested earlier, 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 
I BM Correspondence 

standard ASCII (with Break and 
Control code features). RS232-C 

interface. 

RECONDITIONED SELECTRIC 

TERMINALS 


or BCD Code ..........$795.00 

• 	 IBM 2741Compatib le 
• 	 RS232C Interface 
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Print Buller 


• 	 RS232C Interlace 

IJ 	
• Break and Control Code features 

CONTACT KEN PAYNE 
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40 LINESSCREENSPLITTER 86 CHARACTERS/ LINEA COMPLETE TV TEXT DISPLAY SYSTEM 
from ONBOARD WINDOW SOFTWARE 

NtJcro Diver.foio~, l'lf. FOR CONTROLLING UP TO 50 
LOG ICALLY INDEPENDENT WINDOWS-----------······GENERAL---·····-····-·· 

S~RE!NS PLI'M'ER. ta a se:lf-concaincd TV text displav system 
for your microcomputer . It comes on a single, hlgh~o,ualitv 
S-100 compaclble board, cooph:te with its unique Window --THE CARE AND FEEDING OF WINDOWS -
Package 5ofcware module. With c))c Window Package, you c:an 
logicaHy segmenc SCREENSPLITIER ' s huge '0 x 86 disolay of OK . You hove just powt?red on . Initialize the Window- ~ock
upper-lower case characters into up to 50 independent age and turn on your first window : 
'\.:indows" of various sizes . (You get the ideil from our ad:) 11'e Wtnd 
Each window has its own optional frame, cursor. figure ow PAcka lNIT()
ground, and optional label, and each window scrolls and ae's aut OPEN(l, l0, l5 , ZO, JO) 
aucomacic:ally formats its text independently of all tlle o-format 
ochers . QUICK: There' 9 some interesting infon:mtion ftash ter does Now, just to flex your bits, give
in& b/ in WINOOW l. Co read it: n' t care the user a wal·c-uc flash (a brief

how ski figure-ground reversal inside r-he 
nny your windoo) :

windows---------------WINDOW 1 ----------····· 	 FLASH(l) 
are (it 


WhoopJ;i I Our routine seems to be 'II hock 


lr.-1 ___J 

window l 

outpu t Now that you hove hin occention. go ahead and frame the
having problems . Oh well, ac least you vour 	 te window (you don't hove to, of course) :
get co seo some of SCREENSPLITTER ' S Xt down FRAME(!)
sc i enciflc symboh . (You can order a to one c end, while you're at it, label it, and set th~ scroll 	line 
gr atihics cha r acter set optionally ) olumn if count : 

you con LABEL ( l . "General 1/0")
A.nd any character t:uay be user-defined stand i SCROLL (l , 5) (i.e . , when chc ·.tndow 
as a winking character . How? 	 you ask . <I fills UJ', pon it uo .5 

Ci.me blank lines)Si.mp le , SCREENSPLITIER uses a 2708 

reprogramnable memory as its character 
 Just r-o keep hio interested , switch che cursor cliaraccer 

from the default caret co the winking ca.rec:~:~~~~c~~t l~uct!eo~,g~~ ;~~r;~;=~~~ 
CURSORCHAR(l, A ) 


' ' I '' I ol! I I ' •, \ , ,1 ,'I ''• ' 

1 How that" he's oll excice:d, eyes bulging from the initial 

flash, transfixed by c-he hypnor-ic "Winking cursor, hit him 
with some text through window 1 : 

Frills, you say1 No, thri l ls I Just cake a look in che 

I • •" r I'' I 1 I'' il.•llt ! I 'fo • • "T•t' 

•..,tindow up there / to sec how SCREENSPLITTER puts these ·-------· PR!NT(l,"I hace co cell you chts, William, but 
rnv materials co work in the onboard l K Window Package • last night the kids wired chat chair 
(that back Ch <! rc - is the cursor character) . you' re aitcinp. in with 1 10 voles AC.") 

Now (this'll really kill him), open a aecond window co ·------------------------------------------	 the riRht ' 
PARTIAL 	 OPEN( 2 , 10 , 50.5, 20)

•--FUNCTION·	 •····POINTS OF INTEREST---- FRAME(2) 
LABEL(2,"Will's Will"): SUMMARY 	 I' 

I !NIT() 	 •• Entire hardware/softYare system on a and print out a second message through this new window :• single, high-quality S-100 buss com
: 	 OPEN(W,X,Y,DX,DY) patible board . PRINTC2 ,' 'PlC!:ase type your la.itt 'Will and cescament. ") 

: CLOSE(W) 


•I 
Now , of course, you echo his input through window 2. 


: FLASH(W) I via standard 75 onm coaxial cable 

Drives a lOmhz or ~u~ctcr TV monitor••I 	

relying on the default scrollins of 1-li.ne "pop-up" when 
th<!: window fl l l s up.

I FJW!E(W) 	 I (supplied) . 

I 


'• 4K static RAM -2114'•- display bufferI 	 UNFRAME (W) And on, and on ... 
is memory-mapped into your CPU'sLABEL(W,STRINC) 
address space fasc, 	 ·-------------------------------------------·for convenient 

SCROLL (W. N) access if you ever need to bypass the -----------SOME APPLICATIONS·······--·-
CURSORC!lAR(W. CHAR) ''1lndow PackaR,e softvare . 1 . You have a BASIC program . Open a number of windows, 

CURSORPOS (W. X. Y) 
 giving each impoTtant subroutine in the program its

• 	 User-selectab l e wol r state for opera own 'Window. When your program r-uns, you get a rwo
PRINT(W. STRING) d.imensiona l feel of the flow of the execution - flurtion with 4mhz CPU's . 

ries of activicy here, brief flashes there:. You canPRINTCH (W. CHAR) • 	 lK onboard 2708 ls jumper chan geable have the feeling o( being able to converse with each 
BACKSPACE (W) subroutine individually'.co a 2K 2716 for user extensions co 

the Window Package . 
C!.EARLINE (Wl 

2 . You have a page-oriented text editor . Pick up a para
CLEAR(W) graph here , a paragr.nph there, isolating es.ch in ics• 	 Bonrd presents one TTL load to host, 


yet drives up to 20 TTL Loads via 
 own window while you rummage through tho main ccxc inBLANKLINE (W, COUNT) 74367 buffors . its own large window . Using the MOVEWINOOW function, 
COflPLEMENT (W) you can move block.8 of text around to produce a final

Provisions for jumpering TV da t a , sync,
PLOT(W, X, Y ,CHAR) •• 	 layout . 

I 	 blanking off board for e.xternal mixing 
MOV EWHIDOW (W, X , Y) I 

I 
(via 16 pin socket). 3 . 	 You have an assembly language debugger . Allocate one 

w-lndow to the real-time: clock . another co che run-ci.me ·--------------· ·------------------------------- clock. and several more to display various registers
-------------·WHAT YOU GET------------ -	 1t~f~~t~~~os~~a;:~~ 11;~~ ·y~~~ ~~~g~::f g c~io~ee~~~ ~~e 

• 	 Co"'!'lete SCREENSPL.! TIE!l Kit, with all IC's, low ~rofile debugging infonnation continually present . 

sockets, prcprogrernr.ied \..lindow Package: EPROM, osseobly 

i_n:1truccions 4 . You have some fancy eames . Give each player his o"'in 

window and define some "community w'indows . " Lee your
• 	 Cocprehensive Theory of Operation Ha. nual imagination take over! 

• Cocplei:c source - code listing, and User's Manual f.or the 
I 	 IWindow Package 	

+ ·-------------------------------------------· 
I 	 PS : Watch for our full grt1.phics board, also w-t.th lts on- I 

+ : board soft'Co:are ... Coming soon: 	 :• 90 day warranty on parts and labor 

+ + + --------------------------------------------··-----------------------------------------
·---------ORDERING INFORMATION··-······ + + + Micro Diversions, Inc. 

l. 	Tell us for 1..'hich 8K boundary you would like your \Jin~ 

dow Package assembled . I 


+++++ • 
I 7900 Westpark Drive, Suite 3082 . 	 Tell us whether you want the scientific symbols. OT I 


the graphics characters in ASCII codes 0-31 of you:r the I 

Icha:recter Kenerator . 	 PLOT('.I, 
I Mc Lean, Virginia 22101X,Y ,"+") 

J _ Send us a personal check , Master Charge or RAC/V1SA chicken& 
I 


numbn?' ond expiration date. K..it price ls $295 . Asat?m

bled, $385. (Vi r g i nia residents p l ease add sales tax.) ·-------· 


I 

(703) 827. 0888 
••TIME·• 

4 . 	 We will sen d you the SCREENSPL.I TIER, postpaid (in the DEALER INQUIRIES INVITED I I 

continenta l U. S.) from stock to 60 days . : 06oOL48 : 
1 EVALUATION KITS AVAILABLE .------. ·------------------------------------------·· 
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GRAVITY 

Figure 2: The distribution of the buoyant force determines the angular 
motion about the center ofgravity. 

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 ink of this device as two bottles 
joined together with a stick or as the two 
hulls of a catamaran. just as we calcu lated 
the buoyant force on the bott le 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. Th is 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 cou ld 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 sin ks in th e 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
Ii ke 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 simu la
tion, we will treat the center of gravity as 
stationary, and try to avoid dealing with 
the moving center of buoyancy. 

Since we cannot dea l with buoyancy as 
simply as we do gravity, we wil l have to deal 

with the individual parts of a body more 
directly to find a general method of handling 
th e 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 forc e 
on the bottle acts at a point which is at a 
known distance from the center of gravi ty. 
Th is makes no difference to the vertical 
degree of freedom, but it is the key which 
al lows us to simulate the angu lar motion . 

Remember from the last article that a 
moment is the product of a forc e 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. Thus an upward force 
on the righthand bottle creates a posi tive 
(counterclockwise) moment. An upward 
fo rce on the lefthand bottle creates a 
negative moment. In each simulation step , 
the moments are summed and then divided 
by the moment of in ertia to find the change 
in angular speed each second. With th is valu e, 
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 proport ional to the volume of the bottle 
below the waterline. For a single bottle, it 
was computed from th e 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 
re lative position of other points on the 
device. If there is a posi tive angu lar position, 
the device wil I be turned counterclockwise 
around the center of gravity. Consequently, 
th e lefthand bo ttle will be lower than the 
center of gravity and the right one wi ll be 
higher. The exact difference is cal cul ated 
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 th is with an example. 
Suppose the vertical pos ition 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 wou ld be at 
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0.01 + SIN (0.035) * (- 1.2) = - 0.32 meters 

in other words, about 3 cen ti meters be low 
its equilibrium position. A bottle 1.2 meters 
to the right would be 

0.01 + SI N (0.035) * 1.2 = 0.052 meters hi gh. 

The vertical position of any other point can 
be found sim ilarly. 

Having fo und the positions of the bottles, 
we must now find the positions of the water 
surface at each bottle. These wi ll come from 
a sine function modified by a representative 
wave height, period and length. The argu
ment of the function wil l be the sum of the 
current time divided by the period, and the 
bottle locatio n {distance from the cente r 
of gravity) divided by the wave le ngth, al l 
multiplied by two rr (to convert to rad ians). 
Once evalu ated , the function is mu ltipl ied 
by one half the wave height (amp litu de) to 
arrive at a final surface position. Using th is 
scheme the surface varies with both time and 
locat ion in a good approximatio n of sea 
waves. 

The data in tab le 1 can be used to con 
t inue the example we began above. Let's 
place our two bottle catamaran in an inlet 
with 5 meter per second win ds. We have 
determined that the water surface is given 
by the fo llowing formu la. 

S = HEIGHT/2 * SIN (6.28318*(TIME/ 
PE RI OD+ LOCAT ION/ LENGTH)) 

At TIME = 1.8 seco nd s, we would find that 
the water surface at the left bottle is 0.2/2* 
SIN(6.283 18*(1.8/2+(1 .2/5))=0.084 meters, 
just below the eq uilibrium position. At the 
right bottle, the surface is at 0.2/2*SIN 
{6.283 18*(1.8/2+1.2/5))=0.077 meters. If 
we subtract the posit ions of the bottl es from 
these values and add the 8 centimeter length 
of the bottles underwater at eq ui librium, we 
wil l have calcu lated the length of each bottle 
below the surface at TIME = 1 .8 seconds. 
For the left bo t tl e th is will be (- 0.084) 
(-0 .032) + 0.08 = 0.28 meters. For the r·ight 
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 dis
places 0.04**2 * 3 .14159/4 * 0.028 = 3.45 
* 10 -5 cub ic meter·s and has a buoyant 
force of 9800 * 3.45 * 10 -5 = 0.345 new
tons. The momen t it produces is 0.345 * 
(- 1.2 ) = - 0.41 4 newton meters. Similady, 
the right bottle displaces 9.67 * 10 -5 cub ic 
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 upd ate the vertical degree of free 

Figure 3: The continuous hull of a boat can be divided into a series o f 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 symmetty about the CG enables us to describe the 
hull while only segmenting half of it. 

dom. The sum of the mome nts, 0.534 new· 
ton meters, is used to update the angular 
degree of freedom. Now we can comp ute 
new pos itions, forces, moments, etc, and 
begin the cycle again. 

Simulating the motion of a two bottle 
catamaran may not be very useful, but the 
techniqu e is easily extended to real boats. 
Ins tead of th in king of the hul l of your boat 
as a contin uous su rface, th ink of it as a 
co llection of "bottles." Fi gur·e 3 shows a 
boat hull that has been divided in this 
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Listing 7: This program simulates the vertical and angular motion ofa boat in 
response to sea waves. Because it involves a lengthy summation, it is inherently 
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 7 977 BYTE, page 712). They should also increase the number of 
"bottles" used to describe the hull, and decrease the step size. 

It should also 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. 

100 REM SHIP MOTION SIMULATION 
110 REM DESCIBE HULL CROSS SECTION 
Ill REM X IS DISTANCE FROM CG TO CEHTER OF BOTTLE 
112 REMY IS LEHGTH OF BOTTLE BELOW WATER AT EQUILIBRIUM
120 DIM X(l0>,Y<l0>
140 DATA 0.05,0.5,0.15,0.49,0.25,0.47,0.35,0.45,0.45,0.42
150 DATA 0.55,0.39 1 0.65 1 0.36 1 0,75 1 0.31 1 0.85.0.271 0.95 1 0.22 
160 FOR J=l TO 10 
170 READ X<J> ,Y <J> 
180 HEXT J 
190 REM SET BUOYANCY FACTOR; "BOTTLE AREA"SDEHSITYS9.S 
200 B=0.01Sl.03S9.8 
209 REH COHPUTE l'IASS <M> L MOl'IEIH OF rnERTIA OF CROSS SECTION 
210 1'1=0 
211 I =0 
212 FOR J 2 l TO 10 
214 1'11=8/9.BSY <J > 
216 "=l'l+H1*2 
218 I=l+HltX<J>S2 
220 HEXT J 
230 REH SET SEA STATE: HEIGHT<H >,LEHGTH<L>,PERIOD <P> 
240 H=8.2 
258 L=S 
268 p .. 2 
2?8 REH IHITIALIZE IHTEGRATIOH VARIABLES 
280 DATA 0,0,0,0,0,0,0,0,0,0,0 1 0,0,0
299 READ z,z1,v,u1,A,Al1R1Rl,Q,Ql,C,c1,T
390 REM INITIALIZE STEP SIZE AHO PRIHT INTERVAL 
318 0•0.1 
315 l(z0
320 lt'.1•0.l/D 
32! PRINT "TIME •S EC> VERTICAL POSI T!O HrH, AHG ULAP POS!TIOH<DEGl" 
330 REH SUM FORCES AND MOME NT S ON THE "80TTLES" 
340 GOSUB 600 
345 REM PREDICT VERTI CAL MOTIOH 
346 REM 1<,11 ,z AR E ACCELERATIOH.SPEEV, AND POSITION 
350 A!=F ' M-9.8 
360 l.J=U l +D i1H 
370 Z=Zl +DSlJl 
3?5 REM PREDICT ANGULAR MOTIOH 
3?6 REM C,O,P ARE ACCELERATIOH,SPEED. AND POSITION 
38€1 Cl =G/J
390 (hQ 1+D+C1 
4fhl R=R 1+D*Q I 
410 REM SUM HEW FORCES AHD MOMENTS FOR CORRECTOR FORMULAS 
420 K=K+I 
430 T=T+D 
440 GOSUB 600 
445 REM CORRECT lJERTICAL t'IOTIOH 
450 A=F / M- 9.8 
460 U=V1+D/2S(A +AI )
4?0 Z=Zl+D/2 S(U +UI ) 
475 REM CORRECT ANGULAR MOTIOH 
400 C=Gd 
490 Q=Ql+D; 2i \ C+CI )
500 R=Rl+D/2S(Q+Ql ) 
see REM PREPARE FOR NE XT STEP 
510 U!=lJ 
520 21=2 
530 Ql=Q
540 Rl=R 
550 IF K~KI THEH 340 
560 PRIHT T,Z,RS57,296
570 IF T<10 THEN 340 
571 STOP 

60B REM CALCULATE AND SUM FORCES AND MOMEN TS ON "BOTTLES" 

630 F=0 

640 G=0 

660 FOR J=l TO 10 

665 REM POSITIVE HALF OF HULL IS GIUEH 

666 REM W IS l.JERTICAL POSITION OF WATER SURFACE AT BOTTLE J 

667 REM WI IS LENGTH OF BOTTLE BELOW WATER SU RF AC E 

668 W=H / 2SSIN <6 .2B318t CT , P+ XCJ >, L>' 

669 Ml=Y (Jl-Z-S IN <R>*X CJ)+W 
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manner. The hull can now be described by 
a table of Xs and Ys. The Xs represent the 
di stances from the center of gravity to the 
center of each bottle. The Ys represent the 
lengths of each bottle below the waterline 
at equ il ib rium . 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 influ ences the vertical 
motion of the center of gravity, and the 
sum of the moments influences the angular 
motion arou nd the center of grav ity. 

We now have an effective method for 
deali ng with distributed forces. We simply 
divide the area ove r which the force acts 
into small segments. Within each segment, 
we neglect the distribution and cal cu late a 
discrete force and moment. Finally, we 
sum th e force and mome nts to find the 
effects on the linear and angul ar speeds. 

I have included a BASIC program with 
this article to il lustrate the technique as 
ap pl ied to ou r boating examp le. With the 
data supplied, it computes the ro ll ing 
motion of the hull cross section pictured 
in f igure 3. Boating enthusiasts will be ab le 
to insert some other hull cross sections (deep 
vee, trihu ll, etc) in the data statements and 
compare the response to the sample sea 
states. If late ral (side to side) sections are 
used, the program will simulate rolling 
motion. If longitudinal (fore and aft) sec
tions are used, the program wi ll compute 
pitching motions. Interested readers should 
be ab le to extend the program to include 
three dimensional boat models and simulate 
both angu lar motions simultaneously . 

With the inclusion of techniques for 
handl ing distributed fore.es and combined 
angular and linear motion, your collection 
of software tools for simulating motion is 
fa irly compl ete. When using these too ls on a 
personal computer, you should try above all 
to limi t the scope of your simulations. 
Determine which motions real ly interest you 
and neglect or restric t th e others. Divide the 
simulation in to degrees of freedom, pref
erab ly three or less if your prngram is to 
execu te with reasonab le speed . Compute 
each force and moment individuall y, then 
apportion and sum them with in the degrees 
of freedom . Finally, step the veloci ty and 
the position in to the future. Use a small 
step size in your early runs, 0.01 seconds or 
less . Inc rease it to save run time only as long 
as your resu lts do not change significantly. 
Following this procedure, and using the 
BASIC programming examp les I have pro
vided as a guide, you should be ab le to fi nd 
some interesti ng new applications for your 
personal computer. 

http:10.85.0.2710.95
http:0.55,0.39
http:0.05,0.5,0.15,0.49,0.25,0.47,0.35,0.45,0.45,0.42


Circ le 89 on inqu iry card . 

Listing 1, continued: 

670 IF Wl >0 THEH 672 
671 Wl=0 
672 Fl=BlWl 
673 Gl=X(J ) iFl 
675 REM MIRROR IMAGE GJVES HEGATIUE HALF 
678 W=H / 2tSIH <6.2831S* <T1P-X< J >•L>l 
679 Wl=Y(J ) -2+SIH <R)iX( J ) +W 
680 IF Wl >0 THEH 682 
681 W1:0 
682 F2:BiW1 
700 G2=-X(J)iF2
710 F=F+Fl+F2 
720 G=G+Gt+G2 
730 HEXT J 
740 RETURH 
750 EHO 

TIME \ SEC> 
1) . 1 
Cl . 2 
0.3 
u.4 
(I. 5 
1j. r:~ 

0.' u.8 
t1 , 9 

l 

I. 1 

!. 2 

I. 3 
I. 4 

! . 5 

I. 6 
l . 7 
1. B 
I. 9 

VERTI CAL POSITIOH CMI 
0. 9014777427529 7 
0.00834856069~88 
0 . 0240789139748 
0.048827.9037315 
0.07S9S3997712i 
0.10 789765357 
0.127464693145 
0.130129340759 
0.110974303806 
0.069556041 2445 
0 . 01056~5497413 
-0.0568528427092 
-0 .1 20883~4889 
-0.1694~ 8381 978 
-0.193013619278 
- 0.1864582110~ 
-0. 150554633234 
-0.091 7208520104 
-0.0206887363~75 
0.0503241234783 

~HGULAR POSJTIOH rD EG > 
0 .57934366 1886 
2.1484430172 
4.23893821533 
6. 19033468235 

7.30318099994 

7.01051374777 

5.02510841752 

1.411421568 17 

- 3 .40279261698 

- B.661 5190BS2S 

-13.4108553239 

-16.6916991803 

-17 .7238637849 

-16.05834 71104 

-11.6821229305 

- 5.06270420258 

2.89082493065 

10.9686349622 

17.8818895739 

22.5634234899 . 
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Photo 7: A general view of the authors ' light pen and in terface circuit. The 
pen itself was made from a fairly standard marking pen with a photo diode 
mounted at the tip. A length o f 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 

John Webster and John Young 
University of New Brunswick 
Audio Visual Services 
Kierstead Hall 
Fredricton, 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 quick ly 
and easily if you have the abi li ty 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 th is function 
with a Processor Technology VDM-1 . 

The Circuit 

Figure 1 shows the light pen circuit 
that can be constructed for well under three 
dollars. When used with a VDM-1 it requires 
no additional 10 ports. Componen t layout 
of the circuit is noncritical. The authors' 
prototype was assembled on a small piece 
of perfo rated board and attac hed to the 
VDM-1 board. It could be mounted any
where in the computer or keyboard en· 
closure. A four foot shielded cable con
nects the photo diode to the other 
components through an opt ional jack. 

Any discarded ball point or fe lt 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 small er 
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 
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ALL 
TOGETHER 
NOW! 

The acclaimed Equinox 1OOl1B> mainframe kit ($799) is now 
a complete S-100 system. 

Because now there is an Equinox 100® 1/0 interface kit 
($120) that handles the hard work of interfacing all your 
peripherals. 

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

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

See The Equinox System@ at your local computer shop. 
Call toll-free to 800-648-5311. BAG/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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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 oscilloscope 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 produ ce a 5 VDC 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 VDM -1. The 
output of the ci rcui t is connected to pin 14 
of IC39 on th e VDM-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. Th is hooks the output of the three 
state buffer to data bit 0 17. The output 
signal from the light pen will now appear 
on 017 when an input rrom status port C8 
is performed . 

Program Design 

The light pen circuit wi ll produce a nega
tive output whenever a white screen area is 
sensed. This cond ition 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 I ine of screen information is 
stored away and white cursors are written 

into all 64 positions of this li ne. The display 
is then scrolled so that th is first I ine 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 VDM -1 '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 
tim e the value output to th e status pmt is 
modified to scrol l up one line, the status 
port value is also saved on the stack. As soo n 
as the proper lin e is located, this status word 
is retrieved and decoded to find the actual 
unscro lled beginning of line address of the 
lin e the light pen is on. This decoding is 
achieved through a puzzlin g series of left 
rotations and additions in the BINGO 
sect ion of the program. The resultant be
ginning of line address is then stored at 
locations hexadecim al ED and EH for future 
reference. 

Black is now written over the white 
line, position by position, until the output 
from the light pen disappears ind icating the 
location of the pen . The value in register L 
now ind icates the displacement from the 
beginning of the line. The values in hexa
decimal ED and EE are then recalled and L 
is added to th e 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 

54 BYTE Fe~ru>ry 1978 



_______ _____ _ 

Now, Artec has 

an expandable elephant 


for everyone! 


8K-32Kof static RAM memory. Fullyassembled or in kit form. 

No matter what your needs, Arlee has a 
memory board for you. You can start with 8K 
of Tl 4044 memory on a 5.3 " x 10" card and 
work your way up to a fu ll 32 K in SK 
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 Arlee 32K Expand
able Memory has four regu lator positions, 
bank select and plenty of room for all 
necessary support hardware. It uses less 
than 1 amp per SK of memory (3.9 for 32K), 
and only + S volts. 

For five years Ar lee 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 Arlee board, your order will be 
sent the same day as received . 

Kil : Board & Fully Assembled Board: 

BK or memory - $ 290.00 SK-S 440.00 

SK add on kits-$ 255.00 16K-S 695.00 

Fu ll 32K board-$1 ,055.00 24K-$ 1,100.00 


32K-S1 .205.00 

Ci rc le 6 o n inq u iry 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, simi lar to the 
GP100. Allows wire 
wrap of all sizes of 
sockets in any sizes 
of sockets in any com
bination . An extra 

regulator posi tion for multiple voltage appl i

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 
1/0 , DI P switch heat sinks and every support 
chip you need. 

TO ORDER: Use your Mastercharge or 
BankAmericard . Or just s~nd 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 Arlee's com
plete line of circuit boards or for ei ther indus
trial or personal use, please call or write. A 
catalog will gladly be sent. 

Please send me: (Inc lude Quantity) 
-32K _GP100 _ww100 
D I've enclosed a money order. 

D Mastercharge No. 
Exp. Date 

0 BankAmericard No. ___ 

Name 
Exp. Date 

Address - ---- ------ 

City _____state _ _ zip _ _ _ 


!. ':._a~l-!::_s:._a::_a_i::._s:;,1;,:!".:_ .!~°!!:!'~~fl_::'~--. 
10% discount for students & computer club members. 

ARTE:C E:LE:CTRONIC~. INC. 
605 Old County Rd., San Carlos. CA 94070 

(415) 592-2740 
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START 

INIT 

OUT: SCROLL 
SCREEN 

WRITE BLACK 
ONE SQUARE 

EX IT 

r-------,
I CHEK CHECK \ 

I ~~~ STATUS t-- 
1 1/60 SEC. IL_____ ...J 

MOVE: 
STORE SWRITE 
WHITE ON 
FIRST LINE 

BINGO:DECODE 
TO FIND 
BEGINNING 
ADDRESS OF 
L INE PEN IS ON 

DEC: SUBTRACT 
IOH FROM 
SCROLLING 
STATUS WORD 

INCREMENT 
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-7, but a similar procedure should be achievable with other video 
generators. 

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 initial iza tion section 
and waits for a new character . 

If speed of operation is more important 
than program length a more sophisticated 
binary search procedure may be used once 
the proper line is found. If half the line is 
written over with black before the output 
of the pe n is checked then half the Ii ne may 
be eliminated with only one check. Si x 
such checks wi ll 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 bei ng written to during the check. 

Using the Light Pen 

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

If the pen is on the screen its location is 
found and the data from the original key
board entry is entered at that location. The 
program then returns to !N IT, restores the 
screen to its unscro lled fo rm at, and waits 
for another keyboard entry. 

In addition to facil itating the arrange
ment of complex displays or pictures, the 
light pen may be incorporated into any 
number of games (l ike 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, 
modifyi ng it with the light pen, and then 
moving it back. 
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Is your career growing 

as fast as ours? 

NET SALES EARNINGS PER SHARE254 .7 

tM ill1ons o Dollars) (In Dollars) 2.88 

.. 
I I 
I I 

I I 
I I I 

I I I I I I I I 
1973 1974 1975 1976 1977 1973 1974 1975 1976 1977 

(1977 Fiscal Year) 'Ad1usted to reflec t a 3-for-1 stock spli t effected in the 
form o f a 200% stock dividend declared in February 1973 

New Products Engineers 
(Analog and Digital) 

Your respons ibilit ies 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 dig ital sys
tems. You wi II also write func
tional level system exercisers 
for stand-alone and disc-based 
real-time operating systems. 
A technical degreeortheequiv
alent experience is needed , 
together with a thorough under
stand ing of digital system 
hardware. Hardware trouble
shooting experience and 3 or 
more years ' programming 
experience. preferably in 
d iagnost ics is very des irable , 
especially with strong assembly 
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 
fo r dig ital products such as 
CPU 's, memories and options. 
Experience is required in 
solving engineering problems 
as they relate to test equipment, 
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 
provid ing floor support in the 
PCB assembly area. A BSME. 
BSIE or the equivalent with 
3 years· experience in Manufac
turing Engineering is required . 
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 

Th is position requ ires at 
least 3 years ' experience, mini
mum , and an ASEE degree or 
its equ ivalent. Your background 
should inc lude familiar ity with 
CPU memory, moving head 
disks and related peripherals. 

Special Systems 
Technicians 

You wi ll be work ing closely 
with the Special Systems Eng i
neering Department in the 
design of non-standard com
puter products. A minimum of 
3 years ' experience and an 
ASEE degree or its equiva lent 
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. 

t •DataGeneral 
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Addn:!!'5S He>: Code Lurn S1~tcrnan1 

0000 3.1 F6 00 0001 !NIT !.XI SP 'ora I 
0003 2.1 00 cc 0002 !.XI 11,<X:COOll 
0006 01 40 AO 0003 !.XI D,OA040il 

OOQ<J ll AD 00 0004 !.XI D,Ollllll 
oooc AF 0005 Xlll\ A 
0000 00 cs 0006 a.1' OCSll 
OOOF Oil 00 WJ7 STATIN IN 00 
0011 Ell 40 0008 /IN! 01011 
0013 CA OF 00 0009 .rt S'l'AT!N 
0016 m 37 oo 0010 CAIL lKNE 
0019 JE FO 0011 MVI A.OFtil 
OOlB ·IF 0012 WI' C, A 
OOIC ll3 C8 0013 oor rur ocs11 
OOH; CJ •12 00 0014 .ThlP Olll:K 
0021 IJ6 10 0015 Dl::C SU! Olotl 
0023 ll9 0016 QIP C 
002<1 C2 lC 00 0017 JNZ arr 
00?:7 Oil 01 0018 IN Olli 
0029 11 00 cc 0019 !.XI 0, =·oOil 
002C 21 AD oo 0020 l..Xl 11 ,0ADH 
002F OE ED 0021 MV I C,OEJll 
0001 ill :11 00 0022 CllLL &OVE 
003•1 CJ·~· xx 0023 .Th!P xx yy 
0007 7E 0024 ~IO\IE IV/ A, M 
0038 70 0025 ~OI M,D 
0039 12 0026 ST1tX D 
OOOA Zl 0027 rnx 11 
0030 13 0028 rnx o 
003C 79 0029 )(JV A,C 
OO:lO 
00.1E 

llll 
C2 37 00 

0030 00' L 
0001 JNZ mVE 

0011 C9 0002 Rl:.'J' 
0012 C5 0033 Oll'CK RJSFI B 
0043 01 l'1' 04 0034 LXI D, 04.FFH 
()(}JG ~·5 0005 RJSll PSI\' 
OOJ7 ones OOOG I NFUJ' rN OCSH 
0019 <J7 0037 RLC 
()(}IA 02 58 00 0038 JNC IJ! NOO 
()(}UJ Al' 0039 XTu\ A 
oou; Oil 0010 ocx ll 
001" Bii 004 1 Oll'IJ 
0050 C2 •17 00 0012 JNZ JNP\IT 
0053 1'1 0043 POP PSW 
00!>1 Cl 004•1 POI' B 
0055 c:i 21 o · ()(}15 J!IP DEC 
0058 2l 00 ( 0046 DI IUJ LXI H, 00:0011 
005ll Fl ()(}17 POP PSW 
00!'>:: F.6 CO 0048 AN! OC'OH 
005E 07 0019 lll.C 
005F 07 0050 ru.c 
0060 8'1 0051 llID 11 
0061 67 0052 ~l)V H,A 
0062 31! 0053 LQ( SP 
0003 30 ()05.1 OCX SP 
00&1 Fl 0055 IW PSW 
0005 Ell 30 0056 1~~ ! o:JOH 
()0;'7 07 0057 ru.c 
0068 07 0058 Ill£ 
00b'9 85 0059 AllD L 
OOGA fil' 0060 ~OI L.A 
006B 22 rn oo 0061 Sl ll.JJ OIDH 
OOOE 2l 00 cc 0062 L\1 11,0CCOOI 
0071 Cl OOG3 FU> D 
()072 ~E 20 006<1 C!IU( &!VI A,02()1 
007'1 77 0065 IOI M,A 
0075 OG AO 0066 MVI IJ,OAm 
0077 i\F 0007 Xlll\ A 
0078 or; OOG8 PCL OCR B 
0079 ll8 0000 C.\U> U 
0071\ C2 78 00 0070 JN"/, OCL 
007IJ OJ Fl' Q.1 0071. L.Xl IJ ,QoffFll 
0080 mi C8 0072 DEL'L IN OCSl I 
0082 07 007'J lll.C 
0083 02 ,1.q 00 0074 JNC llE!lE 
0086 
0087 ""Oil 

0075 
XTu\ " 007G 1:0: ll 

0088 Ill! ocm au> o 
0089 C2 so 00 0078 JN'l DfrL 
008C 71) 0079 llllXl MOI' 11 , L 
008D 2.i\ ED 00 0080 Ullll OEDIJ 
0000 S5 0081 ldl:J I.. 
0091 GF 0082 mv L,11 
00!)2 22 moo 0083 SlllD OIDH 
0095 11. 00 cc 008<l LX I D,OCCOOll 
0098 21 AU 00 0085 I.XI 11,0ADll 
rorn ot: rn 0086 MVI C,OEDll 
QOO[J m :11 oo 0087 CllU. ~OVE 
00~0 2/\ fl) 00 0088 Ul!D OflJH 

= Ull 01 OCB9 IN OUI 
CXJA:i n 0090 IOI' ll,A 
OOAG CJ 00 00 0001 J!IP fNIT 
00.\9 2:~ 0092 118U-; l~ II 
00;\t\ C3 72 00 0093 .r..IP OIEK 

END 

Commenl<1ry 

II ,L t:o rl 2-s l. scr ron post tion 
load B with white cursor, 
loud C ~v'lth length or Une to be stored 
fil·st ' st ore to ' ndd.ress 

zero nccUll.llat:or 

tnl t screen to unsc.roll.cll foimit 

} wa l t for key pre"'""1 

store rux.I write whi tc 

value for scrolling lU\d blanking 


scroll up Iine by lJ_ne 

pen not on screen, rcscl s tatus 1xn·t 

) gcttlr11; reod)' t<> 1-e.;to l'e llne one 

to restore rU-st line 

exi.l. rn;n1 LIGJ rr if line not round 

store and write v.tilte routine 


de luy v:llm.' 

t est oulp11L rran Ught- pcn 

found line

Jke<;->p chocking ror l./00 sec. 

tcy ne-:t .Li ne 

deccx.HnR' t•ou tine t:o find actua I 

line s tm·till(; addre;;s 


Sto re llog inning or Jlne add..l·es; 

LO bal:dlCC Sta.ck 

!~lack squm-e 

to SC:l'(!<~Jl 


deJ nr vaJuc

' ,"!boc.k Un I u,y' vo. lUQ 

check fm· outpu t; rran light l.H..'O 

oot Lh1 s square , t:ry r-.ext 

decode l.tl rind nctua l va lue u f l. 

r~stun.• Lnfom~tion to fl.l·st line 

inpu t. data 
rocive datn lo SCJ~QU 

Listing 7: An 8080 program, hand assembled, to implement the flow chart 
of figure 2. Address constants and 10 port assignments are given for the 
authors' system. • 
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Great Locations 
Compute1Land·· 
Now Open: 

3020 University Drive NW 
Huntsvil le. AL 35805 

6743 Dubhn Blvd 
Dublin. CA 94566 

11074 Son Pablo Avenue 
Et Cerrito. CA 94530 

226311 Foo1h11l Blvd 
Ha ywo rd. CA 945<l2 

6 40 Lo Cienega Blvd 
Inglewood . CA 90302 

2Lt001 Vro Fobnconte. ~90£1 
M iss ion Viejo. CA 92630 

<l2 '.' Convoy Street 
Son Diego. CA 921·11 

117 F1emont Street 
Son Franc isco. CA 94105 

L12·'12nd !\venue 
Son , teo. CA. £1"103 

'\71 E lhousond O oks Blvd 
Thousand Oaks. CA 91360 

·tO<l W First Street 
ushn. C/J. 026Bn 

2'1 22 So Colorodo fvd 
Denver. CO 80222 

2'175 Block Rock fu1np1ke 
01111eld , r;r 06· 13r1 

Astro Shopping Center 
Kirkwood Highway 
r--1ewo1k. DE 197·\1 

Cuml) e1lond Squ re 101 h 
Col') I) ll orkwoy [Rou te 4 I) 
A tlanta.GA 

50 East Pond Rood 
Arlington Heigl; ts. IL 6000.!I 

95·11 No M ilwoukee Aven~•e 
Niles, IL 606'!8 

10 35 5 ClceroAvenue 
Oak L wn. IL OJS3 
813· Lyndon Lone 
Lou1svil te. KY J0222 

16065 Frederrck Rood [Rt 551 
Rockville . MD 20855 

2927·28th Street SE 
Kentwood. Ml 119508 

29673 Northwestern Hwv 
Soulhl1etd, Ml '1811vJ 

'119 Amherst Street IR 101·Al 
Nashua . NH 03060 

2 De Hort Stree t 
Morristown. NJ 07960 

1612 Niagara Falls Blvd. 
Bu ffa lo. NV 14150 

225 Elmira Rood 
Ithaca. NY 14850 

1288 SOM Center Rood 
C leveland . O H <l<M24 

3300 Anderson Lone 
Ausl1n. 78757 

6.!139 Wes the imer 

12051530 .. 1200 

(<MS) 28-8090 

(41512 3 -50 1 

('1•15) 538-8080 

rLl·l J572· o.n 

[30.)) 759·4685 

(.fl/)73~-. 56 

r.s121 55 ·6'1a8 

[s12] 9 7··1714 

[502 ) .125· -00 

[3Ll·I) :18-7 6 

1· 'I I0'12·2931 

[31,l] 356-'11 

[6031 9-523 

[20•1) 539-40V 

(7•16) 836 ·651 

(6071 77·48 8 

[216] <I '1-1200 

(5'12J 1152-5 70 I 

Houston . TX 77057 (7•13) 977-t190Q/09·10 

1500 South 3361h Street 
Parkway C e n ter. Suite 12 
Fed e ral Woy, WA 98003 [20 l 83 ·9363 

52-58 C larence Sire el 
Sydney. NSW Auslrotio NSW 2000 29·3753 

Franchises Available: 
Computerland Corp. 
1922 Repub lic Ave. 
San Leandro. CA 9.:1577 
("115) 895·9363 

Ci rcle 24 on inquiry card. 

http:Atlanta.GA


Rated [G]

The Best Game in Town. And if your system breaks down. 

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

Each Computerlond store 
presents everything you ever 
wonted to know about 
computers. And then some. 

Toke our Gome Room . for 
starters . You' ll f ind excitement 
for the whole family in our 
endless variety of challenging 
computer games. You con bott le the Klingons in on 
out-of-this-world game of Star Trek . Create on elec
tronic work of art with a computer controlled TV. Test 
your skrll in a game of computerized hangman. 

You con even plot your biorhythm. 

But we· re more than just fun and games. 
Each Computerl ond store offers a 
knowledgeable and person
able staff of professionals 

to serve you. 
Plus the greatest avail

able selection of m icro components. Whether it's a data 
processing system for your business or a computer controlled 
sprinkler system for your home. you' ll find whatever you need 
at Computerland . 

Read on. 

Genuine Service. 

We wont to supply 
you with the one 
system that's right . 
Rother than a com
plete system that isn 't . 
Or a limi ted system 
that is. 

That's why. at Com
puterlond , you deal 
with real professiona ls 
who ore also rea l 
people . People who 
speak your language 

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

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

Yet. assisting in the purchase is only the beginning of 

our in-store service department 
will get you bock up and 
running . 

Right now! 

Great Selection . 

Your fi rst stop at ComputerLond 
may well be your last stop . 

Computerland offers the finest 
quality and 

largest selec
tion of all the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Diablo. 
Hazeltine. ICOM. IMSAI. Lear Siegler. 

Notional 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 
p romises. Our inventory is on our own shelves. Ra ther than the 
manufacturer's. So you con toke delivery on tomorrow's com
ponents today. 

Which means. 
simply put. tho I at 
Computerlond , you 
get exactly what 
you wont. 

Exactly when you 
wont ii . 

Be Our Guest. 

Beg in 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 right for you. It's as easy as that at Computerl ond . 

The great computer store. RATED G. 

Call or write for the address of the Computerland store nearest you. 
Franchise opportunities available. 

ComputerLand's service. If the kit you bought requires a 
li ttle more do-it-yourself than you yourself con do. we 
provide assembly assistance. Compute1Land'" 
If that complex p rog ram proves to be just that. we provide 
programming assistance. 1922 Republ ic Avenue . Son Leandro. CA 94577 (415) 895-9363 
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Circle 72 on inqu iry card. 

Our MacroFloppy™ 
goes twice the distance. 

Introducing the Micropolis MacroFloppy'"·1041 and :1042 disk drive sub
systems. For tl1e 5-100/ 8080/ Z-80 bus. Packing 100% more capacity into a 
5X-1ncl1 floppy disk than anyone else. 143K bvtes. to be exact For as little 
as 5695For$695. The MacroFloppy:1041 comes witl1 the Micropolis Mod I floppy packaged 
1ns1de a protective enclosure !without power supplyl. And includes an S-100 
controller Interconnect cable. Micropolis BASIC User's Manual. A diskette con
taining Micropolis BASIC. and a compatible DOS wi th assembler and editor 
Tl1e ·1041 is even designed to be used either on your desk top. or to be inre
grated rigl1t into your· 5-100 chassis 

Tile MacroFloppy:1042 comes with evervtl1 ing the :1041 has. and more. 
Such as d.c. regulators. its own line voltage power supply, and. to top it off. 
a stl"iking cover Making 1t look rigl1t at l1ome just about anywhere. 

Botl1 MacroFloppy systems are fully asseml)led. tested. burned-in. and 
tested again . For zero start-up pain. and long term reliabilitY. They're also 
backed up bv our famous Micropolis factory warranty 

And both systems are priced just rigl1t. $695 for t l1e MacroFloppy-1041 
and 5795 for tile MacroFloppy·1042 

You really couldn't ask for anvthing more 
At Micropolis. we have more bvtes in store for vou. 
For a descriptive brocl1ure. in the U.S. call or write Micropolis 

Corporation. 7959 Deering Avenue. Canoga Park. California 91304 Pl1one 
<213 ) 703 -1121. 

Or better vet. see your loca l dealec 

MICROPOLIS™ 
More bytes in store for you. 

Letter from the Publisher 

We wou ld li ke to thank our readers for the essential part they have played in the growth of 

BYTE. From its inception in Septem ber of 1975, BYTE has experienced colossal growth to a 

circulation of over 110,000. 

And we are still growing. We have been doing everything we could to provide good service 

to t he subscriber and have been suceeding, we be lieve, qui te well. With such rapid growth and 

expansio n, however, t here is always the chance that not all th ings will move as efficiently as 
they should , and to some degree this has bee n the case with service to our subscribers. 

BYTE first hand led its own subscript ion fu lfi llment, and it became ap parent rather quickly 

that, with all the other procedures and duties per formed to bring the reader a fine monthly 

publication, to continue han dling subscription service in-house exceeded the bounds of practi

cality. As soon as was possib le we employed a fulfillment service bureau to handle the bur

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

over our file than we outgr·ew them. As the size of the l ist and vo lume of orders became too 

great for us to handle in-house, so d id the same happen with our newly ad opted service bureau. 

Solution? 
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MetaFloppy™ goes 
Tl1e M1crooohs MetaFloppy'" gives vou more tl1an four times the capac ity of 
anyone else·s SX-inch floppy. Because 1t uses 77 tracks instead of tile usual 35 

Tl1e field -proven MetaFloppy, wi t l1 thousands of units delivered. comes 
111 a complete fami ly of models. And. like our MacroFloppy'" family of disk 
clrives. MetaFloppy is designed for the 5·100/ 8080/ Z-80 bus. beyond.

For maximum capacitv. choose our new MetaFloppy 1054 system Wl11cl1 
actually provides vou wi th more than a mill ion bvtes of reliable on-line star· 
age For less money than VOLfd believe possible 

The MetaFloppy:1054 comes complete witl1 four drives 111 dual config. 
uration A controller Power supply. Chassis Enclosure. All cabling A new BASIC 
softwar·e package. And a DOS wi tl1 assembler and editor Tl1ere's even a bui lt· 
in Autoload ROM to eli minate ti resome button pusl1ing 

If that's more storage tl1an vou need rigl1t nmv trv our 
MetaFl01JPV:1053. witl1 630.000 bvtes on-line. Or our Meta
Floppy 1043. with 315.000 byres on-li ne. Either wav. vou can 
expand to over a rrnlfion bvtes on-line in easv stages. when vou 
need to Or want to 

In otl1er words. if vour application keeps growing, weve got 
you covered W1tl1 MetaFloppy 

Tl1e svstem that goes IJeyond the floppy 
For a descriptive brocl1ure, in the U.S. call or write Micropol1s 

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

Or better vet. see vour local dealer. 

MICROPOLIS™ 
More bytes in store for you . 

Yes. BYTE went looking for a fulfillment agency big enough to su it our present needs wi h 

the capacity to serv ice efficiently th e many more subscribers we project we will have in th e 

future, . . and we found one. 

I f you are one of the people who have found our serv ice a l ittl e less than satisfactory, we 

offer with this exp lanation our profound apo logies, and feel th at we can promise even better 

service to our subscribers in the future. 

Again , we offer our gratitude t o our readers for helping to make BYTE what it is . 

Virginia Peschke Londner 
Publisher 
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SWEETS for KIM A Low Calorie Text Editor 


ENERG LOY # 10 SET UP FOR 10 MSEC DELAY 
JSR WAIT LOOP FOR THAT LONG 
LOY # 0 SEND O'S TO OUTPUT PORT 
STY PORT TO TURN OFF MAGNET CURRENT 
RTS RETURN TO CAL LER 

WAIT LOX # 200 NO. T IMES THRU IN NER LOOP 
LOOP DEX DECREMENT INNER LOOP COUNT 

BNE LOOP L OOP UNTIL COUNT IS 0 
DEY DECREMENT OUTER LOOP COU NT 
BNE WAIT LOOP UNTIL COUNT IS 0 
RTS RETU RN 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 memo1y while fewing 
room for the user's programs. The l?ey sequence for editing is shown in table 
lb. 

F 0 

0 0 A 

@ F 0 0 

8@ A 

2 0 0 2 0 08 @ 
8 
 @ A 0 0 0 


8 @ c 08 0 7 

8@ 6 0 

F 0 2 0 08@ F 

A c8 @ 2 8 

@ F 0 0F 3 08 
A8 @ c 

D 0 38 @ 0 

8 @ 8 8 

G) @ 0 20 0 

8@ 6 0 

F F 0 1 0 0 

A 0 0 A 

2 0 0 2 0 0 

A 0 0 0 

8 c 0 0 1 7 

6 0 

F F 0 2 0 0 

A 2 c 8 

F F 0 3 0 0 

c A 

0 0 0 3 

8 8 

D 0 0 2 

6 0 

Table la: The sequence of keys used to enter the program in listing la when 
using the SWEETS editor and assembler. The righl 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 wou ld like to experi ment with 
microcom puters on a Iimi ted bud get, the 
MOS Technology KIM-1 is an excellent 
choice. Fo1· $245, it comes preassembled 
with, amo ng other things, a 6502 micro
processor, a read only memory monitor, 
an aud io cassette in terface, 1 K by tes of 
prog1·ammab le memory, and its own special 
peripheral: a 23 key keyboard plus a 6 digit 
LED disp lay. The mon itor lets you load a 
machin e language program byte by byte 
from the keyboard, and once loaded the 
program can be saved on tape via the audio 
cassette interface. The Kl M-1 man ual sho ws 
how you can " hand-translate" an assembly 
language program into the abso lute hexa
decimal form required for key board entry . 

This is fine fo r ve1-y sma ll programs, but 
the process of hand translation gets rather 
ted ious after you've assembled a few hun
dred bytes of code. And, worse, once you've 
painstak in gly worked out all the subroutine 
cal l add resses and branch displ acements 
and keyed the whole program in, you in
var iab ly find that you've forgotten so me
thing. Often, instructio ns must be inserted 
or de leted in the middle of the program, 
which throws eve ry thing off by a few bytes. 

Th e obvious sol ution to this problem is 
to obta in a text editor and assembler pro
gram for the 6502. But, alas, such a prog1·am 
probab ly needs more than the 1 K bytes of 
memory provided on the KI M-1, and, more 
seriously, it r·equires an alphabetic charac
ter terminal device such as a Teletype. Wh at 
if you ca n't afford the extra peripherals 
and memory? Are you doomed to spend 
most of your microcomputi ng hours keying 
in the same program over and over again? 

Maybe not. Perhaps we can avoid most 
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LOADED WITH EXTRAS 

AT NO EXTRA COST 


• Microprocessor controller 
• 	Serial RS232C interface 
• Parallel TTL level interface 
• 	Full upper and lower case 

ASC 11 character set (96 
characters) 

• 	Full 8V2 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 second 
• Sustained throughput to 50 

characters per second 
• Multiplecopieswithout 

adjustment 
• Reinking ribbon mechanism 

Check the 

impressive 

features on 

Integral's 


newlP-125 

Impact Printer 


only$799 
Complete, ready-to-operate ... 

the first impact printer to offer 
big printer performance at a 

mini-printer cost. 
Write for complete information 

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 multi line 

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/ 

deselection 
• Automatic line feed on 

carriage return 

.1P.:225 

''The tr.actor lmpa~t" 



of the tedium by concentrating on those 
features of a text editor and assembler 
which we rea lly need. Although we'll be 
limited by the KIM-1 keybo ard to hexa
decimal instruction entry, perhaps we can 
provide an autom at ic 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 ab le to cram 
the "editor and assemb ler" into some 
fraction of the Kl M's ·1 K of memory . 

This is the purpose of SWEETS. SWEETS 
is an examp le of a program inven ted to fit 
an acro nym: It stands for Simple Way to 
Enter, Edit and Test Software . If you own 
a KlM-1 and have grown tir·ed of absolute 
machine language programming, now you 
can step up to "symbolic hex"! While it's 
not as convenient as a real text editor and 
assembler, SWEETS can save you a lot of 
time and index finger soreness. 

SWEETS Functions 

Under the control of the KIM-1 monitor·, 
the 6 digit LED display normal ly shows you 
the address and data of a single byte of 
memory. You ca n enter· data using lhe 
hexadecim al keys, but this causes the data 

@A 0 0 0 

@ 

Table 7b: The procedure used in SWEETS to locate and delete on instruction, 
in this case the superfluous instruction LD Y #0 (A 000 in hexadecimal code). 
The rest of the program is moved up in mem01y and the next instruction is 
then displayed, as shown. 

0200 AO QA EN ERG LDY # 10 
0202 20 09 02 JSR WA IT 
0205 BC 00 17 STY PORT 
020B 60 RTS 
0209 A2 CB WAIT LDX # 200 
0208 CA LOOP DEX 
020C DO FD BNE LOOP 
020E BB DEY 
020F DO FB BNE WA IT 
0211 60 RTS 

Us ting 7b: The absolute hexadecimal form of lhe program segment shown 
in listing 7a after removal of the LD Y #0 instruction (see table 7b} and 
execution of the SWEETS assembler (shown for purposes of comparison 
in the format ofan ordinaty assembler output listing). 

64 BYTE Fcbru>~ 1978 

previously in the disp layed byte of memory 
to be destroyed. 

Under the contro l of SWEETS, however, 
an entire ins truction of one, two o r· three 
bytes in length is displayed on the LEDs at 
any given time. An instruction can be 
inserted just before the displayed ins truc
t ion by pressing the AD key fol lowed by 
from 2 to 6 hexadecimal keys. When this is 
done, the instruction just entered appears o n 
the display; the old instruc tion and cvery
thi ng fol lowing it in the program area have 
been moved down to make room. Simi lal'iy, 
pressing the DA key causes the current ly 
displayed ins truction to be deleted, and 
everyth ing following this instruction in the 
program ar·ea is moved up to eliminate the 
slack space. 

Successive instructions can be examined 
by pressing the + key, which adva nces to 
and displays the next complete instruction. 
And to go back to a previous point, or to 
find an arbitrary point in the instruc t ion 
sequence, 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 
wi ll 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 calculate and adj ust subroutine call 
addresses and branch disp lacements. To 
lift th is burden, we ca n use hexadecimal 
"labels." A label is a 3 byte "pseudo
instr-uctio n" with an opcode of hexadecimal 
FF. The second byte is the "label number," 
any hexadecimal value, and the thir·d byte 
is ignor·ed. A label is inser ted in the hexa
deci ma t instruction sequence at eac h point 
where an alphabetic label appears in a 
normal assembly li stin g. When we key in a 
subroutine cal l, jump, or relative branch in
str·uctio n, we enter the destination label 
number as the second byte of the instruc
tion, in place of a br·anch displacement or 
abso lute add r·ess. As we insert and de lete 
instructio ns, the " labe l" pseudo-instructions 
move up and down in memory along with 
the rest of the code. 

When we're ready for a test run of the 
ed ited program, we ca n use the l<IM-1 
monitor to execute the SWEETS "assem
bler." Th is program 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 S-100 
bus structure, Vector Graphic 
microcomputers are compatible 
(with the exception of minor I/O 
patches) with all of the current 
8080A software. 

Ifyou'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 _______ 


Vector Graphic Inc. , 
790 Hampshire Rd., Westlake 
Village, CA 91361 (805)497-6853 

.,_ ______~o=t c::=tJli»t-ic_____ inc. 
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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CMD 

OAKEY AO KEY SCAN GOKEY STPKEY 

ADVANCMOVE UP REDEND OETLEN 

MVDOWN ADVEN D ROBY TE DE TL EN AOV ANC OETLE N 

SC AN 

DET LE N DETLEN 

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), M VDO WN, and MOVEUP (which move portions of edited program down 
and up in memory, respectively}. 

pseudo-instructions from the instruction 
sequence, and repl aces label references in 
branch , jump and subroutine call instruc
tions with the proper branch disp lacements 
or absolute addresses. Then the ed ited 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, repl acing the 
program in memory which has been con
verted to absolute machine language.} 

As an examp le, suppose that you wished 
to enter the program segment shown in 
listing 1a, which is taken from an earlier 
BYTE article of mine (see "Selectric Key
board Printer Interface," June 1977 BYTE, 
page 46). Table la shows the keys you 
would press and the resul ting instructions 
displ ayed on the LEDs by SWEETS. You 
might then notice that the instruction 
LDY #0 is superfluous after the call to 

subroutine WAIT, so you would search for 
and delete this instruction as shown in 
table 1b. Finally you would execute the 
SWEETS 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 
wi ll have less memory avai lable for the 
program to be debugged while SWEETS 
itself is loaded and running. But larger 

programs usual ly can be divided into seg· 
men ts, and loaded, "assembled," and de
bugged that way. Also, since the SWEETS 
hexadecimal editor and assembler run 
separately, we can conserve memory space 
by loading the assembler from tape when· 
ever we want to use it, overlaying the 
ed itor in memory and reloading it from 
tape in a similar way when we need it agai n. 

Although SWEETS is a useful tool in 
its prese nt 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 overal l design of SWEETS 
before puzzling over its realization in 6502 
assem bly language. 

The SWEETS Editor 

The subroutine calling tree in figure 1 
gives you a quick, "top-down" overall look 
at the SWEETS editor. CMD, the control 
routine, maintains the LED display and 
scans the keyboard for a command key 
{using SCAN) and then transfers to one of 
the command processing routines: ADKEY, 
DAKEY, GOKEY and STPKEY. These 
routines perform the editing functions with 
the aid of three critical subroutines: DET· 
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 inser·ted instruction; 
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TheAJ 841 1/0. 
A completely 

refurbished IBM Selectric 

Terminal with built·inASCII 


interface. Just 5995.

FEATURES: 
• 	ASCII code. • Re liable, heavy duty Selectric 

mechanism. • 	14.9 characters per second printout. 
• 	Off- line use as typewriter.• Special introductory price - $995 

(regularly $1,195). 75% discount from 
original price of new unit. AJ 841 WARRANTY AND SERVICE 

IS AVAILABLE IN THE• Choice of RS 232 Seria l FOLLOWING CITIES: 
Interface or Parallel 
Interface Los Angeles I Cincinnati 

Philadelphia I Detroit • 	Order direct from 
Hackensack I Dallasfactory. 

Columbus I Houston 
• 	Documentation Cleveland I Atlanta 

included. Son Jose I Chicago 

• 	30-day warranty - Boston I New York 
parts and labor. Washington. D C 

• 	High quality For further 
information callSelectric 

(408) 263-8520 printing. 

IIANDERSON 
JACOBSON 

Aooe1son J cobsa i Inc 5 h. 1co1 "'v >nue 
Son Jose. , _. lifo1n10 Q51. I 

r••••••••••••··-~ 	 ~--·····•••••••••••• 
I HOW TO ORDER AN CLIPAND MAILWITHORDER I 
I AJ 841 1/0 TERMINAL SELECT EITHER: I 
I 1. Make cashier's check or money order D RS 232 Serial Interface (available lune, 1978) II payable to: D P r llel Interface (connector to 3P + S included) I 
I ANDERSON JACOBSON. INC. I 

Address your request to: i urnbe1 or unils @ $995 oc l1 S _ _______I Personal Computer Terminal I
I ANDERSON JACOBSON. INC. So les tox - f de l1 ve1 y loc lion S II 521 Chorcot Avenue I 

Son Jose. CA 95131 Shipp1n and ho11 ling $35 
I 2. Upon written notification. pick up your e c 11 (exc- lud111g Son Jose) S I
I terminal at the AJ service office I 

located in one of lhe above cities. TOTAL S ________
I Allow six to eight weeks for delivery. I 
I 3. A final chec'k of your unit will be mode r Ai tE I 

at the local AJ service office at time of II pickup. 	 l\DDRESS-- ------------------
1 4. For warranty or repair service. return Cl rv S1AIE ZIP II unit to designated service location. I 
I 5. Available In U.S. only. PHONE ( 	 I 
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Figure 2: Three 76 bit 
pointers are used to man BEGAD 

age the edited program 
area. BEGAD points to the 
beginning of the program 
area; ENDAD points to 

CUR ADthe location immediately 
beyond the end of the .. 
program area, and CURAD 
points to the currently 
displayed instruction. EN DAD 

ED I TED 
PROGRAM 
AREA 

; SET CUR AO = BEG AO 
17BO A5 EO BEGIN LOA BEGAO LOW-ORDER BYTE 
17B2 B5 E4 STA CUR AD 
17B4 A5 E1 LOA BEGAD+1 H IGH-ORDER BYTE 
17B6 B5 E5 STA CURAD+l 
17BB 60 RTS RETURN TO CALLER 

; CURAD = CURAD + BYTES, COMPARE TO EN DAD 
17B9 1B ADVANC CLC CLEAR CARRY 
17BA A5 E4 LOA CUR AD LOW-ORDER BYTE 
17BC 65 EB ADC BYTES 
17BE 85 E4 STA CUR AD 
1790 A5 E5 LOA CURAD+1 HIGH-ORDER BYTE 
1792 69 00 AOC # 0 
1794 B5 E5 STA CURAD+1 
1796 C5 E3 CMP ENOAD+1 COMPARE Hl ·ORDER 
1798 30 04 BMI A DR ET 
179A A5 E4 LOA CU RAD 
179C C5 E2 CMP EN DAD COMPARE LO-ORDER 
179E 60 ADRET RTS RETURN TO CALLER 

; ENDAD ENDAD + BYTES 
179F 1B ADV END CLC CLEAR CARRY 
17AO A5 E2 LOA EN DAD LOW-ORDER BYTE 
17A2 65 E8 ADC BYTES 
17A4 B5 E2 STA EN DAD 
17A6 90 02 BCC ADRET1 CHECK CARRY 
17AB ES E3 INC ENDAD+1 INCREMENT HI -OR DER 
17AA 60 ADRET1 RTS RETURN TO CALLER 

; ENDAD ; ENDAD - BYTES 
17AB 3B REDEND SEC SET CARRY 
17AC A5 E2 LOA EN DAD LOW-ORDER BYTE 
17AE E5 EB SBC BYTES 
17BO B5 E2 STA EN DAD 
17B2 BO 02 BCS RE DR ET CHECK CARRY 
17B4 C6 E3 D!=C ENDAD+1 DECREMENT HI-ORDER 
17B6 60 RE DR ET RTS RETURN TO CALLER 

Listing 2: Four utility subroutines used by SWEETS to manipulate three 
76 bit pointers which point to the beginning of the program area, the loco
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 el iminate 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 prn
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, subro utin e 
DETLEN is called io determine its length 
in bytes, and this value is saved in the 
variab le BYTES. 

The most basic funct ions 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 ADVANC, which 
advances the current instruction pointer 
CURAD to the next in struction, and tests 
to see if the end of the program area has 
been reached. As we shal l 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 Iis ting 3. Th e logic of this 
routi ne clearly 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 
opcode tel Is us the instruction length. For 
examp le, all opcodes of the form x5 rep
resent two byte instructions, while all 
opcodes of the form xC represent three 
byte instructions. 

The heart of the SWEETS ed itor 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 CU RAD 
an d proceeding down to ENDAD, while 
for MVDOWN, we must move bytes in the 
opposite directio n, as shown in figure 3. 

So far we haven't faced the issu e of how 
to control our one and only peripheral, 
the Kl M-1 keyboard and LED display. 



CHEAPER BY THE BYTE 


The Dual Digital Cassette Storage System 

Only $585. Only from Peripheral Vision 


For the first time ever there's an inexpensive, How to get connected: 

reliable system for mass data storage. Peripheral 
 With Peripheral Vision's new four-port 1/0 board.
Vision introduces the Phi-Deck Cassette Storage It's another one of our bargains. Only $85. To save
System for the S-100 Bus. For only $585. you bucks. 

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 system 

an 8080 version of PhiMon 

• 	 large data capacity: 


254,000 8-bit bytes on C-30 cassettes 

.508,000 8-bit bytes on C-60 cassettes 


• 	 Software error rate less than 1 bit in 101 We've only given you a glimpse of our exciting 
new cassette storage system and the four-port 1/0

What our system allows you: board. For more details, just fill in the coupon
• 	 Indexed software controlled program file below. For cheap little bytes.
• 	 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 

P.O Box 6267/ Denver. Colorado 80206 303 .1777.4292
• 	 Cyclic redundancy check (CRC) error 


detection 
 O.K., I'll byte! Send me details on your cheaper
• 	 System retries after soft errors way to store data and get it connected! 
• 	 Automatically bypasses hard errors 
• 	 Block size from 1 to 256 bytes Name----------------- 
• 	 Phi Deck Monitor Operating System Address-------------- 

City/State/ZiP------------ 
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Listing 3: DETLEN, a 0080 AO 00 DETLEN 

subroutine which deter-
lengthmines instruction 

0082 
0084 
0086 

B1 
AO 
cg 

E4 
01 
00 

DETLN1 

based on op code. OOBB 
OOBA 

FO 
C9 

19 
40 

008C FD 15 
OOBE 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 
OOA1 B4 A6 
OOA3 B4 EB DETERM 
OOA5 60 
OOA6 02 02 02 LENTS 
OOA9 01 02 02 
OOAC 02 01 
OOAE 01 02 01 
OOB1 01 03 03 
OOB4 03 03 

1787 A5 E4 MOVEUP LDA CUR AD START MOVE FROM 
17B9 85 E6 STA MOVAD BEGIN OF PROGRAM 
17BB A5 E5 LDA CURAD+1 SEGMENT (CURAD) 
17BD B5 E7 STA MOVAD+1 
178F A4 EB UP LOOP LDY BYTES AMOUNT TO MOVE 
17C1 Bl E6 LDA (MOVAD),Y FETCH BYTE 
17C3 AO 00 LDY # 0 
17C5 91 E6 STA (MOVAD),Y STORE BYTE 
17C7 A5 E6 LOA MOVAD CHECK FOR 
17C9 A6 E7 LDX 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 BEG MVURET 
1703 E6 E6 INCMOV INC MOVAD INCREMENT LO-ORDER 
1705 DO EB BNE UP LOOP 
17D7 E6 E7 INC MOVAD+1 INCREMEN T HI-ORDER 
1709 BB CLV 
17DA 50 E3 BVC UP LOOP BACK TO MOVE MORE 
17DC 60 MVURET RTS RETURN TO CALLER 

OOB6 A5 E2 MVDOWN LDA ENDAD START MOVE FROM 
OOBB B5 E6 STA MOVAD END OF PROGRAM 
OOBA AS E3 LDA ENDAD+1 SEGMENT (ENDADI 
OOBC 8S E7 STA MOVAD+1 
OOBE AO 00 MVLOOP LDY # 0 
ooco 81 E6 LDA (MOVAD),Y FETCH BYTE 
OOC2 A4 EB LDY BYTES AMOUNT TO MOVE 
OOC4 91 E6 STA (MOVADl,Y STORE BYTE 
OOC6 A5 E6 LDA MOVAD CHECK FOR 
oocB A6 E7 LDX MOVAD+l END OF MOVE 
OOCA C5 E4 CMP CU RAD LOW-ORDER BYTE 
oocc DO 04 BNE DECMOV 
OOCE E4 ES CPX CURAD+1 HIGH-ORDER BYTE 
OODO FO OD BEQ MVDRET 
OOD2 38 DECMOV SEC SET CARRY 
OOD3 E9 01 SBC # 1 DECREMENT LO-ORDER 
0005 B5 E6 STA MOVAD 
OOD7 BA TXA 
0008 E9 00 SBC # 0 DECREMENT HI-ORDER 
OODA B5 E7 STA MOVAD+1 
OODC 88 CLV 
OODD 50 DF BVC MVLOOP BACK TO MOVE MORE 
OODF 60 MVORET RTS RETURN TO CALLER 

Listings 4a and 4b: Subroutines MO VEUP and M VDOWN, which form the 
heart of the SWEETS editor. MOVEUP moves a given program segment 
starting at address CURA D and ending at address ENDA D upward in mem
ory (toward decreasing addresses) by the amount stored in 8 VTES. M V
DOWN performs the same operation downward by the amount stored in 
BVTES. 

LDY # 0 
LDA (CURAD),Y PICK UP OPCODE 
LDY # 1 ASSUME LENGTH IS 1 
CMP # 0 TEST FOR 'BRK' 
BEG DETERM 
CMP # $40 TEST FOR 'RTI' 
BEQ DETERM 
CMP # $60 TEST FOR 'RTS' 
SEQ DETERM 
LDY # 3 ASSUME LENGTH IS 3 
CMP # $20 TEST FOR 'JSR' 
BEG DETERM 
AND # $1 F STRIP TO 5 BITS 
CMP # $19 TEST FOR ABS, Y 
BEG DETERM 
AND # $OF STRIPT0481TS 
TAX TO TABLE INDEX 
LDY LENTB,X LENGTH FROM TABLE 
STY BYTES SAVE IN 'BYTES' 
RTS RETURN TO CALLER 
.BYTE 2,2,2,1,2,2,2,1 

.BYTE 1,2,1,1 ,3,3,3,3 

Fortun a tel y, several routines are provided 
for this purpose in the KIM-1 monitor; the 
source listings for these routines are avai lable 
on request from MOS Tec hn ology . In the 
SWEETS assembly code listings, we have 
unde rlined references to KIM-1 monitor 
subrout ines and va1·iables for easy identi
f ication. We will use the Kl M-1 subrnutine 
SCAND1, which li ghts up the LEDs momen
tari ly and checks to see if a key is pressed, 
and the subroutine GETKEY, which returns 
a num eric value in the accumulator tel Ii ng 
us which par ticular key has been pressed. 

The six LED digits display the contents 
of three successive by tes in memory, de
noted POINTH, POINTL and INH in the 
KIM-1 monitor. Unfortunately, the 01-der 
of these bytes is the opposite of the normal 
order of the bytes in an instruction in 
memory, so we must reverse the orde1· as 
the first step of our subroutine SCAN 
(listing 5). The main additional comp lica
tion in this routine is the need to' 'debounce" 
the keyboard's bare contact switches in 
software. Since SWEETS performs its 
operations so quickly rel ative to a mechani· 
cal event, the key from the last operation 
invariably is stlll pressed when we come 
back to the keyboard looking for the next 
comma nd. Also shown in listing 5 is su b
rnutine RD BYTE, which cal ls SCAN to read 
two successive hexadecimal digits from the 
kcyboa1·d. 

With all of this machinery in place, the 
top level logic is straightforward. The con
tro l routine, CMD routine, and the com
mand processing routines are shown in 
listings 6a, 6b and 6c. The most complicated 
of the processing ro utines is ADKEY. It 
determines how many bytes to read fo r· the 
inserted instruction, and displays each byte 
as it is entered; then it copies (in reverse 
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THE FIRST 

AFFORDABLE 

MINICOMPUTER 


$895 
ASSEMBLED READY TO COMPUTE, 

CALCULATE, CONTROL, 
OR .... ? .... ? ... 

STANDARD FEATURES: 


Word Length 12 Bits 
Instruction Set PDP-BE Compatible 
Memory Size 8K, Expandable to 32K 
Extended Memory Control DEC Compatible 
Serial 1/ 0 Port DEC Compatible, current loop 
Parallel 1/0 Port Compatible with DEC DR-8 - EA 
Programmable Real Time Clock Compatible with DEC DK8 - EP 
Full Function Programmer's Front Panel 
Binary Load and Punch Routines in ROM 

lll CORPORATION P.O. Box 2298, Littleton, Colorado 80161
fF 303-922-6241 Telex 454541 
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CUR AO 

(o) 

Figure 3: Correct pro
cedures for moving pro
grams in SWEETS. Figure 
]a shows that the upper-
m ost location must be 
moved first when trans
ferring a section of pro -
gram upward. Oth erwise, 
some locations could be 
inadvertently destroyed. 
Figure 3b shows the anal
ogous situation for a down-
ward movement ofcode. (b) 

ENOAD 

CUR AO 

ENOAD 

0100 20 BO 00 SCAN JSR DETL EN DETERMINE LE NGTH order) the new instruction bytes from the
; COPY I NSTRUCTION TO DISPLAY AREA, 
; REVERSING OR DER OF INSTR UC. BYTES disp lay to the program area. If you' ve under

0103 AO 00 LOY " 0 stood evei-ything so far, yo u should have0105 A6 ES LOX BYTES 
0107 81 E4 SCOPY LO A (CURAOl,Y INSTRUCTION BYTE little troubl e following the code for these 
0109 95 FS STA I NH·l,X TO DISPLAY AREA 
0108 CB INY - top level functions. More important, once 
010C CA DEX you're familiar wi th the basic SWEETS 
0100 DO FB BN E SCOPY 

; LOG IC TO 'DE BOUNCE ' KEYBOARD CONTACT design, you can easily add customized top 
010F 20 22 01 SCA N 1 JSR SCAN3 WAIT UNTIL LAST level routines of you r own.0112 DO FB BNE SCA N 1 KEY IS RELEASED 
0114 20 22 01 SCAN2 JSR SCAN3 
0117 FO FB SEO SCAN2 WAIT FOR NEW K EY The SWEETS Assembler 0119 20 22 01 JSR SCAN3 
01 lC FD F6 BED SCAN2 BUT REJECT JITTER 
011 E 20 6A 1 F JSR GETKEY GET CODE FOR KEY None of the ed itor routines just dis
0 121 60 ATS --- RETURN TO CALLER cussed were concerned with the processing 

; SET UP PARMS ANO CALL KIM· 1 DISPLAY SCAN 
0122 A4 ES SCAN3 LOY BYTES of the hexadec im al " labels" described 
0124 A2 09 LOX = 9 earlier as one of the feat ures of SWEETS.
0126 A9 7F LOA ~ S7F 
0128 80 41 17 STA PADD SET UP DATA DIRECT Th is is because, as far as the editor is con 
0128 20 2S 1F JSR SCAND 1 CA LL Kl M-1 ROUTINE 

ATS --- cerned, a label is just another 3 byte instruc012E 60 RETU RN TO CALLER 
t ion. Labels take on a special meaning only 

; RD8Y TE READS TWO HEX DIG ITS, RETURNS BYTE 

; VALUE IN ACCUMULATOR. I F A NON-HE X DIGIT 
 when the SWEETS assemb ler is invoked. 
; KEY IS PRESSED. IT RETURNS THE KEY CODE The assembler operates in two passes ove1· 
; IN THE ACCUMULA TOR AND N F LAG = 0 

the program area. On the first pass, th e 
012F 20 OF 01 RDBYTE JSR SCAN 1 GET Fi RST KEY asse mbler searches for "instr-uctions" with
0132 C9 10 CMP "$10 IS IT A HEX DIG IT? 

0134 10 11 BPL RDRET NO, RETURN an opcode of hexadecima l FF (the labels). 

0136 OA ASL A SH I FT OV ER 4 BITS 
 When one is found, the second byte of the 0137 DA ASL A 
0138 DA ASL A instr-uc tion (the label number·) is moved 
0139 QA ASL A 
0 13A 85 E9 STA TEMP SAVE FIR ST DIGIT to the end of the program area, and the 
013C 20 OF 01 JSR SCAN 1 GET SECOND K EY cu rrent in structio n address is also deposited 
013F C9 10 CMP = S10 IS IT A HEX DIG IT? 
0141 10 04 BPL RDRET NO. RETURN there (figure 4a) . The label ins truction is 
0143 05 E9 ORA T EMP then deleted using MOVEUP to take up the 0145 A2 FF LOX ,., $FF SET N FLAG = 1 
0147 60 RO A ET RTS RETU RN TO CALLER slack space. This process contin ues until 

al I of the labe ls have been removed and 
Listing 5: Subroutines SCAN and RDBYTE. SCAN displays the instruction sto red in the "symbol table" at the end of 
at location CURA D, scans the keyboard for a depressed key, and places the the program area (figure 4b). Since the 
code for that key in the accumulator. RDB YTE calls SCAN to read two labels are (by design) three bytes long, we 
successive hexadecimal digits from the keyboard. gai n the space for the symbo l table when 
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Computer Mainframe System 

First in the TEI family .. . The MCS-112and122 Mainframe Systems. 

•The Base on Which to Build" 

The cabinet 
A heavy duty, precision formed cabinet of fine The motherboard 
crahsmanship . Completely machined and An S-100 Bus system high quality mother board with 100-pin edge connectors. Compatible wilh IMSAI, MITS, 
ready for assembly. The exterior 1s fin- CROMEMCO, TDl and other S-100 bus configured circuit boards. l'iug connections f0< reset switch. Voltage terminals 
ished on TEI blue. Ven1ed for most are screw type to power supply leads. A ll card guides are provided. 12 slots for MCS-112 model and 22 slotS for 
efficient thermal charac1er MCS -122 model. 
lstics. Furnished with all 

hardwar e. Edge connectors 
High quality edge connectors factory mounted and wave soldered to eliminate this nuisance for 

you. Completely checked out f0< shorts or open traces. All edge connectors 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 inpul line noise ... greater than 100 db rejection. 
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 qlJ<lrler load. 
Designed to meet Ul-478 specifications (EDP SPECS). 

Individual fusing on al I input and output voltage 
lines. See specifications below for power 

ratings. 

The coollng system 
A 115 CFM muffin fan with a 

commercial grade washable rnter 
will provide clean air How over all 

circuitry 

•---The wiring 
Al I wiring 1s color coded and All is 

precut to length with connecting lug.; 
factory machine applied. 

Th< ••" """'' /The front panel Is blank 
except for an indicating AC NOW • . . nl puts it all 
switch and a reset switch together for you. Mainframe 
However, the chassis and mother systems ( 12 and 22-slot) ...
boald are designed so that you may 
remove the front panel and insen an IMSAI Floppy and mini-floppy disc drive 
or equivalent . front panel. systems (single, double and triple ) 16K 

RAM ... a Z-80 CPU w ith addressable 
"Jump to"' and autostart capability ... 16 

Channel A/D and D/A converter ... 3 serial + 3 
parallel multiple 1/0 .. . and other supporting boards 

Specifications MCS-112 MCS-122 .. and our newest item, the PRCXESSOR TERMINAL- A 
CRT, keyboard, mini-floppy disc and 12-slot mainframe with a 

P<:l'W'el' +8 volt DC 17 amps 30 amps 8080A CPU - all housed in one quality aluminum case. A ll of 
Power : 16 volt DC 2 amps 4 amps these fine products at prices you will like. Watch for them all. 

Dimensions 17'14 w x 12 D x 7'14 H 17'/• wx 19112 D x 7'/• H 

MCS 

SPECIAL SYSTEMS GROUP MICROCOMPUTER SYSTEM 

Contact your local TEI Dea ler 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 R DB YTE GET FIRST BYTE 
0148 10 28 BPL GCMD OF SEARCH PATTERN 
014D 85 FB STA POI NTH SAVE IN DISPLAY 
014F 20 2F 01 JSR RDBYTE GET SECOND B YTE 
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 LDY = 0 
015B 81 E4 LOA (CURADl ,Y COMPARE 1ST BYTE 
015D C5 F8 CMP POINTH AGAINST PATTERN 
015F DO 07 BNE GONEXT 
0161 ca !NY 
0162 61 E4 LOA ICU RADl .Y COMPARE 2ND BYTE 
0164 C5 FA CMP POI NTL AGAINST PATTERN 
0166 FO OA BED ~ MATCH. NEXT CMD 
0168 20 80 00 GONEXT JSR OETLEN DETERM INE LENGl:H 
0168 20 89 17 JSR ADVANC ADVANCE TO NEXT 
016E FO 15 BED 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 =S10 TEST FOR VARIOUS 
0177 FO 28 BEO A OKEY COMMAND KEY CODES 
0179 C9 11 CMP = Sll 
017B FO 1E SEQ OAKEY 
0170 C9 12 CMP = $12 
017F FO 13 BEO STPKEY 
0181 C9 13 CMP = S13 
0183 FO C3 BEO GOKEY 
0185 A9 EE ERROR LOA = SEE OPERATOR ERROR : 
0187 85 F9 STA \NH SET UP HEX 'EE' 
0189 85 FA STA POINTL IN DISPLAY AREA 
0188 85 FB STA POI NTH 
018D 20 1F 1F ERR! JSR SC ANDS CALL KIM· l ROUTINE 
0190 DO FB BNE ERR1 UNTIL KEY RELEASED 
0192 FO DE BEO CMD 

: STPKEY ADVANCES TO THE NEXT INSTRUCTION 

0194 20 89 17 STPKEY JSR ADVA NC ADVANCE TO NEXT 
0197 10 EC BPL ERROR CHECK FOR ADVANCING 
0199 30 D7 BMI CMD PAST END OF PROGRAM 

: DAKEY DELETES THE CURRENT INSTRUCTION 

019B 20 B7 17 DAKEY JSR MOVE UP MOVE UP REST OF PROG 
019E 20 AB 17 JSR REDE ND ADJUST ENDAD UPWARDS 
01A1 BB CLV 
01 A2 50 CE BVC CMD 

(c) 

; READ OPCODE, DETERMINE INSTRUCTION LENGTH 
01A4 20 2F 01 ADKEY JSR ADBYTE ACCEPT OPCODE UNLESS 
01A7 10 CC BPL GCMD NON-HEX KEY PRESSED 
01A9 85 F8 STA POINTH SAVE IN DISPLAY 
OlAB 20 84 00 JSR DETLN1 DETERMINE LENGTH 

; READ REST OF INSTR UCTION INTO DISPLAY 
01AE 84 EA STY COUNT SAVE LENGTH 
01 BO C6 EA DEC COUNT 
0182 FO 12 BED ADSET 1·8YTE INSTRUCTION 
0184 20 2F 01 JSR RDBYTE READ SECOND BYTE 
0187 10 BC BPL GCMD NON-HEX KEY PRESSED 
0189 85 FA STA POINTL 
01 BB C6 EA OEC COUNT 
01 BD FO 07 BED ADS ET 2-BYTE INSTRUCTION 
01BF 20 2F 01 JSR RDBYTE READ TH IRD BYTE 
01C2 10 81 BPL GCM O NON-HEX KEY PRESSED 
01 C4 85 F9 STA INH 

; MOVE CODE DOWN TO MAKE ROOM 
01C6 20 86 00 ADSET JSR MVOOWN MOVE CODE DOWNWARD 
01C9 20 9F 17 JSR ADVEND ADJUST ENDAD DOWN 

: INSER T INSTRUCTION INTO NEW SPACE 
OICC AO 00 LOY = 0 
01CE A2 02 LOX = 2 
01 DO BS F9 INSERT LOA \NH X FETCH FROM DISPLAY 
0102 91 E4 STA (CURADl,Y STORE INTO PROGRAM 
0104 CA DEX 
0105 CB \NY 
01D6 C4 EB CPY BYTES UNTIL ENTIRE INSTRUCTION 
01 DB DO F6 BNE INSERT IS INSERTED 
01 DA 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. 

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 label 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 
cal l instructions, or a branch displacement is 
ca lculated 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 
labe l number, no substitution is made if the 
label is not found in the. symbol table. 

The assembly source code for the SWEETS 
assembler 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, ADVANC, 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 cal I ad dresses, 
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 3FF) for editing 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. 

In genera l, when starting up SWEETS, 
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 CM D 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 
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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-i ns: 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 
• 	 +SY DC±S%@ IA, +12Y DC ±S%@ lA, - 12Y DC 

±5% @ IA contained on board 
• May be free -s tanding (with care) 

Parallel CPU Interface 
• 	 All buffering for Data Out (2S TTL loads). Address 

(25 TTL loads) and Data In (l 0 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 240Y AC max, 12A max RMS 
• 	 Control AC motors, lamps , switches, etc. 
• 	 Opto-isolated (MCS-2400 or equivalent) 

DC Controller 
• 	 Eight output devices (2N605S) 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 .SO, or $260 assembled . Now //1111'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 
1 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 MOVEUP. 
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 SWEE TS 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. 

(a) 

0206 

0230 

0238 

0240 

(b) 

0206 

0230 

02 38 

0240 

(c) 

0206 

02-30 

0238 

0240 

FF 0 1 00 

JMP 01 00 

SEO 

FF 

02 

02 00 

BEG AD OOEO, OOE1 

EN DAD OOE2, OOE3 

CUR AD OOE4, OOE5 

CMD 0172 

A SS EM 0 11C 

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 point to the 
SWEETS assembler. 

(stop) key repeated ly, since this may cause 
the stack to grow in length to the pointJMP 01 00I I 
where it cou Id destroy one of the SWEETS 
routines. The specia l address infor·mation 
you need is summarized in tabl e 2. 

SEO I 02 I Once you have SWEETS up and running, 
you can use it to deve lop improvements to 
SWEETS itself. In order to do this, you wi ll 
have to edit code in the program area which 
is designed to run in another area of memory. 
One way to fac ilitate this is to ad d a 16 bit 
offset to jump and subroutine ca lI addresses40 02 02I I 
as they are resolved in pass 2 of the assem06 I 02 I 01 
bler. Another addition to SWEETS would be 
a small ro utine to save ENDAD at the end 
of the program area, set up the starting and 
en ding addresses for the KIM-1 audio 
cassette dump routine, and then transfer 

JMP 06 02I I because of our insatiable desire to do mor·e 
with our personal computers. As soon as 
you find that wr iting a 512 byte program 
isn't so tedious anymore, you'l l immediSEO I 08 I 
ately want to write a 1024 byte program 
(at least), and then you'll be stretching the 
capabilities of SWEETS and the Kl M-1 . 
In a sense, SWEETS, as its name suggests, 
is an enticement: It helps develop the 
market for assemb lers. But why not give 
it a try? It's a lot sweeLer than abso lute 
hex. 

I I 
I I 

control directly to this read on ly memory 
routine to carry out the tape dump 
operation. 

One of the peculiarities of SWEETS is 
that it tends to make itself obso lete. This is 
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(a) 

0100 81 E4 FINDLB LOA ICURAD),Y PICK UP LABEL 
0102 AO FF LOY ;; $FF SYMBOL TABLE INDEX 
0104 C4 EB FD LOOP CPY LABELS 
0106 FO 00 BEQ FORET NO LABELS IN TABLE 
OlOB 01 EC CMP (TABLE),Y DOES LABEL MATCH? 
OlOA DO OA BNE FDNEXT 
OlOC SS DEY WE HAVE A MATCH 
0100 B1 EC LOA (TABLE),Y GET HI-ORDER ADDR 
OlOF AA TAX INTO X REGISTER 
0110 SB DEY 
0111 Bl EC LOA (TABLE),Y GET LOORDER ADDR 
0113 AO 01 LOY 11 1 INTO A REG., Y=1 
0115 60 FDR ET RTS RETURN TO CALLER 
0116 BB FD NEXT DEY 
0117 88 DEY ADVANCE TO NEXT 
011B 88 DEY SYMBOL TABLE ENTRY 
011g DO Eg BNE FD LOOP 
011B 60 RTS UN LESS END OF TBL 

Listing 7: The assembly 
source code for SWEETS. 

(b) Subroutine FINDLB (list-
Ing 7a) is used during 

011C 20 BO 17 ASS EM JSR BEGIN CURAD := BEGAD pass 2 of the assembler 
011F 
0120 
0122 
0124 
0126 

1B 
AS 
6g 
BS 
A9 

E2 
06 
EC 
FF 

CLC 
LOA 
ADC 
STA 
LOA 

EN DAD 
# 6 
TABLE 
# $FF 

EN DAD + 6 IS JUST 
BEYOND UPPERMOST 
LABEL IN TABLE 

to look up labels in the 
symbol table. FIND LB 
looks the label atup 

0128 
012A 
012C 

85 
6S 
85 

EB 
E3 
ED 

STA 
ADC 
STA 

LABELS 
ENDAD+1 
TABLE+1 

BEGINNING TBL INDEX 
ADJUST TABLE DOWN BY 
256 FOR INDEX BASE 

CURAD, y 
with Y=l, 

and returns 
X=the high 

012E 
0131 
0133 

20 
AO 
81 

BO 
00 
E4 

00 AS LOOP JSR 
LOY 
LOA 

OETLEN 
# 0 
ICURAD),Y 

DETERMINE LENGTH 

PICK UP OPCODE 

order part of the address, 
A = the lower part of the 

0135 
0137 
013g 
013A 
013C 
013E 
0140 
0141 

cg 
DO 
cs 
Bl 
A4 
91 
SS 
A5 

FF 
1D 

E4 
EB 
EC 

ES 

CMP 
BNE 
INY 
LOA 
LOY 
STA 
DEY 
LOA 

# $FF 
ASNEXT 

(CURADl,Y 
LABELS 
ITABLE) ,Y 

CURAD+l 

IS IT A LABEL? 

YES, GET LABEL NO 
GET TABLE INDEX 
DEPOSIT LABEL IN TBL 

HI-ORDER ADDRESS 

address, and Z=O. z is 
set equal to 7 if the label 
is not found. Listing lb 
shows pass 7 of the 
assembler during which 

0143 91 EC STA (TABLE).Y DEPOSIT IN TABLE labels are collected and 
0145 
0146 

8B 
AS E4 

DEY 
LOA CURAD LO-ORDER ADDRESS stored with their addresses 

014S 
014A 
014B 

91 
8B 
84 

EC 

EB 

STA 
DEY 
STY 

(TABLE),Y 

LABELS 

DEPOSIT IN TABLE 

SAVE NEW TBL INDEX 

at t/:;e end of the program. 
Listing 7c is pass 2. Dur

0140 
0150 
0153 
0154 
01S6 
01sg 

20 
20 
BB 
50 
20 
30 

B7 
AB 

DS 
sg 
03 

17 
17 

17 ASNEXT 

JSR 
JSR 
CLV 
BVC 
JSR 
BMI 

MOVEUP 
REDEND 

AS LOOP 
ADVANC 
AS LOOP 

MOVE UP PROGRAM 
ADJUST ENDAD UPWARD 

BACK FOR NEW LABEL 
TO NEXT INSTRUCTION 
UNTIL ENDAD REACHED 

ing this pass, the operands 
of the branch, jump and 
JSR instructions are con
verted from label refer
ences to displacements or 
actual addresses. Note that 

(c) jump indirect operands are 
not converted. 

015B 20 BO 17 JSR BEGIN CURAD := BEGAD 
015E 20 BO 00 RS LOOP JSR DETLEN DETERMINE LENGTH 
0161 AO 00 LOY =o 
0163 81 E4 LOA (CURAD) ,Y PICK UP OPCODE 
016S cg 20 CMP ;< $20 JSR INSTRUCTION? 
0167 FO 04 BEO JMPJSR 
015g cg 4C CMP :; $4C JMP INSTRUCTION? 
016B DO OE BNE CH KBR 
0160 ca JMPJSR INY ADVANCE TO LABEL 
016E 20 00 01 JSR FINDLB LOOKUP IN TABLE 
0171 FO 1C BEO RSNEXT LABEL NOT FOUND 
0173 91 E4 STA (CURAD),Y LO-ORDER ADDRESS 
017S BA TXA 
0176 CB INY 
0177 g1 E4 STA ICURADl,Y HI-ORDER ADDRESS 
017g 
017B 

DO 
2g 

14 
lF CH KBR 

BNE 
AND 

RSNEXT 
# $1F 

TO NEXT INSTRUC 

0170 cg 10 CMP >I $10 BRANCH INSTRUC? 
017F DO OE BNE RSNEXT 
01S1 cs INY ADVANCE TO LABEL 
01B2 20 00 01 JSR FINDLB LOOKUP IN TABLE 
01B5 FO OS BEO RSNEXT LABEL NOT FOUND 
0187 3S SEC 
OlSS ES E4 SBC CURAD DEST.  SOURCE 
01SA 3S SEC 
01BB eg 02 SBC ;1 2 DEST. - SOURCE - 2 
01SD 91 E4 STA (CURAD).Y = DISPLACEMENT 
01SF 20 sg 17 RSNEXT JSR ADVANC TO NEXT INSTRUC 
0192 
01g4 

30 
4C 

CA 
4F 1C 

BMI 
JMP 

RS LOOP 
START 

BACK TO EXAMINE IT 
TO KIM1 MONITOR • 
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The disk system you want 

at apriceyou didn't expect from a 


company that understands systems. 
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THE VISTA550 

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. 

$649 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 SOK byte minifloppy drive (assembled and 
tested) that can be powered directly by your 

8080 or Z-80 computer. (Case and power 
supply optional.) 

An 1/0 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 orden 
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.1ta 
We never forget it's your pocket. 
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Personal Computers in a Distributed 


Jeff Steinwedel W3FY 
715 Reseda Dr, Apt 2 
Sunnyvale CA 94087 

The comb inat ion of many 
small processors with some 
way to communicate from 
one to another clearly has 
much potenti~I. 

Since the first microprocessors became 
available I have been convinced that th ei r 
most dramatic appl ications would be in 
connection with · a large-scale comm uni
cations network. The economics of a dis
tr ibuted network would suit the individ
ua lized structure of personal comput ing. 
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 si mpl e, inex
pensive communications system is not 
forthcoming. Both the telephone system 
and cable TV could be technically work
ab le, but requ ire centralized expenditures 
of large amoun ts of capital, as well as a 
political commitment to the application. 
My argument is that there is an economic 
and technological short cut to a distributed 
network th rough use of the radio spectrum 
for communications. 

Thi s art icle 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 pol itical aspects perhaps provide 
a ra ison d'etre fo r a national personal com
puting organization . Further, the FCC has 
already validated some of the pr inciples 
invo lved. 

If participat ing individuals were to con
struct computer controlled VHF trans
ceivers arou nd a common set of guidelines, 
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 
commun ications network could be achieved_ 
In many ways this type of system would 
parall el the 2 meter FM amateur radio 
repeater system, except that data and 
contro l would be computer 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. Idea ll y, the system 
could also be se lf-policing so that any 
"Citizens' Computer Radio Service" could 
be a model for efficient spectrum usage 
with minimum government interact ion. 

Why Build a Network? 

What would be the characteristics and 
advantages of such a system ? The actua l 
mechanics of radio transmission should 
be transparent to the user. The most com
mon type of communicatio ns 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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Communications Network 


OMNIDIRECTIONAL 
ANTENNA 

r--------, , -----------------, 
I ~F ITRANSMIT I RECEIVE SWITCHPERSONAL I

COMPUTER 

SYSTEM 
 I I " II ITRANSMITTER RF- RF- RECEIVERI 

I II I ITUNING INFORMATION 

I 
I I t + I

EJ I I I 
I I II ILOCAL CONTROL AND DATAEM:::.ORY ~ .. I 
I 

I l I 
.-----'----~ I cI I 

LOCAL ~ IPROCESSOR 

STORAGE 

MASS 

I I ~LINTERRUPT COM MUN ICATI ON _______________, SUBSY STE M 
II 

l__ _______ ~_---- L_----~---------«~::._:o_:.:.::~_ __-_~_J __J 
Figure 7: Conceptual outline of the communicalions subsystem as a peripheral of the typical personal computer system. The 
system components assumed of the computer are some memory, mass storage which is completely computer controlled (this ex
cludes manually manipulated audio cassettes}, a terminal and of course, a typical microprocessor. The communications sub
system consists of a frequency synthesizer which sets the communications channel used, a transmitter, receiver, antenna switch 
and control logic to interact with the computer. The control logic design can be simple or complex, depending upon how much 
of the "smartness" of the network terminal is incorporated into the personal computing system's programs as opposed to the 
logic of the communication subsystem's controller. The details of the software protocols are well understood In the computing 
field, and examples of radio data communications networks funded by ARPA have been demonstrated quite successfully and 
can be used as Inspiration for this endeavor. 
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Hopefu l! y, any "Citizens 
Radio Service" could be
come a mode l for efficient 
spectrum usage and a 
synergistic inte raction of 
individuals across the 
country vi a computer con
troll ed relays . 

and (optionally) return the data path infor
mation to me . Ful l redundan t error check
ing cou ld be employed to insure data relia
bility, a necessity for exchanging software 
through a num ber of relays . 

Hopefully, regulat ions affecti ng these 
communications woul d not have the restric
tions of the amateur radio service regarding 
commercial interest and entertainment con
tent. Thus, the network could become a 
tru ly democratic marketplace with wide 
distribution of a la rge range of in tel lec
tual products. Some data categories would 
require special transmiss ion techn iques . For 
example, data co uld be defined in such a 
way to make it easi ly segme ntable as a func
tion of dynamica lly available buffers, opti
mum transmission rates, or communication 
time windows. 

Another possib le use of such a com
munica t ions network wou ld be that indi
vidual stations co uld maintain data to be 
accessible by the network. For example, 
suppose an individual has a floppy disk or 
video di sk with a library of Star Trek games 
that are publ ic in formation. Standardized 
file access software would allow any net
work user to access these programs directly 
or make hi s or her own contributions to 
the libra1·y. Obviously, such data is not 
necessarily limited to computer programs. 

Essentiall y, a communications network 
of thi s sort, if def ined with maximum 
general ity, would be a multiprocessor sys
tem of a un ique sort. Advanced ind ivid uals 
wo uld undoubted ly give the network arti 
ficia l inte ll igence attributes, and the system 
might even become evolutionary like Con
way's LI FE . What is necessary now is 
di scussion of the viab il ity of the idea and the 
creation of any optimal funct ional speci
fication. This is an opportunity for smal l 
processor hackers to cooperat ively prod uce 
a new and uniq ue entity that woul d cer
ta inly have long-term cultural ramificat ions, 
considering the accelerat ion of technology. 

Hardware Requirements 

A reaso nab le first step towards imp le
menting thi s scheme would be to deve lop 
a usefu l subset withi n the present structure 
of rad io freque ncy allocations. It wou ld 
be diffic ul t to have a tota lly new comm uni
cations service gain regulatory approval and 
user acceptance fro m a zero start. Probab ly 
the easiest way to begin would be by using 
amateur radio as an initial veh icle of exper i
mentation. Obtaining an amateu r license 
for VHF pri vileges is no t difficult; Morse 
code proficiency of on ly five wo rds per 
minute is required along with a bas ic theory 
test. For the sake of demo nstrati ng the max
imum potential for the idea, let's assume 

a fairly elaborate st rncture for this feasibil ity 
model. However , it is probab ly more realist ic 
to assume that loca l groups will put together 
small networks that would suit specific 
needs, later expanding into something closer 
to what will be explored here. 

The hardware cou ld be structured as fo l
lows: Some spectrum should be dedicated 
to this application. Within amateu r radio, 
this amounts to a gentleman's agreement, 
which in the amateur environment has 
genera lly been a very successfu l mechan ism. 
A portion of the 144 to 148 MHz or 220 to 
225 MHz band would be a good choice. 
Bee<1use the higher frequenc ies p1·esently 
enjoy less use, let's postulate that 224 to 
225 MH z be set asi de for personal com 
puting. This band could easily be split into 
99 channels at 10 kHz separation, from 
224.005 to 224.995. This channel spaci ng 
should al low data rates up to at least 1200 
bps. A good modulation scheme would be 
audio modulated FM . FM is easy to syn
thesize and detect, and audio modulation 
would allow compatibility with conventiona l 
modems. F1·eq uency sh ift keying, while 
potentially narro wer than FM, wou ld require 
greater frequency preci sion to receive 
accurately. 

Freq uency determ ina ti on should be by 
digita l frequency synthes is so that the com
puter would have direct control over channel 
select ion . Because of advances in phase 
locked loops and other in tegrated ci rcuit 
techno logy, synthesizers are becom ing the 
preferred method of discrete frequency 
generation, even in radios with manual 
control. The next few years wil l see the 
introduction of complete LSI synthes izer 
systems, many intended for the Cit izens' 
Band market. 

The modern and sy nthesizer a1·e two 
elements of the communications subsys
tem tha t would perform as a perip hera l 
device of the personal computer system. 
This device, whi le basically a VHF trans
ceiver , must be organized to interact directly 
with the controlling software. For example, 
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 re lieve some of the data load from the 
processor, although this certainly would not 
be a necessity . The simplicity of a character 
oriented system would have large appeal. 

The communications subsystem probably 
should operate in an interrupt d1·i ven 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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Vol. I - $24.95 
Bookkeeping 
Games 
Pictures 

Vol. II - $24.95 
Math I Engineering 
Plotting I Statistics 

Vol. Ill - $39.95 
Advanced Business 
Bill ing , Inventory 
Investments 
Payroll 

Vol. IV - $9.95 
General Purpose 

You can 
buy software 
from anybody 
but ours works 

in your system. 

We only sell one product, 
Quality. 
We have been in business for over nine years building a reputation 
for providing a quality product at nominal prices - NOT what the 
traffic will bear. Our software is: 
• 	Versallle - as most programs allow for multiple modes of 

operation. 

• Tutorlal - as each program is self prompting and leads you 
through the program (most have very detailed instructions 
contained right in their source code) . 

• Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also includes FFr's, 
lnverse-transforms, Windowing, Sliding Windows, simul 
taneous FFr's variable data sizes, etc . and as a last word 
our software is: 

• 	Readable - as all of our programs are reproduced full size 
for ease in reading. 

• Virtually 	Machine Independent - these programs are written 
in a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just in case your Basic might not 
use one of our functions we have included an appendix in 
Volume V which gives conversion algorithms for 19 differ
ent Basie's; thats right, just look it up and make the sub
stitution for your particular version . If you would like to 
convert your favorite program in to Fortran or APL or any 
other language, the appendix in Volume II will define the 
statements and their parameters as used in our programs. 

Over BS % of our programs in the first five volumes will execute in 
most BK Basie's with 16K of free user RAM. If you only have 4K 
Basic, because of its' lack of string functions only about 60 % of our 
programs in Volumes I thru V would be useable, however they 
should execute in only BK of user RAM . 

All of our programs are available on machine readable media. For 
those that have specific needs, we can tailor any of our programs for 
you or we can write one to fit your specific needs. 

SCIENTIFIC RESEARCH 
220-B Knollwood , Key Biscayne, FL 33149 

Phone orders call 800-327-6543 
lnformation-(305) 361-1153 
Add S1 .50 per volume handling, all domestic shipments sent U.P.S. except 
APO and P.O. Box which go parcel post. Foreign orders add $8.00/volume 

Master Charge and Bank Amerlcard accepted. 

-


.. 


Basic Statement Vol. V  for air shipment and make payable In U.S. dollars only. $9.95 
Def. AVAILABLE AT MOST COMPUTER STORESExperimenter's 

Program llANKAllERICAllD 

Our Software is copyrighted and may not be reproduced or sold. 
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The Brains of Men and Machines 


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 
brciin's operation, we will encounter many 
points which are not yet entirely resolved, 
and rnany 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
tion 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 very 
complex. The evolution of the biological 
brain of course has also had to solve this 
problem, and it has accomplished 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, which 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 
Iike to suggest that for a system capable of 
operation in a generalized 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 handle 
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 secretion:., 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 will 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" 
becoming more concrete at each stage. In 
this 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 
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other perturbations. This 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 
level systems which generate output 
strategies in relation to behavioral goals. 
Th is principle is the division of output tasks 
on the basis of their relation to input infor
mation rather than type of motion required. 
We shall exa mine some specific examples 
which illustrate each of these ideas. 

Kinesthesis 

The operation of the motor control 
command chain depends heavily 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 things such as the relative positions of 
the limbs, the tensions of the muscles, the 
acceleration 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 
results are immediately apparent. With 

rain C trot ut uts 


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 unable 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 handles three sorts 
of information. These are joint angle, 
degree of load on a muscle, and degree of 
stretch or extension of the muscle. These 
three types of input information are used at 
various levels of the motor system to control 
sequencing and provide feedback infor
mation. This is another instance where place 
codi ng specifics the particular unit and type 
of quantity in question, and frequency 
coding carries the in tensity information. The 
transducers which tra nslate these quantities 
in to neural impulse streams need not be 
discussed in detail since adequate mechanical 
counterparts are readily available. 

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 continuous readout of the in
clination of the head with respect to gravity, 
and the acceleration of the head in three 
perpendicular pl anes. This sensory system 
is located in a single set of transducers on 
either side of the head near the middle ear, 
rather than a multi tu de 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 

BYTE Fcbrn"y 1978 85 



Figure 1: Some important parts of the lower motor neuron (LMN) circuitry 
which has final control over muscle contractions. See text for an e?<tended 
discussion of this low level closed loop feedback system. 

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 Joint: 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 
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spinal cord, and is the final processing stage 
before output to the actuator. Th is 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. In 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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Subsystem& 
Each board is a standout. 
Together, they're a powerhouse. 


ln the beginning there were boa rds, 
thousa nd of them. 

That·s how we started in the business. 
Making memories and int rfaces for 
other people'. computers ... and making 
them better. 

ow that our own Sol has become 
the number one small computer, u 
might think we· re pulling less emphasis 
on our boa rd busi ness. 

Not so. 
W 're j ust d in more crea tive thing 

with them. 

One neat package gets your 
computer on the air. 

For example. we'v built ubsy tem 
B, whi h ti s t gether fi e Processor 
Technology modules intoac mp! tely 
int e<> rat cl syst m that makes other 
S-100 Bus c mputers work almost as 
' ell as our Sol. 

Circ le 98 on inqui ry card. 

Sub y tern B includ a m rn ry 
module. thr input / output modules, 
a gen ral purpose memory, and 
appropriate soft\ are. 

specialized soft ware program 
called TER knit t gether 
your c mputer and its p ripherals t 
crea te an integrated smo thly 
working • ys tem. 

l t·s the fa test, leanes t way to get on 
line. and it cost · less than if 
you bought each modu le separately. 

You get your choice of two low 
power. reliable mem ry mod ul in K 

r l K apacicy. 
ur DM-1 vid o displ ay modu le 

(stil l 199 in kit) isthe indu try standard 
display device with ver 6, 00 in us . 

Our C TS high speed, low cost 
(51 10 in kit) audi cas tt int rface is 
the most reliable on the market and is 
supported by our broad Ji n f ass I t 

·oftware includ ing xtended BASIC, 
FORTRA ~ Pf LOT~ FOCAL and 
numerous others. 

And our 3P + S input/ output module 
offers a low cost way to handle 
virtua lly all the I/O needs of any S-100 
Bu compatible omputer system. 
T here are close to 10,000 in the field. 
Price is just 5> 149 in kit. 

Ye , we may have become the maker 
f the Number l small computer 

the Sol. But we haven't neglected the 
uality of our board bu iness. We 

can't afford to .. . because we use many 
f them in ur wn computers. 
For our most recent l iterature and 

price list see your dealer or write 
Proce sor Tech nology Corporat ion, 
Box B, 7100 J hns n Industrial Drive, 
Pleasanton, CA 94566. (415) 829-2600. 

ProcessorTechnology 
•A,~ ailabl e so n. 



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 5 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 applied to the joint. 
This will tend to flex the joint further, 
causing the extensor muscle 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. The resulting in
crease in contractile force of the muscle 
compensates for the increased load . Th is 
allows the system which requested the 
maintenance of joint 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 increasing the output 
of the I fiber 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 which 
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 
applicable, 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 osci llation 

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 ln 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, which is 
essentially digital in character, and in which 
the selected lines (bits) select the set of LM N 
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. 
This 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 
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The end of Kit-Kits. 

The end of bad solder ioints, heat damaged 

components and sick IC's. Introducing the 
Semikit. Item 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 
o( the trouble gets introduced. The 
real fun and education comes in 
running and testing boards . 

Now the Semikit with fully 
tested IC's. 

At the price of a kit. Processor 
Technology Corporation introduces 
the Semikit. It's a fully luffed. 
assembled and wave soldered PC 
Board loaded with IC's that have 
gone through Q .C. and finaJ check
out (a first in the industry). 

We leave you the fun of testing 
with our fully documented sel f 
instructions. We do the production 
ta ks 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 resuJt 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 professionaJ 
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 fo r $369 as a 
Semildt or for S 99 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 
quaJity. high den ity memory to your 
sy tem 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 deaJer now. Come on 
down today. 

Or you may contact us directly. 
Please address Processor 
Technology Corporation, Box B, 
7100 Johnson IndustriaJ Drive, 
Pleasanton California 94566. 
Phone (415) 829-2600. 

ProcessorTechnology 
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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 
(0) 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 mu! ti pie simple paral lei 
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 para! lei uni ts 
at the bottom frees the upper levels of the 
system to engage in coordinating the actions 

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 
th e LMN systems and their immediate 
superiors. 

Reflex Automatons 

This organization of LMN units and their 
"supervisors" forms a reflex machine 
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) . lt is essentially 
an automaton, but a very complex one. The 
organization of the hierarchy is quite 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 simil ar to 
those we have examined in detail in the 
LMN units which form the lowest rank in 
the system. 

ln the brain, this hierarchical system is 
Continued on page 146 
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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 
compute r 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.* 

3. 
Is the system easy 

to expand? 

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. 

4. 
Is the computer 

wel I-engineered? 

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. 

7.Are 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. 

•Available soon. 

ProcessorTechnology 

BYTE Fobruary 1978 91Circle 98 on inquiry card . 



-------------------

Collector' 

1telll 

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 Editort::;t._;;r;::_agazinecoupon today! 

·----- --- ------ - -- ---- - - _,

1 Yes. rush me my numbered and personalized 2·volume set of the first 16 issues of BYTE. I 
I I 
I 0 Check enclosed for $100.00 I 
I I0 Bill BankAmericard/Visa 0 Bill Master Charge 
I I

Card Number -------------- Expiration Date ---------I I 
Signature ------------- Name (please print) ----------I 
AddN~ ------------------------------I I 
City ----------------- State------- Zip---I I 

I I 
Mail to: BYTE Publications, Inc. 

70 Main Street * Peterborough .. N.H. 03458 


I 
I __ ..I·-- - ----- --
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Entomological Archives 

We l ike to set the record straight 
about bugs whenever we can, even the 
o ld variety. With this in mind, we point 
out that t he re is a b ug in figure 3 of the 
June 1976 article, "Building an M6800 
Microcomp uter " (see page 45) . The 
Mikbug PIA (ICl 1) is shown with pins 
2 and 9 reversed; pin 2 (PAO) should be 
the output to pin 2 of IC16; and pin 9 
(PA7) shou ld be the input from pin 8 
of IC15. Our thanks to author Bob 
Abbott for 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 Ml 48073 

Unfortunately, the pseudorandrom 
number generator shown in page 218 
of the November 1977 BYTE wi ll 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 al addresses 
0005 and 0006 are interchanged, the 
program will correctly comp ute all 
256 numbers without a repeat. Inter· 
cstingly enough, as programmed, exactly 
half o f the possible numbers arc gener· 
ated with no repeats. The missing 1 send 
In the digits shown above, which group 
in 2s. 

I found it necessary, on my K IM-1, 
to clear the carry before each add oper· 
ation . Otherwise the program would 
repeat before all 256 numbers were 
generated. 

My program requires additional bytes 
due to the addition restrictions of the 
6502: 

Address Hexadecimal Code 

0000 08 
0001 AS 12 
0003 OA 18 
0005 65 12 
0007 OA OA 
0009 18 
OOOA 65 12 
oooc 18 
0000 69 01 
OOOF 85 12 
0011 60 
0012 xx 

Bugged Tidbit 

In your October 1977 issue, the pro· 
gramming t idbit on page 174 to sub· 
stitute for the absolute value function 
will not detect the cond i tion w hen 
(A - B) is negative and within the interval 
specified by a positive delta. To co rrect 
your instruction y ou wil l need another 
constant: NDELTA = - DELTA to test 
(A- B) when it is negative. A shorter 
alternative for the whole instruction 
would be: 

I f ((A- 8) < DELT A 

and (B - A) < DELTAI 

then 


I f you look long and hard at your in· 
struction, you wil l notice two missing 
right-hand parentheses. I 'm sure you 
know on ly too well how such slips 
inspire an old-maidish co mpiler to nag, 
nitpick and fu ss. 

Victor Kincannon 
720 Coolidge St 

Fennimore WI 53809• 

A Sl ight ly Sour SWEET 16. 

John Feagans from Commodore 
Business Machines Inc has detected a 
slight bug in the program l isting of the 
SWEET16 interpreter (see "SWEET16 : 
The 6502 Dream Machine" by Stephen 
Wozniak, BYTE November 1977, page 
151 ). The program, which normally 
starts at loca tion F700 in hexadec imal 
on the App le computer, was reassembled 
LO start at location 0800 for the listi ng 
in the article. But the sy mbol S16PAG , 
which defines the high order byte of 
the address pushed on the stack for the 
RTS instruction as descr ibed on page 
152 of the article, sho uld have been 
changed from hexadecimal F7 to 08 . 

Ed Voightman, Dept of Chcmisty 
at the Unive rsity of Florid a, also spotted 
the bug. • 

Op Code Commentary 

CLO Clear decimal 
LOA RND Load N 
ASL CLC Multiply by 2 
ADC RND AddN 
ASL ASL Multiply by 4 
CLC 
ADC RND Add N ; 13N 
CLC 
ADC# 01 Add 1 ; 13N+1 
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 Rafae l: Byte Shop, 
509 Francisco. (415)457-9311 : 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. 
5091·8 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. Ml: Ann Arbor : Computer 
Store, 310 E. washington, (313)995-7616; Troy: 
General Computer Store. 2011 Livernois. (313) 
362-0022 . MN: Minneapol is: Computer Depot , 
3515 W. 70th. (612)927-5601 . NJ: Hoboken: 
Computer Works. 20 Hudson Pl .. (201 )420-1644; 
lselin : 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 Hi ll s, 
(503)644-2686; Eugene: Real Oregon Computer 
Co.. 205 W. 10th, (503 )484-1040; Portland : 
Byte Shop, 2033 SW 4th Ave.. (503)223-3496. 
Al : 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. 764612 
Dashwood, (713)772-5257; Lubbock: 
Neighborhood Computer Store. 4902-34th St. , 
(806)797-1468; Richardson: Micro Store. 
634 So. Central Expwy.. [214)231 -1 096. VA: 
Mc l ean: 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 2oth. (206)746-0651: Seattle: Retail 
Computer Store. 410 NE 72nd. (206)524-4101 . 
WI: Madison: Computer Store, 1863 Monroe. 
(608)255-5552; Mi lwaukee: Computer Store, 
6916 W. North. (41 4)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 Sl. W.. (416)598-0262: 
Vancouver, 8.C.: Basic Computer Group, 1438 
E. 8th , (604)736-7474: Paci f ic Computer 

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 regulator 
approval and user accept
ance from a zero start. 

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, communicate with the main 
personal system processor, direct data to 
the synthesizer, recognize special signals , 
send control signals to th e modem, detect 
busy channels, respond to "home" and 
"scan" modes, allow manual interaction, 
derive status information, and maintain 
data and control registers or buffers . There 
are probab ly many other functions that 
cou ld be allocated to the subsystem de
pending on the intel ligence 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 functiona l capabil ity. 
However, most of these functions cou ld 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 basic hardware . Even if 
the communication subsystem has its own 
dedicated microprocessor, most of the net· 
work intelligence will be communicatiohs 
operating system software. It is this software 
that will determine what to do when the 
operator creates a communications module. 
Without resorting to complicated 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 cou ld control the 
current operating status; eg: " Do not accept 
data for relay ; monitor broadcast data 
only ." or could reflect manual control, 
"Go to channel 22." Commands wou ld be 
segregated into two types: internal and 
external. Internal commands would be 
intended for one's own system only, al
though standardization would certainl y 
occur and be useful. Extern al commands, 
on the other hand, would req uire standard
ization because they would be transmitted 
as part of a message and would control 
the handli ng of the data by other stations. 

Besides hand ling 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 through 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 add ress; or it could be an entry 
point to a table of relevant data, such as an 
amateur radio cal I sign . Since the logical 
structure of the network wou ld be some 
sort of tree, an explicit address code could 
be a sequential list 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 in itial 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 
interes ted 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
termi ned dynamically so that not a ll moni
tori ng systems would simultaneously reply 
to a network request signal. 

Once contact has been estab I ished a 
software algorithm must determine the 
next action. Although present law req uires 
the presence and control of a person operat
ing this radio station, the ultimate useful
ness of this sort of distributed network 
wi ll depend on demonstrating the feasibility 
of a completely computer controlled sys
tem. AL this point in the control flow it 
would be useful to discuss filtering, a type 
of algorithm in which inforl']lation about 
a message is used to control the transfer 
of the message. One type of filtering 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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Figure 2: Control flow of 
a basic relayed trans fe r. 
This is an oversimplifica
tion of a two party trans
action. Station A wants to 
send a packet of data to 
station 8. A more complex 
situation exists in the case 
where A is sending data to 
some 1ation Z which has 
no direct contact pos
.•:ible; then B might be the 
first link in a multiple 
station relay of the data. 

Station A initiates a network req uest on the 

monitor channel. 

Ava i lable stat ions rep ly after a response 

delay. A valid response from statio n B locks 

the monitor channel. 

Stations A and B move to a sui table work 

channel and transfer data from A to B. 

Data is processed and both stations re turn 

to monitor mode. 

desti natio n. There are many other "fi lter
able " parameters that are dependent on 
message content. A specification of the 
universe of possible destinations would al low 
some transfers to be designed as data fo r a 
speci fic addressee, and thus of interest 
only to that ind ivid ual or to relay ing sys
tems. On the other hand, data could also be 
dec lared to be of general interest, which 
would be an invitat ion for all those inter
ested to moni tor the data transfer even if 
it was necessa ry for on ly one system to 
assume responsi bility fo r relaying the 
information. 

Such "addressed" and "broadcast" mes
sage types are at the ex tremes 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 hand led. At first, it will 
be very attractive to accom plish the fi lter
ing on the moni tor cha nnel, but thi s would 
be very sensi tive to the mean wait of t im e 
of this frequency. Thus, as network use 
increases, a hierarchy of filtering will de
velop. The monitor channel would support 
filtering based on the ability and desire 
of answering stat ions to hand le the type 

and quantity of the transfer involved, as 
well as selectivity based on the priority 
of the network request. This latter param
eter would al low emergency messages and 
certain types of technical diagnostics (a 
shutdown command from the FCC, for 
examp le) to receive maximum attention . 
Conversely, di stribution and interest codes 
wo uld probab ly be best filtered off the 
mo ni tor channel. 

Interference Problems 

Another problem that will develop as 
communications density increases is inter
ference between stations. This is not a trivial 
problem because the control algorithms wi t I 
not be nearly 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 wai t, with 
a very sensitive channel busy detector that 
wo uld eliminate any possibili ty 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 thei r neighbors. A third possibility is 
to employ split frequency modes where each 
station transmits on a cha nnel that seems to 
be clear to it. 

Thus far, aspects of the operating system 
have been described that enable systems to 
establish contact and operate in a one-to-o ne 
or one-to-many transfer mode . For a basic 
architecture this capability is adequate, with 
al l systems involved in the tra nsfer returning 
to a monitor mode when a particular inter
action has been completed. It is possible that 
this methodology would give good perfor·m
ance, even with a very busy network, be
cause of the potentially low overhead of 
changi ng modes and reinitiali zing communi
cat ions through programmed contro l. How
ever, it may also be found to be very desirable 
to integrate and co ncatenate network opera 
tions so that many data tra nsfers can be 
achieved when stations establish contact. 
This is an area where empirical resu lts wo ul d 
be helpful in evaluating alternate approaches. 

Limitations of Amateur Radio 

All of what has been described thus far 
ca n be done within the constraints of 
amateur radio; however, such an im plemen
tation would impose limitations that would 
on ly be eli minated by a broad redefinition 
of the regulations. The most desirab le situa
tion would involve spectrum ded icated to 
the network with a set of rules appropriate 
to the ap plication . One of the most basic 
requirements of this scheme is that multip le 
dedicated frequencies be avai lable exc lusively 
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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. 

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 app lication, son of midway 
between present Citizens' Band and amateur 
types of communication. 

Another difficu lty with amateur radio 
constraints is the requirement that tra ns
missions be under the direct control of the 
operator. One of the reasons that VHF was 
suggested is because the propagation charac
teristics are re latively cons ta nl and could 
al low 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, fu ll-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 1·eached matu1·ity. Th is 
would be the major unique cha1·acterist ic of 
the entire system. In a nondistributed net
work, costs would accrue on a per transfer 
basis, so it wou ld be unlikely that individuals 
would pay to have their computers ta lk to 
each other all day and all night. In Lhis 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 manua l 
operation would probably not resu lt in a 
synerg1st1c multi processor environment 
either; watching a computer can become 
boring quickly. Compared Lo a Limesharing 
system or other conventiona l data networks, 
the response t i me of this distributed system 
wi ll 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 examp le. 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 capabil it y that will give the 
network its unique characteristics . Therefore, 
it is essential that the neLwork be organized 
so as to maximize these characteristics. 

The hardware and software tha L has 

already been described wou ld not have to be 
substantial ly modified to support a dedicated 
spectrum version of th is network outside 
amateur radio's province. The major changes 
would be organizationa l and politica l with 
technica l enhancements. The hardware model 
that has been designated the communica
tions subsystem would remain relatively 
fixed a lthough there would be greater Fune· 
tiona l standardization, and more installations 
would include more highly evo lved hardware. 
The commercial manufacture of peripheral 
communications hardware could certa in ly be 
expected at this point. The software would 
undergo more changes, a lthough 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
pandab le. New software features must be 
implemented and shown to be re liable to 
a llow the individual systems to do useful 
work without operator intervention. Auto
matic logging and remote contro l 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 so lu tion given any 
possible set of input cond itions. The initia I 
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 Ii kc 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 ind ividua ls to define 
problems, and develop and distribute the 
solutions . 

Regulatory Aspects 

To distribute the solutions involves a 
regu latory change that would have significant 
effect. While I am hopeful that individua ls 
wou ld 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 al low 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· 
mer·cial 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 prima1·y 
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All of what is described 
here can be accomplished 
with in 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. 

attribute its distributed characteristi cs. Cen
tral ized capital would be minimized, and 
individual creativity maximized. 

A subsidiary regulatory characteristic that 
would necessarily be modified to allow the 
implementa tion 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 desirability of 
secure co mmunications 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 
status quo. Significant changes have occ urr ed 
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 plausib le than they 
would otherwise seem. Also, the network 
can only be considered a potential reality 
in conjunction with very recent technica l 
innovations. Such a network was no t a viable 
possibility in 1970; now is the proper time 
to begi n 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 participants. 
Because of the relatively large amounts of 
data involved, such exchanges would prob
ably not occur on a relayed basis; rather, 
individual files could be relayed later by 
specific command. In order to participate in 
library building, systems would maintain 
director ies of several types of files, eg: those 
maintained a nd available, those files desired, 
keys to file types (for example, "games" or 
"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 a nything 
except fil es A, B and C." In fact, this cou Id 
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 acq uired 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 ind e
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 
interac tive network could rapidly resu lt in 
an explosion of new func tions. Once the 
system has been bootstrapped, growth could 
be faster an d 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 possibi lities, and local laser 
links and direct communications through 
satellites are likely to occur in the future. 
Nond istributed 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 estab lish 
precedents fo r 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 ap plica
tions do. 

Blue Sky 

New hardware should have a profound 
im pact 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 1O10 
bits). it would be impractical to replicate 
this sort of transfer over a communications 
link . Further, nondigital data would require 
extra hardware, long trans fer times and 
prohibitive bandwidths for eve n VHF radio. 
However, if we can assume the existence of 
another commercially oriented system for 
the economical creation and distribu tion 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 assu me such a support system is not un

100 BYTE Februuy 1978 



reasonable because of the extreme potential 
for commercial application . However, the 
growth of such a su pport system probabl y 
would be acce lerated by demand from the 
computer enth usiast market. The interaction 
of video disks with the network would occur 
as an interface to digitally control led vid eo 
disk drives and disk program material with 
imbedded software. If two commu nicat ing 
systems were using identical or sim ila r disks, 
control information could be exchanged 
through the network to access the common 
data. With the huge amount of analog storage 
ava ilable, organized as video, video stil ls or 
audio, th e imbedded software and transferred 
contrnl would provide much fl exib ility 
ap plied , for example, as ed ucational or crea
tive uti li ties. 

This aspect of video technology used in 
conjunction with the network would be 
he lpful in support in g various sorts of sy ner
gistic multiple processor functio ns. In th is 
mode, a number of sys tems would share a 
channe l or channels via time multiplexing. 
A useful applica tion, which has already 
undergone experimentation via timesharing, 
is the computerized conversation, an o n
goi ng round table discussion that occurs out
side the constraints of rea l ti me and space. 
Eventuall y, as the systems become more 
sophisticated, this mode could support 
multiprocessor creative activities, such as 
music or video synthesis, as well as the 
creation and use of educat ional materials. 
Each communicati ng processor would use 
similar creative software, and the ind iv iduals 
would supply data to produ ce a sort of 
computer symphony . 

One of th e most interest ing appl icatio ns 
of the network capab ilities under discussion 
wi ll be compu ter gam in g on a very large 
cale. Garnes could be highly complex, in

volve months of real time, and have teams of 
dozens or hundreds of systems. The network 
wil l be interfaced to the special ized large 
systems that will be the am usements of the 
next decades, a deve lopment made more 
plausible by th e many predictions of greater 
leisure time in the future . The games will 
evolve to the level where individuals may be 
more concerned with the construct ion of an 
op timum game playing system, rather than 
playing the games direct ly. This level of 
soph is ti cat ion approaches practical artific ial 
intelligence. 

So What? 

What I have attempted in th is artic le is to 
demonstrate the implications of usi ng exist ing 
technology to construct a new type of com
munications network that wou ld radical ly 
effect much wi thin personal computing. 

There a1·e two difficulties: Radio spectrum 
must be allocated to the activity, and 
standardizat ion of the technical detai ls must 
be achieved. I rea li ze that this art icle has not 
gone too far with specific technicalities, and 
that is partia lly because I felt that the intel li 
gence of a distributed system should be 
determined by a numb er of individuals and 
not predefined. Also, many aspects have 
been characterized that wi ll involve a sub
stantial amount of tec hnical detail, an d I felt 
it would be more useful at th is point to 
descr ibe alternatives, possibi lities and ge neral 
approaches rather than specific algor ithms. 

Always in the past, new technology has 
been greeted wit h a "so what" attitude. The 
ultimate impl ication of the proposals in this 
art icle is that the home computer can be 
part of a dynamic ongoing process rather 
than an expensive toy that plays the latest 
tapes. This is not a negative comment about 
"play" app lications; rather, it is a statement 
that no techno logy is appropriate in the 
wrong environment. It is my content ion that 
as a tool the computer· is pretty interesting, 
but no too l is of ultimate interest without 
real wor,k. It. is my hope that others will add 
to these ideas to make the personal computer 
a necessary com ponent of a useful system.• 
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Continued from page 38 	 interlaced para I le i finge rs. The magnetic field 
strength is concentrated in the tiny air gap 
between these fingers, near the surface of 
the rotor. Th e rotor itse lf is a permanent 
magnet which has a series of poles mag
netized around its periphery . The number of 
rotor po les equals the number of stator air 
gaps. It is the attraction and repulsion 
between these poles of the rotor and the 
stepping magnetic fie ld of the stator that 
cause the motor to rotate. 

+12v 

DRIVE SOURCE, FOR EXAMPLE 
AN 8255 WITH SOFTWARE 
SETTING UP TIMING OF FIGURE 5b 

Figure Sa: 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 dri11e source for each phase. 

WI 

ON(I) ---~ 

OFF lO)J 
_J 

ON(ll II I 
W2 OFF 101 ___j [___J 

ON (II l 
W3 OFF IO) '------' 

I I 
L 

_I_ 
ON( l) [_.JL _JL____J 

W<! OFF (0) 
CLOCKWISE MOTION COUNTERCLOCKWISE MOTION 

Hardware Solution 

An easy way to drive the coi Is 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. No te that windings 2 and 4 (w2 and 
w4) cause current to flow in opposite direc
tions of the same coi I. 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 
facto1· of 20. Two is the limit though, be· 
cause the guaranteed output voltage of the 
I0 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 energ ized in 
the sequence shown in figure Sb. Notice that 
at any given time one half of each coil is 
energized. 

Let 's take a quick look at a circ ui t 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
trol led by the frequency of the clock input. 
For coarse control the clock can be gener
ated by a 555 ty pe oscillator. For very 
accurate control this clock can be generated 
by a crystal oscillator. Switch 51 , 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 sett ing 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 thu mb 
switch inp uts could be 10 port lines. The 
LOAD lin e transfers the selected co unt into 
the counter. The ST ART line sets the gate to 

a transmission mode. When the counters 
count back down to zero, a pu lse is emitted 
from the borrow I ine and resets the gate to a 
blocking condition. The selected number of 
pu lses has been counted out to the motor 
drive. The motor speed is still control led by 
the oscill ator frequency. 

Figure Sb: Timing diagram for a 4 phase stepper motor has one winding being Software Solution 

energized and one being de-energized at a time. One side of each winding is If your only chore is to drive a sing le 
conducting current at any time. The energizing pattern is re11ersed to reverse motor, then a microprocesso1· is probably 
the motor rotation. not necessary. But if several motions are 
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--------------------------------------

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 'II like. Take a look at our 

features and find out for yourse lf. 

• 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 chat of static RAM 


• one-year warranty. 


You can purchase a 16K RAM board with all these 

features for only $289. The cos t of adding ! 6K to 

your present Central Data 16K board is $200. 

A 32K RAM board, assembled. tested and 

burned-in, is only $475. Central PO Box 2484, Station A With all those features, don ' t you think you 

should be considering ours? aata Champaign, IL 61820 

• I 
I Please send me the following: Name I 

I D I 6K RAM board ( $ 289) Address I 

I D 32K RAM board ($475) City I 


D additional information State Zip.___ ___ 


I l enclose $ I 

I Ill. residents add sales tax. I 

I Central Data P.O. Box 2484, Sta. A Champaign, ll 61820 I 

I I 
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CLOCK 

IC2A 

4 
7476 

0 
15 
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Q 14 

CK 
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CK 

Q II 

Q10 

IC2B 
7476 

W4 

W2 

WI 

W3 

POWER CONNECTIONS 

NUMBER +5V GND 

ICI 
IC 2 

14 
13 

7 

5 

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. 

VREF 74 1 VREF+5V +5v3.9K 6 
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0 
15 6 

IC6A 
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7476 7476
VREF(+) vcc VREF(-) 

5 PR IIA7 MSB CK 
6 IC6B 

AS 

A6 
IC I 39K 
1408A4 

4A3 !OUT 

A2 

Al 

AO 
IN914 

3.9K 

+5V 
2N3906 

IK +5V REFERENCE 

-ISV +15V 

POWER CONNECTIONS 

NUMBER TYPE +5V GND +12V -12V 

IC I 1408 
IC2 741 7 4 

IC3 741 7 4 
IC4 741 7 4 

JCS 741 7 4 

IC6 7476 135 

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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Clockwise 

Generated Pattern 
(one line per clock state) 

W2 W3 

jwg,11 0 0 
0 1 wg,14 1 Counterclockwise 
1 1 
1 0 

Table l : The pattern generated by the circuit of figure 6. The number 7 re
presents current flowing in a winding. Re11ersing the drive pattern will reverse 
the motor direction. 

l
W'!. W4 W1 

r 1 1 W2r1 
Clockwise 0 1 Counterclockwise 

0 0 
1 0 

Table 2: If the drive patterns of table 7 are rearranged as shown, a pair of 
rotating 7s becomes apparent. This simplifies the generation of these patterns 
through software. 

CLOCK 

POWER CONNECTIONS 

NUMBER TYPE +5V 

IC I 74DD 14 

IC 2 7474 4 

IC 3 74192 16 

IC4 74192 16 

GND 

7 
II 

8 

8 

IC2 
7474 s 8 START 

c 5 J 

+5V GATED 
CLOCK 

5. I K 

14) 


IC3 
15 A QA 3 

G 
74192 

le QB 2 

10 c DISPLAYQC 6 

9 0 7 
} " 

OD 

'" ) +5VTH UM B 
SWITCHES 

+5V 

required and the speed and position of each 
must be control led , then the micro processor 
saves considerable hardware . The entirn job 
can be done ins ide th e processor, with o nly 
the Darlington power drive transistors out
side. The problem of generating and keepi ng 
track of the pu lse trains becomes a software 
Lask. Let 's first look at a ro utine to drive a 
single motor. 

If the winding drive pattern of table ·1 is 
rea rra nged as in tab le 2, a rotating pattern of 
ls becomes apparent. Now direction of 
rotation is contro lled by the direction that 
the 1s are shifted (left or right). Speed is 
co ntro lled by the rate at which these l s arc 
shifted and transferred Lo the motor. In
ternal cou nting can be used or external 
interrupt driven timing can be used . Since I 
needed other ti me events, I chose to use the 
Texas Instrument TMS 5501 for my experi
ments . This versati le chip provides five scpa
r«lle timers, eight input and eight output 
lines, an ex terna l sense line and a bidirec
tio nal serial link . All these pr iorities are 
taken care of, too. I will deal only with o ne 
timer and merely ass ume its interrupt has 
been vectored to my subro ut ine proper ly. 

Th e basic scheme is to set the timer fo r 
an interval of from 64 µs to 16.32 ms ;111d 
count off the desired number of interval. . 
When the desired tota l time has elapsed, the 
moto r drive pattern is rotated and output. 
The timing beg ins agai n. For higher speeds, 
above 60 steps per seco nd , only one timer 
interval is required between each step. By 
choos ing the time interval and the number 
of interva ls, a wide range of motor· speeds 
may be se lected. A flowch art is shown in 
figure 9, and the code is in listing 1. Th e 
motor outputs arc th e four low order bits of 
one port on an 8255 output port . Now let's 
look at some of the details of th e code . 

First, of cou rse, the status must be avecl 
and the interrupt re -enabled. Next check the 
number of elapsed intervals. If it 's down to 
zero then look at the number of Leps 
requested. If there' mo1·e Lo go then dec1·e
ment the steps counter and upd ate memory 
loca tion STE PS. Next upda te the number of 
timer intervals (CONTR) because you'll have 
to count them off again. 

The timer is started and set by writing a 
word, in the range of decimal 0 to 255, LO 

memory. 
In the hardware mo tor drive, each coil 

drive pattern is determined from the previ
ous pattern by the feedback from two 
outputs. In this software version it i no t 
possib le to read the latched output so Lhe 

LOA D II 

4 5 

15 

I B 

10 c 

9 0 

+5V 

LOAD 

J 
DOW~~:D II 

IC 4A QA 3 
74192 2

OB 


QC 6 
 DI SP L AY 

OD 

}" 
7 

13 

Figure 8: This circuit will generate a selected number or pulses 1vhen /he slur! 
bu/Ion is pushed. The 1humb switche and the t1vo push buttons could be 
replaced with signals from an 10 por/. If desired, a display may be added 10 
the circuit to indicale the number of counts lef/. 
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INTERRUPT 


GET MOTOR SPEED 

ITERAT I ONS AND 


DEC REMENT 

NO 

RELOAD MOT OR TIMER 

Figure 9: Flowchart for 
GET NUMBER OF 

the single motor dria1e rou STEPS LEFT TO 
BE STEPPEDtine of listing 7. 

STEPS: •ST EPS- 1 

YES 

LOAD NEW MOTOR 
T IM ER, MOTOR DIR EC T I ON 

AND PATTERN ADDRESS 

NOYES 

ROTATE PATTERN LEFT ROTAT E PATT ERN RIGHT 

NO NO 

PATTERN : • PATTERN+ 01 H PATTERN : • PATTERN+ BOH 

RETURN MOTOR DRIV E 
PATTERN TO MEM ORY 

MASK OUT 4 HIGH 
ORDER B l TS 

OU TPU T PATTERN 

RESTORE STATU S 

RETURN 
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last pattern i maintained in memory loca
ti on PHASE. I chose to use a full eigh t bits 
Lo store the 4 bit drive pattern and re peated 
the fou r bit in the high nybble. Then the 
overflow on rot.ate could be sensed in the 
can y bit. I used RAL and RAR for rotating, 
sensed overflow in the carry bit, and ad ded a 
correction of eith er 01 H 80H respectively . I 
learned later that if I used RRC and RLC, 
rotate right or left with carry, then this was 
taken care of by the pmcessor. Afte r rota
tion the new drive pattern must be stored 
back in memory to be availab le during the 
nex t cycle . The high ny bbl e is th en mas ked 
out. After Lh e four high order bits are 
masked ou1· the motor drive pattern can be 
outp ut vi a the 8255 outp ut port. All that 
rema ins is to return the sta tus and 1·egisters 
to their former condition and then return to 
the main line program to await another 
interrup t. Four of the TMS 5501 output 

lines cou ld have been used, eliminating the 
need for anothe r outpu t chip. 

A word abo ut stepper motor speed is in 
order here. With a light load, the motor will 
respo nd and fo llow co mmands at speeds of 
up to 250 Lo 300 steps per seco nd. Wit h a 
frictiona l load this max imum speed will 
redu ce linearly in proport io n to the fr ictio n. 
An inertia l load, such as a fly wh ee l, wi ll not 
reduce the maximum speed. However, with 
an inert ial load the speed must be pro · 
grammed over severa l steps from slow to 
fast. If the max imum speed is not itp· 
preached gradually, th e elect rica l stepping 
moves faster than th e load ca n. The mo tor 
will just sit ancl stu tter. A check with an 
oscilloscope wo uld show the proper pattern 
sequence occurring. Use of a more complex 
program with actual motor speed feedi ng 
back in to it via hardwa re could help solve 
this problem. 

JMOTOR COIL DRIVE, INTERHUPT DRIVEN, INTERVAL J, RSTJ 
llOTOR1 	 PUSH PSV ISAVE STACK 

PUSH 8 
PUSH H 
El 
LXI H,.COMTR 
MDV A.M JGET COUNT REMAINING 

OCR A IDECREHENT COUNT 

HOV H,.A 7404 

Ji MDCR JCHECK STEPS IF CONTR ZERO 

LXI J!,INTVL I IF !IDT 

HOV A,.M I GET I NT!.RVAL 

STA TIMER IA~D RESET INTERVAL 

JMP MDOllE 


MDCR 1 	 LXI H• S T!PS MOTOR I 
"0\1 A1fll JGl:T SlrPS 
A.NA A I SET J'LAGS 
.JI! HDONE IEXIT IF DONE 8225DCR A IDECREMlNT STEPS 

MOU H,.A J STORl NEii STEPS 

Lltl H•COU!H 
 IO PORT 
!llOV A1M 
Lltl H.CONTR 

MOV M.A JR!STORE ORIGINAL CONTR 

LXI H. INTVL 

MOV A1M 
LXI K,TIMR JR!SET INTERVAL TIM!R 


"ov "'" 
LXI H•DIR 

MOU A"K I GET DIR!CTION 

l.XI H.PHASE 

STC 

CMC ICL!AR CARRY 

ANA A ISET f'LAOS 

JP CCV 


CWT 	 MOV A,.M JOKT MOTOR DRIVE PATTEJIH 
RAl. 
.JNC MDR 
ORI OOOOOOOlll ICORRECT P'O R OVERFLOW 
JKI' Ml>R 

CCVI 	 MOV A,.M 
RAR 

J!IC MDR 

ORI 100000008 ICORRECT FOR OVERFLO\I 


llDRI 	 NOV "'A SA ME CIRCUIT AS 
ANI 0000111 LB 

OUT OUTMDR IOUTPUT SIGNAL TO MOTOR 
 MOTOR I. 

HDONE1 	 POP H 
POP B 

POP PSV 

REr 

COUN T ~UMBER or TIMER INTERVALS TOTAL 
CONTR "'1>f9F.R OF TIMER INTERVALS REMAINING 
INTVL TIM~R INTERVALS 0•255 
STEPS ~UMB~R OF STEPS TO BE MOVED 
DIR MOTOR DIRECTION 
PHASE MOTOR DRIVE PATTERN 
TIMR TIK!R ADDRESS IN MEMORY SPACE 
OUTMDR MOTOR OUTPUT ADDRESS IN 10 SPACE 

Listing 7: An 8080 assembly language pro Figure 10: By adding a pair of inverters to each motor drive, four motor~ cun 
gram for driving a single m otor. be driL1en from one 8 bit output port. 



After getting a moto r to turn on com
mand, the ne xt chall enge is add1·essing sev
eral motors while trying to conserve 10 lines. 
I d id this by changing the method of 
gen~rating th e drive patt ern . In Lhe first 
program the ent ire pv.Ltern was sL01·ed, 
ro tated and output Lo the mo Loi-. In the 
seco nd progra m a different pauern was 
stored, one th at would allow two output 
wires to co ntrol each motor. It was neces
sary to add a pair of 7404 inverters outside 
the processor as in figure '\O. At first it 
appeared that two bits could be incremen ted 
inside th e processor to ge nerate the output 
signals, but the eq uence was wrong as 
illustrated in tab le 3b. Th e problem was 
so lved by stor ing the four pairs of bits in a 
register. 

Two memory locatio ns are reserved for 
each moto r. The first, Pl-IAS I, tores the 
rotating bit pattern requi red to drive th e 
motor. Each time a motor is to be stepped, 
its paltern will be rotated and output. This 
register always indicates the las t pattern 

(3a) (3b) 

0 0 I I 

0 I I 0 

I 0 0 I 

I I 0 0 

0 I I 0 

0 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. 

HOHEll LXI H•OUTI 
HOV C." l GET OUTPUT 
MVJ a.oeoH JLOAO cw, too STEPS 

HSTRT1 LXI K. PKASI l SELECT MOTOR !<I 
CALL M0T0R2 lMOTOR STEP SUBROUTINE 
Jt LOAOI JEXIT IF DONE STEPPI~G 

MVI A•Offli : ELSE 
STA Tl!<RS JRESTAHT MOTOR TIMER 

LOOPll LXI K.KSTRT 
J!fP LOOPI ; WAIT f"OR MOTOR 

Listing 2: An 8080 assembly language mainline program for dri11ing several 
stepper motors. 

FUN DAMENTALS 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 

...______..., 

ROTATION 

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 typi~al 
unit is "ounce-inch,·" T oz-in of torque 
means that at a distance 7 inch from the 
axis, a force of J ounce would be exerted. 
In the metric system, a typical unit might 
be dyne-centimeter (CGS) 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 al point A (a distance x 
from center of rotation 8), t he torque is given by 

T = F.x 

Similarly, if a stepper motor has a rated torque of 
T, it can exen a force of 

F = Tix 


at distance x from its center of rotation. 




output. The second register, MASKl , con Figure 7 I: The flowchart for the motor dri11e routine of listing 3. 

tains a mask. For example : mask OC hexa

decimal (00001100 binary) is for the motor 


MOTOR 2 attached to outp ut wires 2 and 3, motor 2 in 
figu re 10. 

The subroutine must be ente red with GET STEPS REMAINING 
FROM B REGISTERcertain pre liminaries taken care of. The HL 

reg ister pair points to the drive pattern of 
th e motor to be driven . Registe r B contains 
the direction of rotation. If the most sign ifi
cant bit is 0 the rotation is cou nte rclock
wise; if the most significant bi t is ·1 the NO YES 
rotation is clockwise. Register B also co n
ta in s the number of steps to be made. The 

GET PHASE 	 GET PHASETMS 5501 was again used as a timer. One 
motor must comp lete its steps before an
other starts. ROTATE RI GHT TWICE ROTA TE LEFT TWICE 

Th e flowchart for· th is second motor drive 
routine (li st ing 3) is shown in figu re 11. The 
registers and two memory locations are 
shown in figure 12 as they look before and RETURN PHASE TO 

MEMORY
after a pass thro ugh the subrouti ne. Remem
ber tha t bits 0 and 1 of register Care driving 

POINT H L REGIST E RSthe motor of interest. Register D is a 
TO MASK 

temporary storage locat ion and bits 0 and 1 
of register D reflect the change in drive 
pattern. The most significant bit of registe r GE T MASK A ND SAVE 

SELECTED BITS INB is a 1 indicat ing clockwise rotation. The D REGISTER 
lower order bits are th e steps co un t, and are 
decremented by 1 each pass. The most 

COMPLEMENT THEsignificant bit is masked out in the last 
MASK 

operation. This sets up a zero test and jump 
upon return to the mainline program, if the 
co unt has been completed. C:•XOR C,MASK 

Now let's look at how the subrout ine is 
called. Mainline program HOME l, shown in 

UPDATE C REGISTER 
WITH NEW MOTOR ORIVE 

ISTEPPER MOTOR DRl\ll: ROUTl~E 
JCALLED FROM MAIN LINE PROGRAM HOMEI 	 OU TPUT TO MOTOR 

MOTOR2 	 HOV A,B 
AMA A ISU l'l.A6S 
.JM CW lDETERMINE DIRECTION 
MOV A,.M JGET PHASE STEPS COUNT : • RRC 

ST EPS COUNT-IRRC I ROTATE 
.JKP KTRJP 

CVt 	 MOV A,,K I GET PHASE 
Rl.C 
RLC I ROTATE MASK MOST 

SI GNIFICANT BITflf'Tfh.n='I 	 HOV M,.A lPUT BACK 
DIRECT ION INOICATOR 

ANA M I MASK 0 rF MOTOR 

HOV o..,a JTEMPORARY STORAGE 

HOV A,.11 I OET MASK 


HIX H IPOINT TO MOTOR MASK 

CHA I COMPLEMENT MASK RET URN 
ANA C J OET OUTPUT 

ORA D lCOICBINE NEV AND OLD 

HOV C.A JHEPLACE IN MEMORY 

LXl H•OUTl 

HOV N-A 

STA MTROT JSTART MOTOR Listing 3: This is the 8080 assembly listing of a second motor routine. This 
DCR 8 !DECREMENT COUNTER 
HOV A•8 	 one is called by mainline routine HOME7 . Note that the zero flag is carried 
ANI 7'11 JMASK OUT DIRECTION 

RET lRETURN TO MAIN PRO GRAM back to mainline program to indicate steps done. 
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Before 	 After 

H L 
D E 
B c 

Phase 1 Address 
00 00 00 11 
10 00 01 11 01 01 10 11 

Phase 10 00 01 11 

Mask 00000011 


listing 2, addresses OUTl, the moto r drive 
storage, and pu ts it in register C. Literal 
va lue 080 hexadecimal is moved to reg ister 
B indicating 100 steps cloc kw ise . The HL 
register pair is po inted to PHAS "I whi ch 
selects moto r 1, and then MOTOR2 is called. 
When the MOTOR2 rout ine returns a jump 
on zero tes l , J2 jumps over the loopi ng Lo 
co nt inue the next par t of th e main program. 
If 100 steps have not occur red, th e zero flag 
wil l not be set in MOTOR2 , and the program 
fa lls through the test. The motor Limer is 
then restart ed. The HL register pair is set Lo 
HSTRT and the program loo ps, waiting for 
time-out. When t ime-o ut occurs, a PCHL 
in struction vectors Lh e program to HSTRT 
and another MOTOR2 call. 

If yo u had the time, ome ex tra bytes and 
severa l stepper motors , what migh L you 
acco mplish? The first ro ta t io n on co mman d 
is pretty exci ti ng, but no t to anyo ne but 
yo u. There are so me useful applica tions right 
next to yo ur co mputer. An XY plotter 
migh t be useful in yo ur graphi cs wor k. If 
you aren't hand y wi th mechanics yo u might 
modify th e paper dri ve of an analog recorde1· 
to provid e bidirect io nal stepper co ntro l. An 
analog to digital co nvert er to drive the pen 
and a re lay to li ft the pen between po ints 
will give you a reasonable alternative to an 
expensive plo tter. 

Other ho bbies just cry out with appli ca
tio ns . The model railro ad buff can con trol 
th e neatest turntable. A stepper moto r in a 
yard engine would give ult ra low speed. A 
machini st might co mbine a co up le of beefy 
stepper moto rs and a lathe to crea te a simp le 
numericall y co ntrolled machine Loo i. One of 
the most interesti ng appli ca tions, robo ts, 
takes on add ed dimensions wi th precise 
control po sibl e. A varia tion of th is might be 
to program the strings of a puppet. (Th at 
one is go ing to need lots of program sto r
age. ) The 1·adio amateur can automate his or 
her ex isting receiver by co up ling Lo the 
turning knob. Any place where several 
mo tions have to be synchroni zed, stepper 
motors can be th e so lu tio n.• 

H L 
D E 
B c 

Out 1 Address 
00 00 00 10 
100001 10 01 01 10 10 

Phase 0001 11 10 

Mask 00 00 00 11 
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Where the little guy can get a stepper motor: 

Sigma Instruments Inc 
Braintree MA 02184 

18-1408 $22 
18-2013 $23 

Minimum billing is $35. 

North American Philips Controls Corporat ion 
Cheshire Industri al 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 NH 03452 

Figure 72: The status of 
the H L, DE and BC regis
ter pairs be fore and afler a 
call to the MOTOR 
routine. 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

Everything you need in small computer systems! 

LEAR SIEGLER ADM 3A TERMINAL ~ CENTRONICS 779 PRINTER 

Kit $739.95 $1099.00 
Assembled 849.95 

HAZELTINE 1500 
VIDEO TERMINAL 

Assembled $1149.00 
Kit also available 

MODULAR 1 
INTELLIGENT 
TERMINAL 

Assembled $1659.00 
IMSAI 8080 MICROCOMPUTER 

........ ,_- I I B!!IO. . . 
With 22 slot ~ .~.:t~ I ~ ·~ ------ ~ ~ -;-• 

~--~ -~~~ : $649.95 

SPECIAL BUYS 
I MSAI Double Densi ty Persci Drive . . ....... $2295.00 
Sorac IQ 120 Video Terminal .. . . . . . . . . . . . . 959.00 
DEC LA 180 Printer .. . .............. . ... . 2769.00 
Compucolor 8001 Color'Computer ........ . 2595.00 
ICOM Microfloppy System.. ... . .. . ...... 989.00 
North Star Microfloppy Disk Kit ...... . . . .. 599.00 
CromemcoZ·2 Kit. . ... .. .. . .. . .. . ... . . .. 565.25 
Javelin 9" Video Monitor . . . . . . . . . . . . . . . . . 159.95 
Micropolis Model 1053MOD 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, Hazelt ine, Micropolis, 
Hayden, IMSAI, Cromemco, 
Compucolor, I com, 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. · 

761 PRINTER 

KSR with Keyboard $1695.00 
OKIDATA MODEL 110 LINE PRINTER 

RS 232C Serial Interface 

$260.00 

MODEL 22 LINE PRINTER 

Tractor Feed $2249.00 

TELETYPE MODEL 
43 PRINTER 

$1299.00 

IMSAI PC S-80/15·8085 
COMPUTER 

Kit 

$749.00 
Assembled 

$929.00 

SYNCHRO-SOUND ENTERPR ISES. 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 Working units on display 
Dept. BBB BankAmericard •Master Charge 
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A Minifloppy Interface 


David Allen 
Electron ics Consul ta nt 
1317 Central Av 
Ka nsas Ci ty KS 66102 

11 4 BYTEFobHw y l 918 

Floppy d isk dr ives have been around for 
some years now; the bdsic technology of 
such dr ives is well proven and the dr ive 
designs seem reliable as mass sto rage for 
small sys tems. Having used the standard 
size floppy fo r some time, my first reac t ion 
to the introduction of th e "minifloppy" 
was to view it as a cute gi mm ick, since the 
minifloppy's pr ice had not then dropped in 
proportion to its perfo rmance. 

However, after using the minifloppy for 
a whil e and having seen th e inevitab le 
dropping in price as production expands, I 
am becomi ng much more enthusiast ic. The 
reduction in bit ra te will make it easier to 

interface, and the redu ction in bit density 
should make it slightly more rel iable in 
smal l user environments. Its pe1·fm mance, 
wh il e reduced, is quite adeq uate ror many 
applications, especia ll y when its pr ice is 
taken into account. [One personal comput
ing manufacturet; for instance, markets a 
dual drive periph eral for their systems at 
a total of $7000, which is hard to find in 
a dual drive standard size floppy disk . . . 
CH] Its smal l size and relaxed specifications 
al low room for more cost cutting than the 
ful l-size design. Competitive technologies 
I ike bubble memories are pe rhaps several 
years away from eq ui valent costs per bit. 
It is th us qu ite app ropriate to give serious 
consideration to the smal I floppy . 

Shugart was firs t to arrive on the market 
with a smal l floppy, but is no longer alone 
there. Wangco has a co mpetin g drive in 
production. BASF has a drive wh ich was 
d is played at the 1977 NCC show in Dallas; 
it is reportedly just enteri ng production as 
of fo urth qu arter 1977. Micro Per ipherals 
Inc has a minifloppy drive sched ul ed for 
produ ction at th is time. A notable feature 
of the dri ve is its use of a band dr ive n head 
positio ning mechanism designed to improve 
t rack-to-track access time by a fac tor of five 
or six. Pertee has also annou nced a dr ive, 
and Radio Shack is re ported to be wo rking 
on a low cost version for use with the ir 
Z-80 based mi croco mputer system. 

Fortunately, Shugart's interface con
figuration has been copied in the Wangco 

and BASF drives righ t dow n to th e use of 
the same connecto rs and pin assignments. 
Th is makes Shuga rt 's in te1·face a defacto 
standard , as well as a g1·eat improveme nt 
over the diversity ex perienced in fu ll-s ize 
fl oppies. I hope the present plug co mpat i
bility wil l continue. 

Wangco and others are ad voca tin g an 
ANS I (American National Standards Ins ti
LU te) standard spec ification th at incl udes 
40 tracks (as opposed to Shugar t' s cutTent 
35 track maximum) . Both the Wangco and 
BASF drives write on 40 tracks. The first 
35 tracks are pos itioned in the sa me way 
as the tracks in Shugart's dr ive; the last 
five tracks were loca ted closer to the center 
of the diskette than Shugart apparently 
thought safe. If the 40 track app roach does 
get ANS I acceptance, though, it is reason
able to expect Shugart to mak e a 40 track 
version. 

How Small Flopp ies Differ 
from Fu ll-size Units 

Several significant differences ex is t in the 
inte rfac ing required fo1· the small floppies 
versus th e large flo ppi es. On e profo und 
difference is that th e former ai-e al I powered 
by DC motors. (AC motors are bei ng invest i
gated as an option by one man ufacturer.) 
This allo ws the mo to r to be powered down 
during long per iods of non usage. The power 
savi ng is such th at battery powered opera
ti on is realistic; the ful ly powered Shugart 
drive uses onl y 15 W total ( 18 in Wangco 's) , 
and a secto r can be read in less than two 
seconds of motor opera tion . Thi s sugges ts 
usage in data logging app licat ions, tradi
tiona lly th e province of casse tte drives. More 
no ticeable to a large floppy user is the fact 
that the Shugart miniflo pp y stays almost 
sto ne co ld during opera ti on. (My Memorex 
65"1 got so ho t recently due to th e combined 
heating of the step motor and hysteresis 
synchro nous drive mo tor that th e pressure 
pad ad hesive decomposed into a st icky 
goo, allowing the pressure pad to slid e off 
center and cau si ng the first hard errors since 
the 65 1 large floppy was interface d lo my 



THESSB•fSO 

FLOPPY DISCOUNT 


Affordable 
The tribe at Smoke Signa l Broadcasting took our 
BFD-68 d.isk system and sca lped the price , but 
not the features to create the ABFD-68 (Affordab le 
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 compat ib le disk 
system is $150 less than the assembled price of the 
lead ing S-100 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 we ll known fo r its f ine softwa re. The 
system comes with the best disk operat ing system 
ava ilable and we offer a multitude of other com
patible software products. These include a BASIC 
interprete r with disk file hand ling capabi lity. By 
the way, our DOS now eas ily handles true random 
access files as well as sequential. Also, we have a 
super fast BASIC comp iler for business applica
tions . In add it ion , a Text Editor, 2 Assemb lers, a 

Trace Disassembler useful for prog ram debuggi ng 
and an Object to Source Code Generator are all 
stock items available for immediate delivery. 
A word processor will be avai lable 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 build ing reliabil ity into the system. 
Our NEW disk control ler was designed using all 
we have learned in the past year about system 
re liabil ity. 

The ABFD-68 contains all the built in reliab ility 
of our regu lar 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 kee p 
our production up with demand. Give us a call and 
chances are we'll be ab le to sh ip 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 compute r store nearest you that carries our 
complete li ne of computer products. 

~ SIOD lltrlll llOIK!ml& 

:f?~ P.O. Box 20 17 . Hull ywuou. CA 90028 • ( 2 13} 462-5652 
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Figure 7: The author 's minifloppy interface circuit. This circuit uses a 4 K bit buffer memory, /Cl 0, 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 memo1y address 
space thru counters /CJ, /C5 and /CJ 1. Bit 0 (tow orde1) of the word written to memory is stored in the appropriate bit. For 
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6800 developmental system. ) The Wangco 
82 wanns noticea bl y during conti nu ous 
operation {probab ly due to its sli ghtly 
lai-ger step motor), but this is not obj ection
able. The lack of heat should contribute 
sign ificantly to long-te rm reliabi lity in the 
small fl oppie s. 

For·tun ate ly, the DC motor chosen for 
use by both Shu ga rt and Wangco is not a 
cheap cassette recorder· moto r. A tachom
eter, integra l to the motor, prov ides fee d
back to hold the speed co ns tan t. Increasi ng 
the motor's load (eg: thum b on fly whee l) 
causes no appreciable change in motor speed 
as perceived o n a strobe d isk, and no data 
errors. The service life of the mo tor is 
quo ted as 8000 ho urs, an order of magni
tude better than most casselle r·eco r·der 
types. At t wo seco nd s or less per data 
transfer, the motor shou Id last al most 
indefin itely. 

The motor is turned on by introduc ing 
a TTL zero (low) logic leve l 0 11 one of the 
inter·face lines. Shugart and Wangco both 
reco mmend a one second de lay fo r· the 
motor· to come up to speed fol lowing 
turn on, and Shugart suggests a one seco nd 
oneshot to signal readin ess Fo r· data move
ment. I provide this delay in software where 
necessary . Since many of my opera tio ns are 
man ual (i e : keyboard entered disk opcr-atin g 
system commands), inheren t delay in usage 
masks the motor 's startup latency . 

Power fo r· the unit is simp lified by the 
lack of any negat ive voltage. Only+12 VDC 
at apprnxima tely 1 A and +5 VDC at ap
proximately 0.5 A are required. 

Spiral Steps 

The Shugart and BAS F dr ives differ fro m 
full -size floppy units by not using a lead 
screw to drive the head carriage asse mb ly. 
Shugart uses a disk with a sp ir·a l groove, 
rotated by a step motor; the head carr iage 
rid es in the groove on a single ba ll bearing. 
This can be the source of co nfusing prob· 
lems during imprope r· operation, since no 
stops are provided at the track 00 and track 
35 points. The head carTiage is free to run 
out of the groove somewhat lik e the need le 
on an old record player when the song is 
over". Once the groove is lost, numerous 
step pu lses must be issued until the groove 
is aga in found and track 00 accessed. Du ri ng 
proper operation, however, th is confus ion 
sho u Id never ar ise . 

The smal l fl oppies use a track 00 switch 
to in dicate head posit ion over the outermost 
t rac k, as do the ful l- size flo ppies. Except 
for the " lost groove" prob lem described 
above and timin g of the step pu lses, hard
ware and software techniqu es used on fu ll -

size flopp ies are d irectly appl icabl e Lo the 
small fl oppies. 

Recognition of Sectors 

In the Memorex units, the IND EX pu lse 
is already separated from the SECTOR 
pulse . This is not the case with small flo pp ies. 
It is a sim ple matter to add a ones hot and 
logic gates to ext ract the INDEX pulse fro m 
the comb ined pu lse train, but this circuit 
must be prov ided by the user. 

The nu mber of secto rs for hard sectored 
systems may be either ten per track or 18 
per trac k and is so lely a functio n of th e 
diskette used. 

Speed 

The minifloppy data tr"ansfc r· r·a te is half 
that of most large flopp ies. This is due to 
the reduced bit dens ity recorded on th e 
med ia, and to the reduced di skette rotation 
speed (300 rpm) . The extra de lay due to 
in creased rotat iona l latency is qui te not ice
able to the user. 

Extracing the Data 

Simi lar to the SE CTOR and INDEX 
pulse situat ion above, the user of th e sma ll 
floppy must also se par·ate the data which is 
read from the clock pu lses. The Memo r·ex 
and other ful l- size dr ives provide these two 
signals ind ividually, but the sma ll floppies 
do n't. 

The circuit which the user must provide 
to acco mpl ish th is separnLion may be elegant 
or simpl e, depend in g on the user's needs 
and tastes. Shugan comp li cates the data 
separation prnblem by di scuss ing bit posi
tion shi fts (in tim e) due to adjacen t ones 
o r zeros. They r·ecommend differe nt time 
windows de pend ing on whether the previous 
bit ce ll was 1 or 0. This technique is in
tended to prov id e greater rel iabili ty. I did 
not use either of Shugart's recommended 
circuits; I also igno r·ed the bit shift prob lem. 
The circu it used (see figure 2) has a single 
6 µs oneshot and defines the data window 
somewhat di ffe rently. (More on th is late r-.) 
The rel iab ili ty of th is circuit is such that th e 
drive never makes ha r·d errors and rarely 
(less than one per day) makes soft errors. 
In do uble dens ity operation the more 
elegant ap prnach to the prob lem of data 
separation wou ld undoubtedly be needed. 
Fortu nately , the low bit density of the sm all 
floppy allows me to tak e a re lat ively lax 
approach. 

Shugart versus Wangco 

Both the Shugan and Wangco mini
fl oppies pass data with exce llent re liabil it y. 
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32K/16KStatic 

!!!!!~ry 

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 differen t places . 

3. 	 Wait states: none 
4. 	Speed: under 500 ns. 
5. 	 FULLY STATIC: no clocking , no refresh ing . 
6. Memory chips: High quality/reliability 4kx1 , 18 pin 

static manufac tured by Texas Instruments and second 
sourced by others . 

7. 	 Fully socketed: even the 16k board contains sock· 
ets for all 32k 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. OMA 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 
di ss ipation over 8 separat~ regulators. They are placed 
at the top of board to allow the most efficient heat 
diss ipat ion possible. 

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 would like to order lhe 1oll owing: 

Modnl 3200 32k SI.Bi ie M emory_ Assembled and 
tes ted S999. 

[ Model 1600 16k o l memory On lh e above 32k board. 
Assembled w ith soc'lce l s lor 32k and 
lesl ed with 16k. S599 . 

Model 1601 16k expans ion kll l or aboYc. $499. 

My address is: 
Name 
Addtess ___ 
City _ S1a1e __ Zip ___ 
Pnone ____ 

Call:(215)779·3677or 
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: Mode l 1601: 16k of memory to up

date the Model 1600 to a model 3200. $499. 


Enclosed is a check 01 money order lor. 

Please cnarge lhe 11em(s) 1·... e markeCI abo..,e 10 rt1y
iffil rrrn :..~;.:.:..... ;:;·:.~~ 

n111111n:~:::~;~~;}f'.:~;;~~~::'," ... ••m• 

1MCEMail this coupon to: Trace Ereclron ics Incorpora ted 
P.O. Box 3247 Hampden Sta1ion, 
Reading, Pennsylvan ia 19604 

~-----------------------------------~ 
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5 8 12 IC 2 7 b 
D 7474 
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./ 
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./ 
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DATA /CLOCK 
 L 
DA TA LATCH 
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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, IC2 la, 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 pwposes of illustration). The delayed DA TA/CLOCK 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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Note : Since this article 
was written, author Allen 
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. 

IC25 
74 0 4 

DATA/CLOCK 

(F ROM DR IVE) 


Significant diffe rences do exist between the Wangco has a second set of index and 
units, but they arc large I y mechanical; it write protect LEDs alr·eady instal led in the 
is difficu lt to fau lt either unit for its elecu-i drive that allow recording on the flip sid e of 
ca l performance, in single density operatio n standard diskettes. Shugart uses a micro
at least. switch to sense write protection, and there 

The most obvious difference is Wangco's appears to be no provision for additi on of 
use of a conven tional lead sc rew for head either a second switch or second sector LED . 
posi t ion ing, as no ted ea1·lic r. This makes Wangco's printed circui t board is an
the Wangco drive loo k like a miniaturized chored by fo ur standard 4-40 machine 
vers ion of a standard dr ive. sc rews. The body of Wangco's power con

On Wangco's drive, all parts, in cluding the nector is mounted paral lel to the plane of 
motor control ler, are mounted on a single the printed circuit board fac ing rear·ward 
printed circuit board . Wangco uses the and anchored to the board with a nylon 
Fai rch ild 7391 motor controller integrated ti e wrap. On the Sh ugart dr ive, the main 
ci rcu it, whil e Shugart emp loys its own board is gripped loosely at the edges by four 
motor controller us ing a 741 op amp plus spi-ing clips which are he ld in place by 
discrete components on a separate printed Tin nerman style nuts over plas tic posts. 
circuit board. Both Wangco and Shugar-t The board is susceptibl e to being pulled 
use the same Bu ehler DC motor and loose from the frame. Shugart's power 
tachomete r. co nnector is mounted at ri ght angles to the 

board with the lower rear corner facing 
inward . If the power cable is given a good 
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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 SCELBl'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 Scelbi/BYTE Primer is 
divided into four logical sec
tions, that take you from point 
"O" 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. 

Ci rcl e 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. 

1111 
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Over 400 pages. Selected articles 
from BYTE and SCELBI 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 dig ital 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. B Peterborough , NH 
Milford, CT 06460 03458 

Prices shown for North America n customers. 
Master Charge . Posta l and bank Money 
Orders preferred . Pe rsona l checks de lay 
shipping up to 4 weeks . Pric ing, speci fic s· 
tions, ava ilabi li ty subject 10 change wi thout 
noti ce. 

All about building a micro
computer system. Over 12 com
plete construction articles. Flip
flops. LED devices. Recycling 
used !Cs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
280 computers. Building plans 
for I/Os - 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 Scelbi/ 
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: Po wer wiring 
table for figures 7 and 2. IC 

Number Type 
+5 v 
Pin 

Gnd 
Pin 

IC1 74177 14 7 

IC2 7474 14 7 

IC3 7474 14 7 

IC4 741 25 14 7 

IC5 74177 14 7 

IC6 74125 14 7 

IC7 741 25 14 7 

IC8 74 22 1 16 8 

JC9 7404 14 7 

IC10 TMS4044-45 18 9 

IC11 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 74 177 14 7 

IC25 7404 14 7 

IC26 74122 14 7 

IC27 7474 14 7 

je rk, Lil e board co uld be clismounLed and 
the comer of the board possibly brnken 
off al the power co nnecto r. 

The two uni ts ar·e ind cd plug com
pat ib le . The con tro ll er descr·ibed be low, 
init iall y des igned for th e Shuga r·L d rive, 
passed data to and rrom the Wangco unit 
with no error·s ;rnd no wir·ing changes. One 
minor d iffe r·ence in interfacing is th a t 
Wangco uses pin 2 o f the. in terface con necto r· 
as a fou rth dr ive-select li ne; pin 2 is unu sed 
on lhe Shu gan unit and only Lhr·ec Shugan 
uni ts can be pa ralle led wiLhou l ma king 
cab li ng c h ange~. 

The Wangco un it 's head wo ul d no l load 
when firs t powe r·ed up in my demo unit. 
IL moved free ly with ri nger pressure when 
power was off, and even pu lled in with 

powe r· on whe n given <i litt le assis tance. 
Minor adjuslrn cn l might have been in or·der, 
buL I th ought that pei-l1aps gravity co ul d 
provide the needed assis tance. Th is was 
verified when the uni t was turned 180° 
on its side and it began load ing and work in g 
fl awless ly. H ~ad load solenoids have been a 
weak point of fl oppy disk d r·ives at leas t 
since the Memorex 651. 

The Prototype Contro ll er 

In order Lo gel the minifloppy wo r·king 
wilh the le asl fuss, I <J dapted lhe o ri gi nal 
contrn ller des igned fo r· the Memorex 651 to 
lhe mi ni floppy (see rigLll'e 1). Th is per
mitted use of all exis t i 1~g disk-based soflware 
with very fe w changes (see "A Floppy Disk 
I nler·face," page 58, Ian uar·y 1977 BYTE). 

The conLrn ll er- uses Lhe same 256 byte 
hard sectors, buffered in th e in terface card, 
as befo r·e. Today, 256 bytes is un necessa rily 
small. Prngrarnmablc memory pr·ices have 
drnppccl suffic ien tly lo warram Lhe use of 
a 5 'l2 or 1024 byte bL1ffe r, which could 
significant ly increase the apparent speed of 
the disk . Log istics, not economics, dictated 
lhe conti nued use or the 256 byte sec tor . 
The hardware and softwa re can be easily 
chan ged to inco rv orate a larger buffer. 

The si Ill ilar i Ly of the srna l I flo pp y con
tro ll e r to its paren t will be r·eadily app are nl 
if th e schematics ar-c compar·ed. A red uc tion 
in chi p cou nl r·esul ts from the smal lcr· num
ber of secto r·s which saves a co unter and 
bus driver, and from the use of a sin gle 4 K 
sLatic progr·ammable memory in place of 
the separate 2102s of the pa r·ent design. 

Two sepa r·a tor circuits at"e built Jro und a 
7422'1 du<J I oneshot: one fo r· sector and 
ind ex pu lses and the o thN for the r·eceived 
data and clock pu lses. The data and clock 
pulse separ-ator circ uit is r·eally just a varia
tion of Lhe secto r and ind ex circuit. In eac h, 
a missing pulse (ei th er an index or dara 
pu lse, depending o n which circu it) is being 
sough t. 

Sector and Index Separator 

Sector pu lses ar·e consistently pr·esent, 
occur·ring a t r·egular inte r·va ls in ti me. Since 
th e an ti cip ated index pu lse wil l occu r 
ap prnxirnalely midway between adi ace11t 
sec to r· pul ses, the secLOr pu l es are used lo 
defin e th e position of a sam pli ng window. 
Th e oneshot is used as a gating signa l to str ip 
Lhe index pu lses o u\ of the sec tor pulse 
Lrai n. 

In the sector an cl index pulse se parato r, 
the window begi ns a l Lhe u·ail ing edge of 
each inpu t pu lse. The presence of th e win
dow (ie: onesho t fi r·ed bul not ye l rnn out) 
enab les ~. ga te which wi ll then pass any 
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No, It Doesn't Cost 
a Million Bucks, 
ItJust Works Like 
It Did! 

The MSDD-100 Floppy Disc System offers 
you an inexpensive, modern way to get real 
data processing power from your S-100 Bus 
Computer System. Disc storage is a must in 
every microcomputer. With the MSDD-100 
system, this power doesn't cost much more 
than cassette , and is far faster. 

For business applications, disc storage is 
an absolute must. fhe MSDD-100 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 . Program 
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 handled 
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-100 Disc System is 15 ,000 
characters per second.That's fast! 

You can easily put over 90
1
000 characters 

of data on a single diskette, aoout 5" m 
diameter. The MSDD-100 controller wiU 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 stor'age. 

Far $599, you get the unique, mo~ern 
MSDD-100 Disc Controller Card, the industry 
standard Shugart SA-400 Floppy D.i~c. Drive, a 
comprehensive manual , system utilities 
softWare and patches into altair basic, and a 
preassembled cable. We offer fully integrated
SK and extended basic languages at nominal 
exlr'cl cost. That 's MSD! 

Circle 80 on i nq u i ry ca rd . 

MSD Gets Down to Basics. 
Microsoft , the company that created the 

popular, widely used altai r basic, .wrote MSD 
Disc Basic , SK and extended versions. 
Microsoft basic is well know for its power and 
speed. MSD bings you this language for the 
MSDD-100 Floppy Disc System. MSD offers. the 
first reallycompact disc basic , our SK version, 
and extended basic ,with powerful feature~ 
such as double precision number processing, 
formatted data output, multiple data 
terminals, and most efficient memory usage. 
This fine software is now available to every 
MSDD-100 user. MSD basic is also fully 
compatible with the MSDV-lOOvideo system. 

,,. 
¥In 'f 

~. 
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..,.. -

The MSDV-100 video display system is a 
powerful, S-100 compatible video output 
device. With a high resolution SO x 24 format. 
The small system user can now have a 
sophisticated video display system 
comparable 10 the most expensive of video 
terminals. You don't have to settle for less 
anymore! . 

The MSDV-100 Video Display System is 
designed around a custom AC:511 character 
set. Vertica l lines, horizontal lines, 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-100 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-100 driving 
software, the MSDV-100 becomes an elegant, 
sophisticated video tenninal with scrolling 
and cursor control. Full compatability with 
MSD basic, of course! 

c~ 
271!1~ So.Colo111do Bl 11d. SL111• 110 O.nw• r. CO 86222 jJOJ) 156-1il• I 

Sanyo Monitor (VM4209) .......... $150 
Micro-Floppy Oise System ... . .. . . $499• 

(Assembled) . .. ....... . ....... . $599• 
Video Display System ..... .. .... . $285 

(Assembled) ..... ... . .. . .. . .. .. $385 

Additional Drive rs .. ... ... .. ..... $350 ea. 

Diskettes .... .... . . ........... .. .S4.25 ea. 

•Power Supply not included. 

Micro-Floppy Oise System . . . ... . . $599 ' 
(Assembled) . .... . .. .. . . .... .. . $699 

Price Increases Effective Feb. 1 
To place Order. send check, money order or BA 
or MC Card # with exp. dale and signature. 
Uncert ified checks require 6 weeks process· 
ing. Phone orders accepted . 
Please Send me lhe following : AMOUNT 

TOTAL: 
Name 

Address 

Cily. Slate. Zip ---- --- - 
0 Send me more information 

BYTE Ft·bu1J ry 1978 123 



pulse so long as the window is still open. 
The wi ndow closes befo re the n xL input 
pul e, so on ly an index pu lse, if presen t, 
can pass through to the index ou tp ut. Th e 

Double Density Operation 

Mu ch of the interest surround ing 
flop py d isks, large or smal I, centers 
on doub le density operation. Vario us 
schemes ex ist for recording twice the 
usual amo unt of data on each ector. 
Th is possibility stems from the fact 
that the FM encod ing used on the or ig
inal flopp ies is inefficient in the num ber 
of fl ux changes used per data bit. By 
switching to a more effic ient encod ing 
technique (eg: MFM, M2F M, Modified
Miller, GCR; see IEEE Spectrum, Jul y 
1977) twice the amo unt of data can be 
recorded on each sector with lit tl e 
or no inc rease in the number of flux 
cha nges. The new encod ing techniques 
are a mixed blessing, however, since 
their bandwidth requirements are dif
ferent from FM, their to lerance of the 
"bit-shi ft" phenomenon is different, an d 
they require a more complex data sepa
rator and decoder. FM encoding is stil l 
the easiest, cheapest, and most reliab le 
technique. 

Of the alternative codes used to 
achieve double density, GCR (Group
Coded Recordi ng) looks quite attractive. 
Micro Peripherals Inc has implemented 
dou ble density using GCR in a full size 
floppy disk and controller system cur
rently being 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 advan tages, but, since or
dinary NRZ has no clock in g information 
and a potentially high DC content during 
long strings of ones or zeros, the data is 
reformatted to eliminate the long strings. 
The reformatti ng converts each fo ur bit 
group of original data into f ive 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 
al l in one state . Reformatt ing in GCR 
can be accomplished in software, as 
opposed to MFM, etc, which almos t 
unavoidably mus t be encoded and de
coded in hardware. Thus, GCR has good 
possibilities as a low cost, high reli a
bility scheme for achieving doub le 
density . 

compl ement output of the oneshot is also 
used: if the window is open for ind ex pulses 
it is thus closed to sector pul ses, and vice 
versa . Thus, the same window which keeps 
secto r pulses out of the index pulse line 
also keeps index pLi lses out of the sector 
pul se line. 

Data and Clock Separator: 

The FM data and clock separator used 
in th is contrnller is cons ider«1b ly simpler 
than Shuga n's recommended cir·cu it. It 
evolved from an understanding of two ba ic 
functions which must be provided by any 
such separator: 

1. 	ex traction of clocki ng information 
2. 	 latch in g data and ho ldi ng it long 

eno ugh fo r· tr'ansm ission to the using 
system 

Shugart's use of the oneshot mixed these 
two functio ns together, and cornpli c<1 ted 
a simple task. The oncsho t should be used 
on ly for the purpose of clock ext r·action · 
use of the oneshot to provide a window ro/ 
d<1 ta taking wil l resu lt in red uced to lerance 
to 	bit shi fts . The circuit of figure 1 shows 
the clock exuac tor and data bit latch 
separately. 

The clock exuacto r· uses the oneshot to 
strip any data pulses out of th e data and 
clock pulse train . The onesho t's time inte rval 
ex tend s from the leading edge of the clock 
pu lse pas t the trailing edge of any data pulse 
which might appea r· within the bit cel l. The 
onesho t will then be triggered onl y by clock 
pul ses, and wi ll likewise set the clock n ip 
flop at each clock pulse's leading edge. The 
clock flip flop wil l be reset promptly at the 
trailing edge of the incoming pulse. The 
inverter, IC25b, provides prnpagation delay 
to help insure that the clock fl ip flop can be 
set by th e oneshot. The output of th e clock 
flip flop is a uain of clock pulses (no data 
pulses) wh ich are sy nchron ous with and 
lightly delayed (by a few nanoseconds) 

from the incoming clock pu lses. 
These dei-ived clock pulses are subse

quently LI Sed in the data bit 1·ecover y process. 
The window during which a data bit might 
appear is ideally descr ibed as th e interval 
between the trailing edge of one clock pulse 
and the lead ing edge of the fol low ing clock 
pu lse. The data bit la tch, IC27 a, is the r·efore 
set by the trailing edge of any pL1 lse o th er 
thJn the clock pul se. Although both data 
and clock pulses arc present at the cl ock ing 
input to the data flip flop, it discri minates 
aga in st clock pu lses because the derived 
clock pul se are presen t at its data inpul. 
The dual inverters, IC25c and IC25d , pro
vide propagation delay which fac ilitates dis
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cr imi11 atio11 against clock pulses. Thus, any 
pu lse that is not a clock pul se will set the 
data bit latch flip flop and be held unti l the 
tra ili ng edge of the next clock pulse. 

Other Functions 

Since the derived clock pulses are ap
proximately 1 µ s wide, they can be used 
direct ly as write pulses to store Lhe data bit 
into the progr·amrnable mem ory. The prop
agation delay mentioned above also provides 
a slight data hold time which insures that 
the data will be stab le at the programmable 
mem ory's input through out the duration of 
the wri te pulse. 

ICs 3a and 3b serve, as in the previous 
design, to synch ronize the reading and writ
ing opera tions 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 al low 
the control ler to take control at the ap
prop riate time; ie: if the host processo r 
wants to write to sector· 3, it must request 
th is sometime dur·ing the reading of sector 2 
so that the controller will be set up and 
ready when sector 3 rolls arnund. 

Software 

I have modified the software, which was 

previously developed fo r use with the 
Memorex 651 large fl oppy, for use with the 
small floppie . The most notab le change is 
in the number of sectors pCI" track, which 
is now ten for the small flopp y with the 
SA-107 type med ia. Since the sector size of 
256 bytes i unchanged, no radica l changes 
were necessary in the or iginal software. 
Th e software t ill fits into a l K byte read 
only memory when used in co njunction with 
a Motorola MIKBUG sys tem . When used on 
nonM I KBUG systems, an overhead of 100 
or so bytes will be incurred to support the 
charac ter pr inting and rece iving routines. 

Summary 

A small floppy in conjunction with the 
control ler of f igure 1 represents perhaps the 
cheapest and easiest way to add a fl oppy 
disk to a small system. 22 common TTL 
in tegra ted circuits and one MOS integrated 
circu it memory (which is second sou rced 
and should be readi ly ava il able) ar·e used. 
The contro ller requ ire no adjustments 
provid ing that su itab le qu lity com ponents 
are used. Sector buffering on board is agai n 
used to fac ilitate independence of any 
particular processor or sy Lem configuration 
an d permit concu rrent interrupt handling 
where desired. • 

Copies of the software 
for the in terface are avai l
able from the author !com
plete assembly listing on ly, 
no object tapes) for $10. 
Persons interested in a 
p rinted circuit board or 
complete kit, single or 
double density, are in· 
vited to inquire about 
Altair (S-100) and SwTPC 
bus compatible vers ions of 
this controller. Please ad
dress al I correspondence to 
me at the address shown 
at t he beginn ing of this 
artic le. 

At last...DIP Jumpers 
for Faster & Easier 
connections. 

AP DIP Jumpers are the low cost high 
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- li ne 
probeability. Contact material is non-corro
sive ni cke l s ilver.Dielectric is 94 V-0 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. 

AP PRODUCTS INCORPORATED 
Box 110 • 72 Corwin Drive, Painesvi lle OH 44077 

~ 
~ 

(216) 354-2101 TWX: 810·425-2250 
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PROC.RAM 

~·I( 'IH,(~0,1PlT'l 'E llS 
And at an affo rdable price. The 
Modu -Learn"" home study course 
from Logical Se rvices. 
Now you can lea rn microcomputer 
programming in ten comp rehensible 
lessons . Al home. In you r own time. At 
your own pace . 
You lea rn to so lve complex prob lems 
by breaking them down into easi ly 
progrsmmed modules. Prepared by 
p rofessionsl design eng ineers. the 
Modu-Learn ™ course presents sys
tematic software design techniques, 
s\ ruc\ured program design , and p rac
1ica I examples from real 8080A 
micro-computer applications. All in a 
modu lar sequence of 10 lessons 
more than 500 pages. bound in to one 
pracl ical notebook for easy reference. 
You gel diverse examp les. prob lems, 
and solutions. With thorough back
ground materia I on micro-computer 
archileclure. hardwarelsoflware trade
oils. and use fu I reference tabl es. Al I 
for only $49.95. 
For $49.95 you learn des ign tech
niques that make software work for 
you. Madu-Learn™ starts with the 
bas ics . Our prob lem-solution ap
proach enables you to "g raduate" as 
a programmer . 

Ci rc le the rea der service number be
low to receive our free descriptive 
brochu re and course outline. 
Use you r Master Charge or VISA 
ca rd lo order today. Cal l Pat at (415) 
965-8365. 

Circle 65 on inquiry card. 

711 Stierl in Road 
Mountain View, CA 94043 
(415) 965-8365 

LOGICAL 


As" EYTE 

TTL TO DRIVE LED s? 

Are TTL integrated c i rcuit devices 
able to drive LED display devices with 
just a current limiting resistor? 

M V Ami ot 
JR Marcel Doret 

92140 Cla mart FRANCE 

Yes, it is done quite frequently both 
in produc I ion and in homebrewers' ci r
cuits. Th e following is a 1ypiwl con
figuration using a 7404 . 

+5V 

Note that the critical sp ecificution to 
consider is the lo1v level output current, 
noted in the Texas Inst ruments TT L 
Data Book for Des ign Enginee rs as 
I OL . Most TTL integrated circuils can 
sin k a current of 16 mA, corresponding 
to a fanou t of I 0 uni/ loads al /he inputs 
of other TTL gales. Using one L ED with 
dropping resistor and a 76 mA curren1 
would be within nominal specificalions 
over /he entire 1emperature runge of the 
part; in fact, however. ratings ore con
5ervati ve and an upper bound on the 
actual L ED drive curren1 possible is 
the short circuit output current of the 
TTL gate, typically abou1 50 mA. 
(Manu fac turers do not recommend 
shorting more //Jan one output of a 
package at a single lime.) Who/ this 
means is that by using somelhing less 
than a short circuit level of curren t 
it is possible .to drive perhap s 20 to 30 
mA and get a brigh ter display 1han 
that provided by /h e nominal 7 6 mil. • 

WHAT DOES REFRESH ING FROM 
MEMORY MEAN ? 

Since APL uses scads ot memory , 
and tl1e mosl drastic red uc l ion i n 
memory pri ce ($1495 fo r 64 K f rom 
Extensys Corpo rati on) is for a dynam ic 
memory, a crucia l rroblem for AP L 
wou ld be its use with a nonstatic 
memo ry. 

A ll en i\twoocf's art ic le in August 
1977 BYTE (page 108) says " One wou ld 
no t wan1 10 refresh a displa1• from 
memo ry using APL." Wh y wouldn't I ? 
A t these new low pr ices, I am ve ry much 
interested. Is t his memory refresh ing 
difficu ll y just for the 8080 , wh ich 
Mr Atwood 's article is about, or fo r 
other microprocessors also? 

Zilog's techn ical manual for the Z-80 
stales that t he Z -80's Memory Refresl1 
Regis ter "enables dynam ic memories to 

be used with the same case as s1a1 ic 
memories." E · tensys says that its 
memory boa rd has "comp le le dynamic 
refresh logic." My q ues ti o n is, can A PL 
be properly imp lcmc n tecf on t l1c Z-80, 
using the much cheaper dy nam ic 
memory? 

Henry Wi ll iams 
4323 Gleneste-Wi thamsville Rd 

Cincinnati OH 45245 

\' our question is due lo two different 
uses of the concep/ of "rerresl1ing' · 
someihing. In the contex t or dynamic 
memory sys tems, refreshing refers 10 the 
technique of assuring /hot e1,ery memory 
region of rhe chips is refe renced re
peatedly with a cerwin minimum fre
quency of reference. This dynamic 
memory refreshing requirement is in · 
variably satisfied in hardware, whe r/1cr 
on the memory board itself us in many 
of /he availabie memory boards ar by 
logic bui/1 into the proces.~or design 
such as the refresh algorithm of lhe 
Z-80. 

Allen Arwood wus referring 10 a 
differen l concept, namely refresh of 
visual displays, and in particular the 
classes of displays which require ex
plicil programming to genemte their 
data on a con tinuing basis. Typical 
classes of displays which require con
tinual programmed refresh include 
vector displays and point displays. 
(For an example of vec tor displays 
see Steve Ciarcia's article on page 78 
.of November 19 76 BYTE; a1101her 
example is provided by " Th e Beer 
Budge/ Graphics Interface " of Peter 
Nelso n, seen on page 26 ol N01,ember 
7 9 76 BYTE, and used for the output 
of Dm,e Km glinski's program described 
in "How To Implement Space War" 
in October 7977 8 YTE, page 86.) In all 
such programmed display refresh tech
niques, assembly language on the rypical 
processor is barely fast enough fo r 
flicker free images of reasonably com
p/Ex piuures. Use of any high /e,1e/ 
language in te1pre ter (including APL , 
BASIC, elc) is more than likely to be 
too slow. Bui as in the case or dynamic 
memories, many display 1echniques 
invol ve hardware refres/1, in which case 
the speed of programmed refresh is not 
a question. 

In short, since dynamic memory 
refreshing is a hardware tasl?, I/1ere is 
no memory refreshing difficulty with 
respec t to APL, or any other languoge. 
An important point rela1ed to th is is 
the fact thor as far as APL or any o ther 
high le •,el language is concerned, there is 
no t one bi t of difference between a 
stalic and a dynamic vola tile program
mable memory tec /111 0/ogy: both forms 
of m emory lose all data w/1en power is 
removed; both forms act as a main 
memory resource 10 the computer. It is 
true Ifwt dynamic memory mus/ use 
"hidden refresh" schemes to be truly 
equi'/a/ent to static memory in all as· 
pee ls including access time and wait 
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sta l es; bu t !his differe11ce only has 
significance if y ou are trying lo use 
pr ogrammed timi11g loop s and the p ro
cessor'.< crys tal cl ock ro make m easure
ments of time. I t is true that stat ic 
memory has a higher parts count (32 
chips for 16 K bytes static versus 8 
chips for 76 K by tes excluding refresh 
logic f or / 6 K bytes dy namic). I I is also 
true that static mem ory consumes 
perhaps t wice as much power as the 
equivalen t dynamic memory . Bu t rhese 
fac tors are no t major ones in many use r 
orien1ed siruations: it is mem ory capa
city wl1ich counts m ost in the choice of 
the p roduct, no r how the memory is 
implemen1ed. 

In ch oosing a personal computer sys
tem, the choice be t ween static and 
dynamic has all t he f unctional distinc
tions for the user of the choice berwee n 
square headlights and round headl ights 
in a car : bo th worli , both p er form their 
fl 111 c t ions . . . CH• 

EYTE's Eits 

The Fu ture of Personal Computi ng 
at COMPCON 78 

The pe rsonal com pu ter indu stry is 
just abou t three yea rs ol d; in fact, the 
fi rst persona l co mp u ter wJs in troduced 
in Janu ary 1975, by M ITS Inc, Al bll
qucrq uc NM . Su bseq uent ly , an entire ly 
new industry has appea red, in cluding 
hardware m an u fac turers , soft ware 
sp~cia li s t s, retai l stores, tra de publ i 
cations and comp uter tra de shows. 
Perso nal co mputers have already had 
a profound impac t on hobbyis ts an d 
indu stri al use rs. Wi t h the deve lopment 
of new app li ca tion software , m icro 
compu ters arc rap id ly bei ng ad ap ted 
fo r business, professional and educa
t ional uses. In just three yea rs, per ona l 
compu t ing has bee n pla ced wi th in the 
reach of every consu mer w i tl1 as ye t 
unde term ined and possi bl y far reac hing 
conseq uc nccs. 

Wi th these poi n ts in m ind, CO MP
CON 78, j ack Tar Ho tel , San Francisco, 
February 28 thru March 2 1978, wi l l 
present a look at the phe nome non of 
personal co mpu t ing. Four pan el sess ions 
have bee n arranged wit h ex perts who 
will be d iscussi ng va rious aspec ts of th e 
com pu ter revol u t ion . These panel ses
sions stML at 7 PM and cover topics such 
as " Women 's Contribu t ions in Innova tive 
Co mputer A pp li ca t ions" on Monday , 
" Robo tics and Bion ics " on Tue day, 
"Edi tors of Com puter Magazines" on 
Wed nesday, an d "Compute r Art and 
Mu sic" on Thursday. Each sessio n is 
arra ngcd to provide a b road spec ! ru m 
of end users with the o pportun it y to 
hear about and d iscuss the lates t ad· 
vances in eac h of these areas. Panel ists 
include ex perts in computer base d 

Introducing 

Bit Pad. 


The new, 

low-cost digitizer for 


small computer systems. 

Bi t Pad 1s the newest product from Summagraphics the leading 
producer of professional d1g11izers. I I has a small 11 -inch active area and 
a small $555 price tag But the lis t of applications is as big as your 
1magina11on 

Better lhan a joystick or keyboard for entering graphic 1nformat1on. 
11 converts any point on a page. any vector. any distance into its digi tal 
equivalents It's also a menu for data entry You assign a value . o r an 
instruction to any location on the pad . At the touch of a stylus. it's 
entered into your system. 

Who can use 1t? Anyone from the educator and lhe engineer to the 
hobbyist and the computer games enthusiast. The data structure is 
byte oriented for easy compatibi lity with smal l computers. so you can 
add a power supply, stand-alone display, cross-hai r curso r and many 
other options. 

$1 ,000.00 creativity prize . You can also add $1.000.00 to you r 
bank account as a reward fo r you r inventiveness. Just write an art ic le 
on an or-ig inal 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 
Summagrapl11cs for rules concerning this offer. 
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bio·feeclback, members of the US 
Robotics Socie ty, in dividuals invo lved 
in ed ucat ion al represen tat ives frorn 
seve ral of the major manu fac turers of 
microcomputer equipment , and experls 
in com pu ter art and mus ic. 

Hopefull y th ese discussions coL1l d 
help shape the future of personal com· 
puti ng. Spec ial ex hibi ts wi l l also be 
ava il abl e for hands-on learn ing: from 5 

PM to 10 PM Monday thru Wednesday, 
aue nd ees wi l l be able to get firsthand 
experie nce with broad range of 
cqL1ipn1ent in cluding speec h sy nthes izers , 
video termi nals, d isk sys tem s, code 
gr<1phics , an d a wide range ol micro· 
co m pu ter m;ii n frames and periphera ls. 
The con ference registrat ion fee covers 
aucncl ancc al all per onal com puting 
sc sions anti ex h ib it s. There i · a rcgis· 

tration fee o SS for indiv idu als wishing 
to only at tend the personal computing 
sessions and exhibits. 

Organ izers Al ice Ahlgren, marke ting 
manager, Cromemco Inc , Mountain 
View CA 94040, (415) 964-7400; and 
Robert A lbrecht , Author, Drago n, an d 
Friend of Chi ld ren, Menlo Park CA 
94025, (415) 323-6 11 7, will be glad lo 
supply more in fo rm at ion. • 

Circle 84 on inquiry card . 

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 

Writeand 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' 

SPECIFICATIONS 
ELF 11 re:uures an RCA 
COS~I AC CO MOS ~ - bi< 
microprocesso r address· 
abk 10 6 4k by te s \\"ilh 
OMA. interrup t. 16 rci!is
:ers. AL U. 256 by re RAM . 
full hex keyboard. two 
t.li{! il hex o u1pul dispkl)' . 
5 s lot plug-in expansion 
bus. stable crn tal clock 
ro r liming pu rposes and a 
d o uble-sided platcd
lh rough PC boord plu s 
RCA t86 1 video lC 10 dis
play an y sc~mcnt o f mem
ory on a vi deo moni to r or 
TV screen. 

USE ELF 11 FOR ... 
GAMES 
Pray ln11uac1 Ive keyboard games . 
games with ana loQ inp u1s, games 
ulil lzln9 ~ou r TV se t tor a i.ildeo 
di splay! 
GRAPHICS 
Cre ate pittures , designs, alpha· 
numeri cs and rabulous animated 
errecls on your TV screen 101 
hour after hour of fami ly run l 
CIRCUIT DESIGN 
De s.ion circu ils usinQ a micro· 
processor . Use- ELF 1l as a 
coun le-r, alarm syste m, lo ck. 
con1roller, the rmos tat, limer, 
lelephone dia ler. etc. Tile pos·
sibilllies are Infinite! 
Comins: Soo n~ 
Extl usi .., e Netron1cs Plug · ln 
Prog ram Oebugoer and monilot 
allows visua l displ ay of any 
prooram on a clock pulse by 
clock pul se basis 10 he lp you 
lea rn p1ogramming f·a ·s·tl • 4k 
memory • Cassette 1/0 • 0 to 
A. A to D • Control ler plug-Ins . 

RCA COSMAC microprocessor/mini
computer 

ELF 11 $9995 
.-------SENDTODAY------,
I 	 NETRON ICS R&D LTD .. Dcp<. BY 2 

33 .'\ Litchfield H. o:ul. New ~·1il furdI \"es : I 1w111t to nm prr>1-: w 1111 at 
Imm•· aitd ht1 t' t' <'t1t'/05,•tf : 
0 S99.9S pl us $J p&h fo r llCA 
COSMAC ELF II kit. Fea lurcd 
In POP ULA R ELECTRON ICS. 
l ncluc.Je ~ all componcncs p Ju ., 
cvc rythmg )' Oll need to \\' rit<.' 
a nti run machi ne lan(!u:i~c pro 
grams plus lhc new Pix iL.' ch ip 
lhat _lei s yo u displ :t)' \' ideo 
(f raphtcs o n your TV screen . De · 
~ i 1_e ncd to give c n l_,:l nect s praclicc 
'" · com pute r pro(!r:unm ml! :ind 
microprocessor circuit ll csii;.n . 
ELF 11 is a lso pcrfc c l (or collcj.:C 
and coll cp.e·bound s1udcn1s fwho 
must understand compul er~ fo r 
nny engineering . ~cie n1 ific or 
busi ness cu rcc r ). Easy in'l ntC· 
tions f:tCl )'OU st a rtcc.J right ;iway. 
even if you' ve neve r used a com· 
puicr before! 

A s your need for compu tin ~ 
power grows, live c;1rd exp;rn· 
sion blls (less co n nec rnrs) allows 
memory expa nsion. program de· 
buirnc r / mon ito r . cassette 1/ 0. A 
to D on<l D to A ct'nvcr tcrs . 

. CT 06i76 Pho ne (~0.l ) 354.9375 
c.:o n 1ro l h:r~ . l'h.' . (soon 10 he 
ava il able ;1s kits) . Mn nua l in · 
clue.Je s instruc1ions f1lr assembly, 
tcs t inl! . programmi n J!, video 
i:.r :1phk~ .1 n<l )! :1mcs 11/tu how 
you 1.::.tn ge t ELF I I User's Clu b 
bu llcl in r;;, K it l' ::ln he assemblc<l 
in a sini,:lc l"\' Cni n~ and you 'll 
still have lime t(, run p rograms , 
inc luding p;:un es. video j!rnph ics . 
cont ro llers. etc . . before l!Oiny 10 
bed ! 0 S4.95 for 1.5 amp 6.3 
VAC power supply, required for 
EL F II kit. O SS.00 for RCA 
IRO:! User's Manual. 
0 I wnnt mine wired and tes ted 
wi th lhc 1mw0 r transformer nnd 
RCA 1802 USl' r's \bnual for 
$149.95 11lus SJ 11&h. 
Con n. res . :i.<ld sales 1a x. 
NAME____ _ ____ 
ADDI' ESS 

' ------ 
C ITY 


STATE-ZIP ____ _ 
0 S end in fo on other kitl'i! 

..~~·~~~b=~'=·-~~e~=l~~e~ ...I 

A Course 

A 2 week course in the fundamenta ls 
of digital elec t ro nics and microcompute r 
inter fac in g will be held at Vi rg ini a 
Mi l it ary Inst i tute f rom Jul y 17 thru 
Jul y 29 1978. 

For inform at ion and reg istrat ion 
fo rms write to Dr Ph i li p B Peters, Dept 
of Physics, V i rgini a Military Institute, 
Lex ington VA 24450. • 

A Note for Robot Experim enters 

The September 1977 iss ue of Dr 
Dobb 's journal, vo lume 2, n umber 8, 
arrived here recent ly. In it reade rs will 
fin d a co ntribution en titled "An Inter· 
active Programming Language for Con· 
trol of Robots" by Li che n Wan g. The 
item includes a description of the Ian· 
guage, as wel I as 8080 code for the inter· 
pret ive langu age, assembled begi nning at 
locat ion 0 in add ress space and assu ming 
per iphera ls in the form of a Processor 
Technology VDM · I at loca tions CCOO 
to CFFF and an ASCII key board input 
port. T he robo ts envisioned by th is 
software are represe nted as sim ulat ions 
on a grap hic d isp lay, a useful fi rst step· 
toward s deb ugging and implementation 
of motion programs and strategies. Or 
Dobb's journal can be reached at POB 
E, Menlo Park CA 94025 . Back issues 
are ava il able while they last at $1.50.• 

$ 495ALPHA z- 80 
ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 17 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z-80 CPU BOARD: All Sockets Included, Gold Con
tact Fingers. H igh Quality G lass Epoxy PC Board, 
Double-S ided, Plated Through Holes, Requires Only 
+ s voe / soo MA. 

NOTE: 22 SLOTS/30 AMP POWER SUPPLY - $595. 

ADS also se ll s IMSA I and NORTH STAR Assembled at K it Prices+ LEAR 
SI EGLER ADM 3A Assembled at $888.00 _ TERMS: Cash with Order. 
Prices inc lude Freight. (N .C. Residents add 4% Sales Tax.) 

ALPHA DIGITAL SYSTEMSADS 0 3ra Acquisition, Computation anJ Control 

ROUTE 4 BOX 171A 
BOONE. NORTH CAROLINA 286071111 
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Circ le 79 on inq u iry ca rd. 

llleris ~"11 

~ewslette~s 


Cond ucted by David Wozmak 

App le I Li brary 

A so ftware and ha r-dwar-c libr-ar-y fo r
App lc I users has bee n started, and al l 
matcr·ial wil l be avail able to in terested 
people at cost. If you wis h more infor
mat ion, write to Joe Torze wski, 51625 
Chestnut Rd, Gra nger IN 46530. 

Hobby Computer Club 

Loca ted in Belgiu m and the Ne ther-l ands, 
the Hobby Co mpu te r Club is a Du tch
spcak ing clu b with more th an 230 members. 

Their first ce ntr-al meeting, held o n 
Octobe r- 3 ·1 1977, was a big success, with 
more than 140 rnembe r·s atten di ng. Ten 
diffe rent types of comp uters were presen t, 
an d th e sp irit of the members was high. 

At the pr·esent t ime abo ut one third of 
the cl ub's members have co mputers up and 

t1PI 
QUALITY CONTROL TES T 

l'E, 81j1<' 0 TE<.T ?Ii~ Bid ! FSZ32 S£f: IAl f'ORT 
1·( ,T%~0 TE·: T 3~~ 8HIJD CURRHO LOOP 
1)1: c llll TbT %•)(' ~•1UQ ~'2:;~ SERIAt. FORT 

~UF C~ WRA P ARO UN D 
I~~• ': •. 7 :·:<·'. :;.:..;7+;· :' ...~· t .::3-l ~fS9u l .:.'34 56i"B'9(J 

';§~;~:~~~r.~-~~l~·'}~~~jJ~ii"J 


Need Hard Copy? 
TRY OUR SOFT PRICES 

5425 
Com11J~1 t n slrtncJrtlonp 110 colum 1· imn.1c t r io t rnri tn:x pr 1n 1rr w i th tl 64 
C-ll;i1 arlrr ASCII <::a~ 1 lnclJJrles pnwr r s 11rr) l y Cil5f'wnr J.:. .1nrl ml\'r r.1r:0 
r•1r'(' 1ron1cs lor connPCl 1o n In .1 rn 1n 1 rn1c;. n prnc:Pssor p;1r:t 11rl r'l f'U 1 

Sr11 ; t l 1n ' r 1d.ilt:(' V( 1 r <; 1ons ro 1 RS?J? Cl Ir 1""11 1 lno ri .:lf'IPl1C";111 cin5 S l .:111 ; l[ 

~~ 7~J 1n ~ mqlt.., qn:in t11y 

~~ lll I RIFRE E ~~T:SEN DFO ::~URE6 2
~ Sall Lake C ity , Utah 84122 
~ (B0 1) 364-2411 

THE SCELBl/BYTE PRIMER 
T he p roblem so lver is here ! The Scelbi/BYTE Pr imer is m o re tha n a refe rence book, 
more than an idea book . I t is a t ru ly au th o rit ative wide ranging text. fea tur ing ar ti cles 
by m ore than 50 recogni zed professio nal au thors who know and love mi crocomputers . 
Wh ether you ' re jus t learn ing the basics o f p rogramm ing, a business person l oo k ing tor 
ef f ic ien t methods of inven tory cont ro l and stock mar ket analysis, or an o ld ha nd in need 
of i n forma ti on on design ing your own assembler, t he in formation you need is l1ere . 
Many glossar ies , pro fusely i llus trated, over 4 00 pages. You won ' t w an t to be with o u t t hi s 
mu st text from th e leaders in the f ield. Onl y $ 10.95 p lus 50 cents fo r pos tage an d hand
l ing. Send coupon today or dial your order on the B ITS toll free h ot l ine : 800-258-5477 
(book orders o nly ). In New Hampshire, call: 924-3355, 9 to 5 EST. 

r---------------------- ----- 
Please note: The BI T S ho t l ine opera'tOrs 1 Name 

are equ ipped to handle Bank A meri card and 
Maste rcha rge custom er orders o nly . Please I Add ress 
have y ou r c redi t ca rd number ready before I 
you cal l . I Ci t 	 Sta te Zi

We invi te deale r inqu i r ies o n the Scelbi/ 
BY T E Primer . I 

I SC ELBl / BYTE PRI M ER Book(s ) @ $ 10.9 5 S _____I 
Postage, 50 cenrs $ ______ISe nd today to : I 	 $ _____ _Total 

BITS, Inc 	 I 
0 Check encl osed70 Main St I 

Peterborough NH 03458 	 I 1.. . D Bi l l MC# _ _,._ __ j___j_ Exp. Dat e ______ 

I :;; 0 Bi l l BA # _ __j_____L__L __ Exp. Date _____ 

I Si nature 
De aler inq uiries invited . 

1 Jn unusual cases , processing m ay e xceed 30 d ay s. 	 I 
...__A.l l o r_ _ _ _ _1__ _ _ _ _ _ _ _ _ . -------....i _ Yo~m_:~oLo:i:_ th is_:_a~i~: wi s~~.,-=~o_: BYTE_:~t~_--__ _ _ d ers n u s_L_b e p r ep a.i·d	 _) 
Circle 9 on inquiry card . 	 BYTE Fcbrvary 1978 129 



___

Circle 7 1 on inqu iry card . 

THE BETTER BUG TRAP 

DEBUG 

AND 


CONBUER 

Alt a ir/IMSAI compatibl e board ca tches program bugs and 
provides timi ng for rea l-ti me app licat i on s. 

Fou r hardware breakpoint addresses. Sof tware breakpoi n ts 
o nly p oss ib l e a t i n str u ctio ns in RAM. Beller Bug Trap 
br ea kpo in t s ca n be in ROM or R A M , a nd at da ta or 
in str uctio n s in memory, in pu t /ou tpu t channels, o r swck 
locat ions. 

Board ca n stop CPU or in terrup t CPU at a breakpoin t. 

R ea l - tim e func t ions: wa tchdog t imer, rea l·ti me cl ock l fo r 
t ime o f day clock ), interval ti mer. 

Sophist icated timeshar i ng made possib le I 

Unique interrupt structure: generates a CA LL instr uc tion to 
y our subroutine any where in mem ory . no t a AST ! 

Addressed as memory . A ll parameters se t easi ly b y so ft ware. 

All this and more f0r abo u t the p rice of a real- t ime clock 
board , but nothing else does the job o f the Better l:l ug Trap. 

$1 80, assembl ed and tested. 2 manuals p lus software. 90 day 
warran ty . Shipped UPS. Del ivery fr o m stock. 

fli r r n n i rs inc. 
BOX 3514, 123 WEST 3RD ST., SUI TE 8 
GREENVILLE, NC 27834 

canada Boards DO Something
s ys tems, inc . 

lill ' -.- .--- , CL2400- ' -.. =-.,I I· 
Real Time Clock'' If: 1:-i; · .1- I I I _........... _ i ......• ' . 
 $98- Ki t $1 35-Assembled 

If your system needs to know wllat time ii is , our CL2400 is 
tile board for you . The present tim e in hour s. minutes. and 
seconds is always available for inpu t. and is co ntinu ously 
updated by the highly accura te 60 Hz power line frequency . 
Need peri odic inter rupts? The CL2400 ca n do th at. too. at any 
of 6 rates . Reference man ual wi th BASIC an d assemb ly 
language software examples included . 

PC3200 
Power Contro l System 

PC3232 S299-Kit S360- Assm . 
PC3216 S189-Kit S240- Assm. 
PC3202 S39 .50-K it S52- Assm . 

II your system needs on l oll control of li gll ts , moto rs , 
appliances , etc ., our PC3200 System components are l or 
you . Control boa rd s allow one 1/ 0 port to contro l 32 (PC3232) 
or 16 (PC32 16) external Power Con trol Units. such as th e 
PC3202 which controls 120 VAC loads to 400 Watts . Optica lly 
isolated. low vol tag e, cu rr en t- li mited co ntrol li nes are 
standard in th is growing product line. 

P.O. Box 51 6canad a __ 
systems , inc. La Canada, CA 91011 

(formerly comptek) (213) 790 -7957 

run ning, and another 60 pe rcent are goi ng 
to be usi ng the 6800 processor fm their 
plan ned sys tems. 

For more information, w1·ite to HCC, 
Delftsekade 12, 2266 A J Leidschendam 
NETHERLAN DS. 

Cosmac Elf Clu b 

A user group fo r the Cosmac El r has bee n 
star ted in Houston TX. T he group end 
out a monthl y newsletter w ith interest ing 
art icles perti nent to the Cos mac EI f, suc h as 
an A SCI I keyboard in terface for the E l f. 

Fo r more informat io n an d a compli 
mentary copy of the newsletter, wri te to 
(hades E Manry, 20'l 2 Will iamsbu rg Cl S, 
League City T X 77573 . 

T l -59 Newsletter 

T he main em phasis of th is newsletter is 
on the excha nge of T l -59 ca lcu lator pro
grams related to gamb l ing (especia ll y horse 
raci ng} . IL also deals w ith busi ness and 
pract ica l app l ica t ion of the ca lcu lator. 

T he club , mas terminded by Hal Davis, has 
over 1000 members. The membership fee is 
$24 per year, which includes the newslette r, 
a program cata log, to ll -free in form at ion 
numbers, a marketplace, and morn. 

T he money goes toward paying for 
artic les and programs publ ished in the 
news letter. T o find out more about this 
01·gan izal ion, wr i te to Hal Davi s, Mathe 
mat ical Applica t ions Service, POB ·149, 
New York NY '!0956. 

Boston Computer Society 

The Bos ton Compute1· Soc iety (BCS } is 
an assoc iat ion of compu ter hobbyis ts, pro
fessiona l and people in terested in the com
pute1· field. Because BCS serves the con
stan tl y chang ing needs of its members, the 
program va ries at each meet ing. In genera l , 
the group functions as a resource cen ter and 
in format ion exchange for those invo lved or 
interested in the computer f ield. 

The mon thly ga therings are div ided into 
three parts: a guest speaker, an "Answers to 
Quest ions" session and an open period . The 
gues t speaker is gene1·a lly a profess ional 
who presen ts an interesting computer 
app l ication o r 1·elated ski l l. A n at tempt 
is made to appeal Lo neal'iy all leve ls of 
interest. Th e "Answers Lo Quest ions" period 
allows attendees to use the combined 
knowledge of the soc iety to so lve prob lems 
such as prodL1c l searches, computer access, 
technical prob lems, etc. T he open per iod 
allows members lo mee t one ano ther, re <t d 
the current com pu te r magaz ines, try o ut one 
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or more or the avai lable computers, 
participate in various activ ities. 

At the present time, meetings are held a t 
7:30 PM on the fourth Wednesday of each 
month, except Jul y, at the Commonwealth 
School, 151 Commonwealth Av, Boston. 
The school is located on the corner or 
Dat'lmouth St in Boston's Back Bay, one 
block from the Bos ton Public Library and 
the Copley MBTA stop. 

Admission to the first meeting is free. 
Dues are $5 per year. Membership includes 
admission to all Boston Computer Society 
sponsored activities, and notification of each 
meeting by mail. Write to the Boston Com
puter Society, 17 Chestnut St, Boston MA 
02108. 

BASIC 

Bridgeport Arca Computer Club wi ll now 
be known as BASIC (Bridgeport Arca 
Society for Involved Computcrists) . The 
socie ty meets on the first Wednesday of each 
month al Trumbull Town Library, located 
about four miles north of ex it 48 of the 
Merrit Parkway. The Socie ty publishes a 
monthly newsletter called MicroF!ash. 
Membership is open to all interested in 
comp uters . Annual dues are $8 for regu lar 
membership and $6 for student membersh ip . 
For furthe r· information, write to BAS IC, 
"12 Wildwood Dr, Trumbull CT 06611, attn: 
Al Song. 

Sci-Fi Letter Network 

A science fact and science fiction letter 
network, called AEC Transfer, is being 
fo rmed . Its purpose is to allow people inrer
ested in computers and science fiction to 
find oth er people in their fields with whom 
to share this interest th rough correspon
dence. Send a SASE to Bill Callahan, AEC 
Transfer, Computer Di vis ion, 8 Gedney Way, 
Newburgh NY 12550. 

PACC 

Pittsburgh Area Computer Club is part of 
th e Midwest Affiliation of Computer Clubs, 
and holds meetings al different t im es and 
pl aces every month. The February meeti ng 
will be on the 19th ; contact PACC, 400 
Smith field St, Pittsburgh PA 15222, For 
loca tion and time. The club also publishes 
a monthly news letter containi ng news of 
local events and art ic les by members. 

TCHG-NT 

The Computer Hobbyist Group or 
Northern Texas is one of the o ld est and 
largest co mputer clubs in th e US. 

We speakyour

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 . .@.h' 

fl. IP'~ )I. • a brand new facility
in Pennsylvania. 
We 'II be able to 
serve our South Jersey
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We've 
enlarged our showroom 
in lselin . Now there are 
more displays you can 

_ try out. There's more 
- room to stock the 
= products you need. 

The Microcomputer People.·· 

~ Computer Mart of New Jersey 
~ Computer Mart of Pennsylvania 

New Jersey Store Pennsylvania Store 
501 Roule 27 550 DeKalb Pike 
lselln . NJ 08830 King of Prussia. PA 19406 
20 1-283-0600 215·265-2580 
Tue.·Sat. 70:00·6:00 Tue .·Thur. 11:00-9:00 
Tue . & Thur. ri/ 9:00 Fri. & Sat. 10:00·6:00 

(our only locations) 
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21 START·AT·HOME 
COMPUTER BUSINESSES 

in the shoestring, stert-at-home 
computer business hand book 

CONSULTING • PROGRAMMING e sOFT\IARE PACKAGES • COM 
FREELANCE \IR IT I NG e SEMINARS e TAPE/O I SC CLEAN I NG 
FI ELD SERVI CE e SYSTEMS HOUSES e LEAS I NG e SUPPL I ES 
PUB LISH I NG e TI ME BROKERS e HARDI/ARE 0 I STR I BUT ORS 
SALES AG ENC I ES e HEADHUNT ING e TEMPORARY SERVICES 
USED COMPUTERS e FINOER'S FEES e SCRAP COMPONENTS 
COMPUTER PRODUCTS ANO SER V1CES FOR THE HOME 

Plus - - hundreds of ideas on 
moon l ight ing, going full - Lime, 
image building, revenue building, 
bidding, co n tracts , marketing, 
professiona l ism, and much more. 
No career plann in g tool l ike it 
cve r pub l is hed. Order now a nd i f 
you'r e not complet ely sat isfied , 
send it back >ii th in 30 days for 
a full and Immed iate r efu nd . 

e 8; XII ring bound e ll3 pp. e $12.00 

Call 312-945-2940 or mail coupon 

DAT AsEAR c H 730 WAUKEGAN ROAD • SUITE 108 

OEEAFIELO. ILLINOIS &0015HICO tO Ot'11f:'d 

Rush_cop i es of 11 The Shoestring Star r -At-Home 
Computer Business Handbook to me right away 

NAME/COMPANY 
~~~~~~~~~~~~~~~ 

ADDRESS 
~~~~~~~~~~~~~~~~-

( I TY/STATE/ ZIP
D CH E c K EN c L 0 s """'Eo"'o=;-::B'"'A-::N-::-K-:-AM""'E""R:--clc-:Cc-:A-:::R-::-O-= -,A'"'s T"'E7R7C"'"HA~R""G'""'E,-o=-M ""

# 

They currently run two meetings per 
month, one in Arlington, al the UTA 
University Hall, in room 108 on the third 
Saturday of every month at 1 PM , and th e 
other in Richa1·dson at the UTD Green 
Center, rnom 2.530 at 1 PM on the first 
Saturday of each month _ 

Their news letter, The Printed Circuit, is a 
worthwhi le source of com men t. Each issue 
includes extensive mee ting summaries from 
both Arlington and Richardson, product and 
publication reviews, the "It's Obvious" 
column of the not necessari ly obvious, 
technical art icles, and so on. 

The mailing address is TCHG-NT, POB 
1344, Grand Prairie TX 7505 1. Their infor
mation number, which is toll-free from 
either Dallas or Ft Wor th, 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 Nichol s and a host of 
others. Club activities inc lude use rs' groups 
for the 6800, 650X, 8080, Z-80, Cosmac, 
and SOL. Extensive 8080, Z-80, 6800, 650X 
software libraries are also ava ilable. 

Meetings feature presenta tions by various 
computer manufacturers and knowledgeable 
guest speakers. Loca tion ~ and times vary. 

The ACGNj News, ~dited by Ru ssel Gorr, 
is one of the best month ly newsletters I've 
seen. It has club information, technica l 
data, a " Rumor Page" written by Sol Libes, 
bits of information from members, classi
fied ads, software, and the "System of the 
Month." Membership, which includes the 
newsletter, is $6 per year. 

Prospective new members can get in fo r
mation by writing to Amateur Compute1· 
Group of New J ~rsey, UCTI, ·1776 Raritan 
Rd , Scotch Plain s NJ 07076. 

Minnesota Computer Society 

The Minnesota Computer Society mee ts 
the first Monday of each month at 7:30 PM 
at Brown In st itute, 3123 E Lake St, 
Minneapolis MN (unless announced other
wise). · 

The Dece mber 7 1977 meeting fea tured 
Dic k Finstad an d j ohn Ball enthin describing 
and demonstrat ing the system they designed 
and assemb led. 

Earl j oseph, staff scientist with UNIVAC, 
will present his talk "Future Smart Com
puters and Other Futu re Th ings" at the 
February 6th meeting. For further inror
mation contact Minnesota Computer 
Society, c/o j ean Rice, POB 353 '17 , Minnea
polis MN 55435. 
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Mi crocomputer Investors Association 

An association has bee n for med for the 
purpose of facil itati ng the exchange of data 
and information re lati ng to microcom pu ters 
and inves ting, in the areas of stocks, bond s, 
warran ts, stock optio ns and com modi t ies. 
The Mi crocomputer Investo rs Association 
is professi onal and non profi t in nature. 

In order to benefit fro m the experience 
of others, there is a basic requi rement that, 
at least once each year, each member submi t 
an article fo r publ icat ion in the assoc iation's 
journal. The ini tia l issue of the journa l, 
The Microcomputer In ves tor, has been 
mailed to members . Article titles in cluded 
"A Proposed Format for In for mation 
Exchange," "Mar ket Predic tion Usi ng 
Fourier Ana lysis and Synth esis," " Poin t 
and Figure Analysis (A Co mputer· Pro 
gram), " " Evaluation of Stock Opti ons," 
" Investment Strategies: A Lin ear Program
ming Analysis." For more informati on, send 
a SASE to j ack Willi ams, Th e Microcom
puter Investors Assoc ia ti on, 2415 Ansde l Ct, 
Resto n VA 22091, or send $30 and an 
art icle fo r· pub I ication (ten pages or less, 
or iginal, ty pewritten, double-spaced copy, 
on a subjec t in some way re lated to ut ili zi ng 
microcom puters for investmen t pu rposes). 

Toronto Region Association of 
Computer Enthusiasts 

TRACE began in Feb ruary 1976 as an 
infor mal mee ting of ten peop le inte r·ested 
in pe rso nal corn pu ting and quick ly at tracted 
followers . Sin ce that time it has grown to 
ap proxi mately 100 active mem bers and 
about as many casual fol lowers. Ap prox
imately ha lf of the members have per·sonal 
systems of some form. 

The ideas behind TR ACE are numerous. 
The main purpose is to foster communi
ca tion and resource sharing among people, 
both hobbyists and professio nals, inte1·ested 
in personal com puting. The meet ing forma t 
usual ly includes a syste m demonstrat ion and 
one or- two ta lks on topics re lated to mi cro
computers. In addit ion to the meetin gs, th e 
club has a monthl y newslette r, group pu r·
chasing, nd a library of produ ct li terature, 
books and periodica ls in the fie ld of small 
comp uters. Other activities inclu de flea 
markets, exhib itions and a software library. 

The club meets at the north campu s of 
Humber College at 8 PM on the fourt h 
Friday of the month , and at th e Ontario 
Science Centre at 2 PM on the second 
Sunday of the month. For more infor
matio n contact T RAC E, POB 545, Streets
vil le, Ontario CANADA L5M 2Cl .• 

I 
I 
I 
I 
I 

•I ' ' • • ' • L ' <> ~ - •.... ,. ...... 
_ I a 4 0 •" .. • 

ADM·3A $ ~s!~oo· 
IN KIT FORM and Hand ling 

• 80 CHARACTERS/LINE • 75-19,200 BAU D 
• 24 LINES/SCREEN • FULL & HALF DUPLEX 
• ADDRESSABLE CURSUR • ODD/EV EN /NO PARITY 
• 9, 10, or 11 BIT WORDS • RS232 INTERFACE OR 

20 ma CURRENT LOOP 
GET COMPlETE DETAILS WlTH A DIRECT CALL: 

~ 214 258· 2414 TWX 910-860-5761 TELEX 73·0022 

• 800 527-32118~ capital 

equipment brokers, _______________ 


\ 930 N. BEL TUNE • IRVING, TEXAS 75061 .,• 

RG INTRODUCES THE NEW 
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. Bo 10767 
Salem S tation 

Winston-Sa /em, N .C. 27108 
(919) 748-8761 

MGBOO 
M 'icrOCOfUI H_1u:ir

&,-.1em ~" o,.i... 
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Dr.C. William Engel's 

mon'> ! e r c11.ue 
901'11? f hh 1n9 

_ _______ ~timulating 
i;imulntion o

'°"'"""' 

• 

.,... ...-,..*

.- .. 
' 

I 
' 

bu~lnc-U 

man aitcfllll!nl 

A 64 -pl ~ paper11.ack book o f ten prtigrams tn BAS f C fo r the c:i;mputar hobby ist. Eac h Pl"O'J !"all 
conta ins 1 scen.ar1o, ump.lei run, flowc hart, ~•rhbles lht i ng , pro11ra111 lhtin9, .mes 
5uQgeste.n moll1f1cat1on!i . SS uch. Send c'11!d; o r ~ncy o r dc:'r to : 

[ftgel El"lterpr h cs. P.O . Box 16612, Tal!lla . rt ll68 7 

Also av11 i lab l e 
Ttl[ DE VIL. 'S OIJHGEOH 

Unpa ch!J@d Pr'Cl'J l'"<lil!I 1h:t1ng, i nHrvC: t iOM, flawt hiart , samp le run. and 111q9cs te o ood i flut ions - - 12. 

8ook -- Sl . SV. 

Presenting a growing line of 

professional quality 5-lOO [fil[L&~~ 
IMSAllALTAIR 


COMPATIBLE 
 BOARDS 
8K BLANK RAM BOARD I01 2102 1yp•m•mory. $25.00 

-wilh ME MO RY PROTECTIUNPROTECT and SELECTABLE WAIT STATES 

Z-80 CPU BOARD $35 .00 
- wilh PROVISIO NS lor ONBOA.RO 27lE and POWER ONJUMP 

PROTOBOARD $25.00 

(NEW) 2708/16 EPROM BOARD $25.00 
-accepts up lo 16K ot 27tl8"s or 32K of 2716's. 

All BO ARDS HA.TURE 

FULL BUFFERING on ALL DATA and ADDRESS LINES 1 


SOLDER MASKS and SILK SCREEN 1 


DIP SWITCH ADDRESSING 1 


GOLD EDGE CONNECTORS 

PLATED THROUGH HOLES 


1en.ep1 lor PROTO BOARD 

WATCH FOR OUR 16164K DYNAMIC RAM BOARD ANO 

ADDITI ONAL BOARDS TO BE ANNOUNCED FORTHWITH. 


IMSAI 8080 Kit $56().00-with 22 Slot M .B. 
PLUS S10 00 SHIPPI NG 

Z-80 CPU CHIP................$22.00 


Z-BOAcPu CHIP......... . ....$25.00 


2708 CHIP................$12.00 

PlE ASE ADO S2.0D SHIPPING PER ORDER 

PO BOX 91 

• ITHACA, N.Y. 14850ITMCO oU~IO 
PLEASE CALL (607) 273-3271 

TO ORDER OR OBTAIN TECHNICAL ASSISTA NCE. 
OE M and q1mnl1y dla.cO\JnU a'l11lable 
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Comments on 
APL Character 
Generators 

Olav Naess 
Welhavensgt 65 

Bergen NORWAY 

Some write rs of letters to BYTE have 
asked fo r charac ter generator read only 
memo ries with APL symbols for video dis
pl ays. 

I don't th ink a read onl y memory is a 
good sol ution . I have counted 33 APL sym
bols which do n't be long to the ASCII set. 
If they replace the lower case letters, the 
co mputer is rather use less for text pro
cessing. Then comes the prob lem with super
impos ing symbo ls. A vi deo sca n can not 
backspace or rewrite a line like a ty pewriter, 
so each co mpos ite sy mbo l woul d have to be 
represented in the read only memory as 
another sym bol. (Displ ays with rando m 
access co ul d ind icate the composite sy mbols 
by changi ng the constituent symbols be
twee n each fr ame sca n, but I don't think 
this is a good and p ractical procedure.) That 
wou ld mea n 17 characters extra, and sti ll 
26 in add iti on if under-l ined lette rs are to be 
wr itten. So a 256 character read only 
memory would be req ui1·ed, whic h I thi nk 
is rather impract ical, part icu larly if ordered 
by hobbyists. Besi des, futu re APL versions 
might introd uce new sy mbol combi nat ions. 

The solut ion to the prob lem shou ld be 
to use a video system with programmab le 
characters, as used in "Th e Detailer," 
an Altai r (s-·100) card made by Micro 
Graph ics . (I thin k the same pri ncip le is used 
by th e Micromi nd and Naval co mputers .) 
The Detai ler, which displays 16 64 char
acter lines, has a 1 K by te direct ly access ible 
memory whose co nte nts in the usual way 
dete rmi ne which symbols are to be dis
played. Bu t it also has another 1 K byte 
programmable memory block wh ose con
ten ts de term ine the appea rance of the 
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:.y mbols. By inverti ng a bit in the symbol 
se lecting byte one gets the symbol descri p
Lion information from the programmable 
rnemor·y instead of from an ordinary char
;1cter ge nerator. Each sy mbo l posit ion is 
then described as a dot matrix , 8 dots wide 
and 12 dots high, which extends out to al l 
the neighbor·i ng matr·ices. Each of the 64 
software dete rmined symbo l patterns wh ich 
ar·e simultaneously ava ilab le is described by a 
12 byte vecLor in the on card memory, and 
50 of them are req ui red for the APL sym
bols. (Under lined letters may be r·ep laced by 
brightness invenecl letters through invert ing 
a bit in their sy mbol selec t ion bytes.) 
Rep lac ing the APL sy mbol set (to ob tain 
lower case let ters or· gra phics) involves ju st 
moving 64 x 12 = 768 bytes in the com
puter's memory. 

It's nice to have the co mputer reall y pro
gr·arnmable. • 

Baking Baker 

We received the following letter in reply 
lo Roxton Bal?er 's letter (July 7977 BVTE, 
page 7 7) which re ferred to P M Lashley 's 
"useless, self-serving, supercilious, unneces
smy attack on ano ther man 's efforts. " This 
is a reference lo Mr Lashley 's original letter 
(Februmy 7977 BVTE, page 77) advocating 
structured programming. 

Shal Farl ey 

Cal tech 1-53 
Pasadena CA 91 126 

This being my fi rst lette r· to the ed itor, 
at first hes ita ted to ge t involved . But the 

utter idiocy of " Lashing Lashley," was the 
prove r·bial las t straw. Let me add ress Mr· 
Ba ke r's adjec tives indiv idually: 

·1. Useless. The only thing that could 
make Mr Lashley's efforts use less are the 
truly ignor·an t who refu se to learn. 

2. Se lf-serving. I doubt that Lashley 
has any economic inte rest in whateve r 
form of slow tortu re hobbyis ts choose 
for themse lves. If he does, I do n't. 

3. Super·cilious. (Webster 's Second 
Edition: "ad jec tive : lofty with pride; haugh
tily co ntemptous.") In his effor ts to be 
emp hat ic, Mr Lashley has apparently come 
across as snobbish to the li kes of Mr Baker. 
Rather, I found hi s letter refreshi ng am idst 
the Pong-Trek-Toe morass. Ch oos ing 

Ci rc le 101 o n inqu i ry 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 . . ......... . .. $ 735°0 


[includes 12K Super BASIC Package A Software] 


IMSAI FABULOUS PCS 80/30 KIT ..... . $ 1 ,015°0 


[includes 5 ' ' CRT, Intelligent Keyboard 

8085 MPU-B board] 


PERCOM Cl-8 12 KIT ..... . .. . ...... . ... . . $ 75°0 


[multiple 1/0 casset te and RS-232] 


PERCOM Cl-81 2 ASSEMBLED & TESTED $ 100°0 

• These prces exceed normal discount schedule. No fur ther 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 


$ 3,995°0 

• Keyboard •CRT 
• Memory • Printer 
• Z-80 Processor 
• Dual Mini-Floppies 
• BASIC and Full Set of Business 

Programs: A /R, A /P, Inventory, Payroll 
and General Ledger 

- ALSO AVAILABLE 

WORD PROCESSING SYSTEMS 
Dealer and Sates Agent inquiries invited 

MiniMicroMart, Inc. 
1618 James St., Sy racuse. NY 13203 


1315) 422-4467 
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2708 

~~PD458 
~ TMS2716 

PRAMMER III 
by xybek 

The U,ltimate EPROM Memory Board 
For Your 5100-Bus Computer 

* Accommodates from 1kto30k of the above EPROMS, in 
any combination, each addressable on any 1k boundary 
within the board's 32k address space . 

* 1k of scratch-pad RAM. 

* On-board programming for all three EPROM types . 

* Tri-state butters on all address and data lines. 

* Empty EPROM sockets do not require address space. 

* Available February 1 g78 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 

AssemblP<i and tested ... ... ...... .. . .. . ....... $595

C.J;.,.n1..dk,; one fulr i'eor 

16K kit ........ ... ........ ..... . ............. $525 
8Kkit ............... . ..... ....... .. . .. .......$295 
Kit with all but 2114 memories . ... ... .... . . ..... $88 
Bl ANK BOARD . ..... . .. ... .. ...... .. ........ $35 

COMPARE THESE FEATURES: 
• 	 S.100 BUS COMPATABlE 
• COMPl.ETEL Y STATIC WITH NO ClOCKEO CHI P·SHECT Oil REFRESH 
• 	 WllL RUN ON Z-M SYSTEMS AT 4 Milz WlTH NO WAIT STATE S 
• 	 WILL RUN ON ALPHA MICROSYSTEMS AM· 100 ANO ON OMA SYSTEMS 
• 	 USES 2114 MEMOlllES-AN INOUSTRY STANDARD 
• 	 HAS INDIVIDUAlL Y ADDRESSABLE 4K BLOCKS Of MEMORY 
• SOFTWARE WRITE l'ROTECTION IN 4K BlOCKS 
• 	 PAGING OR BANK SElECT FEATURE FOR MEMOl!Y EXPANSION AND lOW 

SOFTWARE OVERHEAD TIMESHARING SYSTEMS 
• COMPLETElY BUFFERED AODRESS AND DATA llN£S 
• SINGLE 8 VOlT PO.VER SUPPLY 
• 	 HIGH QUAUTY. lOW Pf!OfllE SCX:KETS FOR All IC'S 
• 	 SOI.DER MASKED P.C. BOARD AND SCREENED PARTS P\.ACEMENT lEGEND 

FOR EASE Of CONSTRUCTION AND 0£P(NDABlllTY 

S-lOOBUSTERMINATINGBOARD $25 
~ noi..,. <M'f'Shooc, ringing. ~lleclion . 

S-100 EXTENDER BOARD 	 $ 16 
With jum~" in pcwe< supply lines lot cur~ mrosuremencs. low profile 

so card can rem.a in in tf'W machine with c~ on. wm ~ connedOr. 


PRICES SHOWN INCLUDE U.S. SHIPPING . WE ACCTPT VISA. MASTER CHARGE. 
CASHIERS CHECK. M.U. ALlOW TIME FOR PERSONAl CHECKS TU ClEAR. C.O.D. 
ORDERS ADD Sl . UTAH RE SIDENTS ADO 4Y".J TAX. 

Da5jTflt f:lu~~R[] SY~TE~U3 
BOX 1212, OREM, UTAH 84057 

(801) 224-2102 

ALGOL or PASCAL over FORTRASH is 
not a matter of reinventing the wheel. All 
three languages have been imp lemented for 
well over a decade. Rather it is a matter of 
choosing radi al ply or stee l belted tires over 
wagon wheels. 

4. Unnecessary. In vi ew of the current 
state of micro software, Mr Las hl ey's com
ments were among the most use ful things 
I'd read . The thrust of his article was that 
history need not repeat itself. Start with the 
more usabl e langu ages. 

5. Is Mr Baker going to throw away the 
decade of work put into structured pro
gramming just to conform to the no un7 

Structured programming languages arc 
not the toys of wild eyed dreamers, nor arc 
they an in tellectual curiosity. To put it in 
perspective, they arc the natural outgrowth 
of progress in computer science. Pr ogram
mers' frustrat ions with machine code led 
to the first assemblers. Frustration with the 
limitations of assembly language, the need 
for defined control and data structures (cg: 
IF - THEN · ELS E, DO, COMP LEX declara
tions, ARRAY declarations), led Lo the 
development of FORTRAN. Then the ex
perience gained with FO RTRAN's limi ted 
contro l 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 GOTO's. The lack of block struc
ture leads to fragmented code with GOTOs 
weaving thru the text. When wri ting pro
grams of great length, block structure helps 
to divide and conquer as a strong ally of 
subroutines. By codi ng 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 
qui te useful (for examp le, 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 learned 
to program in FORT RAN 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 
running on a DECsystem 10. Their 
FORTRAN is much better, but I still fou nd 

136 !!YTE F<brna.y 1978 	 Circle 40 on inquiry card . 

http:C.J;.,.n1
http:for$369.50


myself tracking down GO TO wrong num
bers and corr-ect ing random syntax errors. A 
frie nd suggested structured languages and 
the difference is dramatic, from days of de
bugging FORTRAN, to hou rs of debugging 
ALGOL-60. The coding time is also reduced 
as the language is mor-e "natural" to program 
in. PASCAL is a derivative of ALGOL-68 
an d 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 fac t much less so than assembly 
language or FORTRAN. It is part of the 
contin ui ng process of learn ing to control 
the comp uter in the most convenient 
manner possible. That's what higher level 
langu ages are fo r·. That 's the way of the 
future. As program mers' time becomes 
more va lu abl e it becomes economic to 
shape the software and hardware to the 
needs of the programme r. This is already 
true of the hobby computer; each user 
adds the memor·y and the periph erals of his 
or he r choice. It would be advantageous for 
the software to be equall y faci le. 

I did n't mean thi s to be a tutorial, but I 
feel we stand at a crossroads. The ho bbyists 
can jum p fo r the manufacturers' fir·st and 
easiest product and be stuck on the same 
com patibility treadmill as the mainfra mes, 
or you may stal't with a better produ ct and 
go from there. There are some historic paral
lels: The Eurnpeans didn't adopt a telev ision 
standa r·d un til many years after th e US. 
As a resu lt they now have a much better pro
du ct. I wou Id strongly recommend tha t 
hobby ists demand, thr·u their purchas ing 
power, that structured languages be imple
mented as cross or r·esident compi lers fo r 
their sys tems. The time, effort and frustra
tion saved wh ile deve loping software will be 
worth it. • 

l. anguages Forum is a 
feature which is intended as an 
inlerac tive dialog about the 
design and implemen tation of 
languages /'or personal com
puting. Sta/ements and 
op inio ns s1.1bmitred to this 
forum can be on any subject 
rele •'ant to it s purpose of 
foster ing d iscussion and 
communicat ion among 8 YTE 
readers on the subject of 
languages. We as/1 t'hut all 
corresponden ts supply their 
full names and addresses to 
be printed with their com
me111aries. We also ask thal 
correspondents supply their 
lelephone numbers, wh ich will 
be printed unless we are ex
p licitly asked to omit them. 

Circle 60 o n inqu iry card_ 

Telephone (703) 536-7373 

88 ·MODE1vl A co111ple1c serial 1/ 0 por l and an Ong1na1e/ /lnswer MODEM on an 
SIOO bu>< co11 1p;1 t1ble t1oard Tl1c 88-MODEM lea1,J1es au1oma11c au to ·d1o ler (no1 
soflwaro 11mcd) . operalcs <II any snftware se lec ted baud ra1e l)elween 66 and 600 
balid, has separate 8-polc 1ransrn 11 .:rnd receive ac1 1ve hl1ers. ancl all lunc11nns a1 e 
sof1ware selected The 80·MODEM p<0v1dcs commun1ca11on ro -58 dbm and is intended 
lor use wi th e1 tl1e1 a CBS ( I 001 DI or CBT Da ta Access Arrangcrncn r for connection 
to ll1e 1clepl1one sys1c111 Tl1e kll pncc is S245.00 

88·UFC UNIVERSAL FREQUENCY COUNTER· T11c 88 -UFC 1s an SIOO compa11ble 
frequency and 1>e11od rneasu1emen1 modu le Th e 88-UFC 11as l~ur sol1wa1e selec1ed 
inputs Frequency measuremen t 10 above 600Ml-l z and f)enod rneasuremen1 10 I / I Oth 
microsecond arc s1a11dard. The counter prov ides nine dig its orreadout and is pr1c d 
al $17900 1n k11 lrnm 

86-SPM CLOCK MODULE The 88·SPM provrdes a 111 ne of day c rock and an 1nde· 
pen(ICnl rea 1t 11ne clock on one SIOO compahble modu le P1ov1s1ons are 111cluded 101 
ba11c1y tackuµ so the 88-SPM can ma1n1a1n l11e rime clu<1ng powe1-oll cond111ons 
$96.00 kt 

100 10 (Type CB!') Da1a /lcceso /l rr angemenr SI 25 .00 
88 -RCB 16 Channel Reray Conl rol Board K11 SI 79 .00 
MCTK Morse Code T1arner / Keye1 K11 2900 
TSM 1'empera111re Sensing Module Kil 24.00 
DAC-8 B-811Dig ital ro 11na109 Corwcner Kit 1900 
88 -TCXO Tcrnperature Compensa ted Crysta l 

Oscil lator lor 88·UFC 1115.00 
88-XTAL Crystal Timebase up11on lor 88 ·SPM 25 .00 

TERMS Payrncnr w11h 01dcr shipped prepa.cr. added lor 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.. . 

are pret ty well settled, though, and so this 
se ries closes with a co mp arison of lhe two 
designs, to Lhe ex tent that they can be co m
pared. Th a l comparison should ill us trate 
the wide range of so lu tions that the prob
lems adm it and thus the importance of 
identify ing the prob lems in a des ign effo rt 
like this. 

Why You Want to Read This Article 

Since another nelwork design wi ll fo llow 
th is one very soo n, you could rightly won der 
why thi s one sh oul d be publ ished at all. 
There are several reaso ns. At the very lea t, 
thi s design is a pl ausibility argume nt in· 
tended to counter the skepticism with which 
some peo ple view the prospec t of a network 
for personal users of information processi ng. 
It is al so a learning expe ri ence: it is a com
pl ete (though skeleta l) des ign that can be 
comp ared with the PCNET (a nd othe1· per
sonal computer neL des igns when they arc 
publ ished) in ord er to lea rn abo ut the design 
issues involved and the stances one can take 
on them. It can also be implemented; th at 
would get peo ple inlo communica ti on qu ite 
soon, learn ing from the experience as we ll as 
fil ling the immediate communi cat ion needs. 

In an age of throwaway mate rial goods, 
a throwaway design or a throwaway impl e
mentation should no t seem al together 
inappropria te. In fact, they are espec iall y 
appropriate where the prob lem at hand is 
a novel one or has novel constraints, as is 
the case here. You can speculate all you wish 
and design as care full y as you wish, but iL 
remains specul ative until yo u try it ouL. 
The motivat ion for buil ding a th rowaway 
ne t is not entirely intellec tu al: eve n if yo u 
consume it in the very ac t of build ing it, 
you will leave behind a very valuable thing: 
a useful communication fac ili ty. It is more 
like ly, though, that the fir st few personal 
computer nets wi ll persis t for a while and 
that they will serve as med ia fo r sha1·ing the 
ex perience and insights needed fo r build ing 
their successo rs. Th is very pe rsis lence wi 11 

also fo rce people to face an important 
problem often ignored in fl edgling nets, 
th at of interfaci ng to other nets. 

What Is a Net? 

Let us pause, before plunging into de
tai led co nsiderations, to ga in a broad per
spective on the task at hand. A computer 
network typ ica lly cons ists of some hard · 
ware and some software. The hardwa re 
inc ludes all the physical fac il ities used by 
the net: phone lines, rad io links, computers, 
etc. Since ha rdware costs money and must 
be maintain ed, the design shoul d mini mize 
the required hardwa re and distrib ute it so 

that its cost can be recove1·ed g1·accful ly. Th e 
software includes the necessary ag reements 
governin g the use of the hardware, toge ther 
with th e prncedures and computer programs 
implementi ng the agreemen ts. Th e agree
ments include Lh e rendezvous convent ions 
by which conversa tions are establ ished, the 
language in which conve1·satio ns take pl ace, 
and the rules of behavi or unde1· which con
versatio ns are cond ucted . Un der the linguis
tic head ing, I mean to include every thin g 
from message for mats to the representations 
of charac ters and bits, etc. 

Network spec ial is ts have come to use the 
term "protoco l" to refer to these ag1·ee
ments, ranging from all of them down to 
just the rul es of co nduct ; in this series of 
art icles, I wi ll take "protoco l" to mean the 
exti·eme of all agreeme nts. Protocols a1·e 
most easi ly fo rmu la ted in laye rs, with each 
layer using the one just below it and othe r
wise al most com plete ly independent of the 
others. (In thi s regard , the PCN ET and mine 
resemble one another quite stro ngly . For 
exampl e, each has a pro tocol LO t1·ansmit 
bits from one netwo rk node to the next and 
to detec t erroneous transmission s; each th en 
uses th at laye r to provide an errnrl ess, 
correctly seq uenced stream of bi ts (thence 
charac ters) to the highe1 layers.) 

Thi s design exerc ise co ncenr1·ates alm ost 
exclu sively on protoco ls. Since hardware is 
relatively expensive, the des ign requires 
onl y a mod est amount of hardwa!'e, and 
th at of quite readily avail ab1 e kinds. The 
PCNET, however, loo ks as if it will trade a 
modest amount of inco nvenience to reduce 
the hardware requ irement even further, bul 
it may also optio nally reduce the incon
ve nience with some high ly special ized hard
wa re if some lho rny problems can be solved. 
Actually , though, the distinction betwee n 
my design and the PCNET al ternative with 
minimum hardwa re is more one of em ph asis 
th an o ne of substance; eith er design can be 
easily adapted to the hai-dware 1·eq ui1·e
rnents of the other. 

The Experi ence of the ARPA Net 

The ARPA Net embodies an eno rm ous 
body o f ex peri ence that can be brnught to 

bear o n the des ign of a persona l compu ter 
netwo1·k. Howevel', the ARPA Net ex 
perience should be used with caution: both 
designs have a lol in com mon but have 
several important d ifferences. Th e mos t 
im po rtan t difference is th at, while the 
ARPA Net is heav il y sub id ized (The ARPA 
Net is a research too l developed for the US 
Department of Defense under the auspices 
of the Advanced Research Projec ts Agency. 
It ties toge ther a multitude of la1·ge prnces· 
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4800 BAUD CASSETTE RECORDER 
An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error 

rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit 
Banger PIA" - no clocking required. This is not an audio recorder. It takes RS232 or 
TTL signals from the terminal or computer and gives back the same signals. No audio 
interface is used. Motor start/s top is manual or through TTL or RS232 signals. 

Tape speed is 3.2"/second nominal ; 1.6"/sec. optional . 110 volt , 60 Hz, 5 watt s. 
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery . 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO· 
GRAM RELOADrNG and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 sys tems. Manual 
control except for motor star t/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele· 
phone and U.S. Government for program reloading and field servici ng. 

AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM . EXPANDS 6800 CONTROLLER for SWTP 
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 

MODEL CC-8 $175.00 


This is a complete tape controller fo r the SWTP 6800 system. Has 3 K of EPROM 
space for your own programs. A 1 K ROM (2708) is provided with all tape and moni · 
tor functions . The ROM program is identical to our extensive 8080 ROM program. 

Has one ACIA for one or two tape drives, one USART for an ad ditional Serial port 
and a 4 bit parallel port for motor con trol. Will control one or two CC-8 or 3M3A 
drives with the software provided . Can be used with other tape drives controllable with 
4 TTL bits if appropriate software changes a re made. 

Extra serial port is provided for your use with a second termin al or printer. (RS232, 
TTL or 20 ma) 

The ROM program supplements the MIKBUG program and is entered automatically 
on reset. 

AVAILABILITY- Off the Shelf. $190.00, Tested & Assmb. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A) 

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 
I/O (RS232, 20 mA, or TTL) and the data cartridge I/O, plus the motor controlling 
parallel 1/0 latches. Two kilobytes of on board ROM provide tum on and go control 
of your Altair or Imsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
in hex on the terminal, fom1ats tape cartridge files , has word processi ng and paper 
tape routines. Best of all, it has the search routines to locate files and records by 
means of six, five , and four letter strings. Just type in the file name and the recorder 
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded) 
or NRZ modes with suitable recorders and interfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM's so 
that you can write your own software or relocate it as desired. One 2708 prepro· 
grammed is supplied with the board. A socket is available for the second ROM 
allowing up to a fu ll 2K of monitor program s. 

Fits all SlOO bus computers using 8080 or Z80 MPU's . Requires 2 MHz clock 
from bus. Cannot be used with audio cassettes without an interface. Cassette or2SIO (R) CONTROLLER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AVAILABILITY - Off the shel f. 

80 BOARD for SWTP COMPUTER : Now you can use the 8080/Z80 software programs in your SWTP 680] 
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card. $200 assembled and tested. ($160 kit) 

AVAILABLE - November '77. ~ 
OVERSEAS: Export Version 220 volt 50 hz. Write factory or: M egatron·Datameg, 8011 Putzbrunn, Munchen, Germany : Nippon Autom;;tion 
5-16·1 Shiba, Minato·Ku, Tok yo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172 /field Road, London SW 70-9ag: Trin· 
tronics, L rd., 186 Oueen Street W., Toronto, Ontario, Canada; E BASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du 
Roule, 75008 Paris; Micro/em 20131, Milano, Italy ; Eagle Electric, Capeto wn, S. Africa. 

For U.P .S. delivery, add $3.00 Overseas and air shipments charges co l lect. N .J . Resi dents adcl 5% Sales Tax. WRITE or CALL for further 
information. Phone Orders on Master Charge and BankAmericard accep ted. 

~ati()nal Multiplex C(),-p()r-ati()n 
34 74 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561 -3600 TWX 710-997-9530 
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Jl!lll _. _ ...... 

Warehouse • 
Overstock I 
SALE! ; 

1Buy These Items : 
I From ComDWier ;.· 1 
I Enterprise~; IIBefore 4/ 15/78 I 
1AndSave Save I 
I Save! <f:1Jt ni~~;!1nt I 
I Price Price I 
I Lear Siegler $728. $700 I 
I ADM-3A Kit I 
I Polymorphic 1 77. 170. I 
I V'XI I 64 Kit 

Vector Graphic BK 187. 180 I
I SRAM I 
I Netronics ElfII 133. 128. I 
I Assembled I 
I George Risk ASCII 62. 50. I 
I keyboard kit . I 

1 More Popular Products• 
I At Our II Extremely Low Prices. 1 

1- Credit Cash
I Card Discount I
I Price Price I 

North Star Micro $ 623. $ 599. I
I Disk System Kit I 
I Cromemco Z2 Kit 557. 536. 
I Cromemco 136. 131. I 
I Bytesaver I 
I Cromemco 16K 464. 446. I 

RAM250ns II IMSAI PCS-80/30 1122. 1079. I
I Kit 
I IMSAI PCS-80/ 15 748. 719. I 
I Kit I 
I IMSAI 8080 Kit 614 . 590. I 
I w/22 slots I 
I IMSAI 16K RAM 411 . 395. I 

IMSAI 32K RAM 685. 659. 

I 
I ShJpplng cha rges: SI 0 per CPU on larger u n!ta : 8 1 . ~0 per lrn. 82.00 min. I 

pororder. 
Delivery !s st.ee k to 30 days on most n.ems. Sh ipmen t. ts lmmed late ror I 

I 
paymenL by cash!or's check , money o rder or ch.iuge card . Allow 3 wee k. a 
for pe rsonal checks \.O oloa1· N. Y. Sta.Le rea1de nt.s s.dd app1•op . snlos 1 
tax . Avallabiltt.y . prlcaa and specs may change wH ..hout. not.l ee. 

I Opera ting Hours: I
I M -wio-5 E .s .T. Write or Call I

Th-F 10-9E .S.T. 
I Closed Sat. & Sun . I 

i ~TM! 

I ~ I 
I P .O . Box 71 I 
I Fayetteville, N.Y. 1~066 I 
I Phone (315) 637-6208 Today! I ····--·--····-··

sors nationwide at un ivers1t1es and aro und 
the world us in g sate llite links.), a network 
fo r individ uals shoul d (and can I bel ieve) 
support itself right from the start. That 
consideration has a most important ramifi· 
cation in my design: the inclusio n of "Com· 
munity Information Exchanges" (Cl Es) that 
serve as focal points and buffers betwee n 
the other nodes of the network. Further·, the 
ARPA Net design inc ludes the notion (in · 
app licable to a personal comp uting network) 
that most network nodes wi ll be connected 
to the net most of the time. Thus, its proto· 
cols provide a general interprocess communi
cation facil ity an d inc lude usefu l services 
as special cases of it. A personally oriented 
network by contrast sho uld be optimized 
toward the two facil ities that are most im
mediate ly appl ica ble to the personal com
puter comm uni ty (and that have, inciden· 
ta ll y, proved most useful in the ARPA Net}: 
se ndi ng mail and sending files of programs. 
Fina ll y, I th ink a persona l computer net
wor·k shou ld be oriented to an overall archi
tecture in which internode connections are 
sporadic, fleeting and rel atively infrequent. 

An Overvie w of The Cl E Net: The Basic Idea 

A Community Information Exchange 
(CIE) Net should be designed from the start 
to gracefu lly accommodate any foreseeable 
ci1·cumstances to whi ch it might eventua ll y 
need to adapt. Thus, the suggestions pre
sented here all ow 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 incompatib le sets of protocols 
can be accommodated at a given time. 
Addressing is defined for the United States, 
but the addresses can be expanded to cover 
other countries as we ll. A sep arate mec h
anism is inc luded to let this net gracefu lly 
inte rface to other networks servi ng the same 
terr itory. 

The suggestions inc lu ded here amo unt to 
a part ial design. They are quite definite 
so as to form a firm basis for discussi on. 
Some suggest ions were arbitrarily chosen 
just to make the des ign more defini te, wh ile 
o ther suggestions embody princ iples that are 
irnponant to the overa ll concept. 

The overa ll design is formulated in such 
a way as to enable it to be implemented 
cheaply and at max imum convenience to 
the im pl ementers. Its backbone is a network 
of Commu ni ty Information Exchanges (C lEs) 
that serve as buffers for network traffic. 
The overall network is des igned to work 
even when the exchanges are connected 
only fleet in gly and at on ly loose ly sched ul ed 
interva ls. One party to each connection must 
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be capab le of timing ou t the other party 
and tak ing corrective action when necessary ; 
otherwise the protoco ls are designed so that 
they can be implemen ted in string BAS IC 
on comp uters that do not al low access to 
lower leve ls of programming, such as direct 
binary mani pu latio ns o r inpu t and outpu t. 
The required hardware suppon is minimi zed 
to equ ipmen t th at is readily availab le to 
homebrewers. 

The Four Kinds of Stations 

A ClE Net would be co mposed of four· 
ki nds of nodes, with communication lines 
between them. By default, they will com
mun icate by telephone lines in a un iversa l 
language discussed in anoth er section, bu t 
any two nodes are free to use any other 
mutually agreeable med ium when th ey talk 
to one another. The four kinds of nodes ar-e 
the Com mun ity lnforrnatio n Exchange (C lE) 
tha t buffers network traffic; th e subscr ib er·, 
a pe r·so n wishin g to take part in a ClE Net; 
the relay station that moves messages fro m 
one ClE to ano ther ; and the ga teway con
necting a ClE Net to oth er networks. ln 
the rest of th is ser·ies, I wi ll use the term 
"station" fo r these four ki nds of nodes in 
order to avoid confusion with anyth ing th at 
is of no in te rest here but might be ca lled a 
node in more general network termin ology. 
The vario us stations can be thought to in
hab it different computers, and the des ign 
uses that model. However, any particular 
compu ter can be host to severa l sta ti ons of 
poss ibly different types, and the des ign 
specifical ly al lows them to optim ize their 
own interco mmunication using any faci li
ties prov ided by thei r host. 

A Cl E serves as a commun ication bu ffer 
among subscribers and relay sta ti ons. That 
is, it must have file storage that a progra m 
can access fail"ly expeditiously, and it should 
have so me co mp le ment of answe r-m ode 
modems whi ch subscriber·s and r·elay stations 
can cal l at their convenience during the 
night when ph one rates are lowes t. Whi le 
d ifferent realizations of file storage have 
d ifferent req uirements and capabilit ies in 
their technologica l, fi nanc ial and opera
tiona l aspects, there are a few fun ctions that 
a CIE wil l requ ire of its file storage fac il i
ties. It mus t be ab le to read or al locate and 
write rnu ltip le tho usands of character·s 
worth of buffers wh ich it may need to ho ld 
for severa l ho ur·s o r· sever·al days . IL shou ld 
be able to ga in access to almost any part 
of this storage wi th in a few second s, and it 
should be able to read or wri te succeed ing 
character positi ons at very near ly the trans
miss ion rate of the lines on which it wil l 
rece ive calls from subscribers or relay 
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Software 

Gomes • CRAPS (Los Vegas style) $6.00 
• 	 MULTIPLE LUNAR LANDER $8.00 
• 	 SLOT MACHINE $6.00 
• 	 GAME PACKAGE: Russian Roulette . Mod 

Scientist, and ABM $8.00 
Graphics • PICTURE MAKER w ith AMP'L ANNY $12.00 

• 	 GRAPHICS PACKAGE I: Loser Beam, Space 
Shuttle. and Blast Oft $10.00 

• 	 GRAPHICS PACKAGE II: Rain in G reece, Flea. 
Texlwriter. Random Walk $10.00 

Scientific • FOURIER FIT: Does cuNe fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• 	 HEX MEMORY LOADER $10.00 
• 	 MEMORY DUMP PROGRAM $10.00 
• 	 MEMORY SEARCH $5.00 

Al l Programs Written In BASIC 

Complete Easy to Read Documentation 


Programs Comple tely Tested 


SOFTWARE RECORDS 

P.O . BOX 8401-B 

UNIVERSAL CITY, CA 91608 
(cal residents add 6% soles tax) 
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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

scriber nodes, relay nodes, 
and gateways to other 

networks . .. 

A network is a systematic 
combination of hardware 
and software ...hardware 

of computers, phone lines, 
etc, and software of proto

col agreements and com
puter programs imple

menting the agreements ... 

stations. The Cl E can encrypt or co mp ress 
data as it sees fit; the pro toco ls are struc
tured in such a way that no interveni ng 
stations need give any specia l treatment to 
an encrypted or compressed message trans
mitted from one CIE to another. Finally, 
its subscribers may wish it to provid e them 
with long-term storage, bu t it shoul d also be 
prepared to gracefu ll y recover temporary 
storage that is no longer needed by the 
network. 

A subscr iber is thought of as a station 
possessing an orig inate-mode modem, some 
local processing power and fil e storage and 
a termin al or other in terface to a human 
being. (Of cou rse, the subscriber may be 
realized as a se t of programs cohab iting a 
host computer with a CIE and reachable 
by a person having only a ter min al an d an 
origi nate-mode modern ; the implementaLion 
details are irrelevanL, and the functi onal 
dist inc tion is sti ll useful.) The subscr iber 
stat ion need not be abl e to rapidly position 
its f il e sto rage because the person opera ting 
a subscriber can eas il y anticipate the requ ire
ments and because subsc ribers are involved 
only at the end points of a message's transit 
through the net. The subscr iber, not the 
Cl E, has char-ge of all programs th at handle 
files of messages, se lective disp lay and rapid 
retri eval of messages and whatever negotia
t ions with its human arc necessary to gen
era te a message in the for mat described in 
these pro tocols. Although the subscriber is 
extremely important to the Cl E Net, the 
protocols by which a Cl E and its subscribers 
mi ght communicate are idi osyncratic to the 
stations' real izations, the subject of a la rge 
body of li terature, and irrelevant to the 
process of transmitting messages between 
endpo int CIE s; therefore this artic le makes 
no atte mpt to enl arge the current stock of 
such sugges t ions. 

A relay sta tion ; like a subscriber, can be 
modeled as having an or·igi nate-mode modem, 
a terminal, some process ing power and some 
fi le storage. A relay sta tion, however, need 
have no fi le sto rage, but can ins tead have a 
seco nd originate-mode modem and thus 
connect two CIEs quite directly wi th on ly 
fleet in g use of buffer storage. A relay 
station can be tho ugh t of as providing a 
communi cation link between two CIEs: 
it wou ld first phone one and co ll ec t mes
sages headed in the gene ral direc ti on of the 
other ; then it would phone the second an d 
both un load those messages and co ll ect 
messages headed in the general direct ion of 
the fi r·st, which it would then call back. 

Fin ally, a ga teway is conceptually an 
answer-mod e modem and a con nection to 
some other ne twork, along with whatever-

processi ng power or f ile storage is required 
to connect the CIE Net to th e other net. 
Depending on the des ires and r·esources of 
the people connecting the gateway to the 
CIE Net, it could be capable of tra nsmi tting 
traffic in either direction or both dir·ections 
between the two nets, o r it could be con· 
nected to any arbitrary number of ne tworks. 
These protocols prov ide a fra me to hol d 
messages headed through a CIE Net to an 
outward facing gateway; the content of a 
message in sid e the fra me is complete ly 
unspecified and can reflect any idio
syncrasies of the gateway and the other net. 
An inward faci ng gateway is treated exactly 
li ke a CIE by its neighboring r·elay stations, 
but it does not se rve subscr iber·s the way a 
real Cl E does. Th ese protoco ls completely 
ignore the content of a message headed into 
a gateway and require messages comi ng out 
of a gateway to co nfor m to the sa me rules 
as any other Cl E Net messages. The mot iva
tion is that the network on th e o ther side of 
a gateway might cover terri tory that doesn't 
ove rl ap th at served by the CIE Net, or it 
mi ght th inly cover th e same terl"itory, say 
by providing high speed links between major 
cities. This opac ity also frees the CIE Net 
fro m any necessity to commit itse lf to any 
of the possible internetwork message for
mats currently under discussion in the 
International Network Work ing Group. 
These protocols make no attempt to handl e 
the problem of choosing a gateway thro ugh 
which to route messages that should be 
routed through some gateway; in stead, they 
presume that th e source Cl E ca n choose the 
proper ga teway or can se nd the message to 

so me other Cl E that agrees to make such a 
decis ion and then for ward the message 
appropr·iately. 

These comments describe functional 
nuclei of the conceptual Cl E network; they 
make only mild commitments to the imple
men tation details by which the fo ur kinds 
of stations are realized. For example, it is 
easy to imagi ne a gateway cohabiting a hos t 
computer with a Cl E or· a relay station. 
Also, a compu ter 011 the ARPA Net typi 
ca ll y co ntain s a CIE, a relay stat ion and a 
large number of subscriber stations sha ring 
programs among themselves and each shar·ing 
file storage with the CIE and relay station. 
These cohabitation possibi li ties serve to 
emph asize the freedom with which stat ions 
can agree to speak any la nguage other· th an 
the un iversal language specified here . Fin al ly, 
do n' t forget that the commitments in this 
proposed des ign are structur·ed in this 
way to spec ifical ly all ow a CIE to be put 
onto any dial-in time shari ng co mpu ter 
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 Cl E Net address, 

message routing informa
tion is inheren tly made a 

part of the address . .. 

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 examples. 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 my thical worlds 
with mythical creatures and dangers. The 
network concept provides a vehicle for 
interpersonal computer aided intellec tual 
sports whose players could grow into a 
vigorous subset o f the users of this com
munication channel. 

with (or even suspect) the effort; presum
ably , a CI E hand ling any moder·a te volume 
of traffic co uld be con nected to a re lay 
station operated by the staff of its host 
compu ter to their mu tual benefit. 

Addresses 

The addressing scheme proposed here has 
several in teres ting properties. It refers to a 
geographic location in a transparent enough 
fashion that messages can be ro uted to any 
pl ace in th e US by stations having a mini
mum amoun t of specific rou ting info rma tion. 
Conversely, when a new sta tion must choose 
an address, th e range of choice is limited 
in such a way th at on ly local negotiations 
are necessary. On the other hand, the limits 
are so generous that those local nego tiations 
should quickly terminate in universa l satis
faction. Th is scheme also ensures that, in 
a direct in terstation conversa tion, each 
station can easil y mark transmissions to dis
tinguish echoes of its own rr-ansmissions 
from those sent by the other station. 

The basis of th is addressin g scheme is 
the US Postal Service ZIP code. As a perusal 
of the first few pages of the ZIP code 
directory will show, the first digit des ignates 
one of ten major areas of the country , the 
nex t two digits des ignate a sectional cen te r 
within the na ti onal area, and th e last two 
digits spec ify a nearby pos t office (o r 
branch) . Thus, any network maki ng a rout

ing decision for a message can compar·e the 
intended destination address wi th its own 
address . If they differ in the first digit, 
the routing station can consult a tabl e of 
nine entries to dec ide the apprnpriate 
general direction. If they agree in the first 
dig it position but differ· in the next two, 
then the right direction can be fo und in a 
second ta bl e of 99 entr ies. Otherwise, a 
third table of no more than 99 entr ies will 
show the proper direct io n in which to for
war·d the message. Thus, rout in g to the 
proper ZIP code area can be accomp li shed 
by using tables wi th no more than 207 
entries in a given computer; ac tu al programs 
will probably use far fe wer table entries and 
capital ize on th e high degree of regulari ty 
with which ZIPcod·es have bee n assigned . 

Th e power of the address in g scheme 
proposed here is extended in two di rec tio ns 
from th e ZIP code basis ju st ou tl ined . In 
th e upwar·d direction, this scheme antic i
pates a possibl e fu ture requirement for 
network addresses outside the US by spec i
fyi ng the optional p refix USA for ad dr·esses 
that the ZIP code can reach. Thus addresses 
become partially self-identifying: an add ress 
that doesn't start wi th a digit or· the letters 
USA can not possibly be mistaken fo r· an 
address spec ified by these protocols. In the 
down ward dir·ection, the precis ion of the 
ZIP code is refined by the additi on of a 
suffix b~th for the sake of the inter·s tation 
pro toco l and in anticipation that se ver·al 
alternative (or co mpet ing CIEs) might be 
se t up in a given ZIP code area, perhaps 
even on the same host comp uter. The 
suffix es are three digit numbers; bloc ks of 
suffix valu es are preassigned, and ass ignment 
of a specific suffix wi th in a block is a matter 
of local negotiatio n. Th e pre assigned blocks 
are : 

0-9: (rese rved for testing in ter·station 

protocol) 

10-99: forwar·di ng ce nters (see be low) 

100-899: Cl Es and gate ways 

900-999: relay stations. 


Since any one ZIP code seems to serve a 
max imum of about 20,000 peop le, the block 
preass igned to CI Es is big enough to all ow 
a Cl E for each 25 people; that ought to be 
genero us enough for almost any eventual ity . 

Th e bloc k assigned to relay sta ti ons has 
a decep tive appearance th at mer·its further 
elabo ration. The in tersta tion transmi ssion 
blocks need to be marked with the ident ity 
of the ir sender. Since a transm issi on bl ock 
is qu ite short and since any in ters tation 
transmission has only two par-ties, the sen d
er 's identity can be reduced to a single bit 
derived from a comparison of the two ne t
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work addresses. Th at co mparison i possible 
if d Cl E also serves as the relay sta Li on, bu t 
Lhc relay station needs its own add res if 
it is not also a CIE. If the relay stations in 
an area come fro m a large, high ly variable, 
loose ly organized poo l of vo lunteers, it may 
not be pract ica l to per manently assign net 
work add resses to them . Th e problem can 
be neatly solved, however, by al lowing re lay 
sta tions to arb itrarily pick network addresses 
as the need ari ses. Since the block from 
wh ic h they pick an address ca nn oL incl ud e a 
Cl E address, then Lhere is no danger of the 
add r·esse coi ncid ing, and so a short addre s 
can always be found. 

Th is scheme has the di advantages, be
cause it is entire ly numeric, o f being prone 
to human error and of being somewhat 
opaq ue to peopl e. The si LU aLion can be 
partia lly all eviated by the addition of 
symb olic addresses {eg: San Francisco} and 
forwarding centers. The general idea is Lh at 
people might be willing to set up for· ward ing 
cenLers (probably in co njuncti on with Cl Es} 
that wou ld be wi lling to in Lerpre t sy mbolic 
add resses, refo rmat Lhe messages with proper 
netwo rk addresses, and forward them in the 
proper direcLion. The details arc less th an 
clear to me at the moment. Forwar·d ing cen
ters could also solve the pro blem of mobi le 
sub cribers: a subscriber, before leaving a 
Cl E, could tell a nea rb y fo rward ing center 
where messages should be redirected . When 
messages are subseq uently rou Led thro ugh 
the fo rwarding center, it can send th em on 
(o r· discard them) app ropriately. When a 
forward ing center is nol act ing as a blind 
mail drop, it shou ld also tell the sender of 
the message where futur·e message should 
be se nt. 

An add itiona l di sadvan tage of this scheme 
is Lint, si nce th e address space can poten
ti all y name 80 million Cl Es, there is no 
practical way to broadcast a message to al l 
CIEs. Sh ou ld that prove desirable , a few 
suffixes (eg: 890-899} cou ld be given spec ial 
meanings, such as, " Deliver copies of this 
message to yourself and to all CI Es with 
highe r addresses. " • 

This completes an introduction to the 
concept of the Community In formation 
Exchange Networ!? (CIE Net). In the 
second part o f this three part series, the 
discussion next month turns to the de
scription of the Cl E Net 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 C!E Net 
with the PCNET design in more detail. 

Circle 127 on 1nqL11ry card. 

BUILD YOUR OWN 

VIDE:O TE:RMIMAL FOR 


S85 "PLUS"* 


e Ser ial ASCH or BAU DOT • 16 lines X 64 characters 

• 	 Full X-Y C ursor con trol • 8100 C ompatability 

• 	 128 Characters, including • No Supporting Software 
upper end lower case required 

• The SCT-100 Single Card Term ina l interfaces direc tly to any 

computer or modem hav ing seria l ASCII or BAU DOT capab ility . 

It requi res only the Rdditior o r a standard AS CII keyboard, and o 

TV monitor. It is avoiloble as a par t ial kit for $95 .0 0 including 

the PC bonrd, character generntor ROM, and the 3870 mic ro

compu ter . The complete SCT-1 00 kit is $155 .00 ($185 .00 

prcwired &. tested) . 

To order , ca ll or write todav. MC, BAC Accepted. 


XITRX C ORP. P.O. Box #20887, Dallas, Texas, 75220 
Phone (214)620-2993 

The KIM to S-100 bus 
Interface/Mothe rboard 

• Combines the pmver of lhe 6502 wi1h the fl exibility of 
the S-100 bus 

• A11aches to any unmodified l~IM 
• 	Complele interface logic and fully bu ffered m therboard 

in one unil 
• On-board regu lation of power for KIM 
• Eigh1 slots of S-100 compalibility for additional RAM. 

Video and 1/0 boards. PROM Programmers. peech 
processors . 

• lndudes all pans. sockets for !Cs. one 100 pin connector. 
and full Assembly/Opera1ing documenlation 

• Kit $125 , Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
~ P.O. Box 386-F :E1 

wag Cob u rg, OR 97401 - ! 
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Continued from page 90 capable of rece1v1ng 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 30). 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 cerebel lum is not an instigator of action, 
nor is any conscious experience associated 
with its activities. It 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 

the translation of parallel to serial output, 
and the control of feedforward correction in 
open loop control circuits. 

Before describing these functions further , 
it wi ll 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. Th us, these 

INTERACTION BETWEEN 

M CTI CNS OR SYSTEMS 


TAPPED DELAY LINE 

ACKNOWLEDGE 
OR SELECT 
NEXT LINE 

MOTION SELECT 
INPUT 

CEREBELLAR
FEEDFORWARD CORTEX 
CORRECTIONS 

Figure 3: A functionally 
equivalent logic circuit for 
one row of a cerebellar 
cortex fiber system. The 

HOLD POSITI ONtapped delay line is the 
COMMAND L INE 

logical equivalent of the 
parallel fiber axon's prop
agation characteristics. CEREBELLAR NUCLEUS 
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SURPLUS ELECTRONICS 

IBM SE LECTRIC R 

BASED 1/0 TERM INAL 
(USED) $695.00 

• Tape Dr ives • Cable 
• Cassett e Dri ves • Wire 
• Power Supplies 12V15A, 12V25A, 
5V35A Others, • Displa ys 
e Cabi nets • XF MRS • Hea t 
Si nks • Pri nters • Components 
Many ot her it ems 
Writ e fo r fr ee catalog 
WORLDWIDE ELEC T. INC. 
10 FLAGSTONE DRIVE 
HU DSON, N.H. 03051 
Phone o rders accep ted using VISA 
o r MC. To ll Free 1·800-258-1036 
In N. H. 603-885·3705 
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WHAT IS 

a really good way to 

protect al l your valu 

able back issues of 

BYTE that will keep 

them handy , clean , and 


organized? 


Send 10 : 8 Y TE, POB 5 720, 
Philadelph ia PA 19 74 7 

for information on binders an d files. 

STILL A FEW LEFT. . . 

T he li m ited edi t ion ful l co lo r 
co mpu te r e n gineering p o ste r, $3.50. 

BITS 
70 Main St 

Peter borough NH 03458 

Circ le 9 on inqui ry c ard . 

............................. 

RADIO SHACK AND 

COMMODORE USERS 

Low Cos t Sof tware o n Compat ible 

Cassette Tapes for your T R S ·BO 

and PE T compu te rs. 

- Games 

- S mall Busin ess 

- Investment and 

- S cientific Programs. 

Tapes also available for O S I , 

APPLE II , SWTP 6800, an d P ro

cesso r Te ch nology. 


SEND FOR FREE CATALOG 

Silver State Enterprises 
P. 0. Box 27111 
Lakewood, CO 8022 7 
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Software 

Professionals 


Can You Qual ify ? \ 

One ol ou r clien1s •S stal ling a soft 
wa re grouo 10 mamrni n thei r lea ding 
edge in staie ·ol-the·art 1echno logv. 

Growth pos itions in the 15-4-0K 
ranae are ava ilable. 

Some o f the areas rnc lude. Compi
ler Design !string handling, characte r 
ma r,,ou la11 on . svn1ax processing) 
Dara Base Design - DDS (index se · 
quen 1ra l hie s1ruc1ure, e1cl and Real 
Time Qpera ring Svsrems lasvnc & 
bvsvnc . mte rru o1processor . resource 
alloca tion I . 

W e would hke 10 1ell vou more 
abou t these an d o\her New England 
oopo n un11•es . All 1nQu or ies will be held 
rn s 1r1C! con fidence 

Ca ll us collec1603-888-5600 or send 
resu me 

Touchsto ne Associates 
Pe rsonnel Consultants 

104 D.W . Highway 
Nashua, N.H. 03060 
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HP 9825A COMPUTER 
I am sclli11g 111 y perso nal HP 

9825.·I Deskt op Compu te r. H erc 
is a cha11 ce to own a pro/essio 11 11 / 
quality comp ut er /o r Iii/le more 
tha n a hobb y-grade syste111 . 

FE ATUR ES: 

• 6 MH z, 16 bi t CPU 
• Hig h speed , 250 K by cc ta.pc cil rtr id gc 
• Uppe r / lower ca se d isp la y and key boa rd 
• 8 K byres RA M 
• O pera ri ng sys1e m a nd cJ r'i vt:rs in ROM 
• lnt erac ri ve ed ilO r ln ROM 
• \iPL language In ROM 
• Bui l 1-i r1 16 co lumn pri rH er 

ROM 's fo r 1/0 , MATR I X , STR ING 
VAR I AB LES, ADVANC ED PROGRAMM IN G 
arc als.o inc lu ded as well as l t=:E E.·4 88 In ter face 
card. Ful l documentat ion. Price : S4 700. 
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COMPUTATION 
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OUTPUT 

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. 

OUTPUT 

elements may impose modifications on 
output sequences, or call on 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: Coordination 

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 th is 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 wh ich 
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 decel er
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 motion 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 fi red in sequence by the same 
parallel input fiber fall on the same group of 
neurons in a cerebel lar 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 cerebe llar cortex. Th is wi ll then 
determine the extent of the motion. The 
cerebellar nuclear cel ls are OR gating the 
output sequence of the cerebel lar cortex. 

It fol lows then that if some high level 
command system computes the type , d irec
tion and extent of a req uired motion, it can 
pass th is information to th e cerebe llum in a 
para I lei form as a select request for a 
particular set of inpu t 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 
cerebe llum, and output as a motion in space 
with a particular du ration of action and 
spatial extent. Meanwhi le, the requesting 
device is free to go about its business. 

There are many kinds of activity which 
rely heav ily on th is type of control, and 
many of them are learned activities. A good 
example is playing the piano . This is clear ly 
a learned sequence of movements, but once 
learned, the action is too rapid for guidance 
by feedback from ear or eye . It has been 
suggested that the learning of such motor 
sequences may proceed th rough the forma
tion of new functional connections in the 
cerebel lum , so that the end elements of one 
sequence become se lect inputs for the next 
sequence. In any event, we certain ly could 
do it this way . 

The action of the cerebellum involves a 
large analog component, and al though th is 
cou ld be, indeed has been , modeled with a 
fast processor and an array of digital words 
to represent 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, manipu lates them in 
unique ways re lated to their travel time, and 
regenerates electrical signals at the outputs. 
A similar result can be achieved with charge 
transfer devices. Tapped delay lines are 
easily made, and many such in para llel on a 
chip have been used for such tasks as 
electronic focus ing of imaging systems. Th is 
technology would seem to offer a splendid 
opportunity for developing a "cerebellar 
chip." An excellent review of th ese 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 particu lar ly 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 
th alamus, and which has important inputs 
from systems whose principle fu nctions are 
best regarded as cognitive and emotional 
rather than motor. At th is level of motor· 
organization, the dist inction 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 funct ional 
supersystem should be borne in mind. 

The motor cortex, more accurately cal led 
the somato-motor portion of the cortex, was 
once thought to be the highest leve l of 
motor integration in the brain because of the 
late evoluti onary developm ent of the cortex. 
It now appears however that it is more 
properly viewed as a specialized parallel 
processor system which has been deve loped 
to refin e and increase the reso lu tion and 
processing speed of fu nctions which ar·e 
directed from older structures. A notab le 
feature of the somato-motor cortex is a 
massive projection of large fast axons which 
run al I the way down the spinal cord and 
end directly on the LMNs. Along the way, 
these axons give off many branches to higher 
leve l motor centers of the medu I la, pons, 
cerebe ll um, etc. It appears that this direct 
communication from highest to lowest levels 
of the system al lows high leve l command 
systems to reach around the motor auto
maton hierarchy for direct intervention. It is 
obvious that this type of contro l must be 
avail able to a system which is to have a 
behavioral repertoire that is not built solely 
of stereotyped action patterns. Th is is partic
u I arl y true if the sys tern is to have the 
capabi lity of constructing nove l behavior 
patterns, either to mee t a particu lar prob
lem, or to serve as a bas is for learn ing new 
behavioral repertoire ite ms. 

A Sense of Touch 

Although systems such as the cerebel I um 
and the basal gangl ia have direct communica
tion with the hierarchical motor system to 
control the many moto r· stereotypies which 
it automatical ly gene r·ates 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 large ly as an ex
tensive decoder for cerebe ll ar and basal gang
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lia ini tiated actions. There is one situation, 
however, in which the so mato-motor co rtex 
is itself the or igi nating device fo r motor 
function. Th at situation is the control of 
act ion based on feedback infor mat ion fro m 
the sense of to uch. Th e reason we refer to it 
as the "so mato-moto r" cortex is that th is 
region not only co ntains the neurons which 
give ri se to th e axo ns con tro lling the lo wer 
motor syste ms, bu t also the neurons which 
receive the inp ut from th e touch receptors in 
the skin . The sense of touch is technica lly 
referred to as "somesthesis." Th e special 
relation of the sense of to uch to th is sys tern 
is ex plai ned by the fac t that a grea t dea l of 
fine motor control is under feedbac k control 
derived from the various transd ucers for 
pressure and other sensations which co m
pr·i se the sense of touch. Th is is espec iall y 
true of organ isms such as human beings 
which place so much behavioral emph asis on 
the contro l of precise manipulative move
ments . While a great many movements which 
are under feedback contro l may initiall y be 
under vi sual guidance in reach ing th e genera l 
area, th e fine control of the later stages is 
general ly under the control of feedback 
fro m touch receptors. When you pick up an 
object with your hand , it is not your eyes 
which te ll you how hard to squeeze, or just 
how to grasp. (Have yo u ever used a key
board that didn't provide tac tile feedback? ) 
Th e somato-sensory function of the 
somato-motor cor-tex involves elabo rate 
encod ing schemes wh ich are sim ilar to those 
which we will consider later with the other 
cortica l sensory systems. For now, suffice it 
to say th at th is information may ac t directly 
on the motor ou tp ut as pects of th is region 
to initiate motor· act ivi ty in those cases 
where touch in for mation is th e approp ri ate 
contro lling input. In oth er cases, this inform
ation may be used to provide correction to 
outputs of the somato-motor region which 
are bei ng initiated and controlled fro m other 
structures. 

The so ma to-moto r cortex receives its 
pr incipal control inputs fro m a group of 
nucl ei in the thalamus, which in tu rn rece ive 
the major share of the ir inpL1t from the 
cerebel lum and the basal ganglia. These 
th al am ic nuclei thus serve as preprocessors 
which synthesize d irect ives for the scnsori
motor cortex out of requests from several 
systems. 

Homing in on a Stimu lus 

Th e fin al portion of the higher motor 
system which we shall consider in detail is 
the collect ion of nucle i known as the basal 

ganglia. I shal l use this term to in cl ud e so me 
nucl ei of th e mesencephalon and cl ience
ph alon as wel l which fun ction la r·ge ly in 
conju nction with the basal ganglia. 

Just as the ce rebellum is heavily invo lved 
in the operation of feedforward and dead 
reckoning kinds of co ntrol, the basa l ganglia 
are primarily invo lved in graded, feedbac k 
controlled movemen ts, particul arly those of 
a lea rned nature, or those under· direct 
conscious con trol. It can probab ly be 
regarded as th e h ighest level in the command 
sys tem which has a primarily motor oriented 
fun ct ion. 

Th e str"ucture of the basal ganglia at the 
neuro nal leve l is ent i re l ~1 differ-cnt from that 
of the ce rebellum. There is no obvious 
pattern of spatial arrangement to its 
neurons, alth ough both loca l and output 
ele ments can be identified. Th e local clc
men ts arc much more numero us than the 
output ele ments, and form an extensively 
branched system within th e basal gangli a. It 
appears that most of these have an inhibi
tory action, so that neighboring clements arc 
quickly turned off by any activity. Some of 
these con nections are r·ecurrcnt, so th at 
inpu t dr iven ele ments, too, tend not to 
remain ac ti ve beyo nd an init ia l respo nse to 
input . This is in shar·p contras t to the 
situation in the cerebel lum where the entire 
princip le of operatio n is based on a propa
gated response in a neuro nal network, 
ini tiated by a single input. The acti on of the 
basal gang! ia is of a sort cal led "self-q uench
ing." That is, an inpu t will initiate a burst of 
activ ity, but unless th e input is maintain ed, 
or augm ented by another input, it wi ll 
rapid ly inhibit itself. Th is is true not only 
because of the local recurrent inh ibitory 
neurons of the basal ganglia, bu t also 
because of negative feedback loops from the 
basal gangl ia to its inputs which tend to 
damp th eir initi al activity. Notice the sim
ilarity of basal ganglia action to that of a 
differentiator. If one could co nsider the 
space coded byte of the act ive in put ele
m en ts to the basal ganglia as encoding some 
static scheme of output for motor behav ior, 
the temporal outpu t byte of the basal 
ganglia mi ght be thought of as having 
properties si mi lar· to the fir-st time derivative 
of the behavior specified. Thi s outp ut would 
then be decoded into comm and s to the 
moto r cortex , cerebellum, and reflex motor 
system. By outputt ing this time decay ing 
command , it is ensured that the behavior 
will not co ntinue unl ess ( I) the command is 
sustained 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 ganglia 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 I ittle 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. Th is 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 sustai ning input 
which strengthens the initial activation 
pattern, perhaps by summ ing with it to 
overcome the self-inhibition. The third input 
component is of course ideally situated for 
such a function . 

In its most primitive form, this scheme 
results in a sort of "homing device" which 
wil l cause an organism to fol low 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 analys is 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 wh ich results 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 ganglia 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 gang! ia 
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 circu itry .) 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. 

Th ere 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 essential ly involves an increase in 
the future ability of a behavior pattern to 
compete with other potential behaviors if it 
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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 m;my 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. Th is model is only ii lustrative, 
and better ones could be designed to mimic 
basal ganglia function . For example, the 
intensity of activity in the enablin~ bus 
should be employed to modulate the 
intensity of the output. 

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 

Figure 5: An equivalent entire cerebral cortex, which is by far the 
block diagram approximat largest structure in the human brain. Output 
ing some of the basic neurons on the other hand comprise less 
relations of the brain's than five percent of the neural complement 
basal ganglia (striatum). of the basal ganglia. Clearly a great deal of 

COR TICAL ANO THALAMIC INPUT 

RE WARO BUS 

TO L. 0W£R MO"fOR SYSTEM 

encoding takes place here; output line per
mutations are selected by gating an enor
mous number of inputs. Consistent with 
th is, 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 ganglia 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 pertains 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 wil I 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 try ing 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 su mmary 
which emph asizes the interactio ns of the 
differe nt parts of the system. Figure 6 shows 
the main routes of informat ion fl ow in the 
system, together with the major co ntro ll ing 
inp uts. Some of the " bl ac k boxes" such as 
"reward system" wil l be covered in future 
articles. 

One of the outstand ing features of the 
sys tem taken as a whole is that it does 
funct ion in an organized and integrated way, 
despite the fact th at its par ts are in many 
ways autonomous, and certainly no t 
synchronized in their operation . A key to 
this capability is the provision of status 
inform ation to each uni t of the system by 
each of its neighors, and the abi lity of each 
to employ this information in an in telligent 
way in formul ati ng its own ou tput. A 
furth er refinement is th e provision of a 
structure such as th e cerebel lum where 
status information fro m diverse syste ms can 
interact to generate correction info rmat ion 
which returns into the ma in line of the 
relevant systems. Wide scale availability of 
inform ation from special movement re levant 
sensory in put systems is anoth er unifying 
feature. 

If we leave out the "behavior genera ting 
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 mo to r sys tem 
(although some structures service more than 
one por tion) . Th e first is a sys tem which 
handles most of th e routine traffic according 

to established rules, and provides automatic 
elaboration acco rd in g to established rnl es 
when given high level commands. Th e 
second is a system which converts para llel 
statements of action patterns into se rially 
executed instructions to the fi rst system. 
The th ird system provides a highl y inte l
ligent output term inal which can access the 
final output elemen ts directly in the service 
of any of the highe r syste ms on request. The 
essential featu re here is that it is a parallel 
control for refi ned special purpose contrnl, 
and is not necessary for most routines. 
Finally, a four th system provides for inter· 
action of the high level decision maki ng 
systems with elaborately processed feedback 
information to ge ne1·ate compl ex instruc
tions to the other sys tems, after screening 
them for effectiveness. 

In this constella ti on of functions, we find 
th e capabi lity to deal with rapid emergency 
movements, automatic compensation for 
external ly imposed deviatio ns, fine graded 
control un der the direc tion of any sensory 
inpu t, and the execu tion of arbitrary novel 
patterns . The organi zing principle which 
seems to best de fin e the system is its 
emph asis on successively mo re abstract com
mand functions at higher levels in the 
system, and a co rrespond ing increase in 
"situat ion free" sta tements. Th at is, a high 
level element can issue a "walk" command 
without being conce rned about the nature of 
th e te rrain. It has distinct ana logies to high 
level programming languages. We sha ll see a 
similar organiza tion in reverse in th e sensory 
systems, where detail ed info rmation at the 
receptor leve l is gradually reduced to 
powerful statements of object recognition, 
independent of details of the sensat ion as 
the infor mation ascends in the sys tem. 

Even with al l of th is elaborate appa1·atus 
to direct and coord inate body motion, the 
problem of movement in the generali zed 
environment remains a chal lenging one . 
Despite the massive investment in processi ng 
power that the brai n has devoted to the 
problem, we st ill fa ll down sometimes . 
Produ cing 
approaches 
great chall e

a robot 
th e brain's 

nge. • 

system 
abilities 

th at 
will 

even 
be a 
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I'd I ike to comment on some of the items 
in yo ur November 1977 Languages Forum, 
page 190. 

I think Glen Tay lor's idea fo r a "personal 
computer langu age development society" is 
great I I only hope he gets peop le whose 
mi nds are open enough to be ab le to borrow 
the strengths of any existing language. Alas, 
I am not exper ienced in microcomputers nor 
language design; the only thing I co uld offer 
is enthus iasm and a litt le ex per ience in using 
some of the current languages (although I 
never did discover how to actual ly use 
LISP ). 

If Jeffrey Kento n can't offer Peter Skye 
anyth ing other than a prophecy of fai lure, 
he shou ld have saved his time and stamp. 
("The proposed PL/S kye will make no one 
happy." You never know, Jeff, it might be 
ecstat ic.) RPG on a micro? Super idea! (The 
premise is that anything which he lps make 
any com puter eas ier to use is a good idea.) 
Terr·ible early ex periences with PL/ I? That's 
no reason to quit ; surely we can learn from 
that and do better· in the next at tempt. 

My onl y contact with PASCAL has been 
via A Primer on PASCAL by Co nway, Gries 
and Zimmerman which leaves out a lot of 
stuff (because it is rea ll y a primer· on pro
gramm ing which mere ly uses PASCAL fo r 
its examp les). My objections to what I've 
see n of PASCAL are: the apparent necess ity 
of "declaring" eve1y symbol in the program 
before using any of th em; the apparent re
quirement of numbering a statement to go 
to (I want to name it); and the clumsin ess of 
character string handling.• 
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A BIT 01 The Best 

__Build Your Own Work ing Robot by 
David L Heiserman, pub lished by Tab 
Books. Th is book will not tell you how to 
bui ld Robbie, the robot of Forbidden 
Planet, or a cl ass ica l android of science 
fiction. What it w ill introduce you to is the 
problems of maki ng a robot mobile device 
called Buste r 111, using pre-m icroprocessor 
TTL integrated circuits for all log ic func
tions. It is a must book for background 
reading, but much of the logic can be 
extremely simplified using today's m icro 
processor technology . Use this book as a 
first look at these problems from which you 
can bu ild further and more elaborate solu 
tio ns. Softbound, $5.95 . 

__Getting Involved With Your Own Com· 
puter by Lesl ie Solomon and Stanley Veit 
answers the questions: " What can small 
computers do? Wh ich is best for my pur
poses?" Whether your in terest is business 
applications, word process ing, education, 
security, etc .• this lucid text will bring you 
in touch w ith an exciting new wor ld des
ti ned 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 Optoelectronics Data Book for Design Engineers, $2.95 

__ Understanding Solid State Electronics, $2.95 

__Designing With TTL In teg rated Ci rcuits, $28.50 

__Bipolar Microcomputer Compone nts Data Book, $2.95 

NEW! 
 __Wi lliam Ralph Bennett Jr 's Scientific 
and Engineering Problem Solv ing 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 
Calcu lator contains some 35 programs Conference Proceedi ngs. Here's a big pack- BASIC (which it does admirably). th is 
written fo r a specific programmable pocket age of fascina ti ng information and practica l li ve ly. lucid book presents a wea l th of 
ca lculator, the HP-25. These programs guidelines from the symposia he ld at the imagi native and unusual applications pro· 
implement algorithms in number theory, 1977 West Coast Compu ter Faire . The First grams taken from many discipli nes IA 
equation solving, algebraic stabi lity theory, West Coast Computer Faire Conference sample exercise: "Using the algorithm 
ca lculus of power series, numerical integr~- Proceedings contain 336 pages covering: in the text with the pair·correlation matrix 
tion as well as algorithms for the eva luation 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, var ious Bes~e l the text of a talk by science fiction wr iter T"). The exercises run the gamut from 
functions, the error integral, and the Fred Pohl) ; computers for the physically random processes to the dynamics of 
Riemann zeta function . disabled; lega l aspects of personal com - motion, from entropy in language to the 

A unified format has been chosen for purers; 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 Four ier 
of the flow diagrams and the detai led c:fe- l ist goes on. This compendium will ma ke a series and the law (I). In its diversity and 
scriptions that are provided, the programs useful addition ro your reference she l f, since elegant style, it ranks with Donald Knuth 's 
are easily adapted to run on any calculator it contains many hard-to-get item s. You wotks as a milestone in rhe art of com· 
of comparable capacity. $1 1.50. can'r miss fo r $12! putmg. Hardcover, $13.95. 
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__Scelbi "6800" Software Gourmet 
Gu ide & Cookbook Old Favorites 
_ _ Scelbi "8080" Software Gourmet 
Guide & Cookbook, both by Rober t F ind· 
ley . Have you tr ied cook ing up a program 
lately on you r 6800 or 8080 processor? 
Have you needed a dash of ideas on how to 
add sp ice 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 you r l ibrary . 

Both books conta in a wealth of infor· 
mation on the 6800 and 8080 instruct ion 
sets, plus general programm ing techn iques 
applied to the 8080 and 6800, conversion 
routines, floating point rou t ines, decimal 
ari thmet ic rou t ines, 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 no·t already fami liar w i th BASIC, 
James Coan's Basic BASIC is one o f the 
best ways to learn about this popu lar 
computer language. BASIC (wh ich stands 
for Beginner's A l l-purpose Symbol ic 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
m inal, writing programs, using loops and 
lists, solving m athematica l problems, under
stand ing m at ri ces and more. The book con 
ta ins a weal th o f illustrat ions and example 
programs, and is suitable fo r beginners at 
m any different levels. I t m akes a f ine refer 
ence for the experi enced 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 techn iques for programming in 
BASIC , including string manipulation, the 
use of files, p lott ing on a term inal, simula · 
tion and games , advanced mathematical 
applications and more . Many useful algor· 
i thms are covered, including some clever 
sort ing techniques designed to reduce 
program execution ti me. A s w ith Basic 
BASIC, there are many illustrative example 
programs included. BASIC doesn 't have to 
be basic with Advanced BASIC ! $6.95. 

Praised by many cri t ics as th e best books in the ir fie ld, The Art of Computer Pro·The Art of Computer gramming, Volumes I, 11 and Ill, are part 6 f a projected seven vo lume omn ibus survey of 
computer science now being comp leted by Donald E Knuth. 
_ _ Volume I. Fundamental Algorithms, begins w ith a thorough discussion o f theProgramming mathem at ics used in computer programming, fo ll owed by a treatment of in formation 

st r uctures , stac ks. arrays, li nked l ists, dynam ic storage all ocation, and trees. 634 pp; 

$20 .95. 

__Volume 11, Seminumerical Algorithms, is concerned with random numbers, stat isti 

cal tes ts, random sequences, as we l l as ar ithmet ic (floating poin t and m u ltip le precision), 

po ly nomials, and rational arithmetic. 624 pp; $20 .95. 

__Volume 111 , deals with Searching and Sorting, and as the nam e implies, the em 

phasis is on algor i thms fo r sorting, including combi na toria l properties of permutations. 

internal sort ing, op t imum sorting, and external sorting . Also inc luded is a section on 

sequencial searc hing, hashing, dig i tal search ing , and more . 722 pp; $20 .95. 


A hypothetical assembly language called MIX has been developed by the author to 
illu strate programm ing examp les throughout the series. M IX is easi ly convertible to other 
assembly languages. 

Pro f Knu th wr ites with styl e and wit (among many memorable quotes is one from 
McCall's Cookbook ! ). T his cl assic work belongs on the ref erence shelf of everyone 
se r iousl y interested in computer science. 

Order By Telephone 
WATS up ? The BITS toll free hotline is now avai la ble for custom er orders. Dia l your bank card orders 
Monday through Fr iday between 9 :00 a.m. and 5:00 p .m . Eastern Standard T ime. 1-800-258-5477 . In 
New Hampshi re, call 924-3355. Before you d ial, p lease have ready y ou r BankAmer icard o r Master Ch arge 
credi t ca rd number and exp irat ion date, the t i t les o f the bo oks you wish, and you r sh ipping address . 
To call about an order - Please d ia l (603) 924-33 55. 

DIAL YOUR ORDERS ON THE BITS TOLL FREE HOT LINE : 1-800-258-5477. 

In New Hampshire, call co llect: 924-3355 
Send to : 

BITS, Inc . 

70 Main Stree t -..,...- •-iiiii 
Cllec k Paymen1 m e1l1od 
__My check is enc losed 

_ _ 8111 m y MC No. _ _ _______ 

__9,11 my BAC No . 

_ __ Exp . c!a 1e 

Exp . da1e 

--  -

- -  -

Peterborough NH 03458 

To 1al for all books chec ked s___ 
m 

Address 
Pos 1age , 50 ce n1 s pe r boo k lo r___ books s___ 

S1a1e 
Overseas . 75 cen ts pe r book for _ _ _ books S___ 

Grand T o tal $ _ _ _ 
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Programming Entomology 


Gary McGath 
7 Silver Dr 

Nashua NH 03060 

or the val ue of a va riab le is the same as 
before, but it isn't. Take thi s attemp t to 
exch ange the va lues of two variables: 

10 LET X = Y 

20 LET Y =X 


This fa ils because when stateme nt 20 is 
executed, the value of X has already been 
clobbered by the previous sta tement, with 
the resu lt that Y never gets changed at all. 

Clobbered Values are frequent ly fo und 
on subroutine exits. It's easy to write a 
hMm less look ing CALL or GOS UB (poss ibly 
to a routine you haven't wr itten yet} and 
assume eve rything wil l r·emain the same. But 
strange things can happen if the subroutine 
unexpected ly ch anges some values. 

A not too distan t relative of the Clob
bered Value is the Zap r ed Stack, found only 
in mac hine and assembly code. It appears 
most ofte n by pushi ng items onto the pro
gram's stack at th e sta rt of a subroutine, 
then fa il ing to pop them, or popping too 
many thi ngs at th e end. Another· way to 
inv ite this bug is to use the stack pointer 
for some other purpose during the course 
of a subroutine. 

Subroutines are also the hab itat of the 
Botched Ca ll . A certain protocol is needed 
to ca ll any particu lar subro utine. If, when 
you write a ca ll to a sub rout ine, you expect 
a va lue to be r·eturne cl in the wrong pl ace, 
or you assume the sub routin e wi ll do some
th ing wh ich it actually won 't (or vice ve rsa), 
th is bug wi ll have gained a foot hold . Th e 
differ·e nce between a Clobbered Valu e and 
a Bo tched Cal l is that when you have the 
latter, the subrouti ne is doing the right 
thi ng; the ca lli ng program is just mistaken 
in its ex pectat ions. 

Anothe r spec ies of bug lurks in ju mps, 
branches, and GOTOs. The Bra nch Bug 

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 subtle (before it is 
found ). 

An entomologist is a bug ex pert. Wh en he 
sees an insect, it is n't just a bug to him (in 
fact, he wi ll vociferously protest that not all 
insects are bugs); it has a pa rticular hab itat, 
lifespan, favor ite food, an d bree ding pa t te rn. 
Nor is hi s knowledge just academ ic; he can 
tel l you how Lo protect yourse lf from a 
ha rmful one by ki ll ing it or keep ing it away. 

The same sort of knowledge is necessa ry 
for programmi ng. The skil led program mer 
knows what kinds of bugs may attack a 
program, how to track them dow n, and how 
to keep th em from ge tting there in the first 
place. He knows the ways to get at pa rticula r 
bugs, as wel l as the general treatments whic h 
are effect ive aga inst all of them. 

The firs t thi ng to real ize abou t bugs 
is that they don't appear by spontaneous 
generation. They have a creato r, and their 
creator is the programmer. (Throughout 
this article, I am speak ing onl y of user 
program bugs; hardware bugs are an entirely 
different breed, su bject to different Jaws, 
and syste ms software may be beyond your· 
control. No matte r how outrageous ly the 
progra m is acting, it's only fo ll owing orders. 
So what you have to ask abo ut a bug in 
your program is : how did you put it there? 
What kinds of mistakes are you pro ne 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 Goel " . ..and thou must take 
care of th y crea tion. 

But the fact that each programmer 
crea tes his ow n bugs doesn't mea n there 
aren't spec ies of bugs found in everyo ne's 
programs. Kn owing about these species ca n 
be a great timesaver, espec ially when the 
species can be iden tified by the effects. 

One of the most comm on bugs is the 
Clobbered Value, found where the pro
gram mer assu mes the co ntent of a reg iste r 
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Zapped Stack Bug: 
Stack oriented mach ines 

and software are both 
very ega litarian with 

respect to pushes 
and pops. They like 

to have the same 
number of items pushed 

as are later popped, or 
else they 'II transform 

themselves from tranquil 
and placid programs into 

memory zapping monsters. 

is so difficult to fight that se rious attemp ts 
have been made to wipe out its habitat; 
languages and progra mm ing sty les (s truc
tured programming) have bee n deve loped 
that use no ju mps. Th e Branch Bug comes 
in two va rie ties: jumping to the wrong 
place, and jumping to the right pl ace wi th 
inadequate prepara tion . The first of these 
is easy to produce in langu ages where 
sta tement labels have to be numbers (eg: 
BAS IC and FORTRAN, espec iall y BASIC, 
where eve ry statement has to be numbered 
whe the r it's ever go ing to be a jump destina
tion or not). The ju mp wi th inadequate 
pr·eparation is similar to th e Botched Call, 
but it can often be harder to fi gure out if the 
program has a complex flo w pattern . 

A fe w spec ial meth ods are applicabl e 
to fighting th e Branch Bug. One of these 
is program fl ow analys is. A look at the 
poss ibl e paths a pro gram can take will 
often revea l some of these bugs. Is there 
a pa rt of the program that can never be 
reached ' Ar·e th ere trap s in the program, 
loops th at ca n never termi nate? Are there 
ju mps wh ich wil l r·esult in var iables be in g 
used without hav ing been se t to a val ue? 

In languages li ke BAS IC, wh ere every 
statement is labeled , it 's helpful to se t off 
state ments that ca n be reached by jump s 
eithe r· by using specia l sta temen t nu mbers 
or· by pointing them out in co mm ent state
me nts. In any language, the statements 
that ca n be reached by jumps should be 
logical br·eak ing poin ts in ome sense, 
pl aces whe re a new unit of work beg ins. 
Except in desperate situat ions where 
economy is all-important, jump s should 
be used to satisfy the log ic of the program, 
not to save a fe w ins tru cti ons. 

If a subroutine call can be used instead 
of a jump, it probably hou ld be used. A 
subroutine wil l send you back where you 

came fr om, o figLning out the fl ow o f the 
program is eas ier. For many pu rposes, 
you ca n tr"eat a subroutine as a unit wh en 
stud ying th e prngra m; as a single in struct io n 
that ha ppens 10 do complica ted thi ng. 
Yo u can't do thi s with the in stru ction s 
reached by a jump . 

The 11 ex t bu g in our survey feeds on 
apples and oranges. Mo re generall y speaking, 
the Mism atc hed Unit is fo un d where th e 
units or dim ensions of th e quantities being 
used in a program aren't the ones actuall y 
needed. Take the program statemen t LET 
V = D * T, where D is a distance in mil es, 
T is th e t ime traveled in hours, and V is 
intended to be rhe traveler 's average velocity 
in mi les per hou r. By using simpl e algeb ra 
on the units, you can see th a t the resu lt 
obtained wil l be units of mi les times hours, 
not mi les per (ie : divided by) hour. 

Bugs of th is type are harder to spot when 
th e mismatched vari ables are further apar t 
in th e program, bur consistency wi II keep 
th em fr om occu1T in g. Simply be sure you 
know in advance what u ni ts each varia ble 
has to come in. 

Assembl y and machi ne language program
ming allow an especiall y messy type of 
Mismatched Uni t Lo show up: mi smatches 
between addresses and data, or· between 
abso lute addresses and re lat ive ad dresses 
(valu es to be added to a base address) . To 
avoid thi s bug, watch out fo r th e different 
addres in g modes of di ffe rent in stru cti ons. 

Another bug with a spec ia lize d habita t 
is the Fencepost Bug, named fo r· its ten
dency to res t in pro blems like th is one : 
" If you are putt ing up a wire fe nce 100 
feet long, su pported by pos ts eve ry 10 fee t, 
how many posts do yo u need?" A no th er 
name for· thi s bu g is the Boundary Condition 
Bug; it 's always fo und in connection with 
th e stan or en d o f some sequence, wh ere 

Botched Call Bug: The 
Botched Call Bug is li ke 

the proverbial square peg 
in a round hol e: Unless 

the peg or th e 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. 

spec ial trea tment is nee ded. One fo rm 
manifests itse lf in con ru ion over whether 
the first element of a group i nu mber 0 o r 
number 1. An other is fo und in th e attempt 
Lo relate each element of an array to the 
nex t, as in thi s stateme nt : 

IF T(I) <T( l+l) GO TO 100 

Try thi s one se tti ng I equal to the dimension 
ofT . 

Fi na ll y, we come to the mos t in si dious 
of all bugs, th e Ti ming Bug. The charac ter
istic that makes thi s bug so fea rsome is that 
a progra m in fested by one may run correc tl y 
once but not th e nex t Lim e; it may even run 
correctly 99 times but fa il on th e hundredth , 
using exact ly the same data each time. To 
make matters worse, running programs in 
single step mode will usuall y dr ive Timing 
Bugs in to und etectable hiding. 

As the name suggests, the Tim ing Bug is 
one that shows up de pending on th e order 
in which asy nchron ous events {events that 
have an unpredictable relationship in time) 
occur. System s that have inter rupt facilities 
are especially pro ne to being attac ked by 
Timing Bugs, since an in te rrup t routine may 
be executed at a d iffe rent point in the pro
gram each t im e it 's run. An in te rrup t routine 
may, fo r instance, se t up ce rtain variables 
to be used by th e mai n program. If another 
interrupt of the same kind can occur before 
th e vari abl es have been processed by the 
mai n program, and if tha t in terru pt changes 
th ose vari ables, unp redic table resul ts ca n 
occur. Yet most of th e time, interrup ts 
may not occur that close toge ther, so the 
bad resul t is said to be nonrepea tab le. Th is 
means that repeated run s of the program 
ca n't be used to systemati ca lly close in on 
the bug. 

A Timing Bug can also li ve on di rec t 
memory access (OMA) . Some mass 
storage devices can read or write data in 
bulk wi thou t the interve ntion of the 
processor, usi ng th ose memory access 
cycles which th e processo r 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 th e 
juice which flows out ? 

The length of time a OMA transfer will 
take is, at bes t, very di ffic ult to predic t ; 
so a Timing Bug ca n stri ke if memory 
which is accesse d by OMA ca n be accesse d 
or modi fie cl by th e processor. 

Since Timing Bu gs are so ha1·cl to hun t 
clown, ex tra effo rts shoul d be made to , void 
giving them a foo th old. Be extra ca reful in 
writin g interrupt handlers or DMA com
mands. Watch fo r places where interrnpts 
need to be di sa bled. As fo r the indcnti fica
tion o r Timing Bugs, the fo ll owing 1-ule is 
useful : if you can prove, in a prec ise instruc· 
tion by instru cti on stu dy, that what 
happened couldn' t poss ibly have happened 

The Timing Bug: Th is 
most subtl e of all bugs 

spends most of its time 
relaxing, and suddenly 

taking a swipe at appar
ently random times. 
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fro m th e execution of those instru cti ons, 
suspec t a T imin g Bug; some th ing else was 
happening dur·ing the exec ution of th ose 
in s tru cl ion s. 

Inci dentally, it 's possibl e to encoun te r 
bugs mu ch like Timin g Bugs even with out 
inter..-u pts or DMA . An input or output 
device, such as a key boa r·d, is asy nchronous 
wi th th e prngram; the exact behavi or of the 
program will depend on th e behavi or of 
th ese devices. For in stance, a program 
whi ch accepts key boa rd input and accu
mulates it in a bu ffe r may work fine for 
you , yet a fas ter ty pist may make it fai l 
because no provision was made for the 
chance of exceeding the buffer 's ca pac ity. 
But in a si tu at ion like this, it's a t leas t 
possib le to loo k a t every ca ll to an inpu t 
ro utine and tel l what its effec ts might be. 

This compl etes our su rvey of imp ortan t 
species of bugs (I have nothi ng useful to say 
abou t the Comm on Typo, th ough it does 
have to be fo ught). Others will no doubt 
di scover vorac ious breeds wh ich I have 
overl ooked, and perhaps they will imp rove 
on some of the classificat ions I have men
ti oned. But knowing about the spec ies 
which &e li sted here will hopefu ll y be 
a help in identi fying and killing th e bugs 
in your own programs. 

This doesn't mean that cl assifying 
bugs is all th ere is to entomology , neither· 
the biologica l kind nor the kind being 
disc ussed her·e . Entomology wouldn ' r 
be a sc ience if it couldn' t say thin gs th at 
are true of al l bu gs, r·egard less of spec ies . 
Wh at I have di scussed so far is diffe rentia
ti on; bu t integr·ation is equa ll y important. 

The basic fac t that un ifies all bugs is th e 
one which I mentioned at the beginnin g of 
this ar-ticle: they're all crea tio ns of the pro 
gr·ammer . And th is Fact allows the use of a 
broad-spectrum ki ller· aga inst all bugs : 
DDT, standing for· De ign, Doc um entat ion, 
and Tcsti ng. Let's take the m in order: 

• Design . Th e best way to stay bug-free 
is to write programs without bugs. Th is may 
sound li ke superfluo us advice, bu t pro
gram mers (m yse lf included) arc often 
tem pted inlo writing programs qui ck ly, 
ra the r· th an wr iting them well. The attempt 
usuall y fai ls, since such programs will 
usua lly cos t mo r·e in debugg in g t ime than 
the time saved in wri tin g them. 

An error born of pr·agmatism is to 
suppose th a t it doesn' t matter how you 
design a program, as long as it works. 
There arn two problems with thi s idea. 

The firs t is that ii' you use any method 
that <1 ppears to do the job, wi thout 
rega rd for well organ ized de sign, it wil l 
be a lot harder to ever ma ke the program 
work. The second pro bl em is tha t even if 
the program works for its immediate pur
pose, it will be harder to make changes to 
mee t new needs. since a particul ar ad hoc 
solul ion may not be gene rali za ble. 

Th e fi rst step in designing a p rogram is 
to lay out a comple te plan of a ttack before 
writ ing it. Decide wha t data structures you 
will nee d, and what method you will use. 
Data structures are often the key to the 
whole program. First pla n the program in a 
fe w large steps; then decide wh at each step 
will consist of in more specific te rms; then 
repeat the proce du re until you're down to 
the leve l of your chosen programming lan
guage. This is the principle of structured pro
gram mi ng, and also of mental un it-eco nomy : 
avoid havi ng to thin k about more th ings a t 
once than your mi nd ca n handl e. If you can 
keep everyth ing relevan L to a particul ar 
operation in your hea d, you're not likely to 
pu t bugs in to its implementa tion. 

Fl owchart ing is often r·ccom mcnded for 
pro •ram design, bu t it 's cumbersome and 
doc n' t lend itse lf to represe nti ng a hi erar
chical des ign. Another ;:ip proac h is to use a 
we ll designed program ming language, such as 
ALGOL or APL , Lo write the des ign. Since 
you aren 't ;:ictual ly going to run th e prog ram 
in that language, you can assu me any fea
tures th at woul d make the job eas ier. The 
po int of this is to h;ive a re prese ntation of 
the progra m that you can understand with
ou t stra in, o that you do n' t lose sight of 
yo ur overall plan while chas ing dow n detail s 
o f' im plementation. If you do have bugs 
af ter doi ng th is, al least they won't be part 
o r the whole design of the program. 

• Documentation. The mai n reason fo r 
wri ting up the way a program wor ks isn't Lo 
explain it to someone else ; it's to make sur·e 
yo u unde rsta nd it yourse lf. Documen tat ion 
shou ldn't be an Jftenhought ; it shoul d begin 
with the des ign or the program (when you 
wr ite wha t it is go ing to do), and continu e 
wi th com ments wriLLen along with th e 
in struct ions. 

Good docu mentation is n't fo un d in shee r 
number of comments (th ough there should 
be a lo t) ; it's fou nd in comments that ex
plain the operation of the program . Com
ments <1re especiall y needed for data, su b
ro ut ines, .ind poi nt s r·eachable by jumps. 
Variables and con ta rlls hould be ex plained 
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so that th e 1-eader wil l sec how they can be 
used ; this al lows us LO spol th re ats to 
th em, suc h as Mismatched Units and Cl ob
bc 1·ed Valu es. If th e language al I ows, gi ve 
cons tants nam es ralhc1- t/1 <111 using the ir 
numeri c values throu ghout th e prngram; 
thi s makes updating easiet" and renders 
the Common Typo's attac ks more con
sp icuous. Subrout ines should be p1·efaced 
with a clesc1-ipti on of how they are ca ll ed, 
wha t inputs arc nee ded, what va lu es arc 
retu rned, and what inform ati on may be 
destroyed in th e process. Ju mp poin ts 
should have an ex pl anation o f th e co n
ditions under wh ic h th ey a1·e 1·eached. 

To make a prog1·a 111 at leas t part ly se lf. 
docu men Ling, the name of J rou Line or 
var·iable should indicate its use. One of th e 
mztjor weaknesses of BAS IC is tha t it doesn't 
al low th is to be don e very much ; th is is a 
reaso n for hav ing a lo t of comm en t state
ments to exp lain wh at BASIC v<H ia bles 
and su brou tines Me used fo r. 

just as a sampl e, here 's J pr·ef;:ice to a 
hypoth et ica l 8080 assembly language sub
ro uti ne (see box). The com men ts expl icitl y 
derine lin kage conve ntions. 

COMPUTE PROBABILITY OF WIDGET BREAKAGE 
INPUT - MASS OF WIDGET (GRAMS} IN REGISTER PAlR BC 

AGE OF WIDGET (DAYS) IN REGISTER PAIR DE 
OUTPUT - PROBABILITY OF BREAKAGE (PE RCE NT ) IN REG IST ER PAIR BC 
ALL OTHE R REG ISTERS ARE CLOBBERED 

The pro tectio n provided against Botched 
Cal ls should be obv ious. 

• Testing. If you follow the ap proach 
ou ll i ned so far, you 'II have a better cha nce 
o f ge tting your prog1·a m to wor k, but you 
m;iy sti ll have plan ted a few bugs inaclver
tcnlly. So yo u have to test th e prngra111 
bcfo1·e declar ing it bu g- l'1·ce. Tes ting 
sho ul d beg in with a simple vers ion of the 
program, if possib le; but it should begin 
onl y artcr the prog1·am has bee n w1·itten 
wit.h enough ca r·e so th at th ere's J chance 
o r· not finding any bugs. 

Use whatever debugging too ls Jre ava il
abl e. High- level languages wi ll usual ly prn
vid e useful in fo rn1a ti on when the prng ram 
goes wrong. Ver·s io ns or Bf\SI C that al low 
single statemen ts to be execu ted make it 
possi ble to fi nd something about th e 
cond itions un der wh ic h an e1Tor occu 1-red. 

Whe n work ing in mac hine language, .i 

debuggi ng prngram wil l case discovery of 
bugs. Such a progra m al lows the use1· to 
put brea kp oi nts into th e prog1·a111 be ing 
tes ted (1·eLLll'n ing co ntro l lo the debugger 

when the program coun ter reaches a ccnai n 
address) and to examine and modify regis
ters and memo1-y. These prngrams r,1 ngc 
fro m si mp le I K 111 oni to1·s to powcd'u l 
symbo lic debuggers li ke Di gital Equ ipment 
Corpora ti o n's DOT (Dynamic Dc bugg in !~ 
Tool, no 1·e lation to th e name as used hc1·c ). 
Hav ing one of these in ROM can be a 
tre mendous hcl p. 

If the progra 111 works the first t ime, try it 
again with diffe rent data to make sure. 
Check out simpl e cases. Some t im es a pro
gram will work in comp lica ted cases, but be 
bitten by the Fencepost Bug in si mp le ones . 
Check out more co111 pli ca ted cases. If 
possibl e, use a 1·an clom number tab le as a 
source of tes t data, along with handp icked 
cases. 

11· th e program doesn't wor·k th e fast 
time, Lry it aga in with diffc1·e 11 t data. Ai111 
fo r the si mp lest case possib le. If you can 
ge t the program to do someth ing ri gh t., 
that wi ll cul down the nu111 bcr of places 
whe1-e bugs may be IUl·king. 

Wh en a progra m is be ing tested, the work 
is easiest if execution comes to a scr-cec hing 
halt as soon as something goes wrong. A 
program may be able to run a whi le after 
crucial damage has occu1-red, onl y to 
clobber al I o f memory before stopping. 
If th is happens, it can be almost impossible 
to localize the sou 1·ce of th e disaster. Bur 
if th e program makes pNiodic c hecks for 
er ror condit ions (such as impossibl e va lues 
or inval id re lationshi ps) and re ports th em, 
there' s a better chance of discover ing just 
wh er· e things wen t wrong. For in stance, 
a rn uti ne th at fills a block of memory 
between two addresses might chec k to mak e 
su1·e that the low ad dress is rea ll y lower 
than the hi gh ad d1·ess. Red und ant tests 
may slow cl ow n th e prog1·am, but the y 
ca n be ta ken ou t when al l the bugs are 
known to be dead. 

The overr iding consider a rio n Lo remem
ber in the use of thi s Design, Document and 
Test tec hnique is tha t it 's open-end ed . Ir 
wil l, in p1·i nci ple, kill any kind o f bug; but 
a new approach to desig n, a bet Lcr scheme 
of docu men ta tio n, 01· a novel test may be 
needed fo r su bt le species. Approac hi ng 
bu gs sc ient ifica ll y mea ns lh in ki ng <1bouL 
them. It mea ns 1·ecogniz ing tha t any bug 
wil l h<Jve importa nt simi lar it ies to pre
vious ly encountered bugs; and that it may 
have equallv im portant diffct·c nces. So 
when you fi nd yo urself stru ggl ing to dis
cove r what' s wrnn g with a program whose 
behav io1· is incomp1-ehensible, yo u ca n 
co nsole yoL11·se lf wi th the though t th at yo u 
may be about to milk c an exc iting ento mo
logical discovery th at you ca n Li se re peat
ed ly.• 
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Measuring Program Size 


1 n Mar·ch 1977 BYTE (page 106) David 
Price presen ts a Star Trek program which is 
appare ntly written in Hewlett-Packard 's 
BAS IC, and he states th at the program is 
9382 bytes long. Thi s figure ca n be mi s
leading in that, un like many computers, HP 
docs not store programs in source code, but 
rather in an in ternally coded fo nn. Thu s the 
leng th of a progr·am is dependent on fac tors 
different fro m ones wh ich would be re levant 
on anothe r sys tem. 

For examp le, a constant uses two words 
of memory any time it occurs in the pro
gram, but a var iable uses no more memory 
if it occ urs 50 times than if it occurs onl y 
once. Hence a program can often be signi
ficantly shortened by sett ing variab les 
equal to common ly used constants at the 
beg inning of the program, and thereaft er 
using these var iab les instead of the cor-res
ponding constants. 

On the other hand, wh ile eliminating 
nonessential spaces from a program can 
decrease its length in many other BASICs 
(eg: Honeywell's), it will have no effec t 
on an HP BAS IC program. When a line 
of source code is entered on an HP, the 
computer translates it into the above me n

t io ned internal code, igno ri ng irre levant 
spaces, leadi ng zeros in line nu mbers, etc. 
Then if the line is listed , the comp uter 
" uncompiles" this code and pr ints the line 
in a standard fo rmat. This is why there 
are always two blanks after the line number, 
and a bl ank preceding and fo ll owing any 
key word (except REM and imp lied LET) 
or mul ticharacte r operator. 

It is natu ral for any computer langu age, 
even if in itially sta ndardi zed, to evolve into 
a co ll ection of dialec ts. Eve ry system has 
different requirements and resources. Un
fortunately the hobby ist can run across 
programs wr it ten in many diffe rent di alects, 
often wi th out havi ng ;rny easy way of judg
ing how they nee d to be modified to run on 
his or her sys tem. A possible (par tia l) solu
tion might be to have an article or series 
of articles in BYTE compari ng the better 
known versions of BASIC, bo th those used 
on microcompute rs an d the ones fo und on 
the more popular timeshar ing systems. In 
add ition to providing hobbyists with infor 
mation to help them convert programs 
written in foreign BAS ICs, it would also 
prov ide some insight on how d iffere nt sys
tems handle the execution of programs.• 
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Figure 7: Simple resistor-capacitor (RC) low pass fil ter. 

A Simple Digital Filter 


Robert Grappel 
148 Wood St 
LeKington MA 02173 
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At first glance, us ing a com pu ter to bui ld 
an analog filler seems li ke th e height of 
overk ill . Imagine an an:dog to di gital con
verte r, a microprncessor with memory and 
periph era l in te rfaces, a di gital to analog con
ven er, and more, just to cl o the job of a 
capac itor, a res istor and a coil of wi re l 
Peop le have bee n buil di ng analog fi lters for 
yeai-s wi thou t computers. How ca n an analog 
filter be construc ted with a cl igi ta l dev ice 
like a microcomputer? Digita l filte ring may 
be the answer·. 

All r·ight, you s;iy, we mu st have some 
analog to dig ital conve rsion stage in there_ 
True enou gh. A digital fil ter uses per iod ic 
samp les o f an analog waveform as input. 
These samp les ar·e digitally mani pulated in a 
compu te r of some sort and then conver ted 
back to analog fo rm by a di gi tal to zi nalog 
convert.er. On e i npu l. sa mple is conven ed to 
one output voltage . By integrating this 
outp ut sequence, the digital prncess appears 
to have a co ntinuous analog outpu t. 

The rest or this art icle descr ibes th e man i
pul ati ons we mu st perfonn on the di gi ta I 
samples in order Lo sim ulate the perfor
mance of sim ple fi I te r·s. The ma the mat ics 
is quite complex and is av <i il <l ble in many 
tex ts. We will try to co ncentra te hcr-e on the 
prac ti ca l implementa ti on o f such a fi lte r·. 

Let us take for ex am ple the simple RC 
{resistor-capacito r·) low pass filter· shown in 

figure 1. This circuit passes 
in the inpu t vo ltage that are 
some cr itical fr equ ency (call ed 

freq uencies 
lower th an 
the cu toff 

freq uency) determined by the r·esistor an d 
ca pac itor va lu es, whi le severely at tenuating 
any hi gher freq uencies. 

The outp ut voltage Vout• then, is simp ly 
a select ively reduced version of Vin (in put 
voltage). The r-csis tor drops the outp ut 
vol tage, as docs the voltage th at goes into 
chargi ng C. AL first , V ou t = a x Vin (wh ere 
th e co nstant a is the amoun t of aLten uat ion 
caused by R and C). It c;rn be shown th:i 1 

a= l / RC {where R is in ohms and C is in 
fMJds). 

The vo ltage change with ti me across a 
cap<ic itor is an ex ponential fun ctio n. If th e 
vo l tagc at time ze rn is V, th en the vo lLage 
at lime ti s give n by Ve- at (a is the same con
sta Ill as above). 

Now, let us cons ider tha t the in put is il 
ser ies of samp les, wher·e s<1mples occur· 
eve ry t seconds. The ou tp u L vo ltage at any 
given Lim e is just the alge braic um of the 
altenuzi ted in put vo l Lage and the vol Lage on 
the capC1c i tor al tha t time. In o the r· words: 

t=O output=aV 
t= ·1 ou tpu t=aV +a v e- al 
t= 2 outpu t=aV +a v e- at + a Ve- 2a t 

After a nu mber 01· sa mples, th e ou tput 
vo ltage becomes th e um of a number of 

ATTENU AT OR 

at 
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I 

Figure 2: Filtering process performed by the circuit of f1~qure 7 in bloc!? form. 
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Figure 3: Flowchart for 
performing a low pass 
filter function. 
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suc h tcrn1s. Since the terms are sim ilM, and -12 
e - nat = (e- al) 11, we need to compute the 
exponential term only o nce, and multipl y Figure 4: Resul t of passing a 50 Hz square wave through the digi tal low pass 
it by itself repea ted ly to get the extra te rms filter program. 
or th e cr ies. FigLJre 2 shows the equ ivalent 
circuit or the RC low pass filter in figure 1, 
shown in block diagram fo rm . It con ists 12 

of an <Jllc nuator (fac to r a), an expo nential 
and time delay (the capac itor). and a sum 10 

I 
mer. We them ju mp to fig ure 3, which sh ow 
a flowchart of this process. The only ch,1nge 8 

I 'INPUT Iis th ,1t the at ten uJtion facto r is given as at, 6 
VOLTAGE -------.. lwhere t is the period be tween sa mple s. Much 

of the input to the filter i lost because its 4 

frequency is ou tsidc the filter range. Th is 
I 'I

docs not cha ngc the shape of the output 
V) 

2 
I ...(the impmtant fac tor). bu t only the magni  _, 

0 16 18 20 22 24 Tl ME (mSllllclc of the ou tput (l ike .iddi ng gain to th e 0 
> 

filter). If you have accep ted tha t last bit or - 2 

sle ight of hand, you can sec tha t figure 3 I 
/ 

!is a block diagram of a program to ped'orm 
-4 

Ilow pass fil tering. -6 
/ ......__OUTP UT 

VOLTAGE
Figu1·c 4 shows the output of such a 

\,digital filter program when the inp ut is a - 8 
\ I square wave with maximum and mi nimum 

val ues of+10 V and - 1 0 V, respective ly, and 
-10 

a frequ ency or 50 Hz. The sampling rate - 12 " 
is 20 samples pe r cyc le, thus t=l ms. The RC 
cons tan t a is arbitrari ly set eq ual to 360. The Figure 5: Result of passing a 50 Hz triangular wave through the low pass 
re mov, I of the high freq uency componen t digital filter program. 
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Figure 6: Simple resistor
capacitor (RC) high pass 
fi l ter. 
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Figure 7: Filtering process 
performed by the circuit 
of figure 6 in block form. 
By changing a sum to a 
difference we convert the 
bloc/? diagram from a low 
to a high pass filter . 

of the squill"C wave is evident. FigLu-e 5 shows 
th e fi lte r· response to a tr iangu lar wave at the 
same frequency. The outpu t is nearly all at 
the fundamen tal frequ ency of the inpu t, as 
one would expec t of a low pass filter. 

Now, how do we simul ate high pass filte rs 
like the one in figure 6? Here the ou tput 
voltage is the difference of the a ttenuated 
inp ut and the capacitor· voltage (since the 
capacitor resis ts rapid changes in its charge). 
Thus, Figure 7 is a simu lat ion of a high pass 
filter. It is iden tica l Lo the low pass filter 
exce pt that A+B become A- B. 

Figures 8 and 9 show th e 1·csponse of a 
high pass filter· program to the sa me inputs 
as those in fig ures 4 and 5. The co nstant s 
are the sa me, but the change in ou lpul is 
m iking. 

One o f' the main fealllres of oftware 
instead of hardware implementa ti on is the 
ease with which so ftwa r·e can be modi fiecl . 
A low pass fi lte1· changes Lo a high pa ss f'iltcr 
by changing an add Lo a subtr;i ct! Fi lter 
constants can be easily mod ifc d, ampl ifica
ti on added, etc. More compli ca ted filters, 
such as ba nd pass ty pes, can be simulated 
by combining appro priate high and low pass 
feedback loops with adders and subtracters. 
The fi lte rs can be dynamic, adapti ng to the 
in put. They can be programmed. Th is would 
seem to suggest uses in computer ge nera Led 

10 

B 

6 

4 

2 

I "' ...J 0 
0 
> 

-2 

- 4 

-6 

-B 

-10 

10 .. -+- .......... ... ...... -- ..... ., 


B 

6 

4 

...-vouT
2 

(/) 

16 0 1---'~~~~~~~..._._,__.._..~~~~~~--..........~~~~~~~~~ 


> 2 4 6 B 14 16 IB 20 22 24 26 T IME lrn Sl 
I 

-2 I 
- 4 I 

I 
- 6 I 
-B I 

I 

-10 L ...................................... J 


Figure 8: Resul t of passing the 50 Hz square wave used in figure 4 through a 
high pass digital fi l ter program. 
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in a des ign, rh en it may be useful to do 
much of the fi lte r· ing at th e digital leve l. 

How can you perfo nn digita l f il ter ing in 
r-ea l tim e with out an ex ponent ial rou tine 
in your co mp ute r? Th e answer is that the 
expo nen tia l funct io n is a consta nt. It can be 
progr·ammed in , or prov ided by a tabl e. The 
cr·it ica l points arc the two mu ltipl ica tions: 
one by at and the other by e-at. Bo th of 
these va lues are usuall y less th an 1 fo r a rea l 
filte r-. (In the examples, at=.360 and 
e- at= .697. ) Wh at we ca n use is a routine 
ca lled a fractional multiply. This is a routin e 
th at mult iplies two val ues, one trea ted as an 
intege r, an d the othe r trea ted as a binary 
fr·ac tio n. 

One such routine, repro du ced in listing 1, 
was wr·itte n by Ira Ch ilyu t. For a deta iled 
disc uss ion of how it works see Progra mm ing 
Quicki es, page 124 , Septem ber ·1976 BYTE. 
Thi s 16 byte subroutine fo m1s the hear-t of 
a dig ita l filte r program fo r the 6800. In the 
program of listi ng 2 th is subroutine is given 
the na me FRACMUL . An analog to digita l 
converter and sampler is assumed to pro
vide 7 bit sa mp les avai lable at the locatio n 
SAM PLE . The ro utine Fl L TER (see list ing 
2) is se t up as an inte1TL1p t hand lcr. A 
per·iodic inte r-ru pt is prov ided which initia tes 
th e sam pling and causes a b1-;111c h to the 
rout ine. Since the Motoro la processor takes 
a mi nimum of 12 µs to respond to an intcr·
rup t, a fas t analog to dig ital converte r should 
be ready with a new sa mp le by the time the 
prog1«1m needs il. Thus, no de lay loops or 
tests are perfo rm ed. 

F l L TER assu mes th at the analog to digi 
tal convcr· ter is ready when it is. It is also 
assum ed that th e location BVAL is zeroe d 
in itiall y . BVAL is the output of the fil te r. 
The co nsta nts in the list ing are those o f 
th e exa mpl es (92==.360 x 256, and 
17 92= .697 x 256). FILTER should execu te 
in about 300 to 400 cycles o n each inter
ru pt. Assu mi ng a ·1 ms sa mpl ing pe ri od, 
FI LTER wil l consu me about 33% of the 
time of a 1 MH z 6800 processor. The 
memory occup ied is neglig ible. Fl L TE R is a 
practical progra m fo r use with aud io fre
quencies. Listing 3 shows how easy it is to 
rnake FILTE R either a high or low pas 
fi Itcr. 

Of course, more complex fi lte rs wi ll 
be hMdc r· to design and wil l take more 
processi ng t ime. For rea ll y in teres t ing 
fil te r app licat ion , an exte rn al hardwa re 
mult ipl ier will probably be needed, bu t 
such cir·cuits are ava ilable reasonably, and 
they ca n be used for other applications 
in the comp uter sy ste m when not fil te ring. 

Now, ge l in there and attack the math 1 

It rea ll y isn' t ajl that hard.• 

FRACHU L STAA ARG 1 •A ~ G) r 5 A 

CLRA JA.l •0 
MLOOP LSR ARGI JARG I t •A RG I 1' 2 

AS LS JCY t • MSBCS ) J B l • ASL CB# I > 
sec NONADO JI F CYmO THEN SK I P TH£ ADD I TIO N 
AD DA ARG I ; ELSE A1 •A+A RGI 

NONAO O BN E MLOOP :t F ARG2 NE 0 TH ~N REI TERATE 
RT S l EL SE RE TURN WI TH RES UL T IN A 

ARG I RMB I ISINGLE BYTE TEHP ORARY DATA AREA 

Listing 7: The fractional multiplication routine. The result is returned to 
the main program in the accumulator. 

CLR BVAL J I NI TIALIZAT ION 
Fl LTER LOA A S AM PLE ;A 1 ~ AI D SAMPL E <7 -BI T S> 

LOA B 1 92 J8 1 • ' AT ' 
J SR f"R ACMUL JHULTt PL Y 
STA A T EMP J T EMP I ,. AN S WEA 
LOA A BVAL JA 1• SVAL. 
LOA B I I 79 JBI • E CLN BA S E> RAISED TO THE < • Af) PO .. 'ER 
JSR ffiACllUL ;l'IULTIPL Y 
ADD A T!:MP JS UMHA TI ON FOR LO W P ASS FILTER 
STA A BVAL J RE TURN AN S VE R 
RT ! 

BVAL RMB 
TEMP RHB 

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 TEHP JCHANGE TO HIGH PA SS 
NE G A 

Listing 3: To convert the low pass filter routine of listing 2 to a high pass 
filter routine, replace the A DD instruction with the above two lines. It can be 
seen that this is the only di ffe rence between the bloc!? diagrams of figures 
2 and 7. 

PCC'S 

Referenee Book 

of Personal 

and Home Computing 
Ever try to f ind th e addresses of so me ma nufacturers of , say , 
tape casse t te or floppy d isk interfaces fo r mic ros ? Frustrat 
ing, isn' t i t ? Well PCC has d one someth ing about it. T h is 
book lists hund reds o f companies and stores se ll i ng hardware, 
software , and services . Survey artic les on software, hardware, 
k its , appl ications and the future for th e experienced and the 
not-so-exper ienced user of m icros. A lso included in this edi · 
t i on are bibl iographies for further reference. book rev iews, 
and an inde x of the ar t icles from th e m ajo r hobby ist maga
zines. All fo r t he low pr ice o f $4.95, p lus 50 cen ts post age. 

Available through : 

M M aster Charge and 
111.NMAMERICAll BBITS, Inc. 

BankA meri card Wel co me. 70 Main Street 

Peterborough NH 03458 


In unus ual cases. pro cessing may e xceed 30 days. 
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T P Roberts 

Kern Instruments Inc 
111 Bowman Av 

Port Chester NY 10573Some Plotting Comments 

Figure 7: Layout for the articulated plotting method. The primary ser
vomotor is stationa1y with a second01y servom otor 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) 
(b) 

~.1 0l 
.. l C ,,A 'flS"' 

SfCOflOA

SE.RVO 
PRL M.ll RY 
SfRVO 

~ Y 

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 m echanism and the pen holder. 

Y-AXIS 

SECONDARY 
SERVO 

PLOTTING SURFACE 

SPRING 

X-AX IS 

Figure 3: The polar plotting method uses a primary servo to swing the entire 
assembly across the plotting surface. A second servomechanism mo ves the 
pen along the lever arm. 
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The Servo Plotter 

Th e1·e ai-e several ways to tack le th e prnb
lcm or building a plo tte r· using the hobby 
se rvomechanism descr ibed briefly on pages 9 
and 10 of March 1977 BYTE. As might be 
expec ted, the designs span the range be
tween hard ware and software intensive 
opera tion , the latter being less stab le mech
anical ly. The simp lest to bu ild, for exampl e, 
requ ires by far the most software, is mech
anically th e least prec ise, and has the leas t 
theoretica l acc uracy. 

Th is "articul ated" design proposed in 
the earlier art icle is in the form of a cha in 
as seen figure 1. A base mounted servo 
(primary) controls an arm with the secon
dary servo mou ntecl on the far encl . The 
second servo in turn co ntrols an a1·m 
carry ing the draw in g pen. 

The nex t si mplest design is the inte1·sec
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 pl ane view of such a plotter. Figure 2b 
shows a close-up view of the two al'lns, slide 
mechani sm and pen holder. Notice that th e 
pen must fit withi n the slide mech anism to 
el iminate offset errors. Th is design does not 
utilize th e ful l 180 • sweep of the motors ; 
th us accuracy is re du ced over the plotting 
surface. 

Figure 3 shows the polar method of 
pl otting which use s the famil iar polar 
comclinate system. Standard Cartes i,1n-to
po lar conversion can be used to prncluce 
the contro l data . The ana log angular-to· 
linear conversion is accomp lished by lhe 
simple pul ley arra ngement. 

The servo portion of this device may, of 
course, be located anywhere along the radial 
arm of the plotter. A small offse t cor-rectio n 
is required if the pen travel is no t ~ li gnccl 

with the primary servo axis. 
The fina l design shown in fig ure 4 uses 

two of the linear devices shown in figure 3. 
The primary device is rigidly attached to the 
plott ing tab le, but the pen holder has been 
rep laced with th e secondary dev ice mo un ted 
at right angles to the first. This, then, is an 
XY plotter. The on ly software required w 
operate this type of plotter with the servos 
being discussed is to scale the coord inates 
into timing data. 

http:Febru.uv


Y-AX IS 

Acc uracy 

Let' now take a look at two importan t 
aspec ts of each system: ease of constwct ion 
and acc uracy. 

As these se rvomechanisms a1·e Lo be 
ope1·a 1ed by co mp uter in di screte steps, 
positioning is possible on ly to th e nea rest 
g1·id in tersec tion co1Tesponcling to these 
steps. The theorect ical plott ing accu racy is 
limi ted to one half the grid spacing. 

The tangen tial distance between radial 
lines 25 cm long and 0.04 · a pan is 0.17 mm. 
An XY plo tter would give a sq uai-e grid wi th 
spacing of 0.054 mm over a 25 cm square 
area. Repea tabi lity or prec ision of pen place
ment depe nd large ly on mechanica l design 
and co nstru ction. 

Due Lo the compound ing of errors and 
large moment anns in its design, the arti cu 
lated plotter has poor prec ision 1·ela tive to 
the orher des igns. The polar pl otter suffers 
from the sa me problem to a lesser ex tent 
The prob lem with the polar design, as with 
the XY plotter, is the mou n ti ng of one 
dev ice upon ano the r· without causi ng undu e 
instability. The intersection plotter· suffers 
from theorec ti ca l, rather than mechanical, 
insta bility. As with the art icu lated plotter, 
ils ful l range of 180 . cannot practical ly 
be used. Also, the ai-ea near the base lin e 
does not have freq uent g1·id in tersections. 

Plotting with Servomechanisms 

Th e se rvomechanisms considered here 
1·espond on ly to position ing com mand s. Th e 
XY plotte 1-, for examp le, is rest ricted to 
drawing straight lines parallel to each axis 
and at a 45 • angle. Other pl ott er designs 
have simi lar lim itations. All lines not so 
si tuated must be composed of small in cre
ments of these lines, giving the fin al pro
duct a sawtooth appearance. Comp uter 

Figure 4: 
uses two 
plotting 

another 

The XY plotter 
of the polar 
devices. The 

moving pen is replaced by 
servomechanism. 

with the moving pen con
tained on its lever arm. 

time req ui red Lo compute th ese small 
increments wi ll be signi fican t, except in 
the case of the XY plot ter wh ere se1·vo 
motions for small line segments are pro
portional to motion for the enti re li ne . 
This propert y, in ad dition to the conver
sion form ulas, makes the XY plotter by far 
the mos t attract ive from a ca lcula tion poi nt 
of view. 

CONVERSION FORMULAS 

Articulated Plotter 

In order to position the primary and 
secondary servos at the ir proper angles (01 
and 02 re pec tively) to provide the r·equirecl 
x, y pen pos ition, it is conven ient to first 
convert these val ues Lo the polar coordinate 
system. Equa ti on I, below, shows the con
version by whic h th e radial d istance, R, fro m 
the orig in (the pr imary se rvo ax is), and th e 
angle 0 (the slope from the ori gin to x, y) 
(see figure 5) arc fo und. 

Equat ion 1: 


R = SQR T (X" '2 + Y ..2) 


0 = ARCTAN(Y/ABS(X)) 


or 0 = 180 - ARCT AN(Y/ABS(X)) . when X 

is negative . 

-.-, 


, , // 

, _. 

Figure 5: Coordinate plot
ting scheme for the articu
lated plotter. The lever 
arms are indicated by L 7 
and L2. 01 is the a11gle 
generated by the position 
of the lever arm with re
spect to the prim01y lever 
arm. 
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Polar Plotter 

Figure 6: Arrangement for 
the intersection plotter. 
The distance 8 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 the 
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. () is the angle of 
the prima1y servomech
anism at the origin with 
respect to the horizontal 
axis. 

.. 


The values of IJ'I and ()2 are then fo und from 
equation 2 wh ere L 1 and L2 ar·e the le ngth s 
of th e pr imary and secondary arms r·espec
tively: 

Eq uati on 2: 

82=ARCCOS((R' * 2 - L1· ~ 2- L2 "' 2l 

/(2'L1' L2)1 

81 =8 - ARCTAN(L2 • s 1Nl82)/(Ll+L2 * 

COS(82))) 

or 81 = () - ()2/2, when L 1 = L2. 

Note that using th is fo r·m ul a th e ang le pro· 
duced a t the origin by the pen position and 
pri mar·y arm is exactly one half the angle at 
the seco ndary se r·vo, when th e arm s are of 
equ al length. f The formulas needed for 
plotting with this arrangement are funda
mentally similar to positioning a singly 
jointed robot arm. .. RC/ This conversion 
woul d no doubt be difficu lt to hand le in a 

. low level language. 

1 ntersection Pl otter 

The Formulas req uired by the in te rsect ion 
method (see figure 6) are considerab ly less 
comp lex. 

Equat ion 3: 

8 1 = ARCTAN (Y/XI 

82 = 180- ARCTAN(Y/(B- X)) 

B is the d istance along the X ax is betwee n 
servos. 

CX,1'] 

1-· A.lC IS 

The polar plotter {figure 7) also uses 
equa tion 1 to convert Canes ian COOl'di nalcs 
to po lar· fo rm. In add iti o n, the value of R 
must be scaled in to angu lar form as fo ll ows: 

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 dis tance. 

XY Plotter 

Eq uation 5 gives the angul ar va lues re
quired by the XY pl ot ter·. 

Equat ion 5 : 

81 = X * 180/ L1 

82 = Y ·1 sO/L2 

L 1 and L2 are the I inear mot ions produced 
by 180° rotat ion of the primary and secon 
dary se r·vos, respect ively. 

Converting Angle Requirements to 

Timing Data 

Assum ing r·equ ired pulse widths from 
1. 3 to 3.6 ms, as noted in March 1977 
BYTE, eq ual steps of about 0 .04 • through · 
out the 180 ° range of the mechanism would 
be prov ided with counts from 2600 to 7200, 
assuming a 2 MH z clock r·ate . Th e number of 
co unts needed to produce a given angle is 
th en given by equation 6. 

Equation 6 : 


N =2600 + () • 230/9. 


The count value, N, is simply trun cated, or 
ro unded off, for better prec ision . 

This high precision timin g would req uire 
external hardwar-e to receive the data, coun t 
down at th e prnper rate, and inter-rup l the 
processor at comp letion. The altern ative is 
a software loop with steps of 0.0075 rm, 
based on an 8080 chip requ iring ·15 cycles 
for dec rement and branch on zern. With the 
XY plotter this would give a grid spac in g, 
over a 25 cm squa re ar·ea, of 0.81 mm . 

Conclusions 

From the informat ion prese nted so fa1-, 
it appea rs that the mor·e eas il y constructed 
plo tter des igns have inherent ly less precision, 
use a larger gr·id spac in g, and r·equire more 
complex, ti me consuming softwar·e. Th e 
most easily programmed device, the XY 
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plotter, requir·es more exacting construction . 
As a comp romise, the in tersec t ion plotter is 
a good choice, bei ng simp le of construction 
without requiring too much computation . 

Those hackers who plan to do any grea t 
amount of plott ing, though, will do wel l to 
conside r· the XY plo tter-. For many uses too, 
softwai-e t iming should prove sufficient. 

Further Refinements 

To full y automate pl otti ng, a solenoid 
could be at tached to the pen ho ld er to lift 
and drop the pen under program control. 
A small servo should be able to be activated 
directly from the output latch, at least 
through a trans istor . 

Servo speed co ntrol would be another 
nice ty, allowing fast, processor efficient 
straight- li ne drawing, and producing a 
higher quality li ne. For· example, if th e 
X axis servo were to move at a speed twice 
that of the Y ax is se r·vo, a st raight line at 
an angle of 25 • would be prod uced. Simi
lal'iy, lines could be drawn at any angle. • 

A Standard for Writing 

David A Wallace 
Standards 146 Westford St 

Chelmsford MA 01824 

1 'm sick to dea th of save the world arti 
cles proposing standards for software data 
structures and ob jec t code forma ts which 
start by assum ing that the author's pet 
descriptor is the ult imate and fi nal word 
to be sa id about the subject. I am therefore 
proposing the fo ll owing as a standa rd fo r 
soft ware standards: 

• 	 Be humble: Don't make grandiose cla im s 
about th e universal appl icab il ity of your 
structure. 1 nstead, define the limits of 
the r·ange of ap plications to the best of 
\' Our ability. Often it is as useru I 10 
know wher·e someth ing can not ap pl y 
as to know where it can . 

• 	 Pl an for change: Every thi ng in th is 
unive rse either evo lves or becomes de
ru nct, inc ludi ng software. For examp le, 
se t up the structure of yo ur consll'uct so 
that the first byte (word, fi eld, whatever·) 
repr·esents the r·evision number of the 
specifi cation which describes this struc
ture. That way, if you have a data base 
which corresponds to revision 3 of the 
specifica tion fo r r·a nd om fil es and you've 
iu st r·cco mpi led the program which up 
dates th e data us ing a compiler whose 
rand om fil e operato rs correspond to re

•Completely compatible with your IMSAI , ALTAIR* 

SOL•• or other S-100 microcomputers. 

Trademarks of *M ITS, ** Processor Technology 


• 	 Designed for use on the dial telephone or TWX 

networks, or 2-wire dedicated lines, meets all 

FCC regu lations 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 


• Bel I 103 standard frequencies 
• Au tomated dial (pulsed) and answer 
• Originate and answer mode 
• 11 0 or 300 BPS speed select 
• Complete self test capability 
• 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 

TH IS UN IQUE UPDATED CAMERA KIT 

FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


FEATURES 
• Sensi ti ve 10 intra red 


as well as visible llgh1 

• 	 May be useo for IR surveillance 


wi lh an IA llgtn source 

• 	 Excellenl for standard 


surveillance work , because 

of light weight and small size 


• 	 All components mounted on 

parallel Jl/4 " x 6 1/z" single 

sided boards 


• To tal weigh t under 2 lbs. 

ADVANTAGES 
• 	 AH clock voltage~ operate at 6V 


reguiring no adjustments 

• Hi gher video outpul signal 
• 	 We supply tt1e power board. so only 


a SV 1 Amp pO\.•Jcr source Is needed 

• 	 Tt1e circuitry has been suppli ed for 


easier assembly 

• 	 !wo level TTL ou lpu l 1s supp li ed for 


tnlerfacing 


• 	 In the future we will supply a computer 

video interface ca rd 


We supply att sem iconduc to rs. boards. data shee1s. 
diagrams. resistors and c apacitors. Aod $2.DD Pos1agc 

Sorry we do no1 supply lhe case. bauenes and sv supply, und Handl ing 
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SELECTRIC@) 
TERMINALS 

Offer good while supplies last. 

Loaded with features 
• Typewriler prinl quality 

• RS232 ln1erface levels 
• 14.8 cps 
• 13 inch line length 
• 10 charac1ers/inch 

• Ideal for 1ex1 edi1ing & word pro
cessing 

• Sof1ware & documentalion 
available for easy interfacing 10 
mos1 popular mini & microcom
pu1ers 

D Now a heavy duty Selectric<f!9 ter
minal for less than the cost of a 
Selectric® typewriter! 
These rece ntly manufactured {1 to 4years old) Termmal Comrnunica· 
lions. Inc. termina ls originally cost ove1 $3.800. They are PTIC/ 
EBCO terminals runningal 134 .a BAUO . lnteMed lor me demanding 
commercial environ merH. they are designecl la t:J.e compuler driven . 
Such key components as clutches and bea ri ngs are heavier duty 1h an 
1he oHice typewriter mechanism. 

By purchasrng an enormous invenlOI'/ of these terminals NCE was able lo buy lhem at a '""I 
low price . We have add ed a minimum ma tkup in oraer to sell them In large Quantities Quickly 
These terminals havs been clea ned . adju sled. checked lo r completeness and opera ted in local 
mode. Although they are not tested in terminal mode. a check is made to see lhal there are 
no oavious problems . For a perioa ol 30 days alte r shipmsnt any deleclive pa ns may be returned 
lo r repair or rep lacemenl al no cha rge Includes ribbon & typeba ll. 

D $339 AS IS 
A greal buy lar those willing 10 do some 
relu rbishing , these machines are belie,ed to 
be complete . but did not work when plugged 
in. Typica l problems iric lude st icky cams. bad 
solenoids or broken springs . We recommend 
your seeing lhem al our gianl Ann Arbo r 
waiehouse s1ore belore you purchase . In
cludes used ribbon & typeball . Al !his price 
there is no warranty. However , they may be 
returned wilhin 3 days al receipt for a lull 
relu nd . Applies lo pre paid orders only 
Purchaser is responsillle for lreigh t lloth 
ways. 

'<iSelec t11c •s a t'ademark o f the IBM Corpo ration 

D Please send me all items checked all<lve . Add 
4% lor tax ii Mich . resident . F.O.B. Ann 
Arbor. Mich." Total enc losed S 
Send Cheek. money order or Bank charge card 
number {Include all raised leMers & numbers .) 

o Please send me mo re inlormation . 

D $695 Refurbished 

Re lurbished machines have been ct10mica lly 
clea ned . lu bricated and tes ted . Worn metal 
pans were rep laced . Platens. as well asplas11c 
and rubbe r pa rt s are always replaced . Ou1 
warranty Is limited to replacing any delective 
parts tor aperi od ol 90 days !allowi ng receipt 
al eQuipmenl . Includes a ne w riall<ln and 
typeball. 

D Optional documenta ti on package $30. 

Includes schemati cs . opera to1s and 
lunctional specllicatlons man uals . 

Name 

Address 

City. Stale. Zip 

Signature 
"You will be 1101il1ed ol lreigt1 t cha<ges prior to 
shipmefll . 

@. .. " ... 

NCE/CompuMart 
1250 North Main Street . Department BY28 

P.O. Box 8610 Ann Arbor. Michigan 48107 
' 994-4445 
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vi sion 7, the rev1s1on 7 processor can 
figure out that it has bee n passed an 
obsole te structure and ca ll the revision 3 
processor to sor·t out th e mess. 

• 	 Don't begru dge the space used by an 
obsoleted field : Far too often a pro
grammer will 1·emove a data field which 
was made obsolete, thus mov ing all 
subseq uent f ield s out of their previ ous 
pos itio ns. This misguided attempt Lo 
conse rve space has th e effec t that the 
posi tions of fields whose mean ings did 
not cha nge are cons ta nll y sh u ffl eel from 
revis ion to rev isio n, resu lting in co nfus ion 
to program mers and need less comp lex ity 
in prngramrn ing. 

If instead of 1·emoving the obsolete 
field , the fie ld is mer·ely ignored, the 
current re vision prog1·am would find 
da ta in ex pected places and perh aps 
process nearly all of the strn cture before 
having to invoke some sort of routine Lo 
process th e obsolete fields . Th is tech
niqu e invo lves less executio n space tha n 
havi ng to rol l in an en ti re progra m to 
process the obso lete da ta whe n the cur
re nt rev isio n fin ds all fie lds mi spl aced . 
Additionally, this technique im plies tha t 
the newer fo rmat specificat ion is al ways 
at least as long as the older fo rmat. This 
means that when an earlie1· revision mu st 
be invo ked by the curre nt one, all data 
which the older revision program needs 
has already been fe tched by the newer 
revision program, whic h simp lifies para
meter passing. 

• 	 Wai t at least one majo r 1·evis ion of your 
system befo re redefi ni ng an obso leted 
f ield for anothe1· purpose . Th is gives 
you ti me to change your mind if it 
tu rns out tha t the fie ld in quest io n 
real ly is necessar-y af ter all. 

If al l of the above ru les are fo llo wed 
rigorously, you sh ou ld never aga in have 
to translate or 1·eformat f il es and recompile 
programs when you make a change to the 
opera ting sys tem of your machin e. If al l 
of the above sounds suspiciously li ke 
anoth er of those save the world software 
standa 1·ds, I 'rn sorry; I guess th e disease mus t 
be con tagious I• 

Te chnical 1--orum is o feature intended 
as an i11 temc1 i1,e dialog on the tech no logy of 
personal compu ting. The subjec t mal/er is 
open-ended, and the intenl is to foster dis· 
cussion and communication among readers 
or 8 YTE. We asli that all correspondents 
supp ly their fu ll names and addresses to be 
printed wi th the ir comrnefllaries. We also 
ask that correspondents supply their tele
phone numbers, wh ich will be printed un less 
we are explici tly aslied to omi t them. 
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POLY PAKS CATALOG 
FEATURI NG THE WORLD'S 

BEST BARGAINS 
IN ELECTRONICS 

Terma : Add POliUl.R:e Rau:d : nu 30 
Phone : Wakefield, Ma... (6171 245-3829 
Ratall: 16· 18 !Jel Carmine St.. Wo.l<efleld, 

MINIMUM ORDER-$8.00 

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 Col iseum, the loca tion of 
many IEEE, AFIPS (NCC) and other tech
nical shows over the years, played host to 
the first annual Personal Computer Ex po last 
October 28, 29 and 30. Over 80 exh ibitors 
were on hand at 150 booths, sel ling every
th ing fro m resistors to comple te comp uter 
systems wi th floppy disks and co lor 
graphics. 

The ex hi bition floor fil led rapid ly on 
Friday morni ng. Many of the peop le I spoke 
to said the show was the ir first exposu r·e to 
pe rsonal computing. Visi tors flocked to the 
more spectacu lar exhibits like the Di gital 
Group's talking computer and Heathkit's 
Star Wars game, or tried th eir skill at pro
gramming the new appl iance computers, 
such as the Commodore PET and the Radio 
Shack TRS-80 . 

At the MITS booth, the emphas is was on 
business software. Th e business men and 
women who attended the show were able to 
choose from a number of sophisticated 
systems on view at MITS and other booths. 

Some of the Highlights 

Summagraphics featured an interesti ng 
device cal led the Bit Pad, appa rently the fi rs t 
of its kind in the personal compu tin g 
market. Th e Bit Pad is a digi tiz ing tablet 
comp lete with sty lu s that al lows you to 
qu ickly enter drawings or wri ting 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 Realisti c Con· 
trols . Ohio Scientific showed their Chal
lenge r 11 1, a most unusual compute r that 
contains three processors: the 6502A, 6800 
and Z-80. 

A nonprofit organization ca lled Com
puters for the Handicapped was represented 
by Warren Dunni ng (5939 Woodbine Av, 
Phil adelphia PA 19131) and Richard Moberg 
(404 South Quince St, Phil adelph ia PA 
·19147) . The purpose of the group is to be a 
clea r·inghouse of in fo r·mat ion regarding the 
use of compute rs to help the hand icapped. 
The goal is to get the people with the 
ideas and needs together with the peo pl e 
with the computer know-how so that 
deve lopme nt of these systems can begin. 

A Record Crowd 

By Sunday even ing, over 14,000 people 
had attended the Expo, making it the 
biggest persona l computi ng show eve r, and 
giv ing added impetus to th is young and 
grnw ing fie ld .• 



New York 
Notes 
by Chris Morgan , Editor 

Photos by Fr itz Wetherbee 

Photo 4: A happy group 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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Photo 6: An array of new 
and used equipment 
offered by the Computer 
Warehouse Store (of 
Boston). 



--

CAlifoRNiA INdusTRiAl 

Post Office Box 3097 B • Torrance, California 90503 

Pa~ni Df Sa~e 
5179~.c;>

C,1:!'11 PLITER 
On $t.rr:on ::tCQllno. 11 ... 0 11111;: c1on ::iot1n~ .oncJ'>. -~ jli--r~ ·tj- ·r@ ·'·rnLL-J llUD componl?l'lt COIOI m.Jki!'5 l ril!lo l' IC1DO Wl:l 111:10 l1<11vo to-1 m.;itu- JI 1m•I ed Quon111 ~ o l u.oeo Mod&I JS' !I 

<:(lnlar;iin o• oeol lanr buy Ho l on l ~ 'S14 6iI P ri ced ill anly S'-~ 9.50Color 524.88 complete wllti an 1!!'1,n'11 bo.o: and AC.ndap101 
i;;i 

BARREL STOCK1m7 - WWW, 
TEST 'EM YOURSELF 'N SAVE 

DB 2SS female 

s3_95 

Certified Digital 

CASSETTESScotcli
lldll .AN 0 

Won•! drop a BIT ! 

DISKETTES 

Please •pecily 
IBM 3740 1trlt1 ~ 
or 32 sector. 

· .

19

"89 

·..." 
·"25 
25 
25 
2S 

"21 ,."' 36 

" 3~ 
·" -" " .," 

3.40 
1.

·
1' ..... " ... ,." 

1.9974"96 .19 
1491 J,99 = IU•1135 
14100 1.19 199 
1"4ll)7 .39 011 1'1l 
14109 .4!) ...'°"' ,..., 1."' 4'9141 1[) 1-19 .... 1.4974110 199 .... ,..14120 1 7~ 
74 121 39 ..., 2.-4!!1....,T4 1n '39 ,.14 12.3 .fi9 ·" 
741 25 $9 
T41 2fi 5!) 

•11S1 1.99 '"" 
CPU'•T4121 '!J 

14_'95 
74 136 .89 
14 132' 99 

2.US 
14U1 .99 Z8ll -· J995 """ UN!i .!19 
14147 "2.49 
7'11 41!1 1.9'> 
7-4150 1.19 
7'11!i1 ..99 
Hl5J .89 
7USA !19 
741!1.5 99 
14 156 1.29 
HIS1 ~ 
7• 1S'il 2_99 
7• 100 1.19 
74 115 1 .9'9 
74162 1_4-g 

j!:~ ,:re 300tt _,~ 
1"1G7 4.99 J0 1tf 39 
7-4110 2.49 301CN ...39 
7Al7J 1.49 J02H 129 

~~m 1 _~ :~ ·~ 
7·4176 .!n 307 H .49 

~~ :~ -: ~~N ~ 
1"'19.J t~"=N

CMOS lll'IK 90 
<1001 -~ l1QH 1 1"!1 
.tCIM .~ 3UlCPf l.19 
<1006 1.9'11 311 H .99 
4007 .:zti J 1Uf 99 
4008 1,49 J 1"21i I~ 
4009 .GSI lJ.BH 1-79 
4010 .69 l lB CH 1.49 
«J.11 .2S J lOCN 1-2! 
4012 ~ J2(Jl(-5 139 
401;) ,49 32(11(-12 1.39 
'401' 14'i 32()1(-15" 1.J9 
401.S 139 ~T·S 115 
4016 .~ 32(JT-3 17!i 
4017 1 29 ~1-1:2 1) 5 
-'Oia 1 .~ J2(1 r.1a 115 
.WI~ 1,79 l2(1 . 2~ U 5 
4020 139 l2•N' 179 
~021 1.411 lY.!Pf 169 
~022 1.:lS l«IK·S U S 
~023 2S l'(JK41 1.95 
4024 1 1& ).4(11( . t:!" 1'515 
40"2S .2S JJ()l<-15 1.95 
~ Ji9 l4CllC-18 ·~ 
"°2B 1-25 lJCJK-(4 195 
40'2!! 199 l4QT.~ I 7i.l 
«1J(] .ff 340T·l2 t79 
-'032 -40 :J.4D T·IS 1./g 

f.a ctor-y prime 

CALIFORNIA 

INDUSTRIAL 


is. an 

Aulhorlied 


Tri11 i OY•UC~ lft.lolurft tO-UI l(l(IJ: P@l1tlll11l •
Duler of malot" , tllo& I ~M't • ij•• ~ l o1nc• p1opoo11i;;rn11 l 1l> 


111• •IVJ lll" ~· ll'!.fl tl •n ~r lf(: I IOI IOlo~l••on 

l)•Jrto' qu.111 •10IC'O 11•n 1td.(I conu olto JJ 


Scotch Bu nd 
0 ;11 1ill Produc t-s •WC-l•fl 

MEMORY MICROCOMPUTER 
1702' '95 
82.s.2.3 295 

B21- 12J. 2!>1 
 POWER SUPPLY KIT 
2102 rn 
2102 -1 189 

21l02 

250nS. 1~9 ldH l • upply IOI S-100 &1•1•m•. Con· 


taina 1111 l ht!l ne cea.urry c.ornpontinu 

"' 

CLOCK 's lo p rocluCD !. "¥ 0111\ ci: 10 A , .!: 12 1/ 

SJU 
 2.S A. {'<'¢ ll lllil4J ;u; 11,.1a ll 'f lllliiJfrO•J Now,.. 

a11•p l 11~ rro m Mnmoul·( Co1por•Ul)n.•9S 
!.'.175 3 .9~ Kil lnclt1dort 1t 'f .ac ire.nsfo rmm, TRIMMER"'" 

dlodu, .:i i ~ c.omr.iul11r 13r.11de o l&e!40· POTENTIOMETERS 
1 ~ 1 1co., c r111S!!i!lo, cl1cu11 bra11~CI' nond 
r;i1aunaa1.1 po'War cou1. r11m.slo1mc r 

hu 5oou 1 p1,,1~ ·,,,. IB!Jlngs 2K SK 10K SOK~ > 
lncluao $9.00 i!. h1 pop1 n o ED..!• or 1ne 


M1 Hl !.:!1lppl: 14 00 101 C11 11r . au a rher 
 51,, 5,98 \; ~~ 
Stato3- .S1 00 $24.BB 20 50 100 - ~ ( 

Plus Shipping 16• 14• 12• 

Power Ada ter 

Ml3055 
2N3772 
2N3904 .15 .II .09 .07 

REGULATED 
POWER SUPPLY 

U5'd 49. 0 
Shippe d Freig ht Collett 

mAmJAl GAAPHiTE 
rnsPUW GErlEPiPffOf\ 
t'"'-'"Vfn1"Clr'td~ · h.l!.(.•L",....h"'I' l.lt- , rlO)~ltl,. I L,11' 
'-'"~•IJ.li • (M>a,..;le- l•l•ll'r• Oo.i Mot"" "(;. 1 ,u•r~h (k;.J, 
Gn"c.•.i.lo• ,.,~ ~ 1n.. ·~~ 1;\1',.·1 1 p t p •t.,,,1~<:" iJ 1'11'. 1,.1 u:iL"c• .. ·.1 
~. ,,, ., (. l'l<' A~ll~I S<- 11 t~·"l.l • o~H:1,• ·~"' ""'~·r.., .l·~ ,, . 
11">1' ()fll'Pnf(lr IU l'l "l"'l~IP 1••1, P•t•110•,ly .. ,. ! ,.t~•-1 111hl011,I"~ I 

C>:.11 ,_.n1, ·~ rnan\Jrlor.turi 11 10 111••• 1 10 11 •1,,. "'"~"-d' tHf'",~1°1 l ot:J 
11'f ~ 1 .1111Sr< 1o.J & •;,..1 fl)t' ll • t11 ;: .,1. 11 1•11.. 1i ..1i.\ lr1,1I 01.,,. r1 ,.,.• ""'Ill 
.......~ ot\!'('t 


R.F. MODULATOR 
tram Ata ri 

-~113.95 ~ 
ConYu h signa l horn APP LE 11 
-1 nd oth l!'r 'll'hllo s.o u,ces fn to TV 
lreqoe nc:-y. Co mpl ete wi t h d1ff!C
l ion\ and mthl cue. Assembled 

you r cho ict 
10 50 100 lk 

$.98 1.88 .81 .73 .66 
SPOT Minia ture Toggles 
7101 C&K ON ·NOHE· ON 
7107 ib l ON ·OHlmo!. ON l 

ELECIROLYTICS 
u . lO SG 7t08 CK ON · lmom!n t . ON ~ 

80,000 / IO Y. 3, 5 3,9 2,9S Rocktf JBT -- DPDT 
4S00 / 50• .\U9 135 U9 3P- 4 .p,., 

lP- 6-Po!. . 
1000/ I 5' 1.55 49 .45 S.39u. J / Sliill t.oil 

.1 dh.c: s.12 .09 

.01 disc .06 .OS 


Wire wr ap low prolile 
t!o!I . 25 50 e.a . 25 so 

17• 16 IS 

2N39D i ~sd.~\io9 .01 i-S......;.O.;..;.L.;..;.A.;..;.R......;.C_E_L_L_S-J-..:=::..:..:...===:-i 37• 36 35 18 17 16 
38 37 36 19 18 17 

1025100 • 99 93 85 36 35 341N4002 100 .. .08 06.05 

IN4005 GOOY..10.08.07 


AYS - 10ll.A 
169 155 119 63 60 58 

1N4148 •l,nol .07 .05.04 KYNARrn~ 
2114 / 4045 lK b, 4 STATI C MEMORY 

450nS. Sll?5 650 nS. S9?S 

http:10.08.07
http:Stato3-.S1


..._________________________________________________ .._______________________ 

COMPUTER ENGINEERING 
THE MIDNIGHT SPECIAL ... 
. . . a full color limited edition poster for your Casey 
Jones fantasies. 

The poster is 16~ by 21 ~ inches (41.9 by 54.6 cm) with 
a white border . The colors are the same as the origin a] 
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 Posters $3 .00 each 

Peterborough NH 03458 plus $ .50 mailing 

D Bill BankAmericard D Check Enclosed 

D Bill Maste r Charge $ 
No ._______________ Exp. Date___ 

Ci ty ___________ State_ _ Z ip _______ _
In unusual cases, processing may exceed 30 days. 
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Pro vide~ regul a1ec1 5V (i_i.} approx . 25 0 ma lor b en c h wo rk. breadboards. and 415-321-5601 SAT ISFACT ION 

~:f~~'.)l~~~o~~~~~·, 01r~~~~~~u l~ ~o~:~~$56 , 9e~uU1to r , r e1 if1cr s, filter c a ps , and1 
Nicad Batteries and Charger : 
2 ea 2AH ·c· s i ~e Nic.:ads { gr eat for memory power · fa i l CKTS, co ld wea· 
lhN tla-shhgh 1s, etc. and c hnrger . .. $ 13.95 

100% GUARA NT EED! 
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Cassette Recorder Meets ANSI , 
ECMA Standards 

PERIPHERALS 

Text Handling Terminal Features 
Autom atic Justifica tion 

T il e Delta 4300 E, ii new vi deo 
disp lay te rmina l designed for text 
processing ap plicat ions, features auto
ma tic word wrap, automatic ragged righ t 
se ntence and paragraph jus ti ficat ion, and 
automatic jus ti fica ti on of new in sert ions. 

Edi ting feat ures inc lude sea rchi ng for 
a specifi c wo rd or wo rd strin g, and op· 
tiona lly deleti ng or replaci ng the string 
found with a new word or word str ing. 
Tex t is stored in a 4 K characte r 
memo ry, ex pand able to 8.5 K. The 
disp lay prese nts a fu ll 128 up per and 
lower case cha racte r set in 25 li nes of 
80 charac ters each . Automatic scrolling 
is provided, and a "pagin g" featu re 
permits reca ll or information that has 
been scrolled off the scree n. Comm uni
cation speeds up to 9600 bps are ava il
ab le, and a serial printer port can be 
added as an option. The 43 00E is 
offe red by Delta Data Systems Co rp , 
Woodhave n Industri al Park, Co rn we lls 
Heigh ts PA 19020, (215) 639-9400.• 

Tim e and Date Board fo r LSl -11 
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T his battery opera ted accessory 

board provides ca lendar and rea l ti me 
clock func ti ons fo r the LS 1-1 1 or 
PDP-1 1 comp uter. The TCU-50 board 
for the LS1-1 ·1 provid es the mo nth and 
day, and the time in hours, mi nutes 
and seco nds in respo nse lo a read 
instructio n. T he TCU-1 00 , for th e 
PDP -l 1, also includes an i11te rrup t 
feat ure whic h can be set to inte rrup t 
the syste m at a specific t ime or at 
regu lar inte rvals . The rechargeable 
bat teri es arc good for three mo nths 
of use . The units are shipped run ning 
and preset to the correc t date and loca l 
t ime at I.he customer's loc ation. The 
TC U-50 is $325, and the TC U-100 is 
$495 in single qua ntiles , from Digital 
Pathways In c, 415 1 Mid dlefield Rd, 
Palo Alto CA 94306, (415) 493-5544.• 

Th is new compact , lightweight d igita l 
casse tte recorder ca n be used with an y 
ECMA-34 compatible reade r, mini com 
puter o r term in al as well as AN SI co m
patib le devices such as the Texas Ins tru
ments Si lent 700. The Mode l 819-34 
measu res 4.5 by 4 by 7 inches ( 11.4 
by 10.2 by 1 7 .8 cm), weighs 3 po und s 
(1 .4 kg) and req uires 500 rnW while 
run ning or 20 µW in sta nd by mode . 
The unit features para llel In put of up 
to 32 bi ts, a data ra te of 50 bits per 
seco nd and a for matted capacity of 
1 milli on bits. Analog to d igital and 
16 chann el multi plexer cards may be 
add ed to the uni t 's ca rd cage. The 
Model 819-34 is $995 from Memodyne 
Corporati on, 385 Ellio t St, Newton 
Upper Fa ll s MA 02 '164, (617) 527
6600.• 

CHcle 618 on mqu1rv c.;;J rd. 

Credit Card Magnetic Stripe Reader 

Oaisywheel Printer Ta ke s 
Byte Si zed Commands 

Inte rfac ing a da isyw hee l prin ter to a 
microcomp uter is simpli f ied with this 
new OE M mode l, whi ch ta kes its 
commands in ser ial o r pa ralle l byte 
fo rmat instead of the 13 bit format 
of p ri or mechan ism s. The Spr int Mic ro 5 
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inclu des a bu ilt -in mi croprocessor with a 
se t of 58 commands, whic h can be used 
to defi ne fo rmat and character spacing, 
hammer in te nsity, ribbon co lor, ve rt ica l 
and horizontal tabs, and se lect normal, 
program or graph ics modes. The optional 
RS232C interface, which incl udes a 
224 cha rac ter buffer, allows the prin te r 
to recei ve parallel and serial data from 
two sources simultaneously. For ter
mi nal bui ld ers, a send rece ive cover and 
plug- in fac ili ties for a keyboa rd a re 
offe red. The cont ro l panel incl udes 
11 switc h se lecta bl e funct ions, such as 
full o r ha lf dup lex, data rate, fo rm 
length, and 10 or 12 pitch spacing . 
The Sprint Mi cro 5 is ava ila ble in two 
mode ls, with printing speeds of 45 o r 
55 charac te rs pe r second. The 45 cps 
model is priced a t $ 1675 in quantities 
of 50 , and the opt ional RS232C in ter
face is $ I 00 from Qume Corporation, 
2323 Industria l Pky W, Hay ward CA 
94545, (415) 78 3-6100. • 

T his device reads or writes info r
matio'n on the magnet ic st ripes of 
cre dit cards confo rming Lo t he In ter
nation al Standards Orga nization (ISO) 
and America n Nationa l Standards 
Inst itute (A NSI) co nve nti ons. The 
magnetic head travels along a precision 
lead screw runni ng in ba ll bea rings to 
read o r wri te on th e st ripe, and a spring 
loaded des ign mini mizes ca rd wear 
and provides optimum signal output. 
The ANSI standard provides fo r re 
cord ing of up to 600 bits per track, bu t 
an improved desig n, for which pate nts 
are be ing sought, is capab le of read ing 
and writ ing up to 1024 8 bi t bytes on 
the stripe. Inte rfac ing opt io ns inc lude 
TT L clock and data leve ls, buffe red 
RS232 signals and a direct microp ro· 
cessor bidirectio nal bus interface . Prices 
start at $296 for the reader mecha nism 
with TTL interface in si ngle quanti ti es, 
from Ve rte I Ind ust ries, 167 Worces ter 
St, Wellesley Hi ll s MA 02181, (617) 
235 -2330.• 

C1~cte 619 or. 1nQu1rv Ci:Hd . 



Circle 76 on i nqu i ry card. 

~ ctf.:acan BOARDS 

MB-1 MK-6 Compuler RAM. (not S·100), 4KX8. uses 2102 
lype RAMs . PCBD only . . . . . .$22 

MB·3 1702A EROM Board . 4KX8. S-100. switcllable ad· 
d ress and wa11 cycles, kil less PROMS .$65 

MB-4 Basic 4KX8 ram. uses 2102 lfpe rams. may be ex
panded 10 6KX8 with p1ggyback1ng, S-100 buss. PC 
board . . . . . . . . . . .$30 

MB~ Basic 6KX8 ram uses 2102 lype rams . memory pro· 
1ec1 1n 256 10 BK switchable S- 100 buss PC BD .$35 

MB-7 16KX8. S1a1ic RAM usesµP4 l 0 Pro1ec11on. lu lly bul 
lered 
PCBO $30.00 KIT . . $525 00 
MB-6 2708 EROM boa rd, S-100. 8KX6or 16KX8k11 w11hout 
PROMS . . . . . . .$65 

MB·9 4KX6 RAM/PROM Board uses 2112 RAMS or 
8281 29 PROM krl w11hou1RAMs or PAO Ms $80 
10-2 S-100, 8bol parallel l/Opon, '\'Joi board is lorkludgong. 
Kit . . . $55 PCBO . . . .$30 

I0-4 Two serial 1/0 porls wilh lu ll handshak ing 20160 ma 
current loop Two pa rallel 110 pons. 
K•I $150 
VB-1 54X 16 video boa rd. upper lower case Greek, com
pos 11 e and parallel video w1lh soltware. S-100. 
Krl $150 PCBO $30 
SP·1 Music synlhes1Zer board, S· 100. compuler conl roller 
wave lorms, 9 oc taves. 1v 1ms Vz% distortion, includes 
soil ware kd . . $200 

Allair Compatobte Molher Boa<d, 1 x 11'h x Va" 
Board on ly $45 W11h 15 connectors ..$ 105. 

Exiender Board lul l size. Board only . . .$9 
Wllh connector . . . . . . . . . , ... .$ 13.50 

Solid slale mus.c Cybercom boards are high quality glass 
board w1lh gold linger contac1s. All boa<ds are chec•. tor 
shorls. Kds only have solder mask 90 day guarantee on 
Cybercom kil s. 
Non -elecrrrcal cosmel ic ieiec led PCBO lrom Cybercom. 
10-2 . $21 MB -6 . $21 VB- 1000 . $25 

wmcinc. WAMECO INC. 

MEM-1 6KXB fully buffered. S-100. uses 2102 type rams 
?CBC . . . .$30 

Mottler Board 12 slol. 1erm1na1ed. S-100, board only$35 

CPU-1 8080A Processo r boa rd S· 100 w1111 8 leve l vec tor 
1n1errup1 PCBO . $30 

10% discount on 10 or mo re ol WAMECO PCBO in any 
combination . 
NEWI All 1c·s Sockels & hardware lor WAMECO CPU· I 
inc lude all prime Eowa. 821 4. 6224 . 6212. PCBD nol in 
cluded $65 

All ICs. soc ke1 s & lla rdwaie lar WAMECO MEM· I inc ludes 
P"me 2102AL·4's PCBO no11ncluded Order PCBD sepJ · 
ralely S135 

Speclll 2102AL-4 1K x 1 ram 1() less power lhan 21L02 
type rams. w1lh power down. pr ime lrom NEC . Ea. 2 00: 32 
ea 1.60. 64 ea 1.70: 128 ea . 1.60: 256 ea. l 50. 

9060A AMO 8080A (Prime) 
821 21 74SA 12 Pr.me 
821 • Prome 
8216 Prime 
8224 Prime 
8228 Pnme 
6251 Prime 
8255 Pume 
1702A-6 AMO 402A Pnme 
TMS-6011 UART Pri me 
2513 Char Gen Upper Prime 
2513 Char Gen Lower Prome 
1702A Intel Nol Prime 

20.00 
4.00 
8.30 
4 95 
5 .00 
890 

t4.50 
14.50 
5.00 
6.95 

11.00 
11 .00 
4 ()() 

74 LOO .25 
74L0l 25 
74L02 25 
74L03 25 
74L04 .30 
74L05 40 
74l:J6 .30 
74 L08 .40 
74L09 AO 
74L10 .30 
74L20 .35 
74L26 .40 
74L30 .40 
74L32 .45 
74L42 1.50 
74L51 35 
74L54 .45 
74L55 35 
74L7 1 .30 
74L73 .55 
74L74 .55 
74L75 1.20 
74L78 .90 
74L85 1 40 
74L86 .75 
74L89 3.50 
74L90 1 50 
74L91 1.50 
74L93 I 70 
74L95 1.70 
74L96 2 60 
74L123 1.50 
74L164 2.50 
74L165 2.50 
74L192 1 25 
74L193 1.20 
MH0026 2.95 
MC1488 1.50 

74LSOO 40 
74 LS01 50 
74 LS02 .40 
74LS03 40 
74LS04 .45 
74 LSOS .45 
74LS08 .40 
74LS10 40 
74LS12 55 
74LS20 40 
74LS22 45 
74LS27 45 
74 LS30 .40 
74 LS37 60 
74LS38 60 
74L$42 1 50 
74L5.51 40 
74L5.54 45 
74LS55 40 
74LS73 .65 
74LS74 .65 
74LS76 65 
74LS151 1.55 
74LS174 2.20 
74LS175 1.95 
74L5 192 2.85 
25018 1.25 
2502B 3.00 
2507V 1 25 
25 10A 2.00 
2517V 1 25 
2519B 2.BO 
25328 2.BO 
2533V 2.BO 
OM8131 2.50 
N8263 3.50 
MC1489 1.50 
OMB837 1.50 

1101 1.25 
1103 1.25 
2101 450 
2111·1 3 75 
21 12 450 
2602 I 60 
4002-1 7 50 
4002·2 7 50 
MMS262 1 00 
7469 2 00 
74200 4 95 
74C89 3 00 
82506 2.00 
82507 2 00 
82S17 2 00 
8223 2 50 
62S23 300 
82S123 3.00 
825126 350 
82S 129 350 
625130 3.95 
62S131 395 
IM5600 2 50 
IM561 0 2 50 
IM5603 3.00 
IM5604 3.50 
IM5623 3 0.0 
IM5624 3 50 
MM16330 2 50 
DM8573 4 50 
OM857•l 5 50 
DM8575 4.50 
OM8576 4.50 
OM6577 3 50 
0M8576 4 00 
2 4576 MHZ 
XTAL 7 20 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC, Xistor 
and Computer parts list . 

Chacko• moneyo1dor onty . II 7ouaro nol a rogulm cuD1omor and ~ur 
orde1 Is large please send 01Chor a CAshler's ct-eek or a pos~I morey 
order. olheN111se lhern will be a delay ol two weeks lo' 1he chec:io: 10 
clear. All items pos1 paid fn 1ho U.S. Ca li!. res100nts add 6~0 lax 
Money back JO day guarantee. We cMnot accopt m turnod JC's lhBI 
h ave been soldered lo. Prices subjac:l lo change w•thoul notice S10 
minimum order. $1.00 Hrvlce charge on ordera leu th.an $10. 

THE ALPHA-1 SYSTEM 
vRATED A BEST BUY 

IN MASS STORAGE 
SYSTEMS 

V APPLICATIONS 
• 	 BUSINESS applications include malling lists, payro ll, 

billing, and inventory. 
• CASSETTE 	 BACKUP for disk-based Systems not 

only provides large amoun ts of storage at low cost , 
but also provides for convenient storage of h isto ri
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-v isual presentat ion sys
tems, telephone call transfer systems. 

VHARDWARE 
• 	 Stores greater than SOOK bytes per side of a C-60 

tape. 
• 	 Access a f il e 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 · 

men ts required or allowed. 
• 	Compatible with all popular S-100 Bus Microcom

puters. 
• 	 Audio track under computer control. 
• 	 Eliminates the need for ROM / PROM monitors . 

VSOFTWARE 
• 	 MCOS, a powerful stand-alone cassette operati ng 

system , is operationally much simpler than a D.O.S., 
hand les vari abl e length named files, will update a 
fil e in place , packs or copies tapes with a s ing le 
com mand . 

• 	 EXTENDED BASIC w ith MCOS pe rmi ts ar ray hand· 
li ng and concatenation of fi les, plus all capab iliti es 
of MCOS. 

V PRICES START AT $240 

V FREE BUYERS GUIDE 
If you are shopping fo r a tap e or d isk system for your 
S-100 Bus Computer System , you do no t have all t he 
facts un til you have the MECA " BUYERS GUIDE TO 
MASS STORAGE. " Th is 10 page guide book provides a 
framework for evalu at ing cassette, cartridge, and disk 
based systems. Write for your copy today. 

For comple te informat ion incl uding th e Dealer nearest 
you , write o r phone: 

111eca 
7026 O.W.S. Road , Yucca Valley , CA 92284 
(714) 365· 7686 
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Peripheral Boards for Z-80 

PERIPHERALS 

Zoom and Pan with 
This Graphics Terminal 

-· -~ 

This raster scan graphics terminal 
with a built-in microprocessor performs 
a variety of grap hics operations inde
pendently of the computer to which 
it may be co nnected. The terminal 
features separate alphanumeric and 
graphics memories, with 8 K bytes of 
memory (expandable to 12 K) allotted 
to a 24 line by 80 character alpha
numeric display wi th 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 " rubbe r band" line 
drawing, zoom magnification of any 
portion of the graphics memory up to 
16 times, and panning through 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. Opt io nal built-in cartridge 
tape drives provide up to 220 K bytes 
of local data storage. The Hewlett
Packa rd 2648A graphics display terminal 
is $5500 in single quantities, or $7100 
with cartridge tape drives, from Hewletr
Packa rd Company, 1501 Page Mill Rd, 
Palo Alto CA 94304, (415) 493-1501.• 

Circ le 620 on inquiry card. 

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 gai ns 
($595 ), the Model 606 programmable 
gain amplifier and filter card with dual 
channel inputs ($ 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 available from 
Signal Laboratories Inc, 202 N State 
College Blvd, Orange CA 92668, (714) 
634-1533.• 

Circle 623 on inquiry card. 

Low Cost Hobbyist Keyboard 

Th is inexpensive keyboard features 
a ve rsati le interface 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 
assignment. The 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 guara nteed. 
When built from a kit , estimated con
struction time is two hours . The Model 
753 is $59.95 in kit form or $71.25 
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, G RI Plaza, Kimball 
NB 69145, {308) 235-4645. • 

Circ le 621 on inquiry card. 
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Analog Boards from Zilog 

Two new analog boards have been 
ad ded to Zi log's MCB family of Z-80 
microcomputer boards. The Z80-AI B 
board features 32 analog input channels, 
analog to digital converter gain ranges 
up to 0 to 10 V, amplifier gain ra nges 
of 1 to 1000, and 12 bits of co nversion 
resolution. The Z80-AIB is $575, or 
$675 with an optional DC to DC con
verter. The ZBO-AIO board features 
32 input channels and two analog 
output cha nnels. Output resolution 
is also 12 bits. The Z80-AIO is $775, 
or $875 with the DC to DC co nverter, 
from Zilog , 10460 Bubb Rd, Cupertino 
CA 95014, (408) 446-4666. • 

Circle 622 on inQuirv card. 

Smart Terminal 

This "smart" editing terminal fea· 
tures an opt ion for use with the 
Burroughs TD-800 series polling pro
tocol. The detachable keyboard gener· 
ates the full ASCII c haracter 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 mode . The D300 Teletype 
compatible version is $1645, and the 
0400 with Burroughs polling features 
is $1895, both in quantities of 25 with 
45 day delivery, f rom EECO, 1441 E 
Chestnut Av, Santa Ana CA 92701, 
(714) 835-6000.• 

Circle 624 on inquiry card _ 

http:fcbn1.uy


---

Circ le 9 2 on inquiry card . 

* YOUR BEST BUY IN WIRE WRAP SUPPLIES * 
PRECUT WIRE 

WH V EIU Y WIRE ON ROLLS ~ 

PRECUT & STRIPPED WIRE IS: 

• 	 FHt - No mo rt1 cuulno & !tripping by hand 
Rellab1• ·Good, CIOftn, uniform :slrlp 
Economic.I~ Choapet than u sing bulk w lro 

Precut Wlr• Bulk Wire 
100 P:! ol 3~ •I s 82 . l 'l.C/11. 	 50 ti ro ll • I SI 951 . " "L 
100 p:J o l 6" •t l .oti ~ 2'1 / n. 100 II . rol l a1 295 • :>cln.. 
W llfl lh l 1 •1 S6~ • 2 1/ )Cltt 

• 30 !';~"• ' s1n ppoo 1 ~ 011 Hen e na lenglll l • re ove1•U 
Colo rs Rod.9 1u•.G Hl'Cln ,Y•llow,B f1cll,O r.11'1 Q• .Whlle 

W•re oac •oed on PlHllc IMO• Add 2$Cllen9th fo r tuou. 


1000.!!!!!. !00 

2\t n' ,. 2.40 i'iiJK ,..,. 
3 	 .. 2.00 • .71JK 

• .551>(JI', IA ..." 2.00 5 12/K ' ""' .,. .. J OO ..,,. ...,. 
.. .... .,.. .. 5.2'1t'X 

J .C2 6.J.4nt: ,..,.S,52/l( '" """ ' " n •• ,..S'i:\ 1 1.0:." 6.7.5/X 

335
' 	

,, 
"" """' .'"" 

fln1n l.l S • .05 1-SUK &SM< 
7 120 4.2S 7.9M< • Mil< 
1•., "1n • .&S 8:351/ l't 71$11< .... 4.65 7 '3/K• ·~ 

1" 

'""'" 
"'8 '"'J" "-1!5 '92 111< 1 6411< 

S.os 9.62/K 8 17/K1.16' IJ'hl'"n 1003/K .150/K 
10 1n .."". '" 5.!:i , '0 "'" .,,. .,,. "' 

A dd'. 1nche"l 10 """ 

WIRE KITS 

" S1 t .15 

2"!iO 
:l50 

J - ! ()IJ 
l !.-'." !00 

•l'l· 
:5" 

250 2W ~!:iO 

~ ::r 2so 
.i. .,. 2SO 
s- 100 

t" 
5·11· 

100 ..  100 6 soo :3 ·.~- 100 s~- 100 1
soo , . I :i!'!iCJ ti. Rell Bullo; 

C.nooa.e OnL!I Color 
o r Au o n mmr11 

WIRE WRAP SOCKETS 
!0-2• 2.>99 100·•2•9 ~~ 

&pin • Jl .:10 ~7 
l.:! 

1.C pin • " ·39"' ,_,.,. ,, .29 .27 
16 p ln' ...." ., ,. .32 .30" 
Ulpln' .83 .. ... ... 
20 pin .. .70 .71 ·o3" ... ·..." 
22pln' ' JO 1.20 1.10 ..." ·"' 
2• pin .01 .. .. ... ... 
28 pin ,,, ,,, 1·00" RS ... .82 
40 pin ... 1" 142 1.2.S 1.1! 1.00 

Gola l ·l•ve: I C)oud Entty Soci\.•Ui 
Eno & Sldo S t1~k1bl• M l pricet lfl<:ill<l l OOIO 

Tin socket• •~ 2·1.....r .oc.k9t1 I H Ua tlkl 

INTERCONNECT CABLES 
R11>bcm C:• :>M COM .CIOrti lor C:Ot111ec:Ung tioar<Sa 10 

fJOl"l1 p11u1ts , Ot bolld 10 bolJd. 

$lNGLE ENDED DOUBLE ENDED 

u ~ 1ee1n 24 pin 

205 2.4~ J.J7,.,. •2• ,.'" , 
~~ 

,..1JJ 2.2• 2JJ 2.SS,.. ... ,., 2 " 

1.52 2.52..- ,,, 206 3'0 U • "' '" 5.00' " 

WIRE WRAP TOOLS 

$34.95 
HOBBY WRAP 
Model BW 630 

With Frne Wife Kii l 
(S6.9S Value} 

Batteries & CMrgor $1 1.00 

WSU JO H1md Wrap-Unwrap Strip Tool S.95 
w su 30M , ror Modiliad Wrap 6.95 
BT 30 Extra. Bit 2.95 

H·PC8·1 
J662 
J 682 

4x 4 YJ 
4x6 
41dO 

44 
44 
44 

J 682·2 
4066-4 
3 71 9 · 1 

4 , 5 
4•6 
• •6 

44 
72 
72 

3719·4 
4350 
8BOOV 

4 x 10 
7x9~ 

tOxS.3 

72 

80 
100 

169P84 BY.i x 17 

SOCKET 

SALE! 


WIRE WRAP BOARDS 

~ 

BusM on bo1h sides 4 .75 
Blank 6 .25 
8\Hes on o ne l ide 10.50 

Buse-s on one sid e 9.50 
Buses on bol h sides 1J .50 
Blank 9 .00 

Blank 11 .00 
Ovws on bo1h 11des 17.SO 
Bus.e-s on bo1h sidcis 19.50 

Blank 6 .25 

Lll 
14 p1n Gold 'l"M .J4 
16 p ln Gold WW .36 
2 4 p i n Gold WW .15 

Pr ices good t hrough 
3/ 1/78 

when purchased wi th 
Wi re Ki t #1 or # 2 

~ 

4 .SO 
S.85 

10.00 

9.00 
13.00 
8 .50 

10.50 
16.50 
17 .96 

5.75 

10-2'4 

4.00 
5.50 
9 .50 

8 .25 
12.50 

8.00 

10 .00 
16.00 
16 .95 

5.25 

~ 
.32 

.35 

.Ju 

WW 

Cont1tc •or 

J .00 
J .00 
J .00 

J .00 
4 .00 
4 .00 

4 .00 
7.00 
5 .00 

~ 
.30 
.33 
.68 

Ordering lnlorm1tlon: 
PAGE DIGITALOrders under .$'25 and CO O'$, add S2 

All o thers. shipped Ppd In U.S. Yla UPS 
For B lue L.abel (Air ) o r 1s1 Class, add $1 ELECTRONICS 

• 	 Wo accept Visa & Mastercharge 135 E. Chestnut Street 4A 
• 	 M o.s l orders Shipped same day Monrovia, California 91016 

Dealer Inquiries lnvlled Phone (213) 357-5005 

APPLE II 1/0 BOARD KIT 
Plugs lnlo Slot of Apple II Mother Board 

FEATURES: 

I 8 Bil Para ll el O ucpul Po r1 


(E .wan<l a bl c I<> J Po rl s ) 
I l npul Pnr l 

15m A O lltp u l (ll rrc n l Sink 
or So u rt'e 

TTL or CMOS Cnmpa cibll· 
,\tl<lrc.<s:iblc anywl1 crc in m e m 

ory ou lp u l a rea 

Can be u.<c<l fo r pe ripheral 
cquipm c 11 1 suc h as pri11l t'fs . 
ll n pp y discs . cas.<c lt c.< . pa pe r 
I ape s, c lc. 

KIT INCLUDES: 
P.C. !lo ar<l. l.C. 's Soc kc 1s anti 
A ssembly Manual . 

PRICE: ---------. 
I Input a nti I O u1pul l'orl 

101 S49 .00 

I Inpu t anu 3 Ou 1pu1 1'11 r1 s 
lo r S64 .00 

DEALER INQUIRIES INVITED 

INST R UCTIO MA NUAL with SOFTWARE 
for Interfacing lo SWTPC PR-40 Printer, SI0.00 

LD-130 
3 Digits 

A/D Conv. 
$11_95 

6800 mpu 15-95 
6820 pia 13.00 

6850 acia 12.00 

2708 
E Prom 

1Kx8 450ns 
$14.95 

SHIPPI G AN D HA DLI NG KEYBOARD SJ .SO. OTH ER S - Sl.00. 
- ---- CalllornlB residents add 6% sales tax-- - 

ELECIBONICS 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 


3RDGENERATION ONLY $63.00 
ASCII KEYBOARD KIT 

FURTHER IMPROVEMENTS. MORE FEATURES 
• 	 TTL Logic Circuils 
• 	 Power : +SY. 27SmA 
• 	 Upper and Lower Case 
• 	 Full ASCII Set (Alpha 

Numeric . Sy mbols . 
Conlrol) 

• 	 7 ot 8 Bit s Parallel Data 
• 	 Optional Serial Oulput 
• 	 Selecta bl e Positive or 

Negative Strobe . and 
Strobe Pulse Widlh 

• 	 ·N ' Key Roll-Over 

• 	 Fully Debounced 
• 	 Carriage Return Key 
• 	 Repeat Function Key 
• 	 Shift Lock . 2 Shift Keys 
• 	 4 User Defineable Keys 
• 	 P.C. Board Size: 

17-3/16 " x S" 

OPTIONS : 
• 	 Metal Enclosure (Paint · 

ed 	IBM Blue and White 
S25 .00 

• 	 18 Pin Edge Con . S2 .00 

• 	 l.C. Sockets , . . S4 .00 

• 	 Serial Output (Shift 
Register) . . . . 52.00 

• 	 Upper Case Lock 
Swit ch (for Capital 

Le_u_e~s- _a '.1~ . ~~ms~~~~ 
KIT Includes : Key 
board. P.C. Board , all re
quired component s and as
sembly manual. 

NOTE : If you have this 
63 Key Teletype Key 
board you can buy the 
Kit without it for S44.95. 
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Mill ion By te Floppy Disk Sys te m 

MASS STORAGE 

Inte ll igent Flop py Available 
in Several Styles 

These f loppy disk drives feature 
voice coil positioning for faster access 
and a microprocessor based intelligent 
control ler. The Model 277 Dual Diskette 
Drives ca n be packaged in a variety of 
con fi gurations: 1) a system with one or 
two dual drives, controller, power sup ply 
and cabling enclosed in a 19 inch rack 
mountable chassis; 2) a one or two dr ive 
system with power su pply and cabinet 
but without th e control ler, and 3) a 
"sl iml ine" system which incorpo rates 
one dua l drive and power supply in a 
tab letop chassis. The inte lligent con· 
troller has its own 8080 microprocessor 
and internal d isk operati ng sys tem in 
firmware. On command, the 1070 con· 
trailer can perform all file managemen t 
functions including disk formatt ing and 
initia liL ing . Voice co il posit io n ing is said 
to be seven co ten times faster than Oiher 
methods, with an average seek time of 
36 ms. Interfaces are available for most 
of the popular microcompu ters. The 
systems range in price from $740 for the 
controller only to $3995 for the two 
d rive (four sp indle) system with con
trol ler, from PerSci Inc, 12210 Nebraska 
Av, W Los Ange les CA 90025, (213) 
820-3 764. • 

Cifcle 625 on inquiry card. 

Mi nifloppy with FORT RA N IV 

~:. .-ldl,, .......... 

......~~ 

This Altair (S-100) bus compa ti ble 
floppy disk kit allows yo u to ru n 
FOR T RAN program s on an 8080 based 
system with ar least 20 K bytes of 
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New 74 Megabyte Hard Disk 

Priced at $6000, the C-074 disk dr ive 
provides a 35 mill isecond average access 
time to any o f 7·1 m illion bytes of 
info rmat ion . With 12 tracks on a cy
linder, the device can access any of 
220,000 bytes in 5 ms. Single t rack 
seek time is 10 ms, and the d isk's data 
transfer rate is 7.3 mi ll ion bits per 
second. With its la rge storage capacity 
and fas t access t ime, the device is said 
to be adequate to s tore all the records 
of a medium size company . The C-0 74 
uses "Winchester" techno logy in a 
no n removab le sca led chamber drive 
with a rotary arm positioner, and can 
ru n 24 hours a day without worry of 
disk wear. The C-D74 disk dri ve, cable, 
in terfacc for an OS I Ch a i lenger and 
OS -74 opera ting sys tem softwa re is 
$6000 FOB the shipper's plant, from 
Ohio Sc ientific Instrum ents, Hiram OH 
44234, (216) 569 -7905.• 

Citcl£! 627 on t11C)u 1ry card . 

progra mmable memory . T he kit inc lud es 
a Shugart SA400 minifloppy disk drive, 
cables and cabi net, a floppy disk in ter· 
face board k it, a disk operating system 
with file managemen t, a tex t editor, 
and FORT//80, a FORTRAN IV system 
for the 8080 from Un ified Tec hno logies 
of Canad a. The interface boa rd can 
control t wo minifloppy drives and 
in cludes a bootstrap and diag nosti 
program in ROM . Al so included are 8 bit 
paral le l input and output ports. T he 
d isk operating system (FDOS) manages 
named riles and includes a "sysgen" 
program fo r custom tailo ri ng of the 
operating system 10 ro u t ines. The 
FORTRAN syste m incl udes double 
precision arit hmet ic, in line machine 
code, FORTRAN control over Inter
rupts, and d irect interface o f cus tom 10 
drivers to FORTRAN READ and 
WRI TE stateme n ts. A 90 day warranty 
and a 2 year software a nd documen
ta t io n update service a re provided. The 

This f loppy disk system comprises 
four drives in a "dua l dual" configur· 
ation, a controller, power supply ant.I 
chassis , e nc losure, cabling, an d a new 
BASIC software package. The Meta· 
Floppy l 054 Mod 11 wi ll p lug into any 
8080 or Z-80 based computer using the 
Alta ir (S-100) bus and feat ures an a ll 
steel head positioncr system, electron ics 
capable of reading d isks whose signa l 
strength is weak, file prote ct c ircu itr y 
and a disk inse rtion in ter lock, and 
lighted numerals to show the logica l 
address of each drive . Track to track 
access time is abo ut 30 ms, a nd the 
data transfer rate is 250,000 by tcs per 
second. The BAS IC language sys te m 
supports line primer spoo li ng and ' 
chai ning of program segments. The 1054 
is $3220 in single quantities , fro m Micro
polis Corp, 7959 Deeri ng Av, Canoga 
Park CA 91304, (213) 703-1121. • 

Circle 633 on 1nqulry i;:<ird . 

AC Ca pstan Motor for 
Cassette T ransport 

The Phi-Deck cassette tape transpon 
is now available with a fixed speed AC 
capstan motor. Features of the new 
model inc lude four motor co r11ro l, 
remote control capabilities , fast start 
and stop, less than 30 seconds rewind 
time, and speeds from I to I 0 inches 
per second. TTL comp a tible contro l 
boards are available for the transport, 
as are op tion s such as beginning and end 
of tape sensing, casse tte in place sensing, 
etc. The transport is $149 in single 
quantities and less th an $ 100 in quan
tities of 500, rrom Trip le I Inc, POB 
18209, Okl ahoma City OK 731 18, 
(405) 521-9000.• 

Circl e 6311 on inquiry card . 

package costs $1095 as a kit, or $1220 
assembled and tested. A second mi ni
floppy drive is ava ilable as a kit for 
$449, or $495 asse mbled and tested, 
from Rea list ic Controls Corporation , 
3530 Warrensville Center Rd, Cleveland 
O H 44122, (216) 751-3158. • 

Circle 626 on inqu iry cu rd 
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Circ le 8 on inqu iry card. 

All Prime Quality - New Parts Only 

Lowest Prices - Satisfaction Guaranteed 


EDGE CARD CONNECTORS: 25 PIN SUBMINIATURE CONNECTORS: 

Bifurcated Contacts. Not tin . Gold over nickel. 50/100 Pin (.100, Gold Plated Contacts. 
1.25, + .156 Pin spacing!. Double Read out. 

DB25P Plug $2.60 ea 5 pcs $2.25 ea 
50/100 Alta i r Type - Dip Solder Pins $4 .25 ea 5 pcs $4.00 ea DB25S Socket $3. 75 ea 5 pcs $3 .50 ea 
50/100 l msa i Type - Dip Solder Pins $4.25 ea 5 pcs $4 .00 ea DB51212-1 Hood (grey) $1 .00 ea 5 pcs $ .95 ea 
50/1 00 lmsai Type with Guides $4 .50 ea 5 pcs $4.25 ea DB51226-1A Hood (black) $1 .10 ea 5 pcs $1 .00 ea 

lmsai Gu ides only $ .30/pr 5 p r $ .25/pr 
SAVE: 

All other contacts avai lable: Solder Eyelet, Wire Wrap. etc. All gold. Buy a comp lete set : 
Many other types avai labl e: 10/20, 15/30, 18/36, etc . 1 Plug, 1 Socke t , 1 Hood (any) $6 .50 /set 

When ordering : specify type of contact. 5 Sets $6 .25/se t 

2708 1KX8 PROM 450 NS 
$16.75ea 

5 pcs or more $15 .70 ea 

8080A  PRIME 
$ 12.00ea 

5 P CS $ 11.50 ea 

Write for larger quantity discounts. 

Dealers welcome. 
~ 

Minimum order $10. 00: Add $1.00 for shipping and handling. When ordering: 
Orders over $25. 00: We pay the shipping: Calif residents add 6% tax. State method of shipment: 
No COD's: For immediate shipment send money order or cashier's check. Mail or UPS. 

ORDER FROM : Beckian Enterprises 
P.0. Box 3089 Simi, Calif. 93063 

4K RAM BOARD KIM INTERFACE 
Assembled and tested. $89.95 

See kit below. Board plu gs into Kim expan sion connector 
Con nector for our Mot her Board 
Fu ll memory decod ing 

4K RAM BOARD KIT 
450ns Access RAMs 

Wri te protec t for (4) 4K bytesFully Buffered 
Add ress and data Bus buffersLow Power $79.95 


Static 

5V on ly 

4 Y, x 6 inch board 


Buy 4 RAM Board kits at 
$79.95 each and an 8 slot 2102 - $1.20 Multiples of 25 only. 
Mother Board is yours Low power, 450 n.s. Access and cycle. 

Includes 8 connectors and card gu ides. FREE. BK EPROM BOARD 
5 Volt only For our bus

MOTHER BOARD MAKE CH ECK OR MONEY ORDER PAYABLE TO: 

8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 

Discoun ts avai lab le at OEM qu anti ti es. For orders less tha n 
Mother Board $20.00 ea $2 5.00 to tal , add $1 .25 for shipp ing. Californ ia res iden ts 
Connectors 2.50 ea adcl 6% sales tax. Est imated sh ipping time 2 days ARO w ith 
Card guides for above $10.00 per set. money orde r. For checks al lows 7 day s for check to clear . 

Ci rc le 7 on inqui ry card . 



MEMORY 

Add -o n Me mory fo r LSl -11 
and PDP-1 1/03Sern ibuild Th is Semi kit 

A serni k it is a fully assembled an d 
wave so ldered printed ci rc u it board with 
p retested integrated ci rcui ts, which the 
user need on ly test and burn in o n his 
or her own computer. It is designed to 
elimin ate common kit bu ilding problems 
such as bad so ld er jo ints, heal damaged 
co mponents and fau lty integrated cir
cuits. Documentation is incl uded with 
the semikit for the test and burn in pro
cedures. T he firs t semiki l is the 16KRA 
memory board, which inc lu des 16 K 
bytes of programmable memory in 4 K 
in depende n t ly addressa ble b locks, with 
an invis ible refresh and a wo rst case 
access time of 400 ns. The 16KRA is 
$369 in sem ikit form and $399 tested 
and bu rn ed in , from Processor Tech
no logy Corp , 6200 Hollis St, Emeryville 
CA 98608, (415 ) 652-8080. • 

C 1fcl e 628 on 1nqun y card 

A new high density memory card for 
the LSl -11 and PDP ·l 1/03 is ava ilab le 
from Fabri-tck Inc, 590 1 S County Rd 
18, Minneapolis MN 55436, (612) 
935-881 1. The LS ·I N-11 provides 8, 
16, 24 or 32 K by tes of me mory on a 
single ca rd with a 2 slot connector, 
using 8 K or 16 K dynamic MOS 
n-chan nel memory ch ips. A typ ical 
low quantity price for the '16 K version 
of the card is $1085 with a 12 month 
warranty. • 

Circle 632 on inqu iry card. 

Attent ion Readers a nd 
Vendors... 

Where Do New Prod uct Ite ms 
Come From ? 

The 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 in terest 
to the personal computing experi
menters and homebrewers who 
read BYTE, we pri111 the informa
tion in some form. We openly 
solicit such information from 
manufacturers and suppliers 10 

chis marketplace. The information 
is printed more or less as a first in 
first out queue, subject to oc
casional priority modifications. 

CompuT ime Offers Clock, Calendar and 
Calculator on One Board 

Memory Board for EXORciser 
and MEK6800 

CompuTime has announced an Altair 
(S-100) bus compatible PC boa rd which 
comb ines a rea l time c lock, calenda r and 
40 fu nct ion scientifi c ca lc ulator in one 
package. 

Applications for the clock and 
calendar includ e s tampi ng output lis tings 
wi th time and date, plus alarm and 
timing ope ra tion s which can be imple
me n ted by means of two coincidence 
counters provided o n the board. I f 
power is shut down, a ba ttery bac kup 
sys tem is provided. 

T he 40 fun ction cak ulator enables 
the compu te r to hand le noali ng point, 
trigo nomet ric and algeb ra ic problems as 
we ll as bas ic ma th fu nctions. 

The package is avai lable in th ree con · 
figu rations: time, date and calcula to r, kit 
price $ ·199; time and da le on ly, kit price 
$165; and ca lculator only, kit price 
$149. T he boards are also avai la bl e 
assembled and tested. Contac t Comp u
Time, POB 417, Huntington Beach CA 
92648, (714) 638-2094. • 

Circle 631 on Inquiry cord . 

An 8 K static memory boa rd now 
avai lable is pin and signa l co mpatible 
wi th the bus used in the Motorol a 
EXORciser, Micromodu les, and the 
ME K6800D l and MEK6800D2 Eva lua
tio n Kits. The 9626 board feat u res fu ll 
16 bit address decoding and buffered 
address, data and control lines. The 
9626 is $350 in sing le qua n tities and 
$2 l 0 in lots of l 00 fr om Creative 
Micro Sys tems, 6773 Westminster Av, 
Westmi nste r CA 92683, (714) 892
2859.• 

Circle 629 on inqu11y card. 
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J. 
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5. 

16K E-PROM CARD 	 $69. 9 5 (KIT) 
IMAGINE HAVING 16K 

OF SOFTWARE ON LlNE AT ALL TIME! 

KIT FEATURES: 
1. 	 Double sided PC Boa rd with solder mask and silk screen and 

Gold plated contact .fingers. 
2. 	Sel ectable wait states. 

All address lines and data lines buffered! 
All sockets included . 
On card regulators . 

KIT INCLU DES ALL PARTS AND SOCKETS! (EXCEPT 2708's)woW\ DEALER JNQULRE S INVITED 
ADD $25 FOR 

SPECIAL OFFER: Our 2708 .s (450 NS) arc $12.95 when purchased with above kit. ASSEMBL D AND TESTED 

SK LOW POWER RAM KIT! FULLY STATIC! $149.00 KIT 
KIT FEATURES: 
1. Double s ided PC Board with so lder mask a nd si lk screen layou t. USES 

Gold plated contacl fin ge rs. 21L02-1
2. All socke ts inc luded! 	 S- IOO(IMSA l/ALTA IR ) 

RAM'S. 
J. Fully buffered on all address and data lines. BUSS .OMPATlBLE 
4 . Phantom is jumper se lectabl e to pin 67 . 
5. FOUR 7805 regulators arc provided on card . 

Z · 80 PROGRAMMING MANUAL .. PRICE WAR! 
By MOSTEK, the major Z - 80 second source . The most detailed ex planation 21 L02-1 LOW POWER RAM ! Prime. 
ever on th e worki ngs of the Z - 80 CPU CHIPS . At least one full page on each 500 N.S. FAST! 8 FOR $9.95 
of the 158 Z · 80 instructions. A MUST re ference manual for any user of the 

8 POSITION DIP SWITCHZ - 80. JOO pages. Just off the press! A D. R.C. exclusive! $12.95 
By CTS. Fits 16 Pin Socket. SI.95 

TERMS: ORDERS UNDER $15 ADD$ .75. NO C.O .D. W E ACCEPT VISA, MASTER CHARGE AND AMERICAN 


EX PRESS CARDS. MONEY BACK GUARANTEE ON ALL ITEMS . TEXAS RESID ENTS ADD 5% SALES TAX. 


LOW PROFILE IC SOCKE TS 
14 PIN · $ 1H 22 Pl i,J] 
1h Pl · $ . 0 2tl PIN - $ 48 

Ill PIN - $ 2S 

AUGAT WIRE WRAP SOCKETS P . C. MO UNT VOLUME CONTROLTRIMMER CAP 
1u Pl Cold Plated Nylon Shaft 1 K or 100K . 2 · 20 PF CE R. 4/Sl

$ .49 ea . 10 FOR $3.95 YOUR CHOICE 4/S1Mi l Quality
LIM ITED STOCK 

PRICE WAR! 

For a limited time only: 


Buy two BK Kits for $129 ea. 


·.. 
\.:i , 3W AUDIO AMP 
·~. " .-:f:. _ MODULE 

"-... ;( ' . .. "i;!i)-f ~ 

,r.;:·,~·~·/ 


Fully assembled and tested.'-----	 16With schematic. 4, 8 or 

OHMS. 


$3.95 NEW! 

MOTOROLA 7805R 
VOLTAGE REGULATOR 

Same as swndard 7805 excep t 750 MA 
OUTP T. T0-220. 5V DC OUTPUT. 
$ .44 each 10 FOR $3.95 

Fully Assembled and Burned In $179.00 
Blank PC Board With Documentation 29.95 

Low Profile Socket Set - 13 .50 
Support IC's (TTL and Regulators) - 9.75 
Bypass CAP 's ( Disc and Tantalums) - 4.50 

JUMBO RED LED'S 


New by G.E. Like MV5024 

#SSL-22 


6 FOR $1 25 FOR $3.75 


t'l.f.'-"~ 4K STATIC RAM 'S New! 
2 11 4. The industry s tanda rd . 18 PIN DIP. Arranged as IK X 4. Equivalent to 
FOUR 21 L02's in ONE package! TWO chips g ive I K X 8, with data . 

2 FOR $24 450 N.S.! 8 FOR S85 

450 NS! 2708 EPROMS 450 NS! 


Now Full Speed! Prime new units from a major U.S. Mfg . 450 N.S. Access 

time . I K x 8. Equiv. to 4 1702 A's in one package! 


Special Offe r : $12.95 ea. when purchased with our

$15.75 ea. 16K EPROM Kit. 

* 

RCA HOUSE #2N3772 

NPN Power Tra nsisto r . JO AMP. 

150 W . VCE0 -60. TO-J. Vastly out 

pe1·forms 2N3055 . Reg . List $3 .04 


2 FOR $1 


CALL FOR OUR CATALOG!Digital Research Corporation 
WE PAY POSTAGE!P. 0. BOX 401247 •GARLAND, TEXAS 75040 • (214) 271 -2461 
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LS l-11 Based Floppy Disk System 

SYSTEMS 

6800 Based S ystem for O EMs 

~ 

\1 
' ' 

Des igned especia lly fo r o rig ina l 
equ ip men t manufacturers, t he MBC 
Microco mputer System comes comp le te 
wit h a key board and 6 d igi1 hexadeci ma l 
d isplay, a syste m monito r, gene ra l pur
pose boa rd , fou r slo t motherboard an d 
flex ibl e mounting sys tem . The mount ing 
fra me, wh ich w ill accep t three periphera l 
boards, is prov ide d w ith brackets to 
all ow for front, bac k , si de or 19 inc h 
rack pa nel mo unting. The ma in com 
pu tcr board has room fo r up to 768 
bytes of programmab le memory , 2.5 K 
bytes o f rea d o nly memory, a nd a cur
re n t loop, RS232 and cassette interface. 
T he M68-MBC is $695 from Electronic 
Produ c t Assoc iates Inc, 1157 Vega S t, 
San Diego CA 92 110 , (714) 276-89 11. • 

Citcle 64 1 on Inqu iry cnrd . 

Integra t ed Package Based on LS l-11 

Th e LS I based S\' stc m includes a large 
backp la ne, dual dr ive f loppy d isk and 
and powe r supp ly all in o ne pac kage. 
T he SS -1 1/"I5 is ava ilable in a single 
10 .5 in ch rack or a t a ble top mount
ing enc losure, and incl udes a 15 quad 
slot backpla ne, conso le inte rface and 
sw itch reg iste r , di agnost ic and boot
strap ROM bus te rmin ator, and d is
tributed refresh controller. The sys tem 
is compatible wi 1h Digital Equipmen t 
Corp software such as the RT-1 I and 
RSX -11/S opera ting systems and m ult i
user BAS IC, FORTRAN, and MACR0
11. The SS -1 1/ 15 is b,c ked by .t o ne 
year warranty and is de li ve red with a ll 
u nused card slots occupied by bus 
grant co nti nu ity boards to simpl ify 
testi ng of cus tom in ter'faces, From 
Unicomp Inc , 8950 Wcstp ar k, Suite 
312, Ho uston TX 77063 , (713) 782
1750. • 

Cude 640 on lnqu l.-y ca rel . 

A New Single Board 
Z-80 Compu ter 

Monol i th ic Sys te ms Co rpora t io n has 
introd uced the SBC-80 Multibus com
pa t ib le comp uter fea turi ng 8 K by 1cs o l 
stat ic programmable memory a nd 8 K 
of erasab le proj\ rammab le rea d o nly 
memory soc kets wi1h se rial and para ll e l 
10 ports . Designated 1he MSC 800 1, 
the si ng le board co 111pu1cr uses 1hc Z-80 
processor and has up to 4 MH l clock 
speed. It i c lcc1 rical ly and mecha nica lly 
com patible wi 1h the SBC 80 systems, 
ope rat ing as a rn as1cr module in the 
Mu ll ibus scheme. 

Th e tw o pa ra llel 10 po n co nsist or 
paralle l peripheral inl c rfacc circ uits 
wi1h buffers and 1crm inators to protec t. 
a ll in1crna l MOS circu iiry. A to tal of 48 
lines are ava il able. They c;1n be con · 
fi gu red for ei th er posi ti ve or nega tive 
log ic signal s. 

Th e ser ial 10 por1 of t l1 e MSC soo ·1 
sup port s RS232C, n · L or curre nt loo p 
comp at ib le ser ial 10 dev ices with pro 
gra mm able da1a tra nsfer rate. Asyn
chronous a nd synch ronous da ta forma ts 
can be programmed. The curren t loop 
int erface is op1 ic. lly isola ted 10 p rotect 
the MSC 800 I from trans ie nt s o r grou nd 
loops caused by periphera l equ ipm en t. 

Real tim e processing is provided with 
!he 825 3 inte rva l t ime r. Th e t imer con
tains th ree 16 bi l co unters which operate 
independe n t ly. One is dedicate d to the 
ser ial 10 port and the other two arc 
ava ilable for general use. The un it p ro 
vides c ighl leve ls of fully vec tored 
priority in1 e rru pts. T he m emory is 
ava il able witl1 e it l1er 4 K or 8 K of s tan· 
dard 'f 8 pin, 4 K x 1 stat ic program
m able memory. 

The MSC 800 I si ngle board com 
puter is $845, in cl ud ing all interface 
c le me nts an cJ 8 K bytes of programmable 
memory . 

Con tac t Dick Lo rimor, Monolit hic 
S yste ms Corpora1ion , 14 Inve rn ess Dr E, 
Englewood CO 801 10 , (303) 770-7400.• 

Circle 637 on lnqu 11y card. 

]'.]'.]El 

Thi s d ua l drive rloppy disk sys1c m 
is avai lable with or withou t an integral 
LS 1-·1 ·1 processor and is sa id to be 
iden tical in Func t io n Lo the PDP -1 IV0 3 . 
The Mic ro-F lop 11 uses the Shugart 
SA 800 d isk dr ive wi1 h 1he SASSO 
doub le sid ed disk availab le as an op tion . 
T he disk con troller fea tures a ded ica ted 
8080 mic roprocessor wh ich implemcnls 
a d isk se lf-test feature indcpc ndcn1 ly 
of t il e LS l-11. A fro nt pane l console , 
10 .5 inch (26.7 cm ) e nclosu re, a nd the 
Digi ta l Equ ipme nt Corporat ion H9270 
backp lane are included . The Micro-Fl o p 
1 ·1 is $3 ,350 w ithout the LS I-I I and 
$4,290 wi th the LSl-11 included, f rom 
Ch arles Rive r Data Systems, 235 Bear 
Hill Rd, Waltham MA 02154, (617 ) 
890-1700.• 

Circle 638 on 1nqull'y ca rd, 

Commodore S h ips F irsr PET Computers 

The PET comp uter made its debut 
recently as the first 100 units were 
sh ipped to · wait ing cus tomers in mid 
Octobe r 197 7. Herc Commodore 
Syste ms Division Di rec tor Chu ck Peddle 
is pictured w ith the PETs undergoi ng 
fi nal che ckout. Shipments were made 
a bout six weeks la ter th an expec ted, 
accordin g to Ped dle. T he delay was due 
in part to lime con sum ing qualit y con
trol measures an d t he material flow 
problem in st a rt ing up th e product ion 
lines. "In tl1is business ," Ped dl e argued, 
"s ix weeks is 01c tu al ly p re tty good ." 
Many of Hi e firs t un i LS were dc livcrcd to 
customers who in te nd lo deve lop soft
ware for the PET . Commodore p lans 10 
c rea te a publishing l1ouse for programs 
developed by users as we ll as e m ployees. 
The company plans to in crease pro
du ct ion of the PET com puters to several 
thousa nd pe r mon th by ea rl y 1978. The 
basic PET wi th 4 K memory is price d a l 
$5 95, whi le the 8 K memory versio n is 
$795, frorn Com modore Busi ness 
Mach ines Inc, 90 1 California Av, Palo 
Alto CA 94304, (4 15) 326-4000.• 

Circle 639 on inquiry card. 
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Bobby Co1npater Kits • • • 

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 8 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 converts RS-232 ro 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 

6 

3 TAPEINTERFACE Par t no. 11 ·1 
Play and record Kansas City Standard tapes 
Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 
Digital in and our 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 Pan 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 

5 UART and BAUD RATE GENERATOR Par t no. 101 
Con verrs 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 8 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 modula red RF, Channels 2 or 3 

Power required is 12 volts ACC. T., or +5 volts DC 

Board only $4.50, with parts $13.50 

4K/8K STA TIC RAM Pa rt 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 

TIDMA 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 d igital recorder a t any baud rate 

S-100 buss compatible 
Cornes assembled and tested for $160.00 

APPLE 1 MOTHER BOARD Part no. 102 
10 slots - 44 pin (. 156) connectors spaced :X 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 Par t 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 8 volts AC at 3 amps., and 24 volts ACC. T. 
at 1.5 amps 

Board only $12.50 

TO ORDER 


Men t ion par t number and desc ription. For parts kit s add " A " to 

part number . Sh ipping paid for orde rs accompani ed by ch eck, 

mo ney order, or Mas ter Ch arge, BankAmericard , or VI SA 

number and signature. Sh ipping charges added to C.O.D . ord ers, 

Calif. res. add 6.5% for tax. Par t s kit s include soc kets fo r al l ICs, 

components, and c ircuit board . Documentat ion is included with 

al l products. Dea ler inqui r ies invi ted. 


Auto scroll 
Non destructive curser ELECTRONIC SYSTEMS
Curser inputs : up, down, left, right, home, EOL, EOS 
Scroll up, down P.O. Box 212, Burlingame, CA 94010 
Requires +5 volts at 1.5 amps, and - 12 volts at 30mA 
Board only $39.00, with parts $145.00 (408) 374-5984 
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SYSTEMS etcWbat's N~w~ 

Low Cose 16 Bi t Microprocessor play, a timer, input output buffers and
Development System bidirectional transceivers. On board 

Th is lo w cost deve lopment system 
( LCDS) lets the user gain experience 
with an d develop programs for the 16 bit 
PACE microprocessor for a basic cos t of 
only $585 . Fully assembled on a printed 
circuit card, the LCDS inc ludes the 
microprocessor, 1 K 16 bit words of pro
grammable memory, sockets for 1 K 
wo rds of programmable read only 
memory, a 20 key dual function key
bo~rd, a six digit ligh t emitting diode dis-

ROM contains a system monitor for the 
keyboard, display, and control of input 
output subroutines. Both a 20 mA cur
re nt loop interface and an RS232 port 
are provided . Three prewired, 72 pin 
sock ets al low for additional memory or 
for expansion o f the LCDS inte rface bus. 

Correction 

On page 208 of the December 1977 
BYTE we gave the incorrec t address for 
ordering Hewlett-Packard's HP-01 wrist· 
watch calculator. The unit is prese ntly 
being marketed only through jewelry 
stores. To obtain the name of the store 
nearest you, cal l tol l free (800) 
648-7111 ; in Nevada, call 329-2700. Our 
thanks to HP's Mike Rosenthal for this 
information.• 

Expans ion boards may be plugge d di
rect ly into these socke ts, or a prewired 
cable assembly can be used to connect 
the unit to an ex pansion chassis . Maxi 
mum system memory is 60 K words . The 
LCDS m icroprocessor 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. T he unit requires a 5 V power 
supply delivering 2.8 A plus additional 
current for any memory expansion 
ca rds, and a 12 V supply for the RS2 32 
in te rface . The LCDS is priced at $585; 
expansion options include th e IPC-16C/ 
01 1 card including 1 K words of pro
gramm ab le memory for $170, the IPC
16C/0 12B card providing sockets for 2 K 
words of read onl y memory for $139, 
and the I PC-l 6P /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. 

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 a nd 16 K 
bytes of programmable memory, and 
serial 10 with RS 232 or strappable 
curre nt loop interface. Software for th e 
system includes a disk reside nt oper
ating system, editor, asscm bier, debugger 
and file handling u tilitics. T he Z80-PDS 
can be used with any sta ndard CRT or 
hard copy terminal al data rates from 
110 to 19 ,200 bps. The system may 
also connect directly 10 a soon to be 
available optional keyboard and video 
monitor by means of the Z80-VDB 
video display board. Other optional 
modules are the Z80-PPB program mer 
board, Z80-IOB input output board, 
and the Z80-SI 8 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 pounds. The program 
development system is priced a t $2850 
in single quantities from Zilog , 10460 
Bubb Rd, Cupertino CA 950 '14 , (408) 
446-4666.• 

Circle 643 oo inquiry ca rt!. 

COSM AC Based Kit Aimed at Hobbyist 

This lo w cost hobby computer kit 
fe atures vid eo display and audio cassette 
reco rder 10 as well as a low level inter· 
pretive programming language especially 
des igned for the creation of com pact 
games and graphics. Th e COSMAC VIP 
is based on the CDPl 802 microprocessor 
and uses the CD Pl 861 video chip to con· 
trol the video display . The VIP Is bu il t 
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 
program which permits the user to 
examine and alter memory, save and 
load programs on cassette tape, and 
examine the processor registers. The 
casse tte interface opera tes at 100 bytes 
per second using any reasonably good 
audio cassette recorder. The CHIP-8 
programming language s impli fies the 
task of programm ing video games in 
hexadecimal code. CHIP-8 has 31 
instru ctions in a 2 byte format for 
fu nctions such as displaying a pattern 
on the vi deo display, generating a 

random number, sounding a tone, etc, 
and provides 16 one byte va riables 
and subroutine nesting capability. Mem 
ory expansion to 4 K bytes and parallel 
10 expans ion to 19 lines can be achieved 
by inserting addi t iona l integra ted ci r· 
cults on the printed circuit board , and 
additional memory and peripherals can 
be added through the 44 pin memory 
and input output e.xpansion connector 
socke ts on the board . The VIP user's 
manual, said to be written by a hobbyist 
for hobbyists, co ntai ns detailed informa
tion on kit assembl y, opera ting proce· 
dures, CHIP-8 programming techniques, 
test programs and crouble shoocing 
hints, and syscem expansion instruc· 
cions. Th e manu al also includes program 
listings for 20 video games which ca n be 
immediately entered and played by the 
user withouc having to learn . program
ming. 

Pri ced at $275, the COSMAC VIP 
is available from RCA Solid Stace Divi
sion, POB 3200, Somerville NI 08876, 
(201) 685-6423 .• 

Circle 644 on inquiry card . 
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74L$00 TTL 
74LSOO S .21 
74LS02 .2 1 
74LS04 .24 
'74LS08 S .21 
74L$ 10 21 
74LS14 .85 
74L$20 .23 
74L$21 23 
74L$22 23 
74LS30 .23 
74LS32 .30 
74LS37 .31 
74 LS38 31 
74L$42 .60 
74LS47 75 
74LS48 .72 
74LS73 .35 
74U74 .35 
74L-S75 53 
74LS76 .37 
74LS86 36 
74LS90 .52 
74LS92 .52 

WAMECO 

74LS93 .52 
74LS109 .36 
74LS112 .36 
74LSIJ3 .36 
74LS114 36 
74LS125 .46 
74LS126 46 
74LS132 75 
74LS138 .70 
74LS139 .70 
74LS151 65 
74LS153 .66 
74L S154 1.00 
74LSI 57 S.62 
74LS160 .B2 
74 LS161 8 2 
74LS162 .82 
74 LS1 63 .82 
74LS164 .98 
74LSl 74 .75 
74LSI 75 .79 
74LSJ90 .90 
74LS191 90 

S-100 P.C. Boards 
BK RAM 28.00 

28.00Z-BO CPU 
12-Slot Mother 

Board 
ITHACA AUDIO 
S-100 P.C. Boards 
BK RAM 
Z-BO CPU 
SOLID STATE MUSIC 

33.00 

2B.00 
28.00 

S-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 

MB6A BK STATIC RAM 
Kit $179.95 
Bare Board 25.95 

MB7 16K STATIC RAM 
Kit 435.00 
Bare Board 25.95 

MB8 BK/16K EPROM 
Uses 270B's 
Kit Less EPROMs 75.95 

74LS192 .90 
74LS 196 .BO 
74LS197 .BO 
74LS221 1.06 
74LS257 .71 
74LS258 .70 
74LS266 .26 
74LS283 72 
74LS365 55 
74LS366 55 
74LS367 .55 
74LS368 .55 
74l5386 .39 
BILS95 .77 
81LS96 .77 
81LS97 .77 
81LS98 .77 

SUPPORT DEVICES 

6820 5.00 
6850 5.00 
8212 3.45 
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 30BAH .95 
LM 308N 1.00 
LM 311M .90 
LM 311 N .85 
LM 31 IH .90 
LM 3 12 H I 25 
LM 317H 3.45 
LM 317K 3.70 
LM 318M 1 15 
LM 319H 1.25 

MEMORY 

MEMORY 

l702A 4 .75 
2708 13.50 
2716 32.95 
21L02 450ns 1.25 
21L02 250ns 1.60 
1101 .75 

MICROPROCESSOR 

4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
401B 
4019 
4020 
4021 
4022 

CMOS 

2708 Special 

Buy 10 
get 1 free 

Price : $13.50 each 

450 µ.s Full Specification Part 

LM 358M .99 LM 309H 
LM 379M 3.99 LM 309K 
LM 380M .99 
LM 380N .75 LM 320H-5 
LM 3BI N 1.79 LM 320H-6 
LM 386N .99 LM 320H·8LM 387N .69 
LM 3900N .40 LM 320H- l2 
LM 555M .39 LM 320H- l5 
LM 556N .88 
LM 567M 1.25 LM 320H-18 
LM 723N 49 LM 320H-24 
LM 741H s .35 LM 320K-5 

.16 

.16 

.99 

.16 

. 79 

.37 

.37 

.16 
-16 
.29 
.74 
.74 
.29 
79 

.79 

.23 

.84 
B9 
.89 

1.10 
.99 

1.19 
l.19 
1.19 
l.19 
1.19 
1.19 
1.19 
1.35 

LM 321H 2.02 LM 74 1M . 19 
LM 322H 2.02 LM 747H .79 LM 320K-6 Sl.75 

Circle 56 on inqu iry card . 
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0 Cash 
0 coo 

Cnargo My 

0 M .C. 
0 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 ~5 
Los Angeles, CA 90045 

TELEPHONE ORDERS : 
Call (213) 641-4200 

S•8---------------

Name-~~~~~~~~~~~~~~~~~~~ 

Address-~~~---~------------

.79 LM 320K-8 

.59 

.55 LM 320K- l2 

.89 L M 320K-15 

0 Send your complete catalog, I 
quickly. I 
0 Please send me the following 
items I have listed below ; 
Stock No. Qty. Price 

Postage/Handling Sl.50 

Satisfaction 100% Guaranteed 

1.75 
1.35 
1.35 

4023 
4024 
4025 
4028 
4030 
4035 
4040 
4049 
4050 
4051 
4052 
4053 
4066 
4071 
4081 
4082 
4507 
4510 

7400 
74()1 
7402 
7403 
74()4 
7405 
7406 
7407 
7408 
7409 
7410 
Nn 
7412 
7413,.,. 
7416 
7411 
7"20 
7423 
7425 
7426 
7427 
7•30 
7432 
7437 
7438 
74)9 
744() 

l1 
ll 

.ll 
ll 
15 
lJ 

.16 
23 
l7 
l7 
IJ 
18 
IJ 

.25 
61 
2• 
22 
l3 
a 
25 
22 
l7 
1J 

..23 
21 

.21 
25 
13 

74 100 
74107 
741~ 

7441 70 7 4121 
744 2 .37 7"122 
7443 59 74123 
7444 .59 ?4 \ 32 
744$ 65 74 141 

' "46 .62 7414!> 
7447 59 741.50 
7448 60 74151 
7450 .ll 74t :Sl 
74:51 13 74 1~ 

74 :53 . ll 74157,.,... IJ 74161 
7460 14 Hl6J 
74?'0 .26 74164 
7412 21 74165' 
74?3 .21 74 170 
747.& 27 74173 
747:5 ... 7417' 
7476 .28 74 17:> 
7479 500 74176 
7480 .3 1 741 71 
7... 1 .95 74180 
7.382 50 74181 
7483 .62 74190 
748!> .75 741 91 
7486 .26 74192 
7489 L7S 74193 
7490 .•O 74195 
7491 .5 1 7422 1 
7492 .40 74251 
7493 40 7436~ 

7494 .60 74366 
7495 60 74367 
7496 60 74368 

SOLID STATE MUSIC 
MB9 STATIC PROM/RAM 

Kit Less Memory 72.00 
VBlA VIDEO INTERFACE 

Kit 129.95 
Bare Board 25.95 

102 PARRELL 1/0 
And Kludge 
Kit 
Bare Board 

104 2 + 21/0 
Kit 

REGULATORS 

SB-1 MUSIC 
SYNTHESIZER 
Kit with 
Software 

LM320K-18 
LM 320K-24 
LM 320T· 5 
LM 320T-12 
LM 320T-15 
LM340K· 5 
LM 340K-8 
LM 340K- l 2 
LM340K· l5 
LM340K-l8 
LM340K-24 
LM340T-5 
LM 340T-8 
LM 340T-12 
LM 340T·l5 
LM 340T·l8 
LM 340T-24 

MT-1 
15-Slot Mother 
Board 39.95 

XB-1 EXTENDER BOARD 
Bare Board B.99 

SSM 80BO MONITOR Vl 
ON 2-270B 47 .00 
ON B-1 702A 47 .00 

.:.~ · ..•. 1::...11·i 
1IJ :", i-;:;_~ 1 - _,.._, 
........,...... 
..~--- r__... . 

NEW 
1978 

IC MASTER 
• Over 40,000 

IC's l isted . 
• Over 2,000 

pages. 
• Updated every 

90 days. 

Reta il Value 

$55.00 
Your Price 

California Residents Add 6%City___ _____ state_____Zip_____ 
Sales Tax 

Note: Minimum Order $10.00, 5% Discount over Sl00.00 

----------------------------------



Brochure Descr ibes Analog Periphe ra ls 

PUBLICATIONS 

Gu ide Cross Indexes Personal Computing 
Magazines 

The January to June Periodical Guide 
for Computerists indexes 1080 a rticles 
from 2 3 hobby an d professio nal co m
puter pub li ca tions . Arti cles , edi to ri a ls, 
book reviews , and le tters from reade rs 
wh ich have relevance to th e person al 
computi ng fie ld are indexed by subjec t 
un der 90 categories. T he 3 2 page book is 
ava ila ble postpaid fo r $3 from E Berg 
Publications, 1360 SW 199th Ct, Aloh a 
OR 97005 , (503) 649-7 495, o r from 
local compu ter stores. • 

Circ le 645 on Inqu iry card. 

Guide to Small Business Computers 
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This free brochure, said to unrave l 
the mysteries o f small business com
puting systems, de tails a s tep-by -ste p 
approach to matching compute r capa
bi li ties with business needs. Cop ies 
are avail able from Digita l Equ ipment 
Co rporation, Communicat ions Servi ces , 
Brochure EA 074 30, 444 Whitney St , 
Northboro MA 01532 , (617) 897-51 11.• 

Circle 646 on inciu irv card. 
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Th is 22 page mi c roco m pu ter cata log 
includes p rodu cts from a l I the m ajor 
man ufac ture rs. Se para te p rices arc give n 
for c red it card pu rchases a nd ro r cash 
pu rchases , wh ich receive a disco unt. 
Computerloguc is ava ilable from Com 
puter Ente rp rises, PO B 71, Fayencv ille 
NY 13066, (315 ) 637-6208 .• 

Circle 647 on inquiry cord. 

Signature Analysis : A New Appli cations 
Note from Hewlett -Packard 

Signature analysi s is a new tec hni q ue 
for de bugg ing microco m pu te r ci rcuit ry 
and other circ ui t ry designe d a rou nd bus 
architec ture. Da ta bit st reams, which 
arc com mon in thi s ty pe of arch itec ture, 
p resent spec ial prob lems when fa ult 
analysis is required . Hewle tt -Pac kard 
deta il s some of the new techniqu es use d 
in signa ture analys is in its free 50 page 
Applications No te 222, available from 
th e Inqu iries Manager, Hewleu-Pac kard 
Company , 1501 Page Mill Rd , Palo 
Alto CA 94304, (4 15) 493- 1501. • 

Cm::teo 648 on 1nqu 1Jy tard. 

Bubble Memory Report 

T h is re port analyzes 1.he impact 
o f bubble memory tec hno logy o n en d 
use r products such as po in t of sale ter
mi nals and wo rd processors, p rogram
ma ble calcu lators and home com p uters 
and the impli cat ions for compe tit ive 
memory system s such as casse ttes and 
d isks , c harge coup led dev ices and M.OS 
memo ry . A c omp lete fac il it ies p lan for 
product ion o f bu bble memories is 
inc luded . O tl1 er reports such as " Sm all 
Business Systems Industry Re port" 
and " Da ta and Word Processi ng O ppor· 
tuni t ies in the Auto mation o f Lega l 
Work " a re a lso avai la ble. The bubble 
memory re port is $995 fro m Small 
Busi ness Sys te m s, 4320 S tevens C reek 
Blvd, Suite 230, San Jose CA 95 ·129 
(408 ) 243-8 121. • 

Circle 549 on inql11rv 1;e1rd _ 

T his 16 page broch ure provides the 
speci fi cat ions fo r the Si neT rac 800 ser ies 
of data acqu isi tion ca rds for th e Intel 
MDS -800 and S BC-80/20/10 m icrocom 
pu ters . Accept ing 32 or more ana log 
chan nels, the high speed SincTrac 800 
commu nica tes over the processor bu s as 
an addressa ble I0 dev ice. T he b rochu re 
is avai lab le from Da te I Systems Inc, 
1020 Tu rn p ike St, Ca nton MA 02021, 
(6 17) 828-8000. • 

Circ le 650 on inquiry canL 

At Las t , a Microcomputer 
Troubleshoot ing Manua l 

Wh a t d o yo u do whe n 11our newly 
assem bled mic rocompu te r kit does n't 
work ? T ho usa nd s o( hob by ists u n
do ubtedl y have bee n in th is predica
men t , and most learn th e a rt of t ro ubl e
shootin g digi ta l ci rcuits the ha rd way. 
T l1i s manual, writ ten by a test e ngi neer 
and technical wr iter , may provide a 
short cu t. It offers gene ra l h ints and 
spec ifi c proced ures for fi nd in g and 
c uring common problems arisi ng with 
the com pon ents o f microco mp uter sys
tems. Sepa rate sec tio ns trea t ge ne ra l 
proble m so lving ap proac l1 es, trou ble
shoot ing newly assem bl ed equ ip me n t , 
and fi xi ng a system whi ch has worked 
properly pr io r to the la test fai lure . 
Ty pical problems with p rocessor boards, 
m emo ry boards an d televisio n in terface 
boa rds a re trea ted in some detail. A 
glossary of te rm s and a lis t o f reco m
mended co m po nen t su ppliers is In· 
el uded. $5 from Micro -In fo Associates, 
POB 849, Castroville CA 95012.• 

C•rcJc 65 T on inQwry c:.JrrJ_ 

Notes for Al tair Compute r Users 

Compu ter Nores is a mo n th ly pu bli 
ca tion fo r o wn ers or A lta ir comp u te rs , 
providi ng tut o ria l artic les, h in ts and 
project ideas. The Sep tembe r 1977 issue 
incl udes a rt ic les on bu ildi ng your o wn 
video dis play and o n robo r m echa n ics . 
Compu ter No tes is free to Alrai r co m 
p uter ow ners; 50 cents per issue or $5 
per year frorn MITS Inc , 2450 Alam o 
SE, Al buquerq ue NM 87 '106. • 



DIODES/ZENERS 
1N914 100v lOmA .05 
1N4005 600v lA .08 
1N4007 1000v 1A .15 
1N4148 75v 10mA .05 
1N753A 6.2v 
1N758A 10v 
1N759A 12v 
1N4733 5.lv 
1N5243 13v 
1N5244B 14v 
1 N5245B 15v 

CMOS 
4000 .15 7400 
4001 .20 7401 
4002 .20 7402 
4004 3.95 7403 
4006 1.20 7404 
4007 .35 7405 
4008 .95 7406 
4009 .30 7407 
4010 .45 7408 
4011 .20 7409 
4012 .20 7410 
4013 .40 7411 
4014 1.10 7412 
4015 .95 7413 
4016 .35 7414 
4017 1.10 7416 
4018 1.1 0 7417 
4019 .60 7420 
4020 .85 7426 
4021 1.35 7427 
4022 .95 7430 
4023 .25 7432 
4024 .75 7437 
4025 .35 7438 
4026 1.95 7440 
4027 .50 7441 
4028 .95 7442 
4030 .35 7443 
4033 1.50 7444 
4034 2.45 7445 
4035 1.25 7446 
4040 1.35 7447 
4041 .69 7448 
4042 .95 7450 
4043 .95 7451 
4044 .95 7453 
4046 1.75 7454 
4049 .70 7460 
4050 .50 7470 
4066 .95 7472 
4069 .40 
4071 .35 
4081 .70 
4082 .45 

9000 SERIES 
9301 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

MEMORY CLOCKS 
745188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 
2102L-1 1.95 
TR 1602B/ 

TMS 601 1 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
21078-4 4.95 

z .25 
z .25 
z .25 
z .25 
z .25 
z .25 
z .25 

.15 

.15 

.20 

.20 

.15 

.25 

.35 

.55 

.25 

.15 

.10 

.25 

.30 

.45 
1.10 
.25 
.40 
.15 
.30 
.45 
.15 
.30 
.35 
.35 
.25 

1.15 
.45 
.85 
.45 
.65 
.95 
.95 
.70 
.25 
.25 
.20 
.25 
.40 
.45 
.40 

8266 
MCT2 
8038 
LM201 
LM301 

SOCKETS/BRIDGES 
8-pin pcb .25 WW 

14-pin pcb .25 WW 
16-pin pcb .25 WW 

18-pin pcb .25 WW 

22-pin pcb .45 WW 
24-pin pcb .35 WW 
28-pin pcb .35 WW 

40·pin pcb .50 WW 

Molex pins .01 To-3 Sockets 

2 Amp Bridge 100-prv 

25 Amp Bridge 200-prv 

- T T 

TRANSISTORS, LEDS, etc. 

.45 
 2N2222 NPN (Plastic .1 OJ .1 5 
.40 2N2907 PNP .15 
.40 2N3906 PNP .10 
.75 2N3054 NPN .35 

2N3055 NPN 15A 60v .501.25 
T1P125 PNP Darl ington .35 1.10 

1.45 LED Green, Red, Clear .15 
D.L.747 7 seg 5/8" high com·anode 1.95 
XAN72 7 seg com-anode 1.50 

1.25 

.45 
FND 359 Red 7 seg com-cathode 1.25 

1.20 

1.95 

L 
74H72 

.85 
1.25 

74H101 
74H103 

.95 
2.25 

74H106 
1. 75 
1.35 74LOO 

74L02 
.85 

1.65 
74L03 
74L04 

.95 
1.25 

74L10 
74L201.25 

1.25 74L30 
74L472.35 

1.00 74L51 
.85 74L55 

74L72 
.35 74L73 
.35 74L74 
.50 74L75 
.50 74L93 

74L123 
.25 
.25 74500 
.25 74502 
.25 74503 
.35 74504 
.35 74505 
.25 74508 
.30 74510 
.30 74511 
.25 74520 
.40 74540 
.25 74550 
.25 74551 
.25 74564 
.25 74574 
.15 745112 
.25 745114 
.25 

LIN EARS, REGULATORS, etc. 
.35 LM320K5 17905! 1.65 LM340T24 
.95 LM320K12 1.65 LM340K12 

3.95 LM320T5 1.65 LM340K15 
.75 LM320T12 1.65 LM340K18 
.25 LM320T15 1.65 LM340K24 

LM373LM339 .95LM308 IMini l .75 
LM3807805 l340T51 .95LM309H .65 

.55 

.75 

.75 

.95 

.35 

.35 

.30 

.3 5 

.35 

.35 

.45 
1.95 

.45 

.65 

.45 

.40 

.45 

.55 

.55 

.55 

.55 

.55 

.30 

.35 

.35 

.35 

.35 

.35 

.35 

.25 

.25 

.45 

.25 

.40 

.90 
1.30 

7473 
7474 
7475 
7476 
7480 
7481 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74121 
74122 
74123 
74125 
74126 
74132 
74141 
74150 
74151 
74153 
74154 
74156 
74157 
74161 
74163 
74164 
74165 
74166 
74175 

.25 

.35 

.35 

.30 

.55 

.75 

.95 

.95 

.30 
1.35 

.55 

.95 

.95 

.40 
1.25 

.60 

.80 
1.85 

.35 

.35 

.55 

.55 

.45 

.35 
1.35 
1.00 
.85 
.75 
.95 

1.05 
.95 
.6 5 
.85 
.95 
.60 

1.50 
1.35 
.80 

74176 
74180 
741 B1 
74182 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74221 
74367 

75108A 
75110 
75491 
75492 

74 HOO 
74H01 
74H04 
74H05 
74H08 
74H10 
74H11 
74H15 
74H20 
74H21 
74H22 
74H30 
74H40 
74H50 
74H51 
74H52 
74H53J 
74H55 

.95 
2.15 
1.25 
1.25 

.95 
2.95 

.95 
LM709 (8 ,14 PINI .25 LM340T12 1.00LM309K (340K -51 .85 

LM340T15 1.00 LM711 .45LM310 1.15 
LM311 D (Mini) .75 LM340T18 1.00 
LM318 (Minil .65 

INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemont Mesa Boulevard, San Diego, California 92111 

(714) 278-4394 (Calif. Res.) 

All orders shipped prepaid No minimum 

Open accounts invited COD orders accepted 

Discounts available at OEM Quantities California Residents add 6% Sales Tax 

All IC's Prime/Guaranteed. A ll orders shipped same day received . 


24 Hour Toll Free Phone 1-800-854-221 t MasterCharge I BankAmericard I AE 


745133 .45 
745140 .75 
745151 .35 
745153 .35 
745157 .80 
745158 .35 
745194 1.05 
745257 (8123) .25 

74LSOO .35 
74LS01 .35 
74LS02 .35 
74LS04 .35 
74LS05 .45 
74LS08 .35 
74LS09 .35 
74LS10 .35 
74LS11 .35 
74LS20 .35 
74LS21 .25 
74LS22 .25 
74LS32 .40 
74LS37 .35 
74L540 .45 
74L542 1.10 
74LS51 .50 
74LS74 .65 
74LS86 .65 
74LS90 .95 
74LS93 .95 
74LS107 .85 
74LS123 1.00 
74~S151 .95 
74LS153 1.20 
74LS157 .85 
74LS164 1.90 
74L5367 .85 
74LS368 .85 

LM723 .50 
LM725 1.75 
LM739 1.50 
LM74118-14! .25 
LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 

SPECIAL 

DISCO UNTS 


Total Order Deduct 

$35 - $99 5% 

$100 . $300 10% 
$301 . $1000 15% 

$1000 - Up 20% 

Crrcle 59 on inqu iry card . BYTE Fobru><y 1978 195 
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MICROPROCESSOR CRYSTALS 

FREQUENC Y 
I 0 MH1 5.95 
I 4)1 MH1 980 

5957 0 MH I 
8.50? 09715? MH1 

1.4516 MH1 8.50 
8 .501 667 MHI 

-0:sa · 3.00 MH1 
310 MH1 8.50 

8.50l ?168 MHr 
1.25l 1%•~ MH : 
•.!!5" DM H1 
• 95"0 MH1 
• .95; i94304 MHI 
4.95<'l l>IO MHz 

FOR PROCESSOR TECH 
14.318 $4 .95 

DIP SWITC HES 

P"CO
FllCQU(lfC T 

~0 r.tH 1 • .95 
• 95106 Mh: 

': ! MH1 • 95 
S]l.:J Ml1: 4.95 
6~ MH1 4.95 
6 14'MHI • .95 
6 ~O MH t 4.95 
61136 MH1 4 95 

• 9580 MH z 
• 95liO MH1 

1800 MH1 • .95 
18 <J I MHI • .95 
.'00 MH 1 • 95 
'; l lSJ M..: • 95 

• 95"0 Mh: 
4 g~· (l 1 ,..... . 
• 95~· J Mtt , 

7 POSITION 1.80 
4 POSITION $1.50 8 POSITION 2.00 
5 POSITION 1.60 9 POSIT ION 2.25 
6 POSITION 1.70 10 POSITION 2.50 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL -BW-630 

_:\Banery Qpera1..i 1Sue Cl 
• We1ohs ONLY 11 Ounces 
• Wraps JO AWG Wuc on10

$34.95 S10noaro DIP Sockm I 015 inch) 
ii'"'"'" ~"' "<•..Oro ComP'ele w11tt DUl ll ~ b11 ana sleeve 

WIRE-WRAP KIT - WK-2-W 
WRAP • STRIP • UNWRAP ,,~~

• T001101 30 AWG Wue 
• Roll al 50 fl Wnite or Blue 30 AWGW<1e '. 
• 50 pcs eacn 1 I 3 & • leno1n$ · · 

pre ·str1ppe<J wire ' O 
$11.95 

WIRE WRAP TOOL WSU ·JO 
WIW' • STiii' • ..WllAP · '5.111 

WIRE WRAP WIRE - 30 AWG 
50M Sl 95 IOOOM $15 00 

SPECIFY COLOR - WMe • Yellow RM · Green · Blue • Blad< 

WIRE DISPENSER - WD·JO 
o 50 M 1011 JO AWG ICYNAR """ wr.ip w11e $3.45 81 , 
• Cuts ""'" 10 cleslrtO lenolll 
• Slnps r · ol 1nsul.ll10n a,.tly - 8lut ·Ye11ow ·WMe ·Roa 

LIQUID CRYSTAL DIGITAL 

CLOCK·CALENDAR 


For Aulo. Home Ofl1ce 
Smal t 1n S tl t' f211:2"'1ii: "'1 1 
'Pusn ou11on l or secon cJs 1c leaso ro r tia1c 
-C•a, ., ~ "'0""'' .a n f .... "lt1u1 "' It• e 11fle1 J M ao1.101e 

• :le(]• · :.~ O• VE.L c qo •'ICl..,Oeil 
""00El.5 AVAIL Abl£ 
CO l l'l' :>tin.at·~ .,,orle• •u'\i .,., \llf cont , 1neo 
.111tf:f 1•s. to1 bt'I\~! 1'1 ~" 1i ' "".u 
co 1c: '""" n ' · ... , • 1.)'Jilt!m • no •Jo 0.IC ll ~.10P'>I.-.> 

LCD· tOt O• LCD 102 
your c t101ce $33.95 .. 
Clear oesk stand lor $2.00 
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FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809 


IOIOA SUPPORT DEVICESMICROPROCESSOR" CHARAtHR 
811'• -8 19.95 J 95 GENERATORS
8214 9 95l ·80 2'5.00 l5JJ UP 6 758716 • solBOA J5.00 2'51300WN s"COP1801CO '24 95 8:2:24 • 95 ?S I J UP Hj..,,. ) 9 95AM2901 n.9~ ane 8 7S 25 1J OOWN~!J..,l 10 95050 > 12 95 a>JO a oo MCM65 11 10 80 "9?51 11.006800 19 95 MCM6511A 10908008 I 8,, B25J '"00 MCM6572 108080BOA 1'5% 8:155 , ,00 MCM6'514 14 15TMS-9900lL 89 95 82S7 '1500 MCM65i'5 .... l59159 >5 00 

6100 SUPPORT 
681 0 P ' 95 STATIC RAMS 1·24 1B9 10058XIP 8 00 :if LO:? 14501 I 50 I 40 I '5 
683AP 16 9'5 
6878P It 15 

21 L02 l150I I 95 I BO 150 
1 , l 1 I '75 • 10 ) 956850• 9 95 HQIA I 49 I 29 I 10 
7101 I 1.95 2 75 2.60 

68'!>2P 1, 95 
6860P 14,4CIS 
6S6 7P l 1'9S '1 102 I '5 I 15 I 00 

7101 1 I 50 I 15 6880P 7 ·10 ' 301 111 1 4.00 ) 50 3.2S 
1 11 2 1 ) 00 '80 '69ZIO SUPPOR T DEVICES 7114 17 9S 16 .95 16 50 

3881 1195 4200A 12 gri 12 50 11 95 
3887 l :i' 95 'S \O \C· E: 11 95 11 2S IO 75 

WAVEFORM GENERATOR KEYBOARD CHIPSH 	 SUPPORT DEVICH 
80)8 • 00 AY'S-2376 IJ 95 

J8 5J 14 95 
3851 14 95 

M C4014 250 A Y5 J600 13 9l.:. 
566 I 15 

LATE ADDITIONS FLOPPY DISC CONTROLLER 
TMS 4044 559517"110~14.00 171)8 0 1 TMS 5501 24 .95 	 59.95 

coooc:ccce.coco--.........o'"'~...C 

MICROCOMPUTER 

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)
ara.llel & tomposttive video 

On board low-power memory 

Powerful softvo{ne in~luded for 
.._ursor, home, EOL, Scroll Graphics/
Character, etc. 
Uppj!r case lower case & Greek 
Brack-on-white & white-on-black 

MOTHER BOARD 
• 	 13 SLOT MOTHER BOARD w/front 

panel slot 
' 	 S·lOO DESIGN 

FULL GROUND PLANE ON ON E SIDE 
• 	 RC NETWORK TERMINATION ON. 

EVERY LI NE EXCEPT PWR & GRD 
KLUGE AREA 

• 	 STRONG 1/8" THICK DOUBLE SIDED 
BOARD 

BARE BOARD $35.00 KIT $85.00 

PERSC I DISK DRIVE FOR S-100 
Info 2000 S-100 DISK SYSTEM IMP 

COMPLETE 
Info 2000 S· 100 DI SK SYSTEM 

(includes dual drive, power supply , case, 
intelligent contro ller, adapter, cables, and 
disk mon itor on EPROM) $2,650.00 

COMPLETE TDL SOFTWAR E 
PKG . FOR DISK $195.00 

REAL TIME CLOCK FOR S-100 BUS 
BARE BOARD $30.00 KIT $124.95 

SDRDC ID 121 

TERMlllAl 

JADE PARALLEL/SERIAL 
INTERFACE KIT 
S-100 $124.95 KIT 
2 Serial Interfaces wi1 h RS232 
interfaces or 1 Kansas City cassette 
in 1erface. 
Ser ial inie rfaces are crvsta I con 1rol led . 

Selec1able baud rates. 

Ca55e1te works u p 10 1200 baud. 

1 paral le l on . 

EDGE CONNECTORS 
S-100 Altair Spacing $4.45 

S-100 lmsai Spacing $4.45 


HE PROM SETTER 
WRITE and READ 

EPROM 

1702A-2708-2716 

5204-6834 


• Plu~:o;. D1r1•r rly in rn )''11H I' l.T 1\ rR l 1SJ\ r Ct1 1t111Ull" r 

• 	 l ndu4lr-o; ,\ 1.11 n Mml nt(' Bnnrtl an d 1-:,1l"rnr1 I ErN:O l 
S•.r if1•I I l n 1l 

• 	 1' !.I' f.f.IR11 M Snr ktl Um t 1s r.onnl'r. rr"d 111 1he Cnrn · 
r1u1••r rhr"11~ h ,, ~ ~ P1n C:o nn,.cio r 

• fl r1 11..:r.m11n1nJ.: ll'i .1r:cn r11 pl 1o;h.. rl hy th1· l .c11npulrr 

• l11o;1 H4•;11 l m lh r Prr1Ji1: ra m l ri hf' W r1 tl ,.n on rhe 
/-: P it( l,h. I 1nln >•nur Prot:r:'i.sor .ind llCI lhr C: nmp111 l u 
1111 lh,. r r•<;;I 

• 	 11 .... o..;.od. •· I I P11 11 tn Rrac-1 EP ROM 'Ii Crml en ts 1n10 
\llltr ( '11111pir l1•r 

111 ~1111~,.t ll" 111r luJerl 

• 	 '\111 I· d 1•r n.d Pn " ·cr ~up 1 1 l 1t'-" \ ' 1•1 u r:..mpu trr dnes 
II ,1fl 

• 	 ll 1111h1 .. ~ 1H• . 111 J.: 1 ~h 1 B11 P.1r.1l ll"l l •O 

P}rl 1' ·· 11 I."'"'~ · I h1111 'l (l do,-.~ 

THE PROM SETTER 

KIT ASSEMBLED 


$210.00 $375.00 

A CAPABLE LOW 
COS T. APPROACH TO 
REMOTE VIOEO 
DISPlA V TERMINALS. 

• i.::""'"'' ca ..I•;)' «it~• 5" 11 nda•d 
• "l .r"'lU •C "•r P e a St a"~Ht d 
• l, 1in. , I Ad P1"• E . .... Sl• f'ICl' 1 .1G 

• •ddf•U•bj• C 1111 0• !. 11.nit•rd 
• 	 S. • •1iC.ft.5.•i.c 11oo1.1 • ., • .,., • . .,,.Ml(ln 

l1om r~ 10 •9. :1'0CI t11.1• S1•,,i»"11 
• 	 Comq1o,1ril< • l1°"" MOCM 

H"CJ i ~OI 8 IOC" • 
•	 l n l ... r1•t.a•.P • ff'l l ••• l'lo l~1oe;t 
~S?.~ 1 £11efl ...Ot1 

• A.$2J2C 1 1"11-Hi~ 

~ ,,,.O" ·Gl•r• R.,acr Oul Sc' "" 
• ll'joftclM~ 51 .11 '1 0.l'O 

• T•tl S'9n.cl • 1d 

MIS C. 
PR OM'S OTHER COMPONENTS 
170']A 5 00 

NH00:25CN I 701704 15 00 
7708 IJ 00 NMOO:J6CN 150 
:n Lf3i J8 00 NBTXI J 50 
3601 N9'f 26 2.4 '5'so J 4JG 7 .90 . 

'5104.AO 5.00 
'SXlJAO •00 D M809R 90 
58J• 16 95 •488 I 95 
GBJ4- 1 1"1 95 1489 I 95 
8'2S1J8 '00 D J201A 100 
8:?7JB 270 c 3404 J95 

f.' 3408/l. 5.00 
p 4101 4.95

DYNAM IC RAMS MM.'5320 I SO 
1103 I 50 MM '5369 1.90 
2 10 4 QM.OIJO 2.90 
7' 10]A J 75 

' so 
OMB1 31 i 75 

1 l 0JB • 50 OM Ba31 2.50 
11010 ·4. • 00 0 M·8B33 7 50 
1' MS4050 4 so OM 8835 :> 50 
I MS4060 SN 74L S367 90'so
4096 SN ?4LSJ68 90'so 
4 11 6 4'00 
MM 5?10 500 KIM 

MM 52BO 600 
 K IM I 14!> 00MC Pt.116605 6 00 GSO::i 1:> 9'5 

UAR T'S 6520 9 00 
GSn 9 is. AY!J, 10 1J A 5 5C 65:10 ·007 15 95 

TR 160:?A 5 50 
AY5· 1014A 8 95 GSJO OO J 15 95 
r MS601 1 6% SSJO 004 15 ~5 

6SJO 005 15 95 

IM 6403 10 80 
IM 6 407 10 80 

USRT 
S 7'.lSO 10 9~ 

$975 00 
Assembled 

Price Includes 

•Block Mode 
• ·Lower Case 
• 24 Line Option 
•and shipping 

charge is on us. 

BK STATIC RAM BOARD 
ASSEMBLED & TESTED 

250ns. $199.95 
450ns. $150.00

* WIL L WORK WITH NO FRONT PANE L * 	FULL DOCUMENTATION* FULLY BUFFERED* S100 DESIGN* * AOEOUA TEL Y BYPASSED 
LOW POWER SCHOITKY SUPPORT IC S 

KIT
250ns. $169.95 
450ns. $129.95 
BARE BOARD $25 00 

WISCH EMA TIC • 
ADAPT YOUR MOTOROLA 8800 
SYSTEM TO OUR S·100 BK RAM 
BOARD. KIT PRICE $12.95 

IMSAllA LTA IR s-100 COMPATIBLE 

JADEZ8Q 
KIT
-with PROVISIONS for 

ONBOARD 2700 and POWER ON JUMP 

$135.00 EA. (2MHZ) 

$149.95 EA. t4MHZ) 

BARE BOARD $35.00 

JADE 8080A KIT 

$100.00 KIT 


BARE BOARD $35.00 

VIDEO INTERFACETU-~ 

You w ill want to know about the T V-1 Video 
10 Telev isior Interface K it. 
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 i t · to convert your TV set to a Video 
Monitor, and at a much lower cost! PR ICE $8 .95 

I 441h STREET 

12131 679 -33 t 3 

Computer Products 
5351 wfST 

LAWND AL E. CAL IFORN IA 90260 

'.._! 

RETAIL ST ORE HOURS M -F 9 .7 SAT 9 -5 

D 1scocin 1< a'ailab le al 0 EM quan 1111es Add $ 1 25 
tor shipping Calif ~>rn 1 a residenu add 6% saies ta:ic 
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•• 
D IUDIOOdi1rM1 d su.00 ,., ...1 HOBBY-WRAP TOOL-BW-630~._.II ~. o.-ottl L.at"Mil, WIMtJ 

~" 1 1.. nn.t11V l!Qp.l.~11>t1!111 11~1H~•-1! 
ll'lrf...,_ll llo ... _ Wi ut- ll(lo>.lm ltq( o;:fQllll-~•CM· 
"""311111..,...._!ICKIOf ...._ Y111llul9~1MbilloC~-
o.p.a-~ ;,aL"'1"'1>5. llbft.Jlom'I ~H,lftlAo 

s...11.0GH SHU72N 3' 	 • Baneoy Opera1.a tS•ze CJ 
SN1•01N 	

21) 
SH1• 13H .39 it."""1 ~ ..... U"illttillU """" 1 Mlil. d-iL _,,_. • we,ghs ONLY 11 OuncesSHUOlh1 	 " SN7CHH lS 

SN1t0l!4 	 21) SN7"7SN ' !O • W1 aps 30 AWG W11e onto 
SN7• o.tH S.~7'751f' .ll 	 St.aricliUd OI P Sockets { 025 1ncttl 
s-.iu~ 	 "' SN14 1'9N !i IXl 
SN ?406N Sti74!0N ~ 	 Compte1e wrth btr1ll· 1n tNI and slelll\'e"' 
SN 1407N 	 J> SN7.a l2N .995,.,...,, 	 " 21) SN7"4JH .70 
SH1CD9H SH144$."4 IJ9 - .Stf7•1DH SN7486ij .J9 	 WIRE-WRAP KIT WK-2-W 
SN1U lll 	 ,."' " SN74'88N l .50 
SNl .. !?N S.'f1•89N z.a9 	 WRAP • STRIP • UNWRAP '~~· ·~ 
SH7•13N 	 " SN7•90H 4S • Tool !or 30 AWG Wuc P, \ ~ 

7il 75 ~SNl 41·U'I 	 "' SH7•91N • Roll ol 50 Fl Whtie 01 Olue 30 AWGWore ·. ~\ 
SN"1• 1(iN SN74nff .all 
SN14HN ·"lS SN1•9":J.!rl .49 • 50 pcs . each 1". 2· 3· & " lenglhs - ' 
SH74MIN SN7494N 19 p1e-s111pped wire @ 
SNl411 N 	 l'J SHU9'S..~ 79 "' 
SN1•12'N S..W406H .19 $11.95 
SHm~N " SH7..97N :JOO 
SN7t2fiN " SN74 !1XlH 1 25 
Slm ltiN SK7 01)1N 39,. 	 ,. 7 WIRE WRAP TOOL WSU-30" 
5H 14 21H SN7•1 09N ~ 	 _. WRAP , STRIP , UNWRAP· $5.95.," SN74?9N SN74 116N t 95 
5N700H SNHIW( 39,. 	 WIRE WRAP WIRE - 30 AWG 
SNH11N " SH 7•1 22H .19 
SH1..HK S!f1412::lH 50 25M . mln. S1.25 5011 S1 95 100 1t. S2.95 100011 $15.00 
S-\l1, 34M ·" SN7 41 25H f:(I SPECIFY COLOR - While • Yellow • ROii - Green · Blue · Block 
s~,,~, SH7.& 1~'f fiD " ,," SHWJ2N I l !i 	 WIRE DISPENSER - WD-30 
$N144 1K SN741 J6N 9S 	 l'llCl"' dtt """'"' 	 .. 
smu~ .. SHUUIN I IS Ato.:l 10'11 • 50 11 roll30AWGKYNARwi10wrapw11e SJ.45 ea. 

SH7•4JH SN/4 1.QN 2~ G1te:11 • S1 • Cu1s wire 10 desired length 

SHT4Wl' 15 SH1t14JH J 2S '1''4:10- A $\ 
" 	 • S1nps 1" ol lnsutation Spulty- llluc-Yellow ·Whlle·Aed 
SN1 HY4 SN74l«N J 00 	 Of~r A.'$1 
SN1~N .." SH741'SH I .IS C&S'' db , REPLACEMENT DISPENSER SPOOLS FOR WO 30 
SNUH~ ... SN1047N 2.~ M\I~ · ~ 6-11., 	 Speclly blue, yellow. w1111e or red $1 .98/i poolSH7"4BN SH 7'1Wi 1.0J 
SNH~ SNJOSON 1 .~ DIPflCINSEllTIDN TOOL WITH PIN STRAIGHTENSH7•S Uoj SH74 151N .79 " 
SN14UN 	 " 15 SN7' 1~ 99 lnser1 s both 14 and 16 pin packages . Pin Siralghlener 
SH1,5<41t 	 ,. $N7.a1SAN 1.2S buil1into Handle. 
SM7WJA 	 " SHW SSH .89 
SH1•Ult4 Slt14156H .H 	 Model INS -1416 $3.49/ea. 
'.N1• 10I' 	 .. s.1mum n " 

2h. Olscoont for 100 Combined 7-400's 	 HP 5082-7400 SERIES - MULTI-DIGIT 
10+

CMOS 	 • v.· ht • • Common Cathode Red 2 Oigil S.49 39 
• 3-5 volts fir s mltstse cond 3 Oigil ~ 49 
• 7 seoment Monolithlc 4 Dig11 69 
• Dip Package 5 Oioll .79 

1 5~@ '00V >CR""'""" 	 ., ""L liC!O l~ lS 	 C3'M JSJ. @ 100¥ SCR 11>1 
lNJOIC N l5 11423:1& I &A@?CQV SCSI 
l.M~ ,$ ,,. lS_.9 !IJ·1CIO 12l .U:0"~ - 1 17).@~ FW BiUDGE REC "'IC SO LOERTAIL- LOW PROFILE lllNI SOCKETS 

2~9 !16100Uil)O.I H l lXl 	 '" 8~ $1 7 M0A980 ·l 12.A@t'WI r<N llRIOGt REC 
r.tpin LIU 

lf l6LMl!Wf W 16 IS • """" ] l 1)1'1 1 la 

U.001CH 35 
 !9 1$ l8 P" -'~ ..~~ '"41NO' 411 -Qll 

16pm n n i'1l XI run 60 " " lroli"i ,i(lt \11100 TRANSISTORS ~ 11100 
7a 'U •IOp1n 6J O? SI 

1/1111l 	 "' 
lMJ03tt l .00 	 •llp.n ~ " .. 111191' •il l~ l li.u.:11 •<Sr OO 

n11m J7l Y lOeCN 1 00 ,_..,J"'lll J/11 00 


l.MJMH I 10 
 ;::: :~ ::" l> SOLDER TAIL STANDARD (TIN) 	 1"1nl . •11100 
1' fl'" , ,, 

tllln1A Sll lW 	 ' ~= !~: :l.M JOOi: · ~ 	 11lp1n ,n l"UJl;lf l.1 100 
~, 11 100 ',l.M311XN 115 	 r112-... 1.11003CI - ',~~; - ~~~ 4J ,, n I ~') l'l6:ll6 1111 00LMl 11H '5ICI 	 ''"'" JO, "°* 1.1 100 ' 

l A P" A9 	 ~ ·11100 fLMJ1 1N SCI SDLOEAIAIL SIANOARD !GOLD) 	 t!QIO:\ \.1100 = rn:;-.tl)I tOCLMJ !1JC 	 1!11) " 1JCmo "-11111'1&pm l )Q 
~I· l'\IQlLM 318CH 1 50 	 u 0111 l~ " n ' 10 ., " ;iom l.11 00 
'"""'-""::15 U IOlit~~>•-• 1...
•rnlM]1!JN 	 130 l"OOU ~ •

16Dtrl Jll "JI 3:? J6p•n. tiS "" IC() IX;., rums 111' ' ~ !t,.'1 1111)LU3?0IC·S. 	 I~ '" :\11!1>111 ~or;: 

lMl10tC-S2 1.lS :""'1 ~'\1 00 
191!'rl ~ ... I) '4llkl1 •h I )tj I 0 WA.SM 11111 

~·1 1 1100 
111:.A11 U IOO 
CIOUllVIU•fll

LMl2'DIM1 	 1 l!i WIRE WRAP SOCKETS (GOLDI LEVEL # 3 !'Om U l ll'.I 
Nl:lf1 l.1100LMll<*·IS. 	 135 llpln s :o 38 ~ 11 11".. " flrO!oW 1.1 100 

l.Ml20l !I 11$ 	 IOpm .f. ) u " " ., l'!ll)ll 1.1100 ill)( t l) $t1\r. .. - :::Ui13Xl1·S 2 I 2!i !Cpof! J9 11 i'llpon '"' 1~ 110 
l.M3201 . 1 8 lfi.PUI 0 .," 41 )6.p!n "' HS llO CAPACITOR SO \IOU CERAMIC CORNER 
LMJ20T· l1 125 	 IA n 1~ .. {11 .a.ClrM 111 15.!t \ Cl) '" DISCWACrtORS 
ltill101 ·1S 1?S PJ IQ.,(9 50·100 1·9 10-'g ~ I to 
l.Ml2'CI T·ll 	 125 50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. IOpl D.t Ol 001pl .. O>iQ5 OS 
LM.l?D l ·24 	 1 ?S 1Q OHli! 1~ OHM I:!. O+JM 18 OUM U ()hM 	 nOI ~ Q.a OJ OOC7,.f ~ .. ""LM.l1ltt ·S 	 !l t !I 

ASST. 1 S u Hf'VIUA llOl•M l~OllM 41 a.~ ~ov.• l/C win 5~.. ~PCS Opt ~ GA 03 01.,F 05 .. 031 
IOOpl 05 1)1 OJ 02111' OSLMY.l•N 	 180 

L"'339N 	 99 ~ °'™ 12 ow.1 IDO CttM 120 (b1u· ·~OUM " ..OS tM 03 a.&1... r 06 .... 
l.MJ.'-01'. •$ 	 1 .)~ ASST . 2 s.. 110 O•IM 1:'0 OUM no Ot lM )JO O+IU J90 °'"'' ,,. Wi\n 5.... ~ P(S .a1001 05 04 OJS 1.-1 12 .. Oil """ L.M,.Dtc.4 	 l$ 100 VOLT MYLAl'I 'IOI WAOTOAS4100.tYI !16(t()I ._... f.&UOHM n:WOPLVJ '-'•LJ,,QtQtMI 	 l!I OOlm! 	 11 10 07 Q12tnl 1l 11ASST. 3 &u 1U I~ lftll" 1111 /I~ 114 WAn 5"4 !ICI PC $LllolJol !D:· J2 l!I oon 	 12 10 OT (M7,n '1 11 ••IJ
Lll.IJ4 Gl< · 1S 	 J5 l~ )~ ~1~ ~6~ 68( 00'7f?'I 11 10 01 lml u 23 
LM~Cl( · 1 8 35 ASST. • S u . 11'1'; 	 114 Wi\.TI 5% !ID !'CS 01ml 11 10 1)1 22:ml 33 21 " LM3'0K·24 35 '"' '" '" "' 	 •20% O.PPID UJi'T"LUMS llOUO~ CAPAtlTOAS " lMJ<l lH·S 	 25 l!JSV 11 23 11 1 St35V 30 16 

IStlSV 2l 2 2125.V ']';"" '" l)ll< 1'/l>V 28 2"l IT J J.'25V J I l7 ?2 
l.MJAOl ·ll 	 '5 ASST. 5 Su "' ~ '" "' ,.,·"', ' "' 1" WlTI 5,.,. ~ptS 18 17 J I ·" 

m< 	 " .,.. .,.,ASST. 6 ~.. )\Xl!l '"" '"" ""' 3l'35V 21 n 11 .a 1f2S11 31 2e 
61!25\I ll '" - 6&1l5V 21 n 11 1omv .ao ss 

;: 74LSOO TTL ;:~:ii 1 $0 1M 1 1r.t IW -I.BM 1 n.. 	 A113SV l8 23 17 .36 ,," 
14LS7S 69 14LS l60 

7 ~ 1.51i 49 7.a LS 1&1 "
" 	 ~ ~ ASST. 7 s u , 2 '/~ 1 Jllt J 11 1,t .. 1,M 5 (ii,& , , . W"ln ~% ~ores 1om\I 	 21 2) 11 IS,'2SY 63 ~ 

IOIAIUI\( AlU.W•UN ( l lt1'Mlmt WACTillUI "'" 7'15&3 1 7S 74LSl62 ,,. ASST. SR lncludes Resis1arAsso11ments 1-71350PCS.) S9.95 ea . 

" 
A.JI.a l LI.Alf fldlJI l.Hd 
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r;-;;J SQCK ET /,~,Jos wllh lwo 1ows ol .025" SQ . 01
U d1a . posts Qn ptmerns DI . 100 ~ 

JUMPER S ~~~6:'~~~s ~~~ 1 ~~~ ~:~: .P 1 ~~bj~e 
P•rt Ho. 
92<003·18R 
924003-00R 
924005 ·18R 
924005·06R 
924006·/BR 
9.4 

Pari No . 
923863 ·A 
923873 ·R 
923B65 ·R 
9238 75· R 
923B65·R 
923876·R 

ol 6" 01 18" lonQlh . 
Ho . al Conlocls Lenolh 

26 18" 
26 6" 
40 13" 
40 6" 
50 13" 
50 6" 

Price 
s 5.38 '" 

4.78 ea . 
8.27 '" 
7.33ea. 

10.31 ... 
.15 " · 

Price 
SI 28 ea 

1.52 ea . 
l.!Hea. 
2.30 ea 
2.36 ••. 
2.82 ••. 

!ii INTRA-CONNECTOR 
Prnvldeos bolh slraioht and right angle funclions. Mates 

Wl fh s1and;nd . 1 0~ x Hr dual mw conneciors ~ . e . Jm, Al11ste~ . 
etc.I Permi ts quick testing of inaccessible Hnes. 
P,u1 Ho.: 922.S76 ·26 Ho . ol canl1el1~ 26 Price $6.90 U . 

Iii INTRA-SWITCH 

MICROPROCESSOR COMPONENTS 
80BOA CPU $16.00 COP1802 CPU $19.95 
8212 B Bil lnpui/Ou1pu1 4.95 MC6800 8 811 MPU 24 .95 
8214 Priority Interrupt Con uol 15.95 MC6820 ~er i ph . lnler1ace Adapte1 15.00 
8216 Bi ·Olr ectt0nal Bos 011ver 6.95 MC6810AP I 128 x aSlahc RAM 6.00 
8224 Clock Genc 1alor101mr 9.95 MC6830L8 1024 x 8 811 ROM 15.00 
8228 System Conlloller Dus Dr1't'e1 10.95 zeo CPU 29.95 

RAMS 
CPUS 1101 ?!16 · 1 51.11 < $ 149-· Suprr &OO! """ 

i'10 1 'Mi •• St.1 1.c "' '"" 9911 MP\.I ''"'' 210l -o~J .. 1 S1•h< 17!'

''°" CPU ,,,. 1 1 (11 · ~' 81) J09&. · • Gyr~>f "''SAS 1111 }~ l l '!i t.Il l( "' 2~0: 11)l! 0 111;1 m lt' .,,, ·:eg 1fl o l Silt< ,,, 
1 ~ ~ 6 ""t• l181T ; DO 810 1 l'< •• SIAh C .... 
n1rg Hto :.OEll ' '00 

.B il l 25& 11 5U h(' ...,,.,, 01111 tl2 SI SSR ,,. 81"' 11> . J St~ ll C ,., 
1m ~11 D~f!J_,, I( ,,, 2tl02o9H.c2 ~O} l • 1 S1AhC 1"
i·m 10~ l °'"~,, IC ,., • ~:ioo 2!>6 o I su•c fi"' 
1~2 · °"''~) 911 "' 'WH r§•I ~< '~·ti'"' 0 -.i.i 11e11 '°'1~J2 0...Aa8Q Bl1 "' 

~2M1,041{· 1 
=1&p;n 

"" 10?JS11r..: '" 
rlUl#illli: 

}]H FolO ,., t7D? A '°" r,riim ""1JtS6·o r6 . Jll1"9 ,., '101 ,,,,. ....., IJ9S.,.,, !?di "'"'" ' 00
UA" T"S e! 2'S l1J l? • • ' "~•Ir "'' olYS·101l JO~ !M "" 14S13: 101 J St•h< '" AOM S 

,~; w·· f:b J" 
~IJ(2UO) Ctm Gtfl ·Uf!Pf'JU:K s 99~ 111$1 
1S13()0211 OIM r..tl·'OWlfWt '" 2115 "' -m .... 
2Sl6 Cn11 Gm ,.,, 6lOH 102 ' llo ·SU te B!pot'r ,,,, 
MM>?JO 2041611 !St2i 4 on ?Sfr I I '" .,,.., ,,. Open CollectOI l!looiN IOS 

SPECIAL REQUESTED ITEMS Ct.OCKCHl.-S 
MMSJOt 

FCt.1 3'11 11 150( "°"' !9'i15 ,,., IU~ .,., J,9!1 M.Ms.311 
A'f ·l ·9!m•1 "' '"' '" ICMnMS ,, " l011 0/111 2500/W1 MMS312 
A'f ·5·9100 ""' 9120 ""' ICMntl1 '" "'""' 11 .95 MM SJ. 14 
A't-S-9200 14.95 8.191 ,., K:M121Jll!I 1l DO Mc:JOfllfl J,$0 MMS.3 16 
A.'t·BSOO 4,g~ lf00 11)5. "' ICM1209 '·"' MC4Q16(1W(i) ""' MMSJ. 13 
A'f ·S·2'31!J. ""' MtM&S.71 ''"' Mll.!i0240 1150 MC1406l1 "' MM1361.,.. ,., l,.ICM{i5.7~ 1350 DS0026CH J.15 MCUOIL.8 '" MMS&< I
e1Sm ,,., MCM.5~1~ ""' 1'L3DO "" CT701H 

Featured on February's Fron I Cover ol Popular Electron/cs 

Logic Analyzer Kil Mu•'""' M•••,. 
Model 100A 
$229.00/kit 

1111 I 

•••••••• 
111..... 

'""...,.... 
"'.... 
""........ 
5 

The Incredible 

"Pennywhlstle 103" 

$129.95 Kit Only~---::-' 
1'111 h ...,..Wdll 1QJ 1, U()lble d uieOllllflQ om Ill Ind lJom 1t,l(lo ti.I* wllt.)111 
ull>Gal 1Plf'(I rr.iulrtmentJ car h noonlt1 l.lld ii " ltllii 11) (Ol"Ml~nctff O•rM>f 
Wtt:'l~n«hlrtno0cmtnc111rrnlnaltoc1dc.lf'IClne ··11.111"1'111nf·.and~t.loli.1 
11H IN aeat. l11oa6drtlon, il l1 l rtt1 of attlcll illlluSlmt/IU: ~ltd is ou1~ 'tlilh non ·p11ctsi)a, 
1ua~r•Y-.IUbllt1111J . 
D1t.1TmtmluJ.. lltOIH • •• • .r1equercy·Sl'llft I(~. !ull-ll~ lttll'l-dupl11_, 
MuHnu'" D1t1 R1t1 , ••• , . •••• .300 S~ud. 
D.tllftfmll •• •.• ••• .. ••• • •••.l.!.)'Nl'lmi'MlusSuWiltr1t\l~l:Oml.l\le\'tlifql;IWIJ{I 

tctwten ..W.ttuil'l(f..), 
lhc1lr1 Ol.UMI r,..111C:tU ••.1025" Kl klr SOia!: 2n!i HI lo• JTIUlll 
Jnn11nt1C..nntlff1111111d11 •.SiiriWIWltct.lblc UJw jnon:nll] • 1(110s!lm'. 

mo mm: Hlft'l .. o:zs s.1MC1 . ms mark. 
A1C1 l'ft S.n1llh1tf •. . •• ••. . •.• - 'fidbrnlDCOIBllcll}ratutllld. 
fnntm11 Lint .•• • • . . ••••• •• • - 1!t dbm l\Ul'l'Kn&I. ,l11t111~tablf t1om. - a dlt.m 

to - 200Dm. 
Atc.tlTef'"9t11CJltltr111Ct ••.,rtq1n11ey •tl111ne11ciorru11uur 1aJu.st110 

a'iow aor oprrmxi tietween 190.)Kr nl l 4C:0 Ht 
Oltlhl D•ll tn1at11t1 • .••••••.•UA. ftS·2:32C oc 20 mA curnnr toop t1~r Is 

QOIOl50tll9dananon..polu] 
....... flil ..l,.• tMI ••• , , •••••120 VM:.. ~ phist, 10 Wmt.. 
""rslul. . . ... . ... ......... . .M compion1AIS mounl on a lit!~ s· bf !r 

O'i1111tddiwlltlOlnS, AICQl'TUIOlltl!l$1ndll1ftd 
R 111re11 VOU . A«tlo Osat11»1. rr uen Co\ot\111 ' ncl/ Of D<"..ollof.OCIPI to~ 

NEW! BULB-ENERGY SAVER 
~-·I•· BULB·EHERGV SAVERS u..o lot 19an by 

major tndUS1rill uyrs  now mil.Ible far 
homt or otrlca use. Bulb Savers W1 wt 
dectrloil bib by IS mudl H 3% . 
BULB·SA"1:RS ltng1!1tnS /~hi /do by: 
1. Aetlno u 1n 1lflclf lc11 "all oclt a~· 
sorbe1'', 1ums thfl bull:! on~. ellmlnH · 

Bufb last1. 3 GI i'IQ tlUI ""1htrN !hod:". Bulb tile lncrta!eS 
ma rt times lonQ••· 300 pertenl. 

F"tts SttncSarcl Sod:.tl 2. hnlthts CurrMt "Suroes". CusMoM 
6 Wi1t11 la 200 llfffHs fin a volllge su r(IM *hffl otner loads cut 

BES·l s1.10'u. t~~:u . r~~=°sEnergyconsumption 
DIGITAL STOPWATCH 

• Sr!Qlll 6 D11111 l £00cspll'f 

Perrmls Jnstanl hne ·by·line switching fer diagnostic or OA M11e110GA uum111tt: sm.oo • hnH tit 59 nw1lllts !i9 ¥.I U<Otlds 
. cryu,1Co1t11o11tc1 y.,,,. au. 
. TllrtcStOCM',lchel.,0.... 

Tmn Sll!Qlfhenl-5"tll &Tt)"Or 
testing. Sw itches actuated with pencil or probe lip. Mares with • Anatvzes any ty pe ol dlo•tal system 
standard Hr x tOBdual·row connectors. low prof11c design . • Chedcs dala ralEs in excess ol 8 

• 5'11 • s I? IS' • 90 14¥iountt11Swllch bunon s 1ecesstd to eliminate ac.cidental swilching milhon words per second 
P•rt No .: IS·26 No . ol co olacts: 26 P•lce SJJ .80 eo. • T1ouble shoo/ TTL. CMOS, DTL. RTL. • Somo appltcalions are: 

• Vin ~ PttM1 C:CHs 

- ·"".-r~~ CRYSTALS ~n--· -
- ~:~~' THESE FREQUENCIES QJilLY ~- 

P1 rf " Fr1qa&nC'f Cl H/Styte -------pme 
CY , A I 000 MH-: HCJJ.•U SS.SIS 
cv2• 2 000 ""' KCll u SHS 
IC"t 2 01 2 01oMt1z JiCJ31u fiJ5l 
CYJA '000 MH1 HCi~u 54 95 
C'OA 5 000 MHz MC J3·U S4. 95 
CY12.ll lO 000 fl l HC JaU SJ. 95 
CY1 .:.1. 1-l 318 .S. M r HCJ.E!U s.i. 95' 
CY 9:. sooo r.1Hz HC 1.e u s.:~ 

CYW 20 oao MHz •C18 u so 95 

Sc.hottky and MOS lamilles - Troubleshoollng m~croprocessor 
• Displays l6 lcig1c slates up to 8dioits WJde address . msuucl lon•.and datJ !low 

• See ones ond zeros displayed on your =i~:~~~eo~~~~~I~ ~:~~~~I lo gic 

• ~:s~~ ~~,~~i~ ~::~~~~;~ ~~~:11ing condlhons -Chccj(jng counter and shill 

Kit  $39.95 
Assembled - $49.95 
H11vy !My Clny Clso $5.95 • 

Slop Wilch Clllp Onty (72051 S19.95 
• Easy 10 .assemble-come-switl'l step·bv·s.1epcons:tructlon regisler_operatron 

.. 
_ man_ ua_l _wll_icl1_1"°_uoes_=~=pa=ges=o-n~log=~-'-"~'~_'•_l"'_la_'~_'_· _-_~_'"_"_' "_"_"9 _ 

1 

_'
0 

_•_•Q_"_'"_""_'___, 1 _,. 31V:2Dl~I: ~p~ KIT- Vellly1ng p1oper sys1emopera1 lons 
(Mod• I IOOA Manual . $4 .95) dunno IOSllnQ 

PARATROHICS TRIGGER EXPANDER • Model 10 Mod111c 111 - sne.oo 
A!Ws !S 1dd,,bniil ~s. Provtde5 <ll;flal dMry and quaificallon ol Input clo ck 
and 24·bl1 triinervrord. - Comlfet! direct 10Mt>difll 100A fol lr\1~1tted unM) . 

tn.iib11-SUS 
litod111Q HWI -

M-ocltl lD .l.utcnHH-SHl!li.00 • 

CVJOB J2 000 MHz HC18,U S'95 

~,;__-CO_N_N-EC~T~O-RS.,....-~~fujjjjJJjJ)JJj 31'.·Dlglt Portable OMM 

• Ovt~ PrcitKIN 
=s= 

100 MHz 8-Diglt Counter 
PRINTED CIRCUIT EDGE-CARO 

156 Spacmg ·Tm ·Double Read·Out 
Brlurc;ued Co ntacts - Fils 054 10 .070 P C Cards 

$1 .95 
$2 .49 
$2 .95 
$6 .95 
$6 .95 

15·30 PINS tSolde1 Eyclcl) 
18136 PINS 1Solde1 Eyelet) 
22144 PINS tSolde1 Eyelel) 
501100 PINS (Wire Wrap) 
50/100A r 100 S"onol PINS IWire Wraol 

25 PIN·O SUBMINATURE (RS232) 
OB25P PLUG $3 .25 
OB25S SOCKH S4 .95 

680· m llUlHEAT SI NKS-205-ce 
205 ·CB ft,m Coppet w·blatk finish lor T0·5 S ,25 

•[ijl... 
Model 2800 

$99 .95 
Co•nu w1111 Ct1 1 

leJCI, , cpe r~h"<! m•rnlol 

.l'lll~Utilus.t- . 

• Yt11i;.'ILEDOts1t14 
• 8.t."1uy 111 AC11pet ft1t111 

• .lulo l crolllQ 
• lmv. IV• 0 1 ohm 1MQ111hOl'I 

• Ottnnoe 1uc111q 
• 1(1 m.e~ lflOI-~ amtitndf11Cc 
• DCAtairu-r 1•. rwou 1 
R'~: OC VOIU~ :. Cl ·HlOO Vt 
"-C VOllflJ(! f.1 •1000\' 
h !il RUDOIW: 51) 400 ttl 
DC/AC Q.mr=nl 0-lr;:Qm.lo 
R~tAllU G·10 .mflQ QM! 

S,.-.N. 6 .i~ ' ~ .. J.,. 
AtcHIOtlH: 

~C Map/or BC -28 $9.00 
Rocharg11blo 

Blllorln BP·26 Z0.00 
Carrying can LC·2B J.50 

:~·~~~= A.-ioe • ::1':::..•1 
1 
1' 0~~u2~ ~~ • New Bipolar Unit 

• CtylUl-<Onlllllltd lllNblie ,ri,11 gu 12V wllh 11110 • Auto Zeroing 
: ~%:'°~m:A111ty ~f;:ivao=~~11rnu1 • .5" LED 
.:.~~~f.,,,.. MAx-100 $134.95 Model KB500 DPM Kit 

• Auto Polarity 
• Low Power 
• Single IC Unit 

$49.00 
,,.,. Model 311D-5C-5V Power Kit $17.50 

-Mtfi!Jlm tJ ~~z.~~,.~.~~:~... 
I ~ "I ~U)' brrQll .qu.lfitr Y'IM Tne ~" Ir , . 

ACCESSORIES FOR MAX 100: 
lilllldlle Chtf'Pf Ellml111tM 
in. oo-u lrom ~r b.l~•rv llht11t 1eo - cu SJ•.i 
Ctl•ttr/lllml11lt1K 
U$11 llOVAC Mo4el 10(l-CA.ISl.R 115 VAC 

l\tln.aU"11111 Jh!'il'lll'Jlnutcm ..1n o.. 
~tOn:So l fi • .2' 1 11 ll ut1hm" 
M.!,NJZlb;lhb1igtlltttUtt-'Cl(M .wacl lhrll 

llor 14 ttttur t.o,f.~31-lc'<lctch•P 

KIT ONLY $16.95 
291 · JOH 	 Aluminum ror T0·220 T11msiS10" & 

Regulalors s .25 
680·.75A Black .Anodized Alumlnum lor 10·3 $1.60 
Dude 4 Black Anod11ed Aluminum - predtilled 

mounling holes lor f0·3 - 4f, x 1y, x 2" $1 .75 

Etching K~ 1u11~ tit i.111i:ce11 t 11 i•n 

32 x A· 1-- pc [1(.11 M~tflul\ ;;.i 529.95 ea . 
tl"OUQl'l ! l)t !J l;!l(IJ•I C>oltd~ 

27 X A · 1 --E·cNoC.1cV11r~ 
Plug boards c"""t"l!tt ; ~ - .at1i: .. ,11!1(l!U\ 

3662--- ti~ r ~ ~ ~ 1 16(1JOl}'OIJ» 
P l ·~ l t~n .a.a P C. I •ll' · '~f'CI 1~fi. 

22/44 -- M~hnt;l Cl)'lllCtcor hJl !llUQ tio.l.'1:1 
?2p1n-dQ\ltlltlHdOUC 

S8QQV --- Unr\•tu~ll MoCrccomp.tJ1tr •Pra<,c-noi S19 .95 ea . 
1. u1ciaet0.ud - httt•"f Gr.au - co 1n 1~e rtI

1Jlii!/M, w11h 11u 1 s.n.~ .11'>11 1no1,111~0 na 1dw11e 
!i J 1J X 10 X 1116 roope1 ciJd 

.... ... 
1/16 VECTOR BOARD 

·;.\·.·;.. H11trS1l'H P·Pantir. ..•Priu" p,nNa • l w IO up 

Pl l40UC 	 6'tP·U oti2XUP • 50 1 7'l 

l&ilP.U 062XUP 
 .,. 17 ' 00 "' ' 

,,. 
31 

il'Qt'f S,,P.u 06.niE 
GI.ASS '4 i>·U C61WE ll1,,. 	 ,"'., ...' "' ' " 

169PU W wt: ... 11"OD' ," '.. ,., 
169™ 0l'iZWE 1100 


£PQllYGtASS lli9fl'U 062'r't1 Ct 11 00

',. ,,,'" ' "' 

COPflf. FI CLAll '"' 	 ' "' 
INSTRUMENT/
CLOCK CASE 
lnl&ctiloll 11iakltd unit 
Complotew1t t1 11l" beu l. 
-4VI. ~ 4"';.. 1-9116" 

$3.95 ea . 

UI trPI 
Ol ·:YilS 
01-!Ml 
Ol ·OS 
01 ·41S 
Ql ·l~S 

Ol ·J~S 
01 ·185 
Ol · 12S 
OJ ·&S 
or-1s 

James 
ELECTRONICS 

1021-A HOWARD AVE .• SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME - (415) 592·8097 

Almrtlatd ,,.,... OO:Od 11ttv Fttimrr 

•110111 

ll~.,, J.1 11jl '"' 
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BUGBOOK Writers Wr ite Debug Book 

SOFTWARE 

Chess Progra m for SOL and KIM -1 

Th is re markable ch ess p rogra m runs 
in abo ut 1 K by tes of memory o n the 
KI M- 1 microco mpu ter, ye t plays a n 
acce ptable leve l of chess. No ex t ra 
memo ry or pe riphera ls are needed fo r 
th e K IM-1 ve rsio n; t he bu ilt in hexa 
decimal key board and d isplay a re used 
to enter the p la yer's moves and disp lay 
the com pute r's repl ies. Ano the r ve rsio n 
of th e p rogram is ta i lored to the SO L 
compute r, a nd e nough docum entatio n 
is prov ided to e nab le the use r to adapt 
th e app ro priate ve rsio n to o th er 65 0 2 
and 8080 based computers. The co m
puter ca n be se t up to p lay wh ite or 
blac k, and can also play aga inst itsel f. 
The program will fo ll o w a boo k o pen ing 
w hi ch can be changed by the use r, and 

Data File Program 

Pract ical Prog ram m ing Company, 
POB 3069, North Bru nswi ck NJ 08902, 
has introd uce d a program product ca ll e d 
the " Data Fi le PrClgra m ," desig ned fo r 
the 808 0 or Z-80 proce sso rs and as
sembled to start a t e ither add ress 0 or 
add ress 20 00 . T his program is a for m 
of edi tor whi ch uses me mory to crea te 
named files o f data, with each file 
consis t ing o f a num be r o f record s. The 
progra m incl udes a search feature, as 
well as fac ili t ies for e dit ing data . Th is 
·1024 byte p rogra m is avai lab le fo r $10 
(specify whi ch o ri gi n , hexadecim al 0 o r 
2000 , with you r order) .• 

Ci rc le 656 on inquiry card. 

Word Processing System for 
iCOM Floppy Users 

Th is wo rd processing system fea tures 
text fflli ng and jus ti fica t ion 1 line cen
ter ing and und erlin ing, page n umbe ring 
an d top and bot tom page ti t les, an d 
va riabl e line spaci ng. It comes in hexa
dec ima l ASC 11 format on a d a ta diskette 
ready to run under iCOM 's F OOS 11 o r 
111. In pu t to the word p rocesso r is 
crea te d us ing th e F DOS text edi tor, an d 
fo rmatted outp ut is wr itten back to a 
d iske tte . A drive r fo r the Ande rson 
Jaco bson A J 841 Se lec t ronic termin al 
is also ava il a b le. The package is $23 5 
from O rtro n ics , 4 753 Irvin e Av, N 
Ho lly woo d CA 9 1602, (2 1 3 ) 763-0404.• 

Circle 657 on fnqui ry card. 
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da ta is pro·;ided fo r the Fre nch Defe nse , 
Gi uoco Piano , Ruy Lo pez , Queen 's 
In d ian and Fo ur Knights o penings. The 
leve l of the computer 's play ca n be ad
justed so that moves o n the Kl M-1 take 
3 seconds ("su per b litz" ). 10 seconds 
(" blitz") o r 100 seco nds (" norm al"). 
Because o f size const raints the p rogram 
doesn 't han dle cas tl ing, en passan t 
ca ptures and quee ning of paw ns, but 
provision has been made for th e user 
to m anu a lly exec u te these moves for 
e ithe r side . The progra m documenta t ion 
in cl ud es a com ple te p laye r' s manua l, a 
p rogram m er 's manual with a disc ussion 
o f the play ing strategy and me th od of 
analysis , basic flo wc harts and sta te 
var iab le def in i1ions, instruct ions fo r 
mo d ifyi ng the inpu t and o u tp ut ro u
t ines, and sugges t ions for im plem ent ing 
stra tegy im provements. A com mented 
assem bl y sou rce co de I ist in g w ith sy mbo l 
ta b le and c ross re fe re nces is included , 
as we ll as a hexa dec imal objec t code 
d ump . The MIC ROC H ESS progra m is 
avai lable o n a KI M-1 cassette for $13, 
o n a SO LOS CUTS cassene for $18 , an d 
o n pape r tape for othe r 808 0 base d 
co mp ute rs for $ 15 , from Mi c ro -Ware 
Ltd , 27 F irs t brooke Rd , To ron to 
On tario C A NA DA M4E 2 L2.• 

Ci rcle 653 on int1uiry ca rd , 

Assembly Language Aids for 
Nort h Star Disk Users 

The X EK package incl udes an 
asse mbler, autoline ed ito r and d isas
sem ble r, all using the North Star Disk 
O pera t ing Sys tem for d isk an d te rmin al 
10. So urce and objec t programs can also 
be loaded from Tarbel l form at cassette 
tapes o r fro m In tel hexad ec im al form at 
paper tapes. As many as six sou rce o r 
o b ject fi les may be sim ul taneously res i
de nt in program m able me m o ry . X EK 
comes with a use r man ua l fo r $48 from 
the By te Sh op of Wes tmi nste r, 14300 
Beach' B lvd ., Wes tmi nster CA 92 68 3 , 
(7 14) 894-913 1. • 

Circ le 658 on inquiry c<lrd . 

Get You r Editor and Opera tin g 
System in a Poly Bag 

Herc's 8080 softw~ re offered o n 
cassette and pape r ta pe me d ia, packaged 
in po lye thy lene bags. Offe rings in cl ud e 
th e EDI T 3.0 tex t ed ito r ($22.5 0 ). t he 
COS 1.0 cassette ope ra ti ng sys tem ( $ 15), 
and the SOS 1.0 smal l ope rati ng system 
($15 ) wh ich inc lu des u t i Ii t ies fo r the 
Ta rbe ll casse tle interface and Ol iver 
paper tape reade r. T he SO S 1 .0 and 
EDIT 3 .0 user manuals contain 4 .8 and 
56 pages respect ive ly. Dea le rs m ay p lace 
single qu ant ity orde rs at the dea ler d is 
cou nt to t ry the software and look o ve r 
the doc u mentat io n. Co ntact LSM Eng i
neeri ng , PO B 3243 , O range CA 92665 .• 

0 

DBLJG.An 080 

lnterp enve 
Debugge,

- oal"'""''.<;""•APflC(lR.\M ~()llE/llt~'6£ nlix;AIJJS
srorm.IG ASSE MBL ., LA' 

' J ' 

Th is 100 page pape rback, firs t in 
th e BUGBOOK App li ca t ion Se ries o n 
asse mbly language programmi ng, de
scr ibes an inte rp retive deb ugger pro
gram fo r th e 8 080 wh ich e nab les the 
user to en te r and modify a p rog ram 
in me mory and single step through 
progra m executi on. T he DB UG p ro 
gram was wr itte n for read ing and 
punch ing pape r tape o n a Telety pe
writer, bu t th e 10 routines ca n be easi ly 
change d to accommodate o th er peri
phe rals. DBUG resides in 1 K by tes of 
memo ry , and a boo tst rap loade r for the 
DBUG: An 8080 fn terpreti11e Debugger 
and hexadec im al list ings of the DB UG 
program are given in the append ices. 
DB UG: An 8 080 In ter pret ive De bl1gge r 
se ll s for $5 f ro m E&L Instr ume n ts Inc , 
61 First St, De rby CT 064 18, (203 ) 
73 5 -8 774 .• 

Circle 654 on inquiry card. 

A Persona l Data Base 
Management System 

Thi s da t a base m anageme nt sys tem 
shou ld be use fu l in many a pp lications 
wh ere in formation m us t be sto red, 
ret ri eved and modifi ed. Commands are 
prov ided to c reate fil es, add, de lete o r 
lis t reco rd s in sequence or se lect ive ly, 
cha nge f ields w ith in ex is ti ng records, or 
sea rch fi eld s for a st ring or for inlegc r 
val ues. Tl1e curren t system is designed 
fo r an Al tair 8800b compu ter w ith one 
o r two flop py disks and a mini mum o f 
32 K by tes o f memory . The PD MS 
system is sup plied on an 8 inch floppy 
d isk fo r $795 , in cl udi ng a 40 page 
manu a l whic h con ta ins a source list ing of 
the p rogra m. The manua l, wh ic h ill us
trates ty pica l ap plicat io ns of the system, 
is avai lab le se pa ra tely (wi thout th e 
sou rce lis t ing) for $20, from the Micro
wa re Div ision of Ph ysical Bio logica l 
Sciences L td , PO B 47, Blacks b urg 
VA 24060 , (7 0 3) 95 '1-9 469.• 

Circle 655 on inquiry card. 
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TOUCH TONE ENCODER KIT 

Simpl icity itself to complete. No other parts required, no 
crystal requi red. The back of the touch pad has etched & 
drilled PC board and you solder 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 schematic and instructions. 

SP-149-B $12.95 

WIRE WRAP WIRE 

TEFZEL blue # 30 Reg. price 
513 .28/100 ft . Our price 100 ft $2.00; 
500 ft $7 .50 . 

MULTI COLORED SPECTRA WIRE 

Footage 1O' 50' 100' 

8 Cond. #24 $2.50 9.00 15.00 
12 22 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. 

TOUCHTONE ENCODER CHIP LAMBDA POWER SUPPLIES 

Compa11b le with Bell sys tem , no cry  L M -D-12-0VP 12 volts DC 10 amp 
$60, LV ·EE 5-0VP 5 VDC 74 Amps1al requ ired . Ideal fo r repeate rs & 
$75 .00w /specs. $6 .00 

VIATRON CASSETTE 
DECKS 

The comp
$35 . Set 
above $40. 

uter 
of 

cassette 
Control 

deck alone 
boards for 

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 

IR NIGHT VIEWER $199.00 

Custom made, complete with light source & viewer in one 
piece . Comes w ith 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, cri minal investigation ... observe without being ob
served, and a ball for just plain snooping!!!! Sorry to SF.Jy but 
no shipments to Calif . (lens may vary slightly from pie) 

SPL-21 $199 .00 

Please add shipping cost on abo 1"6. Minimum order$ TO 

FREE CATALOG NOW READY # SP-10 
P.O. Box 62, E. Lynn, Massachusetts 01904 
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Low Cost Logic State Analyzer 

MISCELLANEOUS 

Backgammon, Anyone? 

This backgammo n board comes with 
something extra: a built-in opponent in 
the form of an Intel microprocessor con
trolled by a program in read on ly 
memo ry. The program generates random 
dice rolls, interacts with the p layi ng keys 
and is sa id to base its moves on an ana
lysis of the current board position using 
game theory and probabi li stic methods. 
The backgam mon game should be 
ava ilable in many retai l outlets , and has 
been se lected for inclusion in the 
Horschow's Collections and American 
Express gift catalogs. Priced at abou t 
$200 retai l, the game is produced by 
Texas Micro Games Inc, 6230 Evergree n 
E, Houston TX 77081, (71 3 ) 
778-9547 ., 

Circle 572 on 1nquirv card. 

6800 Based Microcomputer 
Trainer from Heath 

' 

The EE -3401 se lf- instructional course 

provides tutorial material and hardware 
and software experiments in micro
processor opera tion , interfacing and pro
gramming. The course is designed to be 
used with the ET-3400 microprocessor 
trainer, which features th e 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 construc tion of 
experiments and special p rototy pe ci r
cui ts. The EE-3401 course and ET-3400 
microprocessor trainer, priced a t $89 .95 
and $189.95 respectively, are desc ribed 
in a free catalog available from Heath 
Company, Dept 350-460, Benron Harbor 
Ml 49022, (616} 982 -3236.• 

Circle 578 on 1nQu1'V Ci.lt d . 
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Low Cost Power Surge Protection 

Has your computer ever lost its mind 
and memory duri ng an e lec tl'i cal storm ? 
This li ne cord transien t sup p ressor wi ll 
absorb repeated power surges from li ght
ning or heavy dury elect rica l eq uipment , 
protec1ing delica te electronic c irc ui ts. 
Avai lable in two prong ($ 1 1 .50) or th ree 
prong ($ 14.50) plug forrn, th ese units 
can also be obtained with integra l power 
li ne hash fi l tering , from Elec tro ni c 
Speci ali sts Inc, POB 122, Na li ck MA 
1076 0, (617) 655- 153 2. • 

Paper Feeder for Word Processi ng 
Printer 

This device e lim ir, ates the manual 
task of inserti ng fresh pape r and re
movi ng typed documents fro m a printer 
in high vo lume word processi ng app li
cations. The Speed Feed in1 c rfaces to a 
Qume daisywhce l pri n ter , inse rts sheets 
in to the printer's pl aten , re moves com 
pleted sheets and stacks !hem in an 
in terna l hopper. The hopper ca n hold 
up to 180 sheets of paper In sizes up 
to 12 by 14 inches (30.5 by 35.6 c m) . 
Sensors au1omatica ll y detect an end o f 
paper conditio n. Th e Speed Feed is 
$1390 in single quant ilics with 90 day 
de live ry; substantial quan tity d iscounts 
are available, from Qume orporat ion, 
2323 Industria l Pky W, Hay ward CA 
94545, (41 5 ) 783-6100 . • 

The Mod el 1 OOA logic stale analyLCr 
is said to be the lowest priced da ta 
domain instrumcn 1 available. The bJsic 
un it opera tes as an 8 chan ne l s ta nd al on e 
analyLcr , o ffering a 16 word tru th tab le 
disp lay o f ones and ze ros on a n ordin ary 
osci lloscope , post -t rigger and pre-trigger 
data collection, hexadecimal and oc1al 
fo rma ts, an d bo1h snapsho1 and repc ti· 
tive display prese nta tions . The Model 
1OOA ca n be ma ted with the Model 10 
ex pansion unit on a n op tion al base plat e 
to provide a 24 bit logic analyzer capabl e 
of monito ring a microprocessor's full 
add ress and da ta bus. The expan ded 
pac kage also provides a user program
mable digita l de lay for pagi ng tl1rou gh 
programs up to 1000 steps long and 
a pass counter fo r monito ring loops. 
Selected bu s opera tions can be captured 
and displaye d with the cl oc k and trigger 
qualifiers on th e combi ned package. 
Th e units can be used with a v<1rie1y of 
logic fa mi lies and are capable of handling 
data rates in excess of 8 rn ega by tes per 
second . The Model 1OOA bas ic un it 
and Model I 0 expansion unit are each 
pr iced a t $295 assembled or $229 as 
a kit . Th e optional basepla te is $9.95 , 
and a separate ow ner's manua l is avail · 
able for $4 .95, fr om Parat ronics Inc, 
800 Ch arcot Av, San Jose CA 9513 1, 
(408) 263-2252. • 

Cuf'le 576 an mqu11"f c.11fl 

Upgrade Kit for PolyMorphic 
Systems Users 

Th e Pol y 88 Disk Kit contains all 
mechanical pans and electronic assem 
blies needed to convert a Poly 88 micro
compu ter into a new Sys tem 8813 disk 
based system . The kit includes a chass is, 
wa lnut cab inet wi1l1 b rushed al u mi nu m 
front panel, a l 0 slot backp lane , power 
sup pl y and fan, floppy d isk co ntroll er, 
2 K by tes o f read onl y memory, one 
loppy disk drive and two sys tem disk

ettes. The conversi on ki t c ostS $14 50 
and is said to ta ke only a ew hours to 
install. Up to two more d isk drives may 
be added at a cost o f $590 eac h. Th e kit 
is ava ilab le from Po lyMorp hi c System s 
inc , 460 Wa rd Dr, anta Ba rbara CA 
9311 1, (805) 967-0468 or from Poly
Morphic Sys tems dealers. • 



Fantastic $avings 
on Terminal Components 

We have obtained a fairly large supply of professional CR T video monitors, encased in attractive 
metal cabinets with a simulated mahogany finish . We do not know the bandwidth capabi li ties of these 
12" (diagona l) units; we have used Lhem, however, to test ou r 24 x 80 video display board and have 
found lhem perfectly satisfactory. These units were manu factu red for one of the largest data com
munications firms in the coun try. W e are not allowed 10 use the name, and the nameplates had to be 
removed. Many of you have probably seen these un its functioning. They are equipped with a standard 
video connector and have all the normal controls. They operate at 110 V, 60 cycles. 

The units are in reasonably good condition cosmet ical ly, although nearly all of them have a defect 
in the plastic ant i-g lare screen in front of the CRT tube. Th is screen could be readily removed or 
replaced. 

We estimate that these units would sell new for between $150 and $200. We are offering them 
for sale in both functiona l and non-funct ional condit ion. 

12CRT Used, operable * $ 5995 

12CRTN F Used, com plete, 
$ 3995known non-functioning ..... 

· Units have been tested but are sol cl as is. They are not rep 
resented as reconcl 111onecl unit s and 1nay requi re minor 
repairs or ildp 1s1ment s 

Add t11e k1llowmg charges fo r hancllmg-shipping-insurance: 
-:.· . ;;,o faswin firrnl Zone $;:l Ccn11a1 S11 M oun tau\ S5 l:'),1c1hc 

MiniMicroMart, Inc. also stocks a complete 
line of kits for build ing video disp lay units. 

Write for information · 

MDACP (acous ti ca l) . . . . . . $ 59.95 

Add '2 for h.:incl lrri1J-Sl11pp1n9-rnsurance 

COMMERCIAL MODEMS - Limited 
Supply - Ac.o11 t1c;i1 co11pler type and dirr.ct 
he rd wire var r· y Both opm.-ne at standard Bel l 
Telephon& frequencies. ilt ur 10 300 baurl : 1hey 
a1c 8()11 103 compat1ule They ~Pr ~ r to be m 
new or t!q nl to new cunril11on 1hey arc in 
1cnded fo1 commur11ca1111!J lro rn a 1w m1nal to a 
tune-shar•.: compu ter S1;mda1 cl R '232C 1ype 
cnnnec101s au! supplied 

KEYBOARDS - Limited Supply 
A1t ract1v communica11on-. sty le kP.yhnards, 
5omc 111 r:asPs wh1t. ll 11111cil th . morn tor shown 
abovr' Thi . "" nn l ASCII 11cod1~cl I.Jut l he 
cod ing r.nul rl lie chan d 1n sol 1ware w1 1h 
PROMs or IJV ·..,placing 1he crrc111try with <Jn ' rl 

r:oclin!J I C Tl 1nv ~ y . w11rt1 rnod11les ure o l cosm etic defects .. . ... .. ... ... . . 

MDHW (ha rd wire). . . . . . . 44.95 
MDACP-NF (used. suspect 

non-func 1jonall . . . . . . . . . . 39.95 
MDHW-NF (used. suspect 

non- functiona l . . . . . 24.95 
22.95 

C11erry mcmu ;ic1urP with ,111 excellen t feel. A 
KBUNC used, no case . ... . . .... . . 19.95 sr:h ma11c anc 111111 ed 1nodil1ca11n11 1nfo1ma11on 

1s supplied Add 52.50 fo r l1anclhng-s l1ipp1ng·insuranco 

Write ior free 64-page ca talog featuring hundreds of 11 ms for minicomputer sysrems. 

MiniMicroMart, Inc. 1618 James Street, Syracuse, N.Y. 13203 (315) 422-4467 
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KBN brand new, in case . ... . ... • .. $ 37.95 
KBU used, in case. . . . . . . . . . . . • . . . 27.95 
KBUD used, in case, minor 
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Stand Alone ASCII Keyboard Specification 


Orders accepted by phone or mail. VIS4"• 
MASTERCHARGE ..:, VISA ..:, COD ..:, CHECK u- MONEY ORDER 
U::: COMPONENT SALES INC. (415) 861-1345.:TI 778-A BRANNAN. S AN FRANCISCO. CA 8 41 03 

-(:; 4 SIMULTANEOUS OUTPUTS AVAILABLE: THE ONLY ONE ON THE MARKET 
I. 	SERIAL TTL LEVEL 
2. 	BUFFERED 8 BIT (TRl ·STATE LATCH) PARALLEL OUTPUT WITH VALID DATA 

SYNC PULSE AND LEVEL 
3. 	 20 MA OPTO-ISOLATED CURRENT LOOP. POLARITY INDEPENDENT 
4. EIA RS232C 

i::; SINGLE + 5 VOLT 300 MA (NOMINAL) POWER SUPPLY 
i::; INDUSTRY STANDARD 2 KEY ROLLOVER ENCODER 
1:i ANSI - COMPATIBLE KEY SET; FOR SLIM-LINE "HIDEAWAY" PACKAGING 
i::; SEGMENTED SPACE BAR ALLOWS FAST MULTIPLE-SPACING WITHOUT 

REPEAT KEY 
i::; REPEAT KEY REPEATS AT CHARACTER RATE 
i::; 	USER SELECTABLE UPPER CASE ONLY (KSR/ ASR/ 33 REPLACEMENT) OR 

UPPER/LOWER CASE 
i::; FACTORY SET AT 11 0 BAUD BUT EASILY ADJUSTED BY USER TO ANY BAUD 

RATE FROM 1tOTO9600 BAUD 
'{:; FLEXIBLE PARITY 
i::; LED INDICATOR FOR SHIFT-LOCK KEY ELIMINATES CASE UNCERTAINTY 
i::; 24 PIN DUAL - INLINE CONNECTOR 
'{:; LOW PROFILE CASE (OPTIONAL) A vailable Mid-Decembe r 

$ 9 7 Q ~s S~~~d~n~~~-~a~o~~e~e~~~!2~~es tax. 
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• \111• .aiQl>Cllltl'>. CCitfi · 
~~l...:.<w11t1111 r 

~~ 
3LEVEL 
GOLDWIRE 
WRAP SOCICETS 

M:oll 2&--41 50.19 

e cio1n 
10ci-ln 
l A ~ I n 
1 1!!i~ l n 
l6pln 
22 pin 
2• g.l n 
2ep1n 
J6 pin 
•Opln 

"' .<5 
.39 
.•l 

·" , 00 
1.00 

"''' 1 .~9 
1.40 

"' .., 
.JO 

"' .68 
.91 

· . ~~ 

·"" u s 
139 

l'U fNO. 

~P•.C-062XXP 
169P4.C·062)0fP 
Epo1ra1. 11 

"""' .. O. 
~p"'" · 0S2 
8APo1.c .052 

lf;!jlP .l<1 -Q62 

1159?8-4·06? 

690-12 
Card Exlender has 100 con1ae1s - 50 
per Side on 125 cen1e1s - Allach~d 
connecl<ll - 1s cGmpatilJle w1rti S· 1DO 
Bus Sys1cms . . . $25.DO 
3690 6.5" 22/44 pin . 156 
lenders 

"' " ... 
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FOR SA LE : 2708 programmer with propro
gramm~ PROM. Plugs into KIM· l eKoansion 
connecror and uses K·1 and K·2. Includes 6530 
PIA, $95. - 5, 12, 26 V power supply , $45 . James 
Grmo. 1284 Fi f ield Pl , St Paul MN SS 1OB. 

WA N TED : Manual or t iming information for a 
Bunoughs A 560 p u nch . R Six, 307 25 Te nnessee. 
Roseville MI 48066. 

FOR SALE : Mil'licomputer , D igi ta l Equ ipmen1 
POPS· L, 4 K x 12 memo ry , T el etype 10. with 
co mplele original documenrnt ion, spare parts and 
much soflware $500. Hewlett -Packard 120A 
oscilloscope excellent cond111on wHh manual 
$\00. Viatro n cassette drive $15 . Gary Ha nson , 
POB 1337, Ft Dav is TX 79734 . (91 51 426·3331 . 

WAN T ED : Datapo int 2200 pr ocessor ve rs ion 2, 
used , for reasonabl e prlce. Send details by air 

mail to Carl DuBois. 69 Nasull, Mnlaybalay . 
Bu k idnon B201 PHILIPPINES. 

FOR SA L E: BYTE number 1 for $10, B YTE 
numbers 2. 3. 4 and 5 for SS each. Th ese BYT ES 
are now classics. All magaz ines in m int co nd ition . 
Will se ll anv combina1ion. Pl ease send mo ne y 
order 10 D Mathew s. POB 469 , Ly nden WA 
98264. 

WANTED : BYTE issu es. June 1976 to March 
1977 . Evan H Foreman. POB F. M obi le AL 36601 . 

FOR SALE : Two running b it 483 - 16 K cor e 
memory m in icomputers and an e J<tra 4 K x 10 core 
memory h~Hh all d ri vers and p sl. Over 1SO com· 
puter programs, lncruding FORTR AN, t imeshari ng 
on paper rnpe (source and objec t tapes) fo r the b it 
483 , all LBDs. w ire list , some PCB negatives, 
.almost complete set of tested spare PCB for bi t, 
all above only $2500 FOB Phoenix . Ralph 
Green,hal, 5009 E Windsor Av, Phoenix AZ 
8SOOB. 

SWAP: For computer of eciual va lue: Hea thk il 
HW-100 5 band radio , 10 thru 80 met er 1BO W 
SSB/CW transceiver, conver-ted to cover 11 meter 
CB in addit ion . AC power supply . speaker c onsole 
and 4 BTV HUSTLER antenna. Per fect condi· 
t ion . Ron Dudeck, 1504 W I St , Onta rio CA 
91762 . 

FOR SALE : Honeywell 200 computer , tape 
dr ives, line printer. card reader ; Dura Mach 1O; 
Bendi x G -15; Royal LGP-30. For details send 
stamped self -addressed envelope to S Long, 730 
Bridge, Ap1 7. Davenport IA 52B03 . 

ASSEMBLED SHERE BOARDS FOR SALE : 
CRT/I, CPU/2, 16 K memory . Contact Richard 
Llkwartz !3071 362·5316. 

ReadBrs !Nflo have equipment, sofrwam or othor 
irems ro buy, sell or swap should send in a clearly 
rypod notice ro thar effect. To be considered for 
publ/carion, an edflBrtisement should b~ clearly 
noncommercial, typed double spaced on plain 
l;1//"lire paperl and include comp/er! name and 
address informarion. These noticos are free of 
charge and wm be printed one tims only on a space 
availabla basis. lnsenions should be limited to 100 
words or /11ss. Notices can be accepted from 
individu1Jls or bona fide computer ussrs clubs only. 
We can engage ;,-, no correspondence on these and 
your co,.flrmarion of placement is apJJearance in 
on issue of 8 YT~. 

Please nors rhar ir may take rhne or four 
months for an ad ro appear in rha magazine. • 

WANT ED : Issue number 3. BYT E, November 
19 75, m good cooditmn Vincent M J Sumosk 1, 
A6·10 Lehigh Av. Glouct!ster Hts NJ OB030 
16 091 456 -429B. 

WANTED : Bock Issues of BYTE . Issues I l lHu 10. 
12 thru 13, Volu me 2. Number 2 . Goo<J condition . 
John Berry, 1520 Aberdeen Av. Baton Rouge LA 
70BOB . 

FOR SALE IMSAI 4 K EROM board with 
EROMS. Ncvc1 used. $350. Associated Electronics 
PR OM burner (burns 1702 and B702 EROMSI 
with power suppl y. $260. J Wil l iams. 24 15 Ansdel 
Ct. Reston VA 22091. 

FOR SALE TVT-3 Term in al. novcr used S95 or 
bes t o ff et takes. Also, I'm s~ ll 1nq an ASC II key 
board w1 1h MOS encodo1. ad1u!l1ablc lltH 1ty, e tc, 
for S20 "like new." David Tuck.er. 23681 Madow, 
Oak Park Ml 48237 Or call of ter 4 00 13 131 
967·3130 

T ELEPR INTERS FOR SALE Model 15 !Baudotl 
w oth table, SGS. Model 28ASRs. KSRs or ROs 
(Wr i tel . Model 33ASR w11h modem, 5675 . Some 
Model 35 IASClll equipment. P:ir1s :ind supplies 
(pape1, tape, ribhansl. Model 33ASR wiring 
d iagram paclce1, SS.75 . Model 33 convholders. 
S 1ti ; Model 33 rnaders a nd pans {wr11eL Send 
SASE for comple1e list. Law rence R Pflc9cr. 
214 1 N 52nd St, Mllwau~ee WI 5320B 

USED COMPUTER T APE FOR SALE . Standard 
'o inch taPe. 9 levr. I 1600 bpi on 2400. 1200 omd 
600 foo1 reels. Carne from a large data center 
v.,1h1ch 1usl switched compute1s Also have about 
100 old 2 foo1 by 2 loot p roQrnfnming boards 
plus several boxes o t 1um1>er w1rcs Also four boxes 
of hardware fo1 raised computer room flooring. 
Call (904 1 575-2 1B3 or wrote Loren Mol tcdo• 
2636-273 MISSIOn RLI , Tallahassee Fl 32304 

FOR SALE ASR ·33 Tele1ype w oth stn nd, poper 
punch and reader . for data 1610 m odem. and 
documentation for all . $775. Russ Tremain, 1324 
Mmoon St . Sonto Cr uz CA 95060 . 14081 427 -3656 

FOR SALE Brand new 4 K EROMS, IVPO MM· 
5204 AO 512 x B b11 uV erasal>le. 750 ns, w•th 
rubber ca rr iers and dn1:1 sheets. 56 .50 P.ach. or all 
12 16 144 bytes) tor $75. S1e.,,icn Hain , 40 W ilshire 
Dr Sharon MA 02067 f61 7! 7B4 3374 week nigh ts. 

FOR SALE Tektronix RM15 osc1lloscooe with 
mstruc11on and mainte nance manual and new 
probe . Asking 160 ; I .1m will ing to trade for a 
lermma1 lo ny 1ypel 01 memory . Ph ll1p Kaa ret, 
1113 E S101e St , I th aca NY 14850 (60 71 272· 
91 19 . 

WANTED · Any or all of the tollow1n9 issues o f 
HP·65 K E Y NOTE volu me 1. numbers 1 thru 5 
and volu me 2, numbet 1. Also interes ted 1n E E 
Pacs l and 2 and MATH Pacs 1 and 2 (soft ware 
ior d 1scon11nued HP-65°1 Will pay anv reasonable 
pr1c.c. Jame5 Damon. 16 19 K i ng Si. Alexand ria 
VA 223 14 

FOR SALE F1rs1 four issues of B VTE !Sep tem ber 
thru December 1975) 1n new cond1t10n. Best offer 
over $20. Only highest bidder no11f1ed Robert 
Kindt. 26 Russett Dr. RO =3. Allen town PA 
IB1 04 . 

FOR SA L E : IMSAI MPU·A board w11h docu · 
menta 11on and Int(!/ 8080 Users Guide. all ICs a re 
socketed, brand new, ca re fully assombl~ a nd 
tes ted. $ 130 . Also four memory boards. two 
V ecto1 8 K static, 5225 each. two MITS 4 K 
dynomic. Sl OO each and MITS 2 SIO board. $ 135. 
For more informa tion call 15 181 456-8717 or send 
SASE to Michael Favi 11 a, 4 Sherwood Fores1 Ad, 
A lbany NY 1 2203. 

FOR SA LE OR TRADE : D 1g11o l Group PHl ·F 
a ssem bled interface for cas5eUe stora~1e syStem 
Purchased a1 5 195, never opened o,. used, gua.1 · 
an1eeC1 brand new. 6 400 bps nue. sea rch speed 
I00 inches ocr second , recording dcns1 IY 1600 
FC PI Test p rogram tape. 1nstruct 1on man ual, 
and boa rd connectOr5 included F1ffl cashier 's 
check o r money ordnr for Sl 35 takes 11 . Also, 
will 1ake best cosh offer 01 trade for scope, OVM. 
or c.:i me roi of eo ual value d not purr:hased o ut· 
righ t. Let"s make a d~aP Ma1k Anglin, 929 Mills 
Rd, Wadsworth OH d42B 1. Phone 12161 336 -5769 

FOR SALE . Co mplete IMSA I BOBO Sy«om, 22 
slot motherboard with ten connectors anc1 fan : 
TDL 16 K mamorv boord 1250 nsl. MIO boord 
w 11h cables ; Processor Technology VDM boa rd; 
Ho neywel l key board, XAM 100% soh<1 stote TV 
w 11h video h ookvp; 2708 PROM Bonrd with sofl· 
ware for loading operoitin9 ~ystem ffom ca!>settc 
All manuals provided. p lus ms 1uctmn manuilt on 
operation ol 1hc complete sys1em . Re;;dy to be 
pluggOO in a nd run . 52500. Programming ser\lice 
also avai lable. T Tai, l 15 Bonny Ln. Collcgcv11te 
PA 19426. 

FOR SALE. New fac tory ;issemh lcd Arrau 8800l1 
wi th 20 K Slat ic pro9ramrn,1ble memory j I 4 K 
board, 1 16 K boorrU, 88 ACR caSSl'lle 1ntL:rfUct! , 
serial imerface. ADM -JA c:omplr.t e cur soi control 
CRT EJ<tcnded BASIC sol twa r(' nnc1 111 m,.inu.1ls. 
e-.ie1vth1ng for only $2500 01 1>cst oile1 W1U con 
sider selhng uni ts separately lor bcs l o 1fer Go1nq 
;:iwav to college and must sell system Please con· 
tact B Robert>, 505 E 82 51, Now York NY 10028. 
(2 121 734.5703. 

FOR SALE O'loclata CP 110 pfintor !p rint s up 
to 1 lO characters ner scc:onrH w11h RS -232 u .1ctor 
feed . b1dircc11onal printing and onnoarn self test 
elec1ron1cs. Less thJn ono vcar old. NC"w un11 cos ts. 
over S1700 Will sacril ice lor S8 50 You pav 
sh1pp1 ng. Send SASE lor s;implc n l printout 
Wrlll! to P Gnv.as , POB 3153 , Walnu1 C11~ c1.o CA 
94598 

FOR SALE Ohver papcrtape reader, $75, Porv · 
morphics VTI 64 video board, $l90. IMSAI 
a udio cassetce interface board . 550. Pr ac tica lly 
unused. J Williams. 2415 Ansdcl Ct, Resrnn VA 
22091 

FOR SALE M ITS B080a ma1nfram1~ Neve• usccl. 
work~. and is 1n goorr conc1111on. Will sell lo, 
$400. Conrnc1 Tvroo • Throop a1 713 E'sk 1no 
NW, Huntsville Al 35805 , or call 12051 B37 9246 . 

FOR SALE DEC PDP 11/05 runs pcrlecllv. ha\ 

8 K x 16 co re memor y . Extra bumds. cab,e'l.. 
service ml o rmat1on, ce5C iapes a nd d oc: umenlat1on 
included . Firs t cort1fir.d check to,. $1,500 plus 
sh irJp1ng. Gera rd C Plasse, 53 Main S t. 0 to1d 
MA 01540. (61 71987-5588 

FOR SALE New TEC-9900-SS·U supor starier 
svstcm k11 16 bit Tl m 1croproc ess.o r, 32 bit 10. 
hardware mult1plv and d 1v1d . buttered bu!.. 20 inA 
o r RS232 . e19h1 1nrerruo1 aoU so c k.ets Won 111 
Ha rt ford Ham Convention . L1s1 $299. fust S175 
talc es i 1. Bunker Ramo kevbonrd =2200 am! video 
display Mode l 22 17 w11h St?lf conrn1n1-.d PS, 
schema tics and mnnunls $95. John Kes1o. 5 Bulv1n.a 
Cor. Pelham NH 03076. (6031 635 -2508 

FOR SALE SwTPC 6800 Compuw w•th 4 K 
proq,.amm;:ible m emory New ;md wr.11 conurur: teO. 
100% gu;u an teed, S250. A Cunningham. 11 5i 
Sener.:a Pl . Chtirlouc NC 28210 

TR ADE : Ama1eur radio cquipmeni ;:ind 1es ung 
eqU1pmen1 fot an Al mu 8800 or Imso1 _ S1H1d to; 
1nfo:ma11on m Oare Hutchms.on. 10818 Brcniwov 
Dr. Hou soon TX 77070. 

FOR SALE A l 1a11 B800a wnh 20 K prog1oni · 
ma.ble me morv and ASA 33 Telr.tv,Je fatmosc 
newl. reader, punch . 101ert;:ices. fi)n , monuJls , 
et.-: , 8 K MITS BAS IC on paper t.1po. Cost .1 lmost 
$4000 ne~·.r . Works oerfectlv lJu1 w:HH 10 budtl 
my own now . Sacrifice 1h is whole qu;alitv wsrnm 
for S2495, or· 1ust $ 1895 withou t OH.• it?le type. 
F irsl cashier's chcc)< or mont!y ordet reserves this 
powefful com p uter and Teletype. Brrnn J Dowd, 
ODS, 1770 Cen iury Cu NE . Alla1·ua GA 3034 5 . 
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s. o. SALES co.ANEMPIREINO. CO. 

P.O. BOX 28810 DALLAS, TEXAS 75228 

PHONE CALL TOLL FREE 1-800-527-3460 

EXPANDO RAM KIT 

32K FOR $475.00 
MEMORY CAPACITY 

MEMORY ADDRESSING 
MEMORY WRITE 

8K FOR $151.00 
INTERFACE CAPA BI LITY 

Control , daca .ond address ln· 
pul s uOllzes row power 
Schollky devices. 

POWER REQUIRE M ENTS 
+ BVDC400MA DC 
+ 18VOC <OOMA DC 
-18VOC30MAOC 

PROTECTION 

~c~· ~~:d~~\:ir~ ~~"5o~~ci: oo board r~ulallon is provld· 
(tf lcs and pro1oc1ton . Ul ilizos 
DIP swi lches PC board comes 
w1! h sockc1s ror 32K operation. 

r;'p~~ir::wJ:~v~~b~:~:~,I~~;~ 

~~.~~~ 1~ 0tw:~~Yar~e~~ : 
or cycle steallna requi red. 

MEMORY ACCESS TIME 
IS 375n• . 

Memory G)'cle Time is 500ns. 

Buy an SHXl compa1 ible SK Ram Boar<' and upgrade the same beard 10 a maximum or 
32K m s1eps ot BK al your opllon by meroly purchmlng morn ram chips flom S.O. 
Salos! A l a guaranteed price - Look st the features we have built Into lhe board . 
PRICES START AT S1 51 FOR8K RAM K IT 

Add $108.00 !or oach addltlonal SK Ram 

S.D. SALES NEW ,., 
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 . 
KIT FEATURES: 
1. All address lines & data lines buffered . 
2. Quality plated through P.C. Board , In

cluding solder mask and silk screen . 
3. Selectable wait states. 
4. On board regulation provided . 
5. All sockets provided w/board. 
WE CAN SUPPLY 450ns 2708 's AT $11.95 
WHEN PURCHASED WITH BOARD. 

Z-80 CPU BOARD KIT  $139. 
CHECK THE ADVANCED FEATURES OF OUR Z-BO 
CPU BOARD; Expam:led set of 158 ins1ruc1lons. 8080A 
so tlware C<lPabl1i1y, opcral ion lrom a single SVOC power 
!l.UllOly: alwa.vs stops on an M1 stale, lrue sync generated 
oo card (ll rea l plus fealure!) , dynamic refresh and NMI 
availaol o, entier 2MHZ or 4MHZ operation , quali ty double 
~I dec! p lated lh1ougl'l PC board ; parts plu5 sockols pricod 
101 All 1c·s ·Add s.1 0 extra for Z-80A chip which allows 
'1MHZ opc.-alion Z-80 chip with Manual  s.39.95 

BK LOW POWER RAM $159.95 
Fully a.ssomblod and tesled . 
Nol a ki t. lmsal - Allalr -
s.100 Buse eompallblo, uses 
row Power :!Ha l le 21 L02·500ru 
lully buff ered on board rngulal· 
ad, Qualtly pla ted through PC 
board, Incl uding solder m~k . 8 
pos , dlp swllchos for address 
scloct. 

~~: 
~· 

4K LOW POWER RAM KIT 
Fully Buffered - on board regul ated - -
reduced power consump11on utilizing _· . 
low Power 21 L02 - 1 SOOns RAMS -
Sockets provided tor all IC's. Quality 
plated through PC board . · Add $10. lor 
250ns RAM operation . 

The Whole Works - $79.95 

MUSICAL HORN 
Otio runo !lupptied w 11h each ~ .1. Add ltional tunes - $6.95 
each . Spec1.)l luncs ava1loble. Standard tunes now available: -
Du:10 - Eves of Texas - On W isconsin - Yankee Doodle 
Om1dy  Notre Dame - Pink Panther - Agg ie War Song -
Anc.hors Away  Ne1-'er on Sunday - YelloN Rose of Texas -
Doop m lhe Hearl o r Texas - Boomer Sooner - Bridge 01-'Cr 
R111er Kwai 
CAR & BOAT KIT HOME KIT Soec1al Design 

s34.9S S26.00 case SJ.50 

Jumbo LED Car Clock Kit 
FEATURES: -~i -
A . Bowmar JumbO .5 Inch LEO array. ...... ~~~ 
B. MOSTEK - 50250 - Supof clock chip. ~-' - ~ 
C. On bOard precision crys ta~ t lmo baso. ~~J,: 
D. 12 or 24 hour ReaJ Time lorma1. ~ 
E. Porlcc1 for cars . boa.ls, vans , olc . 
F. PC board and all pa.r1s lles.s ca3e) Inc. , 

~~';F~~0.'.'_ S1.~ 50 $16. 95 

DIGITAL LED READOUT 
THERMOMETER  $29.95 

Features: Llt ronht dual 1/2.. d lsp!ays . ~ 
Uses Sll lcoalx LD13 1 single chip CMOS 
AID converter . K ii includes all neat!· r 

sary pans (except case); AC llne cord 
and power supply Included. 0-1 '-9• F. 

6 DIGIT ALARM CLOCK KIT 
Fealures: Lit ronix dual 1 /2' · displays, Mostek 
50250 super clock chip, single l.C. segment 
driver , SCA digi t drivers. Kil incl udes all ne
cessary parts (except case). Xfmr op Ilona I. 
Elim inate the hassle. 
AC XFMR - $1 .50 Case SJ.SO 

5 Digit Countdown Utility E1·-· . 
Darkroom Timer Kit j-;
Fea1ures: Largo LED 112" d lsp lay.s "'"'' 

~r.~ ~~~A-~ 011sv~~~la~01n:i~d~1 ~ ( J, 
cont rol appllonoos.. Opcra1os on l1 5V , 
AC . Diaplays can be turned off for total 
darknes.s whllo counllng . A ll nooos11ar; 
parts lnc1udod . $44.95 
Special design case SJ.75. 

6 Digit General Purpose or 
Computer Timer Kit  $29.95 

Foaturos: Largo LEO 112'' d isplays, Most&k 
50397 counter dlsplayldrlver, counts up 10 
59 minutes, 59.99 soconds wllh crystal con 
lrolled 11100 second accuracy, operates on 
115V AC or 12V DC supply. All noc:assary 
par1S Included. Special design eas<1 $3.75. 

Bow mar 4 Digit LED Readout Array 
Full Vz" Litronix Jumbo Dual 

Digit LED Displays 
4 JUMBO .50" DIG ITS ON ONE STICK! 
W ITH COLONS & AM/ PM INDICATOR 

$3.95 
DL 722 - C.C. 
DL 72 1 8 C.A. 

99c 

DL 728-C.C. 
DL 727- C.A. 

$1 .29 

NEW COMPETITION CHESS TIME KIT 
WITH TWO INDEPENDENT FIVE DIGIT 

1/2" LED DI SPLAYS 
Tho llmoni can be used In ~ 
dependently or coupled . ; ~ 
The t imer can bo se1 to 59 ~ 

~:~~~:5~ 9~1~~~~~~ 0 ~1~ $79. 95 
~r~~~~=~:.~~~~- ai- Compl•9te Kit 

Low Cost Cassette 
Interface Kit 

$14.95 

I 1 B l lt*O~· I
1 '~11c~1_ 
'-tlLlJilllllllllWJlllr 

Features: K .C. Slandard 240011200 Hz, JOO Baud , TTL. 1/0 
compa11ble, phaso lock loop, 22 pin connector . Foods serial dala 
via microprocessors 1/ 0 ports and from cassette tape recordor. 
$'14.95 

RAM'S 
211.0~ - 500NS 
2JL02 · 250NS 
211J - 4K 
11 011' - 250 
1103- 1K 
MK.a11S-6K 
NS :>oo 150 

811 1 50 
8 / 15.95 

14 95 
e1s• oo 

35 
tS A S 
3 95 

THERM ISTORS 
MEPCO- NEW! 

1 5KOHM 
5111 .00 

* 

TANTAlUMCAPS 
I MFO. rovoc. 

PC lEAOS 
15fot l 1.00 

* 

Ft..AT PACK 
IC ASSO RT . 

FLAT PACK 5400 
ELECTRICAl COIL 

1JT TYPE C 
2 TRANSISTOR 

SERIES. SPECIAL !OTTVPE C 
BUY FROM In . VOUR C~COI CE 

2'0A.uo, t.ct 
0.Vk n l<tJ St .00 

12/SI 

* * 

AUOIO 
1ml . WIS-f>«:I. 

6/11 

* 

T RI MMER POTS 

10K. 20K . 2>K 
OHM . Mini tor PC 
ooare11. 

VOURCHOICE 
10111 . 

* 

MICROPROCESSOR 
CHIP_S 

8212 - llOporl .. . ...... . .... 3.50 
821'  P.1.C. .. .. .. ..... 12.95 
82 16  Non Invert Sus •• . •. , , . 4.95 
8224  Cloc.k Gen .. : ..•.••.... 4.95 
8226  lnver1 Bus •• .. •• .. •....• J .95 
PIOfo<Z-80 .. . •.•..•.• . .•• 14.95 
CTC lor Z- !IO ................ 14.95 
8228 Sy'5 . Conlroller . .... . ..... 8.20 
8251 Ptog. comm . ln1erlace .... 10.95 
8255 Prog. perp . tn lerlace ..... .. 13.50 
8820 Dual Une Aec.r . . . . . . . . .. .. 1 . 75 
8830 Dual Line Or . . . . . . .. . . . 1 . 75 
2513Char . Gen ................. 7.50 
8B38 Ouad eus. ~t • . .••.•.•. 2.00 
74LS138N  1/ 808COOCf" ,.. • .. , • 99 
8T97· Heic Tri-S1a1e Buffer . . •• . ..•. 1.25 
1488/ 1'89RS232 . . ..... . .. . .... 1.50 
TA 16020 uar1 ................. 3.95 

OISC CAPS 
FOR BYPASS 

.01MFO-100 
w.JOC. PC tud1 

'°/ S1 . 

1-*-
PT1o1oc.ollAu1. 

we OC>vQ N Almon 
200K lrorn 11 big US 
m !o f tlrN p1od 11CI 
1 am.1t~· • sm~H f 

mooium and du;il 
pl"IO!OCCIUI Parlec1 
lot all llgtil son,1· 
tlve .tppllu11on1

* 121$1.()0 

·-----1-

8AlUM 

U1ed In TV T uMfl 
Con bt rewound 

IOf Ham lrOQ 

e1 s1 

PLASTIC AEAO
OUT Fll'TEAS 

• Qrlglnolly u1td In 
dc!Ak IOP c;alcula'°''·Porltcl FC>f' U-" 
wllh LEO and o1tiM 
type ftl'OOUIJ 
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